
EXPERIMENTAL AND THERAPEUTIC MEDICINE  22:  1154,  2021

Abstract. To investigate the molecular mechanism of assembly 
factor for spindle microtubules (ASPM) in the regulation of 
the malignant progression of hepatocellular carcinoma (HCC), 
bioinformatics analysis was utilized to analyze the role of 
ASPM in the malignant progression of HCC and its potential 
interaction with the kinesin family member 11 (KIF11) gene. 
The expression levels of ASPM and KIF11 were detected by 
reverse transcription‑quantitative PCR and western blotting. 
Following knockdown of ASPM expression, Cell Counting 
Kit‑8/colony formation assays were performed to detect cell 
viability and proliferation. Wound healing and Transwell 
assays were employed to detect cell migration and invasion. 
Additionally, a co‑immunoprecipitation (CO‑IP) assay was 
used to detect whether there was an interaction between ASPM 
and KIF11. KIF11 overexpression was performed to verify 
if ASPM exerted its effects via KIF11. ASPM was highly 
expressed in HCC tissues and cells, and was closely associated 
with a poor prognosis of patients with HCC. Interference with 
ASPM expression markedly inhibited the viability, prolif‑
eration, invasion and migration of HCC cells. Using a CO‑IP 
assay, it was revealed that there was an interaction between 
ASPM and KIF11. Rescue experiments subsequently revealed 
the regulatory effects of ASPM on the activity, proliferation, 
invasion and migration of HCC cells via KIF11. Finally, 
western blot analysis demonstrated that ASPM in combination 
with KIF11 promoted the malignant progression of HCC by 
regulating the activity of the Wnt/β‑catenin signaling pathway. 
Therefore, the present study demonstrated that ASPM may 

interact with KIF11 in HCC cells to promote the malignant 
progression of HCC via the Wnt/β‑catenin signaling pathway.

Introduction

Liver cancer is one of the most common causes of cancer‑asso‑
ciated mortality worldwide, with the fifth highest incidence 
and mortality rates in the United States, and a continuously 
increasing mortality rate on an annual basis, despite the 
advances in medical technology (1). Hepatocellular carcinoma 
(HCC) is the most common type of primary liver cancer, and 
its occurrence has been associated with hepatitis B virus, 
hepatitis C virus, smoking, alcohol consumption, obesity, 
diabetes and other factors (2,3). However, there is a lack of 
effective treatment strategies for HCC due to its high metas‑
tasis and recurrence rates (4). In recent years, with in‑depth 
research on the molecular mechanism of HCC tumorigenesis, 
certain targeted drugs for patients with HCC have been 
developed (5). However, their efficacy is unsatisfactory due 
to the heterogeneity of tumors and the complexity of the 
molecular mechanisms involved (6). Therefore, it is urgent to 
further study the pathogenesis of HCC and to explore potential 
molecular targets to facilitate the development of treatments 
for the disease.

Assembly factor for spindle microtubules (ASPM) is an ASP 
homologous gene of Drosophila melanogaster expressed in the 
cytoplasm, which is crucial for the normal mitotic spindle func‑
tion of embryonic neuroblasts (7,8). A number of studies have 
reported that ASPM serves an important role in the progres‑
sion of various types of cancer. For instance, Pai et al (9) has 
reported that ASPM increases the stability of the upstream 
regulatory factor of the Wnt signaling pathway, enhances 
the Wnt‑dishevelled segment polarity protein 3‑β‑catenin 
signaling pathway and promotes the malignant progression of 
prostate cancer. Different subtypes of ASPM serve different 
roles in pancreatic cancer, and ASPM‑II mainly regulates 
Wnt signaling and tumor growth, while ASPM‑III selectively 
regulates the cell cycle progression of pancreatic ductal adeno‑
carcinoma cells (10). In addition, it has been demonstrated in 
a number of studies that ASPM can serve as a biomarker in 
bladder cancer (11,12), breast cancer (13), non‑small cell lung 
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cancer (14), prostate cancer (15) and ovarian cancer (16,17). 
Additionally, high ASPM expression is often associated with a 
poor prognosis (18). Lin et al (19) reported that ASPM expres‑
sion is upregulated in HCC, and that upregulation of ASPM 
increases the invasion and metastasis of HCC. Furthermore, 
several studies have suggested ASPM as a prognostic biomarker 
for HCC (20,21), although the specific mechanism of action of 
ASPM in HCC remains elusive.

Kinesin family member 11 (KIF11), which encodes EG5, 
belongs to the kinesin‑like protein family. KIF11 serves an 
essential role in cell mitosis (22) and the transport of secreted 
proteins (23). It has been demonstrated that KIF11 mutation 
causes autosomal dominant familial exudative vitreoreti‑
nopathy, as well as microcephaly, with or without choroidal 
retinopathy, lymphedema or hypophrenia  (24,25). KIF11 
acts as an oncogene in tumors and is associated with a poor 
prognosis in breast cancer (26). Additionally, it promotes cell 
invasion, proliferation and self‑renewal in glioblastoma (27).

