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Long noncoding RNA DDX11-AS1 induced by
YY1 accelerates colorectal cancer progression
through targeting miR-873/CLDN7 axis
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Abstract. - OBJECTIVE: Increasing stud-
ies have confirmed long non-coding RNAs (In-
cRNAs) as novel regulators in tumorigenesis.
LncRNA DDX11 antisense RNA 1 (DDX11-AS1)
has been found to be abnormally expressed in
several tumors. In this work, we aimed to eval-
uate its expressions and functions in colorectal
cancer (CRC).

PATIENTS AND METHODS: The Cancer Ge-
nome Atlas (TCGA) datasets were used for the
identification of dysregulated IncRNA in CRC. The
levels of DDX11-AS1 were determined in tumor
tissues and cell lines by Real Time-Polymerase
Chain Reaction (RT-PCR). The clinical significance
of DDX11-AS1 in CRC patients was analyzed us-
ing Chi-square test and Kaplan-Meier analysis.
Functional assays for the exploration of DDX11-
AS1 and miR-873 were performed using a series
of cells experiment. ChIP assay and luciferase re-
porter assays were used to explore the mecha-
nism of actions of DDX11-AS1 in CRC cells.

RESULTS: We identified DDX11-AS1 as a new
CRC-related IncRNA whose levels were distinct-
ly up-regulated in CRC specimens and cell lines,
partly induced by YY1. Clinical explorations sug-
gested that increased expressions of DDX11-
AS1 in CRC were positively associated with
lymph nodes metastasis and TNM stage and
had a distinct influence on the overall surviv-
al. Further multivariate assays indicated that
DDX11-AS1 was an independent prognostic pa-
rameter implying a poorer clinical outcome for
patients with CRC. Functional assays revealed
that the knockdown of DDX11-AS1 suppressed
the proliferation, migration, and invasion of
CRC cells, and stimulate apoptosis. Mechanis-
tic studies showed that the up-regulation of
DDX11-AS1 competitively bound to miR-873 pre-
vented CLDN7 from miRNAs-mediated degrada-
tions, thus facilitated the CRC progress. Further
rescue assays were carried out to achieve con-
firmation.

CONCLUSIONS: Our present findings may en-
hance our understanding of the pathogenesis
of CRC and revealed DDX11-AS11 as a potential
therapeutic target for CRC.
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Introduction

Colorectal cancer (CRC), accounting for fif-
teen percent of all new tumor cases, ranks as the
fourth leading cause of cancer death worldwide
and is the most common type of gastrointestinal
neoplasm!. In recent years, due to its special
habits and customs, several patients were diag-
nosed with CRC, leading to it as one of the most
prevalent tumors in China??. The pathogenesis
and driving factors of CRC are extremely com-
plex and its accurate mechanism remains largely
unclear, but increasing evidence reveal metabolic
alternations as important contributors®. Although
frequent improvements for CRC treatments have
been achieved by the use of surgical excision,
radiotherapy, and chemotherapy, about 45% of
patients exhibit tumor recurrence, which will
result in an unfavorable clinical outcome, with a
lifetime of only 12.5 months*¢. Growing evidence
has indicated that tumor metastasis results in re-
currences of most CRC’. Thus, the identification
of novel and effective curative treatment for the
improvement of survival rate of CRC patients
requires an enhanced discovery of the molecular
mechanisms underlying the metastasis of CRC.

Long non-coding RNAs (IncRNAs) are a group
of RNAs more than 200 nt in length®. Unlike the
coding RNA, IncRNAs are found to have limited
or no protein-coding capacities, but several re-
ports®'® have confirmed them as novel players in
the regulation of genes expressions via transcrip-
tional and post-transcriptional modulation. In ad-
dition, the involvement of IncRNAs in gene reg-

5714 Corresponding Author: Guang-long Dong, MD; e-mail: tianjingbo1226@126.com



LncRNA DDX11-AS1 induced by YY1 accelerates CRC progression

ulations highlights their biological functions in
cellular growth, differentiation, immune respons-
es, and several different human developmental
pathways''2, Emerging studies'*!'® have provided
evidence that IncRNAs may be involved in the
progression of various tumors, especially result-
ing in the dysregulation of tumor-related genes
that may serve as contributors in the progression
of tumors. Besides, the potential mechanism of
IncRNAs displaying its functions is rapidly de-
veloping and a newly described regulatory mech-
anism according to which IncRNAs could inhibit
expressions miRNAs via functioning as compet-
itive endogenous RNAs (ceRNAs) becomes the
research highlights'®". In recent years, although
more and more IncRNAs have been functionally
characterized, the mechanism of dysregulation of
IncRNAs and their effects involved in the tumor
progression remains to be further studied.

LncRNA DDXI1 antisense RNA 1 (DDX11-
AS1) was originally described by Shi et al'®
who firstly reported DDX11-AS1 was abnormal-
ly expressed in hepatocellular carcinoma. It is
transcribed from a gene located on chromosome
12p11.21. Up to date, the researches of DDX11-
AS1 in the tumor were very limited and its
expression and function in CRC have not been
determined. In this study, we would like to in-
vestigate whether DDX11-AS1 was dysregulated
in CRC and further explore its associations with
clinical outcome in CRC. Besides, the oncogenic
activities of DDX11-AS1 were also examined us-
ing in vitro assays.

