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Serum microRNA-17 functions as a prognostic
biomarker in osteosarcoma
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Abstract. MicroRNAs (miRNAs/miRs) are a class of small
noncoding RNA molecules that have important roles in
regulating the expression of target genes associated with
the development and progression of cancer. The majority of
miRNAs are expressed in a highly tissue- and region-specific
manner, and released into the bloodstream as a consequences
of different diseases. Furthermore, altered levels of miRNAs
have been observed in several diseases, including cancer. In the
present study, reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) demonstrated that circulating
miR-17 levels were significantly upregulated in patients with
osteosarcoma (OS) compared with healthy subjects. RT-qPCR
also revealed that high levels of circulating miR-17 expression
were inversely correlated with phosphatase and tensin homolog
expression, which was identified as a target gene of miR-17 in
OS tissues. Furthermore, the overall survival of patients with
OS was shorter in those with high miR-17 expression compared
with moderate and low expression. Taken together, these find-
ings indicate that miR-17 may function as a useful diagnostic
and prognosis biomarker or therapeutic target of OS.

Introduction

Osteosarcoma (OS) is an aggressive disease, and is the most
common type of bone tumor in children and adolescents
globally (1). The tumor predominantly occurs near regions
that produce osteoid. The prognosis of patients with OS
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is poor due to its high rate of metastasis and chemoresis-
tance (2). Approximately one-third of patients diagnosed
with localized OS experience relapse or progressive illness,
and the mean survival time of patients with OS recurrence is
<1 year (3). Prior to the emergence of effective chemotherapy,
2-year overall survival rates following surgical resection
and/or radiotherapy were 15-20% (4,5). Further advances in
therapeutic strategies for OS, including wide tumor excision,
neoadjuvant and adjuvant chemotherapy, and radiotherapy,
have resulted in significantly improved clinical outcomes and
long-term survival rates (2,6-9). However, >30% of patients
with OS survive for <5 years and succumb due to pulmonary
metastases following diagnosis (10,11). Therefore, it is critical
to identify OS effector molecules, novel therapeutic strategies,
and signaling pathways regulating OS growth and metastasis.
Furthermore, there is an ongoing need for a more thorough
understanding of the genetic and molecular mechanisms of OS
development and metastasis.

Emerging evidence in the research area of epigenetics
suggests that OS is caused by the accumulation of genetic and
epigenetic alterations (12). MicroRNAs (miRNAs) are highly
conserved, noncoding, small (22 nucleotides in length) RNAs
that have a critical role in regulating post-transcriptional gene
expression (13,14). Aberrant miRNA expression affects the
initiation and progression of carcinogenesis, and is associ-
ates with abnormal cell proliferation, differentiation, growth,
apoptosis and invasion (15). Recent advances in epigenetics
have revealed that miRNA dysregulation frequently occurs
in various types of neoplasm, including gastric, colon, lung
and prostate cancer, as well as OS (16-20). The focus of a vast
number of studies on determining the expression of miRNAs
in clinical samples has identified an association between
miRNA function and oncogenesis or tumor suppressor genes,
which was dependent on the function of the miRNA target
genes (21,22).

In recent decades, the majority of studies have focused on
miRNA expression in cell lines and tissues; these miRNAs
have also been identified in circulation as diagnostic and prog-
nostic biomarkers (23). Further studies have shown that the
circulating miRNA profile reflects disease states, particularly
in cancer (24,25). However, the association between miRNA
profiles in circulation and in tumor tissues remains unclear.
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In our previous study (20), it was found that miR-17 levels
were marginally elevated in OS tissues and cell lines. The
study also observed that downregulation of miR-17 expression
in OS cells, which leads to increased phosphatase and tensin
homolog (PTEN) expression, resulted in the suppression of OS
cell proliferation, migration and invasion. However, expression
of miR-17 in the circulation has not been predicted or experi-
mentally confirmed, and the expression levels and patterns of
miR-17 in the circulation of patients with OS have not been
well established. Therefore, the present study detected miR-17
expression in OS cell lines and serum samples. miR-17 expres-
sion was upregulated in the serum and positively correlated
with expression levels in the OS specimens. These results
suggest that miR-17 may be a promising prognostic biomarker
of OS.