The present study aimed to investigate the expression levels 
of ASPM in HCC cells and to determine whether interference 
with ASPM expression could affect cell proliferation, invasion, 
migration and epithelial‑to‑mesenchymal transition (EMT). It 
was further investigated whether ASPM was associated with 
KIF11 to promote the malignant progression of HCC, as well 
as the involvement of the Wnt/β‑catenin signaling pathway in 
this process. The aim of the present study was to provide a 
novel approach to the targeted therapy and clinical diagnosis 
of HCC in the future.

Materials and methods

Cell lines. The normal human liver cell line (THLE‑2) and 
human HCC cell lines (SK‑HEP‑1, Huh7, HCC‑LM3 and 
Hep3B) were purchased from National Infrastructure of 
Cell Line Resource. Each cell line was cultured in DMEM 
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with 
10%  FBS (Thermo Fisher Scientific, Inc.) and 100  U/ml 
Penicillin/Streptomycin (Thermo Fisher Scientific, Inc.) with 
5% CO2 at 37˚C.

Bioinformatics analysis. Gene Expression Profiling 
Interactive Analysis (GEPIA; http://gepia.cancer‑pku.cn/) 
is a network server for gene expression analysis based on 
tumor and normal samples in The Cancer Genome Atlas and 
Genotype‑Tissue Expression databases (28). GEPIA was used 
to detect the expression levels of ASPM and KIF11 in patients 
with liver hepatocellular carcinoma (LIHC), as well as their 
overall survival and disease‑free survival rates, with |log2 fold 
change|>1 and P<0.01 used as cut‑off values. The Human 
Protein Atlas (HPA; http://www.proteinatlas.org/) database 
is a data resource that integrates a tissue atlas, cell atlas, 
pathological atlas, brain atlas, blood atlas and metabolic atlas. 
The present study analyzed the association between prog‑
nosis and ASPM and KIF11 in HCC using the pathological 
atlas in the HPA database. The Search Tool for the Retrieval 
of Interacting Genes/Proteins (STRING; https://www.
string‑db.org/) database is an online database for the search 
of known protein‑protein interactions. The interactive asso‑
ciation between ASPM and KIF11 was explored through the 
multi‑protein retrieval of the STRING database. The present 

study examined the correlation between ASPM and KIF11 
expression using the pan‑cancer analysis platform starBase 
(http://starbase.sysu.edu.cn/), which enables the analysis of 
interactions between multiple RNAs (29).

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from cells using TRIzol® (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. cDNA was synthesized using a reverse transcrip‑
tion system kit (Invitrogen; Thermo Fisher Scientific, Inc.) 
as follows: Priming at 25˚C for 5 min, reverse transcription 
at 37˚C for 30 min and reverse transcription inactivation at 
85˚C for 5 min. For qPCR, the MiScript SYBR‑Green PCR 
kit (Qiagen GmbH) was used according to the manufacturer's 
protocol. The thermocycling condition was as follows: Initial 
denaturation at 95˚C for 3 min, 40 cycles of denaturation at 
95˚C for 10 sec and annealing at 60˚C for 30 sec and extension 
at 60˚C for 30 sec. The normalization method was adopted 
with GADPH as the internal reference, and the results were 
presented as the differences in target gene expression quantity 
between the control group and the experimental group with 
the use of 2‑ΔΔCq values (30). The primers used in the present 
study are listed in Table I.

Western blot analysis. The cells of each treatment group were 
collected and protein was extracted on ice with precooled 
RIPA lysis buffer (Beyotime Institute of Biotechnology) for 
10 min. Protein was quantified using a BCA assay kit (Abcam) 
and the same amount of protein (25 µg/lane) was separated 
by 12% SDS‑PAGE. Subsequently, the proteins were trans‑
ferred to nitrocellulose membranes at 60 V for 120 min. The 
membranes were first blocked with 5% skimmed milk for 
2 h at room temperature. The membranes were then incu‑
bated with primary antibodies at 4˚C overnight followed by 
HRP‑conjugated goat anti‑rabbit IgG secondary antibody 
at room temperature for 120 min. Finally, the chemilumi‑
nescence reaction was performed using an ECL kit (Beijing 
Solarbio Science & Technology Co., Ltd.), and images were 
captured to observe the blots. The densitometry was analyzed 
using the ImageJ software (v1.8; National Institutes of Health). 
Detailed information on the antibodies is shown in Table II. 
The experiment was repeated in triplicate.

