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MicroRNA-192-5p suppresses the initiation and progression
of osteosarcoma by targeting USP1
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Abstract. Osteosarcoma is the most frequent primary
malignant bone tumor. An increasing body of evidence has
suggested that microRNAs (miRNA/miRs) have emerged as
critical regulators in the initiation and progression of osteo-
sarcoma. The present study explored the biological function
of miR-192-5p and ubiquitin-specific protease 1 (USP1), and
investigated whether miR-192-5p could directly interact with
USP1 in osteosarcoma. The results revealed that miR-192-5p
was significantly downregulated in osteosarcoma tissues and
cell lines, while a reverse expression profile of USP1 was
observed. Ectopic expression of miR-192-5p restrained cell
proliferation, apoptosis, migration and invasion. In addi-
tion, it increased the sensitivity of osteosarcoma cells to
cisplatin. USP1 was also observed to be a direct target gene
of miR-192-5p in osteosarcoma. Overexpression of USP1
promoted cell proliferation, apoptosis, migration and inva-
sion, and decreased cell chemo-sensitivity; however, it could
be partially reversed via the overexpression of miR-192-5p
in osteosarcoma cell lines. Taken together, the present study
demonstrated that miR-192-5p suppressed the initiation and
progression of osteosarcoma by targeting USP1. Therefore,
miR-192-5p may serve as a valuable biomarker and the
miR-192-5p/USP1 axis may function as a novel therapeutic
target for osteosarcoma.

Introduction

Osteosarcoma is the most frequent primary malignant bone
tumor, which mainly occurs in children and adolescents (1-3).
Previous study has shown that osteosarcoma accounts for
approximately 19 and 5% of all malignant bone tumors and
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childhood neoplasm, respectively (4). Despite the recently
advances in multi-modal therapeutics, the prognosis and 5 years
survival rate of osteosarcoma remains unsatisfactory (5).
Therefore, it is urgent for us to explore the molecular mecha-
nisms and find new therapeutic strategies to target this disease.

MicroRNAs (miRNAs/miRs) are short, endogenous
noncoding and highly conserved RNAs, which can restrain the
expression of target genes through binding to the 3'-untrans-
lated region (3'-UTR) mRNA (6-8). According to previous
studies, miRNAs have taken part in a great deal of cellular
processes, including cell proliferation, invasion, apoptosis,
chemo-resistance (9-11). Furthermore, many studies have
already proved that abnormal expression of miRNAs play
significantly parts in the occurrence and progression of cancers,
including hepatocellular carcinoma, breast cancer, gastric
carcinoma, prostate cancer, and also osteosarcoma (12-14).
Numerous researches have suggested that miR-192-5p was
dramatically downregulated in malignant tumors, while
overexpression of miR-192-5p could inhibit tumorigenesis
through different mechanisms (15,16). In human osteosar-
coma, miR-192-5p functioned as a major role in inhibiting the
tumorigenesis in osteosarcoma (17). Nevertheless, the poten-
tial mechanisms of miR-192-5p in regulating the development
and progression of osteosarcoma remains largely unknown.

Ubiquitination is a critical posttranslational modification,
which modulates cellular processes, including cell cycle regu-
lation, chromatin remodeling, DNA damage response and so
forth (18). Ubiquitination modification is a dynamic reversible
process, which is catalyzed by deubiquitinases (DUBs) (19).
Ubiquitin-specific protease 1 (USP1), one of the best character-
ized member of the DUBs family, is famous for its regulation
of cellular response to DNA damage (20). Recently, more and
more studies reported that USP1 played an important role in
oncogenesis and tumorigenesis in human malignant cancers,
including osteosarcoma (21-24).

Given the crucial parts of miR-192-5p and USP1 in regu-
lating the initiation and progression of osteosarcoma, we
performed this study to identify whether miR-192-5p could
negatively regulates osteosarcoma by directly targeting USPI.

