
RESEARCH PAPER

KCNQ1OT1/miR-217/ZEB1 feedback loop facilitates cell migration and
epithelial-mesenchymal transition in colorectal cancer
Yinzhu Biana,b*, Guangyi Gaoc*, Qun Zhangd*, Hanqing Qiand, Lixia Yud, Ninghua Yaoe, Jing Qiane, Baorui Liud,
and Xiaoping Qiana,d

aComprehensive Cancer Center, Nanjing Drum Tower Hospital Clinical College of Nanjing Medical University, Nanjing, China; bDepartment of
Oncology, First People's Hospital of Yancheng, Fourth Affiliated Hospital of Nantong University, Yancheng, China; cDepartment of Traditional
Chinese Medicine, The Affiliated Huai’an Hospital of Xuzhou Medical University and Huai’an Second People’s Hospital, Huai’an, Jiangsu, China;
dComprehensive Cancer Center, Nanjing Drum Tower Hospital, Medical School of Nanjing University, Clinical Cancer Institute of Nanjing University,
Nanjing, China; eRadiotherapy of oncology, The Affiliated hospital of Nantong University, Nantong, Jiangsu, China

ABSTRACT
Long noncoding RNAs are widely acknowledged as a group of regulatory factors in various diseases,
especially in cancers. KCNQ1 overlapping transcript 1 (KCNQ1OT1) has been reported as oncogene in
human cancers. However, the role of KCNQ1OT1 in colorectal cancer (CRC) has not been fully explained.
Based on the database analysis, KCNQ1OT1 was highly expressed in CRC samples and predicted the
poor prognosis for CRC patients. Functional experiments revealed that KCNQ1OT1 knockdown nega-
tively affected the proliferation, migration and epithelial-mesenchymal transition (EMT) in CRC cells.
Moreover, we identified the cytoplasmic localization of KCNQ1OT1 in CRC cells, indicating the post-
transcriptional regulation of KCNQ1OT1 on gene expression. Mechanism experiments including RNA
Immunoprecipitation (RIP) assay and dual luciferase reporter assays verified that KCNQ1OT1 acted as
a competing endogenous RNA (ceRNA) in CRC by sponging microRNA-217 (miR-217) to up-regulate the
expression of zinc finger E-box binding homeobox 1 (ZEB1). Further mechanism investigation revealed
that ZEB1 enhanced the transcription activity of KCNQ1OT1 by acting as a transcription activator. Finally,
rescue assays were designed to demonstrate the effect of KCNQ1OT1-miR-217-ZEB1 feedback loop on
proliferation, migration, and EMT of CRC cells. In brief, our research findings revealed that ZEB1-induced
upregulation of KCNQ1OT1 improved the proliferation, migration and EMT formation of CRC cells via
regulation of miR-217/ZEB1 axis.
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Introduction

In the past decades, malignant tumors in the digestive system have
been studied because it is one of the leading causes of cancer-
related deaths1. As a kind of digestive malignancies, colorectal
cancer (CRC) has become one of the most frequent cancers all
over the world2. CRC is becomingmore andmore prevalent in the
world, especially in developing countries3. The incidence is always
elevating with the development of economy and technology4. The
aberrant gene expressions and epigenetic alternations are regarded
as major factors in the progression of CRC5. Accordingly, explor-
ing the novel molecular markers is essential for the diagnosis and
treatment for CRC patients.

Long noncoding RNAs (lncRNAs) have been widely reported
as the biomarkers in many types of cancers. They are molecules
that exert the oncogenic or tumor-suppressive function in the
development of human cancers6,7. The function of lncRNAs in
tumors has been reported many times. For example, lncRNA
HOX transcript antisense RNA (HOTAIR) accelerates tumori-
genesis in hepatocellular carcinoma (HCC)8, squamous cell
carcinoma9, renal cell carcinoma10, and non-small cell lung
cancer11. LncRNA cancer susceptibility 15 (CASC15) has also

been reported to be up-regulated in HCC and facilitates its
progression12. Moreover, more and more lncRNAs have been
reported in CRC13-15. In this study, lncRNA KCNQ1 overlapping
transcript 1 (KCNQ1OT1) was chosen to do the research subject
due to its association with the prognosis of CRC patients.
KCNQ1OT1 is the lncRNA gene found in the KCNQ1 locus
whose length in 91 kb. KCNQ1OT1 is a kind of long chromatin-
interacting lncRNA that silences multiple genes in the
Kcnq1 domain through constructing a special chromatin struc-
ture. This process is finished through recruiting chromatin and
DNA-modifying proteins16,17. As a tumor promoter,
KCNQ1OT1 has been reported in some types of cancers18-20.
This study firstly investigated the biological role and molecular
mechanism by which KCNQ1OT1 affects CRC progression. The
role of KCNQ1OT1 in CRC was identified by performing loss-of-
function assay.

