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TPX2 silencing exerts anti-tumor effects on hepatocellular
carcinoma by regulating the PI3K/AKT signaling pathway
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Abstract. Hepatocellular carcinoma (HCC) is one of the
primary causes of cancer-associated deaths worldwide. Current
treatment methods include surgical resection, chemotherapy
and radiotherapy; however the curative rate remains low, thus
novel treatments are required. The aim of the present study
was to investigate the role of targeting protein for Xenopus
kinesin-like protein 2 (TPX2) in the growth of HCC and its
underlying molecular mechanism. Immunohistochemistry
staining, reverse transcription-quantitative (RT-q)PCR and
western blotting were used to detect the expression of TPX2
mRNA and protein in liver cancer tissue samples, adjacent
normal liver tissue samples, and the HCC cell lines Huh7,
Hep3B, PLC/PRF/5 and MHCC97-H. The recombinant
plasmid pMagic4.1-shRNA-TPX2 was constructed and
transfected into Huh7 and Hep3B HCC cells to silence TPX2
expression. The proliferation, apoptosis, migration and inva-
sion of Huh7 cells and Hep3B cells were evaluated before
and after TPX2 silencing. The mRNA and protein expression
levels of multiple signaling pathway-associated genes were
detected by RT-qPCR and western blotting. The expression
levels of TPX2 mRNA and protein were significantly higher
in HCC tissue samples compared with adjacent normal liver
tissue sample. TPX2 mRNA and protein expression levels
were detected in the different HCC cell lines. The recom-
binant plasmid pMagic4.1-shRNA-TPX2 was successfully
transfected into Huh7 and Hep3B cells, resulting in TPX2
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silencing. TPX2 knockdown significantly reduced cell prolif-
eration, cell migration and cell invasion of Huh7 and Hep3B
cells, whilst also increasing the rate of apoptosis in these cells.
Following TPX2 silencing, the expression levels of PI3K,
phospho-AKT, Bcl-2, c-Myc and Cyclin D1 were significantly
decreased, whereas the expression levels of P21 and P27 were
significantly increased. In conclusion, TPX2 may suppress
the growth of HCC by regulating the PI3K/AKT signaling
pathway and thus, TPX2 may be a potential target for the treat-
ment of liver cancer.

Introduction

Liver cancer is the fourth most common malignant tumor in
the world and the third leading cause of cancer-associated
death (1). China has a high incidence of chronic hepatitis B,
and persistent infection and replication of hepatitis B virus
causes liver fibrosis and cirrhosis or possibly liver cancer as the
diseases progresses (2). A recent analysis reported that 45.69%
of liver cancer deaths were due to HBV infection, so the
incidence and mortality of hepatocellular carcinoma (HCC) is
high as a result (3). Studies have found that due to an increase
in the incidence of non-alcoholic fatty liver disease and
chronic hepatitis C, the incidence of HCC in western countries
is also increasing annually (4,5). According to the statistics,
~600,000 individuals are diagnosed with HCC every year
worldwide, and ~500,000 individuals die of HCC-associated
diseases (1,6). Therefore, it is of great significance to explore
the pathogenesis of liver cancer and develop new therapeutic
targets for the treatment of liver cancer.

Targeting protein for Xenopus kinesin-like protein 2
(TPX2) is a nuclear proliferation microtubule-associated
protein that can regulate spindle formation and stabilize
spindle microtubules by promoting chromatin microtubule
nucleation (7). TPX2 is the activating protein of Aurora A and
can localize with Aurora A in mitotic spindle microtubules (8).
However, upregulation of TPX?2 can cause centrosome ampli-
fication and lead to DNA polyploidy (9). Previous studies have
found that TPX2 is upregulated in a wide range of malignant
tumors, including esophageal cancer (10), colon cancer (11,12),
breast cancer (13), cervical cancer (14,15), ovarian cancer (16),
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bladder carcinoma (17) and medullary thyroid carcinoma (18).
To the best of our knowledge, there are no studies on the asso-
ciation between TPX2 and the occurrence and development
of HCC. The role of TPX2 in liver cancer progression and its
potential molecular mechanism are unclear.

