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Abstract: Long noncoding RNAs (IncRNAs) are dysregulated in many diseases. MicroRNA-101 (miR-101) functions
as a tumor suppressor by directly targeting ZEB1 in various cancers. However, the potential mechanism of IncRNA
ZEB1-AS1 and miR-101/ZEB1 axis in CRC remains unknown. In this study, we further investigated the potential
interplay between miR-101/ZEB1 axis and IncRNA ZEB1-AS1 in colorectal cancer (CRC). Results showed that ZEB1-
AS1 was upregulated in CRC tissues and cells. MiR-101 was downregulated in CRC tissues and negatively correlated
with ZEB1-AS1 and ZEB1 expression levels in CRC. Functional experiments showed that, consistent with ZEB1-
AS1 depletion, miR-101 overexpression and ZEB1 depletion inhibited the proliferation and migration of CRC cells.
Overexpression of miR-101 partially abolished the effects of ZEB1-AS1 on the proliferation and migration of these
cells. Moreover, combined ZEB1-AS1 depletion and miR-101 overexpression significantly inhibited cell proliferation
and migration of the CRC cells. Hence, ZEB1-AS1 functioned as a molecular sponge for miR-101 and relieved the
inhibition of ZEB1 caused by miR-101. This study revealed a novel regulatory mechanism between ZEB1-AS1 and
miR-101/ZEB1 axis. The interplay between ZEB1-AS1 and miR-101/ZEB1 axis contributed to the proliferation and
migration of CRC cells, and targeting this interplay could be a promising strategy for CRC treatment.
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Introduction

Colorectal cancer (CRC) is the third most com-
mon cancer worldwide according to the late-
st statistics [1, 2]. Despite recent advances in
CRC treatments, which include combined sur-
gery and adjuvant therapy [3], the overall prog-
nosis of this malignancy remains poor becau-
se of tumor recurrence and metastases [4, 5].
Therefore, new therapeutic strategies aimed at
decreasing these malignant events are urgen-
tly needed.

Long noncoding RNAs (LncRNAs) are noncod-
ing RNAs (ncRNAs) with more than 200 nucl-
eotides in length [6, 7]. Emerging evidence in-
dicates that specific IncRNAs have critical roles
in the regulation of multiple biological process-

es [8]. The expression of IncRNA is frequently
elevated or decreased in tumor, and several In-
cRNAs participate in the development, metas-
tasis, recurrence, and poor prognosis in various
cancers, including CRC [9-15]. These molecules
may provide new biomarkers for the diagnosis
and prognosis of CRC.

ZEB1-AS1 is a noncoding antisense transcript
generated from ZEB1 promoters and located
in physical contiguity with ZEB1 [16]. Emerging
studies showed that overexpression of ZEB1-
AS1 increased ZEB1 levels and promoted tu-
mor progression in different kinds of malignan-
cies [16-20]. However, the functions and mech-
anisms of ZEB1-AS1 in CRC remain largely un-
known. Thus, further exploration of the func-
tions of IncRNA in CRC is crucial. Thus, we spe-
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culated the effects of ZEB1-AS1 on miR-101/
ZEB1 axis on CRC cells and detected the un-
derlying mechanisms.

In this study, ZEB1-AS1 post-transcriptionally
enhanced ZEB1 mRNA stability and upregulat-
ed ZEB1 expression in CRC cells. Moreover,
miR-101 was downregulated in CRC tissues
than in adjacent normal tissues, and miR-101
expression levels were negatively correlated
with ZEB1 or ZEB1-AS1 expression in the sa-
me CRC tissues. Additionally, miR-101 overex-
pression in vivo inhibited the proliferation and
migration of CRC cells by targeting ZEB1. Mo-
reover, this overexpression partially abolished
the effects of ZEB1-AS1 on the proliferation
and migration of CRC cells. Combined ZEB1-
AS1 depletion and miR-101 overexpression sig-
nificantly inhibited the cell proliferation and
migration of the CRC cells. These data support
the inter-regulation among ZEB1-AS1, miR-101,
and ZEB1. In addition, the loss of balance be-
tween ZEB1-AS1 and miR-101/ZEB1 axis in
CRC may contribute to the progression of this
disease.