Mechanistically, lncRNAs can act as competing endogenous
RNAs (ceRNAs) by spongingmiRNAs to upregulatemRNAs21-23.
In the present study, we investigated whether KCNQ1OT1
exerted functions in this manner. Zinc finger E-box binding
homeobox 1 (ZEB1) can promote cell migration and epithelial-
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mesenchymal transition (EMT)24-26. In the present study, we
found that post-transcriptional regulation of KCNQ1OT1 on
ZEB1. Bioinformatics analysis and mechanism experiments
revealed that microRNA-217 (miR-217) could bind with both
KCNQ1OT1 and ZEB1. Furthermore, the upstream mechanism
of KCNQ1OT1was analyzed. ZEB1, also known as a transcription
factor27,28. In the present study, we analyzed whether ZEB1
affected the transcription of KCNQ1OT1. At last, rescue assays
were conducted to detect the biological role of KCNQ1OT1-miR
-217-ZEB1 feedback loop in CRC.

Materials and methods

Cell lines

Four CRC cell lines (HT-29, HCT116, SW480, and DLD1) and
two normal cell lines (FHC, NCM460) were purchased from the
Institute of Biochemistry and Cell Biology of the Chinese
Academy of Sciences (Shanghai, China). The CRC cells were
cultured in RPMI 1640, while the normal cells were cultured in
DMEM (GIBCO-BRL) medium (10% of FBS+100 U/ml
penicillin+100 mg/ml streptomycin) (Invitrogen, Carlsbad, CA,
USA). All cells were maintained at a condition of 37°C with 5%
of CO2.

Lentiviral construction, plasmid construction and cell
transfection

DLD1 and SW480 cell lines were placed into six-well plates and
maintained in a humid incubator with 5% CO2 at 37°C until
reached 70% cell attachment rate. After washing and replacing
culture medium, cell transfection was performed. The short
hairpin RNAs (shRNAs) specific to KCNQ1OT1 (sh-KCNQ
1OT1#1 and sh-KCNQ1OT1#2, GenePharma, Shanghai,
China) and the nonspecific shRNAs (sh-NC, GenePharma)
were separately transfected into DLD1 and SW480 cells in line
with the guidebook of Lipofectamine2000 (Invitrogen, Carlsbad,
CA, USA) for 48 h. The pcDNA3.1 vector targeting KCNQ1OT1
(pcDNA-KCNQ1OT1) and an empty vector were purchased
from GeneCopoecia (Guangzhou, China), followed by 48 h of
incubation with cells. To knock down or overexpress ZEB1
expression, the shRNAs against ZEB1 (sh-ZEB1, GenePharma)
and the ZEB1-specific pcDNA3.1 vector (GeneCopoecia)
together with their relative controls (sh-NC and NC) were con-
structed and incubated with cells using Lipofectamine2000 for 2
d. Interference sequences were as follows: sh-KCNQ1OT1#1:
CTAAGACGGCCCCATTAGGCGTAGCACC; sh-KCNQ
1OT1#2: TCCGTCTTGCCAGCTCAAGAAAGAAATG; sh-
ZEB1: CTTGAGTGAAGGGTGAGAATGGACCAGA. Over-
expression or silencing of miR-217 in DLD1 and SW480 cells
were achieved via Lipofectamine2000 mediated-transfection
with miR-217 mimics or miR-217 inhibitors (GenePharma) for
48 h. Finally, DLD1 and SW480 cells were reaped for subsequent
experiments.