In the present study, the mechanism by which TPX2
participated in the development of HCC was investigated.
RNA interference was used to silence TPX2 expression in
HCC cells and changes in the molecular biological behavior of
HCC cells were observed. Additionally, the molecular mecha-
nism underlying TPX2-mediated regulation of growth of HCC
cells was elucidated.

Materials and methods

Reagents. DMEM, FBS and trypsin were purchased from
HyClone (GE Healthcare Life Sciences). The empty vector,
pMagic4.1 with a construct for green fluorescent protein
was purchased from Clontech Laboratories, Inc., and the
recombinant the plasmids pMagic4.1-shRNA-TPX?2 and
pMagic4.1-shRNA-NC were constructed in our laboratory
and verified by PCR, endonuclease cleavage and sequencing
in our previous study (19). Lipofectamine™ 2000 and TRIzol®
were purchased from Invitrogen (Thermo Fisher Scientific,
Inc). Cell Counting Kit-8 (CCK-8) solution was purchased
from Dojindo Molecular Technologies, Inc. The Annexin
V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) kit
was purchased from Beijing Solarbio Science & Technology
Co., Ltd. Transwell chambers were purchased from BD
Biosciences. DMSO was obtained from Sigma-Aldrich (Merck
KGaA). The reverse transcription kit was purchased from
Fermentas (Thermo Fisher Scientific, Inc.). PCR primers were
synthesized by Generay Biotech Co. Ltd. Total protein extrac-
tion kit was purchased from Sangon Biotech Co. Ltd. Primary
antibodies against TPX2 (D2R5C) (cat. no. 12245), PI3K (cat.
no. 4249), phospho (p)-AKT (Ser 473) (cat. no. 4060), AKT
(cat. no. 4685), P21 (cat. no. 2947), Bcl-2 (cat. no. 15071), p38
MAPK (cat. no. 8690), p-p38 MAPK (Thr180/Tyr182) (cat.
no. 4511), STAT3 (cat. no. 12640), p-STAT3 (Tyr705) (cat.
no. 9145) and B-actin (cat. no. 4970) were purchased from
Cell Signaling Technology. Anti-TPX2 (cat. no. ab32795)
primary antibody for immunohistochemical staining was
purchased from Abcam. Primary antibodies against Smad2/3
(cat. no. sc-398844) and p-Smad2/3 (Ser 423/425) (cat.
no. sc-11769) were purchased from Santa Cruz Biotechnology,
Inc. Horseradish peroxidase-conjugated secondary antibodies
were purchased from OriGene Technologies, Inc.

Clinical specimen. A total of 14 HCC tissue samples and adja-
cent normal liver tissue samples (distance from tumor >5 cm)
from patients who underwent surgical resection were collected
at Jiading District Central Hospital of Shanghai University of
Medicine & Health Sciences (Shanghai, China) between May
2016 and March 2018. The 14 HCC cases included 10 males and
4 females aged 42-79 (55.86+2.81) years. None of the patients
had received chemotherapy or radiotherapy prior to radical
resection of liver cancer. The present study was approved by the
Human Ethics Committee at Jiading District Central Hospital
of Shanghai University of Medicine & Health Sciences and
prior written consent was obtained from all patients.
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Cell culture. The human liver cancer cell lines Huh7, Hep3B,
PLC/PRF/5 and MHCC97-H were obtained from The Cell
Bank of Type Culture Collection of the Chinese Academy
of Sciences. All cells were maintained in DMEM containing
10% FBS, 100 U/ml penicillin and 100 pg/ml streptomycin.
The cells were routinely plated at a density of 1x10° cells/ml in
6-well plates and incubated in a humidified incubator at 37°C
with 95% air and 5% CO,.

