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Abstract: Long noncoding RNA Zinc Finger E-box-binding homeobox 1 antisense 1 (ZEB1-AS1) reportedly partici-
pates in the tumorigenesis of various cancers. However, the clinical significance and biological functions of ZEB1-
AS1 in glioma remain virtually unknown. Here, we show that ZEB1-AS1 expression was higher in glioma tissues and
cell lines than in corresponding noncancerous samples and primary normal human astrocytes, respectively. The
positive correlation of ZEB1-AS1 expression with the poor prognosis and progressive histological stages of glioma
patients was clinically proven. In vitro assays revealed that silencing ZEB1-AS1 inhibited glioma cancer-cell growth
and motility. Xenograft experiments confirmed that ZEB1-AS1 depletion attenuated tumor growth and metasta-
sis. Dual-luciferase report assay showed that ZEB1-AS1 directly regulated microRNA-200c¢/141 (miR-200c/141) in
glioma cells, which was confirmed by RNA immunoprecipitation assay. Furthermore, the inhibition of miR-200¢/141
partially balanced the inhibition effects of cell proliferation and motility induced by ZEB1-AS1 depletion on U87
cells. Additionally, ZEB1-AS1 can regulate ZEB1 through miR-200c/141. Hence, ZEB1-AS1 directly regulated miR-
200c/141 in glioma cells and relieved the inhibition of ZEB1 caused by miR-200c/141. Overall, this study revealed
a novel regulatory mechanism between ZEB1-AS1 and the miR-200c¢c/141-ZEB1 axis. The interaction between
ZEB1-AS1 and miR-200c¢c/141-ZEB1 axis was involved in the progression of glioma cells. Therefore, targeting this
interaction was a promising strategy for glioma treatment.
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Introduction

Brain cancer is a very common public health
problem around the world and the leading
cause of death among cancers [1]. Gliomas,
which are derived from glial or precursor cells,
account for nearly 26.5% of all primary brain
and other CNS tumors and 80.7% of malignant
tumors [2]. Despite considerable improve-
ments in combinational treatments, including
surgical resection, chemotherapy, radiation
therapy, and other therapeutic strategies, the
prognosis and 5-year overall survival of glio-
blastoma multiforme is only approximately 15
months [3-5]. Therefore, identifying new molec-
ular abnormalities concerning the progression
of gliomas is necessary for establishing a spe-
cific target for the individual therapeutic strate-
gies of gliomas.

Long noncoding RNAs (IncRNAs) are a class of
ncRNAs that is approximately 200 nucleotides
in length [6]. With no protein-coding capability,
IncRNAs have mechanistically diverse functions
in regulating gene expression levels through
genomic interactions, protein concentrations,
miRNA competition, and chromatin modifica-
tion [7, 8]. LncRNAs have been known to par-
ticipate in various biological pathways and dis-
ease processes, especially in cancers [9-11].
Accumulating evidence has indicated that
IncRNAs may function as either tumor suppres-
sors or classical oncogenes in regulating tu-
mor growth and metastasis in various malig-
nant cancers [12-15]. Additionally, IncRNA Zinc
Finger E-box-binding homeobox 1 antisense 1
(ZEB1-AS1) has been reportedly implicated in
various cancers [16-23], such as hepatocellular
cancer (HCC) [17], esophageal squamous cell
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Table 1. Correlation between ZEB1-AS1 expression and clinicopatho-

logical characteristics in 100 glioma patients

ma cancers has not been
studied.

All ZEB1-AS1 expression

Characteristics

(n=100) High expression (%) Low expression (%) P value

In this study, we indicated
that ZEB1-AS1 up-regula-

Age (year)
<50 45 15 (33.3)
>50 55 23 (41.8)
Gender
Male 58 24 (41.4)
Female 42 16 (38.1)
Tumor size
<30 mm 65 26 (40.0)
>30 mm 35 24 (68.6)
TNM stage
I/N 47 12 (25.5)
/v 53 26 (49.1)
Tumor location
Frontal 28 7 (25.0)
Parietal 10 3(30.0)
Occipital 16 6 (37.5)
Temporal 20 7 (35.0)
Others 26 12 (46.2)

39 (60.0) 0.006*

14 (53.8)

tion was positively correlat-

30 (66.7) 0.384 ed with tumor size, advan-
32(58.2) ced histological grades,

metastases, and poor prog-
34 (58.6) 0.741 nosis for patients. In vitro
26 (61.9) and in vivo studies have

shown that ZEB1-AS1 silenc-
ing suppresses the prolifer-
ation, migration, and inva-

sion of glioma cells. Func-
tional experiments have
35(74.5) 0.015*  shown that the inhibition
27 (50.9) of miR-200c/141 partially
abolished the effects of
21 (75.0) 0.252 ZEB1-AS1 depletion on the
7 (70.0) proliferation and migration
10 (62.5) of these cells. Moreover,
13 (65.0) ZEB1-AS1 depletion and
miR-200¢c/141 overexpres-

*The values had statistically significant differences.

carcinoma (ESCC) [18], prostate cancer [19],
colorectal cancers [20], gastric cancer [21],
glioma cancer [22], and osteosarcoma [23].
However, the functions and mechanisms of
ZEB1-AS1 in glioma are still largely unknown.

MicroRNAs (miRs) reportedly contribute to im-
portant stages of tumor initiation and progres-
sion. The miR-200 family (miR-200s), including
miR-200a, miR-200b, miR-200¢, miR-141, and
miR-429, is dysregulated and functions as criti-
cal tumor suppressors in many tumors [24-26].
Various studies have reported that miR-200s
have a markedly suppressive effect on cell
transformation, cancer cell migration, invasion,
cell cycle, apoptosis-resistance, tumor growth,
and metastasis [27]. Several studies suggest-
ed that the expressions of few miR-200 mem-
bers, such as miR-200c and miR-141, are low
in glioma tissues and exhibit a potential sup-
pressive effect on glioma cell proliferation,
migration, and invasion [28-30]. Recent stud-
ies have revealed that the interplay between
IncRNAs and miRNAs plays a critical role in the
processes of cancers [21, 23, 31-33]. Hansen
et al. reported that IncRNAs are functional
miRNA targets [34]. However, the relationship
between ZEB1-AS1 and miR-200c/141 in glio-
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sion significantly inhibited
glioma cell proliferation and
migration. ZEB1 overexpres-
sion partially reversed the effects of ZEB1-AS1
depletion or miR-200/141 overexpression on
glioma cell proliferation and migration. Hence,
our study demonstrated that ZEB1-AS1/miR-
200c/141-ZEB1 may act as a potential target of
glioma cancer treatment.

