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expression: miR-1247 functions as an onco-miRNA by 
targeting MAP3K9
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Abstract: microRNAs (miRNA) are regulators of gene expression, but little is known about miRNA expression profiles 
in stem cells of osteosarcoma (OS). C117 and Stro-1 are known stem cell markers of OS. In the study, CD117 and 
stro-1 positive (CD117+stro-1+) and CD117 and stro-1 negative (CD117-stro-1-) cells were isolated from MG63 cells 
CD117+stro-1+ cells showed more metastatic ability and stem cell formation rate than CD117-stro-1- ones. To find 
the difference between CD117+stro-1+ and CD117-stro-1- cells, the miRNA expression profile was examined using 
DNA microarray. MicroRNAs were differentially expressed in osteosarcoma cells with CD117+stro-1+ and CD117-

stro-1-. The significant miRNAs included miR-15a, miR-302a, miR-423-5p, miR-1247, miR-1243 and others, which 
were confirmed by real time RT-PCR. The significant down-regulated miR-1247 was confirmed that was a potential 
tumor suppressor by targeting MAP3K9. Our results indicated that dysregulation of miRNAs is involved in osteosar-
coma and miR-1247 plays an important role in progression of osteosarcoma. 

Keywords: miR-1247, miRNA profile, osteosarcoma, MAP3K9

Introduction 

Osteosarcoma is the most common malignant 
bone tumor in adolescent. Initially, many 
patients with osteosarcoma respond to chemo-
therapy, but those which are metastatic have 
extremely low survival rates [1]. The 5-year sur-
vival rate in patients without metastasis at 
diagnosis is about 60-70% and the clinical out-
comes in patients with metastasis are very 
worse [2, 3]. However, the mechanisms in 
osteosarcoma initiation and progression are 
not clear. 

Cancer stem cells (CSCs) have been identified 
in many types of cancers, such as leukemia, 
breast tumor, brain tumor, prostate tumor and 
melanoma and other types of cancer [4-7]. 
CSCs are identified mainly based on detection 
of molecule markers, intrinsic cellular proper-
ties and functional characterization [4]. There 
are multiple markers have been employed to 
identify CSCs of osteosarcoma, such as CD133 
[6], CD117/Stro-1 [7]. CSCs with these marks 
shared similar stem-like properties, such as 

self-renewal, differentiation, drug resistance, 
tumorigenicity and multi-potency. 

MicroRNAs (miRNAs) are small non-coding RNA 
molecules with 18-25 nucleotides in length. 
Through completely or partially complementary 
with the 3’-untranslated region (3’UTR) of spe-
cific messenger RNAs, miRNAs induce various 
target genes, silencing and participating in vari-
ous cell biological processes [8-10]. Moreover, 
miRNAs were demonstrated to play critical 
roles in the development and progression of 
cancers and have been found to have positive 
or negative effects on cell proliferation, apopto-
sis, and invasion in various cancer cells. 
Recently, numerous studies reported the asso-
ciation between dysregulation of miRNAs and 
OS, switching from profiling studies to biological 
demonstrations of the causal role of these 
small molecules in OS pathogenesis, and the 
possible implications as biomarkers or thera-
peutic tools [11, 12]. However, there needs 
research to better understanding miRNAs in OS 
stem cells.
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In this study, we explored miRNA expression 
profile of CD117+Stor-1+ cells and selected the 
significant miR-1247. Further, the significant 
miRNAs were verified by TaqMan RT-PCR analy-
sis. Subsequently, we completed a series of 
cellular function experiments to investigate the 
role of miR-1247 in osteosarcoma. Since the 
involvement of miR-1247 in osteosarcoma car-
cinogenesis is largely unexplored, we have 
investigated osteosarcoma cell lines under-
expressing miR-1247, with the aim to study its 
effects on cellular progressions and to identify 
the mechanisms involved. In addition, we found 
that MAP3K9 was a target gene of miR-1247 
and MAP3K9 could promote OS proliferation 
and sphere formation.