Patients and Methods

Patients Samples

The pathological samples used in this study
were collected from 119 CRC patients who un-
derwent surgical resection at the Frist Medical
Centre of Chinese of General Hospital between
April 2009 and September 2012. The tissue spec-
imens from untreated patients were diagnosed by
pathologists before being stored at —80°C. The
Ethics Committee of the Frist Medical Centre of
Chinese of General Hospital approved the use of
the tumor specimens. All the CRC patients signed
the written informed consents.

Cell Transfection

Cells were bought from Shanghai Cell Banks
(CAS, Xuhui, Shanghai, China), including CRC
cells (HCT116, SW480, LOVO, SW116) and FHC

cells (control cells). Roswell Park Memorial In-
stitute-1640 (RPMI-1640) media (with 10% se-
rum) were used for cell culture and cells were
grown at 37°C with 5% CO,. Small interfering
RNAs (siRNAs) including YY1 siRNA, DDX11-
AS1 siRNAs (si-1, si-2), control siRNA (si-NC),
miR-873 mimics or inhibitors, control miRNA
mimics or inhibitors were purchased from Ge-
nePharma company (Suzhou, Jiangsu, China).
Besides, YY1, DDX11-AS1, and CLDN7 were re-
spectively cloned into a pcDNA3.1 empty vector
(pcDNA3.1-YY1, pcDNA3.1-DDX11-AS1, pcD-
NA3.1-CLDN7) by Biosee Biological company
(Wuhan, Hubei, China). The siRNAs, miRNA
mimics or inhibitors, and plasmids were trans-
fected into cells using Lipofectamine 3000 re-
agents kits (Chengdu, Sichuan, China).

Real Time PCR Reaction

Total RNAs from tissue specimens were ex-
tracted using TRIzol reagents (BolJin, Xi’an,
Shanxi, China). The RNAs were then quantified
by the NanoDrop apparatus. Thereafter, total
RNAs were reversely transcripted into cDNAs
using the protocols of cDNA synthesis kits (Xia-
men, Fujian, China). Then, qPCR reactions for
DDX11-AS1 and CLDN7 were conducted using
TransGen SYBR Green qPCR kits (Zhengzhou,
Henan, China). The qPCR reaction conditions
were: 95°C for 5 min; 39 cycles of 95°C for 20
s, 60°C for 1 min; 72°C for 30 s. The results of
gPCR were analyzed according to the 2724 meth-
ods. Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was used as the internal reference for
DDX11-AS1 and CLDN7. For the miR-873 detec-
tion, TransGen two-step miRNA qPCR detection
kits were used based on the kits’ protocols. U6
was used as the internal control for miR-873. The
primers were presented in Table 1.

Cell Proliferation Examination

HCT116 cells and SW480 cells were respec-
tively planted into nighty-six well plates (2.5x10°
cells/well). Subsequently, the determination of
cellular proliferation was conducted at 1-4 days.
After placing Cell Counting Kit-8 (CCKS) re-
agents (10 pl/well; Sanyi, Binhai, Tianjin, China)
into the cells, the plates were kept in an incubator
for 1.5 h. Then, the absorbance at 450 nm was
examined using a microplate reader machine.

Clonogenic Assay

CRC cells (600 cells) were plated in six-well
plates containing 2 ml media with 10% fetal
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Table I. Sequence of the primers used in this study.

Names

Primer sequences (5-3')

DDX11-AS1: Forward
DDX11-AS1: Reverse
YY1: Forward

YYI1: Reverse
miR-873: Forward
miR-873: Reverse
CLDNY7: Forward
CLDNT7: Reverse

U6: Forward

U6: Reverse
GAPDH: Forward
GAPDH: Reverse

TCTACCTACCTGTGCGTGGCA
CAAGGTAGATCAGGCTACCC
ACGGCTTCGAGGATCAGATTC
TGACCAGCGTTTGTTCAATGT
CTGCACTCCCCCACCTG
GTGCAGGGTCCGAGGT
AGCTGCAAAATGTACGACTCG
GGAGACCACCATTAGGGCTC
ACACCAAGCAGTCCGAAGAG
ACAAAATTTCTCACGCCGGT
GGAGCGAGATCCCTCCAAAAT
GGCTGTTGTCATACTTCTCATGG

bovine serum (FBS) and the plates were placed
in an incubator for two to three weeks. The
formed cell clones were treated using methanol
(25%) and crystal violet (0.1%) for 15 min. Af-
ter washing, the clones were observed using a
microscope.

TUNEL Assay

Cell apoptosis was analyzed by the use of
TUNEL detection kits (Fuzhou, Fujian, China).
Cells in forty-eight well plates were sequen-
tially treated with paraformaldehyde (4%) and
0.1% Triton X-100. Subsequently, 150 pl (per
well) TUNEL reaction buffer was added into
the cells. After the cell nuclei were stained using
4’,6-diamidino-2-phenylindole (DAPI), the cell
fluorescence was observed by a fluorescence mi-
croscope.