Reverse transcription-quantitative (RT-q)PCR. RT-qPCR was
performed on all tissue samples and cells. Total RNA was
extracted from frozen tissue samples and cells using TRIzol®,
and 1 pg total RNA was used as a template for the synthesis of
the first-strand cDNA synthesis using a reverse transcription
kit (Fermentas; Thermo Fisher Scientific, Inc.). The reverse
transcription temperature protocol used was 37°C for 15 min
and 85°C for 30 sec. TPX2, PI3K, AKT, P21, Bcl-2, c-Myc,
P27, BCL2L1 and Cyclin DI primers were designed using
Primer Premier version 5.0 (Premier Biosoft International)
and synthesized by Generay Biotech Co. Ltd. The sequences
of the primers are presented in Table I. A Takara quantitative
kit with TB Green Premix Ex Taq (Takara Bio, Inc.) was used
for quantitative PCR. The thermocycling conditions were:
Initial denaturation at 95°C for 5 min; followed by 40 cycles
of 95°C for 30 sec and 60°C for 30 sec. Relative expression
of TPX2, PI3K, AKT, P21, Bcl-2, c-Myc, P27, BCL2L1 and
Cyclin DI mRNA was calculated using the 27244 (20) method
and P-actin was used as the internal reference.

Immunohistochemistry. Immunohistochemical staining
was performed on paraffin-embedded HCC tissue samples
to examine the level of TPX2 protein as described previ-
ously (13). Briefly, the HCC tissue samples were fixed in 4%
paraformaldehyde for 48 h at room temperature, dehydrated
in a graded series of ethanol (50, 75, 85, 95 and 100%),
embedded in paraffin and sectioned into 4 pm thick slices.
Xylene and a graded series of ethanol (100, 95, 85 and 75%)
were used to dewax and hydrate the samples, respectively,
followed by 30 min of antigen retrieval in Tris-EDTA (pH 9.0)
in a 720 W microwave. Subsequently, the sections were
blocked in 3% H,0, for 10 min and incubated with anti-TPX2
(1:400) primary antibody at room temperature for 2 h,
washed with TBS-Tween, and incubated with the horseradish
peroxidase-linked anti-goat immunoglobulin G secondary
antibody (1:1,500; Sigma-Aldrich; Merck KGaA) for 1 h at
room temperature. Following incubation with the antibodies, a
diaminobenzidine substrate kit (Vector Laboratories, Inc.) was
used to visualize bound antibodies. Hematoxylin was used to
stain the cell nuclei at room temperature for 4 min. The tissues
were observed and imaged under an inverted light microscope
at a x200 and x400 magnification (Olympus Corporation) and
evaluated by a pathologist blinded to the patient's information.
The staining score was assessed as described previously (13).
Expression grading was stratified according to the final score
as follows: 0-3, low TPX2 expression and 4-7, high TPX2
expression (13).

Western blotting. Western blot analysis of all tissue samples and
cells were performed according to the manufacturers' protocols.
Briefly, total proteins were extracted from tissue samples or
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Gene Forward sequence, 5'-3' Reverse sequence, 5'-3'
TPX2 ACCTTGCCCTACTAAGATT AATGTGGCACAGGTTGAGC
PI3K TGGCCTTAGCTCTTAGCCAAACAC ATTGGAACACGGCCTTTGACA
AKT CTGTGCCTATGCTGCCCAT CAGTGCGATGTCGTGGAGG
P21 GACCTGTCACTGTCTTGTAC CTCTCATTCAACCGCCTAG
Bcl-2 GGATAACGGAGGCTGGGATGC GACTTCACTTGTGGCCCAGAT
C-Myc TGTGTTACGGTCGCGTCTTT AACAGCTCGGTCACCATCTC
Cyclin D1 CCAGACCCACGTTTCTTTGC ATCCCTAGAAACACCACGGC
P27 TGGAAAGCGGTCTGCAAGTG TCACTGTCACATTCAGGGGC
BCL2L1 TCCCCATGGCAGCAGTAAAG TCCACAAAAGTATCCTGTTCAAAGC
[-actin AAGGTGACAGCAGTCGGTT TGTGTGGACTTGGGAGAGG

