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Background: Colorectal cancer (CRC) is the third leading cause of cancer death worldwide.
The long noncoding RNA (IncRNA) DUXAPS has been reported to play an important role in
CRC. This study investigated the mechanism by which this IncRNA regulates CRC
progression.

Methods: The levels of IncRNA DUXAPS in CRC tissues and cell lines were detected by
qRT-PCR. We then knocked down or forced overexpression of DUXAPS, and the resultant
effect on cell proliferation was determined by the Edu assay and a cell cycle analysis, and the
effect on cell apoptosis was determined by flow cytometry. The cell invasion/migration
ability and the epithelial-to-mesenchymal transition (EMT) markers were determined by
Transwell/wound healing assays and Western blotting. CHIP and RNA pull-down assays
were performed to determine the binding of Zeste gene enhancer 2 (EZH2) and trimethylated
histone H3 to Lys27 (H3K27me3) in the E-cadherin promoter regions, or to DUXAPS.
Results: The levels of IncRNA DUXAPS were significantly increased in CRC tissues and
CRC cell lines. Knockdown of IncRNA DUXAPS inhibited cell proliferation and the EMT
process, and increased cell apoptosis, and overexpression of IncRNA DUXAP8 had an
opposite effect. Both ChIP and RNA pull-down assays showed that the E-cadherin promoter
region was bound by H3K27me3 and EZH2, which restrained E-cadherin expression.
However, that binding was suppressed and E-cadherin expression was markedly induced
by IncRNA DUXAPS8 knockdown. Furthermore, IncRNA DUXAPS could interact with
EZH2 and H3K27me3.

Conclusion: Our data indicated that IncRNA DUXAPS could induce the progression of
CRC by negatively regulating E-cadherin via interaction with EZH2 and H3K27me3. These
findings suggest IncRNA DUXAPS as target for treating CRC.

Keywords: Long intergenic non-coding RNA, DUXAPS, epithelial-to-mesenchymal
transition, EZH2, H3K27me3

Introduction

Colorectal cancer (CRC) is one of the deadliest cancers of the digestive system.'
The incidence rate of CRC is the third highest of all malignant tumors in men and
the second highest in women. Furthermore, CRC has the third highest overall
mortality rate of all malignant tumors.” The onset of CRC is insidious, and there
are no obvious symptoms during its early stage.’ Most patients already have
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advanced stage CRR when treatment is initiated, and 50%
~60% of those patients have distant metastases.” Although
the overall mortality rate of CRC has decreased signifi-
cantly with the development of new diagnostic and ther-
apeutic techniques, the prognosis for CRC patients with
regional lymph node involvement or distant metastases
remains poor.” The high mortality rate of CRC is due to
the invasion and metastasis of cancer cells;® therefore, new
clinical methods must be developed to inhibit the invasion
and metastasis of CRC cells. Future strategies for treating
CRC must be based on a more comprehensive and in-
depth understanding of the molecular mechanisms that
regulate cancer cell invasion and metastasis.

Results from the Human Genome Project and the post-
genome project revealed that only 2% of the entire human
genome has a protein-coding ability, and the remaining 90%
of sequences do not encode for proteins.”* A pseudogene is a
DNA sequence similar to a functional gene, but that has a
non-transcribed nucleotide sequence. Pseudogenes were first
discovered by Jacq et al in a study of Xenopus laevis genes.
In the past, pseudogenes were considered to be “garbage”
generated during the evolution of genomes.” However, with
the rapid development of molecular biology, more recent
studies have confirmed that pseudogenes play important
roles in biological processes.'® Some pseudogenes can tran-
scribe non-protein-encoding RNA molecules in excess of
200 nt.'" Recent studies have shown that dysregulation of
IncRNAs might be associated with tumorigenic processes.'”