Materials and methods
Ethics statement

Experimental procedures were approved by
the Institutional Review Board and Ethics Co-
mmittee of the First Affiliated Hospital of Xin-
xiang Medical University (Xinxiang, China).

Patients and tissue samples

Samples were collected from patients admit-
ted to the First Affiliated Hospital of Xinxiang
Medical University between September 2014
and April 2017. Written informed consent and
approval were obtained from each patient or
family. A total of 50 primary CRC samples we-
re obtained from patients who were diagnos-
ed histopathologically and subjected to surgi-
cal resection. No patients received radiothera-
py, chemotherapy, or other anticancer treat-
ment before surgery. Clinical staging was per-
formed according to the American Joint Com-
mittee on Cancer Staging Manual. All tissue
samples were collected at surgery, immediately
frozen in liquid nitrogen, and stored at -80°C
until RNA or protein extraction.

Cell culture

Five human CRC cell lines (SW480, DLD-1,
HCT116, SW620, and HT29) and a normal co-
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lonic cell line (NCM460) were obtained from
the Shanghai Institute for Biological Sciences
(Shanghai, China) and American Type Culture
Collection (Manassas, VA, USA). All cells were
cultured in Dulbecco’s modified Eagle medium
(DMEM; Gibco, Grand Island, NY, USA) supple-
mented with 10% fetal bovine serum (FBS;
Gibco, Grand Island, NY, USA). The cells were
routinely grown to 80% confluence at 37°C in
a humidified atmosphere containing 5% CO,,
and the cells from passages 2 to 4 were used
in the experiments and expended no later than
6 months after receipt.

Vector construction and cell transfection

The effects of ZEB1-AS1, miR-101, and ZEB1
on cell activity and miR-101 mimics were inves-
tigated using shZEB1-AS1 (to knockdown the
ZEB1-AS1 expression) and ZEB1-siRNAs, which
were obtained from Gene Pharma (Shanghai,
China). The IncRNA-ZEB1-AS1 cDNA plasmid
was constructed by introducing the cDNA se-
quence of ZEB1 into the pEX3 expression ve-
ctor (Gene Pharma).

Cells were plated in individual wells of 6-well
plates. SW480 and HCT116 (2x10° cells) we-
re transfected with miRNA mimics, siZEB1, or
shZEB1-AS1 at a final concentration of 25
nmol/L using Lipofectamine 2000 Reagent (Li-
fe Technologies, Carlsbad, CA, USA). After 48 h,
the cells were harvested for the assays des-
cribed below. Cells were transfected with pcD-
NA-IncRNA-ZEB1-AS1 constructs at a final con-
centration of 1 yg/uL according the manufac-
turer’s protocol. The empty pEX3 vector and
scrambled sequences of the miRNA mimics or
siRNAs were used as negative controls.

RNA extraction and quantitative reverse tran-
scription-polymerase chain reaction (QRT-PCR)

Total RNA of fresh tissues and cell lines was
extracted using TRIzol reagent (Invitrogen, Car-
Isbad, CA, USA). Reverse transcription was per-
formed to generate the first-strand cDNA using
M-MLV Reverse Transcriptase (Invitrogen). The
MRNA expression was detected with SYBR
Premix Ex Taq Il (TaKaRa, Dalian, China) throu-
gh gRT-PCR. The total RNA was reverse-tran-
scribed with a miScript reverse transcription
kit (Qiagen) and then amplified with SYBR Pre-
mix Ex Tag™ (TaKaRa) to quantify the miRs.
285CT method was applied to determine the re-
lative gene expression, and the expression lev-
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Figure 1. Overexpression of ZEB1-AS1 in CRC and its association with poor prognosis of CRC patients. The relative
expression of ZEB1-AS1 was measured by qRT-PCR. A: The height of the column represents the fold change (log
2-transformed) in ZEB1-AS1 expression in a cohort of 50 patients with CRC. B: ZEB1-AS1 expression was higher in
CRC tissues than in paired noncancerous tissues. C: ZEB1-AS1 expression was higher in patients with high histologi-
cal grade than in patients with low histological grade. D: ZEB1-AS1 expression was higher in patients with advanced
tumor stage T (T3/T4) than in T1/T2. E: ZEB1-AS1 expression levels in CRC cell lines and human normal colonic
cell line. Data are shown as mean + SD based on at least three independent experiments. Normal: noncancerous

tissues; CRC: colorectal cancer tissues. *P<0.05, **P<0.01.

