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Downregulation of miR‑588 is associated with tumor progression
and unfavorable prognosis in patients with osteosarcoma
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Abstract. Osteosarcoma (OS) is a primary malignant tumor
characterized by a high metastatic potential and poor prog‑
nosis. The dysregulation of miR‑588 has been demonstrated
to serve crucial roles in the progression of numerous types
of cancer. The present study aimed to investigate the expres‑
sion and function of miR‑588 in the development of OS. To
do so, clinical samples were collected and analyzed, and in
vitro experiments were conducted. A total of 104 patients with
OS were recruited between 2012 and 2014. The expression of
miR‑588 was analyzed by reverse transcription quantitative
PCR. The association between miR‑588 expression and the
clinicopathological characteristics and survival rate of patients
with OS was evaluated. Furthermore, Cell Counting Kit‑8 and
Transwell assays were used to evaluate the effect of miR‑588
on the proliferation and the migratory and invasive abilities of
various OS cell lines. The results demonstrated that miR‑588
expression in OS tissues and cells was significantly lower
compared with normal tissues and cells. In addition, miR‑588
expression was closely associated with the Musculoskeletal
Tumor Society (MSTS) staging of patients with OS. miR‑588
expression and MSTS staging were therefore considered as
independent indicators for the prognosis of patients with OS.
In addition, miR‑588 downregulation significantly stimulated
the proliferation and migratory and invasive abilities of OS
cells. Taken together, these findings indicated that miR‑588
may serve as an independent prognostic factor and tumor
suppressor in OS.
Introduction
Osteosarcoma (OS) is the most frequent primary solid malig‑
nancy of the bone characterized by the presence of malignant
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mesenchymal cells producing osteoid or immature bone (1).
The incidence of OS is estimated at 5 per million persons,
accounting for 45.3% of bone tumors worldwide (2,3). The
alterations in the expression of the corresponding genes that
encode tumor suppressors and promotors are closely associated
with the incidence of OS. In the last decades, the therapeutic
strategies for OS have rapidly improved, including T‑cell
related, occupational and physical therapy (4,5); however, the
prognosis of patients with OS remains poor due to the high
rates of tumor metastasis and recurrence (6‑9). At present, the
identification of new therapeutic targets that are associated
with the occurrence, development and metastasis of cancers has
drawn special attention, which may provide novel approaches
for the clinical management and treatment of OS (10).
MicroRNAs (miRNAs) are a class of non‑coding RNAs that
have been reported to regulate the expression of target genes
by binding to the 3'‑untranslated region of target mRNAs (11).
Furthermore, miRNAs have been demonstrated to serve crucial
roles in tumor cell development, differentiation, proliferation
and apoptosis. Subsequently, various miRNAs have been iden‑
tified as regulators in the biogenesis and progression of certain
types of cancer, such as miR‑154 in gastric cancer, miR‑133a
in non‑small cell lung cancer, miR‑19b in breast cancer and
miR‑769 in colorectal cancer (12‑15). Numerous aberrantly
expressed miRNAs were reported to participate in the develop‑
ment and prognosis of OS. For example, it was demonstrated
that downregulated miR‑223‑3p can predict the poor prog‑
nosis of patients with OS and that miR‑223‑3p can inhibit OS
cell proliferation, invasion and migration by regulating the
expression of cadherin 6 (16). Furthermore, miR‑552‑5p was
reported to serve as a tumor promoter that could facilitate the
