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Upregulation of microRNA-17-92 cluster associates with tumor progression
and prognosis in osteosarcoma
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MicroRNA-17-92 (miR-17-92) cluster has been demonstrated to play a crucial role in various human cancers. However, its
effects in osteosarcoma have not yet been elucidated. The purpose of this study was to investigate the clinical significance of
miR-17-92 cluster in osteosarcoma. MiR-17-92 cluster expression in osteosarcoma clinical samples and cell lines was detected
by real-time quantitative RT-PCR. Then, the association of miR-17-92 cluster level with survival of osteosarcoma patients was
performed by the Kaplan-Meier and Cox proportional regression analyses. Furthermore, the effects of miR-17-92 cluster on
tumorigenicity of osteosarcoma cell lines were evaluated by in vitro assays. The relative expression of miR-17-92 cluster in
osteosarcoma tissues was significantly higher than those in adjacent normal tissues (P=0.001). And there was a relationship
between miR-17-92 cluster upregulation and advanced TNM stage of osteosarcoma patients (P=0.037). Moreover, higher
miR-17-92 cluster expression clearly predicted poorer Recurrence-free survival (P<0.001) and Overall survival (P=0.002). In
the multivariate analysis, high miR-17-92 cluster expression was an independent prognostic factor for Recurrence-free survival
(P<0.001) and Overall survival (P=0.002). Furthermore, the cellular proliferation, invasion, and migration of osteosarcoma
cell lines were significantly accelerated by miR-17-92 cluster plasmid in vitro assays. Our findings showed that miR-17-92
cluster could serve as a promising marker for tumor recurrence and survival of osteosarcoma patients. Moreover, miR-17-92
cluster has been identified as a promoter for tumorigenicity of osteosarcoma cells, thus it might be a critical targeted therapy
strategy for osteosarcoma.
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Osteosarcoma is the most common primary malignant
bone tumor, which typically appeared in children, adolescents
and young adults [1]. It mainly occured at the regions with
active bone growth and reparation, such as distal femur, proxi-
mal tibia and proximal humerus. High metastatic potential
is one notorious features of this tumor [2]. The treatment of
osteosarcoma is one of the most challenging clinical situations
faced by an orthopaedic surgeon, and patients managed with
amputation and most patients died of lung metastasis within
one year. Owing to the standard combination surgery with
neoadjuvant and adjuvant chemotherapy in recent years, the
cure rate of osteosarcomas has been dramatically improved
[3,4]. However, the relative 5-year survival rate of osteosa-
rcomas is 61.6% in children and adolescents age under 25

years [5]. Therefore, the identification of effective prognostic
biomarkers is urgently needed in order to understand the
molecular mechanism of metastasis involved in osteosar-
comas, and to predict response possibilities to therapeutic
strategies.

MicroRNAs (miRNAs) represent a class of endogenous,
highly conserved, single stranded and small nonprotein-cod-
ing RNA molecules, whith ranging from 18 to 24 nucleotides
in length [6]. MiRNAs are widely expressed in organisms
and are mostly located in introns and exons of protein-cod-
ing or non-coding RNA genes or in fragile sites [7,8]. And
play an important role in the regulation of their target genes
expression through a complex process resulting in either the
target mRNA degradation or the post-transcriptional level
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inhibition [9]. As such, many miRNAs have been reported to
play a pivotal roles in multiple normal biological processes
including cell proliferation, differentiation and apoptosis in
various types of cancers [10,11]. Studies also shown that al-
tered miRNA expression is correlated with the development
and metastatic progression of cancer, thus miRNAs could be
used as biomarkers for cancer diagnosis, prognosis [12,13].
Meanwhile, miRNAs can have tumorigenic or tumor suppres-
sor activities [14,15], suggesting that miRNAs may be used as
targets in preventing tumor metastasis.

MiR-17-92, is one of the best characterized polycistronic
miRNAs located at chromosome 13q31. The miR-17-92 cluster
composed of seven miRNAs (miR-17-5p, miR-17-3p, miR-18a,
miR-19a, miR-20a, miR-19b, and miR-92-1) [16,17]. Recent
studies have observed that the miR-17-92 cluster is overex-
pressed in several types of cancer [18-20]. Studies also have
shown that overexpression of miR-17-92 cluster may regulate
cell cycle, apoptosis, invasion, and proliferation in many
types of human cancer [21,22]. However, its effects in human
osteosarcoma have not been fully elucidated. The aim of this
study was to investigate the clinical significance of miR-17-92
cluster in human osteosarcoma.

