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Abstract. Kinesin family member 2A (KIF2A) serves a 
vital role in the development of hepatocellular carcinoma 
(HCC); however, the biological effect of KIF2A on the 
malignant progression of HCC remains unclear. Therefore, 
the present study was conducted to systematically determine 
the biological role of KIF2A in HCC and to better under‑
stand the molecular mechanism. The differences of KIF2A 
expression in HHL‑5 normal human hepatocytes and the 
HCC cell lines Li‑7, Huh7 and MHCC97 were assessed by 
reverse transcription‑quantitative PCR and western blotting 
analysis. Moreover, viability, proliferation, migration and 
invasion of HCC cells were assessed by performing CCK‑8, 
5‑ethynyl‑2'‑deoxyuridine staining, wound healing and 
Transwell assays. Additionally, the tube formation assay was 
performed to evaluate angiogenesis of HUVECs incubated 
with the conditioned media of HCC cells in vitro. The inter‑
action between KIF2A and Notch1 was analyzed through 
co‑immunoprecipitation assay. KIF2A was revealed to be 
highly expressed in HCC cells. KIF2A knockdown suppressed 
HCC cell proliferation, migration and invasion, and impaired 
in vitro angiogenesis. Furthermore, it was revealed that KIF2A 
interacted with Notch1 and positively regulated Notch1 expres‑
sion. The suppressive effects of KIF2A knockdown on HCC 
cell proliferation, migration, invasion and in vitro angiogenesis 
were partially reversed by Notch1 overexpression. Overall, 
KIF2A may act as an oncogene in HCC via activation of the 
Notch1 signaling pathway.

Introduction

Hepatocellular carcinoma (HCC) is a common type of cancer 
in clinical practice, which poses a great threat to human 

health (1). According to global cancer data, it is estimated 
that in 2020 there were 905,677 new diagnoses of liver cancer 
and 830,180 deaths from liver cancer (2). Rapid invasion and 
metastasis are some of the common characteristics of HCC 
that make it difficult to treat (3). In addition, in most cases, 
patients are diagnosed at later stages of tumor progression 
owing to the absence of specific indicators at the early diag‑
nostic stage (4). Hence, it seems imperative to elucidate the 
molecular mechanisms underlying HCC progression, as well 
as to analyze the roles of less investigated factors that are 
involved in this process.

It has been reported that the cytoskeleton serves essen‑
tial roles in malignant tumor invasion and metastasis (5). 
As the main component of the cytoskeleton, microtubule 
kinesin can act in intracellular transport, cell division and 
bipolar spindle formation (6). In addition, recent research 
has confirmed that microtubule kinesin is closely associated 
with tumor progression and development (7). The kinesin‑13 
family includes kinesin family member 2 (KIF2)A, KIF2B 
and KIF2C. Through depolymerization of tubulin, kinesin‑13 
can participate in spindle assembly, regulate dynamic changes 
in the cytoskeleton and, thus, promote cell proliferation and 
migration (8,9). Recent studies have suggested that KIF2A 
is a crucial factor in the invasion and metastasis of various 
tumors, such as gastric cancer, papillary thyroid carcinoma 
and non‑small‑cell lung cancer (10‑12). Additionally, it has 
been verified that KIF2A is upregulated in HCC tissues and 
is associated with biomarkers for tumor metastasis and shorter 
relapse‑free survival times (13,14). However, the potential 
impact of KIF2A on the malignant progression of HCC has 
not been fully understood.

Notch is a transmembrane receptor that is part of the 
evolutionarily highly conserved Notch signaling cascade; it 
serves a pivotal role in regulating a number of fundamental 
cellular processes (15). The Notch receptor family contains 
four homologous proteins known as Notch1‑4 (16). Previous 
studies have reported that aberrant activation of Notch 
signaling has been causally linked to HCC progression (17‑19). 
The members of the Notch receptor family can participate in 
the development of HCC by regulating tumor microenviron‑
ment, tumorigenesis, angiogenesis, invasion, metastasis and 
epithelial‑mesenchymal transition (17‑19).

