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MicroRNA-27a functions as an oncogene in
human osteosarcoma by targeting CCNG1
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Abstract. Osteosarcoma is the most common type of malig-
nant tumor arising from bone in children and adolescents.
Accumulating evidences have shown the aberrant expression
of numerous miRNAs is associated with the development and
metastasis of osteosarcoma. The present study was conducted
to investigate miR-27a expression in osteosarcoma tissues and
cells. In the present study, quantitative RT-qPCR was used to
measure the expression levels of miRNA and mRNA in osteo-
sarcoma tissues and cells. Transwell assays were used to detect
the effects of miR-27a on the invasive and migratory potential
of cells. Luciferase reporter and western blot analysis were
conducted to confirm cyclin G1 (CCNGI) as the target gerie
of miR-27a. The results showed that miR-27a was significantly
upregulated in human osteosarcoma tissues and/cell lines.
The western blot analysis revealed that.the overéxpression of
miR-27a suppressed CCNGI1 protein expression. Luciferase
reporter assays confirmed that £LCNGI is a direct target
of miR-27a in osteosarcoma gélls. The results suggest that
miR-27a downregulates CCING1 expression in osteosarcoma
and acts as an oncogene directly targeting CCNGI. Thus,
the miR-27a/CCNGI axis.is a potential therapeutic target for
human osteosarconia.

Introduction

Osteosarcoma is the most common type of malignant tumor
arising from bone in children and adolescents, with high
biologic aggressiveness and comprising 2.4% of all malignan-
cies in pediatric patients (1,2). Although modern treatment
methods combine surgery, multiagent chemotherapy, and
sometimes radiotherapy, the 5-year survival rate for patients
diagnosed with osteosarcoma is 60-70% (3). The past decade
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has revealed the molecular pathogenesis of osteosarcoma
expands, and‘that potential‘therapeutic targets are being
identified (4,5)xIt4ds essential to comprehensively understand
molecular mechanisms’in order to improve the prognosis of
patiefits with osteosarcoma through tumour-targeted therapies.

MicroRNAs (miRNAs) are a class of non-coding, small
regulatory RNAs, 21-23 nucleotides in length (6), transcribed
from introns or non-protein-coding genes, which cleavage of
their target mRNAs by binding to complementary sites in
thein3™-untranslated regions (UTR) or mediate translational
suppression (7). miRNAs play crucial roles in cell cycle
regulation, differentiation, apoptosis, tumorigenesis, migration
and invasion (8-10). Accumulating evidences have shown
the aberrant expression of numerous miRNAs is associated
with the development and metastasis of cancer (11,12),
including human osteosarcoma (13). Previous studies have
researched the role of miRNAs in osteosarcoma using miRNA
profile (14,15). Pan et al and Salah et al have reported that
miR-27a promoted the proliferation, migration and invasion
of human osteosarcoma cells (16,17). However, the miR-27a
expression pattern and clinical value in human osteosarcoma
remain to be determined.

Cyclin Gl (CCNG1) was primarily identified as a novel
member of the cyclin family with homology to c-src (18), and
importantly, it was first identified as a p53-regulated transcript
induced by DNA damage (19). CCNGI is transcriptionally
activated by p53, and negatively regulates pS3 family proteins.
CCNGl, a master tumor suppressor, is directly regulated by
miR-27b/miR-508-5p (20), miR122 (21), and miR1271 (22).

In the present study, we investigated whether miR-27a
expression in osteosarcoma tissues and cells was upregulated,
as compared to normal non-cancer tissue and a normal human
osteoblastic cell line. miR-27a significantly promoted osteosar-
coma cell migration and invasion in vitro. Additionally, CCNG1
was identified as a direct target of miR-27a. miR-27a/CCNGI1
axis is a potential therapeutic target for human osteosarcoma.

Materials and methods

Tissue samples. A total of 48 paired primary osteosarcoma
and their matched adjacent non-cancerous bone tissue samples
were collected from patients who underwent surgery at the
Department of Orthopedics, Jinan Central Hospital Affiliated
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to Shandong University (Jinan, China), between 2013 and
2016. The patients had not received chemotherapy prior to
surgery. All the tissue samples were instantly snap-frozen in
liquid nitrogen at the time of surgery, and stored at -80°C for
using in the subsequent tests. The diagnosis of osteosarcoma
was confirmed pathologically.