els of mMRNAs and miRs were normalized to
tHCT116e of GAPDH and UG, respectively. The
primers used in this experiment were as fol-
lows: ZEB1-AS1, 5-CCGTGGGCACTGCTGAAT-3’
(forward) and 5-CTGCTGGCAAGCGGAACT-3’
(reverse); ZEB1, 5-A-CTCTGATTCTACA CCGC-3’
(forward) and 5-TGTCACATTGATAGGGCTT-3’
(reverse); miR-101, 5-CGGCGGTACAGTACTGT-
GATAA-3’ (forward) and 5-CTGGTGTCGTGGA
GTCGGCAATTC-3’ (reverse); U6, 5-CTCGCTTC-
GGCAGCACA-3’ (forward) and 5-AACGCTTCA-
CGAATTTGCGT-3’ (reverse); and GAPDH, 5’-GC-
ACCG TCAAGGCTGAGAAC-3' (forward) and 5™-
TGGTGAAGACGCCAGTGGA-3’ (reverse).

Dual-luciferase reporter assay

Plasmid pGL3-ZEB1-3-UTR-WT or pGL3-ZEB1-
3-UTR-MUT was cotransfected with 100 ng of
miR-101 mimics and miR-NC in the cells using
Lipofectamine 2000 (Invitrogen Life Techno-
logies). After 48 h of transfection, a luciferase
reporter gene assay was conducted in the Du-
al-Luciferase® Reporter Assay System (Prome-
ga, Madison, WI) according to the manufactur-
er’'s instructions. Renilla luciferase was cotr-
ansfected as a control for normalization.
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Western blot analysis

Total protein was extracted from the cells or
tissues using a RIPA lysis buffer (Beyotime,
Jiangsu, China), separated through 10% sodi-
um dodecyl sulfate polyacrylamide gel electro-
phoresis, and then transferred onto nitrocellu-
lose membranes (Millipore, Burlington, MA,
USA). After blocking with 5% nonfat dry milk in
Tris-buffered saline (20 mM Tris-HCI, pH 7.5,
150 mM NaCl) containing 0.1% Tween 20, the
membranes were incubated with primary anti-
body overnight at 4°C. All primary antibodies
were purchased from Santa Cruz. The blots
were then washed and incubated with goat
anti-mouse 1gG conjugated to horseradish per-
oxidase for 1 h at room temperature. Protein
bands were detected through enhanced che-
miluminescence (ECL) by utilizing a Pierce ECL
Western blot substrate (Thermo Fisher Scien-
tific) and exposed to an X-ray film using an
ECL detection system (Thermo Fisher Scienti-
fic). GAPDH served as a control.

Cell viability detection
Cell proliferation was analyzed using Cell Co-

unting Kit-8 (CCK-8; Dojindo Laboratories,

Am J Transl Res 2018;10(2):605-617
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Figure 2. ZEB1-AS1 upregulates ZEB1 expression. A: Schematic of the human ZEB1-AS1 locus. Arrows mark tran-
scription start sites. B: The relative expression of ZEB1 was measured by qRT-PCR. ZEB1 mRNA levels are inhibited
in shZEB1-AS1 group than in shNC group in SW480 cells. C: Western blot was performed to analyze the expression
of ZEB1 protein levels. The ZEB1 protein level in SW480 cells was decreased in the shZEB1-AS1 group than in the
shNC group. D: Real-time RT-PCR analysis of ZEB1 mRNA levels in ZEB1-AS1 stably overexpression and control
cells in HCT116. ZEB1 mRNA levels in HCT116 cells were enhanced in ZEB1-AS1 group than in the control group.
E: Western blot assay showed that ZEB1 protein levels in ZEB1-AS1 stably overexpression and control groups in
HCT116 cells. ZEB1 protein level in HCT116 cells was increased in ZEB1-AS1 group than in the control group.
Data are shown as mean * SD based on at least three independent experiments. shNC: shRNA negative control;
shZEB1-AS1: ZEB1-AS1 stably deleted cells. Ctrl: negative control; ZEB1-AS1: ZEB1-AS1 stably overexpression cells.
**P<0.01 by Student’s t-test.