Quantitative real-time PCR

Based on the user’s guide, TRizol reagent (Invitrogen) was
utilized for the isolation of total RNA. Reverse transcription

was performed with PrimeScriptTM RTMaster Mix (TaKaRa,
Dalian, China). For the execution of real-time PCR,
a standard SYBR Green PCR kit (TaKaRa, Dalian, China)
was used in the 7300 Real-Time PCR system (Applied
Biosystems). All these results were normalized to the expres-
sion of GAPDH. Each sample was prepared for experiments
in triplicate. The relative expressions of genes were calculated
according to the comparative threshold cycle method. The
relative fold change of expression was measured by means of
the 2−ΔΔCt method where ΔCt = Ct (detected gene)–Ct
(GAPDH) and Ct indicated the cycle number of threshold.

Cell viability assay

After the required transfection, DLD1 and SW480 cells were
separately reseeded into a 96-well plate at a density of 2,500
cells per well. MTT was used to measure cell viability at several
different time points (0 h, 24 h, 48 h, 72 h, 96 h). In short, each
well was added with MTT solution (0.5 mg/ml) (Sigma) and cells
were incubated for 4 h at 37°C. After the removal of medium, the
formazan crystal was dissolved by adding 100 μl DMSO solution.
At a wavelength of 570 nm, the absorbance was detected with
a microplate reader (Molecular Devices, Sunnyvale, CA, USA).
All experiments were carried out at least three times.

Colony formation assay

For detection of cell proliferation in CRC, colony formation
assay was put into use after the required transfection. In
a word, cells (600 cells per well) were seeded into six-well
plates and cultured for about two weeks to form colonies.
Then, colonies were fixed by using 4% of paraformaldehyde
for 5 min and then were stained with 1% of crystal violet for
30 s. The results were photographed, and the number of
colonies was counted by ourselves.

Western blot analysis

Cells were washed twice with PBS and then were lysed by
using RIPA protein extraction reagent (Beyotime, Beijing,
China) in which a protease inhibitor cocktail (Roche, CA,
USA) and phenylmethylsulfonyl fluoride (Roche) were
added. The Bio-Rad protein assay kit was used for assessing
the concentration of proteins. Equivalent proteins (30 µg)
were loaded and separated by electrophoresis (50 V, 3 h) on
10% of SDS-PAGE gels. Next, they were transferred to nitro-
cellulose membranes (Sigma) and incubated with necessary
antibodies. ECL chromogenic substrate was utilized for visua-
lizing the bands. The intensity of the bands was quantified by
densitometry (Quantity One software; Bio-Rad). GAPDH was
regarded as an internal control. Antibodies (1:1000 dilution)
against E-cadherin (1:1000, Cat#: ab1416), β-catenin (1:1000,
Cat#: ab32572), Vimentin (1:1000, Cat#: ab8978) and
N-cadherin (1:1000, Cat#: ab18203) were purchased from
Abcam (Cambridge, UK).
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Transwell migration assay

The migratory capacity of cells was measured by using trans-
well Chamber Cell Culture (10-μm pore membrane, BD
Biosciences). A total of 1 × 105 cells in 100 μl of serum-free
medium were added to the top chamber of 24-well plates. The
bottom well contained growth medium with 20% FBS.
Transwell chambers were placed at 37°C for 48 h. Cells in
chamber were fixed with methanol for half an hour and then
were stained with crystal violet for 15 min. Cells were finally
observed under a microscope and the number was counted
within randomly nine fields for each experiment.

Immunofluorescence

For immunofluorescence assay, cells were put on glass slices to
grow and fixed in 4% of formaldehyde for about 10 min, and
permeation of cells was finished with 0.3% of Triton X-100.
Then, the goat serum was used for blocking slices for 15 min
at 37°C. Then, they were incubated overnight at 4°C with anti-
E-cadherin (1:80, Bioworld, MN, USA) and anti-N-cadherin
(1:80, Bioworld, MN, USA). Samples were washed three times
before the incubation of goat TRITC labeled secondary antibody
(1:70, Bioworld, MN, USA) (37°C and 1 h). DAPI (Genview Inc,
Shanghai, China) was used for staining. Finally, fluorescence was
visualized with a microscope whose magnification was ×400.

Subcellular fractionation assay

The cytoplasmic and nuclear extracts were extracted from
DLD1 and SW480 cells with NE-PER Nuclear and
Cytoplasmic Extraction Reagents (Thermo Scientific,
Waltham, MA, USA). RNAs isolated from nucleus or cyto-
plasm were analyzed with RT-qPCR analysis, normalizing to
nuclear control (U6) and cytoplasmic control (GAPDH).

