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miR-504 promotes tumour growth and metastasis in
human osteosarcoma by targeting TPS3INP1
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Abstract. An increasing number of studies have demonstrated
that microRNAs participate in the development of osteosar-
coma by acting as tumour suppressor or tumour-promoting
genes. We investigated the role of miR-504 in the growth
and metastasis of osteosarcoma. The expression of miR-504
in clinical osteosarcoma samples was higher than that in the
adjacent normal tissue and correlated with tumour size and
clinical stage. Tumour protein pS3-inducible nuclear protein 1
(TPS3INP1) was downregulated in the clinical osteosarcoma
samples compared with the adjacent normal tissues and was
consistently correlated with the clinical stage. The results
of dual-luciferase reporter assay and western blot analysis
demonstrated that the TP53INP1 gene is a direct target of
miR-504. Altogether, the Cell Counting Kit-8 (CCK-8), the
colony formation, the flow cytometry and the Transwell
assay results demonstrated that miR-504 promoted osteo-
sarcoma cell growth and metastasis in vitro. P73, P21, Bax,
cleaved-caspase-3 and secreted protein acidic and rich in
cysteine (SPARC) were associated with the suppressive role
of miR-504/TP53INPI1. The overexpression of miR-504 in
osteosarcoma xenografts enhanced the tumour growth and
increased the metastatic burden. Collectively, these results
revealed that TPS3INPI is a target gene of miR-504 and that
miR-504 enhances osteosarcoma growth and promotes distant
metastases by targeting TP53INP1. Thus, miR-504/TP53INP1
may be associated with osteosarcoma size and clinical stage.

Introduction
Osteosarcoma is one of the most common primary bone

tumours, affecting patients of all ages, however there are two
incidence peaks. The first peak is in childhood and adolescense
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and the second peak is at 75-79 years of age (1,2). The primary
tumour originates in the distal femur, proximal tibia or humerus
and its rapid cell division may contribute to the oncogenesis of
osteosarcoma during childhood (3). Adjuvant chemotherapy
following surgery, has improved the long-term survival rates
from <20 to 70% in localized osteosarcoma. However, this
combined therapy has shown limited progress in the long-term
survival rates of metastatic osteosarcoma cases, which account
for one-quarter of all patients at the time of initial diagnosis. The
higher incidence of osteosarcoma in children and adolescents,
its tendency to metastasize and the poor prognosis in metastatic
cases render osteosarcoma the leading cause of cancer-related
deaths in childhood, although it accounts only for 5% of child-
hood cancers (4). A better understanding of tumour initiation,
metastasis and recurrence in osteosarcoma is urgently needed
to improve patient prognosis.

Mature microRNAs (miRNAs) are endogenic regula-
tory, single-stranded, non-coding RNAs that are ~22 nt in
length. miRNAs regulate one-third of all genes by complete
or partial base-pairing at the 3'-untranslated region of their
target mRNAs, resulting in translation inhibition and/or
cleavage (5,6). Thus, miRNAs can serve as either oncogenes
or tumour suppressors depending on their target genes (7,8).
Accumulating evidence indicates that some miRNAs are
differentially expressed in osteosarcoma tissues, cell lines and
patient sera and that these miRNAs play important roles in
tumorigenesis, metastasis and angiogenesis (9,10). These find-
ings have provided new insights into the genetic mechanisms
of osteosarcoma tumorigenesis and have contributed to the
identification of novel osteosarcoma biomarkers and the devel-
opment of miRNA-targeted treatments (11).

miR-504 has rarely been studied and not much is
known about its roles in oncogenesis and cancer metastasis.
Computational prediction for potential targets of miR-504
indicated that this miRNA may directly interact with the
mRNAs of FOXP1, NRF1, CDK6, P53 and tumour protein
p53-inducible nuclear protein 1 (TP53INP1) genes. Recent
studies demonstrated that miR-504 directly targets the FOXPI,
NRFI1, CDK6 and P53 genes (12-15). TPS3INP1 was demon-
strated to regulate the transcriptional activity of P53 or P73
through direct interaction. Furthermore, TP53INP1 partici-
pates in autophagy by binding LC3, PINK1 and Parkin (16).
Notably, TP53INP1 and P53 are functional partners because
TP53INPI1 is a target gene of the transcription factor P53.
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In return, TP53INP1 can activate the transcription activity
of P53 (17). To avoid interference among miR-504, P53 and
TP53INP1, the P53-null osteosarcoma cell line 143B (IARC
TP53 database, http://p53.iarc.fr/Manual.aspx) was used to
explore the influence of miR-504/TP53INP1 modulation on
tumour growth and metastasis in vitro and in vivo.