Kumamoto, Japan) assays and ethynyl deoxy-
uridine (EdU) incorporation assays. CCK-8 was
used to detect cell viability. A total of approxi-
mately 1x10° cells/well was plated in a 96-
well plate. Cell viability was detected in 6 wells
per group and in blank controls. Afterward, 10
uL of the CCK-8 solution was added at O, 24,
48, 72, and 96 h, and the resulting solution

inverted fluorescent microscope (Carl-Zeiss,
Berlin, Germany).

Migration and invasion assay

Cell motility was assessed using Transwell
chambers. For the migration assays, 1x10*
cells plated in a serum-free medium were ad-

was incubated for 3 h at 37°C. The absorban-
ce at 450 nm of each well was measured. Cell
growth curves were plotted using the absor-
bance at each time point. EdU incorporation
assays were performed with an EdU kit (Ri-
boBio, Guangzhou, China), as described previ-
ously [21]. Six random fields were selected to
observe each well and photographed under an
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ded to the upper chamber of 8 ym pore size
Transwells (BD Biosciences, Franklin Lakes, NJ,
USA). DMEM containing 10% FBS was then
added to the lower chamber as a chemoattrac-
tant. For the invasion assays, 5x10* cells were
added to the upper chamber of 8 pm pore si-
ze Transwell precoated with 30 pL of Matrigel
(BD Biosciences) at 200 ug/mL. After the prep-

Am J Transl Res 2018;10(2):605-617
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Figure 3. Identification of ZEB1 as a direct target of miR-101. A: Predicted
binding sites of miR-101 in the WT and MUT 3’-UTR of ZEB1. B: Dual-lucif-
erase reporter assays were performed 24 h after cotransfection of SW480
cells with miR-NC or miR-101 mimics and a pGL3 construct containing WT
or MUT 3’-UTR of ZEB1. Data were normalized to those from cells cotrans-
fected with miR-NC and pGL3 plasmid. **P<0.01, miR-101 mimics versus
miR-NC in ZEB1wt group. C: The mRNA levels of ZEB1 decreased signifi-
cantly in SW480 cells transfected with miR-101 mimics than those trans-
fected with miR-NC, as measured by qPCR. GAPDH was used as internal
control. **P<0.01, miR-101 mimics versus miR-NC. D: The protein levels
of ZEB1 were attenuated in SW480 cells transfected with miR-101 mimics
than those transfected with miR-NC, as detected by Western blot assays.
GAPDH was used as internal controls. E: The relative expression of miR-101
in 50 pairs of CRC tissues and adjacent normal tissues were quantified by
gPCR. MiR-101 was more highly expressed in adjacent normal tissues than
in CRC tissues. U6 served as internal control. **P<0.01, CRC versus NCT
group. NCT: noncancerous tissue; CRC: colorectal cancer tissue. F: Negative
correlation between miR-101 and ZEB1 expression levels in these CRC tis-
sues (r=-0.6391, **P<0.01). G: Negative correlation between miR-101 and
ZEB1-AS1 expression levels in these CRC tissues (r=-0.8236, **P<0.01).
All data are shown as mean * SD of three separate experiments.

arations were incubated at 37°C for 24 h, cells
that did not migrate or invade through the po-
res were carefully removed with a cotton swab.
The filters were then fixed in methanol and st-

ained with crystal violet. Th-
ree invasion chambers were
utilized per condition, and five
random fields were counted
per chamber under an invert-
ed microscope (Carl-Zeiss).

Statistical analysis

Data were statistically analyz-
ed in SPSS version 19.0 (SP-
SS Inc., Chicago, IL, USA). Da-
ta from three independent ex-
periments were presented as
mean + standard deviation
(SD). One-way ANOVA among
groups and two-tailed Stud-
ent’s t-test were performed to
compare between groups. P<
0.05 was considered statisti-
cally significant.