Material and methods
Patients and tissue samples

Samples were collected from the Department
of Neurosurgery of First Affiliated Hospital of
Xinxiang Medical University from July 2010 to
December 2012. This study was approved and
documented by the Medical Ethics Committee
of Xinxiang Medical University. A total of 100
patients with primary gliomas and underwent
surgical treatment were selected for this study.
Glioma tissues (n = 100) and normal tissue
samples (n = 16) were collected during surgical
treatment, according to the national regulation
of clinical sampling in China. Written informed
consent was obtained from all patients before
surgical treatment. All patients did not receive
preoperative radio- or chemotherapy, neither
did they receive other forms of therapy before
surgical treatment. The patients were all fol-

Am J Transl Res 2018;10(11):3395-3412



ZEB1-AS1 inhibits glioma cancer tumorigenesis via miR-200c/141-ZEB1 axis

Table 2. The primers used for qRT-PCR analy-
ses

Genes Primer sequences (5’ to 3’)
ZEB1-AS1 Forward CCGTGGGCACTGCTGAAT
Reverse ~ CTGCTGGCAAGCGGAACT
ZEB1 Forward  ACTCTGATTCTACA CCGC
Reverse ~ TGTCACATTGATAGGGCTT
GAPDH Forward ~ ACCACAGTCCATGCCATCAC
Reverse ~ TCACCACCCTGTTGCTGT A

lowed-up until 2017 or until death. The clinico-
pathological features of the patients are sum-
marized in Table 1.

Cell culture

The glioma cell lines U87, U251, LN18, U118,
and T98G and primary normal human astro-
cytes (NHA) were purchased from American
Type Culture Collection (Manassas, VA, USA).
The cell lines were cultured in humidified atmo-
sphere containing 5% CO, at 37°C. The cells
were routinely maintained in complete Dul-
becco’s modified Eagle medium (DMEM; Gibco,
Grand Island, NY, USA) supplemented with 10%
fetal bovine serum (FBS; Gibco), 100 units/mL
penicillin, and 100 mg/mL streptomycin (Sig-
ma, St. Louis, MO, USA).

Plasmid construction and transfection

The siRNA sequences targeting human ZEB1-
AS1 (siZEB1-AS1: forward 5-UCAAUGAGAUUG-
AACUUCAGCUGGA-3’ and reverse 5-UUUAGG-
AAGG AAUUCAUGGCCUGUG-3’), negative con-
trol RNA (siNC) or double-stranded miRNA mim-
ics, including miR-200c, miR-141, and their
respective negative controls (miR-NC), were
constructed and purchased from GenePharma
(GenePharma Co., Ltd., Shanghai, China). U87
cells were transfected with 50 nM of siZEB1-
AS1 and siNC using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s protocols. The silence efficien-
cy was analyzed by quantitative real-time PCR
(QRT-PCR) assay 48 h after transfection. MiR-
200c¢, miR-141, the mixtures of miR-200c and
mMiR-141 mimics (MiR-200s), or miR-NC were
transfected into U87 cells using Lipofectamine
2000 for 72 h. Then, 200 uL of miR-NC and
miR-200c, miR-141, or miR-200s were trans-
fected into U87 cells, which have been trans-
fected with siZEB1-AS1 or siNC for 72 h. ZEB1
and the negative control vector were transfect-
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ed into U87 cells, which have been transfected
with siZEB1-AS1 or miR-200s for 48 h.

Quantitative real-time reverse transcription
PCR (qRT-PCR)

The total RNA was extracted from tissues and
treated cells with Trizol Reagent (Invitrogen)
according to the manufacturer’s protocols. The
RevertAid First Strand cDNA Synthesis kit
(Thermo Fisher, Shanghai, China) was used to
synthesize the cDNAs. The SYBR-Green PCR
Master Mix Kit (Takara) was applied to measure
the mRNA expression on an ABlI 7500 Real-
Time PCR system (Applied Biosystems, Foster
City, USA). For miRNAs analysis, qPCR was
performed using TagMan microRNA assays
(Applied Biosystems) in the StepOne Plus sys-
tem following the manufacturer’s protocols.
The relative gene expression was calculated
using the 224t method. The expressions of
ZEB1-AS1 and ZEB1 were normalized against
Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH). miRNA expression was normalized
against U6. The primers for PCR amplification
are listed in Table 2.

Protein extraction and western blot

The transfected cells were lysed with RIPA buf-
fer (Beyotime Biotechnology, Shanghai, China)
on ice. The supernatants for Western blot ana-
lysis were collected from the lysates centri-
fuged at 12000 x g for 15 min. The protein con-
centration was detected using a BCA Protein
Assay Kit (Pierce Chemical Co., Rockford, IL,
USA). Equal amounts of proteins were separat-
ed by electrophoresis on sodium dodecyl sul-
fate-polyacrylamide gel (SDS-PAGE) and trans-
ferred onto nitrocellulose membranes (Millipore
Corp., Bedford, MA, USA). Subsequently, the
membranes were blocked with 5% non-fat milk
in Tris-buffered saline and Tween (TBST) 20 for
1 h. After washing with TBST, the blots were
incubated with primary antibodies (E-cadherin,
MMP2, Vimentin, Snail, ZEB1, Cyclin D1, CDK2,
Rb, Bax, Bcl-2 and GAPDH) purchased from
Cell Signaling Technology (Beverly, MA, USA)
at 4°C overnight. Finally, the membranes were
incubated in horseradish peroxidase (HRP)-
conjugated secondary antibodies (Sigma) for 1
h at room temperature. The blot signals were
visualized using an enhanced chemilumines-
cence (ECL) kit (Santa Cruz, Dallas, TX, USA)
according to the manufacturer’s protocols.
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Dual-luciferase reporter assay

For the luciferase assay, U87 cells (5 x 10*
cells/well) were seeded in a 24-well plate. Wild-
type pGL3-ZEB1-AS1-WT and mutant pGL3-
ZEB1-AS1-Mut putative miR-200c/141 seed
matching site vectors were purchased from
Genechem (Shanghai, China). The cells were
transfected with miR-200c¢ or miR-141 using
Lipofectamine 2000 (Invitrogen) for 48 h and
subsequently co-transfected with ZEB1-AS1-
WT or ZEB1-AS1-Mut. The luciferase activities
of the cells were measured within 48 h after
transfection by the Dual-Luciferase Reporter
Assay System (Promega, Madison, WI) accord-
ing to the manufacturer’'s instructions. The
Renilla luciferase activity was used as the inter-
nal control.

