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Abstract. — OBJECTIVE: MicroRNAs (miR-
NAs) are endogenous, non-coding small RNAs
involving in pathological regulation. Previous
studies have shown that microRNA-29c-3p is
a tumor-suppressor gene. However, the role of
microRNA-29c-3p in osteosarcoma (OS) has not
been reported. This study aims to investigate
the potential influence of microRNA-29¢c-3p on
the progression of OS.

PATIENTS AND METHODS: Quantitative Re-
al-Time Polymerase Chain Reaction (qRT-PCR)
was applied to examine microRNA-29¢c-3p lev-
els in 40 matched pairs of OS tumor tissues and
adjacent ones. The correlation between microR-
NA-29c-3p expression and clinical indicators in
OS patient was analyzed. At the same time, qRT-
PCR was used to detect microRNA-29¢-3p lev-
el in OS cell lines. In addition, microRNA-29c-3p
knockdown and the overexpression models
were constructed in OS cell lines. The effects
of microRNA-29¢-3p on the biological functions
of OS cells were analyzed via cell counting kit-
8 (CCK-8) and transwell assays. Finally, the po-
tential mechanism underlying microRNA-29c-3p
in OS was explored by Western Blot and cell re-
covery experiment.

RESULTS: QRT-PCR results revealed that mi-
croRNA-29¢c-3p level in OS tumor tissues was
conspicuously lower than that in adjacent tis-
sues. Compared with OS patients with the high
expression of microRNA-29c-3p, those with low
expression of microRNA-29¢-3p had a higher in-
cidence of distant metastasis and worse over-
all survival. Cell proliferative capacity and in-
vasiveness in OS were enhanced after knock-
down of microRNA-29c-3p; while the opposite
results were observed after the overexpres-
sion of microRNA-29c-3p. QRT-PCR results re-
vealed that microRNA-29c-3p negatively regu-
lated PIK3R3 expression in OS cells. Moreover,
microRNA-29c-3p and PIK3R3 levels were con-
firmed to be negatively correlated in OS tissues.
In addition, cell reverse experiment demonstrat-
ed that PIK3R3 was responsible for the malig-
nant progression of OS regulated by microR-
NA-29c¢-3p.

CONCLUSIONS: MicroRNA-29c-3p expres-
sion was reduced in OS, and conspicuously as-

sociated with distant metastasis and poor prog-
nosis. MicroRNA-29c-3p might inhibit the malig-
nant progression of OS by modulating PIK3R3
expression.
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Introduction

Osteosarcoma (OS) is a highly malignant tu-
mor that mainly affects children and adolescents.
It occurs in the mesenchymal tissues, and osteo-
genesis is its main characteristic'®. Due to the
strong metastasis in the early stage, OS develops
rapidly and thus leads to an extremely poor prog-
nosis. Most OS patients experience lung metasta-
sis in the early phase, and the 5-year survival rate
is lower than 20%. Amputation used to be the
main procedure for OS treatment. Later, with the
gradual development of chemotherapy drugs, sur-
gical adjuvant chemotherapy has emerged. The
S-year survival rate of OS patients can be as high
as 70%, but the 5-year survival rate of patients
with metastasis has not improved*®. OS is a dif-
ferentiation defect, which is mainly caused by the
genomic changes in the osteogenic differentiation
pathway. The inactivation of tumor-suppressor
genes, abnormal expressions of oncogenes, chro-
mosomal abnormalities, or signal transduction
pathway abnormalities are potential risk factors
for OS’®. However, so far, we have not fully clar-
ified the molecular mechanism of the occurrence
and metastasis of OS, and there are still many
aspects requiring further studies®'’.

MicroRNA (miRNA) is a kind of endogenous,
multifunctional, small molecular RNA discov-
ered in recent years. MiRNAs have numerous
functions in affecting growth, metabolism, en-
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docrine system, hormone secretion, and embry-
onic stem cells, so as to regulate environmental
adaption'"*. Though it cannot encode proteins,
miRNA can degrade the mRNA or direct block
protein translation by base-pairing with the 3’-un-
translated region of the downstream target. MiR-
NAs are found in almost all eukaryotes, which
are conserved, time-specific, and tissue-specif-
ic"*16, It is believed that miRNAs may play an
important role in the occurrence, growth, and
metastasis of tumors. It is likely to be involved
in tumor cell proliferation, differentiation, and
apoptosis process'’"’.