Cell transfection. Silencer Select small interfering 
(si)RNA (si‑ASPM; 5'‑UGC​CAU​GGU​GCA​ACU​UGC​U‑3') 
and Silencer Select Negative Control No. 1 siRNA (si‑NC; 
5'‑UUA​CCU​CUA​GUC​GUC​AUG​U‑3') were purchased from 
Thermo Fisher Scientific, Inc. pEGFP1‑KIF11 and pEGFP‑1 
as negative control were purchased from Sangon Biotech Co., 
Ltd. A total of 0.8x106 cells were cultured in 35‑mm culture 
dishes until the logarithmic growth phase, and Lipofectamine® 
3000 (Invitrogen; Thermo Fisher Scientific, Inc.) was used 
to transfect 100 nM siRNA, 4 µg recombinant vector and 
their respective controls into Hep3B cells for 24 h at 37˚C, 
according to the product manual. Following transfection for 
24 h, transfected Hep3B cells were utilized for subsequent 
experimentation.

Cell counting Kit‑8 (CCK‑8) assay. Transfected or non‑tran‑
fected Hep3B cells were inoculated into a 96‑well plate at a 
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density of 2,000 cells/well. Sterile CCK‑8 solution was added 
after 0, 24, 48 and 72 h of cell culture. After 2 h of incubation at 
37˚C, cell viability was detected. Absorbance at a wavelength 
of 450 nm was measured by a microplate reader (Molecular 
Devices, LLC).

Colony formation assay. Following digestion into a single‑cell 
suspension using trypsin, the cells were inoculated into a 
6‑well plate at a density of 1,000 cells/well. After 1 week, 
each well was rinsed three times with PBS at room tempera‑
ture. After fixation with 4% paraformaldehyde at room 
temperature for 15 min, 0.1% crystal violet (Thermo Fisher 
Scientific, Inc.) was added for staining at room temperature for 
15 min. Subsequently, the clusters containing >50 cells were 
considered as a colony and counted under a light microscope 
(magnification, x40; Nikon Corporation).

Wound healing assay. Hep3B cells (5x105) were inoculated into 
a six‑well plate. At 80% confluence, a gentle scrape on the well 
surface was performed with a pipette nozzle. Subsequently, 
the cells were washed three times with PBS to remove free 
cells. Following culture in serum‑free medium at 37˚C for 
24 h, cell migration was observed at 0 and 24 h and images 
were captured under a light microscope (magnification, x100; 
Nikon Corporation).

Transwell assay. Transwell inserts for 24‑well plates (8 µm; 
Corning, Inc.) were coated with prediluted Matrigel (1:8; 
BD Biosciences) at 37˚C for 30 min. The cells were washed 
twice in PBS and then suspended in serum‑free DMEM. A 
total of 5x105 cells in 200 µl medium were placed into the 

Matrigel‑coated upper chamber and the lower chamber was 
filled with 400 µl DMEM with 10% FBS. Following incu‑
bation at 37˚C for 24 h, the non‑invading cells in the upper 
chamber were gently removed. The cells on the submembrane 
surface were stained with 0.5% crystal violet for 15 min at 
room temperature and observed under a light microscope 
(magnification, x100; Nikon Corporation) and images were 
captured.

Co‑immunoprecipitation (CO‑IP) assay. The cells were 
separated, washed twice with PBS, and lysed in precooled 
cell lysis buffer for IP (cat. no. P0013; Beyotime Institute of 
Biotechnology) containing protease inhibitors. The super‑
natant was collected after centrifugation at 13,000 x g for 
10 min at 4˚C. The supernatant of cell lysate (500 µg) were 
incubated at 4˚C overnight after the addition of 1 µg KIF11 
(cat. no. ab254298; Abcam) or IgG antibody (cat. no. 2729; 
Cell Signaling Technology, Inc.). The pretreated 50 µg protein 
A agarose beads were added to the cell lysis buffer incubated 
with the antibody overnight for a slow shake, followed by incu‑
bation at 4˚C for 4 h, so that the antibody was coupled with 
protein A agarose beads. After the IP reaction, agarose beads 
were centrifuged at 1,000 x g for 3 min at 4˚C to the bottom of 
the tube. The supernatant was then carefully absorbed, and the 
agarose beads were washed three times with 1 ml lysis buffer. 
A total of 15 µl 2X SDS sample buffer was finally added 
for boiling at 100˚C for 5 min, followed by western blotting, 
as aforementioned.

Statistical analysis. All data were processed using GraphPad 
Prism 8.0 (GraphPad Software, Inc.). Measurement data are 
presented as the mean ± SD. Comparisons between two groups 
were conducted using a unpaired Student's t‑test, and one‑way 
ANOVA with Tukey's test was used to compare multiple 
groups. P<0.05 was considered to indicate a statistically 
significant difference.