Ethics approval. The study was approved by the Research
Ethics Committee of Jinan Central Hospital Affiliated to
Shandong University, and informed consent was obtained
from all the patients. Procedures performed in the studies
involving human participants were in accordance with the
ethical standards of the Institutional and/or National Research
Committee and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards.

Cell culture and transfection. Four osteosarcoma cell lines
(HOS, Sa0S2, 143B and MG63), and the osteoblastic cell line
(hFOBI1.19) were obtained from the Type Culture Collection of
the Chinese Academy of Sciences (Shanghai, China). Cells were
cultured in RPMI-1640 (Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) supplemented with 10% fetal bovine
serum (FBS), 100 mg/ml streptomycin and 100 U/ml penicillin
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) at 37°C in a humidified incubator containing 5% CO,. The
cells were transfected with the indicated nucleotides or plasmid
using Lipofectamine 2000 reagent (Invitrogen; ThermosFisher
Scientific, Inc.) according to the manufacturer's protocol.

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). Total RNAs were extracted from'the cultured tissue
samples and cells using TRIzol reagent/(Invitrogen; Thermo
Fisher Scientific, Inc.) according to thefmanufacturer's protocol.
miRNA cDNA was synthesized usiiig the One-Step PrimeScript
miRNA cDNA synthesis kit (Takara Biotechnology Co., Ltd.,
Dalian, China). RT-qPCR was performed with SYBR-Green
Premix Ex Taq II (Takara Biotéchnology Co., Ltd.) with a
StepOne-Plus real-timesPCR systeni (Applied Biosystems;
Thermo Fisher Sciefitific, Inc., Waltham, MA, USA). The level
of mature miR-27a was normalized relative to U6 endogenous
control and CCNGI1 éxpression was normalized relative to
B-actin (endogenous control) using the 2424 method and at
least 3 independent experiments were performed to generate
each data set. Primers used were purchased from Guangzhou
RiboBio Co., Ltd. (Guangzhou, China).

Cell transwell assay. Cell transwell assay was performed in a
24-well plate with 8 mm pore size chamber inserts (Corning
Incorporated, Corning, NY, USA). For the migration and inva-
sion assays, after transfection with either the mimic/inhibitor
or control miR, 1x10° cells/well were placed into the upper
chamber with or without membrane Matrigel (BD Biosciences,
Franklin Lakes, San Jose, CA, USA), respectively. In tran-
swell assay, the upper chamber contained 200 ul serum-free
medium, and the lower chambers contained 800 y1 of medium
with 15% FBS. After 36 h of incubation at 37°C in 5% CO,,
the cells on the upper surface of the membrane were removed,
and the cells that had moved to the bottom of the chamber
were fixed with 100% methanol for 30 min and stained
with 0.1% crystal violet for 30 min. The stained cells were
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imaged and counted using an inverted microscope (Olympus
Corporation, Tokyo, Japan).

Western blot analysis. Cells were lysed in RIPA buffer.
The proteins were extracted and separated by 10% sodium
dodecyl sulphate-polyacrylamide gel electrophoresis. The
separated proteins were electro-transferred to polyvinylidene
difluoride membrane (Millipore, Boston, MA, USA). The
membrane was blocked with 5% non-fat milk and incubated
overnight with primary anti-AEG-1 (Invitrogen; Thermo
Fisher Scientific, Inc.) at 4°C. The membranes were incu-
bated for 1 h at 25°C with horseradish peroxidase-conjugated
secondary antibodies (1:2,000; Bosis, Beijing, China). Relative
protein expression was obtained by normalization against
glyceraldehyde 3-phosphate.dehydrogenase. The proteins of
interest were revealeddby the ECL western blotting kit (PSC
Biotech Pte., Ltd., Shanghai, China). Densitometry analysis
of the protein blots was perfornmied by Lab Works™ software
(UVP, Inc., Upland, CA, USA).

