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Background: Although miRNA-183-5p plays a critical role in many cancer types, including
gastric cancer, hepatocellular carcinoma, prostate cancer, renal cell cancer and breast cancer,
its role in osteosarcoma remains unclear.

Methods: Expression levels of miR-183-5p were detected in osteosarcoma tissues and cell
lines using qRT-PCR. The effect of miR-183-5p on the survival and recurrence of osteosar-
coma patients was analyzed in a cohort of 80 patients using Kaplan—-Meier curves and Cox
regression analysis. Effects of miR-183-5p on cell proliferation, migration and invasion
abilities were evaluated using CCK-8, crystal violet and transwell assays.

Results: The expression of miR-183-5p was found to be upregulated in human osteosarcoma
tissues and cell lines. Moreover, miR-183-5p expression was observed to be closely asso-
ciated with tumor size, TNM stage and lung metastasis. Notably, high expression of miR-
183-5p was shown to be able to predict unfavorable clinical prognosis in osteosarcoma
patients. Additionally, whilst overexpression of miR-183-5p was observed to significantly
promote the proliferation, migration and invasion of osteosarcoma cells; an inhibitory effect
was observed with knockdown of miR-183-5p.

Conclusion: This study demonstrated that miR-183-5p acts as an oncogene and plays
a critical role in the regulation of osteosarcoma tumor progression, and our results suggest
a novel potential prognostic and therapeutic value of miR-183-5p in osteosarcoma.
Keywords: miR-183-5p, osteosarcoma, progression, prognosis, biomarker

Introduction

Accounting for nearly 60% of malignant bone cancers, osteosarcoma is one of the
most frequently diagnosed malignant bone tumors that primarily affects children
and young adults.'* Approximately 80% of newly diagnosed osteosarcoma patients
are found to have developed metastasis, especially lung metastasis, which is
a challenge in tumor prognosis and treatment.” Although current treatment inter-
vention using surgery with combined chemotherapy and radiotherapy has shown
greater clinical outcome in osteosarcoma patients, long-term prognosis remains
poor with an approximate 5-year overall survival of only 65%.* With an increased
knowledge on osteosarcoma initiation and progression, the underlying molecular
mechanisms, such as oncogene activation and suppressor gene silencing that play
a vital role in osteosarcoma tumor progression, has gained considerable research
attention.” Therefore, it is necessary to explore reliable biological markers for the
diagnosis, treatment and prognosis of osteosarcoma.
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MicroRNAs (miRNAs) are endogenous small non-coding
RNAs with a length of 19 to 25 nucleotides. A number of
recent studies have extensively elucidated the expression of
miRNAs in tumor cells and the roles of miRNAs in tumor
progression, and the results have revealed that abnormal
expression of miRNAs can regulate cell proliferation, differ-
entiation, development and apoptosis in multiple cancers.®™®
Moreover, there has been an increased understanding on the
diagnostic, prognostic, and biological functions of miRNAs in
osteosarcoma patients.”'® As one of the vital members of the
miR-183 family, miR-183-5p located on human chromosome
7 has been widely reported as an oncogene in many cancer
types, such as gastric cancer,'" hepatocellular carcinoma, pros-
tate cancer,'? renal cell cancer'® and breast cancer.* In addi-
tion, miR-183-5p has been proposed to play a tumor
suppressor role in other cancers, including lung cancer,'” cer-
vical cancer,'® endometrial cancer'’ and acute myeloid
leukemia.'® Previously, miR-183 has also been determined in

1922 heverthe-

the initiation and progression of osteosarcoma;
less, the prognostic and biological roles of miR-183-5p in
osteosarcoma remain unclear.

In this study, we explored the prognostic and biological
functions of miR-183-5p in the progression of osteosarcoma.
We revealed that miR-183-5p was upregulated in human pri-
mary osteosarcoma tissues and cell lines, and that high expres-
sion of miR-183-5p was associated with unfavorable prognosis
in osteosarcoma patients. In addition, miR-183-5p was found
to play a role in promoting osteosarcoma cell proliferation,
migration and invasion in vitro.