RNA immunoprecipitation assay

Following the manufacturer’s instructions, the
Magna RIP RNA-Binding Protein Immunopre-
cipitation Kit (Millipore) was utilized to perform
RNA immunoprecipitation (RIP) assay. QRT-PCR
assay detected the co-precipitated RNAs using
respective primers.

Cell cycle and apoptosis determination

The cell cycle and the apoptosis were detected
using flow cytometry as previously described
[28]. The U87 cells (1 x 10° cells/well) seeded
into 6-well plates were transfected with RNA
oligonucleotides. Briefly, the cells were harvest-
ed and fixed with 70% ice-cold ethanol. After
treatment with 1 mg/mL of RNase at 4°C over-
night, the cells were centrifuged and stained
with 10 uL of propidium iodide (PI, 50 pug/mL;
Sigma) at 37°C for 30 min in the dark. The cells
in different phases were analyzed using a BD
FACSCaliburflow cytometer (BD Technologies,
Carlsbad, CA, USA), and the distribution of cells
in each phase was calculated by the ModFit
software (Verity Software House Inc., Topsham,
ME, USA). For apoptosis assays, the cells were
harvested, centrifuged, and washed with PBS.
Then, the cells were re-suspended in 100 uL of
binding buffer and stained with PI staining (BD
Bioscience, San Diego, CA, USA) in the dark for
30 min. Images of cell apoptosis were obtained
from the BD FACSCalibur flow cytometer (BD
Technologies). The percentage of apoptotic
cells was calculated by the CellQuest software
(BD Bioscience). Each of the detected samples
was prepared three times.
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Cell viability assay

Cell viability was determined by Cell Counting
Kit-8 (CCK-8; Dojindo Laboratories, Kumamoto,
Japan). In brief, after the indicated oligonucle-
otides transfection for 48 h, the cells (1 x 103
cells/well) were seeded into 96-well plates
(n = 5 for each time point), supplemented
with 100 yL of DMEM, and added with 10%
FBS. At 1, 2, 3, or 4 days, 10 uL of CCK-8 solu-
tion was added to each well and cultured for 2
h. Optical density values (OD = 450 nm) were
determined by a microplate reader (Molecular
Devices, Sunnyvale, CA, USA), and the cell via-
bility was calculated.

Colony formation assay

Cells were harvested 24 h after transfection.
The transfected cells (1 x 103 cells/well) were
seeded in 30 mm dishes and cultured for
approximately 2 weeks. After 4% of paraformal-
dehyde fixation, the colonies in each dish were
then stained with 0.1% crystal violet (Beyotime
Institute of Biotechnology, Shanghai, China).
The plates were washed with phosphate-buff-
ered saline (PBS) three times before air-drying.
Finally, images of the stained colonies were
captured with a high-resolution camera, and
the colonies were counted to calculate the col-
ony formation rate.

Migration and invasion assays

The cell motility was determined by transwell
assays. The migration ability of cells was evalu-
ated by migration assay. U87 cells (2 x 10*
cells/well in 150 yL of serum-free medium)
with different treatments were seeded into the
upper chamber of the transwell inserts (8-um
pore size; Corning Costar, NY, USA), and 600 uL
of complete medium was added to the lower
chamber. For invasion assay, the upper side of
the polycarbonate membrane was pre-coated
by the diluted Matrigel (BD Biosciences) for 1 h
at 37°C. After being cultured for 24 h, the upper
chamber cells of the transwell inserts were
removed, and the bottom chamber cells were
fixed with 4% paraformaldehyde and subse-
quently stained with 0.1% crystal violet. The
cells on the upper side were then removed with
cotton swabs. The migrated and invaded cells
were counted and photographed under a fluo-
rescence microscope (Olympus, Tokyo, Japan),
and the average was calculated.
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Figure 1. Expression levels of ZEB1-AS1 in glioma cancer tissues and cell lines and its clinical significance. A. Rela-
tive expression of ZEB1-AS1 in glioma samples (n = 100) and normal brain tissues (n = 16) was measured by qRT-
PCR and normalized to GAPDH. **P < 0.01, Glioma samples versus Normal tissues. B. Comparisons of the levels of
ZEB1-AS1 in glioma cancer patients with different tumor stages (I/1l, n = 47; lI/IV, n = 53). **P < 0.01, lll/IV stages
versus /1l stages. C. The five-year survival rate of the patients with high (n = 59) and low (n = 41) levels of ZEB1-AS1
was plotted by Kaplan-Meier method (P = 0.0027). D. The expression of ZEB1-AS1 in five glioma cancer cell lines
(U87, U251, LN18, U118, and T98G) and in normal human astrocyte (NHA) cell line. *P < 0.05, **P < 0.01, glioma
cell lines versus NHA cells. All values are represented as mean * SD of three replicates.