cells using RIPA lysis buffer (Cell Signaling Technology, Inc.)
and protein concentration was determined using a bicinchoninic
acid protein assay kit (Pierce; Thermo Fisher Scientific, Inc.).
A total of 40 mg/lane of samples were loaded on a 10% SDS
gel, resolved using SDS-PAGE and transferred to nitrocellulose
membranes. Subsequently, membranes were blocked in 5%
non-fat milk for 1 h at room temperature and incubated with
anti-TPX2 (1:1,000), anti-PI3K (1:1,000), anti-p-AKT (1:2,000),
anti-AKT (1:1,000), anti-P21 (1:2,000), anti-Bcl-2 (1:1,000),
anti-Smad2/3 (1:1,000), anti-p-Smad2/3 (1:1,000), anti-p38
MAPK (1:1,000), anti-p-p38 MAPK (1:1,000), anti-STAT3
(1:1,000), anti-p-STAT3 (1:2,000) or anti-B-actin (1:3,000)
primary antibody overnight at 4°C, followed by incubation with
horseradish peroxidase-conjugated anti-rabbit and anti-mouse
immunoglobulin G secondary antibodies at a dilution of
1:5,000 (cat. no. ab6721 and ab205719, respectively; Abcam)
at room temperature for 2 h. The signal was visualized using
enhanced chemiluminescence reagent (Beyotime Institute
of Biotechnology) according to manufacturer's protocol. The
densities of the protein bands were quantified using ImageJ
1.8.0 software (National Institutes of Health). Expression of
[-actin antibody was used as the internal control.

TPX2 short hairpin (sh)RNA and cell transfection. Huh7
or Hep3B cells were divided into three groups: i) untrans-
fected control group (Ctrl); ii) pMagic4.1-shRNA-negative
control plasmid transfected group (shRNA-NC);
and iii) pMagic4.1-shRNA-TPX2 plasmid transfected group
(shRNA-TPX?2). The TPX2 shRNA sequence and the detailed
procedures of the transfection are described in our previous
publication (19). Green fluorescence was observed under a
fluorescence microscope (magnification, x100) after plasmid
transfection for 48 h. The TPX2 mRNA and protein levels
in Huh7 and Hep3B cells were detected using RT-qPCR and
western blot analysis.

Cell proliferation assay. Huh7 or Hep3B cells were plated
at a density of 5x10° cells/well into 96-well plates following
transfection. After 0, 24, 48 or 72 h of culture, 10 ml CCK-8
solution was added to each well and further incubated at 37°C
for 1 h. Absorbance was measured at 450 nm using a micro-
plate reader.

Cell apoptosis assay. Huh7 or Hep3B cells in each group were
trypsinized and collected by centrifugation at 37°C for 5 min
at a speed of 1,000 x g. Cells were washed twice with PBS,
and 1x10° cells were re-suspended in 500 ml binding buffer
and incubated with Annexin V-FITC/PI dual stain for 15 min
at room temperature. A FACSCalibur flow cytometer (BD
Biosciences) was used to detect the apoptotic rate of cells. BD
CellQuest™ Pro software version 5.1 (BD Biosciences) was
used to analyze the data.

Transwell migration and invasion assays. Cell migration and
invasion assays were performed using Transwell chambers
with (invasion) or without (migration) Matrigel according to
the manufacturer's protocol. A total of 2x10° Huh7 or Hep3B
cells were plated into the upper chamber of the insert in
serum-free DMEM. DMEM containing 10% FBS was added
to the lower chamber. The Huh7 or Hep3B cells remaining on
the insert's top layer were removed with a cotton swab after
48 h of incubation. The cells which had migrated or invaded to
the lower surface of the membrane were stained with crystal
violet for 30 min at room temperature. The cells on the lower
surface of the membrane were imaged under an inverted light
microscope at x50 magnification (Olympus Corporation), and
cells in 5 fields of view were counted to estimate cell migra-
tion/invasion. Each experiment was performed three times
independently.