Materials and Methods

Clinical Samples

A total of 80 osteosarcoma patients from the Renmin Hospital
of Wuhan University (Hubei, China) between January 2012
and December 2015 were enrolled in this study. All patients
were pathologically confirmed and underwent routine surgery
without receiving pre-surgery anticancer treatments, like che-
motherapy or radiotherapy. Osteosarcoma tissues and their
adjacent normal muscle tissues collected from patients were
immediately frozen in liquid nitrogen before further analyses.
Clinicopathological information and survival information
were recorded during follow-ups. Patients were staged accord-
ing to tumor-node-metastasis (TNM) classification. Regular
physical examinations were conducted for all patients to deter-
mine tumor recurrence. This study was censored in
December 2019. All included patients have sighed their

informed consents. This study was approved by the ethics
committee of the Renmin Hospital of Wuhan University and
complied with the Declaration of Helsinki.

Cell Culture

Human osteosarcoma cell lines HOS, MG-63, U20S and
one osteoblastic cell line (hFOB1.19) were obtained from
the Cell Bank of Type Culture Collection of Chinese
Academy of Sciences (Shanghai, China). Osteosarcoma
cells were cultured at 37 °C in 5% CO, in DMEM medium
(Gibco, Carlsbad, CA) supplemented with 10% fetal
bovine serum (FBS; Gibco, Carlsbad, CA), 100 U/mL
penicillin and 100 g/mL streptomycin (Sangong Biotech).

RNA Extraction and Reverse

Transcription-Quantitative Polymerase
Chain Reaction (RT-qPCR)

Total RNA from clinical tissue and cell line samples was
conducted using RNeasy Maxi Kit (Qiagen GmbH, Inc.).
Then, the RNA concentration was detected under BioDrop
(BioDrop). Reverse transcription was carried out using
miScript I RT Kit (Qiagen GmbH). MiR-183-5p expres-
sion level was detected using RT-qPCR on the ABI
PRISM 7500 Sequence Detection System (Applied
Biosystems) with the following thermal cycling condi-
tions: 95°C for 2 min, followed by 40 cycles of 95°C for
15 sec, 60°C for 30 sec, and 72°C for 30 sec. During this
assay, miScript SYBR-Green PCR Kit from Qiagen GmbH
was used. The relative expression of miR-183-5p level
was calculated using the 22" method normalized to
U6. The (RiboBio,
Guangzhou, China) used in this study are as follows: 5'-
ACACTCCAGCTGGGTATGGCACTGGTAGAATT-3’
(miR-183-5p forward), 5- CTCAACTGGTGTCGTG
GAGTCGGCAATTCAGTTGAGAGTGAATT-3' (miR-
183-5p reverse), 5'-CTCGCTTCGGCAGCACATATACT
-3’ (U6 forward) and 5- ACGCTTCACGAATTTGCGT
GTC-3' (U6 reverse).

sequences of oligonucleotides

Cell Transfection

MiR-183-5p mimics, miR-183-5p inhibitor and their corre-
sponding negative controls (miR-NCs) were obtained from
GenePharma (Shanghai, China). Osteosarcoma cells were
seeded in a 6-well plate (3x10° per well) and cultured to
70-80% density. Next, the cell transfection process was
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performed using Lipofectamine 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.). Lipofectamine 2000 (Thermo Fisher
Scientific, Inc.) was prepared in a sterile Eppendorf tube, and 5
uL of Lipofectamine 2000 and 100 pL of serum-free medium
were incubated at room temperature for 5 min. siRNA (50
nmol) and 100 pL of serum-free medium were incubated at
room temperature for 20 min. The cells in the culture flask
were washed. Serum-free medium (without antibiotics) was
added to the complex, which was then mixed, and the mixture
was added into the 50 mL culture flask for transfection. The
flask was placed in an incubator containing 5% CO, at 37°C
for 6-8 h, and the reagent was then replaced with complete
culture medium. Further experiments were conducted follow-
ing 48 h after transfection.