Table 1. Association between miR-17-92 cluster expression and convention-
al clinicopathological characteristics in 117 patients with osteosarcoma

Clinical features No. miR-17-92 cluster expression (n, %) P
Low(n=45) High(n=72)

Gender
Male 69 25 44 0.552
Female 48 20 28

Age at diagnosis
<30 53 22 31 0.537
=30 64 23 41

Locations
Femur 55 19 36 0.870
Tibia 36 15 21
Humerus 16 7 9
Others 10 4 6

TNM stage
I 27 16 11 0.037
11 53 18 35
111 37 11 26

Pathological Type
Telangiectatic Os 17 7 10 0.875
Small Cell Os 24 9 15
Other 76 33 43

Progression
Yes 44 11 33 0.016
No 73 34 39

Mortality
Death 52 12 40 0.002
Survival 65 33 32

Materials and methods

Patients, tissue samples and ethics statement. This study
was approved by the Research Ethics Committee of Union
hospital, Tongji Medical College, Huazhong University of
Science and Technology and The First Affiliated Hospital of
Sun Yat-sen University. All the patients were informed that the
patient data from the cases would be submitted for publication
and their written informed consent was obtained. According
to the ethical and legal standards, all specimens were handled
and made anonymous.

Clinical sample selection. This study retrospectively
investigated 117 patients (69 men and 48 women) with
osteosarcoma who underwent routine curative treatments
between May 2000 and Apirl 2008 at Union hospital, Tongji
Medical College of Huazhong University of Science and
Technology and The First Affiliated Hospital of Sun Yat-sen
University. None of the patients investigated had received
chemotherapy prior to the surgery. All patients investigated
in the study were diagnosed with osteosarcoma, and the
diagnosis and the pathological type were confirmed by two
pathologists. The fresh human osteosarcoma tissues and
paired normal adjacent bone tissues were surgically obtained
from each patient. Then all the tissues were snap frozen in
liquid nitrogen. All patients were classified according to the
Enneking classification [23]. Tumor metastasis was defined
based on the clinical, radiological or pathological diagnosis.
The clinicopathologic features of the patients with osteosar-
coma are summarized in Table 1.

By the end of March 2013, 117 patients in this study were
followed up regularly for an average of 36.4 months (range,
1 to 96 months). Fifty-two (44.4%) cases died of progression
of this disease (survival time range 1-44 months, average
14.2 months) and 65 (55.6%) cases were alive since from
1-96 months (average 54.8 months). Chest radiography,
serum alkaline phosphatase (ALP) level, erythrocyte sedi-
mentation rate (ESR), C-reactive protein (CRP) levels were
checked every 1-6 months postoperatively. And computed
tomography scan and/or magnetic resonance imaging scan
was used to confirm the diagnosis when the tumor metastasis
was suspected.

To investigate the overall survival and the Recurrence-free
survival, we defined a time point of 60 months. Overall survival
was determined from the date of surgery to either the date of
the last follow-up or cancer-related death. Recurrence-free
survival was calculated as the time interval from the date of
surgery to the day of the appearance of new metastatic lesions.
Patients who died from diseases other than osteosarcoma or
from unexpected events were excluded.

Cell lines. Two human osteosarcoma cell lines MG-63,
US-0S, and one normal human osteoblast cell line hFOB 1.19,
were purchased from the cell bank of the Chinese Academy
of Sciences (Shanghai, China). These cells were propagated in
DMEM (Invitrogen) supplemented with 10% fetal calf serum
(Gibco), 100U/ml penicillin and 100 pg/ml streptomycin
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(Cambrex). All cells were incubated at 37°C in humidified
5% CO2.

RNA isolation and real-time quantitative RT-PCR.
The expression of miR-17-92 cluster in 117 pairs of human
osteosarcoma tissues and paired normal adjacent bone
tissues, and human osteosarcoma cell lines, was measured
by real-time quantitative RT-PCR analysis. Total RNA was
extracted from frozen tissues and cells with Trizol reagent
(Invitrogen, Carlsbad, USA), then small RNA were isolated
and enriched using the mirVana™ miRNA Isolation Kit
(Ambion, Austin, TX, USA) following the manufacturer’s
instructions. Then the miRNA expression was measured and
quantified by using the TagMan MicroRNA Assays (Applied
Biosystems) following the manufacturer’s instructions. Only
the samples with the OD A260/A280 ratio close to value of
2.0 were analyzed.

