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Purpose: Osteosarcoma (OS) is an invasive bone tumor that primarily affects children and
adolescents. MicroRNA-629 (miR-629) acts as an oncogene involved in the development of
various cancers. This study aims to reveal the clinical significance and biological function of
miR-629 in OS.

Patients and Methods: The levels of miR-629 expression in tissues and cells were
detected through quantitative real-time polymerase chain reaction (qQRT-PCR). Chi-square
test was used to evaluate the relationship between miR-621 expression and clinical para-
meters in patients with OS. Survival analysis was performed by the Kaplan—-Meier method.
Cox regression analysis of the effect of miR-629 expression on the prognosis of OS patients.
CCK-8 and Transwell experiments were used to demonstrate the effect of miR-629 on OS
cell function.

Results: Compared with the controls, miR-629 levels were significantly elevated in patients
with OS (P < 0.001), Furthermore, miR-629 upregulation showed significantly associated
with clinical stage (P = 0.011), distant metastasis (P = 0.003) and poor survival (log rank
test, P = 0.013) in OS patients. miR-629 might be a potential prognostic biomarker for OS
(HR =2.890, 95% CI = 1.126-7.416, P = 0.027). Cell function experiments proved that the
high expression of miR-629 promoted cell proliferation, migration, and invasion of OS.
Conclusion: All experimental results demonstrated that miR-629 as an oncogene promotes
the tumor cell growth, migration and invasion of OS, and miR-629 may act as a novel
prognostic biomarker and therapeutic target for patients with this malignant tumor.
Keywords: miR-629, prognosis, progression, osteosarcoma

Introduction

Osteosarcoma (OS) is the most common primary malignant tumor of bone tissue,
occurring mainly in adolescents and young adults.' Due to the characteristics of
early metastasis and poor prognosis of OS, this aggressive malignant tumor has
become a major cause of death-threatening adolescents and young adults. Although
great progress in the diagnosis and treatment of OS in surgery, radiotherapy,
chemotherapy and other aspects, the 5-year overall survival of OS patients has
significantly improved to approximately 60~70%.> However, due to the metastatic
nature of OS, the incidence is growing at a rate of 1.4% per year, and the prognosis
of patients with recurrence and metastasis remains poor. Therefore, it is urgent to
search for new reliable early diagnosis and prognostic markers to improve the
clinical efficacy of OS.?
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MicroRNAs (miRNAs) are non-coding RNA molecules
composed of 22-25 nucleotides. They can regulate gene
expression at the post-transcriptional level by blocking the
translation of mRNAs, changing the translation of mRNA, or
changing the stability of mRNA by binding the 3'-
untranslated region (UTR) of the mRNAs.* Studies have
demonstrated that miRNAs are involved in a variety of
physiological and pathological processes, such as the prolif-
eration and apoptosis of developmental and differentiated
cells.”® In recent years, evidence of miRNA dysregulation
has emerged in malignant tumors (including OS). Such as
miR-21, miR-221, miR-106a has been shown to be deregu-
lated in 0S.”"

miR-629, as one of the numerous miRNAs, is located on
human chromosome 15g23 and is abnormally expressed in

9 and other cancers.

gastric cancer,” esophageal cancer'
Meanwhile, it can be a potential diagnostic and prognostic
biomarker in many cancer. A recent study by Shi et al showed
that miR-629 was significantly up-regulated in pancreatic
cancer, which may be a potential biomarker for diagnosis
and prognosis of pancreatic cancer.'' However, the clinical
and biological role of miR-629 in OS remains unclear.

The purpose of this study was to evaluate miR-629
expression and clinical relevance in OS and study its
regulatory role in tumor cell biological behaviors. Our
data indicated that miR-629 may act not only as a novel
prognostic marker but also as a potential target for mole-
cular therapy of OS patients.

Materials and Methods

Patients and Tissue Specimens
The Ethics Research Committee of The Affiliated Hospital
of Qingdao University of China approved this study. All
patients participating in the study provided written
informed consent. All tissue samples taken from patients
with OS were treated and anonymized according to ethical
and legal standards. This study was carried out in accor-
dance with the principles of the Declaration of Helsinki.
This study collected the tissues of 110 patients diag-
nosed with OS and the corresponding non-cancerous bone
tissues in The Affiliated Hospital of Qingdao University
from May 2009 to August 2013. None of these patients
received blood transfusions, radiotherapy, or chemother-
apy. All tissue samples were reassessed by 2 pathologists
according to WHO classification. During follow-up, over-
all survival was measured from diagnosis to death or at the
end of follow-up. Clinical information and pathological

characteristics of the sample, such as gender, age, tumor
size, tumor site, clinical stage, and distant metastasis were
collected in Table 1.