Statistical analysis. Data are presented as the mean + standard
deviation of at least three repeats. Differences in the expres-
sion levels of TPX2 in HCC tissue samples were evaluated
using a Pearson y? test or Fisher's exact test. Other experi-
mental data were evaluated using a one-way ANOVA with a
post-hoc least significant difference test, using SPSS version
19.0 (IBM, Corp.). P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

TPX2 expression is upregulated in HCC tissues and human
hepatoma cell lines. Immunohistochemistry staining,
RT-qPCR and western blot analysis demonstrated that the
protein (P<0.01) and mRNA (P<0.01) expression levels of
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Table II. Association between TPX2 expression and clinicopathological features in patients with HCC.

Characteristics No. of patients Low TPX2 expression High TPX2 expression P-value
Sex 0.852
Male 10 3 7
Female 4 1 3
Age, years 0.597
<50 5 1 4
>50 9 3 6
Tumor size, cm 0481
<2 5 2 3
>2 9 2 7
Differentiation 0.017*
Well 1 1 0
Moderate 5 3 2
Poor 8 0 8
TNM stage 0.016*
I 1 1 0
I 4 3 1
I 8 0 8
v 1 0 1

*P<0.05. TPX2, targeting protein for Xenopus kinesin-like protein 2; HCC, hepatocellular carcinoma; TNM, Tumor-Node-Metastasis.

TPX?2 were significantly increased in HCC tissues compared
with adjacent normal liver tissues (Fig. 1A-D). The correlation
between TPX2 expression and various clinicopathological
characteristics are shown in Table II. TPX2 expression was
correlated with tumor differentiation (P=0.017) and clinical
Tumor-Node-Metastasis stage (21) (P=0.016), suggesting that
TPX2 may be associated with carcinogenesis and progression
of HCC. Therefore, TPX2 mRNA and protein expression levels
were assessed in various human hepatoma cell lines, including
Huh7, Hep3B, PLC/PRF/5 and MHCC97-H. TPX2 mRNA
and protein expression levels were detected in all human liver
cancer cell lines (Fig. 1E-G). Huh7 and Hep3B cell lines had
the highest levels of expression of TPX2 and were thus used
for TPX2 knockdown and subsequent functional experiments.

TPX2 shRNA plasmid transfection and downregula-
tion of TPX2. The pMagic4.1-shRNA-TPX?2 plasmid or
pMagic4.1-shRNA-NC plasmid were transiently trans-
fected into Huh7 and Hep3B cells. After 48 h, cells were
observed under a fluorescence microscope. As shown
in Fig. 2A, the cells which were successfully transfected with
pMagic4.1-shRNA-TPX?2 or pMagic4.1-shRNA-NC plasmid
showed green fluorescence. RT-qPCR and western blot
analysis demonstrated that the mRNA and protein expression
levels of TPX2 in Huh7 or Hep3B cells were significantly
downregulated (P<0.01; Fig. 2B-D).

TPX2 silencing inhibits the proliferation of Huh7 or Hep3B
cells. A cell viability assay was used to investigate whether
TPX?2 silencing affected proliferation of Huh7 and Hep3B
cells. As shown in Fig. 3A, the optical density (OD) values

of the sShRNA-TPX2 group was significantly lower compared
with the sSiRNA-NC group and Ctrl group (P<0.05 and P<0.01,
respectively). There was no significant difference in the OD
value between the Ctrl group and shRNA-NC group (P>0.05).

Downregulation of TPX2 increases apoptosis of Huh7 or
Hep3B cells. Flow cytometry showed that Huh7 or Hep3B
cell apoptosis were significantly increased when TPX2 was
knocked down. The apoptotic rate of the SARNA-TPX2 group
was significantly higher compared with the Ctrl group and the
shRNA-NC group (P<0.01). There was no significant differ-
ence in the apoptotic rate between the Ctrl group and the
shRNA-NC group (P>0.05; Fig. 3B and C).

