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Abstract: In recent years, it has been reported that miRNA has been involved in the progression and development of
some malignant tumors. The expression model and action mechanisms of miR-206 have not yet been reported in
human glioblastoma (GBM). In the present study, we carried out miRNA mimics transfection, immunoblotting, and
RT-PCR et al to investigate the function of miR-206 in GBM tissues and cells. In this work, our team identified that
the expression of miR-206 was decreased in GBM tissues and cells, but increased in paired non-cancer tissues and
NHA cells (all P<0.001). In addition, the expression level of MET mRNA and protein was increased in GBM tissues
and cell lines (all P<0.001). Functionally, the ectopic miR-206 expression inhibited GBM cell proliferation, motility
and invasiveness. Mechanically, we demonstrated that the 3’ untranslated regions (3’-UTR) of MET was a bona-fond
target of miR-206, and overexpressed miR-206 affected the post-transcription expression of MET protein in GBM
cells. At the same time, ectopic miR-206 expression decreased the expression of EGFR, Bcl-2 and MMP2/9, and
promoted the expression of Bax protein. In conclusion, miR-206 inhibits cell proliferation, migration and invasion
by targeting 3'-UTR of MET in the development of GBM, thus miR-206 can serve as a tumor suppressor via target-
ing MET in the treatment of GBM. Therefore, miR-206-MET signals could be recommended as a potential target for

treatment of GBM.
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Introduction

Astrocytomas are derived from astrocytes in
human central system, and act as the most
common type of brain neoplasms, accounting
for about 70% of all primary brain tumors [1, 2].
Histologically, the World Health Organization
(WHO) divided astrocytomas into four histolo-
gical malignancy grades [3, 4], among which
grade IV astrocytoma, also called as GBM, is
the most aggressive in all gliomas, accounting
for about 55% of all astrocytomas [5, 6]. The
overall survival time of GBM patients was ch-
anged greatly in recent decades, and most pa-
tients developed into the disease recurrence
and progression in one year. Thus it is essen-
tial to hunt for biomarkers to better diagnostic,
prognostic and therapeutic status for patients
with astrocytomas, especially with GBMs.

MiIRNA is a kind of non-coding RNAs, consist-
ing of 19~25 nucleotides, and modulates post-

transcription of relevant genes by binding the
3’-UTR of target mRNAs, and then led to degra-
dation of mRNA or inhibition of translation [7].
In most tumors of human, miRNAs can act as
an oncogene or tumor suppressor to repress
translation or induce degradation of mRNA [8].
Previous reports identified that the expression
of miR-206 is decreased and recommended
as a prognostic biomarker in many types of
tumors and malignancies, including colorectal
cancer, ovarian cancer, gastrointestinal stromal
tumor, and squamous cell carcinoma in head
and neck [9-14]. Recently, it was reported that
the expression of miR-206 was obviously de-
creased in GBM samples, and the expression
was associated with the pathological grade, in-
dicating the potential tumor-suppressing role
of miR-206 in GBM. However, the role of miR-
206 in tumorigenesis of GBM is still unknown.

In the present study, we investigated the ex-
pression level of miR-206, and then explore the
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role of miR-206 in the proliferation, migration
and invasion in GBM cell lines, and then dem-
onstrated their anticancer effects. At the same
time, we also assessed whether miR-206/MET
pathway could be potential targets for GBM
therapy.

Materials and methods
Ethics statement

The present study was approved by the Ethics
Committee of Shandong Provincial Qianfoshan
Hospital, Shandong University. Patients enroll-
ed in this study signed written informed con-
sent. All procedures were subjected to the
Declaration of Helsinki.

Patients and tissues

We selected 30 cases of fresh GBM tissues
derived from GBM patients at Shandong Pro-
vincial Qianfoshan Hospital, Shandong Univer-
sity. A part of GBM tissues were preserved
and sliced into paraffin sections just for pa-
thologic diagnosis according to the WHO stan-
dard by two established neuropathologists,
when differences occurred, the problems can
be resolved by their careful review and discus-
sion. And the tissues left were snap-frozen in
liquid nitrogen, and then kept in the fridge at
-80°C for the extraction of RNA and other
assays. Prior to RNA extraction from frozen
tissues, the relevant tumor samples were sub-
jected to frozen sections, and then the sect-
ions were analyzed and reviewed by a neuro-
pathologist to make sure that a minimum of
80% of cancer cells can be included in GBM
tissues. For GBM patients, none of them had
chemotherapy or radiotherapy prior to treat-
ment. Finally, patients must be excluded from
our study if patients died of conditions not
related to GBM.