Materials and methods

Patients and tissue specimens

Formalin fixed paraffin-embedded specimens 
of osteosarcoma tissues were collected from 
the First Affiliated Hospital Of Bengbu Medical 
College (Anhui, China). The matched normal tis-
sues were obtained 5 cm distant from the 
tumor margin, which were further confirmed by 
pathologists. All patients did not undergo any 
therapy before recruitment to this research. 
Use of the tissue samples for all experiments 
was approved by Ethics Committee of the 
instruction.

Cell lines and cell culture

Human osteosarcoma cell lines (HOS, Saos-2, 
U2OS and MG-63) or normal osteoblast cells 
(NHOst) were obtained from the American Type 
Culture Collection (ATCC, Manassas, VA, USA). 
HEK293T cells were stored at our lab. The cells 
were maintained in Dulbecco’s modified Eagle 
medium (DMEM, Gibco, Life Technologies, 
Darmstadt, Germany), supplemented with 10% 
fetal bovine serum (FBS; PAA, Pasching, 
Austria) and streptomycin (100 μg/mL), penicil-
lin (100 U/mL). Cultures were incubated in a 
humidified atmosphere of 5% CO2 at 37°C. 

Fluorescence-activated cell sorting ( FACS )

Total 104 cells were suspended in FACS buffer 
(PBS with 0.1% BSA and 0.1% Triton X100) fol-
lowed by incubation with FITC conjugated anti-
CD117 for 15 min at room temperature. Cells 
were then washed with PBS and re-suspended 
in PBS for FACS analysis. 

miRNA precursor expression profiling

Total RNA was isolated from the cell lines or tis-
sues in 1 ml of Trizol (Invitrogen, USA). RNA con-
centration was determined by analyzing 1 μl of 
solution using the ND-1000 micro-spectropho-
tometer (NanoDrop Technologies, Wilmington, 
DE). RNA integrity was evaluated using the 
Agilent 2100 Bioanalyzer (Agilent Technologies, 
Palo Alto, CA). RNA with a RIN ≥ 4 was included 
in the study. RNA was briefly treated with 
RNase-free DNAase I and cDNA was synthe-
sized from 1 μg of total RNA using gene specific 
primers to 222 miRNA precursors plus 18S 
rRNA. The expression of 222 miRNA precursors 
was profiled using a real-time quantitative PCR 
assay. Duplicate PCRs were performed for each 
miRNA precursor gene in each sample of cDNA. 
The mean CT was determined from the dupli-
cate PCRs. Relative gene expression was calcu-
lated as 2-(CTmiRNA-CT18S rRNA).

RNA isolation and real-time RT-PCR

Total RNA, following the manufacturer’s instruc-
tions, was isolated from the cells using Trizol 
reagent (Invitrogen, Carlsbad, CA, USA). Briefly, 
the cells were lysed in TRIzol and then mixed 
with chloroform. The lysate was centrifuged to 
separate RNA, DNA and protein, total RNA 
recovered, precipitated with isopropanol, 
washed in 75% ethanol to remove impurities 
before dissolved in water. After that, 2 μg of 
RNA was taken and treated with DNase to 
remove contaminating DNA prior to the reverse 
transcription to cDNA using SYBR® PCR Kit 
(Takara, Japan). To measure mRNA expression, 
real-time RT-PCR was performed using a 
sequence detector (ABI-Prism, Carlsbad, CA, 
USA). Primers were purchased from Invitrogen. 
The relative expression levels were calculated 
by comparing Ct values of the samples with 
those of the reference, all data normalized to 
the internal control GAPDH.