TPX2 knockdown suppresses the migration and invasion of
Huh7 and Hep3B cells. The effect of silencing TPX2 on the
migration and invasion of Huh7 and Hep3B cells was assessed
using Transwell migration and invasion assays. As shown
in Fig. 4A and B, the migratory capacity of Huh7 and Hep3B
cells in the shRNA-TPX2 group was significantly reduced
compared with the Ctrl group and shRNA-NC group (both
P<0.01). The knockdown of TPX2 in Huh7 and Hep3B cells
resulted in decreased invasion compared with the shRNA-NC
group and Ctrl group (P<0.05 or P<0.01; Fig. 4C and D). There
was no significant difference in the migratory and invasive
capacities between the Ctrl group and the shRNA-NC group
(P>0.05).

TPX?2 silencing suppresses the PI3K/AKT signaling pathway.
The development and progression of HCC are associated
with multiple signaling pathways, such as the PI3K/AKT,
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MAPK/P38,JAK2/STAT3, TGF-f/Smad and NF-«B signaling  types of malignant tumors via the PI3K/AKT signaling
pathways (22-26). Previous studies have found that TPX2 can  pathway (13,16). In the present study, the potential effects
regulate the proliferation and apoptosis of anumber of different  of TPX2 silencing on the expression levels of PI3K/AKT
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signaling pathway-associated factors in Huh7 or Hep3B cells and Cyclin D1 mRNA expression levels in Huh7 or Hep3B
were assessed. As shown in Fig. 5A and B, PI3K, Bcl-2,c-Myc  cells were significantly decreased in the shRNA-TPX2 group
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control. (H) Quantitative analysis of p-Smad2/3, Smad2/3, p-p38 MAPK, p38 MAPK, p-STAT3 and STAT3 expression in Huh7 cells. Data are presented as
the mean + standard deviation. TPX2, targeting protein for Xenopus kinesin-like protein 2; sh, short hairpin; Ctrl, untransfected control; NC, negative control

plasmid.

compared with the Ctrl group and shRNA-NC group (P<0.05,
P<0.01), whereas P21 and P27 mRNA expression levels in the
shRNA-TPX2 group was significantly upregulated (P<0.05,
P<0.01). There were no significant differences in the BCL2L1
mRNA expression levels among the shRNA-TPX2, Ctrl and
shRNA-NC groups (P>0.05). Compared with the Ctrl group
and shRNA-NC group, PI3K, p-AKT and Bcl-2 protein
expression levels were significantly downregulated in the
shRNA-TPX2 group (P<0.05 or P<0.01), whereas P21 protein
expression levels in the ShRNA-TPX2 group were significantly
increased (P<0.01; Fig. 5C-F). There was no significant differ-
ence in the AKT mRNA and protein expression levels among
the shRNA-TPX2, Ctrl or shRNA-NC groups (P>0.05).
Additionally, there was no significant difference in the expres-
sion levels of PI3K/AKT signaling pathway-associated factors
between the Ctrl group and the shRNA-NC group (P>0.05). To
determine the association between TPX2 and other signaling
pathways in HCC, Smad2/3, p-Smad2/3, p38 MAPK, p-p38

MAPK, STAT3 and p-STATS3 protein expression levels were
examined in the Huh7 cells following silencing of TPX2.
There were no significant differences in the expression levels
of TGFB/Smad, MAPK/p38 and JAK2/STAT3 signaling
pathway-associated factors among the Ctrl group, shRNA-NC
group and shRNA-TPX2 group (P>0.05; Fig. 5G and H).
These results confirmed that TPX2 activated the PI3K/AKT
signaling pathway in liver cancer.

Discussion

According to the latest statistics from Global Cancer 2018,
liver cancer is one of the most common malignant tumors and
ranks 4th in incidence and 3rd in mortality rates of all types
of cancer (1). Over the past few decades, with the develop-
ment of radical hepatectomy and liver transplantation, ~40%
of patients with liver cancer have been cured (27,28), but
~60% of patients with liver cancer are still unable to receive
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effective treatment due to advanced stages of liver cancer at
initial diagnosis, poor economic status or a lack of livers for
transplants (29). In the majority of the patients who undergo
radical hepatectomy or liver transplantation, the tumor may
exhibit recurrence or may have metastasized (30,31). Although
several biomarkers have been thought to be associated with
the occurrence and development of liver cancer (32,33), the
majority of these markers have not proven beneficial for diag-
nosing or treating patients with liver cancer. Recently, several
novel molecular inhibitors were approved for the treatment of
advanced liver cancer, but the overall survival rate of patients
has not improved significantly, and the efficacy of these
drugs are not promising (34,35). Therefore, understanding
the molecular mechanisms underlying the occurrence of liver
cancer may assist in the development of new therapeutic strate-
gies and targets for treating liver cancer.