The present study was conducted to identify the biological 
functions of KIF2A in HCC and to investigate the molecular 
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mechanisms underlying the involvement of KIF2A in the 
malignant progression of HCC.

Materials and methods

Cell culture. HHL‑5 normal human hepatocytes, and Li‑7 and 
Huh7 HCC cell lines were obtained from the Cell Bank of the 
Chinese Academy of Sciences. The MHCC97 HCC cell line 
was obtained from Procell Life Science & Technology Co., 
Ltd.. The immortalized hybrid HUVEC/EAhy926 cells were 
obtained from American Type Culture Collection. All of the 
cells were cultured in Dulbecco's Modified Eagle's Medium 
(DMEM; Gibco; Thermo Fisher Scientific, Inc.) supplemented 
with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, 
Inc.), 100 U/ml penicillin and 100 µg/ml streptomycin at 37˚C 
in a 5% CO2 incubator.

Cell transfection. Small interfering RNA (siRNA) targeting 
KIF2A (siRNA‑KIF2A, cat. no. A10001; siRNA‑KIF2A‑1, 
5'‑AAA CAA AGA CAG CAG UUA UAU‑3'; siRNA‑KIF2A‑2, 
5'‑AAA CAA AGA GAA UGU AAU AAA‑3') and the scrambled 
negative control (siRNA‑NC, 5'‑UUC UCC GAA CGU GUC 
ACG U‑3') were constructed by Shanghai GenePharma Co., Ltd. 
The Notch1 overexpression plasmid (Ov‑Notch1) was estab‑
lished by inserting the Notch1 gene into the pcDNA3.1 vector 
(Shanghai GenePharma Co., Ltd.), whereas an empty vector 
served as the NC (Ov‑NC). These vectors were transfected into 
Huh7 cells using Lipofectamine® 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) strictly as instructed by the manufac‑
turer's guidelines. Briefly, siRNAs (3 µl) or pcDNA3.1 vectors 
(4 µg) and Lipofectamine 2000 reagent (10 µl) were added to 
Opti‑MEM (250 µl; Gibco; Thermo Fisher Scientific, Inc.) 
and incubated for 5 min at room temperature. Subsequently, 
diluted siRNAs or pcDNA3.1 vectors were mixed with diluted 
Lipofectamine 2000 and then incubated for 20 min at room 
temperature. HCC cells were then re‑plated in serum‑free 
DMEM, the transfection mixtures were separately added to 
the cells when the cell confluence reached 80‑85%, and the 
cells were cultured for 4 h at 37˚C. Finally, the medium was 
replaced with complete DMEM and cells were cultured at 
37˚C for 48 h before further experiments.

Bioinformatics analysis. Cancer Cell Line Encyclopedia 
(CCLE) is a compilation of gene expression, chromosomal 
copy number and massively parallel sequencing data from 
~1,000 human cancer cell lines (20). KIF2A mRNA expression 
in liver cancer cell lines was analyzed using the Broad Institute 
Cancer Cell Line Encyclopedia database (https://portals.
broadinstitute.org/ccle). Raw sequencing data used for CCLE 
database analysis are available through the Sequence Read 
Archive under accession number PRJNA523380.The interac‑
tion between KIF2A and Notch1 was predicated by BioGRID 
database (https://thebiogrid.org/).

Cell Counting Kit‑8 (CCK‑8) assay. The CCK‑8 assay was 
used to measure cell viability. The transfected or untransfected 
Huh7 cells were incubated in 96‑well plates at a density of 
5x103 cells/well for 24, 48 or 72 h at 37˚C. Subsequently, 10 µl 
CCK‑8 reagent (Beyotime Institute of Biotechnology) was 
added into each well and incubated at 37˚C for an additional 

4 h. The optical density was measured at 450 nm using a 
microplate reader (Bio‑Rad Laboratories, Inc.).

