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TPX2 regulated by miR-29¢-3p induces cell proliferation
in osteosarcoma via the AKT signaling pathway
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Abstract. The present study aimed to investigate the
significance of targeting protein for Xenopus kinesin-like
protein 2 (TPX2) expression in osteosarcoma. First, the
TPX2 expression and survival analysis data were evalu-
ated from The Cancer Genome Atlas (TCGA) database.
Next, reverse transcription-quantitative PCR was used to
explore the expression of TPX2 in osteosarcoma tissues. The
observed potential target relationship between TPX2 and
microRNA (miR)-29¢c-3p was verified using TargetScan and
luciferase reporter assays. Kaplan-Meier survival analysis
was used to determine associations between TPX?2 expres-
sion levels and survival prognosis. TPX2 small interfering
RNA was successfully constructed and transfected into
osteosarcoma cell lines. The effects of TPX2 on osteo-
sarcoma cell proliferation were then detected by MTT
assay. In addition, the expression levels of AKT signaling
pathway-associated proteins were identified by western
blot analysis. The expression of TPX2 was upregulated and
the expression of miR-29c-3p was downregulated in osteo-
sarcoma. High expression of TPX2 was linked to a poor
prognosis. Using luciferase assay and the miRNA mimic and
inhibitors, miR-29c-3p was able to target and repress TPX2,
and siRNA knockdown of TPX2 resulted in the inhibition
of osteosarcoma cell proliferation by affecting the AKT
pathway. Overall, the study showed that miR-29¢c-3p could
inhibit the proliferation of osteosarcoma cells via TPX2
downregulation, and that TPX2 and miR-29¢c-3p may serve
as promising prognostic indicators.
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Introduction

Osteosarcoma, a common primary bone tumor in adoles-
cents and young adults, is one of the leading causes of
tumor-related mortality in individuals <18 years old (1). Over
the past few years, owing to the combination of surgery with
chemotherapy, the 5-year survival rate for patients with osteo-
sarcoma has remained at between 50 and 80% (2). However,
the prognosis of osteosarcoma patients is still poor, and
distant metastasis or local recurrence after primary tumor
resection remains a major clinical problem (3). Osteosarcoma
tumorigenesis and malignant progression have previously
been found to be associated with genetic mechanisms, but
the complicated molecular mechanism of the disease has not
been revealed (4-7). Therefore, the molecular mechanism of
osteosarcoma requires investigation and it is important that
effective therapeutic targets are determined.

Aneuploidy is considered to be a major feature of
chromosomal instability and cancer development (8).
Targeting protein for Xenopus kinesin-like protein 2 (TPX2) is
a microtubule-associated protein critical for spindle morpho-
genesis that plays a key role in chromosomal instability (9).
Upregulation of TPX2 can cause centrosome amplification
and lead to DNA polyploidy, thus regulating cell prolifera-
tion, apoptotic processes and cell division (10). Upregulation
of TPX2 has been reported in multiple types of cancer,
including colon, lung, pancreatic, cervical and salivary gland
cancer (11-15). These observations indicate that TPX2 plays
a pivotal role in the oncogenesis of malignancies. However,
it is unclear whether TPX2 is involved in the occurrence and
development in osteosarcoma.

Therefore, the aim of the present study was to evaluate
the effect of TPX2 on the development of osteosarcoma. The
study proposed to systematically summarize the expression of
TPX2 and clarify the molecular mechanisms of TPX2 in the
promotion of osteosarcoma proliferation.

Materials and methods

Bioinformatics analysis. TPX2 and microRNA
(miRNA/miR)-29¢c-3p expression levels were explored using
the Gene Expression Profiling Interactive Analysis (GEPIA)
(http://gepia.cancer-pku.cn/index.html) and OncoLnc
(http://www.oncolnc.org/) databases, respectively. In GEPIA,
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the term ‘TPX2’ was used in the ‘Gene’ field and ‘SARC’ was
used in the ‘Datasets Selection’ field. Differential expression
of TPX2 was defined with the following significance cutoff
levels: ILog2FCI>1 and P<0.01. In OncoLnc, ‘SARC’ was
selected in the ‘miRNA’ column, and the data was down-
loaded. The information for miR-29c-3p was obtained. The
Kaplan Meier plotter (http://kmplot.com/analysis/) was used
to analyze the overall survival of patients with different levels
of TPX2 and miR-29¢-3p expression in sarcoma. TargetScan
(http://www.targetscan.org/vert_71/) was used to explore the
potential association between TPX2 and miR-29¢-3p.