Materials and methods

Tissue collection. A total of 25 samples of osteosarcoma
and matched the adjacent non-tumor tissues were collected
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from surgical resection between June 2009 and June 2012
in Renmin Hospital of Wuhan University. The parameters
of patients were showed in Table I. Tissues were obtained
and then frozen in liquid nitrogen immediately and stored at
-80°C until being used. All patients were further followed up
every 3-5 months until 5 years. The patients participated in
this study did not undergo any chemotherapy, radiotherapy or
immunotherapy before surgery. This study was approved by
the Medical Ethics Committee of Renmin Hospital of Wuhan
University. All patients and their families provided written
informed consent to take part in this research. The study did
not contain any identifying information about any partici-
pants. All the data was kept by the administrator of the study
team in a confidential manner and was not used by any other
purposes. We confirm that all experiments were performed in
accordance with relevant guidelines and regulations.

Cell culture and transfection. 143B and U20S (human osteosar-
coma cell lines) and hFOB (normal human osteoblast cell line)
were used in the present study, which were gained from Cell Bank
of Type Culture Collection (Shanghai, China). We used DMEM
(HyClone, Logan, UT, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco, Grand Island, NY, USA), 100 U/ml
penicillin and 100 pg/ml streptomycin to culture the above
cells in an atmosphere of 5% CO, at 37°C. miR-192-5p mimic
was purchased from GeneCreate Biological Engineering Co.,
Ltd. (Wuhan, China). Then we transfected miR-192-5p mimic
and miR-NC (negative control) into cells at 60% confluence
by Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA).
Overexpression USP1 plasmid (pCDNA3.1-USPI1) or empty
plasmid (GeneCreate Biological Engineering Co., Ltd.)
were transfected into cells at 80% confluence using
Lipofectamine 2000 in accordance with the manufacturer's
instructions.

Cell proliferation assay. CCK-8 (Dojindo Molecular
Technologies, Inc., Kumamoto, Japan) assay was performed
to evaluate cell proliferation capacity. Briefly, transfected cells
were seeded into individual well plates at 1x10° cells per/well,
then incubated for 0, 24, 48 and 72 h. Subsequently, microplate
reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA) was
used to detect the OD value at 450 nm.

Cell cycle assay. For cell cycle assay, transfected cells were
inoculated in 6-well plates for 24 h. Then 143B and U20S cells
were fixed with 75% cold ethanol at 4°C for 24 h. Subsequently,
both cell lines were stained with a propidium iodide (PI; BD
Biosciences, San Jose, CA, USA) for 30 min in the dark. Then,
stained cells were analyzed by using flow cytometer (FACS
Calibur; BD Biosciences). At last, ModFitLT V2.0 software
(BD Biosciences) was applied to analyze the above data.

Cell apoptosis assay. Apoptosis was assessed by flow cytometric.
Cells were harvested and washed with ice-cold PBS twice. Then
we resuspended cells with 300 pl of binding buffer. After being
stained with Annexin V-FITC and PI (BD Biosciences), FACS
Calibur was performed to analyze cell apoptosis.

Cell invasion assay. In order to investigate the cell invasion
ability, Matrigel (BD Biosciences) were precoated into 8 micron
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Table I. Associations between microRNA-192-5p levels and
clinicopathological variables of osteosarcoma patients.

Relative
miR-192-5p
expression
Total no.  Low High
Variable (n=25) (n=13) (n=12) P-value
Sex 0.870
Male 15 8 7
Female 10 5 5
Age (years) 0.568
<20 18 10 8
>20 7 3 4
Histologic subtype 0.238
Osteoblastic 13 6 7
Chondroblastic 9 5 4
Fibroblastic 3 2 1
Anatomical site 0.920
Femure 11 6 5
Tibia 9 5 4
Humerus 3 1 2
Other 2 1 1
Tumor grade 0.007°
Low 8 1 7
High 17 12 5
Enneking stage 0.009°
I 6 1 5
1I 12 7 5
11 7 5 2
Tumor size (cm) 0.027*
<8 13 4 9
>8 12 9 3

P<0.05 and *P<0.01. miR, microRNA.

Transwells (Corning Incorporated, Corning, NY, USA), and
then 143B and U20S cells were added into the upper chambers
with serum free medium. DMEM (500 ul) with 10% FBS was
placed into the lower chamber for chemical induction. After
incubating for 24 h, we carefully wiped out remaining cells
which did not invade. Matrigel membranes were fixed with
paraformaldehyde and then stained with crystal violet solu-
tion. The invaded cells were counted under a phrase contrast
microscope (Olympus, Tokyo, Japan).