Cell Lines and Transfection

Human fetal osteoblastic cell line hFOB1.19 and the OS
cell lines MG63, HOS, Sa0S2, and U20S were obtained
from the American Type Culture Collection (ATCC). All
cells were cultured in DMEM (Life Technologies) supple-
mented with 10% fetal bovine serum (FBS) and were kept
at 5% CO, in a humidified incubator at 37°C. Transfection
of miR-629 mimic, mimic negative (NC), miR-629 inhi-
bitor, inhibitor NC (RiboBio) into OS cell lines for in vitro
function study of miR-629. The cell transfection reagent
was Lipofectamine 2000 (Invitrogen), and the culture
medium was changed after 6 h of transfection.

RNA Extraction and qRT-PCR Analysis

Total RNA was extracted from the tissues and cells applying
Trizol reagent (Invitrogen) following the manufacturer’s
instruction. PrimeScript ™ RT Master Mix Kit (Takara)

Table | Correlation Between miR-629 Expression Levels and
Clinical Features in Osteosarcoma Patients

Parameters Cases No. miR-629 P
(n=110) Expression
Low High
(n=45) | (n=65)

Age (years) 0.561
<I9 54 24 30
219 56 21 35

Gender 0.250
Male 56 26 30
Female 54 19 35

Tumor size 0.080
<8 cm 59 29 30
28 cm 51 16 35

Tumor site 0.564
Tibia/femur 53 20 33
Elsewhere 57 25 32

Clinical stage 0.011
1A 45 25 20
11B/11l 65 20 45

Distant

metastasis
Absent 67 35 32 0.003
Present 43 10 33
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was used to reverse transcribe the extracted RNA into cDNA.
gRT-PCR reaction was conducted in the 7300 Real-Time
PCR System (Applied Biosystems) using the SYBR Green
I Master Mix kit (Invitrogen). Primer sequences were pre-
sented as following: miR-629 forward 5-CGTGGGTTT
ACGTTGGG-3' and reverse 5'-CTCGCTTCGGCAGCAC
A-3'; and U6 forward 5'-AACGCTTCACGAATTTGCGT
-3" and reverse 5-CTCGCTTCGGCAGCACA-3'. The rela-
tive expression level of miR-629 was calculated using the
272 method, with the CT values normalized using U6 as
an internal control.

Cell Proliferation Assay

Cell proliferation was detected by CCK-8 assay (Signal way
antibody). OS cell lines were plated into 96-well culture plates
at a density of 5 x 10 cells/well after transfection with miR-
629 mimics or inhibitors. Every 24 h, 10 uL. CCK-8 reagents
were added to each well with future 2-hr incubation at 37°C,
then measured the absorption at 450 nm light (Molecular
Devices).

Cell Migration and Invasion Assay

OS cells were transfected with miR-629 mimics or inhibi-
tors. After 24 h, the transfected cells in serum-free media
were seeded into the upper chambers which were coated
with matrigel (BD Bioscience) for invasion assay, in the
meanwhile, 1x10° cells were placed in the upper chambers
for migration and invasion assay. The lower chamber was
added with 500 pL medium with 10% FBS. After incuba-
tion for 24 h, the matrigel, uninvaded, and unmigrated
cells in the upper chamber were wiped off with a cotton
swab. The cells adhered to the lower membrane were fixed
with methanol for 10 mins, and 0.1% crystal violet stained
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for 15 mins. The number of cells in the field was counted
by randomly taking 5 fields under a microscope.

Statistical Analysis

All statistical analysis in this study was conducted by SPSS
22.0 software and GraphPad Prism 7.0 software. The differ-
ence of miR-629 expression between the OS patients and the
control group was analyzed by Students’ ¢ test. Chi-square
test was used to evaluate the relationship between miR-629
and clinicopathological characteristics. The relationship
between miR-629 and overall survival was estimated by
Kaplan-Meier analysis and Cox regression analysis. Results
with P < 0.05 were considered statistically significant.

Results
Expression of miR-629 in OS Tissues and
Cell Lines

In order to determine the expression of miR-629 in OS, qRT-
PCR was performed in 110 patients. As shown in Figure 1A,
miR-629 expression in OS tissue was higher than that in
healthy tissues (P < 0.001). We then examined the expression
of miR-629 in OS cell lines MG63, HOS, SaOS2, U20S, and
the human fetal osteoblastic cell line hFOB1.19. As shown in
Figure 1B, the expression levels of miR-629 in all four OS cell
lines were higher than that of human osteoblasts (P < 0.001).