Patients and specimens. Between January 2008 and
December 2018 (age range, 2-54 years; average age,
19.47+3.30 years), a total of 52 pairs of primary osteosarcoma
and adjacent noncancerous tissues were obtained from patients
who had undergone a wide resection of osteosarcoma at the
First People's Hospital of Lianyungang (Lianyungang, China).
Inclusion criteria were as follows: Osteosarcoma patients
without radiotherapy or chemotherapy before surgery.
Exclusion criteria were as follows: i) Osteosarcoma patients
who received radiotherapy or chemotherapy before surgery;
and ii) patients who refused to sign the informed consent
form. Morphologically normal tissues that were <5 cm from
the cancerous tissues were used as adjacent noncancerous
tissues. All samples were frozen at -80°C until further use.
The histological diagnosis of osteosarcoma conformed to the
World Health Organization's histological criteria for osteosar-
coma (16), as confirmed by two professional pathologists.

Ethical statement. The Ethics Committee of the First People's
Hospital of Lianyungang approved all protocols, which
complied with the Declaration of Helsinki (December 2018;
approval no. 20180203). Written informed consent was
obtained from all patients and/or their legal guardians.

Cell culture. Human osteosarcoma MG63 and U20S cell
lines, and the human normal osteoblastic hFOB cell line were
purchased from The Cell Bank of Type Culture Collection of
the Chinese Academy of Sciences. All cells were cultured in
DMEM (Invitrogen; Thermo Fisher Scientific, Inc.) supple-
mented with 10% fetal bovine serum (Gibco; Thermo Fisher
Scientific, Inc.), 100 U/ml penicillin and 100 pgg/ml strepto-
mycin at 37°C in a humidified incubator containing 5% CO,.

RNA isolation and reverse transcription-quantitative PCR
(RT-gPCR). RNA isolation and RT-qPCR were performed
as described previously (17). TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) was used to extract RNA from
the three cell lines and the tissues. Next, the EasyScript One
Step gDNA Removal and cDNA Synthesis SuperMix (Beijing
TransGen Biotech Co., Ltd.) was used to acquire the first strand
cDNA according to the manufacturer's instructions. Next,
gPCR was performed using SYBR-Green Master Mix kit
(Roche Diagnostics GmbH) with an Applied Biosystems 7900
Real-Time PCR System (Thermo Fisher Scientific, Inc.). The
reaction conditions were as follows: Pre-denaturation at 95°C
for 15 min, followed by 35 cycles of denaturation at 95°C for
15 sec, annealing at 58°C for 30 sec and extension at 72°C for
5 min, and then a final extension at 72°C for 15 min. Expression

levels of RNA were calculated based on the comparative
244 method (18). U6 was used as an endogenous control for
miR-29¢-3p, and B-actin was used as an endogenous control
for TPX2. All experiments were performed in triplicate. The
primers used are listed in Table I.

SiRNA transfection. Knockdown experiments for TPX2 were
performed using siRNA oligonucleotides purchased from
Shanghai GenePharma Co., Ltd. The TPX2 siRNA sequences
were as follows: Forward, 5'-CCAUUAACCUGCCAGAGA
AT-3' and reverse, 5-UUCUCUGGCAGGUUAAUGGT-3".
The negative control for siRNA silencing was a non-targeting
(scramble) siRNA sequence, with the sequence 5-UUCUCC
GAACGUGUCACGUTT-3". MG63 and U20S cells were
plated in 6-well plates at a density of 2x10° cells/well and
cultured in growth medium until cell confluence reached 70%.
Transfection of siRNA (20 nM) was then performed using
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's instructions. Transfection
was performed at 37°C for 6 h before replacing the transfection
medium with full culture medium. At 48 h post-transfection,
cells were harvested for RT-qPCR or western blot analysis.