For quantitation of miRNA, 10 ng of total microRNA
was reverse transcribed using specific miRNA primers. Sub-
sequently the resulting cDNAs were amplified in triplicate
according to Tagman MicroRNA Assays protocol (Applied
Biosystems, Foster City, CA, USA). The nucleotide sequences
of the qQRT-PCR primers for the miR-17-92 cluster were as
follows: Forward, 5-CTGTCGCCCAATCAAACTG-3’; and
reverse, 5-GTCACAATCCCCACCAAAC-3’ [24]. Expres-
sion level of miR-17-92 cluster was calculated by the change
in cycle threshold method. GAPDH and RUNG6B level were
also measured as internal controls for normalization in oste-
osarcoma tissues and cells respectively.

Cell transfection. The osteosarcoma cells were seeded into
24-well plates respectively and incubated overnight. When cells
were grown to 50-60 % confluence, the transfection of 5nmol/l
of miR-17-92 cluster plasmid (Invitrogen, Carlsbad, USA) and
negative control plasmid (Invitrogen, Carlsbad, USA) were
performed using Lipofectamine 2000 (Invitrogen, Carlsbad,
USA) according to the manufacturer’s instructions.

Cell proliferation assay. Cell survival of human osteosarco-
ma cell lines was analyzed by using Cell Counting Assay Kit-8
(CCK-8) (Dojindo Molecular Technologies, Gaithersburg,
MD) according to the manufacturer’s instructions. Briefly,
5x103 cells were starved in serum-free medium for 12 h, then
the cells were transfected with plasmids. After 24, 48, 72 and
96 h, the cells were harvested. And 10 pul of CCK- 8 solution
was added into each well, the cells were incubated for 1 h, and
the absorbance of each sample was measured at a wave-length
of 490 nm with the Model 680 Microplat Reader (Bio-Rad,
USA) for two times.

Invasion and migration assay. Invasive and migrative as-
say of cell lines were measured with Matrigelcoated transwell
cell culture chambers (24 well insert; pore size, 8 pm; BD
Biosciences, Bedford, MA, USA) and non-coated transwell
cell culture chambers. 5x10* cells were plated into the top
chamber and the medium supplemented with 10% serum
as a chemoattractant was added into the lower chamber.
The cells were incubated for 20 h and the non-invading or
non-migrating cells on the upper surface of membrane were

wiped oft by a cotton swab. Cells had invaded or migrated to
the lower surface of the membrane were fixed with methanol
and stained with Giemsa. The number of invasive or migrative
cells was counted in 10 different fields at 200x magnification.
Each experiment was performed in triplicate.

Statistical analysis. SPSS18.0 for Windows (SPSS Inc,
USA) was used for statistical analysis. Continuous variables
are presented as the mean +standard deviation (SD). Group
comparisons of clinical datas were performed by the x* test
or ANOVA. The Kaplan-Meier method was used to evaluate
the association of miR-17-92 cluster expression with overall
survival and recurrence-free survival, and the resulting curves
were compared by the log-rank test. The Cox proportional
hazards model was used to investigate independent risk factors
with the overall survival and recurrence-free survival. Values
of P<0.05 were considered to be statistically significant.

Results

MiR-17-92 cluster expression in clinical osteosarcoma
samples and human osteosarcoma cell lines. The expression
levels of miR-17-92 cluster in 117 pairs of human osteosar-
coma tissues and paired normal adjacent bone tissues was
determined by real-time quantitative RT-PCR. The miR-17-92
cluster expression was significantly higher in osteosarcoma
tissues compared with normal adjacent bone tissues (Fig. 1
a, P=0.001). In addition, miR-17-92 cluster expression was
also detected in two human osteosarcoma cell lines, MG-63,
US-0S, and one normal human osteoblast cell line hFOB 1.19.
The expression levels of miR-17-92 cluster in MG-63, US-OS
cell lines were both significantly higher than those in hFOB
1.19 cells (Fig. 1 b, both P<0.01). But there was no significant
difference between MG-63, US-OS cell lines in the expression
levels of miR-17-92 cluster (Fig. 1 b, P >0.05).

Association between miR-17-92 cluster expression and
the clinicopathological features of osteosarcoma. According
to the median expression level (7.4, normalized to GAPDH)
of miR-17-92 cluster, the 117 osteosarcoma patients were
classified into two groups. Seventy-two cases were assigned to
the high expression group and 45 cases to the low expression
group. The associations between miR-17-92 cluster expression
and various clinicopathological parameters of osteosarcoma
patients are summarized in Table 1. The patients with high
miR-17-92 cluster expression more frequently had advanced
TNM stage (P=0.037) and tumor progression (P=0.016). And
there was no significant difference in gender, age, tumor loca-
tions and pathological type between two groups.