Materials and methods

Statement of ethics. All procedures involving human partici-
pants were performed in accordance to the 1964 Declaration
of Helsinki and its later amendments. The animal research
protocol was approved by the Animal Experiment Centre
Committee of Xi'an Jiaotong University. All animal experi-
mental procedures were performed according to the policy of
Xi'an Jiaotong University Animal Experiment Centre.

Clinical samples and cell line. A total of 20 pairs of
primary osteosarcoma and matched adjacent non-cancerous
paraffin-embedded specimens were obtained at the authors'
institution between 2012 and 2015. The osteosarcoma diag-
nosis and the confirmation that the adjacent tissues were
normal were performed by two independent pathologists
based on the pathological changes associated with osteosar-
coma and the microscopic morphology of the adjacent normal
tissues. The tumour stage was assessed according to the
Enneking-Musculoskeletal Tumour Staging System (18). The
human osteosarcoma cell line 143B was purchased from the
Type Culture Collection of the Chinese Academy of Science,
(Wuhan, China) and was cultured in Dulbecco's modified
Eagle's medium (DMEM; Gibco, Grand Island, NY, USA)
supplemented with 10% foetal bovine serum (FBS; Gibco)
and 0.015 mg/ml 5-bromo-2'-deoxyuridine (Sigma-Aldrich,
St. Louis, MO, USA) in a humidified incubator at 37°C
with 5% CO,.

Modulation of miR-504 in vitro. miR-504 mimics or inhibi-
tors (RiboBio, Guangzhou, China) were transfected into 143B
cells with the Ribo FECT™ CP Transfection kit (all reagents
from RiboBio) according to the manufacturer's instructions to
achieve the overexpression or knockdown of miR-504, respec-
tively. Using the Ribo FECT™ CP Transfection kit, a negative
control mimic (normal control) (RiboBio) and siR-Ribo™
Transfection Control (Cy3; RiboBio) were transfected into
143B cells as the normal and transfection controls, respectively.

RNA preparation and quantitative real-time PCR. The
microRNAs were extracted from the clinical samples and
cell lines using the miRNAprep Pure FFPE kit (Tiangen
Biotech, Beijing, China) or the TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer's instruc-
tions. The miRcute miRNA First-Strand cDNA Synthesis
kit and miRcute miRNA qPCR Detection kit (SYBR
Green; Tiangen Biotech) were used for cDNA synthesis
and RT-qPCR according to the manufacturer's instructions.
The RT-qPCR conditions were 95°C for 5 min followed by
40 cycles of 95°C for 15 sec and 60°C for 20 sec and a final
dissociation stage. The PCR was performed using the Roche
LightCycler® 96 fluorescent quantitative PCR instrument.
The relative miR-504 expression level was determined using
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the 22 method with the nuclear U6 RNA as the endogenous
control (19). The forward primers were designed as follows:
miR-504, 5-GACCCTGGTCTGCACTCTATCA-3"; and U6,
5-ACGCAAATTCGTGAAGCGTTC-3'. The reverse primers
were provided with the kit.

Luciferase reporter system. The potential targets of miR-504
were predicted by miRanda (http://www.microrna.org). The
predicted miR-504 binding site at the TP53INP1 3'-UTR and
corresponding mutant 3'-UTR sequence were cloned in the
psiCHECK™ -2 Vector (Promega, Madison, WI, USA). The
psiCHECK-2-TP53INP1-WT and psiCHECK-2-TP53INPI-
MT were co-transfected with miR-504 NC or miR-504 mimic
into 293T cells. The relative luciferase activity was analysed
using a Promega Dual-Luciferase system (Promega) after 48 h
of transfection.

