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MicroRNA-885-5p promotes osteosarcoma proliferation
and migration by downregulation of cell division
cycle protein 73 homolog expression
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Abstract. Osteosarcoma (OS) is the most common primary
malignant bone tumor. Numerous studies have strongly impli-
cated the ectopic expression of microRNAs (miRNAs/miRs),
including miR-885-5p, which is aberrantly expressed in
several cancer types, in multiple cancer-related processes.
However, the role of miR-885-5p in OS remains unknown.
In the present study, it was found that the expression of
miR-885-5p was markedly upregulated in OS cell lines and
clinical tissues. Moreover, high expression of miR-885-5p
was significantly associated with the development of OS. The
human OS MG-63 cell line was transfected with recombinant
lentivirus to regulate miR-885-5p expression. Overexpressed
miR-885-5p significantly promoted the proliferation and
migration of MG-63 cells in vitro, while downregulating
miR-885-5p expression reversed these effects. Furthermore,
bioinformatic analysis was used to predict the potential
target genes of miR-885-5p, and cell division cycle protein
73 homolog (CDC73) was identified as a novel and direct target
of miR-885-5p. This interaction was further confirmed using
reverse transcription-quantitative polymerase chain reaction,
western blotting and luciferase activity assays. These findings
suggest that miR-885-5p serves a critical role in facilitating
OS proliferation and migration, and can regulate CDC73
expression in OS cells and tissues. Thus, miR-885-5p could be
a promising novel therapeutic biomarker for OS.
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Introduction

Osteosarcoma (OS), the most frequently occurring primary
malignant bone tumor in children and adolescents, normally
occurs in the metaphysis of the long bones and is characterized
by a high level of relapse and a poor prognosis (1). The esti-
mated worldwide annual incidence of OS is ~4 million cases,
with the highest prevalence occurring in adolescents between
the ages of 15 and 19 years (2). Despite the combination of
adjuvant chemotherapy and advanced surgery, the cumulative
5-year survival rate of patients is only 55-68, and ~80% of
patients eventually develop metastatic disease and face a poor
outcome (3.,4). Therefore, it is imperative to investigate the
potential molecular mechanisms of OS progression and seek
an effective molecular therapy for the treatment of the disease.

MicroRNAs (miRNAs/miRs) are a small class of endog-
enous non-coding RNAs that range in length from 18 to
25 nucleotides. miRNAs regulate gene expression at the
post-transcriptional level by binding to partially complemen-
tary sites located in the 3'-untranslated regions (3'-UTR) of
target messenger RNAs (mRNAs) (5-7). In cancer, numerous
miRNAs locate within or close to fragile chromosomal
sites that are often lost or amplified (8). Increasing evidence
has suggested that miRNAs serve a crucial role in specific
cellular processes, including differentiation, morphogenesis
and tumorigenesis. Thus, these key effects demonstrate that
miRNAs may contribute to the regulation of the pathological
development of numerous diseases, particularly in human
cancer (9,10). Furthermore, in OS, aberrant expression of
miRNA has been demonstrated to contribute towards the
development and metastasis of the cancer by promoting the
expression of oncogenes or by inhibiting tumor suppressor
genes.

It was recently reported that miR-885-5p is aberrantly
upregulated in the liver metastases of colorectal cancer, renal
cell carcinoma and Hiirthle cell thyroid carcinoma (11-13).
By contrast, another study reported that the expression of
miR-885-5p is negatively correlated with the malignant
progression of human hepatocellular carcinoma (HCC) tissue
samples and cell lines via targeting of the catenin 1 gene,
leading to decreased activity of the Wnt/p-catenin signaling
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pathway (14). Recently, we searched for GEO databases
regarding miR-885-5p expression and one dataset, GSE65071,
indicated that miR-885-5p was aberrantly expressed in the
plasma of patients with OS compared with that in normal
individuals (15). However, the biological role of miR-885-5p
and its molecular mechanism in OS remains unknown.

In the present study, the expression of miR-885-5p in OS
cells and tissues was investigated, and the biological behavior
of miR-885-5p in OS cells was observed. In addition, target
genes were predicted by bioinformatics analysis to clarify the
role of miR-885-5p in the development of osteosarcoma.