Flow Cytometry Detection

Cells were plated in six-well plates and grew
to 70% confluence, followed by DDX11-AS1 siR-
NAs transfection. After culturing for 36 h, the
cells were digested with trypsin and the single
cell suspensions were then prepared. For cell
cycle analyses, RNAse propidium iodide (PI) dye
reagents and RNase A solution were added into
the cell suspensions. For cell apoptosis detection,
Annexin-FITC/PI mixture was placed into the
cells. After incubation for a period of time, the
cells were washed and subjected to flow cytom-
etry analyses. Annexin apoptosis detection kits
were bought from BioFeng Biological company
(Hefei, Anhui, China).

Wound-Healing Analyses

In short, 4x10° cells were plated into six-well
plates and allowed to grow to a full conflu-
ence. Next, nonadherent cells were removed,
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followed by being scratched with pipette tips
(200 pl) to generate artificial wounds. The
wound closures were photographed using a
microscope at 0 h and 48 h after the wounds
were generated.

Transwell Assay

HCTI116 or SW480 cells (2x10° cells/well) were
collected and counted, followed by being im-
planted in the top chambers (pre-coated with
Matrigel) of the BD Biosciences transwell inserts
(pore size: 8 um; Xiannan, Qingdao, Shandong,
China). The media in the top chambers were not
allowed to add serum. Media (with 15% serum)
were added into the bottom wells as chemical at-
tractants. After incubation for 24 h, cells invaded
through the pores were treated using methanol
(25%) and crystal violet (0.1%) for 15 min. After
washing, the cells were observed using a micro-
scope.

Subcellular Fractionation Assay

Life Technology PARIS kits were employed
to separate nuclear and cytoplasmic fractions
according to the kits’ protocols. Then, qPCR de-
tection was conducted to evaluate the expressing
ratios of DDX11-ASI in cell nuclei or cytoplasm.
U6 and GAPDH acted as the nuclear and cyto-
plasm reference, respectively.

ChIP Assay

Chromatin immunoprecipitation (ChIP) as-
says were conducted to evaluate the binding
between YY1 and DDXI11-ASl promoter re-
gions using CST SimpleChIP kits (Haimen,
Jiangsu, China). Cells in 6 cm dishes were
cross-linked with formaldehyde (1%) for 10 min.
Then, the reactions were quenched by glycine
buffer (0.125 M). After washing, the cells were
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collected in the ChIP reaction buffer, followed
by being sheared to 100 to 500 bp DNA frag-
ments using a sonicator. Then, anti-YY1 anti-
body (Pudong, Shanghai, China) with IgG as
control was applied to precipitate the chromatin.
The complexes were incubated with Invitrogen
protein G Sepharose (Shenzhen, Guangdong,
China) and then eluted from the beads. Finally,
gPCR detection was employed to examine the
immunoprecipitated chromatin DNAs.

RNA Pull-Down

Biotin-labeled DDXI11-AS1 (Bio-
tin-DDX11-AST) and control IncRNA (Biotin-NC)
were bought from Ribo Biological corporation
(Guangzhou, Guangdong, China). Then, Bio-
tin-DDX11-ASI and Biotin-NC were respectively
dissolved in RNase-free ultrapure water. Subse-
quently, Biotin-DDX11-AS1 and Biotin-NC were
separately immobilized on the surface of Thermo
Fisher Scientific Dynabeads MyOne Streptavidin
T1 Beads (JinYouBio, Changsha, Hunan, China).
Then, cells were lysed in lysis buffer containing
RNase inhibitor. The supernatants were then col-
lected from cell lysates by centrifugation (10,000
x g, 4°C, 10 min). Afterward, Biotin-DDX11-
ASl-beads and Biotin-NC-beads were respective-
ly incubated with the supernatants at 4°C for 1.5
h. Finally, the precipitated RNAs were purified
and foldchanges of miR-873 was determined by
the gPCR detection.

Western Blot

Cells were collected and treated using radioim-
munoprecipitation assay (RIPA) reagents (Jinan,
Shandong, China). After measuring the protein
concentration by bicinchoninic acid (BCA) kits
(Chengdu, Sichuan, China), 20 pg (per lane) pro-
teins were separated by 10% sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-
PAGE). After the proteins were transferred onto
polyvinylidene difluoride (PVDF) membranes,
we blocked the membranes with bovine serum
albumin (BSA) solution (5%) for 1 h, and then ap-
plied CLDN7 antibody (Pudong, Shanghai, Chi-
na) to probe the membranes. After incubation at
4°C for 12 h, the membranes were washed using
Tris-Buffered Saline and Tween-20 (TBST) and
incubated with matched secondary antibodies.
After rinsing for three times, enhanced chemilu-
minescence (ECL) assay kits (Jindigene, Dalian,
Liaoning, China) was employed for proteins vi-
sualization.