Colony formation assay. Four hundred cells were seeded in
60-mm dishes and cultured for nine days. Subsequently, the
medium was removed. The colonies were fixed with 4% para-
formaldehyde for 10 min, stained with 1% crystal violet for
15 min and then counted.

Cell proliferation assay. The cells were transfected and seeded
in 96-well plates at a density of 1,000 cells/well. The medium
was changed every three days. The cells were harvested each
day from the third to the seventh day and the cell viability
was detected with Cell Counting Kit-8 (Beyotime Institute of
Biotechnology, Shanghai, China) according to the manufac-
turer's instructions.

Cell cycle and apoptosis assay. The transfected cells were
stained with 50 pg/ml propidium iodide (Sigma-Aldrich) and
250 ug/mlRNAase (Sigma-Aldrich). After 30 min of incubation
in the dark, the cell cycle was analysed using a FACSCalibur
flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA).
Cell apoptosis was analysed using an Annexin V-FITC/PI
Apoptosis Detection kit (Wanleibio, Shenyang, China) by flow
cytometry according to the manufacturer's instructions.

Cell migration and invasion assay. To determine the cell
migration, 3x10* cells were reseeded in the top of a Transwell
chamber 48 h after transfection. The cells that remained in
the upper chamber after 24 h were carefully removed using a
cotton swab. The migrated cells were fixed and stained with
1% crystal violet for 20 min. The procedure for the cell inva-
sion was similar to the migration assay, except for the following
two differences: the upper Transwell chamber was precoated
with 60 ul of diluted Matrigel (BD Biosciences) and incubated
at 37°C overnight with 6x10* transfected cells seeded in the
upper chamber.

Western blot analysis. Seventy-two hours after transfection,
the total cellular protein was extracted using RIPA lysis
buffer and Phosphatase Inhibitor II Cocktail (50X) (Heart,
Xi'an, China) according to the manufacturer's instructions.
The total protein was separated and transferred onto polyvi-
nylidene membranes (Merck Millipore, Billerica, MA, USA).
Subsequently, the membranes were blocked and incubated with
primary antibodies overnight at 4°C. Following incubation



ONCOLOGY REPORTS 38: 2993-3000, 2017

2995

Table I. Relationship between the expression of miR-504, TP53INP1 and the clinical characteristics in 20 osteosarcoma patients.

TP53INP1 expression

Clinical miR-504

characteristics N expression P-value Positive Negative P-value

Sex
Female 8 2.069+0.896 0.630 4 4 0.535
Male 12 1.676+0.284 5 7

Age (years)
<18 9 2.254+0.766 0.336 3 6 0.311
=18 11 1.488+0.319 6 5

Tumour size (cm)
<10 13 1.251+0.235 <0.05 7 6 0.272
=10 7 2.914+0914 2 5

Clinical stage
IA-ITA 7 0.793+0.138 <0.05 6 1 <0.05
1IB-I1I 13 2.393+0.530 3 10

Distal metastasis
Yes 7 3.125+0.912 <0.05 1 6 0.058
No 13 1.137+0.149 8 5

Tumour site
Femur or tibia 14 1.984+0.509 0.563 5 9 0.217
Other 6 1.481+0.519 4 2

TP53INP1
Positive 0.778+0.106 <0.05
Negative 11 2.696+0.582

TPS53INP1, tumour protein p53-inducible nuclear protein 1.