Materials and methods

Human tissue. Paired human OS tissues (prior to the admin-
istration of neoadjuvant chemotherapy) and matched adjacent
normal tissues were surgically acquired from patients (mean
age, 22.19 years) at the Department of Orthopedics, First
Affiliated Hospital of Fujian Medical University (Fuzhou,
Fujian, China) between September 2015 and August 2017. The
distance between the normal tissue and the tumor was ~5 cm.
Following surgical removal, all the tissues were snap-frozen
in liquid nitrogen and stored at -80°C until further use. All
clinical samples were collected with written informed consent
from the patients, and the study was approved by the Ethical
Committee of the First Affiliated Hospital of Fujian Medical
University.

Cell culture. The normal human osteoblastic hFOB1.19 cell
line, and the human OS MG-63 and U20S cell lines (Shanghai
Cell Bank, Chinese Academy of Sciences, Shanghai, China)
were cultured in Dulbecco's modified Eagle's medium
(DMEM; Gibco; Thermo Fisher Scientific, Inc. Waltham,
MA, USA) with 10% fetal bovine serum (FBS; Hyclone; GE
Healthcare Life Sciences, Logan, UT, USA), 100 U/ml peni-
cillin and 100 mg/ml streptomycin in a humidified incubator
with 5% CO, at 37°C.

Transfection and generation of stable cell lines.
Recombinant lentivirus containing miR-885-5p mimic
(miR-885-5p-up; 5'-UCCAUUACACUACCCUGCCUC
UAGGCAGGGUAGUGUAAUGGAUU-3'"), miR-885-5p
inhibitor (miR-885-5p-down; 5-AGAGGCAGGGUAGUG
UAAUGGA-3") and negative control (NC; 5'-CAGUACUUU
GUGUAGUACAA-3") were synthesized by GenePharma
(Shanghai, China) to generate either upregulated or down-
regulated expression of miR-885-5p. The MG-63 cell line
was selected for following experiments as it has previously
been used to confirm a correlation between OS and miRNA,
and MG-63 cells are easily transfected for stable expres-
sion of miRNA (16). For transfection, 20 nM miRNA were
transfected into MG-63 cells using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.).

To generate stable cell lines with miR-885-5p-up/down,
a promoter-driven green fluorescent protein (GFP) reporter
was used to detect the transfection efficiency. The cells were
selected with 0.5 pg/ml puromycin for 2 weeks. When the
GFP expression was observed up to 80%, MG-63 cells stably
expressing miR-885-5p-up, miR-885-5p-down and NC were
used in the following cell experiments.
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Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR). Total RNA was extracted from frozen tissues
and cultured cell lines using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.). The concentration and purity
of total RNA were identified by ultraviolet spectrophotometry
and gel-electrophoresis, and reverse transcribed into cDNA
using the PrimeScript reverse transcription kit (Takara Bio,
Inc., Otsu, Japan). RT-qPCR was performed using SYBR
Green Supermix (Bio-Rad Laboratories, Inc., Hercules, CA,
USA) and analyzed on an ABI 7500 thermocycler (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The thermocycling
conditions were as follows: 95°C for 5 min, 45 cycles of 95°C
for 15 sec and 60°C for 45 sec. The relative expression levels
of miR-885-5p (forward, 5'-GTCCATTACACTACCCTGCCT
C-3' and reverse, 5'-CGCGAGCACAGAATTAATACG-3")
were evaluated and normalized to that of U6 (forward, 5'-CTC
GTTCGGCAGCACA-3" and reverse, 5-AACGCTTCACGA
ATTTGCGT-3') using the 224 method (17).