Tumor spheroid assay

Spheroid forming assays were performed as 
described. In brief, cells were plated in six-well 
ultralow attachment plates (Corning Inc., 
Corning, NY, USA) at a density of 1,000 cells/ml 
in DMEM supplemented with 1% N2 Supplement 
(Invitrogen, Carlsbad, CA, USA), 2% B27 
Supplement (Invitrogen, Carlsbad, CA, USA), 20 
ng/ml human platelet growth factor (Sigma-
Aldrich, Saint Louis, MO, USA), 100 ng/ml epi-
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dermal growth factor (Invitrogen, Carlsbad, CA, 
USA) and 1% antibiotic-antimycotic (Invitrogen) 
at 37°C in a humidified atmosphere of 5% CO2. 
Spheroid were collected after 7 days and dis-
sociated with Accutase (Innovative Cell Tech- 
nologies, Inc.). The cells obtained from dissoci-
ation were sieved through a 40-μm filter, and 
counted by coulter counter using trypan blue 
dye.

MTT assay 

MTT assay was employed to detect the growth 
of glioma cells and the growth curve was delin-
eated. Logarithmic phase cells were collected, 
and the concentration of the cell suspension 
was adjusted to 5000 cells per well (The edge 
wells of the plate are filled with aseptic PBS 
buffer). The cells were incubated at 37°C, 5% 
CO2 until cells cover the bottom of the well (a 
flat-bottom 96-well plate), and then the cells 
were cultured. 20 μl of the MTT solution was 
added to each well (5 mg/ml, 0.5% MTT) and 
the cells were continued to culture for 4 h. After 
the incubation, the supernatant was discarded 
and 150 μl dimethyl sulfoxide was added to 
each well, and the culture plate was shaked at 
low speed for 10 min until crystal dissolved 
completely. The ELISA reader was used to mea-
sure the absorbance at 570 nm. 

Colony forming assay

Cells in logarithmic growth phase were digest-
ed in 0.5% trypsin/0.04% EDTA and single cell 
suspension was prepared. Then, these cells 
were added to 6-well plates (200 cells/well) fol-
lowed by incubation at 37°C in an environment 
with saturated humidity and 5% CO2 for 24 h. 
Non-adherent cells were removed. After culture 
for 10-14 days, lcolonies were present. These 
cells were seeded into 96-well plates followed 
by incubation at 37°C in an environment with 
saturated humidity and 5% CO2. The colony 
forming efficiency and the morphology of colo-
nies were observed. The size of colonies was 
measured and cells in each colony were count-
ed. At this time, cells were divided into early 
passaging group and late passaging group. In 
the early passaging group, cells with target 
number were digested in 0.5% trypsin/0.04% 
EDTA for preparation of single cell suspension. 
These cells were then seeded into 96-well 
plates. In the late passaging group, cells were 
digested in 0.5% trypsin/0.04% EDTA for prepa-
ration of single cell suspension. These cells 
were then seeded into 96-well plates. 

Cell cycle assay

Cells were harvested by trypsinization, washed 
in ice-cold PBS, fixed in ice-cold 80% ethanol in 
PBS, centrifuged at 4°C and resuspended in 
chilled PBS. Bovine pancreatic RNAase (Sigma-
Aldrich) was added at a final concentration of 2 
μg/ml, incubated at 37°C for 30 min, then 20 
μg/ml propidium iodide (Sigma-Aldrich, Saint 
Louis, MO, USA) was added and incubated for 
20 min at room temperature. In each group, 
50,000 cells were analyzed by flow cytometry 
(FACSCalibur; BD Biosciences, San Jose, CA, 
USA).

Western blot analysis

Western blots were performed as we described 
elsewhere. In brief, cells were lysed in RIPA buf-
fer containing 1 X protease inhibitor cocktail, 
and protein concentrations were determined 
using the Bradford assay (Bio-Rad, Philadelphia, 
PA, USA). Proteins were separated by 12.5% 
SDS/PAGE and transferred to membranes 
(Millipore, Bedford, MA, USA) at 55 V for 4 h at 
4°C. After blocking in 5% nonfat dry milk in TBS, 
the membranes were incubated with primary 
antibodies at 1:1,000 dilution in TBS overnight 
at 4°C, washed three times with TBS-Tween 20, 
and then incubated with secondary antibodies 
conjugated with horseradish peroxidase at 
1:5,000 dilution in TBS for 1 hour at room tem-
perature. Membranes were washed again in 
TBS-Tween 20 for three times at room tempera-
ture. Protein bands were visualized on X-ray film 
using an enhanced chemiluminescence detec-
tion system.