RIP assays

RIP assays were performed using a Magna RIP RNA-Binding
Protein Immunoprecipitation Kit (Millipore) on the basis of
the manufacturer’s advice. Antibodies for RIP assays of Ago2
(Cat#: ab32381) were obtained from Abcam. RT-PCR was
used to detect the co-precipitated RNAs.

RNA pull-down assay

MiR-217, miR-217-Mut, and miR-217-NC were separately
biotinylated to be bio-miR-217-wt, bio-miR-217-mut, and
bio-NC by GenePharma Company (Shanghai, China). Next,
they were transfected into DLD1 and SW480 cells. Forty-eight
hours later, cells were collected and lysed. Afterward, cells
were incubated with Dynabeads M-280 Streptavidin
(Invitrogen, CA) for 10 min and washed with buffer. The
bound RNAs were quantified with qRT-PCR.

Dual luciferase reporter assay

The wild-type pmirGLO-KCNQ1OT1 and the mutant
pmirGLO-KCNQ1OT1 were purchased from GenePharma

Co., Ltd. Cells were transfected with miR-217 mimic or NC
by means of Lipofectamine 2000 reagent. Based on the user’s
guide, luciferase activities were continuously detected within 48
h after transfection by using Dual-Luciferase Reporter assays
(Promega Corporation, Madison, WI, USA). The firefly lucifer-
ase activities were normalized to the Renilla luciferase activities.
All experiments were carried out more than three times.

Luciferase reporter assay

For KCNQ1OT1 promoter luciferase reporter assay, cells were
cultured in 24-well plates with medium at 37°C until attach-
ment. According to the top four binding sites between
KCNQ1OT1 promoter and ZEB1, the KCNQ1OT1 promoter
was divided into four junctions (−2000~-1000, −2000~-600,
−2000~-300, −2000~-200). Then, these four fragments were
amplified by PCR and cloned into the downstream of the
firefly luciferase plasmids in pGL3-Basic luciferase reporter
vectors (Promega, Madison, WI, USA). These recombinant
plasmids were transfected into cells using Lipofectamine2000
(Invitrogen, Carlsbad, CA, USA). An empty pGL3-Basic plas-
mid vector was taken as the negative control. The relative
luciferase activities were determined 48-hour post-
transfection using the commercial available Bright-Glo
Luciferase Reporter System (Promega, USA) in accordance
with the user manual. Experimental results were normalized
to Renilla luciferase activity.

Chromatin immunoprecipitation (ChIP) assay

Based on the protocol of manufacturers, the Magna ChIP Kit
(Millipore, Bedford, MA, USA) was utilized to perform ChIP
assay. DLD1 and SW480 cells were treated with formalde-
hyde, thus generating the DNA-protein cross-links. Next, the
cell lysates were sonicated so as to generate the chromatin
fragments. IgG was used as control, the cell lysates were then
immunoprecipitated with specific antibodies. Finally, qPCR
was applied to measure the precipitated chromatin DNA.

Statistical analysis

All data are displayed as the mean ± SD from more than three
independent experiments. Data were analyzed by the SPSS
software version 17.0. Student’s t-test was applied to compare
two groups, and one-way ANOVA was used for the compar-
ison for more than two groups. All data were two-sided.
Overall survival probability was analyzed on the basis of
TCGA database. P value less than 0.05 was considered statis-
tically significant.

Results

High expression of KCNQ1OT1 was a poor prognostic
factor for CRC patients

According to the data of The Cancer Genome Atlas (TCGA)
database (https://cancergenome.nih.gov/), KCNQ1OT1 was
highly expressed in CRC tissue samples (Figure 1(a)). Based on
the TCGA data, Kaplan Meier survival analysis revealed that high
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expression of KCNQ1OT1 indicated poor overall survival of CRC
patients (Figure 1(b)). Furthermore, we applied qRT-PCR to
examine the expression condition of KCNQ1OT1 in four CRC
cell lines (HT-29, HCT116, SW480, DLD1) and two normal cell
lines (FHC, NCM460). According to the results shown in Figure 1
(c), KCNQ1OT1 was significantly upregulated in CRC cell lines,
especially in DLD1 and SW480 cell lines.