Animal experiments

All animal experiments were approved by the
Animal Research Committee of Xinxiang Me-
dical University and were carried out in accor-
dance with the International Guiding Principles
for Animal Research. U87 cells (5 x 10°) were
stably transfected with siZEB1-AS1, and the
controls were subcutaneously injected into the
right hind flank of 6-week-old female mice suf-
fering from severe combined immune deficien-
cy (SCID; Institute of Zoology, Chinese Academy
of Sciences, Beijing, China) to perform tumor
growth assay. Each group had 6 mice. After O,
4,8, 12, 16, 20, 24, and 28 days, the tumor
volumes (tumor volume = width? x length/2)
were monitored and calculated. All mice were
sacrificed 28 days post-inoculation, and the
tumors in the right hind flank of the mice were
removed and photographed. The tumor weights
were quantified.
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Moreover, 12 additional 6-week-old SCID fe-
male mice were injected with U87 cells (1 x
107) and were stably transfected with siZEB1-
AS1 or control through the tail vein for in vivo
metastasis assay. The general health status of
the mice was monitored, and the incidence
associated with primary tumor or metastasis
was calculated. All mice were sacrificed 28
days post-injection and anatomized. The
metastasis in the lung of each of mouse was
examined and calculated by lung section. The
sections of lungs with visible tumor colonies
were fixed and embedded in paraffin and
stained with hematoxylin/eosin (Maixin Bio-
tech). Three non-sequential sections per mice
were obtained. The presence of metastasis
was observed and photographed by microsco-
py. The total number of metastases in every
lung section was obtained and averaged. Six
mice were used for each group.
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Figure 2. Silencing ZEB1-AS1 expression suppresses glioma cancer cell proliferation in vitro and tumor growth in vivo. A. The inhibitory efficiency of siZEB1-AS1
transfection on the expression of ZEB1-AS1 was measured by qRT-PCR assay. B. Silencing ZEB1-AS1 by siZEB1-AS1 significantly inhibited proliferation of U87 cells
at2d, 3d,and 4 d. Cell proliferation was detected by CCK-8 assay. C. Cell proliferation was detected by colony formation assay in U87 cells transfected with siZEB1-
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AS1 or siNC. D. Cell migration and invasion was determined by transwell assays. Silencing ZEB1-AS1 by siZEB1-
AS1 significantly inhibited the migratory (left, upper panel) and invasive (left, lower panel) ability of U87 cells after
transfected with siZEB1-AS1. E. U87 cells were transfected with siZEB1-AS1 or siNC and tumors were collected from
SCID mice subcutaneously injected into the right hind flank with the treated cells. Representative images of tumors
4 weeks after subcutaneous xenografting were showed. F. The tumor volume was analyzed once every four days.
G. The quantification of tumor weights (n = 6). H. The quantification of pulmonary nodules in each group within 8
weeks after tail vein injection. siNC: siRNA negative control; siZEB1-AS1: ZEB1-AS1 stably deleted cells. *P < 0.05,
**P < 0.01, siZEB1-AS1 versus siNC group. All values are expressed as mean + SD of three replicates.

Identification the correlation by bioinformatics
analysis

We used GEPIA (http://gepia.cancer-pku.cn/
index.html) to test the ZEB1-AS1 expression
level and outcome in glioma cancer [35]. GEPIA
is a newly developed interactive web applica-
tion for gene expression analysis based on
9736 tumors and 8587 normal samples from
the TCGA and GTEx databases. It provides cus-
tomizable functions such as tumor and normal
differential expression analysis, survival analy-
sis and correlation based on the gene expres-
sion levels. We could demonstrate the expres-
sion of ZEB1-AS1 in glioma cancer tissues and
normal tissues, correlation between ZEB1 and
ZEB1-AS1 in glioma cancer, and the overall sur-
vival of patients. The boxplot was performed to
visualize the relationship.

Statistical analysis

All data were expressed as mean = SD. The
results of Student’s t-test or one-way analysis
of variance (ANOVA) were analyzed by the Graph
Prism 5.0 software (GraphPad Prism, San
Diego, CA) with P < 0.05 is statistically signifi-
cant. Chi-squared tests were used to evaluate
the frequencies. The five-year survival curves
were plotted with the Kaplan-Meier method
and analyzed by the log-rank test. All assays
were performed independently three times.

Results

LncRNA ZEB1-AS1 was upregulated in glioma
cancer

The ZEB1-AS1 level in glioma cancer tissues
from 100 patients and 16 normal brain tissues
was determined using gPCR assay. Results
confirmed that ZEB1-AS1 expression was sig-
nificantly higher in glioma cancer tissues (n =
100) than in normal brain tissues (n = 16)
(Figure 1A). Furthermore, the level of ZEB1-AS1
was much higher in patients with advanced his-
tological grades (lll/IV) (Figure 1B; Table 1).
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ZEB1-AS1 expression was also associated with
tumor size but exhibited no correlation with age
and gender (Table 1). Meanwhile, the patients
with low ZEB1-AS1 levels had higher five-year
survival rates than those with high expressions
of ZEB1-AS1 (Figure 1C). Additionally, ZEB1-AS1
expression in human glioma cancer cell lines
(U87, U251, LN18, U118, and T98G) and the
normal human astrocyte (NHA) cell line was
detected by qRT-PCR assay. We showed that
the ZEB1-AS1 expression was higher in glioma
cancer cell lines than in NHA cells (Figure 1D).

Silencing ZEB1-AS1 expression inhibited glio-
ma cancer progression in vitro and in vivo

To understand the functions of ZEB1-AS1 in
glioma cancer, U87 cells were transfected with
siZEB1-AS1. gRT-PCR was performed to check
the effects of siZEB1-AS1 in U87 cells. Our
results indicated that the ZEB1-AS1 expression
sharply decreased in the U87 cells transfected
with siZEB1-AS1 compared with the control
(Figure 2A). CCK-8 assays showed that ZEB1-
AS1 deletion significantly suppressed the prolif-
eration of U87 (Figure 2B). The colony forma-
tion assay results indicated that silencing
ZEB1-AS1 obviously inhibited the glioma cancer
cell proliferation (Figure 2C). Moreover, ZEB1-
AS1 deletion significantly inhibited the motility
of U87 cells. Representative migration and
invasion images are shown in Figure 2D. We
also explored the effect of ZEB1-AS1 on glioma
cancer tumorigenesis in vivo. SCID mice were
injected subcutaneously with U87 cells stably
transfected with siZEB1-AS1 or the control, and
the mice were sacrificed and anatomized at 28
days (Figure 2E). The volume of tumors in the
SiZEB1-AS1-U87 group was smaller than those
in the control group (Figure 2F). The tumor
weight of the siZEB1-AS1-U87 group followed
the same pattern and was smaller than that of
the control group (Figure 2G). The numbers of
metastatic nodules were significantly fewer in
the siZEB1-AS1-U87 group than in the control
group (Figure 2H).