5‑ethynyl‑2'‑deoxyuridine (EdU) staining. Cell proliferation 
was evaluated using the EdU kit (Beijing Solarbio Science & 
Technology Co., Ltd.). EdU reagent (10 µmol/l) was added to 
the Huh7 cells at a density of 5x103 cells/well in 96‑well plates 
according to the instructions of the EdU fluorescence staining 
cell proliferation kit and was then incubated at 37˚C for 2 h. 
Subsequently, cells were fixed in 4% paraformaldehyde for 
15 min at room temperature and then permeabilized in 0.3% 
Triton X‑100 for 10 min at room temperature. The cells were 
subsequently washed with PBS, incubated with the click reac‑
tion solution in the dark for 30 min at room temperature and 
stained with DAPI (Beyotime Institute of Biotechnology) in 
the dark for 10 min at room temperature. The EdU‑positive 
cells in five randomly selected fields were observed using a 
fluorescence microscope (magnification, x200; Olympus 
Corporation) and were quantified using ImageJ 1.51 software 
(National Institutes of Health).

Cell migration assay. Cell migratory ability was assessed by 
wound healing assay. Briefly, Huh7 cells were seeded on 6‑well 
plates and grown to 90% confluence. A wound was created by 
scratching the monolayer of cells with a 200‑µl pipette tip, and 
the detached cells were washed twice with PBS. Subsequently, 
cells were cultured in fresh serum‑free DMEM for 24 h. 
Images of the wounds were captured at 0 and 24 h under a 
light microscope (magnification, x100; Leica Microsystems 
GmbH). The distance of cell migration was quantified using 
the following equation: Migration (%)=[(0 h average scratch 
distance‑24 h average scratch distance)/0 h average scratch 
distance] x100.

Cell invasion assay. Cell invasive ability was assessed by 
Transwell invasion assay using Transwell chambers (Corning, 
Inc.). Huh7 cells were suspended in fresh serum‑free DMEM. 
Subsequently, a total of 5x104 cells/ml were seeded into the 
upper chamber of Transwell plates precoated with Matrigel 
(BD Biosciences) at 37˚C for 30 min, and 600 µl DMEM 
containing 10% FBS was applied as a chemoattractant in the 
lower chamber. After 24 h of incubation at 37˚C, non‑invasive 
cells were gently removed using cotton swabs. The invasive 
cells in the lower chamber were fixed with 4% paraformal‑
dehyde at room temperature for 15 min and stained with 
0.1% crystal violet (Beijing Solarbio Science & Technology 
Co., Ltd.) at room temperature for 10 min. Finally, images of 
the stained cells were captured and counted in five randomly 
selected fields under a light microscope (magnification, x200; 
Leica Microsystems GmbH).

Tube formation assay. Briefly, the conditioned media (CM) 
of untransfected Huh7 cells, Huh7 cells transfected with 
siRNA‑NC, Huh7 cells transfected with siRNA‑KIF2A‑1, 
Huh7 cells co‑transfected with siRNA‑KIF2A‑1 + Ov‑NC and 
Huh7 cells co‑transfected with siRNA‑KIF2A‑1 + Ov‑Notch1 
were collected ~24 h post‑incubation at 37˚C. HUVECs 
at a density of 2x104 cells/well were seeded on 96‑well 
plates precoated with Matrigel (BD Biosciences) at 37˚C 
for 30 min and then incubated with 250 µl CM at 37˚C for 
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24 h. Tube formation was observed under a light microscope 
(magnification, x40; Leica Microsystems GmbH).