Knockdown of KCNQ1OT1 suppressed CRC cell
proliferation

In order to conduct loss-of function assays, we first interfered
the expression of KCNQ1OT1 in two CRC cells by transfect-
ing with specific shRNAs (sh-KCNQ1OT1#1, sh-KCNQ
1OT1#2). Meanwhile, control shRNA (sh-NC) was trans-
fected into DLD1 and SW480 cells. The optimal transfection

Figure 1. High expression of KCNQ1OT1 was a poor prognostic factor for CRC patients.
(a) Based on TCGA analysis, KCNQ1OT1 was upregulated in CRC samples than that in normal samples. (b) According to the data of TCGA database, the correlation
between KCNQ1OT1 expression and overall survival of CRC patients was analyzed with Kaplan Meier method. (c) qRT-PCR determined the expression level of
KCNQ1OT1 in CRC cells (HT-29, HCT116, SW480, DLD1) and normal cells (FHC, NCM460). *P < 0.05, **P < 0.01 vs. control group.

Figure 2. Knockdown of KCNQ1OT1 suppressed CRC cell proliferation.
(a) The expression of KCNQ1OT1 was silenced in DLD1 and SW480 cells by transfecting with specific shRNAs. The optimal transfection efficiency was obtained after 48
h. (b,c) MTT assay disclosed that the proliferative ability of DLD1 and SW480 cells which were transfected with KCNQ1OT1-specific shRNAs was reduced. **P < 0.01 vs.
control group.
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efficiency was obtained after 48 hours (Figure 2(a)). To ana-
lyze the biological effects of KCNQ1OT1 on CRC cell prolif-
eration, MTT assay and colony formation assay were
separately carried out in DLD1 and SW480 cells. The results
revealed that the proliferation abilities of CRC cells were
impaired by the transfection of KCNQ1OT1-specific
shRNAs (Figure 2(b,c)). Therefore, we concluded that knock-
down of KCNQ1OT1 negatively affected the proliferation of
CRC cells.

Silencing of KCNQ1OT1 negatively regulated the
migration and EMT progress of CRC cells

Here, we further detected the function of KCNQ1OT1 in CRC cell
migration. Transwell assays exposed that the migratory ability of
CRC cells was suppressed by KCNQ1OT1 knockdown
(Figure 3(a)). Epithelial-mesenchymal transition is an important
biological process in the formation of the malignant phenotype of
cancer. qRT-PCR and western blotting were conducted to

examine the mRNA and protein levels of EMT markers. As
expected, the levels of epithelial markers (E-cadherin, β-catenin)
were increased, while the levels of mesenchymal markers
(N-cadherin, Vimentin) were decreased (Figure 3(b,c)). The
results of immunofluorescence assays were consistent with that
of qRT-PCR and western blotting (Figure 3(d)). Therefore, we
confirmed thatKCNQ1OT1 improved cellmigration and reversed
EMT to MET.

ZEB1 was upregulated by KCNQ1OT1 in CRC cells

Since ZEB1 is a critical regulator in modulating the EMT process
and has been documented to be involved in the regulation of cell
proliferation and migration of many types of cancers29-31. We
hypothesized that ZEB1 might be involved in the function
mediated by KCNQ1OT1. To confirm our hypothesis, we
detected the expression of ZEB1 with qRT-PCR and discovered
that it was intensely expressed in CRC cells in contrast to normal
cells (Figure 4(a)). Subsequently, we found the positive relevance

Figure 3. Silencing of KCNQ1OT1 negatively regulated the migration and EMT progress of CRC cells.
(a) Transwell assays revealed that the migration of CRC cells after KCNQ1OT1 was silenced. (b,c) The mRNA and protein levels of EMT markers (E-cadherin, β-catenin,
N-cadherin, Vimentin) were measured by qRT-PCR and western blot assays. (d) Immunofluorescence assays were used to detect the expressions of E-cadherin and
N-cadherin. **P < 0.01 vs. control group.
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between KCNQ1OT1 and ZEB1 (Figure 4(b)). Then, we evalu-
ated the effect of KCNQ1OT1 knockdown on the expression
level of ZEB1. It was found that silenced KCNQ1OT1 could
obviously reduce the level of ZEB1 both at mRNA and protein
levels (Figure 4(c,d)), indicating that KCNQ1OT1 could mod-
ulate the expression of ZEB1. To probe the regulatory mechan-
ism of KCNQ1OT1 on ZEB1, we first tested whether
KCNQ1OT1 could regulate the mRNA transactivation of
ZEB1. Luciferase assays demonstrated that KCNQ1OT1 did
not impact the transactivation of ZEB1 promoter (Figure 4(e)),
suggesting that KCNQ1OT1 might modulate ZEB1 mRNA at
post-transcriptional level.