development and progression of OS (17). A previous study
demonstrated that miR‑588 is downregulated in breast cancer
and that it can inhibit the proliferation of breast cancer cells (18).
The dysregulation and functional role of miR‑588 in tumor cell
development was observed in prostate cancer, gastric cancer
and lung squamous cell carcinoma (19‑21). A previous study
reported that miR‑588 is downregulated in OS (22); however,
its function and specific role in the progression of OS and the
prognosis of patients remain unclear.
The present study aimed to evaluate the expression and
biological function of miR‑588 in OS tissues and cells and to
determine the prognostic value of miR‑588 in patients with
OS.
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Materials and methods
Tissues and cell lines. This study was approved by the Ethics
Committee of The Second Affiliated Hospital of Mudanjiang
University (approval no. 200934; Mudanjiang, China). A total
of 104 patients diagnosed with OS at The Second Affiliated
Hospital of Mudanjiang University were recruited between
October 2010 and November 2014. The inclusion criteria for
patients with OS were as follows: i) Patients were diagnosed
with OS as a primary malignancy; ii) none of the patients
had received any anti‑tumor therapy, radiotherapy or chemo‑
therapy; iii) all patients signed written informed consent and
participated in a 5‑year follow‑up survey; and iv) the clinico‑
pathological characteristics of patients with OS was provided.
Patients with a history of other cancers were excluded from
this study. Paired OS tissues and adjacent normal tissues were
collected during resection surgery and confirmed by at least
two pathologists. Tissues were immediately frozen in liquid
nitrogen and stored at ‑80˚C prior to following experiments.
The OS cell lines MG63, U2OS, KHOS‑240S and SAOS‑2,
and the human osteoblast cell line hFOB 1.19 were purchased
from the American Type Culture Collection. All cells were
cultured in DMEM medium (Thermo Fisher Scientific, Inc.)
supplemented with 10% FBS (Thermo Fisher Scientific, Inc.)
and placed at 37˚C in a humidified incubator containing
5% CO2.
Cell transfection. In order to regulate the expression of
miR‑588 in OS cells, miR‑588 mimic (50 nM; 5'‑UUG
GCCACAAUGGGUUAGAAC‑3'), miR‑588 inhibitor (50 nM;
5'‑GUUCUAACCCAUUGUGGCCAA‑3'), mimic negative
control (mimic NC; 50 nM; 5'‑UUCUCCGAACGUGUCACG
UU‑3') and inhibitor negative control (inhibitor NC; 50 nM,
5'‑UUGCUAGUGCGACACUACUUCTT‑3') (all from
Shanghai GenePharma Co., Ltd.) were transfected into OS
cells using Lipofectamine 2000™ reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) according to the manufacturer's instruc‑
tions. The transfection mix was prepared at room temperature
and cells were incubated with the transfection complexes at
37˚C for 4 h. Transfected cells were subjected to subsequent
experiments after 48 h of transfection. Non‑transfected cells
were used as the mock group.
RNA extraction and reverse transcription quantitative (RT‑q)
PCR. Total RNA from tissues and cells was extracted using
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
Following reverse transcription to cDNA using the TaqMan
MicroRNA Reverse Transcription kit (Invitrogen; Thermo
Fisher Scientific, Inc.), RT‑qPCR was used to determine the
expression of miR‑588 with the SYBR Green I Master Mix kit
(Invitrogen; Thermo Fisher Scientific, Inc.). The sequences of
the primers were as follows: miR‑588, forward 5'‑GGGUUG
GCCACAAUGGGU‑3', reverse 5'‑GTCGTATCCAGTGCG
TGT‑3'; and U6, forward 5'‑CTCGCTTCGGCAGCACA‑3'
and reverse 5'‑AACGCTTCACGAATTTGCGT‑3'. The ther‑
mocycling conditions were as follows: 95˚C for 30 sec,
followed by 40 cycles of annealing at 95˚C for 10 sec and
extension at 60˚C for 30 sec. The relative expression levels of
miR‑588 were normalized to endogenous control U6 and were
expressed as 2‑ΔΔCq (23).