Cell proliferation assay. The MG63 and U20S cells were
seeded in 96-well plates at a density of 1,000 cells per well with
5 replicate wells at 48 h post-siRNA transfection. Cell prolifer-
ation was measured using an MTT assay at 0, 24,48 and 72 h
after seeding. Next, 150 yl dimethylsulfoxide was added per
well to dissolve the purple formazan. The absorbance was
measured at a wavelength of 490 nm using a microplate reader.
All proliferation experiments were performed in triplicate.

Luciferase reporter assay. MG63 and U20S cells were seeded
into 24-well plates. After 24 h of incubation, 6 ng pmirGLO
report vector (Shanghai GenePharma Co., Ltd.) carrying
the wild-type (wt) or mutant (mut) 3'-untranslated region
(3-UTR) of TPX?2 was cotransfected with miR-29¢c-3p mimics
(100 nmol/l) or miR-29¢-3p inhibitors (100 nmol/l) into the
osteosarcoma cells using a Lipofectamine 2000 kit (Invitrogen;
Thermo Fisher Scientific, Inc.). The negative controls for the
miRNA mimics and inhibitors were non-targeting sequences.
The sequences of the mimics, inhibitors and negative controls
were as follows: miR-29¢-3p mimic sense, 5'-UAGCACCAU
UUGAAAUCGGUUA-3' and antisense, 5'-UAACCGAUU
UCAAAUGGUGCUA-3'"; negative control mimic sense,
5'-UCACAACCUCCUAGAAAGAGUAGA-3' and anti-sense,
5'-UCUACUCUUUCUAGGAGGUUGUGA-3"; miR-29¢c-3p
inhibitor, 5'-UCUACUCUUUCUAGGAGGUUGUGA-3"; and
negative control inhibitor, 5'-UAACCGAUUUCAAAUGGU
GCUA-3' (Shanghai GenePharma Co., Ltd.). The amplified
TPX2 wt or mut 3'UTR containing the miR-29¢-3p target sites
was inserted into the pMIR-GLO luciferase reporter vectors
(Shanghai GenePharma Co., Ltd.). At 48 h post-transfection,
luciferase activities were examined with a dual-luciferase
reporter system (Shanghai GenePharma Co., Ltd.) and normal-
ized with Renilla luciferase activity using SpectraMax i3
(Molecular Devices LLC).

Western blot analysis. Western blotting analysis was
performed as previously reported (17). MG63 and U20S cell
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Table I. Reverse transcription-quantitative polymerase chain reaction primers.

Primer Forward (5'-3") Reverse (5'-3")

TPX2 ACCTTGCCCTACTAAGATT AATGTGGCACAGGTTGAGC
miR-29¢-3p TAACCGATTTCAAATGGTGCTA TGGTGTCGTGGAGTCG

[B-actin TCACCCACACTGTGCCCATCTACGA CAGCGGAACCGCTCATTGCCAATGG
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

TPX2, targeting protein for Xenopus kinesin-like protein 2; miR, microRNA.

lines were analyzed. Primary antibodies involved in this assay
were as follows: Anti-TPX2 (1:1,000; catalog no. ab71816),
anti-HSP90 (1:5,000; catalog no. ab203085), anti-AKT
(1:500; catalog no. ab8805), anti-p-AKT (1:1,000; catalog
no. abl8206), anti-BRCAT1 (1:1,000; catalog no. ab245330)
and anti-GAPDH (1:1,000; catalog no. ab9485) (all Abcam).
The secondary antibody was anti-rabbit IgG (1:4,000; catalog
no. ab150077; Abcam). Primary antibodies were incubated
at 4°C overnight, and secondary antibody was incubated for
1 h at room temperature. The protein bands were detected by
a chemiluminescence detection system (Beyotime Institute
of Biotechnology). Pierce ECL Western Blotting Substrate
(cat. no. 32109; Thermo Fisher Scientific, Inc.) was used to
visualize the bound antibodies. Image analysis was performed
using Imagel software (version 1.42; National Institutes of
Health).

Statistical analysis. Statistical analyses were performed using
GraphPad Prism 8.0 (GraphPad Software, Inc.). Values are
presented as the mean + standard deviation. The significance
of differences between two groups was assessed by paired or
unpaired Student's t-test. Pearson's * and Fisher's exact tests
were performed to assess the categorical variables. Prognostic
significance was determined by Kaplan-Meier and log-rank
analyses. A receiver operating characteristic (ROC) curve
was calculated to determine the area under the curve (AUC)
for biomarkers. Pearson's correlation was used to evaluate
the strength of linear correlation between two continuous
variables. P<0.05 was considered to indicate a statistically
significant difference.