Statistical analysis

Each experiment was repeated at least three 
times. Statistical analyses were performed 
using SPSS 15.0 (SPSS Inc.; Chicago, IL, USA). 
Data are presented as the mean 6 standard 
deviation. Statistical analyses were performed 
with either an analysis of variance (ANOVA) or 
Student’s t-test, and the statistical significance 
level was set at a = 0.05 (two-side).

Results

Cells expressing CD117 and Stro-1 positive 
shows stem cell properties. 

To compare with miRNA expression between 
the positive CD117 and Stro-1 OS cells 
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Figure 1. CD117+ and Stro-1+ promotes proliferation and stem-cell properties in cells. A. CD117 and Stro-1 expres-
sion were verified by Western blot. MG63 cells were cultured and CD117+Stro-1+ cells were sorted out by flow 
cytometry and total protein was collected for Western blot. B. MG63 Cells proliferation was analyzed by MTT assay. 
CD117+Stro-1+ cells and CD117-Stro-1- cells were seeded in 96 well plate, added MTT in the day of 0, 1, 3, 5 and 
then recorded at the wavelength 570 nm. C. Stem cell sphere formation was performed in CD117+Stro-1+ cells and 
CD117-Stro-1- cells. The cells were cultured in medium especially for stem cells and counted the spheres after 2 
weeks. Experiments were repeated for at least three times. **P < 0.01 compared with scramble group. *P < 0.05 
compared with scramble group.

Figure 2. CD117+Stro-1+ cells efficiently initiate tumors with a high frequency of metastasis. (A) Migration and inva-
sion of MG63 cells with CD117+Stro-1+ and CD117-Stro-1-. Cells (104) were seeded in the up-chamber and migrated 
cells were counted 24 hours later. The invasion assay different from migration was that there as Matrigel in the 
up-chamber. (B) Qualification of migrated cells from A. (C) Qualification of invaded cells from A. Experiments were 
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(CD117+Stro-1+) and negative ones (CD117-

Stro-1-), CD117+Stro-1+ MG63 cells were sorted 
out using flow cytometry. The overexpressed 
genes were verified using Western Blot (Figure 
1A). After cell separation and identification by 
flow cytometry, the cell proliferation and sphere 
formation were tested by MTT and sphere for-
mation assays respectively and the results 
showed that CD117+Stro-1+ cells took more pro-
liferation and sphere formation (Figure 1B and 
1C). These data indicated that CD117+Stro-1+ 
MG63 cells showed stem like cells. 

CD117+Stro-1+ cells efficiently initiate tumors 
with a high frequency of metastasis

The most significant property of cancer stem 
cells is their ability to initiate tumors. Therefore, 

CD117+Stro-1+ cells were seeded in the up-
chamber of transwell to analyze the metastatic 
ability. Compared with the CD117-Stro-1- cells, 
positive ones showed higher migration (Figure 
2A, 2B) and invasion (Figure 2A, 2C). These 
indicated that CD117 and Stro-1 could promote 
OS metastasis.

miRNA profile in CD117+Stro-1+ cells

To determine the miRNA expression pattern in 
CD117+Stro-1+ cells and CD117-Stro-1- cells, the 
expression of 768 miRNAs was analyzed utiliz-
ing Affymetrix Gene Chips. Data demonstrated 
distinct expression patterns in the two groups, 
with differentially expressed miRNAs between 
the groups (Figure 3A). To further determine 
the miRNAs, we performed real time RT-PCR to 