Results

ZEB1-AS1 was upregulated in
CRC tissues and cells

The ZEB1-AS1 expression le-
vel was determined using qRT-
PCR analyses. Figure 1A and
1B show that the expression
level of ZEB1-AS1 was signifi-
cantly higher in the CRC tis-
sues than in the correspond-
ing nontumor tissues. Then,
the ZEB1-AS1 levels in the tis-
sue samples from patients of
different TNM stages were ex-
amined. Our findings revealed
that ZEB1-AS1 was upregulat-
ed with advanced stage of
CRC (Figure 1C and 1D). In
addition, we measured ZEB1-
AS1 expression in NCM460,
SW480, DLD-1, HCT116, SW-
620, and HT29. The results
showed that ZEB1-AS1 expres-
sion level was significantly hi-
gher in the CRC cell lines than
that in the normal colonic cell
line (Figure 1E).

ZEB1-AS1 upregulated ZEB1 expression

ZEB1-AS1 is an antisense transcript along the
ZEB1 locus, comprising promoter and part of

609 Am J Transl Res 2018;10(2):605-617
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610 Am J Transl Res 2018;10(2):605-617



Role of ZEB1-AS1 and miR-101/ZEB1 axis in colorectal cancer

with that of the control group. C: The effects of miR-101 overexpression or ZEB1 depletion on SW480 cell prolifera-
tion were determined by EdU incorporation assays. The red color indicates EdU-+ nuclei. These results were consis-
tent with the results from the CCK-8 assays. D: The effects of miR-101 overexpression or ZEB1 depletion on SW480
cell migration were determined by Transwell assays. The migration ability of SW480 was significantly inhibited after
nvasion ability of SW480 was significantly inhib-
ited after transfection with miR-101 mimics or ZEB1 specific shRNAs, as determined by Transwell assays. Total mag-
nification of all images is 100x. Data are shown as mean + SD based on at least three independent experiments.
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Figure 5. MiR-101 overexpression partially reversed the proliferation- and migration-promoting effects of ZEB1-AS1
in CRC cells. A: ZEB1-AS1 expression levels in ZEB1-AS1 stably overexpressed HCT116 cells or cotransfected with
miR-101 mimics were measured by qRT-PCR. ZEB1-AS1 expression levels were increased significantly in HCT116
cells after transfection with ZEB1-AS1. MiR-101 suppressed the ZEB1-AS1 expression levels in ZEB1-AS1 stably
overexpressed HCT116 cells. GAPDH was used as internal controls. B: The proliferation of ZEB1-AS1 stably over-
expressed HCT116 cells or cotransfected with miR-101 mimics were assessed by CCK-8 assays. The proliferation
ability of ZEB1-AS1 stably overexpressed HCT116 cells were improved compared with that of the control group.
Meanwhile, miR-101 partially reversed the proliferation effects of ZEB1-AS1. C: The effects of miR-101 overexpres-
sion on ZEB1-AS1-induced HCT116 cell proliferation were determined by EdU incorporation assays. The red color in-
dicates EdU-+ nuclei. The EdU-+ nuclei were increased significantly in ZEB1-AS1 stably overexpressed HCT116 cells.
Conversely, miR-101 partially neutralized the proliferation effect of ZEB1-AS1. D: Cell migration was determined by
Transwell assays. The migration ability of HCT116 cells was improved after ZEB1-AS1 was stably overexpressed.
Introduction of miR-101 partially reversed the promigration effects of ZEB1-AS1. E: The invasion ability of HCT116
cells were improved after ZEB1-AS1 was stably overexpressed, while introduction of miR-101 partially reversed the
pro-invasion effects of ZEB1-AS1, as determined by Transwell assays. Total magnification of all images is 100x.
Data are shown as mean + SD based on at least three independent experiments. *P<0.05, **P<0.01, ZEB1-AS1

versus control, #P<0.05, #P<0.01, ZEB1-AS1+miR-101 versus ZEB1-AS1.

the first exon of ZEB1, and extending further
upstream (Figure 2A). We first measured the
MRNA and protein levels of ZEB1 in ZEB1-AS1
stably overexpressed HCT116 cells and ZEB1-
AS1 stably depleted SW480 to identify whether
and how ZEB1-AS1 regulate ZEB1 expression.
The results showed that knockdown of ZEB1-
AS1 markedly decreased the mRNA and pro-
tein levels of ZEB1 in SW480 cells (Figure 2B
and 2C). Conversely, ZEB1-AS1 over-expression
significantly increased the mRNA and protein
levels of ZEB1 in HCT116 cells (Figure 2D and
2E).

