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Introduction

Ewing’s sarcoma (ES) is a primary malignant bone tumor 
in children and adolescents, accounting for 6–8% of the pri-
mary bone tumors, with rapid progression and high mortal-
ity [1]. Since majority part of death cases accompanied with 
tumor metastasis, the high recurrence and metastasis have 
become a big obstacle in the treatment of ES.

MiRNAs (microRNAs) are kinds of single-stranded non-
coding and small molecule RNAs, which could regulate the 
expression of genes transcriptionally [2]. Abnormal expres-
sion of miRNAs has been widely reported in the tumori-
genesis and development of variety tumors, including ES 
[3, 4]. Among the miRNAs being reported, miR-107 is a 
newly reported miRNA, whose expression was abnormal 
in many kinds of cancers. In osteosarcoma, miR-107 was 
down-regulated in OS tissues, and overexpression of miR-
107 inhibited cell proliferation and promoted cell apoptosis 
of OS in vitro [5]. However, its putative role in ES has not 
been identified yet. In this paper, we will explore the expres-
sion and its putative biological effects in ES and unravel 
potential molecular mechanisms might be involved in ES 
tumorigenesis.

Materials and methods

Cell lines and cell culture

Human Ewing’s sarcoma cell lines A673, SK-ES-1 and 
RD-ES were procured from the American Type Culture Col-
lection (ATCC). MSCs were grown in IMDM, 10% Fetal 
Calf Serum (FCS) and PDGF-BB (10 ng/ml). A673, RD-ES 
and SK-ES-1 cells were grown in 1640 medium augment 
with 10% Fetal Bovine Serum (FBS), streptomycin (100 µg/
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ml), and penicillin (100 U/ml). Human mesenchymal stem 
cells (MSCs) used in our experiments were obtained from 
normal adult human bone marrow withdrawn from bilateral 
punctures of the posterior iliac crests of three normal vol-
unteers. MSCs were cultured at low confluence in IMDM, 
10% FBS, and 10 ng/ml PDGF-BB (PeProtechEC). All cells 
were incubated at 37 °C in 5% CO2 cell culture incubator. 
All volunteers have written informed consent forms and use 
of these tissue samples has been approved by Ethics Com-
mittee of Chongqing Medical University.

Oligonucleotide transfection

MiR-107 mimic and scramble mimic oligonucleotides were 
purchased from Dharmacon (Dharmacon, Austin, USA) and 
transfected into SK-ES-1 and RD-ES cells with 50 nM using 
Dharmfect 1 (Dharmacon, Austin, USA) according to the 
manufacturer’s protocols. Medium was changed 6 h after 
transfection. Cells were grown for about 48 h and collected 
for further experiments.

RNA extraction and RT‑quantitative PCR

To quantitate miR-107 expression in Ewing’s sarcoma cells, 
total RNA was extracted from the cells with the Trizol rea-
gent (Invitrogen, USA) according to the protocol. RT-quanti-
tative PCR analysis was used to explore the content of RNA 
transcripts. In a nutshell, cDNA was interosculated through 
M-MLV reverse transcriptase (Invitrogen, USA) and RT 
primer was applied to the reverse transcription of mRNA. 
RT-qPCR was performed on the CFX96TM Real-Time 
PCR Detection System (Bio-Rad, USA) using the Quanti-
Tect SYBR Green PCR mixture. The cycling contexts were 
used by TaqMan probes (Invitrogen, USA): 95 °C for 30 s 
(initial denature); then 40 cycles of 95 °C for 10 s, 60 °C 
for 30 s and 72 °C for 30 s. GAPDH were used for mRNA 
normalization.