Prognostic value of miR-17-92 cluster expression in
osteosarcoma patients. To evaluate the prognostic value
of miR-17-92 cluster expression in osteosarcoma patients,
we defined a time point of 60 months. During this study, 44
patients presented a progression and 73 did not. In patients
who progressed, 33 patients (33/44, 75%) had high miR-17-92
cluster expression. And the detailed clinical information of
all 117 osteosarcoma patients was reviewed. Using the Kap-
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Figure 1. MiR-17-92 is upregulated in osteosarcoma tissues as well as human osteosarcoma cell lines. (a) Levels of miR-17-92 were significantly higher
in osteosarcoma compared with paired normal adjacent bone tissues accessed by quantitative RT-PCR. (b) Levels of miR-17-92 in two human osteosa-
rcoma cell lines were both significantly higher than that in hFOB 1.19 cells accessed by quantitative RT-PCR

lan-Meier method and log-rank test, osteosarcoma patients
with high miR-17-92 cluster expression were correlated with
shorter recurrence-free survival and shorter overall survival
(Fig. 2 a, b, Table 2; P=0.001 and 0.002, respectively) compared
with those with low miR-17-92 cluster expression. Moreover,
advanced TNM stage (Table 2; both P=0.001) was statistically
significant risk factor affecting recurrence-free survival and
overall survival of patients with osteosarcoma (Table 2), while
others were not of predictive values (Table 2, P >0.05).

In multivariate Cox regression, miR-17-92 cluster and TNM
stage were enrolled into the Cox proportional hazard analysis.
MiR-17-92 cluster expression (for recurrence-free survival,
Hazard Ratio (HR) 3.501, P<0.001; for overall survival: HR
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2.941,P=0.002) and TNM stage (for recurrence-free survival,
HR 1.957, P=0.001; for overall survival, HR 2.324, P<0.001)
were both independent prognostic factors for recurrence-free
survival and overall survival of patients with osteosarcoma
(Table 3).

MiR-17-92 cluster promotes the proliferation of human
osteosarcoma cell lines. To evaluate the effects of miR-17-92
cluster on proliferation of osteosarcoma cell lines, osteosa-
rcoma cells were transfected with either miR-17-92 cluster
plasmid or negative control plasmid. The miR-17-92 cluster
expression in cells transfected with miR-17-92 cluster plas-
mid were significantly higher than that in cells transfected
with negative control plasmid or blank control (Fig. 3). The

—— High miR-17-92 expression (n=72)

—— Low miR-17-92 expression (n=45)

Overall survival

0 T T 1
0 20 40 60

Month after surgery

Figure 2. Kaplan-Meier survival curves for osteosarcoma patients according to the expression of miR-17-92. (a) Recurrence-free survival. (b) Overall

survival
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Figure 3. The miR-17-92 expression in MG-63, US-OS cells transfected with miR-17-92 plasmid or negative control plasmid was analyzed by quantitative

RT-PCR. The results are presented as mean * SD of triplicate experiments

proliferation assay demonstrated that miR-17-92 cluster up-
regulation significantly promoted the proliferation activity of
two human osteosarcoma cell lines (Fig. 4).

MiR-17-92 cluster promotes invasion and migration of
human osteosarcoma cell lines. Moreover, the effects of miR-
17-92 cluster on cell invasion and migration of osteosarcoma
cell lines were investigated in vitro. As shown in Fig. 5 and
6, the overexpression of miR-17-92 cluster had a significant
increase in cell invasion and migration of two human osteosar-
coma celllines, MG-63 cells ( P=0.004 and 0.009, respectively),
US-OS cells (P=0.017 and 0.006, respectively).

Discussion

Osteosarcoma is a lethal malignancy of poor clinical
outcome when tumors progress to metastasis [1]. Therefore,
to search novel therapeutic targets to improve the clinical
outcome of osteosarcoma patients is necessary. Previous
studies have showed that miRNAs serve as biomarkers and
therapeutic targets of treatment response for osteosarcoma
[22,25,26]. Our work now extends miR-17-92 cluster onco-
genic function to osteosarcoma. To our knowledge, this is
the first description to investigate the tumorigenic roles of

Table 2. Univariate analysis of the associations of prognosis with various clinicopathological parameters and miR-17-92 expression in osteosarcoma

patients
Features Recurrence-free survival Overall survival
HR 95%CI P HR 95%CI P

Gender 0.791 0.443-1.413 0.429 0.815 0.459-1.145 0.487
Age at diagnosis 0.979 0.954-1.004 0.099 0.985 0.960-1.011 0.255
Locations 1.303 0.967-1.756 0.082 1.308 0.968-1.767 0.080
TNM stage 2.126 1.386-3.261 0.001 2.581 1.648-4.043 <0.001
Pathological Type 1.053 0.736-1.507 0.777 1.040 0.720-1.503 0.833
MiR-17-92expression 3.477 1.728-6.996 <0.001 2.990 1.484-6.022 0.002