ZEB1-AS1 expression was associated with
miR-101/ZEB1 axis in CRC patients

A complementary sequence of miR-101 to the
3-UTR of ZEB1 mRNA is illustrated in Figure
3A. The dual-luciferase reporter assay showed
that miR-101 reduced the activity of the luci=
ferase reporter fused to the 3-UTR-WT of ZE-
B1 but did not suppress that of the reporter
fused to the MUT version (Figure 3B). Introdu-
ction of miR-101 reduced ZEB1 expression at
the mRNA and protein levels in the SW480 ce-
lls (Figure 3C and 3D). Considering that ZEB1
is a well-known miR-101 target, we next inve-
stigated whether ZEB1-AS1 expression level
and miR-101 level in CRC tissues were corre-
lated. We first measured the miR-101 level in
50 pairs of CRC tissues and adjacent normal
tissues. The results showed that ZEB1-AS1 and
ZEB1 expression was inversely correlated wi-
th miR-101 level in CRC tissues (Figure 3F and
3G). Considering that ZEB1-AS1 transcript le-
vel was positively correlated with ZEB1 mRNA
level, these data support the possible interplay
between ZEB1-AS1 and miR-101/ZEB1 axis.
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Overexpression of miR-101 or downregulation
of ZEB1 inhibited proliferation and migration
of CRC cells

We overexpressed miR-101 or inhibited ZEB1
in SW480 cells to investigate the effects of
ZEB1-AS1-miR-101-ZEB1 regulating axis on the
proliferation and migration of CRC cells. The
results supported the inhibition of ZEB1 by
miR-101 in SW480 cells (Figure 4A). CCK-8
assays and EdU incorporation assays showed
that miR-101 overexpression and ZEB1 deple-
tion inhibited SW480 cell proliferation (Figure
4B and 4C). This result was consistent with the
proliferation-inhibiting effect of ZEB1-AS1 de-
pletion shown by a previous report [19]. Trans-
well assays showed that miR-101 overexpres-
sion and ZEB1 depletion significantly inhibited
SWA480 cell migration and invasion (Figure 4D
and 4E), which was also consistent with the
migration-inhibiting effect of ZEB1-AS1 deple-
tion revealed in our previous report [19]. The-
se data suggested that depletion of ZEB1-AS1,
overexpression of miR-101, and depletion of
ZEB1 have inhibitory effects on the prolifera-
tion and migration of CRC cells.

Overexpression of miR-101 partially reversed
the effects of ZEB1-AS1 on the cell prolifera-
tion and migration of CRC cells