with an HRP-conjugated goat anti-rabbit IgG secondary anti-
body (dilution, 1:5,000; Boster Biological Technology, Wuhan,
China) at room temperature for 1 h, the protein signals were
detected using the Immobilon™ Western Chemiluminescent
HRP Substrate (Merck Millipore). The following primary
antibodies were used: rabbit anti-TP53INP1 (dilution, 1:2,000;
Abcam, Cambridge, MA, USA), rabbit anti-P53 (phospho S46;
dilution, 1:1,000; Abcam), rabbit anti-GAPDH (dilution,
1:1000; Wanleibio), rabbit anti-P53 (dilution, 1:800; Wanleibio),
rabbit anti-P73 (dilution, 1:500; Wanleibio), rabbit anti-P21
(dilution, 1:500; Wanleibio), rabbit anti-Bax (dilution, 1:500;
Wanleibio), rabbit anti-caspase-3 (dilution, 1:500; Wanleibio),
rabbit anti-cleaved-caspase-3 (dilution, 1:300; Wanleibio) and
rabbit anti-SPARC (dilution, 1:1000; Sanying Biotechnology,
‘Wuhan, China).

Xenografts in nude mice and associated histopathology.
Ten five-week-old nude mice were randomly and equally
divided into the miR-504 agomir and the miR-504 NC groups.
Subsequently, 3x10° cells were subcutaneously injected in the
flanks of the nude mice. The cells had been pre-transfected
with agomir-hsa-miR-504 (miR-504 agomir; GenePharma,
Shanghai, China) or agomir negative control (miR-504 NC;
GenePharma) based on the grouping. One week after the
tumour-cell implantation, 1 nmol of miR-504 agomir or
1 nmol of agomir miR-504 NC was injected into the tumours

twice a week; the tumour volume was concurrently assessed
according to the formula: tumour volume = length x width?/2.
All mice were sacrificed four weeks after inoculation and
orthotopic tumours and lungs were harvested. After weighing
the orthotopic tumours, both tumours and lungs were stained
with haematoxylin and eosin (H&E).

Immunohistochemistry. The slides containing formalin-fixed,
paraffin-embedded, 5-pm thick tissue sections were subjected
to microwave antigen retrieval and then incubated with the
primary antibody overnight at 4°C. Subsequently, the slides
were incubated with an HRP-conjugated secondary antibody
for 30 min at room temperature and the proteins were chemi-
cally visualised using a DAB kit (ZSGB-Bio, Shanghai, China).

Statistical analysis. Statistical comparisons of the results were
performed using the SPSS 15.0 software (SPSS Inc., Chicago,
IL, USA) with Student's t-test, independent-samples t-test or
Fisher's exact probability test, depending on the particular data
type. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

miR-504 is highly expressed in the osteosarcoma tissues.
Expression of miR-504 was higher in 17 osteosarcoma
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Figure 1. Expression of miR-504/TP53INP1 in clinical samples and direct targeting of TPS3INP1 by miR-504. (A) miR-504 expression was higher in the
osteosarcoma tissues than in the adjacent normal tissues (as determined by RT-qPCR). (B) TP53INP1 expression in the osteosarcoma tissues and adjacent
normal tissues was determined by immunohistochemical staining. (C) The predicted binding sequence and paired mutated sequence were inserted into the
luciferase reporter vector. (D) Relative luciferase activity in 293T cells co-transfected with the psiCHECK-2-TPS3INP1-WT or psiCHECK-2-TP53INP1-MT
plasmid and the miR-504 mimic or the normal control. The experiment was performed in triplicate. (E) 143B cells showing red fluorescence after transfec-
tion with the Cy3-labelled NC siRNA. (F) miR-504 expression in 143B cells transfected with the miR-504 mimic or the normal control (as determined by
RT-gqPCR). The experiment was performed in triplicate. (G) TP53INP1 expression in 143B cells transfected with the miR-504 mimic or the normal control

(as determined by western blotting). The experiment was performed in triplicate. ™

nuclear protein 1.

specimens compared to the matched adjacent non-cancerous
tissues and the remaining tumour specimens had a
relatively lower expression of miR-504 based on RT-qPCR
assay (Fig. 1A). As shown in Table I, miR-504 was more
highly expressed in patients with distant metastasis, advanced
clinical stage and larger tumours. Additionally, TP53INP1-
positive specimens had a statistically lower expression
of miR-504. There was no significant difference between
miR-504 expression and age or sex.