Western blotting. Total proteins were extracted from HHL‑5, 
Li‑7, Huh7 and MHCC97 cells using RIPA lysis buffer 
(Beyotime Institute of Biotechnology) and BCA Protein 
Assay Kit (Beyotime Institute of Biotechnology) was used 
to determine protein concentrations. Equal amounts of 
protein samples (30 µg) were separated by SDS‑PAGE on 
5‑10% gels and then transferred onto PVDF membranes. 
Non‑specific binding was blocked with 5% non‑fat milk for 
1.5 h at room temperature. Subsequently, the membranes were 
incubated with primary antibodies against KIF2A (1:1,000; 
cat. no. ab197988; Abcam), Ki67 (1:1,000; cat. no. ab16667; 
Abcam), proliferating cell nuclear antigen (PCNA; 1:1,000; 
cat. no. ab92552; Abcam), MMP2 (1:5,000; cat. no. ab92536; 
Abcam), MMP7 (1:1,000; cat. no. ab207299; Abcam), MMP9 
(1:10,000; cat. no. ab76003; Abcam), vascular endothelial 
growth factor A (VEGFA; 1:1,000; cat. no. ab46154; Abcam), 
VEGF receptor 1 (VEGFR1; 1:1,000; cat. no. ab32152; 
Abcam), VEGFR2 (1:1,000; cat. no. ab134191; Abcam), 

Notch1 (1:1,000; cat. no. ab52627; Abcam) and GAPDH 
(1:2,500; cat. no. ab9485; Abcam) overnight at 4˚C. Following 
incubation with primary antibodies, the membranes were 
incubated with an HRP‑conjugated goat anti‑rabbit secondary 
antibody (1:50,000; cat. no. ab205718; Abcam) for 1 h at room 
temperature. Protein bands were developed with BeyoECL 
Plus (Beyotime Institute of Biotechnology). Protein expression 
was semi‑quantified using ImageJ v1.6 (National Institutes of 
Health) with GAPDH as the internal reference.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was isolated from HHL‑5, Li‑7, Huh7 and MHCC97 
cells using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). A total of 1 µg RNA was reverse transcribed 
to cDNA using a PrimeScript 1st strand cDNA Synthesis Kit 
(Takara Bio, Inc.) according to the manufacturer's protocol. 
Subsequently, qPCR analysis was carried out on an ABI 7500 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
using the SYBR Premix Ex Taq kit (Takara Bio, Inc.). The 
qPCR thermocycling conditions were as follows: Initial dena‑
turation at 95˚C for 10 min; followed by 40 cycles of 95˚C for 

Figure 1. Increased KIF2A expression in HCC cells. (A) KIF2A mRNA expression in HCC cells was analyzed using the Broad Institute Cancer Cell Line 
Encyclopedia database. (B) KIF2A mRNA expression levels in HHL‑5 human hepatocytes, and in Li‑7, Huh7, MHCC97 HCC cell lines were assessed by 
reverse transcription‑quantitative PCR. (C) KIF2A protein expression levels in HHL‑5 human hepatocytes, and in Li‑7, Huh7, MHCC97 HCC cell lines were 
assessed by western blot analysis. Data are presented as the mean ± standard deviation of three independent experiments. ***P<0.001. HCC, hepatocellular 
carcinoma; KIF2A, kinesin family member 2A.
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15 sec and 64˚C for 30 sec. The following primer sequences 
were used for qPCR: KIF2A forward, 5'‑CTG CTG CTC CAG 
ATG AGG TG‑3' and reverse, 5'‑TGC TGG TAT ACT GTG 
AAC TCG T‑3'; Notch1 forward, 5'‑GAG GCG TGG CAG ACT 
ATG C‑3' and reverse, 5'‑CTT GTA CTC CGT CAG CGT GA‑3'; 
GAPDH forward, 5'‑CAG GAG GCA TTG CTG ATG AT‑3' and 
reverse, 5'‑GAA GGC TGG GGC TCA TTT‑3'. Relative gene 
expression levels were calculated using the 2‑∆∆Cq method (21) 
with GAPDH as the internal reference gene.