KCNQ1OT1 positively modulated the expression of ZEB1
through sponging miR-217

Recently, a new regulatory network has been identified in
which the crosstalk between lncRNAs and mRNAs was occurred
by competitively sharing the same microRNAs. Firstly, the loca-
lization of KCNQ1OT1 was identified. It was uncovered
that KCNQ1OT1 was mainly distributed in the cytoplasm
(Figure 5(a)). By searching from bioinformatics websites
(PITASites and miRandaSites), we found seven miRNAs which
potentially targeted to ZEB1 (Figure 5(b)). To validate whether
these seven miRNAs can bind with KCNQ1OT1, MS2-RIP assay
was designed and carried out (Figure 5(c)). The results of RIP
assay manifested that only miR-217 was enriched in MS2 beads
containing KCNQ1OT1 (Figure 5(d)). Subsequently, Ago2-RIP
assay further validated the interaction between KCNQ1OT1 and
miR-217 (Figure 5(e)). Furthermore, pull-down assay revealed
that KCNQ1OT1 was enriched in wild type biotin-labeled miR-

217, but not in NC-Bio or mutant type biotinylated miR-217
(miR-217-Bio-MUT) (Figure 5(f)). Based on the bioinformatics
analysis (http://carolina.imis.athena-innovation.gr/diana_tools/
web/index.php?r=lncbasev2%2Findex-predicted), we proposed
that miR-217 harbored the binding sites for KCNQ1OT1
(Figure 5(g)). Dual luciferase reporter assay was also applied to
verify the combination. As illustrated in Figure 5(h), after the
transfection of miR-217 mimics in DLD1 and SW480 cell lines,
the luciferase activity of the wild-type KCNQ1OT1 was cut down,
while this kind of change was not found in the luciferase activity of
mutant-type KCNQ1OT1.

ZEB1 is a target of miR-217 in CRC cells

Based on above, ZEB1 was a potential target of miR-217. Here,
we designed and conducted mechanism experiments to demon-
strate the combination between miR-217 and ZEB1. Pull-down
assay revealed that ZEB1 was efficiently pulled down by wild
type biotinylated miR-217 (miR-217-Bio) but not NC-Bio or
miR-217-Bio-MUT (Figure 6(a)). Similarly, the binding sites
between miR-217 and ZEB1 were predicted and obtained using
bioinformatics analysis (Figure 6(b)). Dual luciferase reporter
assay was utilized to validate the interaction between miR-217
and ZEB1. As shown in Figure 6(c), the luciferase activity of
wild type ZEB1 (ZEB1-WT) was markedly decreased in DLD1
and SW480 cells in which miR-217 was upregulated; the luci-
ferase activity of mutant type ZEB1 had no obvious change.
Furthermore, after HEK-293T cell was co-transfected with
miR-217 mimics and pcDNA-KCNQ1OT1, the decreased luci-
ferase activity of the wild-type ZEB1 caused by miR-217 mimics
was reversed by the supplement of pcDNA-KCNQ1OT1

Figure 4. ZEB1 was upregulated by KCNQ1OT1 in CRC cells.
(a) The levels of ZEB1 in CRC cells and normal cells were measured by qRT-PCR. (b) The correlation between ZEB1 and KCNQ1OT1 was analyzed. (c,d) The mRNA and
protein levels of ZEB1 in response to the knockdown of KCNQ1OT1 were measured by qRT-PCR and western blot. (e) Luciferase reporter assays were utilized to
determine the effect of KCNQ1OT1 on the promoter activity of ZEB1. N.S: no significant, **P < 0.01 vs. control group.
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(Figure 6(d)). Finally, qRT-PCR and western blot analysis were
conducted in two CRC cells to confirm the correlations among
KCNQ1OT1, miR-217, and ZEB1. MiR-217-mediated suppres-
sion of ZEB1 could be rescued by the introduction of
KCNQ1OT1 (Figure 6(e,f)). In summary, KCNQ1OT1 upregu-
lated the level of ZEB1 through sponging miR-217.