Luciferase Activity Detection

The sequence of DDX11-ASIcontaining wild-
type miR-873 binding site was constructed in-
to a pGL3 vector (named as DDX11-AS1 wt).
Similarly, the sequence of DDXI11-ASlcontain-
ing mutant-type miR-873 binding site was also
cloned into a pGL3 vector (named as DDX11-
AS1 mut). Also, to verify the interaction of
CLDN7 and miR-873, the luciferase reporter
vectors were termed CLDN7 wt and CLDN7 mut,
respectively. Furthermore, the sequence contain-
ing site#2 (predicted by JASPAR algorithm) was
also constructed into pGL3 vector (named as
site#2 wt) and corresponding mutant luciferase
reporter vector was named as site#2 mut. All the
constructs were obtained from Biosee Biologi-
cal company (Wuhan, Hubei, China). After the
cells were treated with corresponding luciferase
reporter plasmids with miR-873 mimics, the lu-
ciferase activities were carried out following the
protocols of Promega Luciferase Reporter Assay
kits (Changsha, Hunan, China).

Statistical Analysis

The data was analyzed using SPSS 23.0 soft-
ware (SPSS, Chicago, IL, USA). The signif-
icance of differences was assessed using the
Student’s #-test or a one-way ANOVA. The cor-
relations between DDX11-AS1 expressions and
clinical-pathological parameters were determined
using chi-square tests. For overall survival curves
analyses, we used Kaplan-Meier methods with
the log-rank test. Survival data were assessed us-
ing univariate and multivariate assays. A value of
p < 0.05 was considered statistically significant.

Results

Ildentification of DDX1 1-AS1, which
was Upregulated in CRC Specimens
and Cells Lines

To identify novel functional IncRNAs in CRC,
we first downloaded CRC TCGA data and sub-
sequently applied bioinformatics analyses to ob-
tain the differentially expressed (DE) IncRNAs.
Volcano analyses displayed a clear distinction
of IncRNAs between CRC tumor specimens and
matched normal samples (Figure 1A). Among
these DE-IncRNAs, DDX11-AS1 attracted our
attention and we found that DDX11-AS1 was a
remarkably high expression in CRC specimens
by analyzing TCGA data (Figure 1B). Thereafter,
using the “Cancer RNA-seq Nexus” algorithm,
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Figure 1. DDX11-AS1 was upregulated in CRC and associated with poor prognosis. A, Volcano map of differentially expressed
IncRNAs in CRC specimens using TCGA dataset analyses. B, DDX11-AS1 was up-regulated in CRC tumor samples using
TCGA dataset analyses. C, DDX11-AS1 expressing data (from stage I to IV) from TCGA dataset was analyzed by “Cancer
RNAseq Nexus” algorithm. D, Gene Ontology and KEGG pathway of DDX11-AS1-related genes in CRC were analyzed using
“Co-LncRNA” algorithm. E, Relative expression of DDX11-AS1 in 119 CRC patients was detected by qPCR assays. F, Relative
expression of DDX11-AS1 in CRC cells. G, “GEPIA” algorithm (using TCGA dataset) analyzed the overall survival and
disease-free survival of CRC patients with high or low DDX11-ASI levels. H, Overall survival analyses of 119 CRC patients

with high or low DDX11-AS1 expression. * p <0.05, **p < 0.01.

we found that DDX11-AS1 expression was elevat-
ed in all stages of CRC samples compared with
corresponding normal specimens (Figure 1C).
Further Gene Ontology and KEGG pathway anal-
yses using “Co-LncRNA” algorithm indicated
that DDX11-AS1 was relevant with transcription,
apoptosis, cell cycle, cell proliferation, etc. (Fig-
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ure 1D). Then, to further demonstrate whether
the levels of DDX11-AS1 were dysregulated in
CRC, our group performed RT-PCR assays in the
CRC tissues and matched normal samples, find-
ing that CRC specimens exhibited higher levels
of DDX11-ASI than normal specimens (p < 0.01,
Figure 1E). In addition, the data from the analysis
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Table Il. Association between DDX11-AS1 expressions in tissue specimens from CRC patients and various clinicopathological

characteristics.
DDX11-AS1 expression
Parameters Group Total High Low p-value

Gender Male 63 33 30 0.650
Female 56 27 29

Age (years) <60 59 26 33 0.169
>60 60 34 26

Tumor size (cm) <5 76 35 41 0.205
>5 43 25 18

Lymph nodes metastasis Negative 86 37 49 0.009
Positive 33 23 10

TNM stage -1 77 33 44 0.025
I-1v 42 27 15

of DDX11-ASI expressions in several CRC cell
lines revealed that the levels of DDX11-AS1 were
distinctly higher in four CRC cells than in FHC
cells, corresponding to the result in CRC speci-
mens. Overall, our experiment results, together
with the above microarray analysis suggested
DDX11-AS1 as a novel CRC-related IncRNA
whose levels were distinctly up-regulated in CRC
and may contribute to the malignant progress of
this disease.