Co‑immunoprecipitation (Co‑IP). Co‑IP was used to analyze 
the interaction between KIF2A and Notch1. Briefly, 4x107 
Huh7 cells were lysed using IP lysis buffer (Beyotime Institute 
of Biotechnology). Subsequently, anti‑KIF2A (5 µg/mg lysate; 
cat. no. A300‑914A; Invitrogen; Thermo Fisher Scientific, 
Inc.), anti‑Notch1 (5 µg/mg lysate; cat. no. A301‑894A; 

Invitrogen; Thermo Fisher Scientific, Inc.) or 1 µg control 
IgG (cat. no. ab172730; Abcam) were added into 250 µl cell 
lysates and incubated overnight at 4˚C. Subsequently, cell 
lysates were cultivated with 25 µl protein A/G agarose beads 
(Santa Cruz Biotechnology, Inc.) for 2 h at 4˚C. The solution 
was centrifuged at 2,500 x g for 4 min at 4˚C. The precipitated 
sample was washed and analysis of the immunocomplexes was 
carried out through western blot analysis.

Statistical analysis. Data analysis was performed using 
GraphPad Prism 6 (GraphPad Software, Inc.). All experiments 
were repeated three times. Differences among multiple groups 
were analyzed using one‑way analysis of variance followed by 
Tukey's post hoc test. Experimental data are expressed as the 
mean ± standard deviation. P<0.05 was considered to indicate 
a statistically significant difference.

Figure 2. Downregulation of KIF2A suppresses Huh7 HCC cell proliferation. KIF2A (A) mRNA and (B) protein expression in HCC cells transfected with 
siRNA‑KIF2A‑1, siRNA‑KIF2A‑2 or siRNA‑NC was examined by reverse transcription‑quantitative PCR and western blot analysis, respectively. (C) Viability 
of HCC cells after siRNA‑KIF2A‑1 or siRNA‑NC transfection was determined by Cell Counting Kit‑8 assay. (D) Ki67 and PCNA protein expression levels in 
HCC cells after siRNA‑KIF2A‑1 or siRNA‑NC transfection were detected by western blot analysis. (E) Proliferative ability of HCC cells after siRNA‑KIF2A‑1 
or siRNA‑NC transfection was detected by EdU staining. Data are presented as the mean ± standard deviation of three independent experiments. *P<0.05 and 
***P<0.001 vs. siRNA‑NC or as indicated. EdU, 5‑ethynyl‑2'‑deoxyuridine; HCC, hepatocellular carcinoma; KIF2A, kinesin family member 2A; NC, negative 
control; PCNA, proliferating cell nuclear antigen; siRNA, small interfering RNA.
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Figure 3. Downregulation of KIF2A inhibits Huh7 HCC cell migration and invasion. (A) Migratory ability of HCC cells after siRNA‑KIF2A‑1 or siRNA‑NC 
transfection was evaluated by wound healing assay. (B) Invasive ability of HCC cells after siRNA‑KIF2A‑1 or siRNA‑NC transfection was evaluated by 
Transwell invasion assay. (C) MMP2, MMP7 and MMP9 protein expression levels in HCC cells after siRNA‑KIF2A‑1 or siRNA‑NC transfection were 
detected by western blot analysis. Data are presented as the mean ± standard deviation of three independent experiments. **P<0.01 and ***P<0.001. HCC, 
hepatocellular carcinoma; KIF2A, kinesin family member 2A; NC, negative control; siRNA, small interfering RNA.

Figure 4. Downregulation of KIF2A causes weaker in vitro angiogenesis. CM from siRNA‑KIF2A‑1 or siRNA‑NC transfected Huh7 HCC cells was collected 
and HUVECs were subsequently incubated with the CM at 37˚C for 24 h. (A and B) In vitro angiogenesis of HUVECs was evaluated by tube formation assay. 
(C) VEGFA, VEGFR1 and VEGFR2 protein expression levels in HUVECs were detected by western blot analysis. Data are presented as the mean ± standard 
deviation of three independent experiments. ***P<0.001. CM, conditioned media; HCC, hepatocellular carcinoma; KIF2A, kinesin family member 2A; NC, 
negative control; siRNA, small interfering RNA; VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial growth factor receptor.
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Results