ZEB1 transcriptionally activated KCNQ1OT1 in CRC cells

According to previous reports, we knew that ZEB1 can act as
a transcription factor to modulate gene expression. Here, we
investigated whether ZEB1 could regulate the transcription of
KCNQ1OT1, thereby regulating the expression of KCNQ1OT1.
At first, the binding sequences of ZEB1 to the promoter region of
KCNQ1OT1 were predicted from JASPAR (http://jaspar.genereg.
net/). The schematic diagram is shown in Figure 7(a).
Subsequently, luciferase reporter vectors containing serial trunca-
tions of KCNQ1OT1 promoter were constructed and transfected
into HEK-293T cells. The luciferase activity of these plasmids was

measured. The result suggested the site 4 (−310 bp to −300 bp) on
the KCNQ1OT1 promoter was responsible for ZEB1-induced
transcription activation (Figure 7(b)). Furthermore, ChIP assay
demonstrated the direct affinity of ZEB1 to the promoter region of
KCNQ1OT1 in two CRC cells (Figure 7(c)). Subsequently, ZEB1
was efficiently silenced or overexpressed inDLD1 and SW480 cells
by transfecting with sh-ZEB1 and ZEB1 expression vector (Figure
7(d)). According to qRT-PCR analysis, the expression level of
KCNQ1OT1 was positively regulated by ZEB1 (Figure 7(e,f)).
All these experimental results validated that ZEB1 promoted
KCNQ1OT1 transcription, thereby forming a KCNQ1OT1-miR
-217-ZEB1 feedback loop in CRC cells.

Kcnq1ot1-miR-217-ZEB1 feedback loop regulated the
proliferation, migration and EMT formation of CRC cells

Rescue assays were carried out to do the further exploration.
In this section, all assays were conducted in DLD1 cells that
had been stably transfected with sh-KCNQ1OT1. MTT assay

Figure 5. KCNQ1OT1 positively modulated the expression of ZEB1 through sponging miR-217.
(a) Nuclear separation experiment was used to determine the location of KCNQ1OT1 in cytoplasm and nucleus. (b) Seven miRNAs bound with ZEB1 were found
through searching from bioinformatics websites (PITASites and miRandaSites). (c,d) MS2-RIP assay was performed to validate the interaction between these seven
miRNAs and KCNQ1OT1. (e) Ago2-RIP assay further validated the interaction between KCNQ1OT1 and miR-217. (f) Pull down assay was further applied to
demonstrate the interaction between KCNQ1OT1 and miR-217. (g) The binding sites harboring the miR-217 for KCNQ1OT1 were obtained from online bioinformatics
analysis. (h) Luciferase activity reporter assays were applied to determine the interaction between KCNQ1OT1 and miR-217. N.S: no significance, **P < 0.01 vs. control
group.
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Figure 6. ZEB1 is a target of miR-217 in CRC cells.
(a) Pull-down assay was used to validate whether ZEB1 can be efficiently pulled down by biotin-labeled miR-217. (b) The binding sites between miR-217 and ZEB1
were predicted and obtained using bioinformatics analysis. (c) Dual luciferase reporter assay was applied to demonstrate the binding of KCNQ1OT1 to miR-217. (d)
ZEB1-WT vector and empty vector were inserted into HEK-293T cell by co-transfecting with miR-NC, miR-217 mimics or miR-217 mimics + pcDNA-KCNQ1OT1. (e,f)
qRT-PCR and western blot assays were performed to test the levels of EMT markers in DLD1 and SW480 cells which were transfected with miR-217 mimics or co-
transfected with miR-217 mimics and pcDNA-KCNQ1OT1. N.S: no significance, *P < 0.05, **P < 0.01 vs. control group.

Figure 7. ZEB1 transcriptionally activated KCNQ1OT1 in CRC cells.
(a) The binding sequences of ZEB1 to the promoter region of KCNQ1OT1 were predicted from JASPAR. (b) Luciferase reporter vectors containing serial truncations of
KCNQ1OT1 promoter were constructed and transfected into HEK-293T cells. The luciferase activity of these plasmids was measured. (c) ChIP assay was performed to
demonstrate the direct affinity of ZEB1 to the promoter region of KCNQ1OT1 in two CRC cells. (d) ZEB1 was efficiently overexpressed or silenced in DLD1 and SW480
cells by transfecting with sh-ZEB1 and ZEB1 expression vector. (e,f) The expression level of KCNQ1OT1 in DLD1 and SW480 cells was examined in response to the
knockdown or overexpression of ZEB1. *P < 0.05, **P < 0.01 vs. control group.
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and colony formation assay reflected that the decreased pro-
liferation of KCNQ1OT1-downregulated DLD1 cells was pro-
moted by transfection with miR-217 inhibitors, while this
reversal effect was attenuated again by transfecting with sh-
ZEB1 (Figure 8(a,b)). Next, results of transwell assays were
consistent with that of MTT and colony formation assays
(Figure 8(c)). After DLD1/sh-KCNQ1OT1 cell was transfected
with miR-217 inhibitors, the decreased protein levels of
epithelial markers and increased protein levels of mesenchy-
mal markers were observed, while this tendency was reversed
by co-transfection of sh-ZEB1 (Figure 8(d)).