MicroRNA-29¢c-3p is one of the newest mem-
bers of the miRNA family, which is generally be-
lieved to be closely related to the occurrence and
development of many kinds of tumors*-*'. Howev-
er, the regulatory effect of microRNA-29¢-3p on
OS still remains elusive. In this study, we mainly
explored the influence of microRNA-29¢-3p on
the proliferative ability and invasiveness of OS
cells. Our findings hope to provide a new mo-
lecular biological target for the diagnosis and
treatment of OS.

Patients and Methods

Patients and OS Samples

A total of 40 matched pairs of OS tissues and
paracancerous ones were surgically resected and
confirmed by pathology. The samples were reg-
istered, immediately placed in liquid nitrogen,
and preserved at -80°C. The specimens were ob-
tained with informed consent from patients and
their families. The Hospital Ethics Committee
approved this research.

Cell Lines and Reagents

OS cell lines, including HOS, U20S,
SOSP-9607, MG63, 143B, and SaOS-2 and hu-
man osteoblasts hFOB cell line, were purchased
from American Type Culture Collection (ATCC;
Manassas, VA, USA). The cells were cultured
in Roswell Park Memorial Institute-1640 (RP-
MI-1640) medium (HyClone, South Logan, UT,
USA) containing 10% fetal bovine serum (FBS;
HyClone, South Logan, UT, USA) at 37°C, with
5% CO,,.

Transfection

OS cells were inoculated into 6-well plates
with about 50% to 70% confluence. Subsequently,
miRNA-NC, miRNA-mimics, or miRNA-inhibi-
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tor were respectively transfected into OS cells.
After cell culture for 48 hours, the transfected
cells were collected for quantitative Real-Time
Polymerase Chain Reaction (QRT-PCR) analysis
and cell function experiments.

Cell Counting Kit-8 (CCK-8) Assay

After transfection for 48 h, the cells were
collected and inoculated into 96-well plates with
2000 cells per well. The cells were cultured for
6 h, 24 h, 48 h, and 72 h respectively, and then
CCK-8 (Dojindo Laboratories, Kumamoto, Ja-
pan) reagent was applied. After incubation for 2
hours, the optical density (OD) value of each well
was measured in the microplate reader at 490 nm
absorption wavelength.

Transwell Assay

After transfection for 48 hours, the cells were
digested, centrifuged, and resuspended in FBS-
free medium at the density of 5 x 10° cells/
mL. 200 pL of cell suspension (1 x 10° cells)
was added to the upper chamber, and 700 pL of
medium containing 20% FBS was added to the
bottom chamber. After 48 hours incubation, the
transwell chamber was washed 3 times with 1
x phosphate-buffered saline (PBS), and fixed in
methanol for 15 min. The chamber was stained
in 0.2% crystal violet for 20 min, and the cells on
the upper surface of the chamber were carefully
wiped off with a cotton swab. Penetrating cells
in 10 randomly selected fields per well were ob-
served under a microscope.

ORT-PCR

The total RNA was extracted from OS cell
lines and tissues using TRIzol reagent (Invitro-
gen, Carlsbad, CA, USA), and RNA was reverse-
ly transcribed into complementary deoxyribose
nucleic acid (¢cDNA) using Primescript RT Re-
agent (TaKaRa, Otsu, Shiga, Japan). QRT-PCR
reactions were performed using SYBR® Premix
Ex Taq™ (TaKaRa, Otsu, Shiga, Japan), and Ste-
pOne Plus Real-time PCR System (Applied Bio-
systems, Foster City, CA, USA). The data analy-
sis was performed using ABI Step One software.
The relative expression levels of mRNAs were
calculated using the 244" method. The primer
sequences used in this study were as follows:
PIK3R3, F: 5-CGAGGGAACAACACCTGTAC-
GTC-3’, R: 5-CGTACGGCGATGTCGGCAAC-
GGCA-3’; microRNA-29¢-3p, F: 5’-GCTGTCAA-
CACACTCCTCGACTCG-3’, R: 5-ACTCTC-
GCCGTTGCGAGTCCG-3’; U6: F: 5-GCTTC-
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GGCAGCACATATACTAAAAT-3’, R:
5’-CGCTTCAGAATTTGCGTGTCAT-3’; GAP-
DH: F: 5-CGCTCTCTGCTCCTCCTGTTC-3’,
R: 5’-ATCCGTTGACTCCGACCTTCAC-3.