TP53INPI is not frequently expressed in osteosarcoma
tissues. TPS3INP1 was detected in nine osteosarcoma speci-
mens (45%) using immunohistochemical staining, which
was tan-coloured and located in the nucleus. Seventeen adja-
cent non-cancerous specimens (85%) exhibited TP53INP1
expression (Fig. 1B). Furthermore, the detectable expression
of TP53INP1 was infrequent in patients with advanced
clinical stage according to Fisher's exact probability
test (Table I).

P<0.01 vs. the normal control. TP53INP1, tumour protein p53-inducible

miR-504 directly targets TP53INPI. We searched for poten-
tial targets of miR-504 using the miRanda databases and
found a potential miR-504-binding site in the 3'UTR of the
TP53INP1 mRNA. To validate the direct binding between
miR-504 and the predicted seed sequence, the predicted
potential binding sequence and paired mutated sequence were
inserted into the psiCHECK™ -2 vector (Fig. 1C). Luciferase
activity was significantly decreased after co-transfection of
psiCHECK-2-TP53INPI-WT and miR-504 mimic, whereas
miR-504 hadnoeffecton luciferase activity when co-transfected
with psiCHECK-2-TP53INP1-MT (Fig. 1D). The feasibility
of the transfection was verified using Cy3-labelled normal
control siRNA and RT-qPCR in 143B cells (Fig. 1E and F).
Furthermore, the results of western blot analysis confirmed
that the expression of TP5S3INP1 was downregulated in the
143B cells after the miR-504 mimic transfection (Fig. 1G).

miR-504 promotes 143B cell growth, migration and inva-
sion in vitro. The CCK-8 assay was performed to investigate
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Figure 2. miR-504 enhances 143B cell growth and promotes metastasis in vitro by targeting TP53INP1. (A) The Cell Counting Kit-8 assay was performed to
evaluate cell proliferation 3-7 days post-transfection. (B) The clone formation assay was performed to examine cell activity at 9 days post-transfection. (C) The
cell cycle distribution was determined by flow cytometric analysis with propidium iodide staining. (D) The proportion of apoptotic cells was determined by
flow cytometric analysis with Annexin-V and propidium iodide staining. (E) Transwell assay results. The images show the cells that travelled through the
micropore membrane without Matrigel. (F) Transwell assay results. The images show the cells that travelled through the micropore membrane with Matrigel.
Normal control, 143B cells transfected with the normal control; miR-504 mimic, 143B cells transfected with the miR-504 mimic; miR-504 inhibitor, 143B
cells transfected with the miR-504 inhibitor. "P<0.05, “P<0.01 vs. the normal control. All experiments were performed in triplicate. TP53INP1, tumour protein

p53-inducible nuclear protein 1.

the effects of miR-504 on the proliferation of 143B cells.
Proliferation was significantly enhanced in 143B cells trans-
fected with miR-504 mimic and decreased with miR-504
inhibition compared with the normal control and blank
groups (Fig. 2A). Consistently, the cells transfected with the
miR-504 mimic had more colonies in the colony formation
assay, whereas fewer colonies survived in the normal control
and blank groups. The lowest number of colonies was found in
the miR-504 inhibitor group (Fig. 2B).

Based on a cell cycle assay, the G1 subpopulation proportion
of cells was decreased in the miR-504 mimic-transfected cells

compared with other groups and the proportion of cells in the
G2 subpopulation was increased. In contrast, Gl arrest was
obvious in the cells transfected with the miR-504 inhibitor,
which blocked the G1 to S-phase transition, compared with the
blank and normal control groups (Fig. 2C). The transfection
of miR-504 mimic mitigated apoptosis in the 143B cells
compared with the normal control and blank groups and the
cells transfected with the miR-504 inhibitor had the highest
proportion of apoptosis (Fig. 2D).