Results

ASPM is highly expressed in HCC tissues and cell lines. To 
explore the expression levels of ASPM in HCC and its clinical 
significance, the GEPIA database was used for the detection 
of the expression levels of ASPM in HCC and normal liver 
tissues, and to analyze the overall survival and disease‑free 
survival rates. A total of 160 normal samples and 369 tumor 
samples were obtained from the LIHC dataset of GEPIA2, 
with |Log2 fold change|>1 and P<0.01 as cut‑off values. 
Higher ASPM expression was observed in HCC tissues 
compared with in normal tissues (Fig. 1A). In addition, the 
expression levels of ASPM in normal hepatocytes and HCC 
cell lines were detected by RT‑qPCR and western blotting, and 
the results revealed significantly higher expression levels of 
ASPM in HCC cell lines compared with in normal hepatocytes 
(Fig. 1B and C). Furthermore, Hep3B cells were selected for 
further experiments, as they exhibited the highest expression 
levels of ASPM. To evaluate of the significance of ASPM in 
clinical studies of HCC, the present study revealed through 
GEPIA database analysis that the overall survival rate was 
markedly different between the low and high ASPM groups 
before 80 months, while there was no difference observed 

Table I. Sequences of the primers used for reverse transcription‑​
quantitative PCR.

Gene	 Sequence

KIF11	 F:	5'‑GATGGACGTAAGGCAGCTCA‑3'
	 R:	5'‑TGTGGTGTCGTACCTGTTGG‑3'
ASPM	 F:	5'‑GGAGCGAGATCCCTCCAAAAT‑3'
	 R:	5'‑GGCTGTTGTCATACTTCTCATGG‑3'
Cadherin	 F:	5'‑CTGTGCCCAGCCTCCATGTTTT‑3'
	 R:	5'‑CTGGATAGCTGCCCATTGCAAGTTA‑3'
Cadherin	 F:	5'‑CCATCAAGCCTGTGGGAATC‑3'
	 R:	5'‑GCAGATCGGACCGGATACTG‑3'
Vimentin	 F:	5'‑TGTCCAAATCGATGTGGATGTTTC‑3'
	 R:	5'‑TTGTACCATTCTTCTGCCTCCTG‑3'
Ki‑67	 F:	5'‑CCACACTGTGTCGTCGTTTG‑3'
	 R:	5'‑CCGTGCGCTCATCCATTCA‑3'
PCNA	 F:	5'‑ATGTTTGAGGCACGCCTGATCCAG‑3'
	 R:	5'‑CTAAGATGCTTCCTCACTTCAATC‑3'
GAPDH	 F:	5'‑GGAGCGAGATCCCTCCAAAAT‑3'
	 R:	5'‑GGCTGTTGTCATACTTCTCATGG‑3'

F, forward; R, reverse; ASPM, assembly factor for spindle microtu‑
bules; KIF11, kinesin family member 11; PCNA, proliferating cell 
nuclear antigen.

https://www.spandidos-publications.com/10.3892/etm.2021.10588
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after 80 weeks. In terms of the disease‑free survival rate, there 
was no difference at ~50 months. In general, the overall and 
disease‑free survival of patients with high ASPM expression 
were markedly lower than those of patients with low ASPM 
expression (Fig. 1D and E). Furthermore, in HPA database 
analysis, most patients with low ASPM expression were alive 
within 10 years after diagnosis. In patients with high ASPM 
expression, a large proportion of deaths had already occurred 
within 1 year after diagnosis. This indicated that ASPM was 
closely associated with prognosis (Fig. 1F), revealing that 
ASPM may serve as an independent prognostic factor for 
patients with HCC.

Interference with ASPM inhibits the proliferation of HCC 
cells. To further investigate the biological functions of 
ASPM in HCC cell lines, the present study interfered with 
ASPM expression in Hep3B cells and detected the expression 
levels of ASPM after interference using RT‑qPCR (Fig. 2A). 
Cell viability was detected using a CCK‑8 assay, and it was 
revealed that the number of viable Hep3B cells was decreased 
significantly following ASPM‑knockdown compared with the 
si‑NC group (Fig. 2B). Western blotting was used to detect 
the expression levels of proliferation‑associated proteins, 
namely proliferating cell nuclear antigen (PCNA) and Ki‑67. 
Compared with the si‑NC group, the expression levels of PCNA 
and Ki‑67 were decreased significantly after interference with 
ASPM expression (Fig. 2C and D). In addition, using a colony 
formation assay, it was demonstrated that interference with 
ASPM expression markedly inhibited the colony formation 
ability of Hep3B cells (Fig. 2E). The aforementioned experi‑
ments collectively indicated that interference with ASPM 
expression inhibited the proliferation of HCC cells.