Western Blot Assay

The transfected cells were lysed using cell
lysis buffer, shaken on ice for 30 minutes, and
centrifuged at 4°C, 14,000 x g for 15 minutes.
The total protein concentration was calculated
by bicinchoninic acid (BCA) Protein Assay Kit
(Pierce, Rockford, IL, USA). The extracted pro-
teins were separated using a 10% sodium do-
decyl sulphate-polyacrylamide gel electrophore-
sis (SDS-PAGE) and subsequently transferred to
a polyvinylidene difluoride (PVDF) membrane
(Millipore, Billerica, MA, USA). Western blot
analysis was performed according to standard
procedures. The primary antibodies were an-
ti-PIK3R3, and glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH), and the secondary anti-
bodies were anti-mouse and anti-rabbit ones (Cell
Signaling Technology, Danvers, MA, USA).

Statistical Analysis

Statistical analysis was performed using
GraphPad Prism 6 V6.01 software (La Jolla,
CA, USA). The t-test was used for analyzing
measurement data. The differences between the
two groups were analyzed using the Student’s
t-test. The comparison between multiple groups
was done using one-way ANOVA test followed
by post-hoc test (Least Significant Difference).
Independent experiments were repeated at least
three times. The data were expressed as mean
+ standard deviation. p<0.05 was considered
statistically significant (*p<0.05, **p<0.01 and
**%p<0.001).

Results

MicroRNA-29c-3p Was Lowly Expressed
in OS Tissues and Cell Lines

The expression of microRNA-29¢-3p in 40
matched OS tissues and paracancerous tissues
was detected by qRT-PCR. The results revealed
that microRNA-29¢c-3p was downregulated in OS
tumor tissues compared with adjacent tissues
(Figure 1A). Likewise, microRNA-29¢c-3p was
lowly expressed in OS cell lines compared to the
human normal osteoblasts (hFOB) (Figure 1B).
It is suggested that microRNA-29¢-3p may be
involved in the progression of OS.

MicroRNA-29c-3p Expression Was
Correlated with Distant Metastasis and
Overall Survival in OS Patients

According to the average level of microR-
NA-29¢-3p, 40 OS patients were divided into
high expression group and low expression group.
The Chi-square test was conducted to analyze the
relationship between microRNA-29¢-3p expres-
sion and age, sex, Enneking stage, and distant
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Figure 1. MiR-29¢c-3p was lowly expressed in osteosarcoma
tissues and cell lines. A, qRT-PCR was used to detect the
differential expression of miR-29¢-3p in osteosarcoma tumor
tissues and adjacent tissues. B, qRT-PCR was used to detect
the expression level of miR-29¢-3p in osteosarcoma cell
lines. C, The Kaplan Meier survival curves of osteosarcoma
patients based on miR-29¢-3p expression. Data are expressed
as mean * SD, *p<0.05, *¥p<0.01, ***p<0.001.
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metastasis in OS patients. As shown in Table I,
high expression of microRNA-29c-3p was pos-
itively correlated with distant metastasis, rather
than the others. In addition, the Kaplan-Meier
survival curves revealed that the low expression
of microRNA-29¢-3p was associated with poor
prognosis of OS (p<0.05; Figure 1C). These re-
sults showed that microRNA-29c-3p expression
was correlated with distant metastasis and overall
survival in OS patients.

Knockdown/Over-expression of
MicroRNA-29c-3p Promoted/Inhibited
Cell Proliferation, Migration and Inva-
sion

To explore the effect of microRNA-29¢c-3p on
OS cell proliferation and metastasis, we first suc-
cessfully constructed the microRNA-29¢-3p over-
expression and knockdown models (Figure 2A).
CCK-8 assay showed that the proliferation rate in
OS cells overexpressing microRNA-29¢-3p mark-
edly decreased, while it increased after transfec-
tion of microRNA-29c-3p inhibitor (Figure 2B).
The transwell assay results showed that after the
overexpression of microRNA-29¢-3p in SaOS-2
cells, the number of transmembrane OS cells
in the transwell chamber was conspicuously re-
duced, suggesting that migration and invasion
were weakened. However, after the knockdown
of microRNA-29¢-3p in U20S cells, the num-
ber of transmembrane OS cells in the transwell
chamber increased (Figure 2C). These results
demonstrated that microRNA-29¢c-3p could reg-
ulate cell proliferation, migration, and invasion
in OS.