To investigate the effects of miR-504 on migration and
invasion in 143B cells, a Transwell assay was performed.
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Figure 3. Western blot analysis examining the expression of TP53INP1, phosphorylated P53, SPARC, P73 and its downstream proteins in response to miR-504.
Normal control, 143B cells transfected with the normal control; miR-504 mimic: 143B cells transfected with the miR-504 mimic; miR-504 inhibitor, 143B cells
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Figure 4. The miR-504 agomir promotes tumour growth and distant metastasis in vivo. (A) Nude mice were subcutaneously transplanted with 143B cells
transfected with the miR-504 normal control or the miR-504 agomir. The tumour volume was calculated twice weekly after injection of the miR-504 agomir
and the miR-504 normal control. The tumour volume was calculated as follows: length x width? x 0.5. The tumour volumes were assessed in triplicate. (B) Mice
were sacrificed four weeks after implantation. The tumours (top of the Vernier calliper) in the miR-504 agomir-treated group were larger and heavier. The
tumour weights were assessed in triplicate. (C) H&E staining showing the microscopic morphology of the harvested tumours. (D) H&E staining showing
the microscopic morphology of a metastatic node in the lung. (E) TP53INP1 expression in the xenograft tumours was determined by immunohistochemical
staining. "P<0.05 vs. the miR-504 normal control. H&E, haematoxylin and eosin; TP53INP1, tumour protein p53-inducible nuclear protein 1.

Cells in the miR-504 mimic group exhibited a strengthened
migration and invasion capacity compared with the normal
control and blank groups, while minimal numbers of cells
traversed the polycarbonate membrane of the Transwell
chamber in the miR-504 inhibitor group for both the migration
and invasion assays (Fig. 2E and F).

Finally, we evaluated TP53INP1, phosphorylated P53,
P73, P21, Bax, cleaved-caspase-3 and SPARC expression and
found that TP53INP1, P73, P21, Bax and cleaved-caspase-3
expression was decreased 72 h after the miR-504 mimic
transfection, but upregulated in the miR-504 inhibitor group.
SPARC is correlated with pancreatic cancer cell migration
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and was upregulated in 143B cells after the miR-504 mimic
transfection compared with the normal control and blank
groups. However, phosphorylated P53 was undetectable in all
four groups (Fig. 3).

miR-504 promotes xenograft growth and distant metastasis
in vivo. The tumour growth was faster in the miR-504 agomir
group than in the miR-504 NC group (Fig. 4A). The tumours
were harvested and weighed at the fourth week and the tumour
weights ascertained faster growth in the miR-504 agomir group
(1.29 vs. 0.95 g) (Fig. 4B). The microscopical morphology of
the tumour was also visualised using H&E staining (Fig. 4C).

All lungs were harvested and stained with H&E to detect
distal metastases. Only one mouse developed pulmonary
metastasis in the miR-504 NC group and three mice developed
pulmonary metastasis in the miR-504 agomir group. Mice in
the latter group developed larger metastatic tumours (Fig. 4D).

Although all tumours had detectable TPS3INP1 expression,
the expression level was lower in the miR-504 agomir-treated
tumours (Fig. 4E).

Discussion

Many studies have revealed that miRNAs serve as oncogenes
or tumour suppressors in various types of cancer depending on
the particular miRNA (20). miR-504 has been demonstrated
to participate in tumour development and metastasis by
targeting FOXP1, NRFI1 and P53 in several tumours, acting as
an oncogene (13,15,21,22). Clinical samples demonstrated that
higher expression levels of miR-504 are correlated with worse
radio-therapeutic effects in nasopharyngeal carcinoma and
with a poor prognosis for pancreatic ductal adenocarcinoma
patients (13,23). In the present study, the expression of miR-504
was higher in most clinical osteosarcoma samples compared to
adjacent non-cancerous tissues, which statistically correlated
with tumour size, metastasis and clinical stage. Similar to the
expression of miR-504, TPS3INP1 was negatively correlated
with the clinical stage and the expression of TP53INP1 was
almost non-existent in patients with distant metastases.

