
Abstract. – OBJECTIVE: This study aimed to
investigate the expression of miR-200c and miR-
141 in glioma tissues and cell lines and then to
study their regulative effect on ZEB1 expression
and on glioma cell growth and migration.

MATERIALS AND METHODS: QRT-PCR analy-
sis was performed to detect miR-200c and miR-
141 expression in 10 paired glioma tissues and
adjacent normal tissues from patients with
glioblastoma multiforme (GBM) and in glioma
cell lines. U87 and U251 cells were transfected
with miR-200c mimics, miR-141 mimics or ZEB1
siRNA respectively. ZEB1 expression was de-
tected qRT-PCR and Western blot assay. MTT as-
say, flow cytometry and wound healing assay
were performed to examine the tumor suppres-
sive effects of the miR-200c/miR-141-ZEB1 axis
on glioma cells.

RESULTS: Both miR-200c and miR-141 were
significantly lower in glioma tissues than in adja-
cent normal tissues. The glioma cell lines, in-
cluding U87, U251 and A172 also had significant-
ly decreased miR-200c and miR-141 expression
than normal tissues. ZEB1 expression had at
least two-fold increase in glioma tissues than in
normal tissues. Both miR-200c and miR-141
could significantly induce ZEB1 mRNA degrada-
tion and suppress ZEB1 protein expression.
ZEB1 siRNA presented similar growth and mi-
gration inhibiting and apoptosis inducing effect
to miR-200c and miR-141 mimics in U87 cells.

CONCLUSIONS: MiR-200c and miR-141 are
significantly downregulated in glioma tissues
and cell lines and can significantly induce ZEB1
mRNA degradation and suppress ZEB1 protein
expression in the cells. ZEB1 is a functional
downstream target of miR-200c and miR-141 in
inhibiting glioma cell growth and migration.
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Introduction

Glioblastoma multiforme (GBM), the grade
IV glioma, is the most aggressive and lethal type
of all gliomas due to the highly invasive and in-
filtrating growth properties1. Current therapy for
GBM mainly relies of surgery in combination
with radiotherapy and chemotherapy2. However,
the prognosis of GBM is quite poor, with 5-year
survival rate less than 10%3,4. Therefore, under-
standing the molecular mechanisms of GBM is
quite supportive for the development of new anti-
cancer agents and therapeutic strategies2.
Previous researches have revealed that aber-

rant expression of miRNAs was associated with
the pathogenesis of GBM1. Several studies5-7 sug-
gest that the expression of some miR-200 mem-
bers, such as miR-200b and miR-141 were sig-
nificantly downregulated in glioma tissues and
were correlated with pathological grade of
gliomas. In addition, these miRNAs also showed
a potential suppressive effect on glioma cell pro-
liferation, migration and invasion5-7. However,
their downstream regulations in glioma have not
been fully revealed. MiR-200c and miR-141 are
two members of the miR-200 family clustered to-
gether. But how miR-200c is dysregulated in
glioma is not clear.
Due to the sequence similarity, the miR-200

family members presented synergistic regulation
of the expression of some genes, such as BMI1 in
some cancer cells8,9. Zinc finger E-box-binding
homeobox (ZEB) 1 is an Ebox-binding transcrip-
tion factor, which is involved in tumorigenesis of
various malignancies, including glioma10. Func-
tionally, ZEB1 overexpression can induce en-
hanced glioma EMT, invasiveness and growth of
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glioma cells10,11. Previous researches found that
the miR-200 family members can modulate ZEB1
expression in some types of cancer, such as non-
small cell lung cancer cells12, colon cancer cells13

and pancreatic cancer cells14. However, whether
this regulation exists in glioma cells has not been
reported. In this study, we firstly investigated the
expression of miR-200c and miR-141 in glioma
tissues and cell lines and then studied their regula-
tive effect on ZEB1 expression and on glioma cell
growth and migration.

Materials and Methods

Tissue Collection
This study was approved by the Ethics Com-

mittee of the Second Hospital of Hebei Medical
University. The tissue samples of normal brain
and GBM were obtained from the Neurosurgery
Department of the Hospital. Human glioma cell
lines U87 and U251 were purchased from Cell
Bank of Type Culture Collection of Chinese
Academy of Sciences (Shanghai, China) and
were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal
bovine serum and antibiotics (50 U/ml penicillin,
50 µg/ml streptomycin) in a humidified atmos-
phere of with 5% CO2 at 37°C.