Association Between DDX11-AS1
Expressions and Prognosis in
CRC Patients

To investigate the clinical significance of
DDX11-ASl1 in CRC, using the median expres-
sions of DDX11-AS1 as a cutoff value, we cat-
egorized 119 patients suffering from CRC into
low (n = 59) and high expression (n = 60) groups.
The results of the chi-square test indicated that
high expressions of DDX11-AS1 were positively
associated with lymph nodes metastasis (p =
0.009) and TNM stage (p = 0.025). However,

there were no distinct relations between DDX11-
AS1 expressions and other clinicopathological
factors of CRC patients (Table II). Then, the
survival data were downloaded from TCGA
datasets and “GEPIA” which was an online bio
information procedure performed for the sta-
tistical assays. As shown in Figure 1G, higher
levels of DDX11-AS1 predicted a poor overall
survival and disease-free survival. Moreover,
in our cohort, the results of Kaplan-Meier as-
says also revealed that breast cancer patients
with high DDX11-ASI levels had a significantly
shorter overall survival than patients with low
DDX11-ASI levels (p = 0.0097). Using a mul-
tivariate Cox regression analysis, DDX11-AS1
expression (HR=2.984, 95% CI: 1.134-4.237, p
= 0.013) was an independent predictor of overall
survival, in addition to lymph nodes metastasis
and TNM stage (Table I11). Overall, our clinical
assays, together with the assays results from
TCGA datasets, highlighted the clinical poten-
tial of DDX11-ASI1 used as a novel prognostic
biomarker for CRC patients.

Table Ill. Multivariate survival analysis of overall survival and disease-free survival in 214 osteosarcoma patients.

Univariate Multivariate
Variable HR 95% CI p-value HR 95% CI p-value
Gender 1.743 0.743-2.331 0.146 - - -
Age 1.455 0.829-2.419 0.129 - - -
Tumor size 1.863 0.928-2.421 0.115 - - -
Lymph nodes metastasis 3.452 1.362-4.882 0.004 3.019 1.129-4.218 0.011
TNM stage 3.011 1.275-4.021 0.007 2.862 1.129-3.668 0.015
DDX11-ASl1 expression 3.425 1.345-4.992 0.003 2.984 1.134-4.237 0.013
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DDX11-AS1 Accelerated Cell Growth and
Repressed Apoptosis

Considering that high expressing level of
DDX11-ASI1 was correlated with CRC patients’
poor survivals, we further assessed the influ-
ences of silencing DDX11-ASI on CRC cel-
lular processes. In HCT116 and SW480 cells,
siRNA-mediated knockdown was carried out
for manipulating DDX11-AS1 expression, which
was determined by the qPCR analyses. The
knockdown efficiency of DDXI11-AS1 siR-
NAs (si-1, si-2) was more than 65% in CRC
cells (Figure 2A). Functionally, CCK-8 assays
demonstrated that repressing DDX11-AS1 levels
markedly weakened CRC cell growth curves
(Figure 2B). Furthermore, we wondered whether
DDX11-ASI depletion impacted CRC cells clone
formation abilities. Based on the results from
clonogenic assays, depression of DDX11-ASI ef-
ficiently suppressed the CRC cell clone number
(Figures 2C and D). Thereafter, we employed
TUNEL assays to detect whether DDX11-AS1
knockdown influenced cellular apoptosis. The
data confirmed that apoptotic cells were notably
increased in DDX11-ASl-silenced groups when
compared with si-NC-transfected group (Figure
2E). Similar results were also observed by the
use of flow cytometry analyses that DDX11-ASI
knockdown promoted cell apoptosis (Figure 2F).
The cell cycle distribution was also detected in
CRC cells after being treated with DDX11-AS1
siRNAs. The data revealed that the cell cycle
progression of DDX11-AS1 siRNAs treated cells
was markedly arrested in the GO/G1 phase and
the percentages of cells in S phase were notably
decreased when compared with the si-NC-trans-
fected cells (Figure 2G). Therefore, the above
data indicated that the depression of DDXI11-
ASI inhibited CRC tumor growth and accelerat-
ed cancer cell apoptosis.

DDX11-AS1 Depletion Impaired the
CRC Cell Metastasis

We sought to study whether the reduction of
DDX11-ASl could influence the metastatic ca-
pacities of CRC cells. Therefore, we respectively
performed wound-healing analyses and tran-
swell assays to assess the impacts of DDX11-
ASI1 depression on cellular migration and inva-
sion. Transwell assays certified that silencing
DDX11-AS1 decreased the invaded CRC cell
number compared with the control cells (Fig-
ure 3A). Then, wound-healing analyses proved
that DDX11-AS1 knockdown resulted in faster
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wounds closures compared with si-NC-trans-
fected cell group (Figure 3B). Hence, these re-
sults validated that DDX11-AS1 modulated the
CRC metastasis.