Results

TPX2 expression is upregulated and miR-29c-3p expression
is decreased in sarcoma. By analysis of the GEPIA public
database, the relative expression of TPX2 was found to be
significantly higher in sarcoma tissues (n=262) compared
with that in normal tissues (n=2) at the mRNA Ievel
(Fig. 1A). The OncoLnc database showed that miR-29¢-3p
was expressed at lower levels in tumor tissues compared
with that in normal tissues (Fig. 1B). Kaplan-Meier plotter
indicated that patients with high TPX2 expression expe-
rienced poor overall survival (Fig. 1C), while those with
high miR-29¢-3p expression experienced favorable overall
survival (Fig. 1D). In 52 pairs of osteosarcoma tissues and
adjacent normal tissues, the expression of TPX?2 was signifi-
cantly upregulated in tumor tissues compared with that

in paired adjacent normal tissues (Fig. 2A). Additionally,
miR-29¢c-3p expression was downregulated in osteosarcoma
(Fig. 2B). Furthermore, the TPX2 expression level was
measured in MG63 and U20S cell lines. The RT-qPCR
analysis showed significantly higher mRNA levels of TPX2
in these tumor cells compared with that in normal hFOB
cells (Fig. 2C). By contrast, miR-29¢c-3p expression was
downregulated in the osteosarcoma cell lines (Fig. 2D).
Pearson's correlation analysis disclosed a significant nega-
tive correlation between TPX2 and miR-29¢c-3p expression
in osteosarcoma (P=0.002, r=-0.42) (Fig. 2E).

Association between TPX2 expression and the clinicopatho-
logical characteristics of the osteosarcoma patients. The
optimal cut-off value of TPX2 was determined by ROC
analysis based on its expression level (P<0.001, AUC=0.83)
(Fig. 2F). The 52 patients were consequently divided into
two groups: TPX2 high expression (n=28) and TPX2 low
expression (n=24). The associations between TPX2 expression
and various clinicopathological characteristics are shown in
Table II. The results indicated that high TPX?2 expression level
was significantly associated with tumor size (P=0.019), clinical
stage (P=0.002) and distant metastasis (P=0.018), compared
with low expression level. However, no association was found
with other clinical parameters, such as age, sex and anatomical
location. Kaplan-Meier and log-rank test analysis revealed that
high TPX2 expression was significantly associated with a poor
prognosis (P=0.018) (Fig. 2G).

Knockdown of TPX2 inhibits osteosarcoma cell prolif-
eration. TPX2 siRNA plasmids were transfected into MG63
and U20S osteosarcoma cell lines to knockdown TPX?2
expression. RT-qPCR was then used to explore the effi-
ciency of the knockdown (Fig. 3A and B). The transfection
efficiency was also confirmed by western blotting (Fig. 3C).
MTT assays results indicated that TPX2 knockdown inhib-
ited osteosarcoma MG63 and U20S cell line proliferation
(Fig. 3D and E).

miR-29c-3p inhibits osteosarcoma cell proliferation. In
osteosarcoma MG63 and U20S cell lines, after transfection of
miR-29¢c-3p mimics or inhibitors, the efficiency was confirmed
by RT-qPCR (Fig. 4A-D). MTT assays results indicated that
miR-29¢c-3p mimics could significantly decrease the prolif-
eration of the MG63 and U20S cell lines, while miR-29¢-3p
inhibitors could significantly promote MG63 and U20S cell
line proliferation (Fig. 4E-H).
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Table II. Association of TPX2 expression with clinicopathological features of osteosarcoma.