Interference with ASPM inhibits the migration, invasion and 
EMT of HCC cells. The high metastatic propensity of HCC 
serves a key role in the malignant progression of HCC (19). 

Therefore, the effects of ASPM on the migration, invasion and 
EMT of HCC cells were examined. The results of the wound 
healing assay revealed a significant decrease in the migra‑
tory ability of the si‑ASPM group compared with that of the 
si‑NC group (Fig. 3A). The Transwell assay demonstrated a 
significant decrease in the invasive ability of HCC cells after 
interference with ASPM expression (Fig. 3B). MMP2 and 
MMP9 both serve an important role in the invasion and metas‑
tasis of tumor cells (31). Therefore, their protein expression 
levels were detected by western blotting, and it was revealed 
that the expression levels of these two proteins were signifi‑
cantly downregulated after ASPM‑knockdown (Fig. 3C). The 
invasion and metastasis of tumors are often accompanied by 
the occurrence of EMT. Therefore, the present study examined 
the expression levels of N‑cadherin/vimentin and E‑cadherin 
using RT‑qPCR and western blotting, and the results revealed 
that the expression levels of N‑cadherin/vimentin were 
decreased, while those of E‑cadherin were elevated following 
ASPM‑knockdown (Fig.  3D and E). The aforementioned 
experimental results indicated that interference with ASPM 
expression inhibited the migration, invasion and EMT of 
HCC cells.

Interference with ASPM inhibits KIF11 expression in HCC 
cells. To further explore the mechanism of ASPM acting on 
HCC, STRING and starBase were used to predict the possible 
interaction between ASPM and KIF11 (Fig. 4A and B). The 
starBase database indicated an R value of 0.864 between 
ASPM and KIF11, suggesting a distinct positive correlation 
between the two (Fig. 4B). Additionally, GEPIA database 
analysis suggested that the overall and disease‑free survival 
of patients with high KIF11 expression were significantly 
lower than those of patients with low KIF11 expression 
(Fig. 4C and D). Additionally, the HPA database analysis 
revealed that KIF11 expression was closely associated 
with the prognosis of patients (Fig. 4E), and may serve as 

Table II. Information on the antibodies used for western blotting.

Antibody	 Dilution	 Cat. no.	 Specificity	 Manufacturer

KIF11	 1:1,000	 ab254298	 Rabbit monoclonal	 Abcam
ASPM	 1:1,000	 ab238106	 Rabbit polyclonal	 Abcam
PCNA	 1:1,000	 ab92552	 Rabbit monoclonal	 Abcam
Ki‑67	 1:5,000	 ab16667	 Rabbit monoclonal	 Abcam
MMP2	 1:5,000	 ab92536	 Rabbit monoclonal	 Abcam
MMP9	 1:5,000	 ab76003	 Rabbit monoclonal	 Abcam
N‑cadherin	 1:5,000	 ab76011	 Rabbit monoclonal	 Abcam
Vimentin	 1:5,000	 ab92547	 Rabbit monoclonal	 Abcam
E‑cadherin	 1:10,000	 ab133597	 Rabbit monoclonal	 Abcam
β‑catenin	 1:5,000	 ab32572	 Rabbit monoclonal	 Abcam
p‑GSK‑3β	 1:1,000	 9336	 Rabbit monoclonal	 Cell Signaling Technology, Inc.
GSK‑3β	 1:1,000	 9325	 Rabbit monoclonal	 Cell Signaling Technology, Inc.
GAPDH	 1:10,000	 ab181602	 Rabbit monoclonal	 Abcam
IgG H&L (HRP)	 1:10,000	 ab6721	 Goat anti‑rabbit HRP	 Abcam

ASPM, assembly factor for spindle microtubules; KIF11, kinesin family member 11; p, phosphorylated; PCNA, proliferating cell nuclear antigen.
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an independent prognostic factor analogous to ASPM for 
patients with HCC. These results indicated that there exists 
a strong association between ASPM and KIF11, both of 

which are closely associated with the development of HCC. 
To further study the association between ASPM and KIF11, 
RT‑qPCR and western blotting were performed to detect the 

Figure 1. ASPM is highly expressed in HCC tissues and cell lines. (A) ASPM expression in HCC and normal liver tissues was examined using the GEPIA 
database. *P<0.05. ASPM expression in normal hepatocytes and HCC cell lines was detected by (B) reverse transcription‑quantitative PCR and (C) western 
blotting. (D) 5‑year overall survival and (E) disease‑free survival of patients were analyzed using the GEPIA database. (F) Association between ASPM and the 
prognosis of patients with HCC was analyzed using the Human Protein Atlas database. The plus‑shaped dots on the graph represent the deaths, the circular dots 
represent the patients alive, the x‑axis represents ASPM expression and the y‑axis represents years after diagnosis. ***P<0.001; n≥3. ASPM, assembly factor for 
spindle microtubules; HCC, hepatocellular carcinoma; GEPIA, Gene Expression Profiling Interactive Analysis.