Am J Transl Res 2018;10(11):3395-3412



ZEB1-AS1 inhibits glioma cancer tumorigenesis via miR-200c¢c/141-ZEB1 axis

A miR-200¢ miR-141
——
811-818 1739-1745
ZEB1-AS1 5'-TCAAGAAAGTCGTCTTCAGT ATTA......... CTGCT AAGCTTCCTTCAGTGTT C-3'

[ITT1T11] [TTTT]

miR-200c /141 3‘-GGUAGUAAUGGGCCGUCAUAALU......... GGUAGAAAUGGUCUGUCACAAU-5'

B 2157 =@ miR-NC C 2 209mm ctriprobe
s = m!R-200c =z 3 ZEB1-AS1 probe
5 ED miR-141 x S
© £ 154
$ 1-0 s ek
© -
8 5 10
© £
2 0.5- S
2 £ 5
e
5 2
[} -
X .04 £ o-
ZEB1-AS1WT ZEB1-AS1 MUT miR-200¢c miR-141
D 1.6 E 1.2 B3 siNC
=1 =@ ctrl o Je=a sizEB1-AS1
2 3 ZEB1-AS1 ®
- >
3 Em ZEB1-AS1 MUT 3 0.4
< 1.0- 2
Z =z
PE: @ 0.6-
5 E %k *k
2 05- Fook *% g
s £ 0.34
- ©
) @
o ©
0.0 0.0-
miR-200¢ miR-141 miR-200c miR-141
Foy 127
Q
>
2
-
n
<
-
&
[
=
=)
5 *%
[T}
o

miR-NC  miR-200c  miR-141 miR-200s

Figure 3. ZEB1-AS1 negatively regulates miR-200s in glioma cancer cells. A. The potential binding sites of miR-
200c/141 and ZEB1-AS1 is predicted by using the TargetScan algorithm. B. Luciferase activity in U87 cells co-
transfected with miRNA mimics or the miRNA negative control and luciferase reporter containing ZEB1-AS1 wild
type (ZEB1-AS1-WT) or miR-200¢/141 binding sites mutated ZEB1-AS1 (ZEB1-AS1-Mut). Results are shown as the
relative ratio of firefly luciferase activity to renilla luciferase activity. **P < 0.01, miR-200c versus miR-NC group, #P
< 0.01, miR-141 versus miR-NC group. C. miR-200c¢c and miR-141 were significantly enhanced by RNA immunopre-
cipitation (RIP) assay in the ZEB1-AS1 group compared with control. **P < 0.01, ZEB1-AS1 probe versus Ctrl probe.
D. The expression level of miR-200c and miR-141 was measured by gRT-PCR in U87 cells transfected with ZEB1-
AS1-WT or ZEB1-AS1-Mut or controls. **P < 0.01, ZEB1-AS1-WT versus Ctrl. E. The expression level of miR-200¢
and miR-141 was measured by gRT-PCR in U87 cells transfected with siZEB1-AS1 or siNC. **P < 0.01, siZEB1-AS1
versus siNC. F. ZEB1-AS1 expression was measured by gRT-PCR in U87 cells transfected with miR-200c or miR-141
or miR-200s. **P < 0.01, miRNA mimics versus miR-NC group. Ctrl: control; siNC: siRNA negative control; miR-200s:
the mixtures of miR-200c and miR-141. All values are expressed as mean + SD of three replicates.
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transfected with siZEB1-AS1 and miR-200s inhibitors. B and C. Cell proliferation was detected by CCK-8 assay and
colony formation assay in treated U87 cells. D. The inhibitory effect of ZEB1-AS1 on glioma cancer cell migration
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through miRNA-200s by transwell assays. Representative images and quantification of migrated cells were pre-
sented. E. The inhibition effect of invasive ability of U87 cells caused by ZEB1-AS1 silencing was reversed by miRNA-
200s inhibitor. Representative images and quantification of invaded cells were presented. Total magnification of all
images is 200 x. *P < 0.05, **P < 0.01, siZEB1-AS1 versus siNC; #P < 0.05, #P < 0.01, siZEB1-AS1 + inh-miR-200s
versus siZEB1-AS1. siNC: siRNA negative control; siZEB1-AS1: ZEB1-AS1 stably deleted cell; miR-200s: the mixtures
of miR-200c¢ and miR-141; siZEB1-AS1 + inh-miR-200s: ZEB1-AS1 stably deleted cells transfected with miR-200s.

All values are expressed as mean + SD of three replicates.

ZEB1-AS1 negatively regulated miR-200c/141
in glioma cancer cells

To explore the interaction between ZEB1-AS1
and miRNAs, we predicted potential miRNAs
binding sites on ZEB1-AS1 using the TargetScan
algorithm. Interestingly, we found two binding
sites for miR-200s, which are well known for
their tumor-suppressing roles and direct target-
ing and inhibition of ZEB1 [28] (Figure 3A). To
investigate the interaction between ZEB1-AS1
and miR-200c/141, we constructed a lucifer-
ase reporter containing ZEB1-AS1 or the miR-
200c¢/141 binding sites on mutated ZEB1-AS1.
Luciferase reporter assays showed that the
ectopic expression of miR-200c¢ or miR-141 sig-
nificantly inhibited the luciferase activities of
wild type ZEB1-AS1, but not the mutant (Figure
3B). RIP assay was performed to analyze the
interaction between ZEB1-AS1 and miR-200c¢/
141. Endogenous miR-200c/141 was highly
enhanced by ZEB1-AS1 compared with the con-
trol, illustrating that ZEB1-AS1 might function
as a miR-200c¢/141 sponge in glioma cancer
cells (Figure 3C). To elucidate the molecular
mechanisms of ZEB1-AS1 in glioma cancer,
U87 cells were transfected with the ZEB1-AS1
or control vector. qRT-PCR results indicated
that the expressions of miR-200c and miR-141
(MiR-200c¢/141) were significantly lower in the
U87 cells transfected with the ZEB1-AS1 over-
expression vector than those in the control
(Figure 3D). In contrast, miR-200c/141 was sig-
nificantly higher in the U87 cells transfected
with siZEB1-AS1 than that in the control (Figure
3E). Additionally, the ectopic expression of miR-
200c or miR-141 or the mixtures of miR-200c
and miR-141 (miR-200s) significantly inhibited
ZEB1-AS1 expression in U87 cells (Figure 3F),
implying that ZEB1-AS1 is a target of miR-200c/
141.