TPX2 expression

Clinicopathological features Number of cases High, n (%) Low, n (%) P-value

Age, years 0.514
<18 13 6 (46.15) 7 (53.85)
=18 39 22 (56.41) 17 (43.59)

Sex 0.209
Male 38 18 (47.37) 20 (52.63)
Female 14 10 (71.43) 4 (28.57)

Tumor size, cm 0.019
<8 17 5(2941) 12 (70.59)
>8 35 23 (65.71) 12 (34.29)

Anatomical location 0.736
Tibia/femur 42 22 (52.38) 20 (47.62)
Elsewhere 10 6 (60.00) 4 (40.00)

Serum level of lactate dehydrogenase
Elevated 38 22 (57.89) 16 (42.11) 0.366
Normal 14 6 (42.86) 8 (57.14)

Serum level of alkaline phosphatase
Elevated 31 18 (58.06) 13 (41.94) 0.573
Normal 21 10 (47.62) 11 (52.38)

Clinical stage® 0.002
I 12 2 (16.67) 10 (83.33)
I 20 10 (50.00) 10 (50.00)
I 20 16 (80.00) 4 (20.00)

Distant metastasis 0.018
Absent 34 14 (41.18) 20 (58.82)
Present 18 14 (77.78) 4(22.22)

Response to chemotherapy 0.229
Good 36 17 (47.22) 19 (52.78)
Poor 16 11 (68.75) 5(31.25)

%(16). TPX2, targeting protein for Xenopus kinesin-like protein.

miR-29c-3p targets TPX2 and decreases TPX2 expression
in osteosarcoma cell lines. Using the TargetScan database,
it was determined that the TPX2 3'UTR included a putative
miR-29¢-3p binding site (Fig. 5A). This notion was subse-
quently validated using a luciferase reporter assay. MG63 and
U20S cell lines were cotransfected with luciferase reporter
vectors containing TPX2-3'UTR-wt or TPX2-3'UTR-mut,
along with miR-29¢-3p mimics or inhibitors. Luciferase
reporter gene assay revealed that miR-29¢c-3p mimics signifi-
cantly inhibited luciferase activity in the TPX2-wt group
(Fig. 5B and C) and that miR-29¢-3p inhibitors promoted
luciferase activity in the TPX2-wt group (Fig. 5D and E).
Additionally, TPX2 expression decreased in miR-29a-5p
mimics, while it increased in the miR-29c-3p inhibitors group
compared with the NC (Fig. 5SF and G). Taken together, these
data show that TPX2 is a target gene of miR-29c-3p and that
a negative correlation exists between miR-29¢c-3p and TPX2
in osteosarcoma.

Knockdown of TPX2 markedly reverses miR-29c-3p-medi-
ated inhibition of cell proliferation in osteosarcoma cell
lines. The findings showed that, compared with that in the
NC group, TPX2 expression in MG63 and U20S cells trans-
fected with miR-29¢-3p inhibitors increased; however, when
cotransfected with TPX2 siRNA and miR-29¢-3p inhibitors,
the expression of TPX2 was significantly decreased compared
with that in the group without siRNA (Fig. 5SH and I).
MTT assays results indicated that the knockdown of TPX2
significantly reversed miR-29¢-3p inhibitor-mediated promo-
tion of cell proliferation in the osteosarcoma cell lines
(Fig. 5J and K).

Silencing of TPX2 suppresses AKT signaling pathway
activity in osteosarcoma cells. The AKT signaling pathway
is an important signaling pathway that controls the prolif-
eration of cancer cells (Fig. 6A). A positive correlation was
found between TPX2 and the three key genes in the AKT
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Figure 1. TPX2 and miR-29c¢-3p expression levels in osteosarcoma and the associated prognosis. (A) TPX2 expression at the mRNA level was high in 262 tumor
tissues and low in 2 normal tissues (data from GEPIA). (B) miR-29¢-3p expression level in osteosarcoma (data from OncoLnc). (C) Osteosarcoma patients with
high TPX2 expression had poor overall survival (data from Kaplan-Meier plotter). (D) Osteosarcoma patients with high miR-29¢-3p expression had favorable
overall survival (data from Kaplan-Meier plotter). "P<0.05. T, tumor; N, normal; miR, microRNA; TPX?2, targeting protein for Xenopus kinesin-like protein 2.

signaling pathway using the GEPIA database (Fig. 6B-D).
Western blotting was used to detect the protein expression
levels of HSP90, AKT and BRCAI in osteosarcoma cells
after TPX2 silencing, in order to determine the effect of
TPX2 on the AKT pathway. It was found that the expres-
sion of the aforementioned key genes was decreased when
TPX2 was knocked down in U20S and MG63 cells (Fig. 6E).
Taken together, the results showed that TPX?2 regulated by
miR-29¢-3p induces cell proliferation in osteosarcoma via
the AKT signaling pathway (Fig. 6F).