miR-629 Was Correlated with
Clinicopathological Characteristics of OS

Patients

In order to explore the relationship between miR-629 and
the clinicopathological characteristics, the OS patients were
divided into patients with high miR-629 expression group
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Figure | The expression of miR-629 in osteosarcoma and normal tissues. (A) miR-629 was significantly upregulated in OS compared to normal tissues (***P < 0.001). (B)
miR-629 expression in different OS cell lines and human fetal osteoblastic cell line, the expression levels of miR-629 were higher in all four OS cell lines (***P < 0.001).
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(n = 65) and low miR-629 expression group (n = 45). The
relationship between miR-629 expression and various clin-
icopathological characteristics in OS was shown in Table 1.
The results of chi-square analysis indicated that miR-629
overexpression was significantly associated with clinical
stage (P = 0.031), and distant metastasis (P = 0.012).
However, miR-629 expression was not correlated with
age, gender, tumor size or tumor site (P > 0.05).

miR-629 Was Correlated with Poor

Prognosis in OS Patients

The Kaplan—-Meier method and Log-rank test were used to
analyze the relationship between miR-629 expression and the
survival time of OS patients, and to explore the prognostic
value of miR-629 in OS. The results demonstrated that the
overall survival time of patients with lower miR-629 expres-
sion was longer than that of patients with higher miR-629
expression levels (log-rank P = 0.013, Figure 2). Moreover,
multivariate Cox regression analysis results indicated miR-
629 can be used as an independent prognostic factor in OS
(HR =2.890, 95% CI = 1.126-7.416, P = 0.027. Table 2).

miR-629 Regulated Cell Proliferation,

Migration, and Invasion in vitro
In addition to studying the clinical significance of miR-629
in OS, we further verified whether miR-629 was involved

1.0 o
Low miR-629 expression n = 45
0.8 o
~
[
4
N 0.6
H
3
« High miR-629 expression n = |65
&)
0.4 o
0.2 -
Log Rank P = 0.013
0.0 T T T T T T
.00 10.00 20.00 30.00 40.00 50.00 60.00

Time (months)

Figure 2 The Kaplan-Meier analysis of miR-629 in OS patients. As shown in the
curve, OS patients with low miR-629 expression had longer survival time than
those with high levels (log-rank P = 0.013).

Table 2 Multivariate Cox Analysis of miR-629 and Clinical
Parameters in Relation to Overall Survival

Characteristics Multivariate Analysis
HR 95% CI P

miR-629 2.890 1.126-7.416 0.027
Age 1.499 0.611-3.681 0.377
Gender 0.470 0.206—-1.073 0.073
Tumor size 0.998 0.285-3.497 0.998
Tumor site 1.864 0.7524.621 0179
Clinical stage 10.719 1.251-91.829 0.030
Distant metastasis 4.082 I.116-14.939 0.034

in tumor progression of OS cells by in vitro functional
detection. MG63 and U20S were transfected with miR-
629 inhibitor, inhibitor NC, miR-629 mimic, mimic NC.
Transfection efficiency was verified by qRT-PCR for miR-
629 expression. Results indicated that miR-629 mimics
successfully up-regulated the expression of miR-629,
while miR-629 inhibitors down-regulated the expression
of miR-629 (P < 0.001, Figure 3A).

The effect of miR-629 on cell proliferation ability was
examined by CCK-8 assay. The results showed that over-
expression of miR-629 promoted cell proliferation, while
decreased miR-629 significantly inhibited cell proliferation
(P < 0.01, Figure 3B). This study also demonstrated by
Transwell assays that overexpression of miR-629 could pro-
mote the migration and invasion ability of OS cells, while the
reduction of miR-629 could inhibit the migration and inva-
sion ability of OS cells, which once again verified the corre-
lation between the high expression of miR-629 in clinical and
distant metastasis (P < 0.001, Figure 3C and D). In conclu-
sion, the overexpression of miR-629 significantly promoted
proliferation, migration, and invasion of OS cells in vitro,
whereas knocking down miR-629 results in opposite results.