At present, most research examining the development of
colorectal cancer has focused on mutations in genes that
code for proteins, and mechanisms that regulate the expres-
sion of those genes.'* !> However, increasing numbers of
studies have reported the dysregulation of many IncRNAs
in CRC cells, and those findings might be applicable for the
early diagnosis and targeted therapy of colorectal cancer.'®
!9 Svoboda et al found that HOTAIR was highly expressed
in primary colorectal tumors, and its high expression was
correlated with a poor prognosis.'® HOTAIR regulates gene
expression by affecting chromosome structure, which acts
as a “scaffold” for the histone modification complex and
interacts with histone complexes PRC2 and LSDI.
Reducing HOTAIR levels can inhibit tumor growth in
vivo, which suggests HOTAIR as a target for intervention.*
Han et al found that UCA1 is also highly expressed in
colorectal cancers, and its expression level is positively
correlated with the malignancy of the tumor and negatively
correlated with a favorable prognosis.?' Yang et al** found
that MALAT1 can promote the development of colorectal

cancer via the AKAP-9 protein. In recent years, additional
IncRNAs including SNHG12, PANDAR, SPRY4-IT1, and
SBDSP1 have been confirmed to be highly expressed in
colorectal cancer tumor cells, promote the proliferation of
colorectal cancer tumor cells, and be associated with a poor
prognosis.'** 2> Due to the high tissue and spatiotemporal
specific expression characteristics of IncRNAs, there is an
urgent need to further study the IncRNA expression profile
of CRC, and identify new IncRNAs that are closely asso-
ciated with CRC progression.

The pseudogene DUXAPS is located at 22q11, is 2107
bp in length, and can be transcribed to a IncRNA.® This
pseudogene has been shown to be dysregulated in several
types of cancer, including gastric, bladder, and lung can-
cers, and is closely associated with their progression.”®2*
DUXAPS expression is significantly upregulated in CRC,
and indicative of a poor prognosis.29 However, the
mechanism by which DUXAPS8 contributes to colorectal
cancer is largely unknown.

Our study confirmed an induction of DUXAPS expres-
sion in CRC, and identified its prognostic role in that
disease. Furthermore, the underlying pathway by which
DUXAPS8 contributes to the progression of CRC was
investigated. To the best of our knowledge, our study is
the first to reveal that DUXAPS8 regulates E-cadherin
expression by regulating the binding of EZH2 and
H3K27me3 to DUXAPS.

Materials and Methods

Clinical Samples

Tumor specimens were obtained from 30CRC patients
who were treated at the First Affiliated Hospital of
Nanchang University (Nanchang, Jiangxi, China) from
January 2017 to December 2017. A sample of paracancer
tissue (located > 3 cm from the tumor margin) was con-
currently obtained from each patient for use as a control
specimen. No patient had received any radio-, chemo- or
interventional therapy prior to their operation, and a post-
operative pathological diagnosis was performed for each
patient. Each patient provided their written informed con-
sent for study participation, and the study protocol was
approved by the Ethics Committee of the First Affiliated
Hospital of Nanchang University.

Cell Culture
NCM460 human colorectal epithelial cells and SW480,
SW620, LoVo, HCT116, HT29, and RKO CRC cells
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were obtained from the American Type Culture Collection
(Manassas, VA, USA). All cells were cultured in DMEM
supplemented with 10% fetal bovine serum (FBS) (GE
Healthcare, Chicago, IL, USA) in a humidified atmosphere
containing 5% CO, at 37°C.

Subcellular Fractionation

The nuclear and cytosolic fractions of SW260 cells were
isolated by using a NE-PER Nuclear and Cytoplasmic
Extraction Reagents kit according to the manufacturer’s
protocol (Thermo Fisher Scientific, Waltham, MA, USA).
In brief, the cultured cells were harvested, washed with
pre-cooled PBS, and then suspended in 200 pL of cyto-
plasmic extraction reagent I. Next, 11 uL of cytoplasmic
extraction reagent I was added, and the cell suspension
was vortexed for 5s; after which, it was incubated on ice
for 1 min and centrifuged at 4°C for 5 min at 16,000 g. The
supernatant (cytoplasmic extract) was carefully transferred
into a pre-chilled EP tube. The pellet contained crude
nuclei.

Protein Extraction and Western Blotting
Harvested cells were transferred into a 1.5 mL EP tubes
and centrifuged at 800 rpm for 5 min at 4°C; the pelleted
100 pL of RIPA buffer
(Beyotime, Shanghai, China) containing protease inhibitor
cocktail II (Beyotime) was added to the lysed the cells,
which were then stored on ice for 30 min with shaking