Cell proliferation assay. OS cell proliferation was evaluated
with the Cell Counting Kit‑8 (CCK‑8; Dojindo Molecular
Technologies, Inc.) assay. Briefly, 5x103 cells were seeded per
well into a 96‑well plate for 0, 24, 48 and 72 h. A total of
10 µl CCK‑8 was added to each well and cells were incubated
for 4 h at 37˚C with 5% CO2. The absorbance was read at
450 nm using a microplate reader (Beckman Coulter, Inc.).
Experiments were performed in triplicate.
Cell migration and invasion assay. Transwell assays were
used to detect the migratory and invasive abilities of OS cells.
Briefly, 1x104 cells were seeded into the upper chamber of a
24‑well Transwell chamber (8‑µm pore size; Corning, Inc.)
and cultured with serum‑free medium. The bottom chamber
was filled with medium supplemented with 10% FBS used as
a chemoattractant. For the invasion assay, the upper chamber
was pre‑coated with Matrigel solution (BD Biosciences) at
37˚C for 1 h prior to cell seeding. Following 48 h incuba‑
tion at 37˚C, the number of cells that have migrated to the
bottom chamber were stained with 1% crystal violet at room
temperature for 30 min and counted using a light micro‑
scope (magnification, x200). Experiments were performed
in triplicate.
Statistical analysis. Data were expressed as the means ±
standard deviation obtained from at least three independent
experiments and were analyzed by SPSS 20.0 software (IBM
Corp.) and GraphPad Prism 7.0 software (GraphPad Software,
Inc.). The difference between groups was evaluated by paired
Student's t‑test or one‑way ANOVA followed by Tukey's post
hoc test. The association between miR‑588 expression and the
clinicopathological characteristics of patients with OS was
analyzed using χ2 test. The overall survival of patients with
OS according to their miR‑588 expression level was estimated
by Kaplan‑Meier analysis and log‑rank test. The prognostic
value of miR‑588 in OS was further evaluated by Cox regres‑
sion analysis. P<0.05 was considered to indicate a statistically
significant difference.
Results
miR‑588 is significantly downregulated in OS tissues and
cells. The results from RT‑qPCR demonstrated that miR‑588
expression was significantly decreased in OS tumor tissues
compared with adjacent normal tissues (P<0.001; Fig. 1A).
Similarly, miR‑588 expression was significantly downregu‑
lated in OS cells (MG63, KHOS‑240S, SAOS‑2, and U2OS)
compared with hFOB1.19 cells (P<0.001; Fig. 1B). miR‑588
downregulation in OS tissues and cells suggested that it may
have a role in the development of OS.
miR‑588 downregulation is associated with Musculoskeletal
Tumor Society (MSTS) staging of patients with OS. According
to the mean expression level of miR‑588 in OS tumor tissues
(0.384), 104 patients with OS were divided into a low miR‑588
expression group (n=63) and a high miR‑588 expression group
(n=41). The results demonstrated that miR‑588 expression
was associated with MSTS staging (P=0.033) of patients with
OS (Table I). No significant association was found between
miR‑588 expression and the other clinicopathological charac‑
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Table I. Association between miR‑588 expression and the clinicopathological characteristics of patients with osteosarcoma.
miR‑588