ZEB1-AS1 promoted glioma cancer-cell growth
and motility by miR-200¢/141 inhibition

As ZEB1-AS1 is molecularly associated with

and inhibits miR-200¢c/141 expression, we next
explored whether miR-200c/141 mediates the

3404

facilitative effects of ZEB1-AS1 on glioma cell
proliferation and migration. U87 cells were
transfected with siZEB1-AS1 and miR-200s
inhibitor, siZEB1-AS1 and miR-NC inhibitor, or
siNC and miR-NC inhibitor. The ZEB1-AS1 ex-
pression was significantly down-regulated by
siZEB1-AS1 and up-regulated by the co-trans-
fection with miR-200s inhibitor compared with
the control (Figure 4A). CCK-8 assay results
indicated that siZEB1-AS1 inhibited the cell
growth of U87, and that this effect can be
reversed by a miR-200s inhibitor (Figure 4B).
Colony formation assay data further revealed
that ZEB1-AS1 silencing suppressed the glioma
cancer-cell growth through the up-regulation
of miR-200s (Figure 4C). The transwell assay
results also indicated that ZEB1-AS1 promoted
glioma cancer cell migration and invasion by
the inhibition of miR-200s. Representative
migration and invasion images and the quantifi-
cation of migrated or invaded cells are present-
ed in Figure 4D and 4E. These results indicated
that ZEB1-AS1 promoted glioma cancer-cell
growth and motility by miR-200s inhibition.

ZEB1-AS1 promoted the processes of glioma
cancer cell tumorigenesis through the miR-
200c¢c/141-ZEB1 axis

Previous studies have reported that miR-200s
act as a tumor inhibitor by targeting ZEB1
directly in glioma cancers [28]. In this study, we
demonstrated the relationships among ZEB1-
AS1, miR-200s, and ZEB1. First, U87 cells were
transfected with siNC, siZEB1-AS1 + vector,
SiZEB1-AS1 + ZEB1, miR-200s + vector, and
miR-200s + ZEB1. The ZEB1-AS1 and ZEB1
MRNA levels were downregulated by siZEB1-
AS1 and miR-200s in U87 cells and restored
by ZEB1 overexpression (Figure 5A and 5B).
Subsequently, we detected the effects of the
miR-200¢/141-ZEB1 axis and ZEB1-AS1 on the
development and progression of glioma cancer.
CCK-8 assay showed that silencing ZEB1-AS1
or introducing miR-200s inhibited the growth of
U87 cells, and that the inhibition effect induced
by siZEB1-AS1 or miR-200s can be restored by
ZEB1 overexpression (Figure 5C and 5D). The
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Figure 5. ZEB1-AS1 promotes glioma cancer cells proliferation, migration and invasion through inhibition of miRNA-
200c/141 and activation of ZEB1. U87 cells were transfected with siNC, siZEB1-AS1 and vector, siZEB1-AS1 and
ZEB1, miR-200s and vector, and miR-200s and ZEB1, respectively. qRT-PCR assay was performed to detect the ex-
pression of ZEB1-AS1 (A) and ZEB1 mRNA (B) in treated U87 cells. (C and D) Cell proliferation was detected by CCK-
8 assay and colony formation assay in treated U87 cells. (E) Representative images of transwell assays in treated
U87 cells. Total magnification of all images is 200 x. (F and G) Quantification of migrated and invaded cells were
presented. *P < 0.05, **P < 0.01, siZEB1-AS1 + ZEB1 versus siZEB1-AS1 + Vector; #P < 0.05, #P < 0.01, miR-200s
+ ZEB1 versus miR-200s + Vector. siNC: siRNA negative control; siZEB1-AS1 + Vector: ZEB1-AS1 stably deleted cells
transfected with vector; siZEB1-AS1 + ZEB1: ZEB1-AS1 stably deleted cells transfected with ZEB1; miR-200s + Vec-
tor: U87 cells transfected with the mixtures of miR-200c and miR-141; miR-200s + ZEB1: U87 cells transfected with
miR-200s and ZEB1. Data are shown as mean + SD based on at least three independent experiments.

transwell assay results showed that ZEB1-AS1
accelerated the migration and invasion of U87
cells by decreasing miR-200s or activating
ZEB1 (Figure 5E). Figure 5F and 5G show the
quantification of migrated and invaded cells.
Therefore, ZEB1-AS1 inhibited the cell prolifera-
tion, migration, and invasion of U87 cells by
inhibiting miR-200s and ZEB1 activation. Final-
ly, the cell cycle arrest and apoptosis induced
by ZEB1-AS1 silencing in U87 cells was verified
by flow cytometry. The growth-suppressing
effect of ZEB1-AS1 silencing and miR-200s
introduction on glioma cells was reduced by
inhibiting the G1/S-phase transition arrest
(Figure 6A and 6B). Furthermore, the transfec-
tion of U87 cells with siZEB1-AS1 or miR-200s
increased cell apoptosis (Figure 6C and 6D). As
shown in Figure 6, ZEB1 overexpression also
neutralized the siZEB1-AS1- or miR-200s-in-
duced cell cycle arrest and apoptosis. There-
fore, ZEB1-AS1 inhibited the G1 arrest and
apoptosis in U87 cells through the inhibition of
miR-200s and the activation of ZEB1.

Possible signaling pathways of ZEBA-AS1/
miR-200c¢/141-ZEB1 involved in glioma cancer
progression

As ZEB1 is an important transcription factor in
regulating epithelial to mesenchymal transition
(EMT), we speculated that ZEB1-AS1 might pro-
mote glioma cancer progression by regulating
the ZEB1-EMT axis. We performed Western blot
assays to detect related molecules protein
expressions, such as E-cadherin, Vimentin,
matrix metalloproteinase 2 (MMP2), Snail, and
ZEB1. The protein expressions of Vimentin,
Snail, and ZEB1 in U87 cells transfected with
SiZEB1-AS1 and miR-200s were expressed less
than those in cells transfected with siNC. The
inhibition effect can be restored by ZEB1 over-
expression. In contrast, E-cadherin was signifi-
cantly elevated in the same treatment of U87
(Figure 7A). Moreover, the protein levels of the
key regulators of G1/S transition (Cyclin D1, Rb,
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and CDK2) and the apoptosis-relative proteins
(Bax and Bcl-2) were also detected. The Cyclin
D1, CDK2, and Bcl-2 protein expressions were
significantly downregulated by siZEB1-AS1 and
miR-200s in U87 cells and were restored by
ZEB1 overexpression, whereas the expressions
of Rb and Bax were elevated significantly. The
original whole film of western blotting in Figure
7A was presented in Supplementary Figure 1.
Figure 7B shows a potential regulation model
of the ZEB1-AS1/miR-200c¢/141-ZEB1 axis in
glioma cancer development. Therefore, ZEB1-
AS1 promotes the translation of ZEB1 through
the inhibition of the miR-200c/141 expression
and promotes glioma cancer-cell growth, migra-
tion, and invasion. Conversely, miR-200c/141
down-regulates the ZEB1 expression by directly
binding to its 3-UTR in the absence of ZEB1-
AS1 and suppresses glioma cancer cell prolif-
eration, cell cycle, motility, and apoptosis-
resistance.