MicroRNA-29c-3p Targeted PIK3R3 in
Human OS Cells

To further explore the mechanism underlying
microRNA-29¢-3p in alleviating the malignant
progression of OS, we predicted the correlation
between microRNA-29¢-3p and three potential
targets through bioinformatics software (Figure
3A). Among the three targets, PIK3R3 was the
most differentially expressed after overexpres-
sion of microRNA-29¢-3p in OS cells (Figure
3B). Subsequently, we constructed PIK3R3 over-
expression/knockdown vectors. QRT-PCR re-
sults revealed that the overexpression of PIK3R3
down-regulated microRNA-29¢-3p expression,
while the knockdown of PIK3R3 up-regulat-
ed microRNA-29¢-3p expression (Figure 3C). In
addition, qRT-PCR experiments confirmed that
PIK3R3 was highly expressed in OS tissues
compared to that of paracancerous tissues, and
the difference was statistically significant (Figure
3D). Also, as shown in Figure 3E, PIK3R3 was
highly expressed in OS cells compared to that
of hFOB. In addition, a negative correlation be-
tween microRNA-29¢-3p and PIK3R3 expression
levels was identified in OS tissues (Figure 3F).
These results indicated that PIK3R3 might be
the downstream target of microRNA-29¢-3p in
human OS cells.

Overexpression/Knockdown of PIK3R3
Promoted/Inhibited Cell Proliferation,
Migration and Invasion

To further explore the effect of PIK3R3 on OS
cell proliferation and metastasis, we constructed
PIK3R3 overexpression/knockdown models in

Table I. Association of miR-29¢-3p expression with clinicopathologic characteristics of osteosarcoma.

miR-29c-3p expression
Parameters Number of cases High (%) Low (%) p-value
Age (years) 0.197
<21 16 6 10
>21 24 14 10
Gender 0.648
Male 28 13 15
Female 11 6 5
Enneking stage 0.730
TIA 4 1
1A 11 6
1B 2 13 11
I 6 3 3
Distance metastasis 0.010
No 24 16 8
Yes 16 4 12
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Figure 2. Overexpression/knockdown of miR-29¢-3p inhibited/promoted osteosarcoma cell proliferation and metastasis.
A, qRT-PCR verified the transfection efficiency after the overexpression/knockdown of miR-29¢-3p in SaOS-2 and U20S
cell lines. B, CCK-8 assay detected the proliferation in SaOS-2 and U20S cells after transfection of miR-29¢-3p mimics or
inhibitor. C, The transwell assay detected the invasion and migration in SaOS-2 and U20S cells after transfection of miR-29¢-
3p mimics or inhibitor (magnification: 40x). Data are expressed as mean £ SD, *p<0.05.

Sa0S-2 and U20S cells, respectively (Figure
4A). Subsequently, CCK-8 was used to detect
cell proliferation. As shown in Figure 4B, the
proliferation rate markedly increased after the
overexpression of PIK3R3, while the knockdown
of PIK3R3 achieved the opposite result. In addi-
tion, the transwell assay showed that the overex-
pression of PIK3R3 accelerated the migration and
invasion capacities in OS (Figure 4C).

PIK3R3 Was Responsible for
OS Progression Regulated by
MicroRNA-29c-3p

To explore the interaction between microR-
NA-29¢-3p and PIK3R3 in OS cells, rescue ex-

periments were conducted. PIK3R3 levels in the
co-transfected OS cells were examined by qRT-
PCR and Western Blot (Figures 5A, 5B). In ad-
dition, the transwell assay results detected that
PIK3R3 reversed the effect of microRNA-29¢-3p
on invasion and migration in OS cells (Figure
5C), confirming that microRNA-29¢-3p regulated
OS progression by interacting with PIK3R3.