Discussion

As the most frequently occurring malignant bone tumor in
adolescents and young adults, osteosarcoma accounts for
~20% of pediatric, malignant and solid tumors. Although
improvements have been made with regard to the diagnosis
and treatment of osteosarcoma, the overall survival rate has
been fairly constant for >20 years (19). Accumulating evidence
has demonstrated that osteosarcoma is a complex disease
that involves multiple genes (20). Therefore, determining the
underlying molecular mechanism for osteosarcoma will aid

the search for novel diagnostic biomarkers and therapeutic
targets for this disease.

Previously, numerous studies have analyzed the asso-
ciation between TPX2 and human malignancy (12-14). To the
best of our knowledge, the present study is the first to focus
on TPX2 function in osteosarcoma. The clinical study of
patients with osteosarcoma demonstrated that TPX2 expres-
sion was upregulated in human osteosarcoma tissues. TPX2
expression levels in osteosarcoma were also closely associ-
ated with tumor size (P=0.019), clinical stage (P=0.002) and
distant metastasis (P=0.018), and high TPX?2 expression levels
predicted a worse prognosis for affected patients. Similar to
the present study, Cai ef al (21) noted that TPX2 was a novel
predictor of metastasis risk in breast cancer. A previous study
on esophageal cancer also found that high expression of TPX2
was an independent prognostic factor, and that knocking down
TPX2 expression could significantly inhibit the prolifera-
tion of esophageal cancer cells (22). In the present study, the
analysis based on the ROC curve showed that the AUC was
0.83, meaning that TPX2 may be a highly sensitive predictor
for the diagnosis of osteosarcoma. Furthermore, Kaplan-Meier
analyses indicated that patients with high TPX2 expression
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Figure 2. TPX2 is upregulated in osteosarcoma cell lines and tissues, and is associated with a poor prognosis in patients with osteosarcoma. (A) The expression
level of TPX2 in the osteosarcoma samples was higher than that in the pair-matched adjacent tissues, as determined by RT-qPCR. (B) The expression level
of miR-29¢-3p in the osteosarcoma samples was lower than that in the pair-matched adjacent tissues, as determined by RT-qPCR. (C) TPX2 expression at the
mRNA level was high in osteosarcoma cell lines vs. the human osteoblast cells, as determined by RT-qPCR. (D) miR-29¢-3p expression level was low in the
osteosarcoma cell lines vs. the human osteoblast cells, as determined by RT-qPCR. (E) Regression analysis of the correlation between miR-29¢-3p and TPX2
expression. (F) The cut-off value of TPX2 was evaluated in the patients with osteosarcoma. (G) Survival curves for patients with osteosarcoma with regard
to TPX2 expression. "P<0.05, “P<0.01 and ““P<0.001. miR, microRNA; TPX2, targeting protein for Xenopus kinesin-like protein 2; NC, negative control;
RT-qPCR, reverse transcription-quantitative polymerase chain reaction; AUC, area under the curve.

experienced a markedly shorter overall survival time compared
with patients with low TPX?2 expression (P=0.018). Overall,
TPX2 could be used as an effective biomarker of prognosis in
patients with osteosarcoma and may be a potential therapeutic
target of the disease.

miRNA serves an important role in the regulation
of numerous cellular processes, including proliferation,
differentiation and apoptosis. Mature miRNA binds to the
complementary sequence at the 3'UTR of its target mRNA,
thus inhibiting mRNA translation or inducing its degradation,
and exerting a negative regulatory effect on gene expres-
sion. In the present study, using TargetScan, miR-29¢c-3p
was assessed and found to have a targeted binding site with
TPX2. This miRNA was downregulated in the patients with
osteosarcoma. miR-29 has been reported to restrain prolif-
eration, migration and invasion in breast cancer cells through
the targeting of PDCD4 (23). In osteosarcoma, Liu et al (24)