YY1 Activated DDX1 1-AS1 Expression in
CRC Cells

Since the above data validated that DDX11-
AS1 was highly expressed in CRC, the molec-
ular mechanisms, which led to upregulation of
DDX11-AS1, were necessary to be elucidated.
Considering that many reports had indicated
that IncRNAs could be stimulated by their
upstream transcription factors (TFs), we next
predicted the TFs which were able to bind to
the promoter of DDX11-AS1 using two classical
TF prediction algorithms: JASPAR and PRO-
MO. We intersected the predicted results of
these two algorithms and found that there were
8 common TFs (Figure 4A). Among these TFs,
YY1, a tumor promoter in many cancer types,
ranked first with the highest prediction scores.
Hence, we next selected YY1 and sought to
investigate whether it was capable to activate
the DDX11-ASI expression. Three predicted
YY1 binding sites by JASPAR algorithm were
shown in Figure 4B. Besides, YY1 was found
to be up-regulated in CRC specimens using
TCGA dataset and qPCR analyses (Figures
4C and D). Moreover, YY1 siRNA was able
to repress YY1 levels in CRC cells, and pcD-
NA3.1-YY1 could overexpress YY1 (Figure
4E). We thereby respectively transfected YY1
siRNA or pcDNA3.1-YY1 into CRC cells and
then applied qPCR analyses to detect whether
DDX11-AS1 expression was changed. As ex-
pected, silencing YY1 remarkably elevated the
DDXI11-ASI levels, while forced expression of
YY1 led to a significant decline of DDX11-ASl1
expression, which indicated that DDX11-ASI
expression was negatively correlated with YY1
levels (Figure 4F). For further demonstration of
the direct binding between YY1 and DDXI11-
ASI promoter region, we conducted ChIP as-
says in HCT116 and SW480 cells. Site#2 frag-
ment, but not site#1 and site#3, was responsible
for the affinity of YY1 to DDX11-AS1 promoter
(Figure 4G). Besides, luciferase reporter analy-
ses clarified that site#2 wild-type (wt), but not
site#2 mutant type, of DDX11-AS1 promoter
region driven the luciferase activity (Figure
4H). All the data demonstrated that YY1 tran-
scriptionally activated DDX11-AS1 up-regula-
tion in CRC cells.
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analyzed via flow cytometry. G, Cell cycle was analyzed via flow cytometry. * p < 0.05, **p < 0.01.
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Figure 4. YY1 stimulated DDX11-AS1 expression by acting as a transcription activator. A, Intersection between “JASPAR”
algorithm predicted results and “PROMO” predicted results. B, DNA motif of YY1 and three predicted binding sites (by
“JASPAR” algorithm) of YY1 in DDX11-ASI promoter. C, “GEPIA” algorithm analyzed the expressing levels of DDX11-
AS1 CRC tumor tissues using TCGA dataset. COAD: Colon adenocarcinoma; READ: Rectum adenocarcinoma. D, Relative
YY1 levels in 119 CRC patients’ samples were detected by qPCR. E, QPCR examined the levels of YY1 in CRC cells after
being treated with YY1 siRNAs or pcDNA3.1-YY1. F, QPCR examined the levels of DDX11-AS1 in CRC cells after YY1
was silenced or overexpressed. G, ChIP assays were carried out to detect the affinity of YY1 to DDX11-AS1 promoter. H,

Luciferase activity detection. * p < 0.05, **p < 0.01.

Verification of MiR-873 as a Direct
Target of DDX11-AS1 in CRC Cells

To uncover the potential mechanisms underly-
ing DDX11-ASI participating in regulating CRC
tumorigenesis, we first conducted subcellular
fractionation assays to determine the subcellular
location of DDX11-AS1 since DDX11-AS1 might
exert different functions depending on its sub-
cellular location. According to the data, DDX11-
AS1 was notably exhibited in the cytoplasm
(Figure 5A). Therefore, DDX11-ASl might
sponge potential miRNAs to exert its functions.
Using the “starbase” algorithm, we predicted
the possible target miRNAs of DDX11-AS1, and
we found that miR-873, a tumor suppressor,

was a potential target (Figure 5B). Indeed, the
KEGG pathway analysis using “starbase” algo-
rithm indicated that the predicted target genes
of miR-873 were significantly associated with
diverse cancer types and pathway in cancer
(Figure 5C). Hence, we next sought to validate
miR-873 was the direct target of DDX11-ASI
in CRC cells. To prove this, luciferase reporter
assays were first conducted. The data clari-
fied that the luciferase activity in the miR-873
mimics and DDX11-AS1 wild-type (wt) report-
er vectors co-transfected-group was remarkably
decreased, while co-transfection with miR-873
mimics and DDX11-AS1 mutant-type (mut) re-
porter vectors did not change the luciferase
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activities (Figure 5D). Further RNA pull-down
analyses manifested miR-873 was remarkably
enriched in biotin labeled DDX11-AS1-group
compared with NC group (Figure 5E). There-
fore, luciferase reporter assays and RNA pull-
down analyses confirmed that DDX11-AS1 has
directly interacted with miR-873. In addition,
gPCR analyses revealed that miR-873 was mark-
edly down-regulated in CRC specimens (Figure
5F). Besides, enhancing DDX11-AS1 expression
markedly impeded miR-873 levels in CRC cells,
while silencing the levels of DDX11-AS1 notably
promoted the miR-873 expressing levels (Figure
5G). All these data proved that miR-873 was a
direct target of DDX11-AS1 in CRC cells.