Cell Counting Kit-8 (CCK-8) Assays
CCK-8 assays were conducted to measure cell viability of
experimental cells. Three replicates of transfected osteosar-
coma cells (5x10° cells in 100 pL culture medium per well)
were seeded in 96-well plates. Then, 10 uL. of CCK-8 solution
(Dojindo, Japan) was added in each well at 24, 48, 72, and 96 h,
and incubated for 2 h at 37 °C. Subsequently, the optical
density (OD) values were measured at 450 nm using
a microplate reader (ELx800, Bio-Tek, USA, USA).

Crystal Violet Assays

Transfected osteosarcoma cells were seeded in 6-well
plates (1000 cells per well) with medium containing
10% FBS. The culture medium was changed every 3
days for 2 weeks, and then the culture medium was
removed and cells were stained with 0.1% crystal violet
at room temperature for 10 min. Fixed cells were then
saline (PBS) and
photographed. Optical density (OD) values were mea-

washed with phosphate-buffered

sured at 570 nm using a microplate reader (ELx800,
Bio-Tek, USA, USA).

Transwell Assays

The polyethylene membranes (24-well inserts; 8.0 um;
Corning, Inc.) were utilized to detect the migration and
invasion abilities of osteosarcoma cells. For cell inva-
sion assay, the upper surface of the membrane was
coated with 50 pL Matrigel, incubated at 37°C for 5
h, while the membrane was uncoated during cell
migration assay. The mixed cell suspension solution
(1 x 10° cells in a volume of 150 pL serum-free

medium) was added to the upper chamber, and then
a total of 500 pL culture medium containing 10% FBS
was added to the lower chamber. Cells were cultured at
5% CO, and 37°C for 48 hours. The cells on the upper
layer were wiped off with a cotton swab. Next, the
chamber was fixed with methanol at room temperature
for 10 min, stained with 0.1% crystal violet solution
for 10 min. Five visual fields were randomly selected
for image capture, and the cells were counted under
a light microscope (Olympus Corporation) at X400
magnification.

Statistical Analyses

All measurement data were expressed as mean =+ stan-
dard deviation. Statistical analysis was performed with
SPSS 20.0 (IBM SPSS Inc., Chicago, IL, USA). An
unpaired Student’s #-test was used to analyze differ-
ences between the two groups. The chi-square test
was adopted to investigate the association between
the miR-183-5p expression and the clinicopathological
features of osteosarcoma patients. The overall survival
(OS) and recurrence-free survival (RFS) of patients
with osteosarcoma were evaluated by Kaplan-Meier
curves and were compared by the Log Rank test.
Univariate analysis and multivariate Cox regression
analysis with stepwise selection was performed to
detect independent predictors of OS and DFS. The
significant prognostic factors on univariate analysis
(P< 0.05) were subjected to multivariate analysis
using the Cox proportional hazards regression model.
A statistically significant difference was considered
when P< 0.05.

Results

MiR-183-5p Was Upregulated in
Osteosarcoma Tissues and Cell Lines
First, the expression of miR-183-5p in 80 pairs of
osteosarcoma tissues and paired adjacent normal tis-
sues was determined using qRT-PCR. As shown in
Figure 1A, the expression of miR-183-5p was signifi-
cantly increased in tumor tissues compared to that in
matched normal tissues (P< 0.001). Moreover, the
expression of miR-183-5p was observed to be signifi-
cantly higher in the tumor tissues of patients with lung
metastasis than those without lung metastasis (P<
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Figure | Upregulation of miR-183-5p expression in osteosarcoma tissues and cell lines. (A) Relative expression of miR-183-5p in 80 pairs of tumor tissues and adjacent
normal tissues determined by qRT-PCR. (B) Relative expression of miR-183-5p in tumor tissues with or without lung metastasis determined by qRT-PCR. (C) Relative
expression of miR-183-5p in osteosarcoma cells determined by qRT-PCR. ***P< 0.001; qRT-PCR, reverse transcription-quantitative polymerase chain reaction. Data are

presented as mean  SD of three independent experiments.