Vector construction and dual‑luciferase reporter 
analysis

To demonstrate whether HIF-1β was regulated by miR-107 
through precisely targeting its 3′-UTR, we performed Dual-
luciferase reporter assays. The full-length of 3′-URT of the 
HIF-1β mRNA was amplified from genomic DNA utiliz-
ing primers of HIF-1β-UTR-F/R and next cloned into the 
XbaI and NotI sites of the pGL-3 vector (Promega, USA). 
The mutant construct of 3′-UTR of HIF-1β was intro-
duced through the QuickChange site-directed mutagenesis 
kit (Stratagene, USA). The luciferase reporter structure 

containing the HIF-1β target sequence acted as the positive 
control, and the pRL-TK vector acted as the internal control. 
Approximately, 1 × 105 cells were seeded into each well 
of 24-well plates for 24 h before transfection. Cells were 
transfected with the pGL-3 firefly luciferase reporter (50 ng/
well), pRL-TK Renilla luciferase reporter (10 ng/well), and 
the miR-107/scramble mimic (40 nM). All of the transfec-
tions were accomplished using Lipofectamine 2000 (Invitro-
gen, USA). 48 h later after transfection, Passive Lysis Buffer 
(Promega, USA) was used to prepare the cell lysates, and the 
activity of luciferase was estimated by the Dual-Luciferase 
Reporter analysis (Promega, USA). Results were normalized 
to the Renilla luciferase.

Cell cycle and cell proliferation assays

For ES cell proliferation assays, about 8–10 × 103 cells were 
resuspended into each well of 24-well plates. Cells were 
incubated into plate compared with CCK-8 (10 µl, Dojindo) 
at 37 °C for 2 h. Proliferation rates were determined at 0, 24, 
48 and 72 h after transfection. The absorbance of per well 
was measured with a microplate reader set at 450 nM. All 
proliferation experiments were performed in triplicity. Cell 
cycle assays were enforced in SK-ES-1 and RD-ES cells 
48 h after transfection. After cells were harvested, cells were 
washed with cold PBS, fixed in cold ethanol (70%), and fur-
ther hatched with the propidium and RNase A, and finally 
analyzed through FACS.

Cell apoptosis analysis

In the cause of explore the apoptosis of RD-ES and 
SK-ES-1 cells, flow cytometric analysis was equipped 
with PE-Annexin V/7AAD (BD Pharmingen, USA) by the 
instructions.

Tube formation assays

24 h after transfection with miR-107/scramble mimic, about 
1 × 104 cells were resuspended into each well of 48-well 
plates with Matrigel (60 µl, BD Bioscience, USA). Micro-
scope was used to observe the structure of tubes after 12-h 
incubation. The branch point of tube structure was quantified 
by the protocols.

Protein extraction and western blotting

Immunoblot analysis was accomplished by standard meth-
ods. Proteins were analyzed by 10% SDS-PAGE, and then 
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electroblotted onto PVDF membranes (Millipore, USA). 
Membranes were incubated overnight at 4 °C with primary 
antibody after blockage for 2 h with 5% non-fat dried milk. 
Detection was accomplished through peroxidase-conjugated 
secondary antibodies by the enhanced chemiluminescence 
system (Millipore, USA). Primary antibodies were HIF-1β 
(Cell Signaling Technology, USA) and GAPDH (ZSGB-
BIO, Beijing, China). After rinsing with TBST (10 mM Tris, 
pH 8.0, 150 mM NaCl, and 0.1% Tween20), the membranes 
were incubated for 2 h at room temperature with goat anti-
rabbit antibody (ZSGB-BIO, Beijing, China) at 1:20,000.

Plasmid construction

To over-express HIF-1β, the human HIF-1β gene open-read-
ing frame (ORF) was inserted into pcDNA-3.1 construct 
to generate the pcDNA-3.1-HIF-1β construct. The control 
was empty pcDNA-3.1. Cells were transfected with miR-107 
mimic or scramble mimic (60 nM) into six-well plates by the 
manufacturer’s protocols.

Statistical analysis

Each experience should be repeated at least three times. 
Student’s t test was enforced and two-group data were ana-
lyzed through one-way analysis of variance. All of statistical 
analyses were enforced by SPSS 15.0 software. P values 
<0.05 were considered statistically significant.

Results

Aberrant expression of miR‑107 in human ES cell lines

To explore the putative effects of miR-107 in ES, we firstly 
conducted its expression in a cohort of ES cell lines. Com-
pared with the human mesenchymal cells (hMSCs), which 
were reported to be the original cells of ES, miR-107 
was consistently under-expressed in human ES cell lines 
(Fig. 1a). These results made us speculate that miR-107 
might act as a tumor suppressor in human ES cells. To fur-
ther identify the effects of miR-107 in ES, the following 
biological function assays were carried out in SK-ES-1 and 
RD-ES cell lines. The expression of miR-107 was restored 
in ES cells upon transfection with miR-107 mimic (Fig. 1b).