Cell Treatment and Transfection
MiR-200c mimics, miR-141 mimics, ZEB1

siRNA and the corresponding scramble controls
were purchased from RiboBio (Guangzhou, Chi-
na). U87 and U251 cells were transfected with
100 nM miR-200c or miR-141 or 100 nM ZEB1
siRNA using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA).

QRT-PCR Analysis
Total RNA was extracted from frozen tissue

samples and cell samples using the TRIzol
reagent (Invitrogen, Carlsbad, CA, USA). 2 µg of
total RNA was used for cDNA synthesis using
the PrimeScript® RT reagent kit (TaKaRa,
Dalian, Shandong, China). ZEB1 mRNA level
was quantified using the following primers: for-
wards, 5’- ACCCTTGAAAGTGATCCAGC-3’;
reverse, 5’-CATTCCATTTTCTGTCTTCCGC-
3’. QRT-PCR analysis was performed using
SYBR® Premix DimerEraser kit (TaKaRa) in an
ABI Prism 7500 system (Applied Biosystems,
Foster City, CA, USA). MiRNA specific cDNA
was firstly synthesized via reverse transcription

(RT) using the stem-loop primers and the Taq-
Man MicroRNA Reverse Transcription Kit (Ap-
plied Biosystems) according to the manufactur-
er’s instructions. Then, mature miR-200c and
miR-141 level were determined using the Taq-
Man MicroRNA Assays Kit (Applied Biosys-
tems). The expression change was calculated us-
ing the 2-∆∆CTmethod.

Western Blot Analysis
In brief, the cells were lysed for protein ex-

traction using a lysis buffer (Beyotime, Shanghai,
China). 25 µg of denatured protein were loaded
and separated on SDS-PAGE and then elec-
trophoretically transferred onto nitrocellulose
membranes. Membranes were blocked and firstly
probed with primary antibodies against ZEB1
(1:5000, NBP1-05987, Novus Biologicals, Little-
ton, CO, USA) and then probed with HRP conju-
gated secondary antibody. Then the blot signals
were developed using the ECL Plus kit (Amer-
sham, Piscataway, NJ, USA). Band densitometry
was performed using ImageJ.

MTT Assay of Cell Viability
Cells after indicating transfection were seeded

into a 96-well plate at a density of 3000 cells per
well. The cell viability was measured at daily in-
tervals on 24th, 48th, 72nd and 96th hours post
transfection using a conventional MTT (methil
triazol tetrazolium) assay.

Flow Cytometry Analysis
Cell apoptosis was detected by using Annexin

V-FITC Apoptosis Detection Kit (ab14085, Ab-
cam, Cambridge, UK) and the apoptosis rates
were measured by using a flow cytometer (FAC-
SCalibur, BD Biosciences, Franklin Lakes, NJ,
USA).

Wound Healing Assay
The capability of tumor cell migration was as-

sessed using a wound healing assay. Confluent
cell monolayers were manually wounded by
scraping the cells with a 200 µl pipette tip. Images
of were taken at 0 and 24 hours. The wound areas
were measured using the ImageJ software (n=3).

Statistical Analysis
Data were presented in the form of means ±

standard deviation (SD) Group difference was as-
sessed using the unpaired t-test. A two-sided p-
value of < 0.05 was considered statistically sig-
nificant.
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Figure 1. MiR-200c and miR-141 are significantly downregulated in glioma tissues and cell lines. A,-D, QRT-PCR analysis
of miR-200c (A and C) and miR-141 (B and D) expression in 10 paired glioma and adjacent normal tissues (A and B) and in
normal brain tissues and in U87, U251 and A172 cells (C and D). **p < 0.05.
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MiR-200c and miR-141 Synergistically
Inhibit ZEB1 Expression in Glioma Cells
The downstream regulations of miRNAs are

quite complex. In this work, we further investi-
gated the role of miR-200c and miR-141 in
glioma cells. ZEB1 has been previously
demonstrated as an oncogene in glioma10,11.
However, its upstream regulation in glioma is
not well understood. By performing Western
blot study, we detected ZEB1 expression in
four randomly selected paired glioma tissues
and normal tissues from the 10 patients. The re-
sults showed that ZEB1 expression had at least
two-fold increase in glioma tissues than in nor-
mal tissues (Figure 2A-B). In fact, in multiple
types of cancer, such as in gastric cancer15,
colon cancer16 and breast cancer17, ZEB1 has
been characterized as a direct target of miR-
200c and miR-141. By using bioinformatics
analysis, we observed that the 3’UTR of ZEB1
has multiple putative binding sites with miR-