Cell migration assay. Cell migration was evaluated by wound
healing assay. The transfected cells were cultured in 6-well
plates for 24 h. Then, artificial wound was scratched in confluent
cell monolayers by sterile 10 ul pipette tip. Photographs were
taken at 0 and 24 h by using inverse microscope.

Luciferase reporter assay. The mutant (mut) or wild-type
(wt) 3'UTR of USP1 was inserted into pGL4 luciferase
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Figure 1. Reduced expression of miR-192-5p and elevated expression of USP1 in osteosarcoma tissues and cell lines. (A) miR-192-5p expression was statistically
lower in osteosarcoma tissues than in adjacent non-tumor tissues. (B) USP1 expression was significantly higher in osteosarcoma tissues when compared with
adjacent non-tumor tissues. (C) There was a negative correlation between miR-192-5p and USP1 in osteosarcoma tissues. (D) The expression of miR-192-5p
was downregulated in the osteosarcoma cell lines (143B and U20S) when compared with the normal human osteoblast cell line (hFOB). (E) The expression
of USP1 was increased in the 143B and U20S cell lines compared with that of osteosarcoma. (F) Kaplan-Meier survival analysis suggested that osteosarcoma
patients with low expression of miR-192-5p presented a shorter overall survival. The results are presented as the mean + standard deviation of 3 independent
assays. ~P<0.001, as indicated. miR, microRNA; USP1, ubiquitin-specific protease 1.

promoter vector (Promega Corporation, Madison, WI, USA).
Subsequently, miR-192-5p mimics or miR-NC and the vectors
carrying USP1 mut or wt 3'UTR were co-transfected into
143B and U20S cells by lipofectamine 2000 (Invitrogen).
After 24 h, the dual luciferase reporter assay system (Promega
Corporation) was performed to determine luciferase values.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNAs were extract from tissues and cell
lines using TRIzol reagent (Invitrogen). Reverse transcription
reactions were conducted via Takara RNA PCR kit (Takara,
Kyoto, Japan). qPCR was performed using a SYBR-Green
detection system (Takara). Relative gene expression was
calculated using 2424 method. The expression of U6 and
(-actin were acted as the internal control for the expres-
sion of miR-192-5p and USPI, respectively. The primers for
miR-192-5p were forward, 5'-GCGGCGGCTGACCTATGA
ATTG-3' and reverse, 5S-"ATCCAGTGCAGGGTCCGAGG-3';
U6 forward, 5"TCCGATCGTGAAGCGTTC-3" and reverse,
5'-GTGCAGGGTCCGAGGT-3"; USP1 mRNA forward,
5-AGGTTGCTAGTACAGCGTTTGC-3' and reverse, 5-CAC
TGGATTCCTTGTTTCTATCAGA-3'; and p-actin forward,
5'-GGCACTCTTCCAGCCTTCC-3' and reverse, 5-GAG
CCGCCGATCCACAC-3.

Western blot analysis. We extracted total proteins from trans-
fected cells by using RIPA lysis buffer (Beyotime Institute of
Biotechnology, Shanghai, China). All proteins were separated
by 10% SDS-PAGE gel and transferred them onto the PVDF
membrane (EMD Millipore Corp., Bedford, MA, USA). The
membrane were blocked in 10% non-fat dried milk for 2 h and
then incubated with primary anti-USP1 and GAPDH (both

from Abcam, Cambridge, UK) at 4°C overnight. After being
washed with TBST five times, the membrane was incubated
with secondary antibody for 1 h at room temperature. Then the
membrane was washed three times with TBST again. Finally,
the proteins were detected by using enhanced chemilumines-
cent. GAPDH was performed as an endogenous control.