https://www.spandidos-publications.com/10.3892/etm.2021.10588
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expression levels of KIF11 in normal liver cells and HCC 
cells after interference with ASPM expression. The results 
demonstrated that KIF11 expression was significantly higher 
in HCC cell lines compared with in normal liver cells 
(Fig. 4F and G), whereas it was significantly lower after inter‑
ference with ASPM expression (Fig. 4H and I). CO‑IP was 
conducted to verify whether ASPM and KIF11 interacted 
with each other, and the results revealed that endogenous 
ASPM and endogenous KIF11 co‑precipitated in Hep3B 
cells (Fig. 4J). The aforementioned experiments indicated 
an interaction between ASPM and KIF11, and an inhibitory 
effect of ASPM‑knockdown on KIF11 expression in HCC 
cell lines.

Interference with ASPM inhibits the proliferation of HCC 
cells via KIF11. To verify that ASPM exerted an effect via 
KIF11, the KIF11 overexpression vector (Ov‑KIF11) was first 
constructed. The results of RT‑qPCR and western blotting 
demonstrated that the mRNA and protein expression levels 
of KIF11 were significantly increased after transfection with 
the KIF11 overexpression vector (Fig. 5A and B). In addi‑
tion, si‑ASPM, Ov‑KIF11 and their respective NCs were 
co‑transfected into Hep3B cells, and their proliferation levels 
were then detected using a CCK‑8 assay. The results revealed 
that interference with ASPM expression significantly inhib‑
ited the proliferative ability of HCC cells, while this effect 
was reversed by simultaneous transfection of si‑ASPM 

and Ov‑KIF11 (Fig.  5C). RT‑qPCR and western blotting 
revealed that the simultaneous transfection of si‑ASPM 
and Ov‑KIF11 restored the mRNA and protein expression 
levels of proliferation‑associated genes PCNA and Ki‑67 
(Fig. 5D and E), and this trend was consistent with the results 
of the CCK‑8 assay. Furthermore, the colony formation assay 
demonstrated that simultaneous transfection of si‑ASPM and 
Ov‑KIF11 reversed the inhibitory effect of si‑ASPM on the 
colony formation capacity of Hep3B cells (Fig. 5F). Overall, 
the aforementioned experimental results indicated that 
ASPM‑knockdown inhibited the proliferation and colony 
formation ability of HCC cells via KIF11.

Interference with ASPM inhibits the migration, invasion 
and EMT of HCC cells via KIF11. To further determine 
the mechanism, si‑ASPM, Ov‑KIF11 and their respective 
NCs were co‑transfected into Hep3B cells. Wound healing 
and Transwell assays were utilized to detect the changes 
in cell invasion and migration. The results demonstrated 
that simultaneous transfection of si‑ASPM and Ov‑KIF11 
reversed the inhibitory effect of si‑ASPM on the migration 
and invasion of Hep3B cells (Fig. 6A and B). The detec‑
tion of MMP2 and MMP9 expression by western blotting 
demonstrated a significant decrease in the expression levels 
of MMP2 and MMP9 after interference with ASPM expres‑
sion, whereas these expression levels were partly restored 
after simultaneous transfection of si‑ASPM and Ov‑KIF11 

Figure 2. ASPM‑knockdown inhibits the proliferation of hepatocellular carcinoma cells. (A) ASPM expression following its knockdown was detected by reverse 
transcription‑quantitative PCR. (B) Cell viability was detected using a Cell Counting Kit‑8 assay. (C and D) Expression levels of proliferation‑associated proteins 
PCNA and Ki‑67 were detected by western blotting. (E) Colony formation ability of Hep3B cells was detected using a colony formation assay. **P<0.01 and 
***P<0.001 as indicated or vs. si‑NC; n≥3. ASPM, assembly factor for spindle microtubules; PCNA, proliferating cell nuclear antigen; si, small interfering RNA; 
NC, negative control.
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(Fig. 6C). The expression levels of EMT‑associated proteins 
were detected by RT‑qPCR and western blotting, revealing 
that, compared with the si‑ASPM group, simultaneous 
transfection of si‑ASPM and Ov‑KIF11 restored the expres‑
sion levels of N‑cadherin and vimentin to some degree, in 
addition to inhibiting E‑cadherin expression (Fig. 6D and E). 

These experiments suggested that interference with ASPM 
inhibited the migration, invasion and EMT of HCC cells via 
KIF11.