cells were retained. Next,

every 5 min. The lysed cells were then centrifuged at
14,000 rpm for 20 min, and the supernatant fractions
were collected in new EP tubes. The protein concentration
in each supernatant was measured using a Coomassie Plus
Assay Kit (BioRad Laboratories, Hercules, CA, USA).
Next, an equal amount of protein from each sample was
loaded onto a sodium dodecyl sulfate-polyacrylamide gel
and separated by electrophoresis (SDS-PAGE). The sepa-
rated protein bands were then transferred onto nitrocellu-
lose filter membranes (GE Healthcare), which were
subsequently blocked by incubation with 5% skimmed
milk at 37°C for 5 minutes. Next, the membranes were
incubated with primary antibodies against E-cadherin,
N-cadherin, and GAPDH (1:500, Cell
Technology, Danvers, MA, USA), vimentin and snail
(1:200, Abcam, Cambridge, MA, USA), EZH2 (Abcam,
ab186006, 1:2000), and H2K27me3 (Abcam, ab272155,
1:2000). After being washed with TBST buffer, the mem-
branes were incubated with a goat anti-rabbit secondary
antibody (1:3000, BioRad, USA) labeled with horseradish

Signaling

peroxidase (HRP) at 37°C for 1 h, and the immunostained
protein bands were visualized with ECL chemiluminescent
reagent (eBioscience, San Diego, CA, USA). The ratio of
the staining intensity of the target protein to that of
GAPDH (the internal reference protein) was used as a
measure of protein expression.

Immunofluorescence

SW620 cells and LoVo cells were fixed with 4% parafor-
maldehyde for 15 min and then permeabilized with sapo-
nin (Sigma-Aldrich, St. Louis, USA) for 5 min. Next, the
cells were blocked with 5% BSA for 30 min, and then
incubated for 1 h at room temperature with primary anti-
bodies against E-cadherin (Abcam, ab15148, 1: 500), snail
(Abcam, ab216347, 1: 200), vimentin (Abcam, ab92547,
1: 1000), and N-cadherin (Abcam, ab18203, 1: 500). Next,
the cells were washed 3 times with PBST for (5 min per
wash); after which, a fluorescent secondary antibody (CST,
2985 or 2975, 1:1000) was added, and the cells were
incubated at room temperature for 1 h in the dark. After
being rinsed 3 times with PBST, followed by ultimate
rinse with distilled water, the cells were sealed for exam-
ination by fluorescence microscopy.

RNA Extraction and qRT-PCR

Specimens of CRC tissue (~ 0.1 g each) were washed
twice with pre-cooled PBS and ground into a homogenate
with an autoclaved tissue grinder in an ice bath. Each
homogenate was transferred into an EP tube. Next, 1 mL
of Trizol Reagent (Takara, Otsu, Japan) was added to each
tube and the tubes were gently shaken. For harvested cells,
Trizol Reagent was added to the nuclear and cytoplasmic
fractions that had been separated by centrifugation. After 5
min, each mixture was transferred into a 1.5 mL
Eppendorf tube, and total RNA was extracted. Next,
cDNA was obtained by using a High Capacity cDNA
Archive kit (Applied Biosystems, Foster City, CA). An
ABI PRISM 7700 System and TagMan reagents (Applied
Biosystems) were used to perform qRT-PCR with the
following conditions: initial denaturation at 95°C for 2
min, followed by 40 cycles of denaturation at 94°C for
20 s, annealing at 58°C for 20 s, and elongation at 72°C
for 20 s. GAPDH and U6 were used as internal reference
genes. The relative expression levels of various genes and
DUXAPS were calculated by the 27**“" method. The
primers used for qRT-PCR were as follows: DUXAP8
forward primer: 5'-ACCCAAACACTAATTGTAGACT-3'
and reverse primer 5'- TGTCTGGGAGACTGCTTACA-
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3'; EZH2 forward primer: 5-GTACACGGGGATAGAG
AATGTGG-3" and reverse primer 5- GGTGGGCGGC
TTTCTTTATCA-3'; E-cadherin forward primer: 5'-
ATTTTTCCCTCGACACCCGAT-3" and reverse primer
5'-TCCCAGGCGTAGACCAAGA-3"; U6 forward primer:
5'-CTCGCTTCGGCAGCACA-3" and reverse primer 5'-
AACGCTTCACGAATTTGCGT-3"; GAPDH forward pri-
mer: 5-TGTTCGTCATGGGTGTGAAC-3' and reverse
primer 5'- ATGGCATGGACTGTGGTCAT —3'.