3-(4,5-dimethyl-2-thiazol)-2,5-diphenyl-2-H-tetrazolium bro-
mide (MTT) and colony formation assays. The MTT assay
was used to evaluate cell proliferation, according to the manu-
facturer's protocols. Transfected MG-63 cells (five replicates)
were plated at a density of 5x10° cells per well in 96-well culture
plates for 24 h. Subsequent to 24,48 or 72 h of incubation, 20 ul
MTT (5 mg/ml; Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) was added to each well for an additional incubation
period of 4 h. Subsequently, the MTT solution was discarded
and 150 ul dimethyl sulfoxide (Sigma-Aldrich; Merck KGaA)
was added into each well and the plate was agitated gently
for 10 min. The absorbance was measured using a microplate
reader SpectraMax i3x (Molecular Devices, LLC, Sunnyvale,
CA, USA) at a wavelength of 490 nm.

For the colony formation assay, cells were seeded in a
12-well plate at 500 cells per well (three replicates). Subsequent
to 2 weeks of incubation at 37°C the colonies were fixed with
methanol for 30 min at room temperature and stained with
0.5% crystal violet for 30 min at room temperature. Each
experiment was repeated five times.

Transwell migration assay. Migration assays were performed
in triplicate using a 24-well Transwell chamber (Costar 3422;
Corning Inc., Corning, NY, USA). MG-63 cells transfected
with miR-885-5p-up, miR-885-5p-down and NC, respectively,
were seeded in the upper chamber at 2x10* cells per well in
serum-free DMEM. DMEM supplemented with 10% FBS was
added to the bottom well at a volume of 0.6 ml. Following
incubation for 24 h, the cells on the top filter were gently
removed with cotton swabs and cells that had migrated to the
lower surface were fixed with methanol for 30 min at room
temperature and stained with 0.5% crystal violet for 30 min at
room temperature. The values for migration were obtained by
counting three fields under a light microscope. The experiment
was repeated three times over multiple days.

Luciferase activity assay. MG-63 cells were seeded in
24-well plates 1 day prior to transfection, followed by
co-transfection with constructed pGL3 vectors (GenePharma)
containing the wild-type 3'-UTR of CDC73 or its 3'-UTR
mutant, and miR-885-5p mimic or the miRNA NC using
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Figure 1. Expression of miR-885-5p in OS tissues and cell lines. (A) Reverse transcription-quantitative polymerase chain reaction analysis of relative
miR-885-5p expression between 31 pairs of OS tissues and adjacent normal tissues. (B) Differences in the expression levels of miR-885-5p between OS
MG-63 and U20S cell lines compared with the human normal osteoblastic hFOB1.19 cell line. U6 was used as an internal control. “P<0.01 and ““P<0.001.

OS, osteosarcoma; miR, microRNA.

Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). Cells were harvested for 36 h after transfection and
luciferase activity was measured by the Dual-Luciferase assay
(Promega Corporation, Madison, WI, USA), according to the
manufacturer's protocol. The firefly luciferase activity was
then normalized to the Renilla luciferase activity. Each experi-
ment was performed in duplicate three times.

Western blotting. Total protein was isolated from cells using
RIPA lysis buffer (Beyotime Institute of Biotechnology,
Haimen, China) and the protein concentrations were measured
using the bicinchoninic acid protein assay kit (Beyotime
Institute of Biotechnology). A total of 20 ug of protein were
resolved with 10% SDS-PAGE gel, transferred to polyvi-
nylidene difluoride membranes and blocked in 5% skimmed
dry milk in Tris-buffered saline (pH 7.4), containing 0.05%
Tween-20. Subsequently, the membrane was incubated with
anti-CDC73 antibody (catalog no. PB0587; 1:1,000; Boster
Biological Technology, Wuhan, China) overnight at 4°C and
then with anti-GAPDH (catalog no. BM3876; 1:3,000; Boster
Biological Technology) for 2 h at room temperature as a loading
control. Signals were detected by secondary antibodies labeled
with horseradish peroxidase (HRP) and were visualized using
an enhanced chemiluminescent kit (Beyotime Institute of
Biotechnology).

Statistical analysis. Data are presented as the mean + standard
deviation for at least three independent experiments. One-way
analysis of variance or an unpaired Student's t-test was
used for the statistical analysis. The association between
clinicopathological features and miR-885-5p was estimated
by Fisher's exact test. The association between CDC73 and
miR-885p expression was explored by Pearson's correlation
coefficient. P<0.05 was considered to be statistically signifi-
cant. All analyses were performed using SPSS version 23.0
(IBM, Corp., Armonk, NY, USA).