0.001, Figure 1B). In addition, the miR-183-5p was
also found to be expressed in several osteosarcoma
cell lines (HOS, MG-63, U20S) and one osteoblastic
cell line (hFOBI1.19). As shown in Figure 1C, the
expression of miR-183-5p was significantly higher in
osteosarcoma cell lines than that in hFOB1.19 (all P<
0.001).

The association between miR-183-5p expression and clin-

icopathologic features in patients with osteosarcoma was

analyzed. Using the median value of miR-183-5p expres-
sion as the cut-off value, osteosarcoma patients were
divided into two groups: miR-183-5p low (below the
median, 40 patients) and miR-183-5p high (above the
median, 40 patients). As shown in Table 1, the number
of patients with a tumor size of >5 cm was higher in
patients with high miR-183-5p expression compared to
that in patients with low miR-183-5p expression (P=
0.012). The number of patients in TNM stage III-IV was

Table | The Relationship Between miR-183-5p Expression and Clinical Features in Patients with Osteosarcoma

Variables Cases (n=80) miR-183-5p, n (%) P-value
Low Expression (n=40) High Expression (n=40)

Age, years 0.651
<18 46 (57.5) 24 (60.0) 22 (55.0)
=18 34 (42.5) 16 (40.0) 18 (45.0)

Gender 0.822
Male 45 (56.3) 22 (55.0) 23 (57.5)
Female 35 (43.8) 18 (45.0) 17 (42.5)

Location 0.606
Femur/Tibia 60 (75.0) 29 (72.5) 31 (77.5)
Others 20 (25.0) Il (27.5) 9 (22.5)

Tumor size, cm 0.012
<5 33 (41.3) 22 (55.0) Il (27.5)
=5 47 (58.8) 18 (45.0) 29 (72.5)

TNM stage 0.003
-l 33 (41.3) 23 (57.5) 10 (25.0)
-1v 47 (58.8) 17 (42.5) 30 (75.0)

Lung metastasis 0.003
Yes 31 (38.8) 9 (22.5) 22 (55.0)
No 49 (61.3) 31 (77.5) 18 (45.0)

Note: The bold values denote P-value less than 0.05 with statistical significance.
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Figure 2 Osteosarcoma patients with high miR-183-5p expression (miR-183-5p high, n= 40) had worse overall survival (A) and recurrence-free survival (B) than those with

low miR-183-5p expression (miR-183-5p low, n= 40).

higher in patients with high miR-183-5p expression (P=
0.003). In addition, patients with lung metastasis were
more commonly found in the high miR-183-5p expression
group than those in the low miR-183-5p expression group
(P= 0.003). However, there was no significant difference
on age, gender and tumor location between the two
groups.

Next, the prognostic value of miR-183-5p in osteo-
sarcoma patients was investigated. Kaplan-Meier curves
indicated that osteosarcoma patients with high miR-183-
5p expression were associated with poor OS (Figure 2A;
P=0.003) and RFS (Figure 2B; P= 0.007) compared to
those with low miR-183-5p expression. The prognostic
factors for OS and RFS were subsequently analyzed
using multivariate Cox regression analysis. The results
obtained for OS (Table 2) were as follows: TNM stage
(hazard ratio (HR): 2.21, 95% confidence interval (CI):

1.23-3.94, P= 0.001); lung metastasis (HR: 1.61, 95%
CI: 1.06-2.34, P= 0.004); miR-183-5p expression (HR:
1.72, 95% CI: 1.16-2.69, P= 0.007). For RFS (Table 3),
the following results were obtained: TNM stage (HR:
2.01, 95% CI. 1.54-2.63, P< 0.001); lung metastasis
(HR: 1.28, 95% CI: 1.04-1.65, P= 0.037); miR-183-5p
expression (HR: 1.65, 95% CI: 1.17-2.15, P = 0.012).
Taken together, the above findings showed that high
expression of miR-183-5p was associated with unfavor-
able prognosis in osteosarcoma patients.