Identification of a positive correlation between
the low expression of ZEB1-AS1 and poor
prognosis of GBM through bioinformatics
analysis

We first used GEPIA to detect the expressions
of ZEB1 and ZEB1-AS1 between GBM and
healthy people, and Figure 8A and 8B indicated
that compared to healthy people, the expres-
sion levels of ZEB1 and ZEB1-AS1 were signifi-
cantly increased in cancer patients. We then
performed a pairwise gene correlation analysis
between ZEB1 and ZEB1-AS1. As shown in
Figure 8C, ZEB1 was positively correlated with
ZEB1-AS1 (P = 0, R = 0.62). Finally, we per-
formed survival analysis based on the gene
expression levels. Figure 8D and 8E showed
that the patients with low levels of ZEB1-AS1
had higher overall survival rates than those
with high expressions of ZEB1-AS1, whereas
the overall survival analysis showed no signifi-
cantly difference between patients with high
and low expressions of ZEB1.

Am J Transl Res 2018;10(11):3395-3412
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Figure 6. ZEB1-AS1 inhibits cell cycle arrest and apoptosis in glioma cancer cells through inhibition of miR-200c/141
and activation of ZEB1. A. Flow cytometry was used to detect cell cycle distribution in treated U87 cells. B. The per-
centage of treated U87 cells in GO/G1, S and G2/M phase were quantified, respectively. C. Apoptosis was detected
by Pl staining in treated U87 cells. D. The percentage of apoptosis cells in each group was quantified. *P < 0.05,
**P < 0.01, siZEB1-AS1 + ZEB1 versus siZEB1-AS1 + Vector; #*P < 0.05, #P < 0.01, miR-200s + ZEB1 versus miR-
200s + Vector. siNC: siRNA negative control; siZEB1-AS1 + Vector: ZEB1-AS1 stably deleted cells transfected with
vector; siZEB1-AS1 + ZEB1: ZEB1-AS1 stably deleted cells transfected with ZEB1; miR-200s + Vector: U87 cells
transfected with the mixtures of miR-200c and miR-141; miR-200s + ZEB1: U87 cells transfected with miR-200s
and ZEB1.
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Figure 7. Possible signaling pathways of ZEBA-AS1/miR-200c¢/141-ZEB1 in-
volved in glioma cancer progression. (A) Representative western blot results of
EMT (E-cadherin, Vimentin, MMP2, Snail and ZEB1), cell cycle (Cyclin D1, Rb
and CDK2) and apoptosis (Bax and Bcl-2) markers. GAPDH was used as the
normal control. The original whole film of western blotting in (A) was presented
in Supplementary Figure 1. (B) A diagram exhibiting the role and regulatory

mechanisms of the ZEB1-AS1/miR-200c/141-ZEB1 axis in glioma cancer. In
the ZEB1-AS1 depletion cells, upregulated miR-200c/141 inhibits glioma can-
cer cell proliferation, cell cycle, motility, and apoptosis-resistance by targeting
ZEB1. On the contrary, ZEB1-AS1 overexpression suppresses miR-200c/141
expression, which then activates ZEB1 and promotes glioma cancer cell prolif-
eration, cell cycle, motility, and apoptosis-resistance.

Discussion

In this study, we demonstrated that ZEB1-AS1
promotes the tumorigenesis of glioma cancer
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cells through modulating
the  miR-200c/141-ZEB1
axis. First, ZEB1-AS1 was
up-regulated in glioma can-
cer tissues and cells. The
high expression of ZEB1-
AS1 was positively associ-
ated with tumor size and
advanced tumor stages,
but inversely correlated wi-
th the prognosis for glioma
cancer patients. Second,
ZEB1-AS1 silencing inhibit-
ed the growth and motility
of glioma cancer cells in
vitro and of tumorigenesis
in vivo. Finally, we confirm-
ed that ZEB1-AS1 promotes
glioma cancer-cell growth
and motility and inhibits
cell cycle arrest and apop-
tosis through the inhibition
of miR-200c/141 and the
activation of ZEB1. Collec-
tively, ZEB1-AS1 is a posi-
tive regulator in the pro-
gression of glioma cancer.
Furthermore, targeting the
ZEB1-AS1/miR-200c/141-
ZEB1 axis may be an effec-
tive strategy for glioma can-
cer therapy.

Glioma is one of the most
frequent malignancies with
high morbidity and mortali-
ty globally [1, 2]. Thus, iden-
tifying new molecular ab-
normalities concerning glio-
ma progression is neces-
sary to establish a specific
target for individual thera-
peutic strategies of glioma
treatment. Several reviews
have focused on the func-
tional roles of IncRNAs in
various human cancers [9,
10, 12-15]. ZEB1-AS1 has
been found to play clinically
significant roles in several
cancers [16-20, 22, 23]. Li

et al. demonstrated that increased ZEB1-AS1 is

markedly correlated with microvascular inva-

sion, short overall survival, and high recurrence
rates. It acts as an independent prognostic

Am J Transl Res 2018;10(11):3395-3412
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Figure 8. Identification of the correlation between ZEB1-AS1 level and prognosis of GBM through bioinformatics
analysis. A and B. The expression levels of ZEB1 and ZEB1-AS1 in GBM patients (n = 163) and normal tissues (n =
107) using the GEPIA. C. The correlation between ZEB1 and ZEB1-AS1 has been showed based on the gene expres-
sion levels (P =0, R = 0.62). D. The overall survival analysis with high (n = 81) and low (n = 81) levels of ZEB1-AS1
(P =0.013). E. The overall survival analysis with high (n = 81) and low (n = 81) levels of ZEB1 (P = 0.63).