Figure 3. miRNA profile in CD117+ 

Stro-1+ cells. A. CD117+Stro-1+ cells 
CD117-Stro-1- cells were performed 
for microRNA array assay. B. miRNA 
abundance was assessed by real 
time RT-PCR and normalized to U6 
RNA. C. Real time PCR analysis of 
miRNAs in other cells. **P < 0.01 
compared with scramble group. *P < 
0.05 compared with scramble group.

repeated for at least three times. **P < 0.01 compared with scramble group. *P < 0.05 compared with scramble 
group.
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confirm the results (Figure 3B). Of the 20 miR-
NAs, we confirmed eight most significant miR-
NAs by qRT-PCR in the selected cells with 
CD117+ and Stro-1+. The down-regulated miR-
NAs included miR-15a, miR-302a, miR-423-5p, 
miR-212 and miR-1247 and up-regulated 
included miR-518b, miR-890 and miR-1243. 
Thus, we chosen the significant miR-1247 for 
further analysis. The data was verified in other 
OS cell lines (Figure 3C).

miR-1247 targets MAP3K9 in MG-63 cells

miRNAs regulate the expression of mRNAs by 
targeting the 3’UTR of relative mRNAs. To 
explore the mechanisms involved in miR-
1247-mediated tumor suppression, putative 
targets of miR-1247 were searched using the 
prediction program and MAP3K9 was selected 
out due to its constitutive over-expression in 
OS. As shown in Figure 4A, there exists two 
putative binding sites of miR-1247 in the 3’UTR 
of MAP3K9. 

To determine whether or not the three putative 
binding sites perform a function, we performed 
luciferase assays. The putative 3’UTR of 

MAP3K9 gene was amplified and cloned into a 
luciferase reporter vector, and the constructs 
with each binding sites mutated. These con-
structs were transiently transfected into MG-63 
cells, and the transcription activities were mea-
sured using a dual-luciferase detection system. 
As expected, significant repression of lucifer-
ase activities were observed in MG-63 cells co-
transfected with pGL3-MAP3K9 3’-UTR vector 
and miR-1247 mimic compared to mutant con-
structs groups. Each single mutant construct, 
exhibited a lower inhibitory effect on luciferase 
activity compared with the pGL3- 3’-UTR vector 
after miR-1247 co-transfection, showed com-
plete reversal of inhibitor effect of miR-1247 
co-transfection (Figure 4B), suggesting that 
miR-1247 suppressed the transcription activity 
of the MAP3K9 gene by targeting the 3’UTR. 
mRNA and protein levels of MAP3K9 were also 
down-regulated when the MG63 cells with miR-
1247 overexpression (Figure 4C and 4D).

MAP3K9 promotes OS proliferation and shows 
stem cells properties

To investigate role of MAP3K9 in OS progres-
sion, MG63 cells were infected with lentivirus 

Figure 4. miR-1247 targets MAP3K9 in MG-63 cells. (A) Schematic representation of MAP3K9 3’UTR showing puta-
tive miRNA target sites. There exist putative binding sites in the 3’UTR of miR-1247. (B) Relative luciferase activity of 
the indicated MAP3K9 reporter construct in MG-63 cells, co-transfected with miR-1247 mimics or scramble mimics, 
is shown. In cells co-transfected with 3’-UTR vectors and miR-1247 mimic, the luciferase activity was suppressed 
relative to mutant construct groups; and (C, D) Quantitative RT-PCR and Western blot assays were performed to 
detect the expression of MAP3K9 upon transfection with miR-1247 mimics or scramble mimics. The expressions of 
mRNA and protein were suppressed upon transfection with miR-1247. **P < 0.01 compared with scramble group. 
*P < 0.05 compared with scramble group. 
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mediated MAP3K9 shRNA and MAP3K9 was 
effectively knocked down (Figure 5A). The 
results of MTT assay showed that cell prolifera-
tion was inhibited in cells with MAP3K9 down-
regulation (Figure 5B). It was also found that 
stem cell formation ability was suppressed in 
the MG63 cells with CD117+Stro-1+ (Figure 5C).