Materials and methods

Cell lines, blood samples and OS specimens. Human osteo-
blast cell line hFOB 1.19, and OS cell lines U20S, Saos-2,
MG-63 and MNNG/HOS were purchased from The Cell Bank
of Type Culture Collection of Chinese Academy of Sciences,
Shanghai Institute of Cell Biology, Chinese Academy of
Sciences (Shanghai, China). Human osteosarcoma cell lines
MNNG/HOS, U20S, Saos-2 and MG-63 were cultured in
minimal essential medium, Dulbecco's modified Eagle's
medium (DMEM), RPMI 1640 and DMEM, respectively,
supplemented with 10% fetal bovine serum (FBS), 100 mg/ml
streptomycin and 100 IU/ml penicillin, at 37°C with 5% CO,.
The human osteoblast hFOB 1.19 cell line was maintained
in DMEM/F12 medium supplemented with 10% FBS, 100
mg/ml streptomycin and 100 IU/ml penicillin, at 37°C with
5% CO,. The cells were serum-starved for 12 h prior to each
experiment.

The present study included 46 patients with OS and
46 matched normal tumor-free patients treated in the Depart-
ment of Orthopedics, Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology (Wuhan,
China) between March 2008 and March 2011. The patient
cohort consisted of 27 males and 19 females, with an age at
diagnosis that ranged from 9 to 48 years and a mean age of
19.6 years. Inclusion criteria were a diagnosis of osteosarcoma
based on the results of imaging studies and biopsies, while
exclusion criteria included the presence of any other type of
neoplasm, liver and kidney dysfunction, and a post-operative
pathological diagnosis of osteosarcoma. Peripheral blood
samples (15 ml) were obtained from the OS patients and
matched normal tumor-free patients. The samples were centri-
fuged at 978 x g for 10 min at room temperature, serum was
extracted and stored immediately in liquid nitrogen until use.

OS and matched normal non-tumor tissues (n=46) were
collected from the patients with OS. All the tissues were
resected at the time of surgery (including amputation and
limb-sparing surgery) and immediately stored in liquid
nitrogen until use. The present study was approved by the
Ethics Committee of Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology.

RNA isolation and reverse transcription-quantitative
polymerase chain reaction (RT-qPCR). Total miRNA was
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obtained from all cultured cells, serum samples and tissues
using RNeasy Mini and miRNeasy Mini kits (Qiagen, Inc.,
Valencia, CA, USA). miR-17 expression was quantified by
performing RT-qPCR using TagMan MicroRNA Assay kits
(catalog no. 217004; Applied Biosystems; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) on a LightCycler 480
System II (Roche Diagnostics, Rotkreuz, Switzerland). The
primer sequences were as follows: Forward, 5'-CCAGGAC-
CAGAGGAAACCT-3' and reverse, 5'-GCTAGCCTCTGG
ATTTGA-3' for PTEN; U6 forward, 5'-CTCGCTTCGGCA
GCACA-3' and reverse, 5-AACGCTTCACGAATTTGC
GT-3'; miR-17 forward, 5“TGCTTACAGTGCAGGTAG-3' and
reverse, 5'-GAACATGTCTGCGTATCTC-3"; and forward,
5-ATGTCGTGGAGTCTACTGGC-3' and reverse, 5'-TGA
CCTTGCCCACAGCCTTG-3' for GAPDH. The PCR condi-
tions were as follows: 50°C for 2 min, 95°C for 10 min, 95°C
for 30 sec and 60°C for 30 sec, for 40 cycles. PTEN expres-
sion was detected using SYBR Premix Ex Taq II (Takara Bio,
Inc., Otsu, Japan). The RT-qPCR data was evaluated using
the 224 method (26) relative to GAPDH for mRNA or U6
small nuclear RNA for miRNA. Each PCR experiment was
conducted in triplicate.

Statistical analysis. Data are presented as mean + stan-
dard deviation and were analyzed using SPSS software
(version 16.0; SPSS, Inc., Chicago, IL, USA). The correlation
between miR-17/PTEN expression levels and prognosis was
analyzed by Kaplan-Meier survival analysis using GraphPad
Prism 6 software (GraphPad Software, Inc., San Diego, CA,
USA). Analysis of variance (followed by Gabriel's procedure
or a two-tailed Student's t-test were used to examine the
data between >2 or 2 variables, respectively, and Spearman's
correlation analysis was performed to evaluate the association
between miR-17 and PTEN expression levels. P<0.05 was used
to indicate a statistically significant difference.

Results

Expression of miR-17 is increased in OS cell lines, serum
samples and tissues. To investigate the potential significance
of miR-17 in OS development and progression, the present
study evaluated the expression of miR-17 in a human osteoblast
cell line, and OS cell lines, serum samples and tissues using
RT-qPCR. miR-17 expression levels were significantly upregu-
lated in all four OS cell lines, U20S, Saos-2 (P<0.05), MG-63
and MNNG/HOS (P<0.01), compared with the hFOB 1.19
human osteoblast cell line (Fig. 1A). The expression of miR-17
was also significantly increased in serum samples of patients
with OS compared with normal controls subjects (P<0.05;
Fig. 1B). Furthermore, the expression of miR-17 was signifi-
cantly increased in OS tissues compared with matched normal
tissues (P<0.05; Fig. 1C).