Statistical analysis. All statistical analyses were conducted by
using SPSS 20.0 (IBM Corp., Armonk, NY, USA) and Graph
Pad Prism 5 software (GraphPad Software, Inc., San Diego,
CA, USA). Data which were followed the Gaussian distribu-
tion, calculated as mean + SD. Differences between two groups
were measured by Student's t-test (for the migration, invasion,
apoptosis and cell cycle assays), while one-way ANOVA (for
CCK-8 assay) followed by Tukey's post hoc test was performed
for comparisons between more than two groups. Correlation
between miR-192-5p levels and clinicopathological variables
of osteosarcoma patients were assessed by Chi-square test.
The Pearson' procedure method was used in the patients. And
the Kaplan-Meier survival analysis was applied in the survival
experiments. P<0.05 was considered as statistically significant.
Each experiment was performed three times.

Results

Reduced expression of miR-192-5p and elevated expression of
USPI in osteosarcoma tissues and cell lines. The expression
levels of miR-192-5p and USP1 mRNA were detected in tissues
and cell lines of osteosarcoma. MiR-192-5p was distinctly
downregulated in osteosarcoma tissues (Fig. 1A). Whereas,
USP1 mRNA showed an opposite trend (Fig. 1B). Moreover,
Pearson's correlation assay indicated that the expression
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Figure 2. Upregulation of miR-192-5p inhibited osteosarcoma cell proliferation and induced cell cycle at the GO/G1 stage and cell apoptosis. (A) Reverse
transcription-quantitative polymerase chain reaction was performed to measure the expression of miR-192-5p in 143B and U20S cells following transfection
with miR-192-5p-mimics. Overexpression of miR-192-5p significantly restrained the proliferation of (B) 143B and (C) U20S cells. (D) The cell cycle assay
demonstrated that miR-192-5p mimics could prevent the progression of the cell cycle from the G1 to S phase in 143B and U20S cells. (E) Elevated expression
of miR-192-5p markedly induced 143B and U20S cells apoptosis. Data are presented as the mean + standard deviation of 3 independent assays. "P<0.05,
“P<0.01 and ""P<0.001 vs. miR-NC. miR, microRNA; NC, negative control; FITC, fluorescein isothiocyanate; PI, propidium iodide.

levels of USP1 and miR-192-5p were inversely correlated in
osteosarcoma tissues (Fig. 1C). Next, two classic osteosarcoma
cell lines: 143B and U20S were performed to further confirm
the findings above. Here we found that lower expressions of
miR-192-5p were observed in both cell lines compared to
hFOB (Fig. 1D). In contrast, the expression levels of USP1
mRNA was markedly higher in both osteosarcoma cell lines
compared to hFOB (Fig. 1E). Furthermore, to evaluate the
association between the expression level of miR-192-5p and
clinicopathological variables, we divided all patients into two
groups (low expression group and high expression group) based
on the median expression level of tumor tissues. As showed
in Table I, the low expression of miR-192-5p was statistically
correlated with tumor grade, Enneking stage (25) and tumor
size, while not associated with sex, age, histologic subtype and
anatomical site in patients with osteosarcoma. Besides, the
Kaplan-Meier survival analysis suggested that osteosarcoma
patients with low expression of miR-192-5p presented to have
a shorter overall survival (Fig. 1F). These finding indicated
that the low expression of miR-192-5p was closely associated
with the high expression of USP1.