Characteristics

Cases (n=104)

---------------------------------------------------------------------------------------------------------------------------

Low expression (n=63)

High expression (n=41)

P‑value

Age, years				
0.633
<20
55
31
24
≥20
49
32
17
Sex				0.731
Male
60
35
25
Female
44
28
16
Tumor size, cm				
0.194
<8
57
30
27
≥8
47
33
14
MSTS staging				
0.033
I‑II
74
40
34
III
30
23
7
Location				0.374
Tibia/femur
68
37
31
Elsewhere
36
26
10
MSTS, Musculoskeletal Tumor Society; miR, microRNA.

Figure 2. Kaplan‑Meier curve of patients with osteosarcoma according to
miR‑588 expression levels. Log rank P=0.027. miR, microRNA.

Figure 1. Relative expression of miR‑588 in OS tissues and cells. (A) miR‑588
was significantly downregulated in OS tissues compared with adjacent
normal tissues. ***P<0.001. (B) miR‑588 was significantly downregulated in
OS cell lines MG63, HKOS‑240S, SAOS‑2 and U2OS compared with normal
cells hFOB1.19. ***P<0.001. OS, osteosarcoma; miR, microRNA.

teristics of patients (age, sex, tumor size and location; P<0.05;
Table I).

miR‑588 expression levels had a higher 5‑year survival rate
than patients with low miR‑588 expression levels (log‑rank
P=0.027; Fig. 2). The prognostic value of miR‑588 was further
assessed by Cox regression analysis. The results showed that
miR‑588 expression [hazard ratio (HR) =2.533; 95% confi‑
dence interval (CI) =1.187‑5.407; P=0.016] and MSTS staging
(HR=2.517; 95% CI=1.088‑5.824; P=0.031) were independent
predictors for the prognosis of patients with OS (Table II).

Prognostic value of miR‑588 in OS. The Kaplan‑Meier curve
of patients with OS demonstrated that patients with high

miR‑588 inhibits the proliferation of OS cells. Cell trans‑
fections with miR‑588 mimic or miR‑588 inhibitor were
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Table II. Impacts of clinicopathological characteristics on prognosis in patients with osteosarcoma.
Characteristics
miR‑588 expression
Age
Sex
Tumor size
MSTS staging
Tumor location

HR factor

95% CI

P‑value

2.533
1.195
1.163
1.353
2.517
1.745

1.187‑5.407
0.625‑2.287
0.599‑2.258
0.686‑2.671
1.088‑5.824
0.853‑3.569

0.016
0.590
0.656
0.383
0.031
0.127

MSTS, Musculoskeletal Tumor Society; miR, microRNA; HR, hazard ratio; CI, confidence interval.

Figure 3. Effects of miR‑588 expression level on OS cell proliferation. (A) Cell transfection with miR‑588 mimic significantly increased the expression
of miR‑588 in MG63 and U2OS cells. Transfection of miR‑588 inhibitor significantly decreased the expression of miR‑588. ***P<0.001 vs. Mock group.
(B) Proliferation of MG63 and U2OS cells was promoted by miR‑588 knockdown and inhibited miR‑588 overexpression. *P<0.05 and **P<0.01 vs. Mock group.
OS, osteosarcoma; miR, microRNA; NC, negative control; OD, optical density.

performed to regulate the expression of miR‑588 in MG63 and
U2OS cells, which presented the lowest miR‑588 expression
(Fig. 1B). Compared with the Mock and NC groups, miR‑588
expression in MG63 and U2OS cells transfected with miR‑588
mimic was significantly increased, whereas its expression was
significantly decreased in miR‑588 inhibitor transfected cells
(P<0.001; Fig. 3A). Furthermore, the effect of transfections
with miR‑588 mimic and miR‑588 inhibitor on OS cell prolif‑
eration was determined with the CCK‑8 assay. The results
demonstrated that miR‑588 overexpression significantly
inhibited the proliferation of MG63 and U2OS cells, whereas
miR‑588 knockdown significantly stimulated the proliferation
of OS cells (P<0.01 and P<0.05; Fig. 3B).

miR‑588 inhibits the migratory and invasive abilities of OS
cells. The migratory and invasive abilities of OS transfected
cells were evaluated by Transwell assays. The results demon‑
strated that the number of migrated and invasive cells in the
miR‑588 mimic group was significantly decreased compared
with that in the Mock and NC groups. Conversely, miR‑588
knockdown significantly increased the number of migrated
and invasive MG63 and U2OS cells (P<0.001; Fig. 4A and B).
Discussion
OS is a common bone tumor characterized by rapid develop‑
ment, high metastatic potential and poor prognosis (24,25).
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Figure 4. Effects of miR‑588 expression level on the migratory and invasive abilities of OS cells. (A) Overexpression of miR‑588 significantly decreased the
migratory ability of MG63 and U2OS cells. Downregulation of miR‑588 significantly increased the migratory ability of MG63 and U2OS cells. ***P<0.001
vs. Mock group. (B) Overexpression of miR‑588 significantly inhibited the invasive ability of MG63 and U2OS cells. Downregulation of miR‑588 significantly
increased the invasive ability of MG63 and U2OS cells. ***P<0.001 vs. Mock group. OS, osteosarcoma; miR, microRNA; NC, negative control.