Overexpression of miR‑107 inhibits cell 
proliferation in human ES cell lines

To detect the effects of miR-107 on the proliferation of ES 
cells, CCK-8 assays were performed. There was no signifi-
cant deviation in the growth rates between the SK-ES-1 and 
RD-ES cells transfected with miR-107 or scramble mimic 
within 24 h of transfection. However, upon 48 h of transfec-
tion, significant suppressed growth rates were found in miR-
107 group comparing with the scramble group (Fig. 2a), 
demonstrating that transfection with miR-107 inhibited cells 
proliferation of ES cells.

Overexpression of miR‑107 arrests cell cycle 
and induces cell apoptosis in human ES cell lines

Next, the effects of miR-107 on cell cycle progression of 
ES cells were analyzed using FCM assays. Compared with 
cells transfected with scramble mimic, cells treated with 

Fig. 1   The expression of miR-107 in Ewing’s sarcoma (ES) cell 
lines. a MiR-107 was under-expressed in ES cells contrasted with 
human mesenchymal stem cells (MSCs) by the real-time quantita-

tive PCR analysis. b The miR-107 expression in SK-ES-1 and RD-ES 
cells transfected with miR-107 mimic was statistically upregulated 
contrasted with scramble group; **P < 0.01
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miR-107 mimic showed increased ratio of cells in G1 phase 
and decreased ratio in S phase in both cell lines (Fig. 2b). 
The influence on the cell count of G2 phase was not that sig-
nificant. Furthermore, we also detected the effects of miR-
107 on cell apoptosis of ES cells. The results suggested that 
the early apoptotic rate of cells transfected with miR-107 
mimic was significantly higher than the cells transfected 
with scramble mimic (Fig. 2c). Taken together, our results 
suggested that miR-107 inhibited the cell proliferation and 
promoted cell apoptosis of ES cells.

Transfection with miR‑107 inhibit tube formation 
of ES cell lines

Tube formation of tumor cells performs an important role 
during the progression of tumor invasion and metastasis [6]. 

MiR-107 has been reported to perform pivotal role in the 
angiogenesis of endothelial progenitor cells [7]. Thus, we 
speculated that miR-107 might influence tube formation of 
human ES cells. We detected the influence of miR-107 on the 
tube formation of RD-ES and SK-ES-1 cells using tube for-
mation assays. Tubes formation of SK-ES-1 and RD-ES cells 
was quantitated according to branchpoint counting. As shown 
in Fig. 2d, the number of branches in miR-107 mimic group 
was less than that in the scramble group, demonstrating that 
miR-107 could suppress the tube formation of ES cells in vitro.

MiR‑107 regulated the HIF‑1β gene in human ES 
cell lines directly

To investigate the mechanisms involved in miR-107-medi-
ated suppressive effects on human ES cells, the target genes 

Fig. 2   Over-expression of miR-107 inhibited cell proliferation, 
arrested G0/G1 cell cycle, promoted cell apoptosis and restrained 
angiogenesis. a Cell viability was detected by cell counting kit-8 
(CCK-8) analysis upon 72  h of transfection. MiR-107 significantly 
inhibited cell proliferation of ES cells. b Cell cycle analysis according 
to fluorescence-activated cell sorting (FACS) (left side) at 48 h after 
transfection, and histogram (right side) suggested miR-107 arrested 

cell cycle in the G0/G1 phase. c Cell apoptosis analysis by FACS (left 
side) at 48 h after transfection and histogram (right side) suggested 
miR-107 promoted early apoptosis in ES cells. d Cell angiogenesis 
analysis by microscope (left side) at 12 h after transfection and his-
togram (right side) showed miR-107 restrained angiogenesis in cells; 
*p < 0.05, **p < 0.01
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of miR-107 were searched by the target prediction softwares, 
miRanda and PicTar. Among the results predicted, hypoxia 
inducible factor-1β (HIF-1β) caught our attention most, as 
it served a vital role in regulation of malignant phenotype of 
many tumors (Fig. 3a). Relative luciferase activity was con-
ducted to prove the target role of HIF-1β in human ES cells, 
on account of miR-107 over-expression suppressed the activ-
ity of the luciferase reporter which contained the 3′-UTR 
of HIF-1β, but did not influence the luciferase activity of 
the mutated 3′-UTR structure (Fig. 3b). Moreover, miR-107 
over-expression also affected the protein and mRNA levels 
of HIF-1β upon transfection. The protein and mRNA lev-
els of HIF-1β in miR-107 mimic groups were substantially 
decreased than scramble mimic group after transfection 
(Fig. 3c, d). Thus, HIF-1β was hypothesized to serve as a 
functional target gene of miR-107 in human ES cells.