Upregulation of miR-192-5p inhibited osteosarcoma cell prolif-
eration. We transfected 143B and U20S cells with miR-192-5p
mimics or miR-NC. After being cultured, we found that the
expression profile of miR-192-5p was dramatically increased
compared to miR-NC group (Fig. 2A). Then, CCK-8 assay was
conducted to evaluate the ability of cell proliferation in 143B
and U20S cells. The results indicated that cell proliferation
was statistically suppressed when miR-192-5p was upregulated
(Fig. 2B and C). Flow cytometric assay was used to further
identify whether cell proliferation was inhibited by miR-192-5p
through altering cell-cycle progression or inducing cell apop-
tosis. Cell cycle analysis showed that miR-192-5p mimics
brought about a higher GO/G1-phase and a lower S-phase arrest
in 143B and U20S cells compared to miR-NC group (Fig. 2D).
Subsequently, cell apoptosis analysis was performed to explore
the influence of miR-192-5p mimics on cell apoptosis, which
revealed that cell apoptosis was remarkably induced in 143B
and U20S cells compared to miR-NC group (Fig. 2E). These
findings demonstrated that overexpression of miR-192-5p
repressed osteosarcoma cell proliferation through regulating
cell cycle during Gl to S phase and inducing cell apoptosis.
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Figure 3. Overexpression of miR-192-5p suppressed osteosarcoma cell migration and invasion, and enhanced the sensitivity of osteosarcoma cells to cispl-
atin. (A) Wound-healing assay revealed that the migratory ability of 143B and U20S cells was suppressed by miR-192-5p mimics (magnification, x100).
(B) Transwell assay was conducted to evaluate the invasion of 143B and U20S cells following treatment with mR-192-5p, which suggested that the capacity of
invasion was significantly decreased in the treatment group (magnification, x100). (C) The response of 143B cells to cisplatin enhanced following transfection
with the miR-192 mimic compared to the negative control. (D) The response of U20S cells to cisplatin enhanced following transfection with the miR-192
mimic compared with the negative control. Data are presented as the mean + standard deviation of 3 independent assays. 'P<0.05 and “P<0.01 vs. miR-NC.

miR, microRNA; NC, negative control.

Overexpression of miR-192-5p suppressed osteosarcoma
cell migration and invasion and enhanced the sensitivity of
osteosarcoma cells to cisplatin. Wound-healing and Transwell
chamber assays were performed to elucidated cell migration
and invasion in 143B and U20S cells. Wound-healing assay
showed that the migration capacity of cells in the miR-192-5p
mimics group was obviously inhibited after wounding (Fig.3A).
Transwell chamber assay showed that ectopic expression of
miR-192-5p inhibited cell invasion (Fig. 3B). These findings
suggested that upregulation of miR-192-5p weaken the migra-
tion and invasion capability of 143B and U20S cells. CCK-8
assay was performed to evaluate the effect of miR-192-5p
mimics on the chemo-sensitivity of osteosarcoma cells. The
response of 143B and U20S cells to cisplatin enhanced after
treated with the miR-192-5p mimic compared to miR-NC
group (Fig. 3C and D). The data demonstrated that miR-192-5p
mimics reduced chemo-resistance of osteosarcoma cells to
cisplatin. And it had been reported that the cisplatin drug was
presented the chemio-sensitivity in osteosarcoma cells (26).

USPI was a direct target of miR-192-5p in osteosarcoma cell.
In order to verify the relationships between miR-192-5p and
USP1, TargetScan tools was performed to predict the target
sites for miR-192-5p. It was demonstrated that there was a
combination of target sequences between the USP1 3'-UTR
and miR-192-5p (Fig. 4A). Then, dual-luciferase reporter
system assay was carried out to affirm the above prediction.
In detail, the 3'-UTR of USPI1 containing wild-type (wt) or
mutant-type (mut) miR-192-5p target sequences was inserted
into the plasmid. Then, we co-transfected 143B and U20S
cells with these reporters plasmid and miR-192-5p. Luciferase

activity was detected 48 h after transfection. As showed
in Fig. 4B and C, miR-192-5p mimics significantly restrained
wild-type 3'UTR-USPI1 reporter activity while there was no
repression on the mutant 3'UTR-USP1 reporter activity, which
revealed that miR-192-5p most likely suppressed gene expres-
sion via miR-192-5p binding sequences at the 3'-UTR of USP1.
Besides, we observed that Ectopic expression of miR-192-5p
statistically inhibited the expression of USP1 on mRNA and
protein level (Fig. 4D and E).

miR-192-5P regulated osteosarcoma cell proliferation,
apoptosis, migration, invasion and chemo-sensitivity
through USPI. To further ascertain whether upregulation of
miR-192-5p inhibited OS cells biological functions through
USP1. We transfected USP1 vector into 143B and U20S cells.
After cultivated in vitro, the USP1 mRNA and protein expres-
sions were restored in 143B and U20S cells (Fig. 5A and B).
Ectopic expression of USPI1 statistically enhanced cell
proliferation, migration and invasion abilities and decreased
cell apoptosis and chemo-sensitivity in 143B and U20S cells.
However, when co-transfected with miR-192-5p mimics and
USP1, overexpression of miR-192-5p partially abolished the
effects of USP1 on cells proliferation, chemo-sensitivity,
migration, invasion and apoptosis (Fig. 5C-I). Taken together,
miR-192-5p inhibited osteosarcoma cell biological functions
primarily through downregulating USPI.