Novel efficient biomarkers are therefore required to improve
the survival rate of patients with OS. Previous studies reported
that miRNAs are involved in various cellular functions and
biological processes, including cell proliferation, differen‑
tiation, apoptosis and invasion (26,27). Therefore, determining
the miRNAs involved in OS tumor formation might help the
development of novel therapeutic strategies for the treatment
and management of OS (28). It has been demonstrated that
several miRNAs are dysregulated in OS and serve crucial roles
in OS tumor progression. For example, it was reported that
miR‑139‑5p expression is downregulated in OS tissues and cells
and that miR‑139‑5p overexpression can significantly inhibit the
progression of OS (29). It is therefore necessary to determine the
function of dysregulated miRNAs in OS progression.

In prostate cancer, miR‑588 was demonstrated to be
upregulated, and its expression is associated with the
poor clinical prognosis and survival rate of patients (19).
However, the expression of miR‑588 was different in OS.
In the present study, the downregulation of miR‑588 in OS
was demonstrated to be associated with MSTS staging of
patients with OS, which was consistent with the previously
reported miRNA expression profile of OS (22). Similar
findings in breast cancer showed that significant miR‑588
downregulation could promote cancer cell proliferation
and decrease cisplatin chemosensitivity (18). Furthermore,
miR‑588 downregulation also predicted the poor prognosis
of patients with OS. In the present study, miR‑588 expression
and MSTS staging were demonstrated to act as independent
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prognostic factors for OS. The prognostic value of miR‑588
was also previously demonstrated in breast and prostate
cancers (18,19). The prognostic value of miRNAs has drawn
special attention in previous studies, and several miRNAs
have been identified as independent prognostic indicators
for various types of cancer (30). For instance, miR‑1294 is
downregulated in gastric cancer and its expression is associ‑
ated with shorter disease‑free survival and overall survival
of patients. miR‑1294 was also identified as an independent
risk factor for gastric cancer prognosis by multivariate Cox
analysis (31). The relatively small clinical sample size of
the present study was a limitation, which might also limit
the interpretation of the results. It is therefore necessary to
conduct further investigation using a larger sample size.
Regarding the biological function of miR‑588 in the
development of OS, the present study demonstrated that
miR‑588 downregulation significantly stimulated OS cell
proliferation and migratory and invasive abilities, whereas
miR‑588 overexpression had the opposite effect. Previously,
miR‑588 was also found to inhibit gastric tumor progression
to its inhibitory effect on gastric cancer cell invasion and
migration (20). Furthermore, miR‑588 was reported to be
downregulated in lung squamous cell carcinoma and to act as
a tumor suppressor that could inhibit tumor cell migration and
invasion by targeting progranulin (21). These results indicated
that miR‑588 may be involved in OS tumor development and
that it may serve a tumor suppressor role in OS.
Although the expression and functional role of miR‑588
in OS were confirmed in the present study, the underlying
mechanism by which miR‑588 regulates the progression and
development of OS was not determined and requires there‑
fore further investigation. In addition, in vivo studies are also
necessary to confirm the results from in vitro studies (32).
The present study provided in vitro evidence demonstrating
the potential tumor suppressor role of miR‑588 in the
development of OS, which needs to be validated by in vivo
experiments.
In conclusion, the present study demonstrated that miR‑588
was downregulated in OS tissues and cells. In addition,
miR‑588 expression was associated with MSTS staging of
patients with OS and miR‑588 downregulation indicated a poor
prognosis for these patients. Furthermore, the proliferation and
migratory and invasive abilities of OS cells were stimulated
following miR‑588 downregulation and inhibited by miR‑588
overexpression. Taken together, these findings suggested that
miR‑588 may be considered as a biomarker for the prognosis
of OS and a tumor suppressor in the development of OS.
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