Based on the clinical findings, further experiments were
conducted to explore the biological functions of miR-
183-5p in the tumor progression of osteosarcoma.
Firstly, miR-183-5p was overexpressed in HOS and
U20S cell lines using miR-183-5p mimics. As shown
in Figure 3A, as indicated by RT-qPCR, the expression
of miR-183-5p was significantly increased in HOS and

Table 2 Univariate and Multivariate Analyses of Prognostic Factors Associated with Overall Survival

Variables Univariate Multivariate
HR (95% CI) P-value HR (95% CI) P-value
Age (<18 vs 218 years) 1.01 (0.73-1.65) 0.621
Gender (male vs female) 0.97 (0.42-1.79) 0.678
Location (femur/tibia vs others) 1.06 (0.55-2.04) 0.763
Tumor size (25 vs <5 cm) 1.34 (0.86-2.05) 0.065
TNM stage (IlII-1V vs I-l) 2.67 (1.644.34) <0.001 2.21 (1.23-3.94) 0.001
Lung metastasis (yes vs no) 1.65 (1.10-2.47) 0.001 1.61 (1.06-2.34) 0.004
miR-183-5p expression (high vs low) 1.82 (1.21-2.73) 0.003 1.72 (1.16-2.69) 0.007
Note: The bold values denote P-value less than 0.05 with statistical significance.
Abbreviations: HR, hazard ratio; Cl, confidence interval.
Cancer Management and Research 2021:13 submit your manuscript 809
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Table 3 Univariate and Multivariate Analyses of Prognostic Factors Associated with Recurrence-Free Survival

Variables Univariate Multivariate
HR (95% CI) P-value HR (95% CI) P-value
Age (<18 vs 218 years) 1.23 (0.97-1.57) 0.098
Gender (male vs female) 1.12 (0.83—-1.51) 0.444
Location (femur/tibia vs others) 1.21 (0.92-1.60) 0.168
Tumor size (25 vs <5 cm) 1.21 (0.76-2.15) 0.135
TNM stage (IlI-IV vs I-1) 1.97 (1.53-2.54) <0.001 2.01 (1.54, 2.63) <0.001
Lung metastasis (yes vs no) 1.35 (1.12-1.69) 0.010 1.28 (1.04-1.65) 0.037
miR-183-5p expression (high vs low) 1.71 (1.25-2.32) 0.001 1.65 (1.17-2.15) 0.012
Note: The bold values denote P-value less than 0.05 with statistical significance.
Abbreviations: HR, hazard ratio; Cl, confidence interval.
U20S cells with miR-183-5p mimics (P< 0.001). CCK- differentially expressed miRNAs in osteosarcoma

8 assays showed that the absorbance values of HOS and
U20S cells at 2, 3 and 4 days in the miR-183-5p
mimics group were significantly higher than the nega-
tive control group (all P< 0.01, Figure 3B). Moreover,
crystal violet assays demonstrated that miR-183-5p
overexpression significantly promoted the proliferation
ability of HOS and U20S cells (P < 0.001, Figure 3C).
Next, the migratory and invasive capacity of HOS cells
were evaluated using transwell assays. As shown in
Figure 3D and E, miR-183-5p overexpression notably
promoted the migration and invasion of HOS and U20S
cells (all P< 0.001).

In order to downregulate the expression of miR-183-5p
in HOS and U20S cell lines, miR-183-5p inhibitor was
used. The efficiency of miR-183-5p downregulation was
confirmed by qRT-PCR (P < 0.001, Figure 4A). As
shown in Figure 4B and C, CCK-8 assays and crystal
violet assays demonstrated that downregulation of miR-
183-5p significantly inhibited the proliferation ability of
HOS and U20S cells (all P< 0.05). In addition, trans-
well assays indicated that the cell migratory and inva-
sive capacity of HOS and U20S cells transfected with
miR-183-5p inhibitor were significantly decreased com-
pared with those transfected with negative control (all
P<0.001, Figure 4D and E).