Discussion

Increasing evidence have suggested that miRNAs could
regulate cell proliferation, apoptosis, migration, invasion
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miR-192-5p and USP1. Dual-luciferase reporter system assay indicated that miR-192-5p mimics significantly restrained wild-type 3'UTR-USPI reporter
activity, while there was no repression effect on the mutant 3'UTR-USP1 reporter activity in (B) 143B and (C) U20S cells. (D) Ectopic expression of
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and chemo-sensitivity in malignant tumors, including osteo-
sarcoma (27-30). For instance, Chen et al (31) revealed that
miR-211-5p was downregulated in triple-negative breast
cancer (TNBC), which inhibit TNBC cell biological functions
via targeting SETBP1. Our previous study also showed that
miR-335 was statistically downregulated in osteosarcoma stem
cells. Moreover, overexpression of miR-335 suppressed stem
cell-like characteristics by targeting POUSF1 (32). Our study
indicated that miR-192-5p was significantly downregulated and
USP1 was remarkably upregulated in 25 osteosarcoma samples
and tow cell lines. Pearson's correlation assay indicated that the
expression levels of miR-192-5p was inversely associated with
USPI. Moreover, low expression of miR-192-5p in patients was
statistically correlated with tumor grade, Enneking stage and
tumor size. And osteosarcoma patients with low expression of
miR-192-5p presented to have a shorter overall survival. Then,
biological functions of miR-192-5p were explored in 143B and
U20S. The results shown that upregulation of miR-192-5p
inhibited cell proliferation through cell cycle arrest and
inducing cell apoptosis, suppressed cell migration and invasion
and enhanced cell chemo-sensitivity in osteosarcoma cells. To

gain insight into the detail relationship between miR-192-5p
and USPI1, we used TargetScan software (33) to predict that
there was a highly conservative binding site between USP1
and miR-192-5p. Then the prediction was further proved
by luciferase activity assay. Furthermore, we observed that
USPI acted as an opposite role in regulating cell biological
function compared that with miR-192-5p. Moreover, when
co-transfected with miR-192-5p mimics and USP1 simultane-
ously, overexpression of miR-192-5p partially abolished the
effects of USP1 on cells proliferation, apoptosis, migration,
invasion and chemo-sensitivity in osteosarcoma cells.
Aberrant expression of miR-192 played a crucial role
in the development and progression of multiple malignant
tumors (34-36). Previous studies have proved that miR-192 was
significantly downregulated in many cancers, and miR-192
also has been reported to regulate cell biological functions
in tumors, including proliferation, migration, invasion and
apoptosis (37,38). For instance, Feng er al (15) suggested that
miR-192-5p was significantly low in lung cancer. They further
demonstrated that miR-192-5p suppressed cell proliferation and
induced cell apoptosis through RB1. Lian ez al (16) also proved
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Figure 5. miR-192-5p regulated osteosarcoma cell proliferation, apoptosis, migration, invasion and chemo-sensitivity through USPI. (A) The USPl mRNA
expression was detected by reverse transcription-quantitative polymerase chain reaction. (B) The USP1 protein expression was detected by western blot
analysis. (C-I) Ectopic expression of USP1 statistically enhanced cell (C and D) proliferation, decreased cell (E and F) chemo-sensitivity, promoted cell
(G) migration and (H) invasion (magnification, x100), and reduced cell (I) apoptosis in 143B and U20S cells, which could be partially abolished by miR-192-5p
following co-transfection with miR-192-5p mimics and USP1. Data are presented as the mean + standard deviation of 3 independent assays. "P<0.05, “P<0.01
and “"P<0.001 vs. NC, or as indicated. miR-NC. miR, microRNA; NC, negative control; USP1, ubiquitin-specific protease 1; PI, propidium iodide.
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Figure 6. Schematic of the mechanism underlying the miR-192-5p/USP1 axis
in 143B and U20S cells. miR, microRNA; USP1, ubiquitin-specific protease 1.