HIF‑1β was involved in miR‑107‑mediated tumor 
suppression

The previous observations showed that HIF-1β was a tar-
get gene of miR-107 in human ES cells, but the outcome of 

miR-107/HIF-1β reciprocity in human ES was unknown. 
Hence, we decided to take the “rescue” methodology to 
detect whether HIF-1β was involved in miR-107-medi-
ated tumor suppression. To recover the HIF-1β expres-
sion in ES cells which had been transfected by miR-107 
mimic before. Western blot assays were used to score the 
HIF-1β expression in SK-ES-1 cells. The level of HIF-1β 
expression was restored upon transfection with HIF-1β 
constructs in SK-ES-1 cells which have been treated with 
miR-107 mimic before (Fig. 4a). MiR-107-mediated inhi-
bition on cell proliferation and induction on cell apopto-
sis were mitigated by transfection of HIF-1β constructs 
(Fig.  4b, c). Furthermore, this phenomenon was also 
observed in tube formation assays. Although transfection 
with miR-107 decreased the number of branches, transfec-
tion with HIF-1β constructs re-increased the number of 
new branches comparing with the cells transfected with 
control constructs (Fig. 4d). These results demonstrated 
that HIF-1β might be involved in miR-107-mediated tumor 
suppression in human ES cells.

Fig. 3   Hypoxia-inducible factor-1β (HIF-1β) is a direct target 
gene of miR-107 in ES cells. a Graphical presentation of 3′-UTR of 
HIF-1β involving the suggested miR-107 target site. b Relative lucif-
erase activity of the bespoken HIF-1β reporter structure in SK-ES-1 
and RD-ES cells. MiR-107 significantly inhibited the luciferase activ-
ity of the report gene involving 3′-UTR of HIF-1β WT instead of 

3′-UTR of HIF-1β MUT in either cell lines. c MiR-107 over-expres-
sion significantly decreased the mRNA level of HIF-1β in RD-ES 
and SK-ES-1 according to real-time quantitative PCR. d MiR-107 
Over-expression significantly decreased the protein level of HIF-1β 
in RD-ES and SK-ES-1 according to western blot assays; *P < 0.05, 
**P < 0.01
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Discussion

Ewing’s sarcoma (ES) is a kind of the malignant tumor orig-
inated from bone and soft tissues with low differentiation, 
which is characterized with small round cells, along with 
high malignant degree, short duration and fast metastasis 
[8]. In recent years, with the rapid development of operative 
treatment combined with radiotherapy and chemotherapy, 
the survival rate of ES patients has been improved, while is 
still unsatisfactory [9]. Thus, understanding the mechanisms 
of carcinogenesis of ES would provide new therapeutic strat-
egies in the future.

MiRNAs are kinds of single-stranded non-coding small 
molecule RNAs [10]. miRNAs might regulate the expres-
sion of thousands of downstream genes, and different miR-
NAs also regulate the same proteins through diverse of cross 
accesses [11]. These complex network structures adjust the 
cellular metabolic in vivo. Once the network was disordered, 

tumorigenesis might be happened [12]. Except for miR-124, 
let-7a we reported previously, many miRNAs were also 
reported to perform as tumor suppressor in ES, such as miR-
34 family [13]. Moreover, Lida et al. found that miR-125b 
might be related with chemoresistance of ES, as miR-125b 
was found to be up-regulated in Dox-resistant ES cells and 
knock-down of miR-125b showed enhanced sensitivity to 
doxorubicin [14]. Understanding the miRNA expression pro-
file might provide potential for prediction of disease progres-
sion and survival of ES, and provide new strategy for tumor 
therapy, especially for the one with chemoresistance.