Table 3. Multivariate analysis of the associations of prognosis with various clinicopathological parameters and miR-17-92 expression in osteosarcoma

patients
Features Recurrence-free survival Overall survival
HR 95%CI P HR 95%CI P
TNM stage 1.957 1.310-2.924 0.001 2.324 1.530-3.531 <0.001
MiR-17-92expression 3.501 1.772-6.915 <0.001 2.941 1.505-5.747 0.002
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Fig. 4 MiR-17-92 promotes the proliferation of human osteosarcoma cell lines. The proliferation of osteosarcoma cells was determined by the CCK-8
assay at 24, 48, 72, and 96 h after transfection. The results are presented as mean * SD of triplicate experiments (**P<0.05)

miR-17-92 cluster expression in human osteosarcoma clinical
samples and cell lines.

MiR-17-92 cluster is emerging as a critical oncogenic micro-
RNA cluster in human cancers and is frequently overexpressed
in lung cancer, B-cell lymphoma and other tumors [19,27].
In our study, we found that 72 (61.5%) cases of osteosarcoma
samples highly expressed miR-17-92 cluster. Especially, the
expression levels of miR-17-92 cluster in osteosarcoma tis-
sues and cells were higher than those in adjacent normal bone
tissues and normal human osteoblast cell respectively. In ad-
dition, patients with high miR-17-92 cluster expression had
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more frequently advanced TNM stage and tumor progression,
indicating that miR-17-92 cluster expression might be of clini-
cal relevance in the aggressiveness of osteosarcoma, which is
in keeping with what has been observed previously in several
kinds of cancer [28-30].

Furthermore, the relationship between miR-17-92 cluster
expression and clinical outcome evaluated by univariate and
multivariate analyses, discovered that high miR-17-92 cluster
expression was associated with shorter recurrence-free sur-
vival and overall survival of patients with osteosarcoma than
those with low miR-17-92 cluster expression. Therefore, we

U-S 0S
B
P=0.017
80+
P=0.014
%
Q
(e}
&
g
g
o)
o
0_
\ (o)
contr© \as ras™
Blank contro' P aAT9%®
we MR-
Nega\N

Figure 5. MiR-17-92 promotes the invasion of human osteosarcoma cell lines. The invasion of osteosarcoma cells was determined by the Transwell
Matrigel invasion assay after transfection. The results are presented as mean + SD of triplicate experiments
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Figure 6. MiR-17-92 promotes the migration of human osteosarcoma cell lines. The migration of osteosarcoma cells was determined by the Transwell
migration assay after transfection. The results are presented as mean + SD of triplicate experiments

hypothesized that the status of miR-17-92 cluster expression
could be an independent factor for predicting the prognosis
of this disease. These results were consistent with previous
studies in pancreatic cancer and oesophageal squamous cell
carcinomas [31,32].

Invasion and metastasis, two of the most important
hallmarks of cancer, are the leading causes of lethality in
osteosarcoma [1]. In the present study, we demonstrated
a significant correlation between the miR-17-92 cluster level
and the proliferation, invasion and migration of osteosarcoma
cells: the expression of miR-17-92 cluster was higher in cells
with higher proliferation, invasion and migration potential.
The positive association of miR-17-92 cluster with cell pro-
liferation, invasion and migration suggests that miR-17-92
cluster may be categorized as a “metastasis promotor gene”
in osteosarcoma, which was in line with previous reports
[22,33,34].

Based on the results of our study, miR-17-92 cluster may
serve as a potential therapeutic target for the following find-
ings: First, the expression levels of miR-17-92 cluster in
osteosarcoma tissues were significantly higher than those
in adjacent normal tissues. Next, high miR-17-92 cluster
expression is associated with advanced TNM stage. Then,
miR-17-92 cluster may predict the prognosis of patients with
osteosarcoma. And finally, miR-17-92 cluster may promote
the proliferation, invasion, and migration of osteosarcoma
cells in vitro test.

Conclusion

Together with previous reports, the current observations
demonstrate for the first time that miR-17-92 cluster may
serve as a potent prognostic marker for tumor recurrence

and survival of osteosarcoma patients. On the other hand, we
further suppose that the miR-17-92 cluster as a promoter for
cell proliferation and tumor progression, suggesting that miR-
17-92 cluster might thus be a promising therapeutic target for
osteosarcoma. However, the mechanism by which miR-17-92
cluster was up-regulated in osteosarcoma is still unclear, and
further prospective analysis should be worth doing.
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