ASPM is involved in the Wnt/β‑catenin signaling pathway by 
regulating KIF11. A previous study has reported the ability of 

Figure 3. ASPM‑knockdown inhibits the migration, invasion and epithelial‑to‑mesenchymal transition of hepatocellular carcinoma cells. (A) Migration was 
detected using a wound healing assay; magnification, x100. (B) Invasion was detected using a Transwell assay; magnification, x100. (C) Protein expression levels of 
MMP2 and MMP9 were detected by western blotting. Expression levels of N‑cadherin, vimentin and E‑cadherin were detected by (D) reverse transcription‑quan‑
titative PCR and (E) western blotting. ***P<0.001; n≥3. ASPM, assembly factor for spindle microtubules; si, small interfering RNA; NC, negative control.

https://www.spandidos-publications.com/10.3892/etm.2021.10588
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Figure 4. ASPM‑knockdown inhibits KIF11 expression in HCC cells. Interaction between ASPM and KIF11 was predicted using (A) Search Tool for the Retrieval 
of Interacting Genes/Proteins and (B) StarBase. (C) 5‑year overall survival and (D) disease‑free survival of patients were analyzed using the Gene Expression 
Profiling Interactive Analysis database. (E) Association between KIF11 and prognosis of patients was analyzed using the Human Protein Atlas database. The plus 
shaped dots on the graph represent the deaths, the circular dots represent the patients alive, the x‑axis represents KIF11 expression and the y‑axis represents years 
after diagnosis. Expression levels of KIF11 in normal hepatocytes and HCC cell lines were detected using (F) RT‑qPCR and (G) western blotting. Expression levels 
of KIF11 in Hep3B cells were detected by (H) RT‑qPCR and (I) western blotting. (J) Interaction between ASPM and KIF11 verified by co‑immunoprecipitation. 
**P<0.01; ***P<0.001; n≥3. ASPM, assembly factor for spindle microtubules; KIF11, kinesin family member 11; HCC, hepatocellular carcinoma; RT‑qPCR, reverse 
transcription‑quantitative PCR; si, small interfering RNA; NC, negative control; LIHC, liver hepatocellular carcinoma.
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ASPM to promote glioma growth through the Wnt/β‑catenin 
signaling pathway (32). In addition, Pei et al (33) revealed 
that silencing of KIF11 markedly decreased the self‑renewal 
ability of breast cancer cells by β‑catenin. Based on these 
findings, it was hypothesized that ASPM could regulate the 
occurrence and development of HCC via the KIF11‑mediated 
Wnt/β‑catenin signaling pathway. To verify the aforemen‑
tioned hypothesis, the expression levels of proteins associated 
with the Wnt/β‑catenin signaling pathway, namely β‑catenin, 
phosphorylated (p‑)GSK‑3β and GSK‑3β, were detected after 
co‑transfection of si‑ASPM, Ov‑KIF11 and their respective 

NCs into Hep3B cells. The results demonstrated that the 
levels of β‑catenin and p‑GSK‑3 were significantly decreased 
after interference with ASPM, indicating that interference 
with ASPM expression silenced the Wnt/β‑catenin signaling 
pathway. Additionally, the levels of β‑catenin and p‑GSK‑3β 
were restored compared with the si‑ASPM + Ov‑NC group 
after simultaneous transfection of si‑ASPM and Ov‑KIF11 
(Fig.  7). The aforementioned experiments indicated that 
ASPM may be involved in the Wnt/β‑catenin signaling 
pathway through the regulation of KIF11 and thereby may 
regulate the malignant progression of HCC.

Figure 5. ASPM‑knockdown inhibits the proliferation of hepatocellular carcinoma cells via KIF11. Expression levels of KIF11 were detected by (A) RT‑qPCR 
and (B) western blotting. (C) Proliferation in the si‑ASPM and Ov‑KIF11 groups was detected using a Cell Counting Kit‑8 assay. Expression levels of PCNA 
and Ki67 were detected by (D) RT‑qPCR and (E) western blotting. (F) Colony formation ability was detected using a colony formation assay. *P<0.05; **P<0.01; 
***P<0.001 as indicated or vs. si-NC; #P<0.05 vs. si-ASPM + Ov-NC; n≥3. ASPM, assembly factor for spindle microtubules; KIF11, kinesin family member 11; 
RT‑qPCR, reverse transcription‑quantitative PCR; si, small interfering RNA; Ov, overexpression; NC, negative control; PCNA, proliferating cell nuclear antigen.
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Discussion

HCC ranks among the top five most common malignant 
tumors worldwide  (34). Due to the insidiousness of this 
disease, patients are often diagnosed with advanced HCC at 

their initial examination in the hospital, resulting in a poor 
prognosis (35). At present, chemotherapy and immunotherapy 
are comparatively the best options for the treatment of 
HCC (36). Therefore, it is particularly important to perform 
more in‑depth research on the pathogenesis of HCC, with the 