One miRNA can regulate hundreds of proteins and one
protein can be regulated by multiple miRNAs. These complex
interactions between miRNAs and target proteins constitute
a regulatory network (24,25). The miRNA target prediction
database provides thousands of potential target proteins for
one particular miRNA. With the assistance of the luciferase
reporter system, RT-qPCR and western blotting, only a few
proteins have been demonstrated to be directly regulated by
a particular miRNA. TP53INP1 is a computationally anal-
ysed target of miR-504. The luciferase reporter assay system
confirmed a direct interaction of the miR-504 mimic with the
predicted seed region in the TPS3INP1 3'-UTR. Moreover, the
western blot analysis results demonstrated lower TP53INP1
expression in the osteosarcoma 143B cells transfected with the
miR-504 mimic than in the control cells, which further ascer-
tained the direct regulation between miR-504 and TP53INP1
in 143B cells.

Several studies have revealed that TPS3INP1 func-
tions as a tumour suppressor through P53 phosphorylation
at serine-46 by forming a protein complex with the protein
kinase homeodomain-interacting protein kinase-2 (HIPK?2)
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or protein kinase Co (PKC9) to induce G1 arrest and apop-
tosis (17,26,27). Because of the high degree of structural
similarity with P53, P73 activates the transcription activity of
the majority of P53-responsive genes and serves as a tumour
suppressor. These responsive genes include P21 and Bax, as
reported by Tomasini ef al (28). Importantly, P73 is more stable
in tumours than P53, which is often mutated (29,30). Due to a
missense mutation at exon 5, TP53 is inactive in the osteo-
sarcoma 143B cell line and serine-46-phosphorylated P53
was undetectable in all four groups, confirming the loss-of-
function mutation of P53 in 143B cells. In the present study,
miR-504 promoted proliferation and mitigated apoptosis in
143B cells in vitro. Additionally, larger xenograft tumours were
detected in nude mice with increased expression of miR-504.
Furthermore, protein detection revealed that TPS3INP1, P73,
P21 and Bax were suppressed by miR-504. Both P73a and
P73p, which promote tumour apoptosis, were downregulated
after the miR-504 transfection (31). Phosphorylation, acetyla-
tion, ubiquitylation and sumoylation have been demonstrated
to occur and to determine the stabilization and transactivation
ability of P73. TPS3INP1 has been shown to stimulate the cell
cycle arrest and pro-apoptotic functions of P73, however the
specific underlying mechanism remains unknown (28,32-35).
The variation in protein expression further confirms the
results of the cell cycle and apoptosis analyses. In conclusion,
miR-504 promotes tumour growth through TP53INP1, which
partly depends on suppressing P73 and downstream proteins
and this effect occurs independently of P53 in 143B cells. The
present study also reveals that miR-504 inhibition further
inhibits tumour growth.

The suppression of TP53INP1 promotes tumour metas-
tasis in endometrial carcinoma and non-small cell lung
cancer. TP53INP1 also participates in decreasing the epithe-
lial-mesenchymal transition in liver cancer cells. Additionally,
the TP53INPI1 expression level is inversely correlated with
positive lymph node metastasis in clinical breast carcinoma
tissue specimens (36-39). TPS3INP1 suppresses pancreatic
cancer cell migration by regulating the expression of SPARC,
which is a matrix cellular protein that has a pivotal role in
regulating cell-matrix interaction and migration (40). The
expression of SPARC was increased and osteosarcoma cells
were more aggressive after the miR-504 mimic transfection
in vitro and the lung metastasis model confirmed the strength-
ened invasion ability of the miR-504 expressing cells in the
present study.

Concerning limitations to the present study the use of
miR-504 as a biomarker to predict the prognosis of early-stage
osteosarcoma requires further validation with a larger
sample size. The physical interaction between P73 and the
miR-504/TP53INP1 axis warrants further exploration using
rescue experiments with miR-504-resistant TP53INP1-plasmid
in 143B cells, analysis using a yeast two-hybrid system and
co-immunoprecipitation.

In conclusion, miR-504 directly targets TP5S3INP1 in
osteosarcoma 143B cells. miR-504 promotes the proliferation
and invasion of 143B cells and mitigates their apoptosis by
targeting TP53INP1. As a result, P73 plays a role in tumour
suppression independently of P53. The results of this study
indicate that miR-504 and TP53INP1 expression are correlated
with the tumour size and metastatic burden.
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