Cell culture

Regarding cell culture, primary normal human
astrocytes (NHA) were purchased from the
Sciencell Research Laboratories (Carlsbad, CA)
and cultured under the conditions as instruct-
ed by the instructions. Human GBM cell lines
U87 and U251 were obtained from the Key-
GEN Company (China) and cultured in DMEM,
10% fetal bovine serum (Gibco, Grand Island,
NY, USA) and 1% penicillin-streptomycin (Gibco,
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Grand Island, NY, USA) at 37°C in a humidified
atmosphere under 5% CO,. The medium was
replaced every 3 days.

qRT-PCR

Total RNA containing miRNA was extracted
from cultured cells or tissues using miRNeasy
Mini Kit (Qiagen). cDNA was synthesized using
miScript Reverse Transcription Kit (Qiagen) fol-
lowing the manufacturer’s instructions. Rever-
se transcription was undertaken using 50 ng
total RNA with a primer specific for miR-206,
together with the SYBR Green microRNA re-
verse transcription kit. miRNAs were quanti-
fied using the SYBR Green miRNA gRT-PCR
assay according to the manufacturer’s proto-
col (Applied BioSystems). The qRT-PCR react-
ion was carried out on a 7500 Fast Real-time
System (Applied Biosystems). All quantitative
RT-PCRs were performed in triplicate. The data
were analyzed using an automated baseline.
The threshold cycle (Ct) was defined as the
fractional cycle number at which the fluores-
cence exceeded the given threshold. The data
obtained from the gRT-PCR were analyzed
using the AACt method (2AACt). The PCR prim-
ers sets used here for miR-206 was designed
as follows: miR-206 forward primer: 5-TGGA-
GACTTCTGAACGAGAG-3’, and reverse primer:
5-CTTGAAGATGGCGTTGGG-3'. U6 was used as
an internal control and amplified with forward
primer: 5-GCTTCGGCAGCACATATACTAAAAT-3’,
and reverse primer: 5-CGCTTCACGAATTTGCG-
TGTCAT-3". human MET forward primer: 5-CT-
CCTGGGGATGTGTAATGG-3’ and reverse 5-GC-
CTCCATGGCATACATAGG-3’; human GAPDH for-
ward primer: 5-GGGCATCCTGGGCTACACTG-3’
and reverse 5-GAGGTCCACCACCCTGTTGC-3..

Transient transfection of miR-206 oligonucle-
otides

Cells were transiently transfected with 50 nmol
of the miR-206 mimic with Lipofectamine 2000
(Invitrogen) according to the manufacturer’s
recommendation. The antisense oligonucleoti-
des used in these studies were the miR-206
primer as mentioned above; the miRNA mi-
mic-negative control (NC mimic): 5-UUCUCC-
GAACGUGUCACGUTT-3’ and 5-ACGUGACACG-
UUCGGAGAATT-3". All miRNA oligonucleotides
were purchased from Genepharma (Shanghai,
China).
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Western blot analysis

For the protein analysis, the cells were har-
vested at 12~24 h following different treat-
ments, as described above, and washed with
cold PBS and then incubated in ice-cold RIPA
buffer. Cell lysates were sonicated for 30 s
on ice and lysed at 4°C for 60 min. Then, the
cell lysates were centrifuged at 12,000 g for
30 min at 4°C. Protein concentrations in the
supernatants were determined by the BCA re-
agent. Total protein was separated by dena-
turing 8-12% SDS-polyacrylamide gel electro-
phoresis, which was resolved over and electro-
transferred by semidry blotting (Bio-Rad La-
boratories, Shanghai) onto a nitrocellulose me-
mbrane. The membrane was incubated with
primary antibodies (Abcam, Cambridge, UK,
1:1000 dilution) or B-actin (Santa Cruz Biotech,
Santa Cruz, CA, 1:1000 dilution) overnight at
4°C, and then with peroxidase-conjugated sec-
ondary antibody (Santa Cruz Biotech, Santa
Cruz, CA, 1:1000 dilution), visualized by chemi-
luminescence (GE, Fairfield, CT, USA).