Dual-luciferase reportér assay. For dual-luciferase reporter
assays, the:3'-UTR of CCNGI containing miR-27a binding sites
were cloned into a pmirGLO dual-luciferase vector (Promega
Corporation, Madison, WI, USA) to generate wild-type (WT)
pmirGLO-CCNGI-1 3'-UTR. The mutant (MUT) 3'-UTR of
CCNG]I gene with miR-27a target sites were generated using a
Site=Directed Mutagenesis kit (Agilent Technologies, Inc., Santa
Clara, CA, USA), and cloned into a pmirGLO dual-luciferase
vector (Promega Corporation) to generate MUT pmirGLO-
CCNGl-1 3-UTR. The WT pmirGLO-CCNGI-1 3'-UTR and
MUT pmirGLO-CCNGI-1 3-UTR were co-transfected with
miR-27a mimics, inhibitor or negative control (NC) by using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). After incubation for two days, luciferase activity was
detected by using a dual-Glo luciferase assay system (Promega
Corporation) according to the manufacturer's protocol.

Statistical analysis. The results are reported as mean + SD
and data analysis was performed using SPSS 17.0 software
(SPSS, Inc., Chicago, IL, USA). The relationship between
the expression of miR-27a and CCNGI were confirmed by
Spearman's rho correlation. Differences between the two
groups were calculated using the Student's t-test or Chi-square
test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

miR-27a expression is upregulated and inversely correlates
with CCNGI in human osteosarcoma tissues and cells. To
investigate the expression and significance of miR-27a in human
osteosarcoma, the study first evaluated miR-27a expression in
48 paired primary osteosarcoma and their matched adjacent
non-cancerous bone tissue samples using RT-qPCR. miR-27a
expression was clearly upregulated in osteosarcoma tissues
compared with non-cancerous bone tissue samples (Fig. 1A).
Furthermore, miR-27a was also significantly increased in the
four osteosarcoma cell lines (HOS, Sa0S2, 143B and MG63)
compared with that of the osteoblastic cell line hFOB1.19
(Fig. 1B).
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Figure 1. miR-27a expression is upregulated and inversely correlates with CCNGI1 in human osteosarcoma tissues and cells (A and C). miR-27a and CCNGlI
expression was detected in 48 pairs of osteosarcoma tissues compared with theirmatehed adjacentnon-cancerous bone tissue samples. (B) miR-27a in osteo-
sarcoma and osteoblastic cell line were measured by RT-qPCR (P<0.05). (D) Spearman's rho analysis of miR-27a expression and CCNGI in 48 osteosarcoma
tissues. 'P<0.05, “"P<0.001; CCNG1, cyclin G1; RT-qPCR, reverse transcriptase quantitatiye PCR.

The study further investigated the expression of CCNGI in
48 pairs of osteosarcoma tissue and adjacent normal tissues.
The results showed that CCNGI1 was significafitly downregu-
lated in osteosarcoma tissue compared withthe paired-adjacent
normal tissues and inversely correlated with the :1R-27a Tevel
in cervical cancer tissues (Fig. 1Cdnd D), suggesting that
miR-27a may have a critical rolefas anioncogene in human
osteosarcoma. However, the specific function of miR-27a in
human osteosarcoma remained to be determined.

Effect of miR-27a ondhmman esteos@rcoma cell migration
and invasion. To réveal the biological effects of miR-27a on
the migration and invasiontof;human osteosarcoma cells, cell
migration and invasiofn abilities were determined in the 143B
and HOS cells transfected with the miR-27a mimic, miR-27a
inhibitor, or NC by transwell assays. The re-expression levels
of miR-27a in transfected and normal cells were detected
by RT-qPCR. It was found that overexpression of miR-27a
significantly promoted the migration and invasion capacities
in the 143B cells and HOS cells (Fig. 2A). Similarly, Fig. 2B
shows the re-expression levels of miR-27a in 143B and
HOS cells transfected with the miR-27a mimic or inhibitor
compared with corresponding NC. These results suggested
that miR-27a acts as an oncomiR and promotes cell migration
and invasion during osteosarcoma progression.

CCNGlI as a direct binding target of miR-27a. To determine the
mechanisms underlying how miR-27a functions as an oncogene
of human osteosarcoma pathology, we used the bioinformatics
algorithms TargetScan to search for the potential target genes
of miR-27a. Our analysis revealed that CCNGI1 was a potential
target of miR-27a based on putative target sequences at position
260-267 bp of the CCNG1 3'UTR (Fig. 3A). To confirm CCNG1

as a direct target of miR-27a, we engineered luciferase reporter
constructs, containing the WT or MUT 3'UTR of the CCNGI
gene. Luciferase reporter assay showed that miR-27a signifi-
cantly decreased the luciferase activity of the CCNGI1 3'UTR
but not that of the MUT in 143B cells (Fig. 3B). We further
examined whether CCNGI levels are negatively regulated by
miR-27a in osteosarcoma cell lines. As shown in Fig. 3C and
D, mRNA and protein levels of CCNGI were significantly
enhanced or reduced in response to miR-27a mimics/inhibitor
in HOS cells, compared to the corresponding controls. Taken
together, these data strongly suggest that CCNGI is a direct
target of miR-27a in human osteosarcoma.