Results

MiR-200c and miR-141 Are Significantly
Downregulated in Glioma Tissues and
Cell Lines
In this study, we firstly investigated the ex-

pression of miR-200c and miR-141 based on
paired glioma tissues and adjacent normal tissues
from 10 patients. QRT-PCR results showed that
the expression of both miR-200c (Figure 1A) and
miR-141 (Figure 1B) were significantly lower in
glioma tissues than in adjacent normal tissues.
Then, we compared the expression of these two
miRNAs between normal tissues and glioma cell
lines. The results indicated that the glioma cell
lines, including U87, U251 and A172 had signifi-
cantly decreased miR-200c and miR-141 expres-
sion than normal tissues (Figure 1 C-D). These
findings suggest that miR-200c and miR-141 are
significantly downregulated in glioma tissues and
cell lines.
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200c and miR-141 (Figure 2C). Therefore, we
then investigated the regulative effect of miR-
200c and miR-141 on ZEB1 expression. QRT-
PCR and Western blot data suggested that both
miR-200c and miR-141 could significantly in-
duce ZEB1 mRNA degradation (Figure 2D)
and suppress ZEB1 protein expression (Figure
2E-F). These results suggest that miR-200c and
miR-141 can synergistically inhibit ZEB1 ex-
pression in glioma cells.

MiR-200c and miR-141 inhibit Glioma
Cell Growth and Migration Partly Via
Downregulating ZEB1
Since we confirmed that miR-200c and miR-

141can suppress ZEB1 expression in glioma
cells, we further studied whether the tumor sup-
pressive effects of miR-200c and miR-141 are
via downregulating ZEB1. By performing MTT
assay, we found that transfection of ZEB1 siRNA
presented similar growth inhibition effect to
miR-200c and miR-141 mimics in U87 cells
(Figure 3A-B). Following flow cytometric analy-
sis also showed that knockdown of ZEB1 in-

duced apoptosis in U87 cells, the effect of which
was similar to but stronger than that of miR-200c
and miR-141 mimics (Figure 3C). Multiple pre-
vious reports found that ZEB1 is an important
gene modulating epithelial to mesenchymal tran-
sition (EMT), which is an important mechanism
of tumor metastasis18-20. Therefore, we conducted
wound healing assay to examine the effect of si-
ZEB1, miR-200c mimics and miR-141 mimics
on glioma cell migration. The results showed that
ZEB1 siRNA, miR-200c mimics and miR-141
mimics all resulted in hampered wound healing
(Figure 3D-E). These findings suggest that ZEB1
is a functional downstream effector of miR-200c
and miR-141 in inhibiting glioma cell growth
and migration.

Discussion

Dysregulated miRNAs are implicated in the
pathological development of glioma, and some of
them might be used as prognostic markers1. For
example, miR-324-5p is usually downregulated
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Figure 2. MiR-200c and miR-141 synergistically inhibit ZEB1 expression in glioma cells. A,-B, Western blot images (A)
and quantitation of relative gray scale of ZEB1 vs. GAPDH in four pairs of randomly selected glioma tissues and adjacent nor-
mal tissues. C, Predicted putative binding sites of miR-200c and miR-141 in 3’UTR of ZEB1. D, QRT-PCR analysis of ZEB1
mRNA levels of U87 and U251 cells after transfection of miR-200c or miR-141 mimics. E,-F,. Western blot images (E) and
quantitation of relative gray scale of ZEB1 vs. GAPDH (F) in U87 and U251 cells after transfection of miR-200c or miR-141
mimics. **p < 0.05.