Cell proliferation assay

Cells were seeded at 2,000 per well in 96-well
plates and cultured after transfection. Cell pro-
liferation was detected at the indicated time
points using a CCK-8 kit (Dojindo Laborato-
ries) following the manufacturer’s instructions.
All assays were performed in octuplicate and
repeated at least three times.

Wound-healing assay

Cells were seeded in 12-well plates and grown
to 90% confluence. Cells were transfected with
or without NC miRNAs or miR-206 mimics. After
36 h of transfection, cells were serum starved
overnight and a linear wound was created us-
ing a pipette tip. Wound closure was monitored
using live cell imaging microscopy at an inter-
val of 30 min for 24-48 h. Wound size was then
measured randomly at three sites perpendicu-
lar to the wound.

Transwell invasion assays

As for transwell assay, we seeded cells on the
upper chamber of each insert, and then, 500
ul of DMEM (10% FBS) was added to a 24-
well plate for 12 hour incubation at 37°C, the
cells on the lower layer were collected, and
fixed with a 0.1% crystal violet. As for invasion
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assay, transwell chambers were uniformly plat-
ed with 60 ul Matrigel diluted with DMEM, and
then incubated for 4 h at 37°C, and then the
same procedures with migration assay were
conducted.

Luciferase reporter assay

A dual-luciferase reporter vector was used
to generate the luciferase constructs. The
target genes of miR-206 were selected ba-
sed on target scan algorithms [microRNA.org
(http://www.microrna.org/microrna/home.do)
Microcosm (http://www.ebi.ac.uk/enright-srv/
microcosm/htdocs/targets/) and TargetScan
(http://www. targetscan.org/)]. For 3'UTR Ilu-
ciferase assay, the putative binding sites of
miR-206 and its homologous mutation sites in
the 3-UTR region of MET mRNA were ampli-
fied and cloned into pGL3-contral luciferase
reporter plasmid (Invitrogen, Carlsbad, CA). The
pRL vector constitutively expressing Renilla lu-
ciferase was used to normalize for trasfect-
ion efficiency. Luciferase activity was mea-
sured using the Dual-Luciferase Reporter As-
say System (Promega, Madison, USA) after
transfection at 48 h. Data are presented as
the mean value + standard deviations (SD) for
triplicate experiments.

Statistical analysis

Significance was determined using the one-
way ANOVA test on the mean values of three
different experiments. Significance was deter-
mined using the mean + SD and was analy-
zed by 2-tailed Student’s t-tests using the
Statistical Program for Social Sciences 13.0
software (SPSS Corp., Shanghai, China). P<0.05
was used as the cutoff for statistically signifi-
cant differences. In the Western blotting ana-
lysis, the corresponding strips used to esti-
mate the value of the relative protein content
were captured photographically through a Bio-
Rad image analysis system with Image-Pro
software analysis.

Results

The expression profile of miR-206 and MET in
GBM samples

In this work, our team detected the expression
of miR-206 and MET in 30 pairs of tumor tis-
sues and adjacent normal tissues, and then we
found that the expression of miR-206 was obvi-
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Figure 1. The expression profile of miR-206 and MET in GBM tissues. A, B. The RT-PCR analysis of miR-206 and
MET mRNA expression were conducted in tumor tissues and matched non-tumor tissues. Quantification analysis
was defined as the relative density of miR-206 and MET mRNA to U6 and GAPDH, respectively. U6 or GAPDH was
used as an internal control. Results shown are the mean + SD of repeated independent experiments. *P<0.001,
compared with normal tissues, one-way ANOVA. C. The expression of MET protein was examined in tumor tissues
and matched non-tumor tissues using western blot. The average MET protein expression was normalized to B-actin.
Results shown are the mean + SD of repeated independent experiments. *P<0.001, compared with normal tissues,

one-way ANOVA.