marker in HCC [17]. ZEB1-AS1 overexpression
is a poor prognostic biomarker of ESCC [18].
The high expression of ZEB1-AS1 indicates
poor prognoses of prostatic and colorectal can-
cers [19, 20]. Furthermore, the amplification of
ZEB1-AS1 is involved in the poor prognosis of
gastric cancers [21]. Additionally, ZEB1-AS1 up-
regulation is correlated with the poor overall
survival of glioma and osteosarcoma cancer
patients [22, 23]. Consistently, in the present
study, ZEB1-AS1 expression was markedly ele-
vated in glioma cancer tissues. The up-regula-
tion of ZEB1-AS1 was positively associated with
tumor size and advanced histological grades,
but negatively correlated with the outcomes of
glioma cancer patients. This suggests the clini-
cal significance of ZEB1-AS1 in glioma cancer.
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Numerous studies have reported that ZEB1-
AS1 contributes to cancer progression. For
instance, ZEB1-AS1 was identified as an onco-
genic regulator in diverse malignancies [16].
Increased ZEB1-AS1 promotes HCC cell growth
and motility in vitro and facilitates tumor growth
and metastasis in vivo [17]. Reportedly, ZEB1-
AS1 knockdown inhibits the proliferation and
migration of prostate cancer cells [19]. In CRC,
the high expression of IncRNA ZEB1-AS1 pro-
motes the colorectal cancer cell proliferation
partially by suppressing the pl5 expression
[20]. Moreover, Lv et al. corroborated that si-
lencing ZEB1-AS1 dramatically suppresses the
proliferation, migration, and invasion of glioma
cells and promotes cellular apoptosis [22]. In
accordance with these results, we found that

Am J Transl Res 2018;10(11):3395-3412



ZEB1-AS1 inhibits glioma cancer tumorigenesis via miR-200c¢c/141-ZEB1 axis

ZEB1-AS1 expression was much higher in glio-
ma cancer cell lines than in the normal human
astrocyte cells (NHA). Silencing ZEB1-AS1 using
siRNA technology resulted in the significant
decrease in proliferation, migration, invasion,
and apoptosis resistance of U87 cells in vitro.
Additionally, ZEB1-AS1 depletion dramatically
suppressed the tumor growth and metastasis
in vivo. These results indicated that ZEB1-AS1
promotes the aggressive behaviors of glioma
cancer.

The miR-200 family has been revealed to have
critical roles in many cancers [24]. Previous
studies revealed that the aberrant expression
of miR-200s is associated with the pathogene-
sis of glioma [28-30]. As important members
of the miR-200 family, miR-200c and miR-141
show a potential suppressive effect on glioma
cell proliferation, migration, and invasion by
inhibiting ZEB1 [28]. Other researchers indicat-
ed that miR-141 inhibits glioma cell prolifera-
tion and metastasis by targeting TGF-B2 [30].
In line with these results, the introduction of
miR-200c¢/141 inhibited U87 cells proliferation,
migration, invasion, and apoptosis resistance.
Given the widespread presence of miRNA-bind-
ing sites on mammalian mRNAs, competing
endogenous RNAs (ceRNA) has been consid-
ered as a new mechanism of post-transcrip-
tional regulation through the competitive bind-
ing of miRNA [21, 23, 31-33]. Different RNA
species can compete for the same pool of avail-
able miRNAs and indirectly regulate each other
[31]. Evidence has confirmed the different roles
of ceRNA crosstalk on essential cellular pro-
cesses and its imbalance in response to vari-
ous diseases [33]. The downregulation of miR-
335-5p by ZEB1-AS1 in gastric cancer pro-
motes tumor proliferation and invasion [21].
MiR-200s overexpression partially abolishes
the inhibitory effects of ZEB1-AS1 on osteosar-
coma cell proliferation and metastasis [23].
MiR-141 regulates osteoblastic cell prolifera-
tion by modulating the target gene of IncRNA
H19 and IncRNA H19-derived miR-675 [32]. In
our follow-up study on ZEB1-AS1, the inhibition
of miR-200¢/141 restored the inhibition effects
on cell proliferation, migration, invasion, and
apoptosis resistance induced by ZEB1-AS1
silencing. We also found a negative reciprocal
regulation between ZEB1-AS1 and miR-200c¢/
141, implying that ZEB1-AS1 can bind to the
miR-200c¢/141 site directly. The inhibitory effe-
ct of miR-200c¢/141 on glioma cancer cell carci-
nogenesis can be reversed by ZEB1-AS1.
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ZEB1 is a transcriptional factor that plays a cru-
cial role in tumorigenesis and cellular process-
es [36]. As a famous epithelialmesenchymal
transition (EMT) promoter, ZEB1 not only takes
part in biological tumor behaviors, such as
EMT, cell apoptosis-resistance, chemo- and
radio-resistance, and cell cycle, but also stem-
cell property induction [37, 38]. Accumulating
evidence suggests that ZEB1 is a direct target
of miR-200¢/141 in glioma cancer [28]. Simi-
larly, in this study, ZEB1 was directly targeted
by tumor suppressor miR-200¢/141 in glioma
cancer. Moreover, ZEB1 overexpression also
neutralized the inhibitory effects on cell prolif-
eration and invasion and the induction effects
on cell cycle arrest and apoptosis caused by
siZEB1-AS1 or miR-200s in glioma cancer cells
[22]. These results support the inter-regulation
between ZEB1-AS1 and the miR-200c/141-
ZEB1 axis. Moreover, the loss of balance
between ZEB1-AS1, ZEB1, and miR-200¢c/141
in glioma cancer may contribute to glioma can-
cer progression. Additionally, Lv et al. discov-
ered that siZEB1-AS1 increases the expres-
sions of E-cadherin and Bax and decreases the
ZEB1, N-cadherin, Integrin-f1, MMP2, MMP9,
Bcl-2, cyclin D1, and CDK2 levels in glioma
cancer cells. We found similar results in ZEB1-
AS1 silencing and miR-200c¢/141 introduction,
whereas ZEB1 overexpression can restore
these changes. In line with these results, ZEB1-
AS1 regulated the proliferation and progres-
sion of glioma cells by activating ZEB1.

In summary, we demonstrated that ZEB1-AS1
was a positive regulator in the tumorigenesis of
glioma cancer. Clinically, ZEB1-AS1 was signifi-
cantly associated with tumor size, advanced
tumor stages, and poor prognosis for glioma
cancer patients. In vitro and in vivo experi-
ments showed that silencing the ZEB1-AS1
expression inhibits glioma cancer progression.
ZEB1-AS1 regulated the processes of glioma
tumorigenesis through the miR-200c¢/141-
ZEB1 axis. Overall, these findings provided an
insight into an effective strategy for glioma can-
cer therapy by targeting the ZEB1-AS1/miR-
200c¢/141-ZEB1 axis.
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Supplementary Figure 1. The original whole film of western blotting in Figure 7 was presented.