Discussion

Cancer stem cells have been defined as cells 
within a tumour that possess the capacity to 
self-renew and to cause the heterogeneous lin-
eages of cancer cells that comprise the tumor 
[13]. These two definitive biological properties 
are what make the CSCs the prime candidate 
for initiation of relapse. Cell surface markers of 
CSCs can help distinguish, isolate and purify 
these tumor-initiating cells for further biological 
investigation. CD117+stro-1+ cells comprised a 
small fraction of the total tumor population in 
all three samples studied, but represented an 
increased percentage of the sphere-forming 
cells. This suggests that CD117+stro-1+ could 
act as a cell surface marker for CSCs in pancre-
atic cancer. We also investigated the use of this 
cell surface protein as a candidate marker to 
further identify the CSC phenotype in OS. The 
self-renewal ability of CD117+stro-1+ cells was 

tested using spheroid-forming assays in serum-
free medium. CD117+stro-1+ cells possessed 
higher clonogenicity than their antigen-nega-
tive counterparts. Subsequent in vivo tumori-
genesis experiments demonstrated that 
CD117+stro-1+ cells possessed higher tumori-
genicity than the negative subpopulation. 
Furthermore, the tumors generated in nude 
mice displayed the same phenotype as the pri-
mary pancreas tissue. Taken together, these 
results firmly suggest that CD117+stro-1+ cells 
possess the potentials for self-renewal and 
high tumorigenicity, exhibiting cancer stem-
cell-like characteristics in human OS.

Our data provide the first evidence that miR-
1247 is able to inhibit CD117 and stro-1 posi-
tive tumor sphere-forming and tumor-initiating 
cancer stem cells in OS, implying that miR-1247 
might play a role in the self-renewal of OS stem 
cells. Similar results were also observed in OS 
cells, where lentiviral miR-1247 restoration sig-
nificantly inhibited the clonogenic growth and 
tumor spheres. We used bioinformatics to 
search potential target genes and found that 
MAP3K9 was a target gene of miR-1247. miR-
1247 could inhibit cell proliferation, stem cell 
properties and metastasis. Previous reports 
show that MAP3K9 is a member of the mixed 

Figure 5. MAP3K9 promotes OS proliferation and shows stem cells properties. A. CD117+Stro-1+ cells were infected 
with LV-MAP3K9 shRNA. Total protein was collected for Western blot. B. Cell proliferation was analyzed by MTT as-
say. CD117+Stro-1+ cells cells were seeded in 96-well plate, added MTT in the day of 3 and 5 and then recorded at 
the wavelength 570 nm. C. Stem cell sphere formation was performed in CD117+Stro-1+ cells with MAP3K9 knock-
ing down. The cells were cultured in medium especially for stem cells and counted the spheres after 2 weeks. Ex-
periments were repeated for at least three times. **P < 0.01 compared with scramble group. *P < 0.05 compared 
with scramble group.
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lineage family of kinases and is composed of 
an SH3 domain, Ser/Thr kinase domain, and a 
Cdc42/Rac interactive binding (CRIB) domain 
[14, 15]. This kinase is an upstream activator of 
the JNK and ERK pathways [16]. The role of 
MAP3K9 in cancer is not well defined; our 
results showed that interference of MAP3K9 
inhibits OS cell proliferation and metastasis.

In summary, we identified miR-1247 to be a 
tumor suppressor miRNA in OS cancer, and low 
miR-1247 expression was an unfavorable prog-
nostic factor in patients with OS. miR-1247 par-
tially influences human OS through the regula-
tion of MAP3K9. These results suggest that 
miR-1247 is a potential target for treating OS 
cancer and the critical roles of miR-1247 in OS 
cancer tumorigenesis may aid patient progno-
sis and diagnosis. Our findings provide basic 
information to better understand the pathogen-
esis of OS and its possible therapeutic 
strategies.
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