Results

miR-885-5p is significantly upregulated in human OS
tissues and cell lines. To determine the expression levels of

miR-885-5p in human OS tissues, RT-qPCR was performed
in 31 pairs of OS tissues compared with adjacent normal
tissues, and in the human OS MG-63 and U20S cell lines
compared with the normal osteoblast hFOB1.19 cell line. The
data revealed that miR-885-5p was significantly upregulated
in human OS tissues compared with that in adjacent normal
tissues (Fig. 1A). In addition, similar results were observed
between MG-63 and hFOB1.19, and between U20S and
hFOBI.19 (Fig. 1B).

Upregulation of miR-885-5p is associated with advanced
clinicopathological features of OS. To evaluate the clinical
relevance of miR-885-5p in OS samples, the high and low
expression of miR-885-5p was defined based on the median
expression levels. Measuring tumor size on computed tomog-
raphy, 5 cm was defined as the cut-off line (18). OS stage was
determined by Enneking staging system (19). A fusion of
stage IIB and stage III was to indicate the higher malignance
than stage ITA (20). As shown in Table I, high miR-885-5p
expression was significantly associated with tumor size
(P=0.017) and clinical stage (P=0.003). No significant differ-
ence was found between the expression of miR-885-5p and
patient age (P=0.458), gender (P=0.677), anatomic location
(P=0.174) and metastasis (P=0.999). The Enneking stage of
each sample was judged by two experienced surgeons and
further confirmed by pathological results.

Transfection efficiency of the generated stable cell lines.
Following transfection and selection of cells, the expres-
sion of GFP-labeled oligonucleotides was detected using
fluorescence microscopy (Fig. 2A-C). RT-qPCR was used to
validate the transfection efficiency. The results revealed that
miR-885-5p expression levels were significantly higher in the
miR-885-5p-up group and lower in the miR-885-5p-down
group compared with the blank and NC groups. There was no
difference between the blank group and the NC groups. The
data indicated that lentivirus containing miR-885-5p-up/down
was successfully transfected in MG-63 cells (Fig. 2D).

miR-885-5p promotes proliferation of OS cells. The MTT
assay showed that MG-63 cells in the miR-885-5p-up group
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Table I. Association of miR-885-5p expression with the clinicopathological features of osteosarcoma cases (n=31).

miR-885-5p expression

Characteristics Number of cases High,n Low, n P-value

Age, years 0.458
<18 15 9 6
>18 16 12 4

Gender 0.677
Male 21 14 7
Female 10 8 2

Tumor size, cm 0.017*
<5 5 2 4
>5 26 21 5

Anatomical location 0.174
Femur 19 11 8
Tibia 7 6 1
Humerus 5 4 0

Clinical stage (Enneking) 0.003*
ITA 8 2 6
IIB/I1I 23 20 3

Metastasis 0.999
Yes 11 8 3
No 20 14 6

“Statistically significant P-value. miR, microRNA.

exhibited a significant increase in proliferation compared with
the other three groups, while the cells in the miR-885-5p-down
group exhibited a decrease in proliferation. No statistical differ-
ences were found between the blank and NC groups (Fig. 3A).
The results of the colony formation assay also presented a
similar trend in which the colony formation was significantly
decreased in the miR-885-5p-down group of MG-63 cells
compared with the blank and NC groups (Fig. 3B and C).
By contrast, cells transfected with miR-885-5p-up exhibited
significantly increased colony formation compared with the
other groups.

miR-885-5p promotes migration of OS cells. To further
corroborate the effect of miR-885-5p on MG-63 cell migra-
tion, a Transwell migration assay was performed. The
results revealed that the numbers of migrated cells in the
blank and NC groups were not significantly different, while
the miR-885-5p-up group exhibited significantly increased
migration compared with the other groups. Conversely, the
number of migrated cells transfected with miR-885-5p-down
was significantly suppressed (Fig. 4A and B). These results
indicated that miR-885-5p promotes the migration of OS cells
in vitro.