KIF2A is upregulated in HCC cells. The Broad Institute 
Cancer Cell Line Encyclopedia database indicated that KIF2A 
was highly expressed in HCC cells (Fig. 1A). In addition, 
differences in expression levels of KIF2A between HHL‑5 
human hepatocytes and HCC cell lines Li‑7, Huh7, MHCC97 
were examined by RT‑qPCR and western blot analysis. In 
contrast to those in HHL‑5 cells, KIF2A mRNA (Fig. 1B) and 
protein expression levels (Fig. 1C) were significantly higher 
in HCC cells, especially in Huh7 cells. Therefore, Huh7 cells 
were selected for the follow‑up experiments.

Downregulation of KIF2A suppresses Huh7 HCC cell prolif‑
eration. To examine the impact of KIF2A on HCC progression, 
Huh7 cells were transfected with siRNA‑KIF2A‑1/2 or 
siRNA‑NC. Transfection efficiency was determined by 
RT‑qPCR (Fig. 2A) and western blot analysis (Fig. 2B), both 
of which showed that KIF2A expression was downregulated 
following transfection. siRNA‑KIF2A‑1 with optimized 
transfection efficiency was selected for the functional experi‑
ments. Results of the CCK‑8 assay indicated that transfection 
with siRNA‑KIF2A‑1 suppressed HCC cell proliferation 
(Fig. 2C). Furthermore, the reduced protein expression levels 
of Ki67 and PCNA (Fig. 2D), as well as the reduction in 
EdU‑positive stained cells (Fig. 2E), in the siRNA‑KIF2A‑1 
group suggested that KIF2A knockdown could suppress HCC 
cell proliferation.

Downregulation of KIF2A inhibits Huh7 HCC cell migration 
and invasion. Wound healing and Transwell assays were 

performed to investigate whether KIF2A was functionally 
involved in HCC cell migration and invasion. It was observed 
that silencing of KIF2A strongly inhibited migration and 
invasion in HCC cells (Fig. 3A and B). The decreased expres‑
sion levels of MMP2, MMP7 and MMP9 also demonstrated 
that KIF2A knockdown suppressed HCC cell migration and 
invasion in vitro (Fig. 3C).

Downregulation of KIF2A induces weaker angiogenesis 
in vitro. It is well known that tumor growth and metastasis 
need angiogenesis for nutritional provision (22). A tube forma‑
tion assay using HUVECs suggested that KIF2A knockdown 
may suppress angiogenesis (Fig. 4A and B). Additionally, 
the decreased expression levels of VEGFA, VEGFR1 and 
VEGFR2 indicated that silencing of KIF2A may be causally 
associated with weaker angiogenesis in vitro (Fig. 4C).

KIF2A interacts with Notch1. To further explore the molecular 
mechanisms underlying the participation of KIF2A in HCC 
progression, the possible interaction between KIF2A and 
Notch1 was predicted by BioGRID database and verified by 
a Co‑IP assay. Notch1 protein was present in the anti‑KIF2A 
group (Fig. 5A) and KIF2A protein was detected in the 
anti‑Notch1 group (Fig. 5B). Co‑IP assay results suggested 
that KIF2A may interact with and bind to Notch1. In addition, 
silencing of KIF2A downregulated Notch1 expression in 
Huh7 HCC cells (Fig. 5C and D), which suggested a positive 
association between KIF2A and Notch1 expression.