CLDN?7 was a Direct Target of MiR-873
in CRC Cells

Increasing evidence' has revealed that miR-
NAs could directly interact with the 3’-UTR of
genes and thereby modulate their expressions.
Hence, we next sought to discover the target genes
of miR-873 to better understand the functions of

DDX11-AS1 exerted in CRC cells. We first inter-
sected the predicted target genes of “miRDB”,
“starbase”, and 1000 most highly expressed genes
in CRC using TCGA dataset by “GEPIA” anal-
yses, and there were 17 common genes, includ-
ing CLDN7, an oncogenic promoter in many
cancer types (Figure 6A). Indeed, bioinformat-
ics analyses using TCGA dataset demonstrated
that CLDN7 was up-regulated in CRC samples
(Figure 6B). Subsequently, the qPCR detection
also demonstrated that CRC specimens displayed
significantly higher CLDN7 levels than that of
matched normal tissue samples (Figure 6C).
Therefore, we next aimed to prove CLDN7 was
a direct target of miR-873. The predicted binding
site between miR-873 and 3’-UTR of CLDN7 was
shown in Figure 6D. Then, wild-type 3’-UTR of
CLDN7 (CLDN7 wt) or mutant-type 3’-UTR of
CLDN7 (CLDN7 mut) sequence was respectively
constructed into pGL3 luciferase reporter vector,
and subsequently, the luciferase reporter assays
were conducted. Results suggested that CLDN7
wt was able to reduce the luciferase activities
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in CRC cells transfected with miR-873 mimics,
while co-transfection with CLDN7 mut and miR-
873 mimics had no influence on the luciferase
activities (Figure 6E). Taken together, these data
validated that CLDN7 acted as a direct target of
miR-873 in CRC cells.

DDXT11-AS1 Exerted its Functions via
MIiR-873/CLDN?7 Axis in CRC Cells

We sought to investigate the relation between
DDX11-AS1, miR-873, and CLDN7 in function-
al regulation. First, we carried out qPCR detec-
tion to evaluate the levels of DDX11-ASI and
CLDN7 in CRC cells after their miR-873 was
enhanced and silenced. According to the data,
both DDX11-AS1 and CLDN7 in cells were sup-
pressed by the miR-873 up-regulation, while lev-
els of DDX11-AS1 and CLDN7 were remarkably
promoted by the down-regulation of miR-873,
which indicated that miR-873 expressing level
was negatively correlated with both DDX11-ASI
and CLDN?7 expression in CRC cells (Figure
7A). Subsequently, we examined DDXI11-AS1
levels in HCT116 cells after miR-873 or CLDN7
up-regulation. The data from qPCR showed
that DDX11-AS1 levels were markedly elevat-
ed by CLDN7 overexpression and inhibited by
miR-873 up-regulation, while re-introduction of
CLDN7 was able to abrogate the suppressing
impaction of miR-873 on DDXI11-ASI levels
(Figure 7B). These data indicated that DDX11-
AS1 expression was negative with miR-873 ex-
pression and positive with CLDN7 expression in
CRC cells. Afterward, we conducted Western
blot analyses to detect CLDN7 protein changes
in HCT116 cells after altering DDX11-AS1 or
miR-873 expressing levels. Results displayed
that transfection with pcDNA3.1-DDX11-AS1
could significantly increase the levels of CLDN7
and miR-873 mimics were capable to marked-
ly depress CLDNT7 levels, while re-expressing
DDX11-ASl could significantly restore CLDN7
levels (Figure 7C). Additionally, we next car-
ried out CCK-8 analyses to assess the changes
in CRC cell growth curves after the cells were
transfected with miR-873 mimics or pcDNA3.1-
DDX11-ASI1. The results indicated that up-reg-
ulation of miR-873 notably depressed the cell
growth, while re-transfecting with pcDNA3.1-
DDX11-AS1 could notably reverse the cell pro-
liferative rates (Figure 7D). Correspondingly,
we observed similar results according to the
data of wound-healing analyses that the de-
creased CRC cell migratory rates by miR-873
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up-regulation could be restored by overexpress-
ing DDX11-ASl (Figure 7E). Overall, these data
validated that DDX11-AS1 exerted its functions
via miR-873/CLDN7 axis in CRC cells.

Discussion

The morbidity and mortality of CRC are in-
creasing quickly, while effective cancer thera-
pies remain ambiguous in several CRC patients.
Early detection and individualized treatments
are imperative for long-term overall survival.
Identification of sensitive biomarkers is of great
importance for the management of patients and
a valuable marker must impact clinical judgment
making in a manner that resulted in better pa-
tients cares®. In recent years, several studies???
highlighted the potential of IncRNAs serving as
novel biomarkers of CRC patients for diagnosis
and prognosis. In this work, we first identified a
novel CRC-related IncRNA DDX11-AS1 whose
levels in CRC tissues and cell lines were mark-
edly increased by the assays of microarray data
and the experiments of RT-PCR. Then, in our
clinical investigations, it was observed that high-
er expressions of DDX11-AS1 were correlated
with lymph nodes metastasis, TNM stage, and
unfavorable clinical survival. Further multivari-
ate assays confirmed that DDX11-ASI expression
is an independent prognostic factor of overall
survival in CRC patients. Our findings revealed
DDX11-ASI as a novel marker which could help
the optimization of clinical treatments.