Correlation between miR-17 and PTEN expression in patients
with OS. Previous studies demonstrated that PTEN is a target
gene of miR-17 and its expression appears to be inversely
correlated with miR-17 expression levels in OS tissues (27,28).
In the present study, PTEN expression was significantly
decreased in human OS tissues compared with in matched
normal tissues (P<0.01), indicating that downregulation of
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Table I. Comparison of the clinical characteristics of 46 OS patients with PTEN tissue expression and circulating miR-17
expression.

PTEN expression in OS tissue miR-17 expression in serum

Characteristic High Moderate Low P-value High Moderate Low P-value
Total, n (%) 12 (26.1) 12 (26.1) 22 (47.8) 0.523 25 (54.3) 12 (26.1) 9 (19.6) 0.546
Age at diagnosis, years
Mean 219 243 16.7 152 238 24.7
Range 13-42 12-48 9-27 0.673 9-31 14-40 13-48 0.615
Gender, n (%)
Male 7(58.3) 6 (50.0) 14 (63.4) 15 (60.0) 7(58.3) 6 (66.7)
Female 541.7) 6 (50.0) 8 (32.6) 0.632 10 (40.0) 5@1.7) 3(33.3) 0.754
Prognosis, n (%)
Survived 7 (58.3) 8 (66.7) 9 (40.9) 0.045 10 (40.0) 9 (75.0) 5(55.6) 0.042
Deceased 5@41.7) 4 (33.3) 13 (59.1) 0.032 15 (60.0) 3(25.0) 4 (44 4) 0.036
OS, osteosarcoma; PTEN; phosphatase and tensin homolog; miR, microRNA.
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Figure 1. Expression of miR-17 is increased in OS cell lines, serum samples and tissues. miR-17 expression was significantly increased in (A) U20S, MG-63,
Saos-2 and MNNG/HOS cells lines compared with the hFOB 1.19 osteoblast cell line (P=0.0218, P=0.0286, P=0.00852 and P=0.00937 vs. hFOB 1.19 cells);
(B) OS serum samples compared with normal serum samples (P=0.0254); and (C) OS tissues compared with paired normal tissues (P=0.0370). Data are

presented as mean + standard deviation. "P<0.05, “P<0.01 vs. hFOB 1.19 cells or the control group. miR, microRNA; OS, osteosarcoma..

PTEN may have a significant role in OS development and
progression (Fig. 2A). To evaluate the association between
circulating miR-17 and PTEN expression levels, Spearman's
correlation analysis was performed, demonstrating that serum
miR-17 expression is strongly inversely correlated with PTEN
expression in OS tissue (P=0.0002; Fig. 2B).

Upregulation of miR-17 expression and downregulation of
PTEN expression are correlated with poor survival in patients
with OS. To further determine the potential roles of miR-17 in
OS development and progression, the present study analyzed
the correlations between miR-17 expression in circulation
and PTEN expression in OS tissues, and clinical features of
patients with OS. The expression levels of miR-17 in serum and
PTEN in OS tissues were analyzed in the cohort of 46 patients
with OS, and divided into the following three groups: Low
expression (score 1), moderate expression (score 2) and high
expression (score 3). The results revealed that high expression
of miR-17 in circulation was strongly associated with poor
prognosis in patients with OS, while overexpression of PTEN

in OS tissues was significantly correlated with good prognosis
in patients with OS (P<0.05; Table I). As indicated in Table I,
the expression levels of miR-17 were correlated with incidence
at an early age (P>0.05).