miR-885-5p directly targets and inhibits CDC73 protein
expression. To elucidate the underlying miR-885-5p-
mediated mechanisms, TargetScan (targetscan.org), miRanda
(microrna.org) and miRBaseTargets (mirbase.org) were

used to find potential target genes of miR-885-5p. Based on
bioinformatics algorithms, a highly-conserved miR-885-5p
targeting sequence was observed in the CDC73 3'-UTR,
which suggested that CDC73 could be a candidate target of
miR-885-5p. Dual luciferase reporter assay results showed
that luciferase activity was markedly reduced in MG-63 cells
when CDC73 3'-UTR wild-type construct was co-transfected
with miR-885-5p-up compared with the mutant group.
Furthermore, miR-885-5p and CDC73 expression levels were
examined in 31 pairs of OS tissues and the association between
miR-885-5p and CDC73 was investigated. As demonstrated in
Fig. 5, mRNA and protein levels of CDC73 were significantly
decreased and increased in response to miR-885-5p-up and
miR-885-5p-down groups, respectively. These data support
the hypothesis that miR-885-5p directly targets the 3'-UTR of
CDC73 mRNA, leading to mRNA degradation and inhibiting
its expression.

Discussion

OS is the most common primary solid tumor of the bone.
The malignancy is characterized by malignant mesenchymal
cells, which generate osteoid and/or immature bone (21). One
previous study demonstrated that the dysregulation of miRNAs
contributes to proliferation and migration of numerous types
of human cancer (22). Moreover, the expression of several
miRNAs, including miR-9, miR-21, miR-93 and miR-603,
was shown to be increased in OS tissues and cells (23-26).
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Figure 2. miR-885-5p lentivirus was transfected into MG-63 cells and the relative expression of miR-885-5p was quantified by RT-qPCR. (A) Expression of
green fluorescent protein-labeled MG-63 cells was evaluated under a fluorescence inverted microscope. Magnification, x400. (B) Observations of MG-63 cells
were made using an optical microscope. Magnification, x400. (C) The merging of (A) and (B) Magnification, x400. (D) The histogram revealed the relative
expression of miR-885-5p in the different groups as analyzed by RT-qPCR. U6 was used as an internal control. “P<0.01 and ““P<0.001. miR, microRNA; NC,
negative control; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; up, mimic; down, inhibitor.
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Figure 3. miR-885-5p promotes the growth of MG-63 in vitro. (A) The proliferation rate of MG-63 cells was determined by MTT assay from 1 to 3 days
("P<0.05 vs. blank). (B) Representative images of colony formation from each group. (C) Histogram showing the number of colonies formed in the different
groups. n=5 independent experiments. “P<0.01. miR, microRNA; NC, negative control; up, mimic; down, inhibitor.
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Figure 4. miR-885-5p promotes the migration of MG-63 cells in vitro. (A) A representative image of a Transwell assay was obtained for each group. The
migrated cells were stained with crystal violet and observed under a light microscope. Original magnification, x100. (B) Histogram showing the number of
cells that passed through the Transwell chambers. n=3 independent experiments. "P<0.05 and “P<0.01. mi, microRNA; NC, negative control; up, mimic; down,
inhibitor.
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Figure 5. miR-885-5p directly targets CDC73 mRNA and inhibits its expression. (A) miR-885-5p and its putative binding sequence in the 3'-UTR of CDC73
mRNA. (B) Co-transfection of MG-63 cells with miR-885-5p and wild-type CDC73 3'-UTR led to a significant decrease in luciferase activity, whereas
co-transfection with CDC73 3'-UTR MUT and miR-885-5p-up showed no difference with the control group. The normalized luciferase activity in the control
group was set as relative luciferase activity. (C) Spearman's correlation analysis between miR-144 expression and CDC73 mRNA levels. (D) Upregulated
miR-885-5p decreased the expression of the CDC73 protein and downregulated miR-885-5p increased the level of the CDC73 protein in the MG-63 cells,
while GAPDH was used as an internal control. "P<0.05. miR, microRNA; CDC73, cell division cycle protein 73 homolog; NC, negative control; up, mimic;
down, inhibitor; UTR, untranslated region; MUT, mutant-type.