in glioma and can inhibit glioma cells prolifera-
tion by targeted regulation of the glioma-associ-
ated oncogene 121. The downregulated miR-98 in
glioma cells can inhibit cell invasion via down-
regulation of IKKepsilon21. MiR-302c-3p may
serve as a tumor suppressor of malignant glioma
and its low expression may predict poor clinical
prognosis of the patients22.
The miR-200 family contains miR-200a,

miR-200b, miR-200c, miR-141, and miR-42923.
Previous studies reported that some of the miR-
200 family members are also downregulated
and serve as tumor suppressors in glioma. For
example, the miR-200b expression is usually
decreased in glioma cells and can inhibit cell
growth and migration by targeting CREB124

and multiple members of RAB family, includ-

ing RAB21, RAB23, RAB18 and RAB3B7.
MiR-141 is epigenetically downregulated in
glioma cells and can suppress glioma cell pro-
liferation, invasion and migration by targeting
SKA26. MiR-429 expression in glioma cells
and tissues was lower than that in normal cells
and adjacent non-neoplastic tissues and can in-
hibit glioma migration through BMK1 suppres-
sion25. MiR-200c is clustered with miR-141. Its
dysregulation in glioma tissues and cells is not
well characterized. In this study, we firstly de-
tected and compared the expression of miR-
200c and miR-141 in 10 paired glioma tissues
and adjacent normal tissues and in glioma cell
lines. The results indicated both miR-200c and
miR-141 are significantly downregulated in
glioma tissues and cell lines.
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Figure 3. A, MiR-200c and miR-141 inhibit glioma cell growth and migration partly via downregulating ZEB1. A,-B, MTT
assay of relative cell viability of U87 cells with transfection of ZEB1 siRNA (A) or with transfection of miR-200c or miR-141
mimics at indicating time points. C, Flow cytometric and quantitation of apoptotic U87 cells with transfection of ZEB1 siRNA,
miR-200c mimics or miR-141 mimics by using Annexin V/PI staining. D,-E,Wound healing assay was conducted 48 hours af-
ter transfection of miR-200c mimics, miR-141 mimics or ZEB1 siRNA in U87 cells. Representative images of wound area
were taken at 0 and 24 hours after scratch (D). The wound areas shown as bar graphs (E) were measured using the ImageJ soft-
ware (n=3). **p < 0.01.
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The miR-200 family members may present
synergistic regulation of the expression of some
genes due to their sequence similarity. There-
fore, miR-200c and miR-141 can target BMI1 at
the same time in some cancer cells8,9. ZEB1 and
ZEB2 also have been reported as a common tar-
get of miR-200 family members in multiple
types of cancer. The downregulation of miR-
200c/141 in a gastric cancer cell can promote
and cell growth and invasion by enhancing
ZEB1/2 expression15. MiR-200c can modulate
EMT in human colorectal cancer metastasis by
downregulating ZEB1, ETS1 and FLT116. In
non-small cell lung cancer cells, the decreased
expression of miR-200b, miR-141 and miR-429
resulted in increased expression of ZEB1 and
ZEB212. ZEB1 has been characterized as an
oncogene inducing enhanced glioma EMT, inva-
siveness and growth of glioma cells10,11. To fur-
ther investigate the regulative effect of miR-
200c and miR-141 on glioma cell growth and
migration, we decided to investigate whether
the miR-200c/141-ZEB1 axis exists in glioma.
Our qRT-PCR and Western blot data suggested
that both miR-200c and miR-141 could signifi-
cantly induce ZEB1 mRNA degradation and
suppress ZEB1 protein expression in glioma
cells. Then, we further investigated the tumor
suppressive effects of miR-200c/miR-141-ZEB1
axis on glioma cells. The MTT assay, flow cyto-
metric analysis and wound healing assay
showed that knockdown of ZEB1 induced cell
growth arrest and apoptosis and reduced cell
migration in U87 cells, the effect of which was
similar to but stronger than that of miR-200c
and miR-141 mimics. These results suggest that
ZEB1 is a functional downstream target of miR-
200c and miR-141 in inhibiting glioma cell
growth and migration.

Conclusions

MiR-200c and miR-141 are significantly
downregulated in glioma tissues and cell lines
and can significantly induce ZEB1 mRNA degra-
dation and suppress ZEB1 protein expression in
the cells. ZEB1 is a functional downstream target
of miR-200c and miR-141 in inhibiting glioma
cell growth and migration.
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