ously higher in tumor tissues than that in
paired normal tissues (P<0.001; Figure 1A).
Subsequently, we detected the expression of
MET and found that the mRNA expression of
MET was greatly increased in tumor tissues
than that in paired normal tissues (P<0.001;
Figure 1B). On the other hand, the protein ex-
pression of MET was also obviously increased
in tumors than that in normal tissues (P<
0.001; Figure 1C). In general, the average opti-
cal density of bands of MET mRNA and pro-
tein in all 30 cases of tissues is 0.88 + 0.13,
and 1.11 + 0.12, respectively, which is signifi-
cantly different from that in normal tissues
(0.32 £ 0.05, and 0.33 + 0.06, respectively).

The expression profile of miR-206 and MET in
GBM cells

To further elucidate the role of miR-206 in
the progression and development of GBM cells,
our team tested the expression profile of miR-
206 and MET in human GBM cell lines U87
and U251. In the present study, total RNA was
extracted from U87 and U251 cells with differ-
ent treatment, and then the expression levels
of miR-206 and MET were subjected to qRT-
PCR. Our findings showed that the expression
level of miR-206 was obviously decreased in
both U87 and U251 cell lines, but the expres-
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sion level of miR-206 was obviously increased
in control human NHA cells (P<0.001; Figure
2A). At the same time, the expression level
of MET mRNA was markedly up-regulated in
both U87 and U251 cells instead of NHA cells
(P<0.001; Figure 2B). What is more, the expres-
sion level of MET protein was also increased
in either U87 or U251 cells in comparison with
control NHA cells (P<0.001; Figure 2C).

Effects of miR-206 on GBM cell proliferation

To elucidate the impact of miR-206 on GBM
cell proliferation, we transfected U87 and U251
cells with miR-206 mimic or miR-NC, and then
U87 and U251 cells were subjected to CCK-
8 assay. We found that U87 and U251 cells
transfected with miR-206 mimics significant-
ly decreased the cell growth of U7 and U251
cells in comparison with control miR-NC (P<
0.001; Figure 3A), suggesting that the prolifer-
ation of U87 and U251 cells was significant-
ly affected owing to ectopic miR-206 expres-
sion. Using immunoblotting, our team detect-
ed the cell proliferation-corresponding prote-
ins, including EGFR, Bcl-2 and Bax. Consistent
with CCK-8 assay, our team found that the ex-
pression of EGFR and Bcl-2 was significantly
down-regulated in U87 and U251 cells trans-
fected with miR-206 mimics, when compared

Int J Clin Exp Pathol 2016;9(11):12048-12056
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Figure 2. The expression profile of miR-206 and MET in GBM cell lines. A, B. RT-PCR analysis of miR-206 and MET
expression in glioblastoma U87 and U251 cell lines. Quantification analysis was defined as the relative density of
miR-206 and MET mRNA to U6 and GAPDH respectively. U6 or GAPDH was used as an internal control. Results
shown are the mean + SD of repeated independent experiments. *P<0.001, compared with NHA cells, one-way
ANOVA. C. The expression of MET protein was examined in GBM cell lines U87 and U251 using western blot. The
MET expression was normalized to B-actin expression. Results shown are the mean + SD of repeated independent
experiments. *P<0.001, compared with NHA cells, one-way ANOVA.
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Figure 3. miR-206 inhibits glioblastoma cell proliferation. A. Cells were transfected with miR-206 mimics and identi-
fied by RT-PCR. Cell proliferation was measured using a CCK-8 assay. U87 and U251 cells were transfected with
miR-206 mimics or scramble control miRNAs. B. Relative EGFR, Bcl-2 and Bax expression in U87 and U251 cells
was measured after the cells were transfected with miR-206 mimics or NC miRNA using western blot. Results shown
are the mean * SD of repeated independent experiments. *P<0.001, compared with miR-NC, one-way ANOVA.

with cells with miR-NC control (Figure 3B). On
the other hand, the protein expression of Bax
was increased in U87 and U251 cells transfect-
ed with miR-206, when compared with miR-NC
control (Figure 3B). These findings indicated
that ectopic miR-206 expression affected U887
and U251 cell proliferation.