Considering the association of ZEB1-AS1 with
miR-101/ZEB1 axis in CRC, we next explored
whether miR-101 mediated the effects of ZE-
B1-AS1 on the cell proliferation and migration
of CRC cells. We overexpressed miR-101 in
ZEB1-AS1 stably overexpressed HCT116 cells
(Figure 5A). CCK-8 assays and EdU incorpora-
tion assays showed that overexpression of miR-
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Figure 6. Combined ZEB1-AS1 depletion and miR-101 overexpression significantly inhibited the proliferation and mi-
gration of CRC cells. A: ZEB1-AS1 and ZEB1 expression levels in ZEB1-AS1 stably depleted SW480 cells or cotrans-
fected with miR-101 mimics. ZEB1-AS1 and ZEB1 expression was significantly inhibited by combining ZEB1-AS1
depletion and miR-101 overexpression. B: The effects of ZEB1-AS1 depletion or ZEB1-AS1 depletion combined with
miR-101 overexpression on SW480 cell proliferation were assessed using CCK-8 assays. The proliferation ability
of SW480 cell ZEB1-AS1 depletion or co-transfected with miR-101 was reduced compared with that of the control
group. MiR-101 partially enhanced the inhibitory effect of ZEB1-AS1 depletion on cell proliferation. C: The effects
of ZEB1-AS1 depletion or cotransfection with miR-101 overexpression on SW480 cell proliferation were determined
by EdU incorporation assays. The red color indicates EdU-+ nuclei. EdU-+ nuclei were decreased significantly after
ZEB1-AS1 depletion in SW480 cells. MiR-101 partially reinforced the suppression effect of ZEB1-AS1 depletion. D:
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The migration ability of SW480 cells was suppressed after ZEB1-AS1 depletion, which when combined with miR-
101 overexpression enhanced the suppression effect of ZEB1-AS1 depletion, as determined by Transwell assays.
E: The invasion ability of SW480 cells was inhibited after ZEB1-AS1 depletion while cotransfected miR-101 partially
enhanced the inhibitory effect of shZEB1-AS1, as determined by Transwell assays. Total magnification of all images
is 100x. Data are shown as mean + SD based on at least three independent experiments. *P<0.05, **P<0.01,
shZEB1-AS1 versus control, #P<0.05, #P<0.01, shZEB1-AS1+miR-101 versus shZEB1-AS1.
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Figure 7. The interplay between ZEB1-AS1 and miR-101 in the proliferation
and migration of CRC cells. In addition to the direct transcriptional activa-
tion of ZEB1 by ZEB1-AS1, ZEB1-AS1 also post-transcriptionally upregulat-
ed ZEB1 via binding and inhibiting miR-101. ZEB1-AS1 promoted prolifera-

Discussion

In this study, we identified a
new regulation mechanism of
ZEB1-AS1 in promoting the pr-
oliferation and migration of
CRC cells. This mechanism is
involved in regulating the miR-
101/ZEB1 axis. First, ZEB1-
AS1 was confirmed to be up-
regulated and positively corre-
lated with higher histological
grade and advanced tumor st-
age T. These characteristics pr-
edicted poor prognosis in CRC
cancer. Second, a correlation

tion and migration of the CRC cells by regulating miR-101 and ZEB1.

101 partially reversed the proproliferation ef-
fects of ZEB1-AS1 (Figure 5B and 5C). Trans-
well assays showed that overexpression of
miR-101 partially reversed the promigration
effects of ZEB1-AS1 (Figure 5D and 5E). These
results suggested that ZEB1-AS1 promoted
the cell proliferation and migration of CRC ce-
lIs partially through binding and inhibiting miR-
101.

Inhibition of ZEB1-AS1 combined with miR-
101 overexpression significantly inhibited CRC
cell proliferation and migration

We overexpressed miR-101 in ZEB1-AS1 stably
depleted SW480 cells to further explore the
biological significance of the interplay betwe-
en ZEB1-AS1 and miR-101. Combined ZEBI1-
AS1 depletion and miR-101 overexpression si-
gnificantly inhibited ZEB1-AS1 and ZEB1 expre-
ssion (Figure 6A). CCK-8 assays and EdU in-
corporation assays showed that this combi-
nation significantly inhibited SW480 cell prolif-
eration (Figure 6B and 6C). Moreover, Transwell
assays showed that migration and invasion of
SW480 cell were also significantly inhibited
(Figure 6D and 6E). These data further confirm
the important roles of the interplay between
ZEB1-AS1 and miR-101/ZEB1 axis in the prolif-
eration and migration of CRC cell.
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between ZEB1 levels and ZE-

B1-AS1 transcript level in CRC
cells further supported the regulation of ZEB1
by ZEB1-AS1. Third, ZEB1 was confirmed as a
direct target of miR-101, and miR-101 expres-
sion levels were negatively correlated with ZE-
B1-AS1 and ZEB1 expression levels in CRC.
Fourth, miR-101 ectopic expression, depletion
of ZEB1, or depletion of ZEB1-AS1 repressed
the proliferation and migration of CRC cells.
The effects of ZEB1-AS1 on CRC progression
were partially dependent on miR-101. More-
over, the combination of ZEB1-AS1 depletion
and miR-101 overexpression showed more in-
tensive inhibiting effects on the proliferation
and migration of CRC cells. These findings sug-
gested that the interplay between ZEB1-AS1
and miR-101/ZEB1 is functionally significant in
CRC.