TPX2, a microtubule-associated protein located on human
chromosome 20q 11.2, serves an important role in regulating
mitotic spindles and chromosome segregation (36,37). TPX2
is a downstream effector of the small GTPase Ran, which is
involved in spindle formation (38). Overexpression of TPX2
can induce centrosome amplification, lead to DNA polyploidy
and induce tumor formation (36). A number of studies have
confirmed that TPX2 is closely associated with the occurrence
of tumors. Overexpression of TPX2 promotes the occurrence
and development of esophageal cancer, colon cancer, breast
cancer, cervical cancer, ovarian cancer, bladder carcinoma and
medullary thyroid carcinoma (10-18). In the present study it
was also demonstrated that the expression of TPX2 in human
HCC tissues was significantly upregulated compared with
the adjacent normal tissues. The expression of TPX2 in the
normal liver cell line, LO2, and compared with the different
HCC cell lines Huh7, Hep3B, PLC/PRF/5 and MHCC97-H.
The expression levels of TPX2 in LO2 cells were significantly
lower compared with the different HCC cell lines; however,
the data from LO2 cells were removed as their identity could
not be verified using STR profiling. As such, the fact that the
data in the HCC cells were not compared to a normal liver cell
line is a limitation of the present study. Additionally, silencing
TPX2 gene expression using RNA interference, significantly
reduced proliferation, migration and invasion of Huh7 and
Hep3B cells, whilst increasing apoptosis. These results suggest
that TPX2 may improve the viability of HCC cells and inhibit
cell apoptosis.

Previous studies have demonstrated that the PI3K/AKT/P21
signaling pathway serves an important role in the occurrence
and development of malignant tumors (39-42). The activation
of AKT is closely associated with cell proliferation, survival,
migration and invasion of tumors (43). Inhibiting the activation
of AKT and promoting the expression of P21 inhibits the prolif-
eration of tumor cells, promotes cell apoptosis and decreases
tumor progression (44.45). In the present study, expression of
TPX2 was demonstrated to be associated with phosphoryla-
tion of AKT. Following silencing of TPX2, the expression
levels of p-AKT were significantly decreased, suggesting that
TPX2 may promote the activation of AKT and PI3K/AKT
signal transduction. P21 is an inhibitor of cyclin-dependent
kinase and an important cell cycle regulator in the PI3K/AKT
signaling pathway. Previous studies have shown that P21 and
P27 can inhibit cell cycle progression and promote apoptosis,
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behaviors crucial for tumorigenesis (46,47). The present study
also found that the expression levels of P21 and P27 were
significantly increased when TPX2 expression was knocked
down. Bcl-2, c-Myc, BCL2L1 and Cyclin D1 are tumor-asso-
ciated regulatory factors that are significantly upregulated
during tumorigenesis (48,49). TPX2 knockdown significantly
decreased the expression levels of Bcl-2, c-Myc and Cyclin D1.
Together, the present study demonstrated that downregulation
of TPX2 inhibited PI3K/AKT signal transduction, suppressed
cell proliferation and promoted cell apoptosis, and thus may
prevent the occurrence and development of HCC.

In summary, expression of TPX2 in human HCC was
significantly upregulated. Targeted silencing of TPX2 reduced
cell viability, abrogated cell cycle progress and promoted
apoptosis of HCC cells by inhibiting the PI3K/AKT signal
transduction pathway. Based on the results of the present
study, TPX2 and its downstream effectors may be potential
targets for the diagnosis and treatment of liver cancer and
provide novel avenues for successful treatment of malignant
tumors.
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