demonstrated that miR-29 could target PTEN to inhibit
cell proliferation and migration. Ma et al (25) revealed that
miR-29¢c-3p was able to inhibit the malignant progression
of osteosarcoma by targeting PIK3R3. In 2018, one study
of human osteosarcoma revealed that hsa-circ-001564 was
upregulated in tumor tissues and that it aggravated the
malignant process by the negative targeting of miR-29¢-3p
in MG63 and HOS cell lines, as measured by colony forma-
tion and cell apoptosis assays (26). Recently, it was found
that miR-29¢-3p could modulate FOS expression to inhibit
epithelial-mesenchymal transition and cell proliferation,
while inducing apoptosis in TGF-f2-treated lens epithelial
cells regulated by IncRNA KCNQIOT1 (27). The present
study also verified that miR-29¢-3p could regulate the expres-
sion of TPX2 at the cellular level, and that overexpression of
miR-29¢-3p could reverse the TPX2 inhibitory impact on the
proliferation of osteosarcoma cell lines.
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analysis of the effects of TPX2 knockdown on cell proliferation in the U20S cell line. The NC was a non-targeting (scramble) siRNA sequence. “P<0.01
and ""P<0.001. si, small interfering; KD, knockdown; TPX2, targeting protein for Xenopus kinesin-like protein 2; NC, negative control; RT-qPCR, reverse
transcription-quantitative polymerase chain reaction; OD, optical density.
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The AKT signaling pathway is known to play an important
role in malignant tumor occurrence and development, and
AKT activation is associated with the proliferation of tumor
cells (28,29). Two different studies previously reported that
inhibiting TPX?2 could result in tumor suppression by inhibiting
the AKT signaling pathway in hepatocellular carcinoma (30,31).
Similar findings were observed in breast cancer (32). In the
present study, the knockdown of TPX2 was found to suppress
the proliferation of osteosarcoma cells. HSP90 serves a vital
role in the stability of a number of proteins that are crucial for
cell survival, and contributes to the functional stabilization of
PI3K/Akt signaling and cell survival (33). The activation of
AKT also seems to support BRCA1 nuclear localization, and
co-expression of BRCAL1 and activated AKT decreases radia-
tion sensitivity, indicating the functional consequences of this
interaction with regard to the role of BRCA1 in DNA repair (34).
Additionally, TPX2 knockdown resulted in altered protein
expression levels of HSP90, AKT and BRCALI, indicating that
TPX?2 may promote the activation of AKT signal transduction.

A number of studies have reported that the activation
of TPX2 is associated with a variety of different cancer

types (12-15), but the molecular mechanisms underlying TPX?2
function in osteosarcoma are not well understood.

Overall, TPX2 may be used as a biomarker for the diag-
nosis and prognosis of osteosarcoma, and is expected in future
to provide novel targets for the treatment of this disease.
However, there were some limitations to the present study.
Firstly, the clinical sample size used was relatively small. In
addition, the study was only conducted in vitro. The association
between miR-29¢-3p expression and the clinicopathological
characteristics of patients with osteosarcoma needs further
investigation. Lastly, the study only analyzed the effects of
TPX2 and miR-29¢c-3p on osteosarcoma cancer cells in terms
of cell proliferation. Therefore, the other potential molecular
mechanism, i.e., that TPX2 enhances the carcinogenesis of
osteosarcoma, requires further investigation. Future studies
will use the miR-29¢c-3p/TPX2/AKT axis as a target site for
osteosarcoma molecular therapy, in order to improve the thera-
peutic effects and prognosis of patients with osteosarcoma.

In conclusion, the results of the present study indicated that
TPX2 could exert an effect on tumor progression by activating
the AKT signaling pathway in osteosarcoma, and that this
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Figure 6. TPX2 exhibits a significant positive correlation with the AKT signaling pathway in osteosarcoma. (A) The AKT signaling pathway. (B-D) Pearson's
rank correlation analysis of the correlation of TPX2 expression with (B) HSP90, (C) AKT and (D) BRCA1 in osteosarcoma. (E) Knockdown of TPX2 inhibits
the AKT signaling pathway. (F) TPX2 regulated by miR-29¢-3p induces cell proliferation in osteosarcoma via the AKT signaling pathway. "P<0.05, “P<0.01
and “"P<0.001. KD, knockdown; TPX2, targeting protein for Xenopus kinesin-like protein 2; miR, microRNA; NC, negative control.

effect may be suppressed by miR-29¢-3p. TPX?2 could be used
as a potential target and biomarker for future novel therapeutic
development.
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