The effects of miRNA in different tumor development 
and progression were duplicity. MiR-107 is a newly reported 
miRNA, whose effects in the development and progression 
of tumor were contradictory. In lung cancer, miR-107 was 
reported to inhibit cell cycle progression and induce apop-
tosis [15, 16], while in gastric and breast cancer cells, miR-
107 could promote tumor invasion and metastasis [17, 18]. 

Fig. 4   HIF-1β participates in miR-107-mediated tumor suppression. 
a The restored protein expression of HIF-1β was rescued through 
western blot analysis. b To perceive and explore the effect of HIF-1β 
on cell proliferation of SK-ES-1 cells, CCK-8 assays were used. 
Restored HIF-1β expression rescinded miR-107-mediated inhibition 

on cell proliferation. c Cell apoptosis analysis showed restoration 
HIF-1β expression suppression early apoptosis in SK-ES-1 cells. d 
Cell angiogenesis analysis by microscope (left side) and histogram 
(right side) showed restoration HIF-1β expression promoted angio-
genesis in SK-ES-1 cells; *P < 0.05
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Herein, we found that the expression of miR-107 was sup-
pressed in human ES cell lines. Moreover, recovered the 
expression of miR-107 significantly suppressed the malig-
nant biological behaviors of SK-ES-1 and RD-ES cells; as 
cell proliferation was decreased, cell apoptosis was induced 
and the cell cycle was redistributed in the G0/G1 phase. All 
these results demonstrated that miR-107 might perform as a 
tumor suppressor in ES cells.

Angiogenesis is vital for tumor growth and its metastases, 
as tumors cannot grow in dimensions greater than 2 mm 
without angiogenesis [19]. Tube formation of tumor cells 
was the first step for supplement of oxygen and nutrition. 
Importantly, the presence of blood lakes lines, as present as 
the tube formation of ES cells, is a striking feature of ES, 
which might be correlated with poor clinical outcomes of 
tumor [20]. MiR-107 was reported to perform suppressive 
effects on angiogenesis of many cancers, such as through 
targeting Dicer-1-mediated suppression on VEGF, miR-107 
participated in the regulation of post-stroke angiogenesis 
[21]. Herein, we found that miR-107 over-expression could 
significantly inhibit the tube formation of ES cells in vitro, 
proposing that miR-107 might participate in the angiogen-
esis of ES.

HIF-1β was a subunit and constitutive expression of HIF-
1, which participated in tumorigenesis and progression in 
tumors [22]. Tumor cell proliferation under the condition of 
the hypoxia might be monitored by the HIF-1β gene [23], 
and the expression of HIF-1β was positively correlated with 
the malignant biological of the tumor in vivo [24]. Moreo-
ver, miR-107 was reported to regulate cell migration and 
promote HIF-1-regulated angiogenesis under hypoxia [25]. 
Among the target gene predicted by biological informatics, 
we also found that HIF-1β was one of the putative target 
genes. To investigate whether HIF-1β was involved in miR-
107-mediated tumor suppression in human ES cells. Firstly, 
we accomplished studies to give evidence of the target role 
of HIF-1β in human ES cells, as the luciferase activity con-
taining the 3′-UTR of HIF-1β was decreased, and the protein 
and mRNA levels were suppressed upon transfection with 
miR-107. Videlicet, miR-107 under-expression may increase 
the expression of HIF-1β and thus contribute to tumorigen-
esis and progression in ES. As expected, the suppression of 
miR-107 could be rescued through restoring the expression 
of HIF-1β in cells. Our results are partially consistent with 
Yamakuchi et al. who suggested that miR-107 was reported 
to promote HIF-1-regulated angiogenesis under hypoxia. 
We also found that miR-107 could inhibit the tube forma-
tion of ES cells and suppression could be abolished by re-
expression of HIF-1β.

In conclusion, our results showed that miR-107 was sup-
pressed in ES cells, and overexpression of miR-107 could 
restrain the malignant biological ability of ES cells through 
inhibiting the HIF-1β expression. Here, we show that 

miR-107 is crucial for ES progression, and this miRNAs 
may provide invaluable information for ES treatment.
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