Several studies have confirmed that miR-885-5p is aberrantly
expressed in various types of cancer. Furthermore, miR-885-5p
functions as a negative regulator of osteogenic differentiation
of bone marrow-derived mesenchymal stem cells, leading to
terminal differentiation failure. OS development may also be
associated with defects in osteogenic differentiation (27,28).
Thus, for a better understanding of the underlying gene network

orchestrated by miRNAs involved in OS tumor initiation, devel-
opment and progression, further studies are required to find
effective biomarkers for the diagnosis and treatment of OS.
The present study first investigated the effect of miR-885-5p
on OS tumor growth and migration. Consistent with previous
studies that demonstrated a role for miR-885-5p in certain
cancer types, including colorectal cancer, renal cell carcinoma
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and Hurthle cell carcinoma (11-13) the present study observed
that the expression of miR-885-5p was significantly higher
in OS tissues compared with that in corresponding adjacent
normal tissues. In addition, OS cells lines (MG-63 and U20S)
were compared with a normal human osteoblastic cell line,
hFOBI.19, and it was found that the expression of miR-885-5p
was significantly upregulated. The upregulated miR-885-5p
expression was strongly associated with malignant clinico-
pathological features of OS patients, including tumor size
and clinical stage. It was observed that the overexpression
of miR-885-5p promoted the proliferation and migration of
MG-63 cells, while the downregulation of miR-885-5p expres-
sion showed the opposite results.

CDC73, also known as hyperparathyroidism 2, encodes a
tumor suppressor gene that is involved in regulating transcrip-
tional and post-transcriptional control pathways. Mutations
in this gene are associated with hyperparathyroidism-jaw
tumor syndrome and parathyroid carcinomas (29,30). A
previous study reported that loss of heterozygosity of the
wild-type CDC73 allele can be observed in sporadic human
renal tumors, including, papillary, clear cell and chromophobe
renal cell carcinomas, Wilms' tumors and oncocytomas (31).
Overexpression of CDC73 inhibits the formation of colonies
and the proliferation of cells, and induces arrest of the cell
cycle in the G, phase, suggesting that it has a key role in cell
growth and proliferation (32). Moreover, it was reported that
Bruton's tyrosine kinase increased the abundance of CDC73
when stimulation was not present and that CDC73 functioned
as a repressor of [3-catenin-mediated transcription in human
colorectal cancer cells and B cells (33). These findings indi-
cate that CDC73 serves a critical role in the development and
progression of certain types of malignant tumors. However,
the potential function of CDC73 and associated miRNAs
in OS remain to be established. In the present study, bioin-
formatics analysis was used to identify CDC73 as a putative
target of miR-885-5p. miR-885-5p negatively modulates
CDC73 mRNA and protein expression in MG-63 cells. In
the luciferase activity assay, it was observed that overexpres-
sion of miR-885-5p markedly reduced the luciferase activity
of wild-type CDC73 3'-UTR. These data demonstrated that
miR-885-5p directly targets CDC73 by interacting with its
3'-UTR. Although this does not fully explain how miR-885-5p
induces OS cell proliferation and migration, the TargetScan
program predicted hundreds of potential targets of miR-885-5p.
Indeed, a single miRNA can target multiple mRNAs to regu-
late gene expression (34). It is possible that other potential
targets may be involved in the proliferation and migration of
OS cells. Therefore, further research should be conducted to
comprehensively understand the role of miR-885-5p in OS
tumorigenesis.

Taken together, the results of the present study demon-
strated that miR-885-5p is highly upregulated in OS tissues
and cell lines, and that its increased expression is strongly
associated with malignant clinicopathological features.
Moreover, we speculate that the overexpression of miR-885-5p
acts as an oncogene that promotes cell proliferation and migra-
tion. It was also confirmed that miR-885-5p directly targets
CDC73 and inversely regulates its expression. Collectively, it
may be concluded that the ectopic expression of miR-885-5p
may serve a critical role in the progression of OS, and may
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act as a novel diagnostic biomarker and potential therapeutic
target for OS.
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