Cell Transfection

Short hairpin RNAs (shRNAs) targeting DUXAPS (sh-
DUXPAPS8) and EZH2 (sh-EZH2), and the corresponding
negative controls (NCs) were purchased from GenePharma
Co., Ltd. (Shanghai, China). A recombinant plasmid
pcDNA3.0-DUXAPS was purchased from VIPOTION
(Guangzhou, China). SW620 cells were transfected with
sh-DUXAPS, sh-EZH2 or the NC for 48 h at 37°C using
Lipofectamine® 2000 (Invitrogen, Carlsbad, CA, USA).
An empty vector (NC) and a IncRNA DUXAPS vector
were also transfected into LoVo cells by using
Lipofectamine® 2000 according to the manufacturer’s
instructions.

Cell Proliferation Assay

A Cell Counting Kit-8 (CCKS; Dojindo Lab, Japan) was
used to determine cell viability. Briefly, SW620 or LoVo
cells were cultured in 96-well plates (3000 cells/well) at
37°C for 24 h, 48 h or 72 h, respectively. Next, 10 pL of
CCK-8 solution was added to each well and the plate was
incubated for an additional 24 h. Following incubation, the
absorbance of each well at 450 nm was determined with a
Varioskan Flash Plate Reader (Thermo Fisher Scientific).
The mean value was calculated based on results obtained
from 3 separate experiments.

EdU Analysis

A 5-ethynyl-2-deoxyuridine (EdU) labeling/detection kit
(Ribobio, Guangzhou, China) was used to detect cell pro-
liferation. SW620 and LoVo cells transfected with sh-
DUXAP8, DUXAP vector or the corresponding NCs
were cultured in 96-well plates at the density of 1 x 10°
cells per well. Next 50 uM EdU labeling medium was
added to each well, and the cells were cultured for an
additional 2 h. The cells were then fixed with 4% paraf-
ormaldehyde, stained with anti-EdU working solution, and
treated with 0.5% Triton X-100. EdU-positive cells were

photographed with a fluorescence microscope and their
numbers were recorded.

Flow Cytometry Analysis

SW620 and LoVo cells were harvested, and the stained
with FITC-Annexin V and propidium iodide (PI) double
dyes contained in a FITC Annexin V Apoptosis Detection
Kit (BD Biosciences, Franklin Lakes, NJ, USA). After
double staining, the cells were analyzed by flow cytometry
(FACScan™; BD Biosciences). For cell cycle investiga-
tions, PI was used to stain the LoVo and SW620 cells,
and the data were analyzed by a FACScan flow cytometer.

Cell Migration and Invasion Assays

For wound healing assays, cells were seeded into 6-well
plates and cultured until confluence. Next, a horizontal line
was drawn on the bottom of the plate, and wounds were
made by moving a sterile 200 pL pipet tip through the
cultured cells along the drawn line. The plates were
observed and photographed at 0 h and again at 48 h after
wounding. For Transwell assays, 1 x 10° cells in 100 pL
of serum-free RPMI-1640 medium were plated into the
upper chamber of a Transwell plate, and 500 pL. of RPMI-
1640 medium containing 20% FBS was added to the lower
chamber. After 48 h, cells in the lower chamber were fixed
with methanol and then stained with 0.1% crystal violet.
Finally, the number of invaded cells in five randomly
selected microscopic fields was recorded and used to cal-
culate the final results.

Chromatin Immunoprecipitation (ChlP)
ChIP assays were conducted by using an EZ-CHIP kit
according to the manufacturer’s protocol (Millipore,
Burlington, MA, USA). SW620 cells were incubated
with formaldehyde for 10 min, and then sonicated to
obtain cell lysates. The cell lysates were immunoprecipi-
tated with EZH2- and H3K27me3-specific antibodies
(Millipore); IgG was used as a control. The precipitated
chromatin DNA was analyzed by qPCR.

RNA Pull-Down Assay

A biotin-labeled DUXAPS probe and RNA complemen-
tary to the specific region of the E-cadherin promoter or
corresponding negative control were obtained from
GenePharma. After incubation with the cell lysates for 1
h at room temperature, the complexes were extracted with
streptavidin agarose beads (Invitrogen). The beads were

washed three times with PBS, and then boiled in sodium
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dodecyl sulfate buffer to elute proteins. The eluents were
subjected to Western blot analysis.