Figure 6. ASPM‑knockdown inhibits the migration, invasion and epithelial‑to‑mesenchymal transition of hepatocellular cancer cells via KIF11. (A) Migration 
was detected using a wound healing assay; magnification, x100. (B) Invasion was detected using a Transwell assay; magnification, x100. (C) Protein expres‑
sion levels of MMP2 and MMP9 were detected by western blotting. Expression levels of N‑cadherin, vimentin and E‑cadherin were detected by (D) reverse 
transcription‑quantitative PCR and (E) western blotting. **P<0.01; ***P<0.001; n≥3. ASPM, assembly factor for spindle microtubules; KIF11, kinesin family 
member 11; si, small interfering RNA; Ov, overexpression; NC, negative control.
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aim of facilitating the development of immunotherapy for the 
treatment of HCC.

ASPM is highly expressed in various types of cancer, 
including breast (13), bladder (12) and ovarian cancer (16). The 
present study revealed that ASPM is highly expressed in liver 
cancer tissues and cells, which was consistent with the find‑
ings of other studies (19‑21). In vitro experiments revealed that 
interference with ASPM expression inhibited the proliferation, 
migration, invasion and EMT of HCC cells, suggesting that the 
upregulation of ASPM in HCC may promote the malignant 
progression of HCC. In addition, the present study further 
revealed that KIF11 and ASPM are associated using STRING 
and starBase database analysis, suggesting that KIF11 and 
ASPM may interact directly.

KIF11 acts as an oncogene in tumors and is associated 
with a poor prognosis in breast cancer (26). Additionally, it 
promotes cell invasion, proliferation and self‑renewal in glio‑
blastoma (27). A number of studies have reported that KIF11 
may serve as a biological diagnostic and prognostic marker for 
numerous types of tumor, including oral  (37), non‑small cell 
lung (14,38), ovarian (39) and bladder cancer (40). Liu et al (41) 
observed high KIF11 expression in HCC tissues, which is 
strongly associated with liver cirrhosis and tumor stages, and 
can be considered as a biomarker for poor prognosis of HCC. 

The present study revealed that KIF11 was highly expressed in 
HCC through bioinformatics analysis, and that it was associ‑
ated with HCC development, which was consistent with the 
study by Liu et al (41). The CO‑IP assay demonstrated that 
ASPM could directly bind to KIF11, and overexpression of 
KIF11 reversed the inhibitory effect of ASPM‑knockdown on 
proliferation, migration, invasion and EMT of HCC cells to 
some extent.

The Wnt/β‑catenin signaling pathway is a highly conserved 
and tightly controlled molecular mechanism, which has been 
identified to be abnormally activated in HCC and to exert a 
major influence over the occurrence and development of this 
type of cancer (42,43). β‑catenin is an important protein mole‑
cule in the Wnt signaling pathway, and its expression levels 
in HCC tissues directly affect the activation degree of the 
Wnt/β‑catenin signaling pathway (44). At present, a number 
of studies have validated the effectiveness of Wnt/β‑catenin 
antagonists in dampening the malignant progression of 
HCC (45,46). The development of novel drugs targeting the 
Wnt/β‑catenin signaling pathway has now become one of 
the main focuses of research for the treatment of HCC. It 
was revealed that the levels of β‑catenin and p‑GSK‑3β were 
decreased after interference with ASPM expression, silencing 
the Wnt/β‑catenin signaling pathway. However, when KIF11 

Figure 7. ASPM participates in the Wnt/β‑catenin signaling pathway by regulating KIF11. Expression levels of proteins associated with the Wnt/β‑catenin 
signaling pathway were detected by western blotting. **P<0.01; ***P<0.001; n≥3. ASPM, assembly factor for spindle microtubules; KIF11, kinesin family 
member 11; si, small interfering RNA; Ov, overexpression; NC, negative control; p, phosphorylated.
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was overexpressed at the same time, the β‑catenin and 
p‑GSK‑3β levels were restored, which indicated that KIF11 was 
involved in the Wnt/β‑catenin signaling pathway. Additionally, 
the current results demonstrated that ASPM regulated the 
involvement of KIF11 in the Wnt/β‑catenin signaling pathway 
to regulate the malignant progression of HCC.

In conclusion, the present study identified that ASPM was 
highly expressed in HCC tissues, and that ASPM‑knockdown 
inhibited the proliferation, migration, invasion and EMT 
of HCC cells. Additionally, ASPM was involved in the 
Wnt/β‑catenin signaling pathway through KIF11, thereby 
promoting the proliferation, migration, invasion and EMT of 
HCC cells.
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