Discussion

Colorectal cancer (CRC), a significant part of digestive system
neoplasms, has been proved to be one of the major causes for
human cancer-related deaths. Therefore, it is very important
to do researches on CRC. LncRNAs have been regarded as
transcriptions noise or clonal artifacts for decades32. With the
development of molecular biology technology, more and more
researches have demonstrated that lncRNAs have a close asso-
ciation with biological processes33,34. It is worth mentioning
that lncRNAs can act as suppressors or motivators in

tumors35-39. In our study, lncRNA KCNQ1OT1 was chosen
to be studied thoroughly. KCNQ1OT1 has been found to be
an important biomarker in some kinds of tumors40. The
specific function of it in CRC is still not fully elaborated.
Therefore, this study aims to evaluate the prognostic value
and biological role of KCNQ1OT1 in CRC.

The high expression and prognostic value of KCNQ1OT1
were found in accordance with the data of TCGA database.
Based on the analysis of TCGA data, we identified the
research value of KCNQ1OT1 in colorectal cancer.
Thereafter, functional assays were carried out. Down-
regulation of KCNQ1OT1 was verified to be able to weaken
the proliferation, invasion and EMT formation in CRC cells.
Furthermore, ZEB1 was found out to be a potential target
gene of KCNQ1OT1, and was highly expressed in CRC cells.
The positive relationship between KCNQ1OT1 and ZEB1 was
figured out in CRC cells.

It has been widely reported that miRNAs can participate in
the progression of cancers through modulating its down-
stream target genes41-43. From this point, we discovered that
miR-217 harbored the binding sites for both KCNQ1OT1 and
ZEB1. The combination among the three RNA genes was
certified by means of RIP and dual luciferase reporter assays.

Figure 8. KCNQ1OT1-miR-217-ZEB1 feedback loop regulated the proliferation, migration and EMT formation of CRC cells.
(a,b) MTT assay and colony formation assay were carried out to detect the proliferation ability of DLD1/sh-KCNQ1OT1 cells after transfection with miR-217 inhibitors
or co-transfection with miR-217 inhibitors + sh-ZEB1. (c) Transwell assay revealed the metastatic ability of DLD1/sh-KCNQ1OT1 cells after transfection with miR-217
inhibitors or co-transfection with miR-217 inhibitors + sh-ZEB1. (d) The levels of EMT markers were examined in indicated DLD1 cells after transfections. **P < 0.01 vs.
control group.
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Also, it was determined that ZEB1 was positively related to
KCNQ1OT1 and negatively related to miR-217. Considering
the specific effect of ZEB1 on gene transcription, we hypothe-
sized that ZEB1 might act as a transcription activator to
promote the expression of KCNQ1OT1. The binding sites
between ZEB1 and the KCNQ1OT1 promoter were predicted
from JASPAR. Luciferase reporter assay and ChIP assay
further demonstrated the affinity of ZEB1 to the promoter
region of KCNQ1OT1. Furthermore, the expression of
KCNQ1OT1 was actually enhanced by ZEB1. All these find-
ings suggested the transcription activation of ZEB1 on
KCNQ1OT1 in CRC cells. Later, we performed a series of
rescue assays to determine the effects of the expression
changes of these three genes on the proliferation, migration
and EMT process of CRC cells. Finally, it was confirmed that
KCNQ1OT1 was activated by ZEB1 and regulated the pro-
gression of CRC through sponging miR-217 to improve the
expression of ZEB1. All our findings revealed the role of
a novel feedback loop in CRC. It was expected that all these
findings in our study will help to make progress in diagnosing
and curing colorectal cancer.
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