that miR-192-5p reduced tumor metastasis by targeting the
SLC39A6/SNAIL pathway in HCC cells. Although previous
study had researched the effect of miR-192 on human osteo-
sarcoma, which indicated that miR-192 was downregulated in
osteosarcoma and miR-192 could suppressed the progression of
osteosarcoma (17,39), the exact molecular mechanism remained
largely unclear. Consistent with the above studies, we identified
that upregulation of miR-192-5p inhibited cell proliferation
by preventing cell cycle from Gl to S phase and inducing cell
apoptosis in osteosarcoma cells. We also found that miR-192-5p
repressed cell migration and invasion, and increased cells more
sensitivity to cisplatin in osteosarcoma cells. Taken together,
we came to the conclusion that miR-192-5p played an impor-
tant role in suppressing osteosarcoma.

To clarify the potential molecular mechanism about
miR-192-5p regulates cell biological function in osteosar-
coma. Based on open-target prediction programs (TargetScan
software), we found that USP1 may be a target gene of
miR-192-5p. Recently, several studies indicated that USP1
had been found to be upregulated in many kinds of tumors,
and they also found that deregulated USP1 could suppress cell
proliferation, migration, invasion, chemo-resistance (40,41).
Increasing studies suggested that USP1 played a role part in
osteosarcoma. For example, Williams et al (24) indicated that
USP1 was upregulated in osteosarcoma cells, which promoted
cell proliferation, suppressed osteoblastic differentiation and
stabilized ID proteins. Liu et al (23) confirmed that USP1 was
upregulated in osteosarcoma. Silencing of USP1 inhibited
cell proliferation and invasion through reducing expression
of some downstream proteins, including Notch signaling
pathway. Previous studies of our team suggested that Notch
signaling pathway played a key role in the development and
progression in osteosarcoma. Moreover Notch pathway could
negatively regulated osteosarcoma stem cell-like properties,
like cell proliferation, apoptosis, chemo-resistance (42,43).
In the present research, we initially used the TargetScan
software to suggest that USP1 was a putative binding site of
miR-192-5p. Subsequently, overexpression of miR-192-5p
restrained wild-type 3'UTR-USPI reporter activity, while not
in mutant 3'UTR-USPI1 reporter activity in U20S and 143B
cells. Overexpression of miR-192-5p significantly repressed
the USP1 expression on mRNA and protein level. Moreover,
we also found that ectopic expression of USP1 promoted cell
proliferation and migration, decreased cell chemo-sensitivity,
which could be partially reversed by overexpression of
miR-192-5p. All above data support that ectopic expression
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of miR-192-5p repressed OS cell proliferation, migration and
invasion and increased the sensitivity of osteosarcoma cells
to cisplatin via targeting USP1. The mechanism of how the
miR-192-5p/USP1 axis regulates the initiation and progres-
sion of osteosarcoma was presented in Fig. 6. Considering that
Notch signal pathway act as important downstream pathway
of USPI, further research should be performed to explore
whether miR-192-5p can suppress osteosarcoma oncogenicity
by targeting USP1 through inactivation of Notch signal
pathway.

However, there are still some limitations in our study.
First of all, our sample size is too small, and we need a larger
sample size experiment to verify the conclusions in our study.
Secondly, transient transfection of miR-192-5p instead of stable
expression is used in our research. Thirdly, in order to make
the composing of figure more concise, we only put the pictures
of 143B cell line instead of two cell lines in figures. Forthly, in
our study, we only explored the expression of USP1 at the level
of mRNA. And we will further investigate its expression at the
level of protein, which will further demonstrate our point of
view. Finally, the downstream signal pathway of USP1 in our
study need to be further illustrated.

In conclusion, in addition to the above limitations, our
study elaborates the relationship between miR-192-5p and
USPI1 in osteosarcoma for the first time. Moreover, we
provide evidence to prove that miR-192-5p inhibited the
progression of osteosarcoma by targeting USP1. Therefore,
miR-192-5p may serve as a valuable biomarker and
miR-192-5p/USP1 axis may function as a novel therapeutic
target for osteosarcoma.
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