Effects of miR-206 on GBM cell migration and
invasion

To figure out the effect of miR-206 on GBM
cell migration and invasion, we carried out the
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wound healing and transwell assays using US7
and U251 cells treated with miR-206 mimics
or miR-NC. Through the wound healing assay,
our results showed that ectopic miR-206 ex-
pression could affect U87 and U251 cell migra-
tion when compared with miR-NC (P<0.001;
Figure 4A). In the transwell assay, ectopic miR-
206 expression was able to decrease U887 and
U251 cell invasion number when compared
with miR-NC (P<0.001; Figure 4B). Based on
molecule level, our team applied western blot
to evaluate the expression of proteins related
to cell invasion, and observed that the expres-
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Figure 4. miR-206 reduces GBM cell migration and invasion. A. Wound heal-
ing assay performed with U87 and U251 cells over 48 h. Cells and wounds
were pretreated as described above. Wound healing within the scrape line
was recorded every day. Representative scrape lines are shown at day 3;
dashed line indicates the margin of the scratch at day 1. B. Representa-
tive fields (x10 maghnification) showing invasive cells after 24 hour culture
in Matrigel invasion chambers. Panels show U87 and U251 cell invasion
after transfection with miR-206 mimics or miR-NC. Quantitative analysis of
cell invasion experiments demonstrates that miR-206 decreases U887 and
U251 cell invasion compared to miR-NC (*P<0.001, vs. miR-NC control). C.
Relative MMP2/9 expressions in U87 cells were measured after the cells
were transfected with miR-206 mimics or miR-NC using western blot. D.
Relative MMP2/9 expressions in U251 cells were measured after the cells
were transfected with miR-206 mimics or miR-NC using western blot. Results
shown are the mean * SD of repeated independent experiments. *P<0.001,
compared with miR-NC, one-way ANOVA.

on three miRNA databases. In
order to identify the direct
relationship between miR-
206 and MET, we used the
TCGA dataset to demonstrate
that the inverse association
between miR-206 and MET
(P<0.0001). To determine
whether miR-206 directly tar-
gets the 3-UTR of MET mRNA,
our team cloned a full-length
3-UTR (wt/mut) of MET
mMRNA, and inserted them
into a luciferase reporter vec-
tor with downstream from the
firefly luciferase gene. After
that, the protein level of MET
was also measured in the
GBM cell lines using the west-
ern blot. We observed that
ectopic miR-206 expression
seriously decreased the lucif-
erase activity of cells with
MET-3’UTR-wt in a consistent
and dose-dependent manner
(Figure 5A). Conversely, ecto-
pic miR-206 expression did
not decrease the luciferase
activity of cell with MET-
3'UTR-mut (Figure 5B). Our
findings identified that the
expression level of MET pro-
tein was reduced in cells
transfected with the miR-206
and 3-UTR-wt, when com-
pared to the negative control
miR-NCs. However, the ex-
pression of MET protein in the
cells transfected with miR-
206 and MET 3-UTR-mut

sion of MMP2 and MMP9 protein was obviously
decreased in U87 and U251 cell lines transfect-
ed with miR-206 mimics, but the expression
of MMP2 and MMP9 proteinwas significantly
increased in the miR-NC-treated GBM cell lines
(P<0.001; Figure 4C). These observations indi-
cated that ectopic miR-206 exerts the inhibito-
ry effects on GBM cell migration and invasion.

miR-206 directly targets the 3-UTR of MET
In this work, we found that miR-206 may direct-

ly target the 3-UTR of MET, and then inhibits
the post-translation processed of MET based
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showed the same expression model with its
negative control. These findings suggested that
the 3’-UTR of MET is a direct miR-206, by which
miR-206 affected the post-translation expres-
sion of MET, resulting in dysfunction of cell
function.