Downregulation of KIF2A suppresses Huh7 HCC cell 
proliferation by suppressing Notch1. The Ov‑Notch1 vector 

Figure 5. KIF2A interacts with Notch1. (A and B) Interaction between KIF2A and Notch1 was evaluated by co‑immunoprecipitation assays. Notch1 (C) mRNA 
and (D) protein expression levels in Huh7 HCC cells transfected with siRNA‑KIF2A‑1 or siRNA‑NC were assessed by reverse transcription‑quantitative PCR 
and western blot analysis, respectively. Data are presented as the mean ± standard deviation of three independent experiments. ***P<0.001. HCC, hepatocellular 
carcinoma; KIF2A, kinesin family member 2A; NC, negative control; siRNA, small interfering RNA.
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was transfected into Huh7 cells to upregulate Notch1 expres‑
sion and the transfection efficacy was assessed by RT‑qPCR 
and western blot analysis. The mRNA and protein expression 
levels of Notch1 were significantly increased following trans‑
fection with Ov‑Notch1 compared with the Ov‑NC‑transfected 
group (Fig. 6A and B). Results of CCK‑8 analysis showed that 
KIF2A knockdown suppressed HCC cell viability, which was 
partially reversed upon Notch1 overexpression (Fig. 6C). In 
addition, increases in Ki67 and PCNA protein expression 
levels also indicated that upregulation of Notch1 reduced 
the suppressive effect of KIF2A knockdown on HCC cell 
proliferation (Fig. 6D). Furthermore, the increased number of 

EdU‑positive cells demonstrated that the suppressed prolif‑
eration caused by KIF2A silencing was partially reversed by 
Notch1 overexpression (Fig. 6E). These results suggested that 
KIF2A knockdown may suppress the proliferative capability 
of HCC cells by downregulating Notch1 expression.

Downregulation of KIF2A inhibits Huh7 HCC cell migration 
and invasion by suppressing Notch1. The results of the wound 
healing and Transwell assays indicated that the suppressive 
effects of KIF2A knockdown on HCC cell migration and inva‑
sion, respectively, were reversed upon upregulation of Notch1 
(Fig. 7A and B). Furthermore, the increase in MMP2, MMP7 

Figure 6. Downregulation of KIF2A inhibits Huh7 HCC cell proliferation by suppressing Notch1. Notch1 (A) mRNA and (B) protein expression levels in HCC 
cells after Ov‑Notch1 or Ov‑NC transfection were assessed by reverse transcription‑quantitative PCR and western blot analysis, respectively. (C) Viability 
of HCC cells transfected with siRNA‑KIF2A‑1 alone or co‑transfected with siRNA‑KIF2A‑1 and Ov‑Notch1 was determined by Cell Counting Kit‑8 assay. 
(D) Ki67 and PCNA protein expression levels in HCC cells after transfection with siRNA‑KIF2A‑1 or co‑transfection with siRNA‑KIF2A‑1 and Ov‑Notch1 
were detected by western blot analysis. (E) Proliferation of HCC cells after transfection with siRNA‑KIF2A‑1 or co‑transfection with siRNA‑KIF2A‑1 and 
Ov‑Notch1 was detected by EdU staining. Data are presented as the mean ± standard deviation of three independent experiments. **P<0.01 and ***P<0.001. 
EdU, 5‑ethynyl‑2'‑deoxyuridine; HCC, hepatocellular carcinoma; KIF2A, kinesin family member 2A; NC, negative control; Ov, overexpression; PCNA, 
proliferating cell nuclear antigen; siRNA, small interfering RNA.
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and MMP9 expression levels also suggested that the KIF2A 
knockdown‑induced suppression of HCC cell migration and 
invasion was reversed by Notch1 overexpression (Fig. 7C). 
Collectively, these results indicated that KIF2A knockdown 
may suppress the migration and invasion of HCC cells by 
downregulating Notch1.

Downregulation of KIF2A induces weaker in vitro angio‑
genesis by suppressing Notch1. It was observed that silencing 
of KIF2A lowered the tube formation ability of HUVECs, 
whereas upregulation of Notch1 reversed this phenomenon 
(Fig. 8A and B). In addition, the increased expression levels 
of VEGFA, VEGFR1 and VEGFR2 caused by Notch1 over‑
expression suggested that the suppressive effects of KIF2A 
knockdown on in vitro angiogenesis of Huh7 HCC cells were 
partially reversed by upregulation of Notch1 (Fig. 8C and D). 
Overall, KIF2A knockdown may induce weaker angiogenesis 
in vitro by downregulating Notch1 expression.