In our present report, we have provided reliable
evidence that DDX11-AS1 was highly expressed in
CRC. However, the potential mechanism involved
in the overexpression of DDX11-AS1 remains un-
known. Previously, several studies confirmed the
positive associations between dysregulation of
DDX11-AS1 and the activation of transcription
factors®. Of note, several important transcription
factors such as SP1 and STATI have been fre-
quently reported to be involved in the modulation
of numerous IncRNAs in various tumors***. Yin
Yang-1 (YY1), encoded by 23 kb YY1, is ubiqui-
tously expressed zinc finger transcription factor
and many functional studies have indicated its
involvement in the progression of a variety of cel-
lular processes**?”. Notably, the tumor-promotive
roles of IncRNAs in cellular growth and metastasis
have been confirmed in various tumor and the po-
tential mechanisms are involved in the regulation
of tumor-related genes, such as P53. However,
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whether YY1 can regulate the expressions of In-
cRNAs remains largely unclear. In this research,
by the use of Jaspar and PROMO database, the
possible transcription factors which may modulate
DDX11-AS1 were screened and YY1 became a
positive one due to its higher scores. Furthermore,
the results of ChIP and luciferase reporter assays
confirmed that YY1 could interact with the pro-
moter of DDX11-AS], indicating that YY1 may act
as a contributor for the activation of DDX11-AS1
translation to further promote the expressions of
DDX11-ASl1 in CRC.

Previously, the overexpression of DDX11-AS1
has been reported in several tumors, such as
hepatocellular carcinoma, gastric cancer, and

glioma, indicating its oncogenic roles in these
tumors®3°. In addition, several clinical and ba-
sic experiments also revealed the positive influ-
ence of DDX11-AS1 on the cellular and clinical
progress of the above tumors. Then, our group
performed loss-of-function assays for the study
of DDX11-AS1 function in CRC cells and the
results revealed that the knockdown of DDX11-
ASI could suppress proliferation, migration, and
invasion of CRC cells, as well as promote apop-
tosis. Our results suggested that DDX11-ASlI
functioned as a tumor promoter in CRC.
Growing studies® have shown that IncRNAs
and miRNAs could interact with each other to
develop regulatory networks for the presentation
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of their regulatory roles in tumor progression.
For instance, IncRNA TUNAR, a down-reg-
ulated IncRNA in glioma, was reported to act
as a tumor suppressor since its overexpression
suppressed the proliferation and metastasis of
CRC Cells via modulating miR-200a**. Ln-
cRNA CCAT2, a well-studied tumor-related In-
cRNA in various tumors, was shown to be high-
ly expressed in lung adenocarcinoma and its
knockdown cells proliferation and migration by
targeting sponging miR-23b-5p*. To investigate
the underlying mechanisms of DDX11-ASI-in-
duced proliferation and metastasis suppression,
we speculated that DDX11-AS1 may exhibit its
roles by modulating miRNAs. Using a series of
experiments, our results indicated that DDX11-
ASI acted as an endogenous sponge via binding
to miR-873 and, consequently suppressing the
levels of miR-873. Previously, miR-873 has been
reported to act as a tumor suppressor in various
tumors, including CRC**%. Taken together, our
findings suggested the cancer-promotive roles
of DDX11-AS1 in CRC by sponging miR-873.
To explore whether DDX11-ASl1-induced
miR-873 suppression leads to a promotion of
its mRNA targets and, subsequently stimulating
the tumor progress of CRC, we used TargetS-
can 6.2 for the prediction of potential targeting
genes of miR-873, finding that CLDN7 may be
a candidate. Previously, many studies®**’ have
confirmed that there is a distinct upregulation
of CLDN7 in several tumors, including CRC.
Of note, there is a study showing that CLDN7
overexpression contributed to the progress of
EMT, indicating its oncogenic regulator in CRC.
Using luciferase activity assays, we confirmed
that miR-873 can directly target CLDN7 in
CRC cells. Then, we explored the association
between DDX11-AS1 and miR-873 and CLDN7
in CRC. We found that the overexpression of
miR-873 suppressed the levels of DDX11-ASI
and CLDN7, while the up-regulation of miR-
873 displayed opposite results. Besides, rescue
experiments revealed that the overexpression of
CLDN?7 rescued the suppressing roles of miR-
873 overexpression in regulating the expressions
of DDX11-ASI1. Moreover, functional assays us-
ing rescue model indicated that miR-873 overex-
pression and CLDN7 down-regulation reversed
the regulatory effects of increased DDX11-ASI
on proliferation, migration, and invasion of CRC
cells. Overall, our results revealed that DDX11-
ASI1 contributes to CRC progression via spong-
ing miR-873 to increase CLDN7. Except for
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DDX11-AS1, other IncRNAs or mRNAs could
also be targets of miR-873; however, this re-
quires further investigations.

Conclusions

We revealed that increased DDXI11-ASI ex-
pression is a common event and a novel prognos-
tic biomarker in CRC. Furthermore, DDX11-ASl1
was activated by YY1 and positively regulated
CRC progression via the miR-873/ CLDN7 axis.
Taken together, the dysfunctions of the DDX11-
AS11/miR-873/CLDN7 axis may be a novel
mechanism responsible for CRC.
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