Discussion
During the pathological progression of OS, a

large number of tumor-related genes are abnor-
mally expressed, which could, in turn, influence
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Figure 3. MiR-29¢c-3p regulated PIK3R3. A, Potential binding mRNAs of miR-29¢-3p predicted in TargetScan, miRbase,
and MiRcode. B, Potential expressions of three mRNAs after overexpression of miR-29¢-3p, of which PIK3R3 was the most
pronounced. C, MiR-29¢c-3p expression after overexpression/knockdown of PIK3R3. D, qRT-PCR was used to detect the
differential expression of PIK3R3 in osteosarcoma tumor tissues and adjacent tissues. E, qRT-PCR was used to detect the
expression level of PIK3R3 in osteosarcoma cell lines. F, A negative correlation between miR-29¢-3p and PIK3R3 expressions
in osteosarcoma. Data are expressed as mean + SD, *p<0.05, **p<0.01, ***p<0.001.

malignant phenotypes of tumor cells'*. These
certain genes are able to intervene in tumor-relat-
ed pathways and networks in OS, and are required
to be well explored®’. These complex cellular
biological regulatory mechanisms include sig-
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nal transduction, regulatory responses to growth
factors, regulation of gene transcription patterns,
intercellular interactions, intercellular adhesion,
angiogenesis, and regulation of cell cycle, etc.®.
The occurrence and development of OS are ex-
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Figure 4. Overexpression/knockdown of PIK3R3 promoted/inhibited osteosarcoma cell proliferation and metastasis. A,
qRT-PCR verified the transfection efficiency after overexpression/knockdown of PIK3R3 in SaOS-2 and U20S cell lines. B,
The CCK-8 assay detected proliferation in SaOS-2 and U20S cells influenced by PIK3R3. C, The transwell assay detected
migration and invasion in SaOS-2 and U20S cells influenced by PIK3R3 (magnification: 40%). Data are expressed as mean +

SD, *p<0.05.

tremely complex processes involving multiple
genes and signaling pathways’. The tumor-related
genes and pathways vary a lot in different types
of tumors”!°.

MiRNAs are small, non-coding RNAs com-
posed of about 22 nucleotides, which have been
shown to play an important regulatory role in
the growth of tissues and cells'"'>. MiRNAs
are involved in the occurrence and metastasis
of human tumors by directly acting on onco-
genes and tumor-suppressor genes'*!*, MiRNAs
have become important biomarkers for cancer
diagnosis and prognosis'>. MicroRNA-29¢c-3p
is closely related to the malignant progres-

sion of tumor cells"'"®. MicroRNA-29¢c-3p is
capable of affecting multiple phenotypes of
OS cells?*?!. Our results uncovered that mi-
croRNA-29¢-3p was downregulated in OS. Its
level was correlated with the distant metastasis
and poor prognosis of OS, suggesting that mi-
croRNA-29¢-3p may exert an anti-cancer role
in OS. To further explore the influence of mi-
croRNA-29¢-3p on the biological functions of
OS, the overexpression/knockdown expression
models of microRNA-29¢c-3p were constructed.
The overexpression of microRNA-29¢c-3p mark-
edly attenuated proliferation, migration, and
invasion in OS.
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Figure 5. MiR-29c¢c-3p regulated the expression of PIK3R3 in osteosarcoma cell lines. A, PIK3R3 expression levels in miR-
29¢-3p and PIK3R3 co-transfected cell lines were detected by qRT-PCR. B, The expression level of PIK3R3 expression levels
in co-transfected cells detected by Western blot. C, The transwell assay detected the abilities of miR-29¢-3p and PIK3R3 in
regulating invasion and migration in SaOS-2 and U20S cells. Data are expressed as mean + SD, *#p<0.05.

MicroRNAs exert biological effect by regu-
lating target genes. Some miRNAs are involved
in the malignant transformation of OS. MiR-
NA-protein interaction has been well investigated
because of its regulatory effect in the progression
of tumor diseases'>". In this study, a negative
correlation was identified between the expres-
sion levels of microRNA-29¢-3p and PIK3R3 in
OS tissues. Furthermore, the rescue experiments
confirmed the involvement of PIK3R3 in OS pro-
gression regulated by microRNA-29c-3p. These
results reflected that microRNA-29¢-3p was able
to inhibit the malignant progression of OS by
targeting PIK3R3.
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Conclusions

We first detected that microRNA-29¢c-3p ex-
pression was conspicuously reduced in OS cells
and tissues, which was correlated with dis-
tant metastasis and poor prognosis of OS pa-
tients. Besides, microRNA-29¢-3p may inhibit
the malignant progression of OS via regulating
PIK3R3.
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