LncRNAs are ncRNAs and frequently observed
to be involved in carcinogenesis and cancer
progression [8]. Recent studies showed that
aberrant expression of IncRNAs has been iden-
tified in types of human cancer, including CRC
[22-25]. These molecules may provide new bio-
markers for the diagnosis and prognosis of
cancers [26, 27]. Upregulation of IncRNA ZE-
B1-AS1 promotes tumor metastasis in hepato-
cellular carcinoma [16]. LncRNA ZEB1-AS1 epi-
genetically regulates the expression of ZEB1
and downstream molecules in prostate cancer
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[19]. Although previous studies showed that
overexpression of ZEB1-AS1 increased ZEB1
expression and ZEB1-AS1 acted as an onco-
gene in HCC and osteosarcoma cells [16, 20].
the relation between ZEB1-AS1 and ZEB1 in
CRC cancer has not been investigated yet. We
measured the mRNA and protein levels of ZE-
B1 in ZEB1-AS1 stably overexpressed HCT116
and ZEB1-AS1 stably depleted SW480 cells to
identify whether and how ZEB1-AS1 regulate
ZEB1 expression. The results showed that ZE-
B1-AS1 upregulated ZEB1 expression in CRC
cells. Thus, ZEB1-AS1 upregulated ZEB1 expre-
ssion transcriptionally and posttranscriptional-
ly in CRC.

The relevance of ZEB1 to tumor progression
has been studied in several human cancers
[28-31]. Accumulating evidence has suggest-
ed that ZEB1 is a direct target of miR-101 in
various cancers, such as breast, oral squa-
mous cell, ovarian, and hepatocellular carcino-
mas [32-35]. Similarly, in this study, ZEB1 was
directly targeted by tumor suppressor miR-101
in CRC. MiR-101 was downregulated in CRC
tissues than in adjacent normal tissues. ZEB1-
AS1 and ZEB1 were upregulated in the same
CRC tissues. Furthermore, miR-101 expres-
sion levels were negatively correlated with ZE-
B1-AS1 and ZEB1 expression levels in CRC.
These results supported the inter-regulation
between ZEB1-AS1 and miR-101/ZEB1 axis.
Moreover, the loss of balance between ZEB1-
AS1, ZEB1, and miR-101 in CRC may contribu-
te to CRC progression.

Functional experiments showed that ZEB1 de-
pletion, miR-101 ectopic expression, and ZEB1-
AS1 depletion suppress the proliferation and
migration of CRC cells. Furthermore, the silen-
cing of ZEB1 mimicked the inhibitory effects
of miR-101 on the proliferation, migration, and
invasion of the CRC cells. The effects of ZEB1-
AS1 on proliferation and migration of the CRC
cells were partially neutralized by the intro-
duction of miR-101. Moreover, miR-101 over-
expression enhanced the inhibitory effects on
proliferation and migration in CRC cells induc-
ed by ZEB1-AS1 depletion. These data sugge-
sted that the interplay between ZEB1-AS1 and
miR-101/ZEB1 axis had important functional
significance on CRC and supported the roles of
ZEB1-AS1, ZEB1, and miR-101 dysregulation in
CRC progression. In addition to ZEB1, miR-101
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also targets and inhibits EZH2 [36], COX2 [37],
and EP4R [38] in CRC cells. However, further
investigation is needed to determine whether
ZEB1-AS1 also regulates the expression of
these targets. Overall, this study reveals a new
regulation mechanism of ZEB1-AS1 on ZEB1.

In summary, this study revealed the recipro-
cally negative regulation between ZEB1-AS1
and miR-101 and the post-transcriptional up-
regulation of ZEB1 by ZEB1-AS1 by binding
miR-101. Furthermore, the interplay between
ZEB1-AS1 and miR-101/ZEB1 axis played cri-
tical roles in the proliferation and migration of
CRC cells (Figure 7). The results implied that
targeting the interplay between ZEB1-AS1 and
miR-101/ZEB1 axis would be a novel therap-
eutic strategy for CRC.
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