Statistical Analysis

All statistical analyses were performed using Graphpad
software, and results are reported as a mean value + stan-
dard deviation. The student’s #-test was used to make com-
parisons between groups. The patients were divided into a
high DUXAPS group and a low DUXAP8 group based on
the median level of DUXAPS8 (2.812) expression. Survival
curves were created using the Kaplan—Meier method and
Log rank tests were used to analyze differences between
patients with high or low levels of DUXAPS expression and
also differences in overall survival. All P-values are
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bilateral, and a P-value < 0.05 was considered to be statis-
tically significant.

Results
Human CRC Tissues Had Elevated Levels

of DUXAPS8

A gRT-PCR analysis showed that DUXAP8 was obviously
upregulated in CRC tissues when compared with paracarci-
noma tissues (P < 0.0001, Figure 1A). A Kaplan-Meier ana-
lysis revealed that patients with high levels of DUXAS had a
lower overall survival (OS) survival rate than patients with low
levels of DUXAPS8 (P =0.0475, Figure 1B). We also analyzed
the levels of DUXAP8 mRNA in normal human NCM460
cells and six human CRC cell lines. Those results showed that

_ — High DUAXP8
X 100+ — Low DUAXPS
> p=0.0475
3
©
)
S 504
=
2
c
-
[72]
0 T L] 1
0 100 200 300
Survival Time (Months)
15-
%S SW620 LoVo
g H#itt
% 10- T
0
5%
5%
o0 5:-
-% 151
S 1.04
2l
0.0 . .
O S < >
N _\58 \\0(}9 \S\yg
o d
P

Figure | Relative levels of DUXAP8 expression in colorectal cancer (CRC) tissues and their clinical significance. (A) DUAXP8 expression was measured in CRC tissues and
their adjacent tissues by qRT-PCR (n = 30/group). (B) Overall survival analysis of CRC patients with high or low levels of DUAXP8 expression (n = |5 patients/group). P =
0.0457. (C) qRT-PCR analysis of DUXAP8 expression in human normal colonic epithelial cells (NCM460) and CRC cells (SWW480, SW620, LOVO, HCTI 16, HT29, and RKO).
(D) qRT-PCR analysis of DUXAP8 expression in SW620 cells transfected with the NC and sh-DUXAPS8 and in LoVo cells transfected with the control vector and pcDNA-

DUXAP8 expression vector. *P < 0.01, P < 0.001, ###P < 0.001.
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DUXAP8 mRNA production was also up-regulated in the
CRC cell lines when compared with the normal NCM460
cells, with SW620 cells expressing the highest levels of
DUXAP8 mRNA, and LoVo cells expressing much lower
levels of DUXAP8 mRNA (P < 0.01, Figure 1C).
Furthermore, a statistical analysis showed that DUXAPS
expression in tumor tissues from patients with severe or meta-
static CRC was significantly increased (Table 1). These results
indicated that DUXAP8 might play a vital role in CRC
progression.

To further study the function of DUXAPS in CRC
tumorigenesis and progression, SW620 cells were trans-
fected with DUXAPS shRNA or the NC. A subsequent
qRT-PCR analysis confirmed the transfection efficiency of
DUXAP8 shRNA in those cells (Figure 1D). Moreover,
LoVo cells were also transfected with the control vector or
pcDNA-DUXAPS, and a subsequent analysis confirmed
the up-regulation of DUXAPS in LoVo cells (Figure 1D).

DUXAP8 Enhanced CRC Cell
Proliferation, Inhibited Apoptosis, and

Accelerated the Cell Cycle

To investigate the functional role of DUXAP8 in CRC cells,
we performed ethynyl deoxyuridine (EdU) staining with
SW620 cells and LoVo cells. The results suggested that down-
regulation of DUXAPS suppressed the proliferation of SW620
cells (Figure 2A), while its overexpression promoted the pro-
liferation of those cells (Figure 2B), suggesting that DUXAPS
functions as an oncogene to accelerate the proliferation of
CRC cells. These results were also confirmed by CCKS assays
(Figure 2C and D).

We further explored the effects of DUXAPS on the cell
cycle and apoptosis. Flow cytometry results indicated that
knockdown of DUXAPS induced cell apoptosis and
blocked the cell cycle at the GO/G1 phase in SW620
cells (Figure 2E and F), whereas overexpression of
DUXAPS in LoVo cells produced the opposite effects on
cell apoptosis and cycle progression (Figure 2E and F).
The apoptosis ratio (Figure 2G) and cell cycle distribution
(Figure 2H) also confirmed that DUXAPS8 enhanced the
proliferation and suppressed the apoptosis of CRC cells.