Discussion

OS is the most common bone malignancy, accounting for
about 44.60% of bone tumors. Due to its high degree of
malignancy, high rate of metastasis, and high mortality, it
has become a research hotspot and clinical treatment
difficulty.'>™'* In the past few decades, the prognosis of OS
patients has improved significantly with the development of
surgery, radiotherapy, chemotherapy, and neoadjuvant ther-
apy. However, the survival rate of metastatic patients is still
low due to metastasis and recurrence, so there is an urgent
need for a prognostic marker or gene therapy target to predict
or inhibit the proliferation and metastasis of OS."
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Figure 3 Effect of miR-629 on the level of OS cells. (A) The expression of miR-629 in MG63 and U20S cells was detected by qRT-PCR after transfection with miR-629
mimics and inhibitors (**P < 0.01; ***P<0.001). (B) CCK-8 assay detected the change of proliferation ability after transfection of MG63 and U20OS. miR-629 mimic
significantly promoted cell proliferation, while miR-629 inhibitor reduced cell proliferation (**P < 0.01; ***P<0.001). (C) Transwell analysis was used to detect the effect of
miR-629 on the migration of OS cells. miR-629 mimic significantly promoted cell migration, while miR-629 inhibitor significantly inhibited cell migration (***P < 0.001). (D)
Transwell analysis was used to detect the effect of miR-629 on the invasion of OS cells, miR-629 mimic significantly promoted cell invasion, and miR-629 inhibitor significantly
inhibited cell invasion (***P < 0.001).
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Clearly, miRNAs are considered to be oncogenes or
tumor suppressor genes in a variety of cancers and participate
in the regulation of a range of complex cancer-related events,
including cancer occurrence, development, differentiation,
invasion, drug-resistant, and prognosis.”k22 For example,
miR-21 and miR-125b are considered as novel, noninvasive
prognostic markers for breast cancer.” miR-29c exerts
a tumor suppressor by targeting VEGFA, which may be
a promising prognostic biomarker and a potential target for
the treatment of lung adenocarcinoma.>* Increased miR-19a
expression predicted poor prognosis in patients with
osteosarcoma.” The upregulation of miR-221 can predict
clinical outcomes in patients with OS.?

miR-629 has been shown to be abnormally expressed
in a variety of cancers and can be used as a prognostic and
diagnostic marker for tumors. miR-629 can be used as
a molecular marker for the diagnosis and prognosis of
pancreatic cancer.'' miR-629 may be a new biomarker
and potential therapeutic target for lung metastasis of
triple-negative breast cancer.”® By directly targeting low-
density lipoprotein receptor-related protein 6 (LRP6), the
expression of microRNA-629-5p in colorectal cancer was
down-regulated to prevent malignant phenotypes.>’

In the current study, we firstly confirmed that miR-629
was overexpressed in OS and OS cell lines, suggesting that
miR-629 may serve as an oncogene role in OS. In order to
verify our hypothesis, we explored the relationship between
miR-629 and the clinicopathological characteristics of OS
patients, and the results showed that miR-629 was signifi-
cantly correlated with clinical stage and distant metastasis.
Therefore, we believed that miR-629 may be involved in the
development of this malignant tumor as an oncogene in OS.
In addition, Kaplan-Meier survival curve showed that the
overall survival time of patients with lower miR-629
expression was longer than that of patients with higher
miR-629 expression levels, suggesting that the upregulation
of miR-629 was associated with poor overall survival. More
importantly, miR-629 was identified as an independent
prognostic factor for patients with OS by the multivariate
Cox model. To our knowledge, this is the first study to
investigate the expression pattern and clinical significance
of miR-629 in patients with OS and to demonstrate that
miR-629 can be used as a biomarker for prognosis of OS.

Since miR-629 plays an important role in a variety of
tumors, we detected the role of miR-629 at the cellular level.
such as CircSMAD? inhibits the migration, invasion, and
EMT of hepatocellular carcinoma cells by targeting miR-
629.%® miR-629 can promote the proliferation, migration,

and invasion of ovarian cancer by inhibiting the expression
of TSPYLS, and the inhibition of miR-629 can be used as
a therapeutic target for the treatment of ovarian cancer.”’
Inhibition of miR-629 by regulating RUS1 can enhance the
sensitivity of cervical cancer cells to 1'-acetoxavicol
acetate.”® We proved that low expression of miR-629 in OS
cell lines significantly inhibited cell proliferation, migration,
and invasion. The results have the same effect as miR-629 in
other cancer, suggesting that miR-629 is a potential oncogene
miRNA during OS progression. Recently, Zheng et al found
that miR-629 promotes the proliferation, migration, and inva-
sion of nasopharyngeal carcinoma cells by targeting PDCD4
regulation.’' This is consistent with our findings. Sun et al
reported in 2017 that miR-433 regulates apoptosis of OS
cells through targeted regulation of PDCD4.>* Meanwhile,
Yang et al reported in 2017 that NBAT1 affected the growth
and metastasis of OS by regulating the downstream target
genes of miR-21, such as PDCD4 and PTEN.* Therefore,
we speculated that miR-629 may affect the prognosis of OS
and cell biological function by targeting the regulation of
PDCDA4. However, the specific mechanism of miR-629’s role
in OS still needs further study, which is the focus of our next
study.

Conclusion

In summary, through a series of experiments, we proved
that miR-629 is an oncogene, which may promote the
development of OS by promoting the proliferation, migra-
tion, and invasion of OS cells. Meanwhile, miR-629 was
correlated with the prognosis of OS, it provides a new
prognostic biomarker and therapeutic target for OS.
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