Discussion

A variety of miRNAs that exert fundamental roles in the
progression of osteosarcoma have recently been identi-
fied to be diagnostic or prognostic biomarkers.”® For
instance, a recent study has shown that there are 15

patients compared with those in healthy controls, and
that miR-215-5p and miR-642a-5p, both overexpressed
in the serum of osteosarcoma patients, can be used as
biomarkers  for  the

potential diagnosis  of

osteosarcoma.”* Yang and colleagues have reported
that miR-328-3p overexpression can enhance the radio-
sensitivity of osteosarcoma cells via direct targeting of
H2AX.>

In this study, we documented that miR-183-5p was
upregulated in human osteosarcoma tissues and cell
lines compared with that in adjacent normal tissues
and osteoblastic cell line, respectively. Moreover, we
demonstrated that miR-183-5p expression was closely
associated with tumor size, TNM stage and lung metas-
tasis. Notably, high miR-183-5p expression was found
to be capable of predicting unfavorable clinical prog-
nosis in patients with osteosarcoma. These findings
demonstrate the prognostic value and oncogenic role of
miR-183-5p in osteosarcoma patients. Subsequently, we
overexpressed/knocked-down the expression of miR-
183-5p in two osteosarcoma cell lines using miR-183-
5p mimics/inhibitors, respectively, and analyzed the
effects of miR-183-5p on cell proliferation, migration
and invasion. We observed that whilst miR-183-5p over-
expression promoted the proliferation, migration and
invasion of osteosarcoma cells, miR-183-5p downregu-
lation exerted an opposite inhibitory effect.

The oncogenic role of miR-183-5p in some other cancers
has been confirmed previously. For example, miR-183-5p
has been identified as a potential prognostic biomarker that
is capable of predicting worse survival in patients with
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Figure 3 MiR-183-5p overexpression promotes the proliferation, migration, and invasion capacity of osteosarcoma cells. (A) Expression of miR-183-5p detected in HOS
and U20S cells after transfection with miR-183-5p mimics and negative controls. (B) Effect of miR-183-5p overexpression on the proliferation of HOS and U20S cells
assessed by CCK-8 assays. (C) Effect of miR-183-5p overexpression on the proliferation of HOS and U20OS cells assessed by crystal violet assays; the OD values of crystal
violet assays was shown in right panel. (D) Effects of miR-183-5p overexpression on the migration of HOS and U20S cells assessed by transwell assays (magnification: 400%);
the calculation of cells that migrated through the filter was shown in right panel. (E) Effects of miR-183-5p overexpression on the invasion of HOS and U20S cells assessed
by transwell assays (magnification: 400x); the calculation of cells that invaded through the filter was shown in right panel. **P< 0.01; ***P< 0.001. Data are presented as mean
+ SD of three independent experiments.
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three independent experiments.
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gastric cancer'' and renal cell cancer.'* Miao and colleagues
have reported that miR-183-5p overexpression can promote
the proliferation, invasion and metastasis of pancreatic ade-
nocarcinoma cells.?® Meanwhile, Li and colleagues have
demonstrated that miR-183-5p upregulation inhibits cell
apoptosis in human hepatocellular carcinoma by repressing
the expression of programmed cell death 4 (PDCD4).*’
Moreover, miR-183-5p has been reported to promote the
growth of non-small cell lung cancer cells through the
inhibition of FoxO1 expression.”® However, one previous
study has demonstrated that miR-183-5p was downregulated
in osteosarcoma and acts as a tumor suppressor,”> which is
opposite to our findings. In this study, for the first time, we
report the prognostic and oncogenic role of miR-183-5p in
the progression of osteosarcoma.

In conclusion, this study demonstrates miR-183-5p as
an oncogene that plays a critical role in regulating the
progression of osteosarcoma cells. Thus, our results sug-
gest a novel potential prognostic and therapeutic value of
miR-183-5p in osteosarcoma.
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included in this published article.
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