Discussion

HCC is a highly malignant tumor with a poor prognosis (1). 
The metastatic capacity of HCC is a key factor that affects 
recurrence and prognosis after surgical resection (23). A 
recent clinical trial verified that KIF2A is closely corre‑
lated with tumor size and clinical stage of patients with 
tumors (24). Additionally, Chen et al (14) demonstrated that 
KIF2A was upregulated in HCC tissues, and was positively 
associated with biomarkers for cell invasion and migration, 
such as MMP2, MMP7 and MMP9. Furthermore, it has been 
reported that KIF2A is related to neoplastic pathological 
grading and tumor‑node‑metastasis staging in HCC (13). 
Hence, the present study was designed to systematically 
determine the biological role of KIF2A in HCC and to 
improve our understanding of the molecular mechanism 
underlying the involvement of KIF2A in the malignant 
progression of HCC.

Figure 7. Downregulation of KIF2A inhibits Huh7 HCC cell migration and invasion by suppressing Notch1. (A) Migration and (B) invasion of HCC cells 
transfected with siRNA‑KIF2A‑1 or co‑transfected with siRNA‑KIF2A‑1 and Ov‑Notch1 was evaluated by wound healing assay and Transwell invasion 
assay, respectively. (C) MMP2, MMP7 and MMP9 protein expression levels in HCC cells after transfection with siRNA‑KIF2A‑1 or co‑transfection with 
siRNA‑KIF2A‑1 and Ov‑Notch1 were detected by western blot analysis. Data are presented as the mean ± standard deviation of three independent experi‑
ments. **P<0.01 and ***P<0.001. HCC, hepatocellular carcinoma; KIF2A, kinesin family member 2A; NC, negative control; Ov, overexpression; siRNA, small 
interfering RNA.
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A number of studies have revealed that KIF2A serves a 
vital role in the development of several malignancies. For 
example, it has been reported that silencing of KIF2A could 
markedly block the proliferation, migration and invasion of 
osteosarcoma cells (24). Furthermore, Zhang et al (25) discov‑
ered that downregulation of KIF2A could promote apoptosis, 
as well as inhibit proliferation, migration and invasion of 
gastric cancer cells. In the present study, it was observed that 
KIF2A expression was aberrantly increased in HCC cells. 
KIF2A knockdown suppressed Huh7 HCC cell proliferation, 
migration and invasion, and impaired angiogenesis in vitro.

A number of studies have also demonstrated that abnormal 
activation of the Notch1 signaling pathway contributes to the 
development of various malignant tumors, and this has emerged 
as a common topic in oncology research (17,18). Notch1 has 
been identified to be highly expressed in HCC tissues and cell 
lines, and to be positively associated with advanced tumor 
progression and poorer prognosis of patients (17). Lu et al (26) 
reported that inactivation of the Notch1 signaling pathway 
could suppress the metastasis of HCC cells. Liu et al (27) 
reported that downregulation of Notch1 could inhibit invasion 
and angiogenesis of human breast cancer cells by inhibition 
of the NF‑κB signaling. In the present study, it was demon‑
strated that KIF2A protein interacted with Notch1 protein. 

Furthermore, KIF2A silencing decreased the mRNA and 
protein expression levels of Notch1, indicating that there was 
a positive association between KIF2A and Notch1 expression. 
The suppressive effects of KIF2A knockdown on HCC cell 
proliferation, migration, invasion and in vitro angiogenesis 
were partially reversed by Notch1 overexpression.

 In conclusion, downregulation of KIF2A suppressed 
HCC cell proliferation, migration and invasion, and arrested 
in vitro angiogenesis by suppressing Notch1. Thus the present 
results suggested that KIF2A may contribute to the malignant 
progression of HCC via activation of the Notch1 signaling 
pathway. These findings suggested that KIF2A may be an 
important target for HCC, providing a promising approach for 
the treatment of HCC.
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