Furthermore, Kaplan-Meier analysis demonstrated that the
prognosis of patients with OS is significantly worse in those
with high serum miR-17 expression compared with those
exhibiting moderate and low miR-17 expression (P=0.0037;
Fig. 3A). By contrast, patients with high PTEN tissue expres-
sion exhibited a significantly better prognosis than those with
moderate and low PTEN expression (P=0.0187; Fig. 3B).
Furthermore, patients were divided into two outcome groups:
Survival group (survived for >5 years) and non-survival group
(survived for <5 years). It was observed that patients in the
survival group (24 patients, 52.2%) exhibited significantly
lower miR-17 expression scores compared with patients in
the non-survival group (22 patients, 47.8%; P=0.0026). By
contrast, patients in the survival group had higher PTEN
expression scores than patients in the non-survival group
(P=0.0002). The mean miR-17 and PTEN expression score
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Figure 2. PTEN expression and correlation between miR-17 and PTEN expression in patients with OS. (A) Relative PTEN mRNA expression was downregu-
lated in OS tissues compared with normal tissues (P=0.00823). (B) Inverse associations were observed between circulating miR-17 expression levels and PTEN
expression level in OS tissue samples (Spearman's correlation analysis: r=-0.5297, P=0.0002). Data are presented as mean + standard deviation. “P<0.01 vs.
the control group. PTEN, phosphatase and tensin homolog; OS, osteosarcoma; miR, microRNA.
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Figure 3. Upregulation of miR-17 expression and downregulation of PTEN expression are correlated with poor survival of patients with osteosarcoma (OS).
Kaplan-Meier survival curves of patients with OS were divided 3 groups depending on high, moderate and low expression of miR-17 and PTEN. (A) Survival
curve showing that the overall survival of OS patients with high expression of miR-17 was significantly shorter than patients with moderate and low miR-17
expression (P=0.0037). (B) Survival curve showing that the overall survival of OS patients with high expression of PTEN was significantly longer than those
patients with moderate and low PTEN expression (P=0.0187). (C) miR-17 expression scores of OS patients in the non-survival group were significantly higher
than in patients in the survival group (P=0.0026). (D) PTEN expression scores of OS patients in the survival group were significantly higher than in patients
in the non-survival group (P=0.002). miR, microRNA; PTEN, phosphatase and tensin homolog.

ranges in two groups were 2.2-2.6 (Fig. 3C) and 1.9-1.6
(Fig. 3D), respectively.

Discussion

Emerging studies have indicated that miRNAs are involved
in several processes, including cell apoptosis, proliferation,
metastasis and differentiation, by regulating the expression
of multiple target genes (14,15). Hence, exploring the profiles

of miRNAs and their target genes involved in tumorigenesis
may promote understanding of the underlying mechanisms
of patients with human malignancies, and provide valu-
able insight for the early diagnosis and treatment of such
diseases (20-22,24). Results from previous studies have
continually demonstrated that the presence of miRNAs in
the circulation and in bodily fluid may function as promising
diagnostic and prognostic biomarkers in certain diseases,
including human malignancies (23-25,29).
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In the present study, the expression of miR-17 in serum
samples from patients with OS was compared with paired
serum samples of healthy control subjects. This analysis
revealed that the expression of miR-17 in circulation was
significantly upregulated in OS compared with the normal
controls. The current study also observed increased expression
of miR-17 in OS tissues compared with normal tissues. This is
consistent with a previous study, which identified that miR-17
expression is upregulated in OS cell lines compared with a
matched human osteoblast cell line (20). Simiarly, Minami et al
demonstrated that the overexpression of miR-17 promotes cell
growth in synovial sarcoma (27). Our results identified PTEN
as a miR-17 target gene that affects OS cell proliferation,
colony formation, migration and invasion (20). These results
are consistent with a previous report that PTEN is a direct
target of miR-17 in glioblastoma cells (30). Our previous study
demonstrated that downregulation of miR-17 leads to the
upregulation of PTEN expression in OS cells, which results
in the inhibition of OS cell growth and metastasis (20). Simi-
larly, a previous study concerning PTEN expression levels in
OS tissues revealed a the positive correlation between PTEN
expression and the degree of differentiation (31).

Initially identified in 1997, the PTEN protein is considered
an important tumor suppressor that inhibits tumor develop-
ment, invasion, angiogenesis and metastasis (32). PTEN
predominantly functions as a tumor suppressor gene through
the phosphoinositide 3-kinase (PI3K)/PTEN/AKT signaling
pathway. It has been reported that the PI3K/PTEN/AKT
signaling pathway is frequently deregulated during tumorigen-
esis (33). Considering the importance of the PI3K/PTEN/AKT
signaling pathway in regulating numerous cellular behaviors,
including cell proliferation and survival, it is unsurprising that
the PTEN gene undergoes inactivation or loss of function in
several types of human tumor (34). As a tumor suppressor
gene, downregulation of PTEN in certain types of malignant
cancer activates AKT, promoting cell proliferation, survival,
migration and angiogenesis (35). Immunohistochemical char-
acterization of OS tumor tissues suggest that PTEN expression
is downregulated in a high percentage of OS cases (36).
Furthermore, the present study results suggest that miR-17
modulates PTEN expression and that miR-17 expression is
downregulated in OS serum, which reveals the involvement of
miR-17 in the pathological process of OS.

In conclusion, the current results demonstrated that down-
regulation of miR-17 decreases OS cell survival, and enhanced
miR-17 expression resulted in the downregulation of PTEN
expression in OS. Taken together, the current results suggest, for
the first time, that miR-17 in serum may function as a diagnostic
biomarker and prognostic factor in the progression of OS.
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