Discussion

Recently, the expression of MET has been
found on multiple solid tumors as well as hema-
tological malignancies. Growing evidence has
accumulated that the MET pathway plays an
important role in multiple processes such as

Int J Clin Exp Pathol 2016;9(11):12048-12056
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Figure 5. MET is a candidate target of miR-206. The
miR-206 mimic inhibited the luciferase activity con-
trolled by wild-type MET-3’-UTR (A) but did not affect
the luciferase activity controlled by mutant MET-3'-
UTR (B) in U87 and U251 cells. Results shown are
the mean + SD of repeated independent experi-
ments. *P<0.001, compared with miR-NC, one-way
ANOVA.

stem cell mobilization, migration and homing,
inflammation, infection and immunoregulation.
The mechanisms employing the MET have been
also implicated in tumor development, growth
and metastasis [15-17]. There is increasing
evidence showing dysfunction of the MET links
to the pathogenesis of cancer. Besides, the
disruption of MET has been reported to be in-
volved into the initiation and development of
human GBM. As reported, the down-regulation
of miRNAs can triggers oncogenesis via regu-
lating oncogenes or silencing tumor suppres-
sor genes. miR-206 is downregulated in human
breast cancer [18]. In the context of GBM, aber-
rant expression of specific miRNAs are closely
associated with tumour cell proliferation, migra-
tion and invasion by targeting proteins invo-
Ived in these cellular functions. However, the
expression and the role of miR-206 in GBM
have not been clearly demonstrated.
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Our tissues analysis showed that the expres-
sion of miR-206 was obviously decreased in
tumor tissues than that in paired normal tis-
sues. Besides, the mRNA and protein level of
MET revealed higher expression in tumor tis-
sues than normal tissues. Our results were
consistent with previous findings, which indi-
cated that the expression of miR-206 was obvi-
ously downregulated in human breast cancer
tissues [18]. Recent reports also indicated that
ectopic miR-206 expression plays a suppressor
role in the cell proliferation, migration and inva-
sion of tumors. Most importantly, our bioinfor-
matics indicated that the tumor-suppressing
effects of miR-206 depend on its regulation of
MET translation. Based on the previous study,
this will be the first study to elucidate the role of
miR-206 in post-transcriptional regulation of
MET in GBM cells.

Recent data indicates that increased expres-
sion of EGF and its receptor EGFR in gastric
mucosa may induce changes in gastric epithe-
lial cells leading to tumorigenesis [19, 20]. EGF,
through interaction with its receptor, stimulates
the cell proliferation and migration and triggers
epithelial cell signaling [21]. Besides, matrix
metalloproteinases are secreted during the
growth, invasion, metastases, and angiogene-
sis of tumors, and can affect the surrounding
microenvironment, causing dynamic changes
of biological behaviors of the tumor [22-25].
However, the precise molecular mechanisms
between EGFR and MMP2/9 in the cellular
malignant and invasive phenotypes are not
fully understood. In the present study, we found
that cells transfected with miR-206 decreased
the expression of EGFR protein, while the miR-
NC unfazed the expression of EGFR protein,
which indeed showed that miR-206 decrea-
sed GBM cell proliferation. At the same time,
we also found that cells transfected with miR-
206 decreased the expression of MMP2/9
protein, whereas the control miR-NC promo-
ted the protein expression of MMP2/9. These
findings suggested that ectopic miR-206 ex-
pression exerts the inhibitory effects on GBM
cell migration and invasion.

Emerging evidence demonstrated the relation-
ships between the MET and angiogenesis in
the development of tumors by the increase of
VEGF or VEGFR, which serves as the most
potent proangiogenic factors [26]. The MET has
been recommended as a potential treatment
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miR-206 and MET

target for anticancer therapeutics [27]. Till now,
more than 15 kinds of new drugs targeting the
MET have been developed worldwide, and have
been approved for use in patients with non-
Hodgkin’s lymphoma and multiple myeloma, by
the Food and Drug Administration [28]. These
advances promote the therapeutic application
of the MET pathway against GBM. Thus, miR-
206 may be used to target the MET pathway
to treat GBM patients.

In conclusion, this study suggested that the
expression of miR-206 and MET may be predic-
tive of worse clinical outcome in patients with
GBM. Our findings also highlight the therapeu-
tic potential of miR-206/MET pathway in GBM
patients, and support the development of ef-
fective therapeutic strategies that target miR-
206 or MET by a pharmacological approach.
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