Discussion

Osteosarcoma is the most common type of malignant tumor
arising from bone in children and adolescents that threatens
human life. The past decade has revealed the developement
of molecular pathogenesis of osteosarcoma; thus, there is a
search for potential therapeutic targets (4,5). miRNAs are a
type of small-molecule non-coding RNA, that play vital roles
in regulating expression levels of post-transcriptional gene.
The functions of miRNAs vary in different clinical diseases
and may regulate all aspects of bioactivities, including
differentiation and development, proliferation, metabolism,
viral infection, apoptotic cell death and tumorigenesis (23).
Increasing evidence has shown the abnormal expression of
miRNAs is associated with the development and metastasis
of human osteosarcoma (13). Examination of the relationships
between miRNAs and human osteosarcoma possibly provide a
new orientation for the diagnosis and therapy of osteosarcoma.
In previous studies, partial miRNAs were reported to inhibit
osteosarcoma tumorigenicity and to suppress cell proliferation;
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Figure 2. Effect of miR-27a on human osteosarcoma cell migration and invasion. (A) miR-27a promotes the invasion and migration of HOS and 143B cells. (B)
miR-27a was re-expressed in the miR-27a mimic/inhibitor transfected HOS and:143B cells. miR-27a levels were determined by RT-qPCR, miR-27a/U6 was
calculated as the fold change relative to the negative control. ““P<0:001, “P<0.01; RT=GPCR, reverse transcriptase-quantitative PCR.
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Figure 3. miR-27a negatively regulates CCNG1 in osteosarcoma cells. (A) Specific locations of the binding sites of miR-27a in the wild- and mutant-type
3'UTR-CCNGI. (B) Luciferase reporter assay showed the effect of miR-27a on CCNG1 3'UTR luciferase activity in 143B cells. (C and D) The expression levels
of CCNG1 protein in HOS cells transfected with miR-27a mimics and miR-27a inhibitor by western blot analysis. “P<0.01.

and partially were reported to promote osteosarcoma cell
proliferation and induce cell survival (24-26).

Previous studies reported miR-27a functions differen-

tially in various cancer types, including oral squamous cell
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carcinoma (27), breast (28), gastric (29), colorectal (30), and
colonic cancer (31). Furthermore, Pan ef al have reported that
miR-27a could promote proliferation, migration and invasion
by targeting MAP2K4 in human osteosarcoma cells (16).
Salah et al reported miR-27a contributes to the metastatic
properties of osteosarcoma cells (17). CCNGI1 was primarily
identified as a novel member of cyclin family with homology
to c-src (18). CCNGI, a master tumor suppressor, has been
shown to be directly regulated by various miRNAs in different
tumors (20-22). In a previous study it was reported that CCNG1
inhibited osteosarcoma tumor growth in nude mice (32).

Our results have found that miR-27a acts as an oncogene
in human osteosarcoma. The results showed miR-27a expres-
sion was upregulated in human osteosarcoma tissues and cells,
which is similar to those obtained in previous studies (14,16).
The overexpression of miR-27a significantly promoted the
migration and invasion capacities in the human osteosarcoma
cells. Moreover, the study demonstrated that CCNG1 was a
directed target, and that miR-27a expression inversely corre-
lated with CCNGI in human osteosarcoma tissues and cells.
The western blot analysis and Luciferase reporter assay also
showed that CCNGI was regulated by miR-27a.

In conclusion, results of the present study have shown that
miR-27a is significantly upregulated and inversely correlates
with CCNGI in osteosarcoma. These results demonstrate that
miR-27a has powerful oncogenic, metastatic and invasive
regulatory effects that are mediated by CCNGI. The,study
indicates that miR-27a acts as an oncogene and is a promising
therapeutic target in human osteosarcoma.
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