DUXAP8 Promoted CRC Cell Invasion,
Migration, and Epithelial Mesenchymal

Transition
Transwell assays were performed to determine whether
DUXAPS affects the migration and invasion of CRC cells.

Table | Correlations Between DUXAP8 Expression Levels and
the Pathological Characteristics of CRC Specimens

Characteristic DUXAS8 Expression P-value
High Low
(n=15) (n=15)

Sex 0.7125
Male 9 8
Female 6 7

Tumor type 0.0655
Mucinous adenocarcinoma 0 3
Adenoma 13 10
Villioustublar adenoma | |
Tubular adenoma | |

Tumor size (cm) 0.7319
<4 6 8
>4 9

TNM stage 0.0201
= 7 13
n-v 8 2

Metastasis 0.0253
Negative 6 12
Positive 9 3

Note: |, II, lll, and IV indicate the TNM stage.

Abbreviations: TNM, tumor node metastasis.

Those results showed that knockdown of DUXAPS expres-
sion reduced the invasiveness of LoVo cells while overex-
pression of DUXAPS8 promoted the invasion of LoVo cells
(Figure 3A). Additionally, downregulation of DUXAPS
inhibited the wound healing ability of SW620 cells, but had
the opposite effect on LoVo cells (Figure 3B).

The EMT process has been shown to be involved in the
metastasis of cancers.**>? Therefore, we then examined the
effect of DUXAPS8 on EMT. As shown in Figure 3C, knock-
down of DUXAPS induced E-cadherin expression, but
decreased vimentin, snail, and N-cadherin expression in
SW620 cells. Meanwhile, overexpression of DUXAPS8 sup-
pressed E-cadherin expression, but increased vimentin, snail,
and N-cadherin levels in LoVo cells. Those results were further
confirmed by immunofluorescence experiments (Figure 3D).
Taken together, our studies showed that DUXAPS could pro-
mote the migration, invasion, and EMT of CRC cells.

DUXAPS8 Epigenetically Silenced
E-Cadherin mRNA Transcription by
Interacting with EZH2 and H3K27me3

We performed a series of mechanism validation experi-
ments to explore how DUXAPS8 affects CRC cell
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proliferation, invasion, and metastasis. First, we fractioned
SW620 cells into their cytoplasmic and nuclear compo-
nents to determine the location of DUXAPS. A subsequent
gRT-PCR analysis indicated that DUXAP8 was mainly
expressed in the nucleus, suggesting that it functions at
the RNA level (Figure 4A). U6 was used as a control for
nuclear expression of DUXAPS.

Recent studies have shown that many IncRNAs can
bind with PRC2 (polycomb repressive complex 2) to
impact the expression of downstream genes by trimethy-
lating H3K27 (histone H3 lysine 27) and thereby suppres-
sing the transcription of target genes. Enhancer of zeste
homolog 2 (EZH2) is a major component of PRC2.°
When the NC siRNA and EZH2 siRNA was transfected
into SW620 cells, we found that knockdown of EZH2
expression by EZH2 siRNA increased the expression of
E-cadherin in SW620 cells (Figure 4B). ChIP assays
showed that both EZH2 and H3K27me3 bound to a
DNA fragment (Figure 4C) that was located in the
E-cadherin gene promoter region (Figure 4D). In the
cells with DUXAP8 knockdown, the interaction between
EZH2, H3K27me3, and the E-cadherin promoter was sig-
nificantly suppressed (Figure 4C and D). Pull-down stu-
dies performed using RNA supplementary to the
E-cadherin promoter showed that binding of EZH2 and
H3K27me3 to the promoter was inhibited after DUXAPS
knockdown (Figure 4E). Additionally, pull-down assays
performed with the DUXAPS probe and subsequent wes-
tern blot examinations revealed the interaction between
EZH2, H3K27me3 and DUXAP8 (Figure 4F). These
results suggest that DUXAP8 promotes CRC cell prolif-
eration by decreasing E-cadherin levels. This decrease
might be partially achieved by DUXAPS interaction with
EZH2 and H3K27me3.

Discussion

While pseudogenes have long been considered to be non-
functional, many recent studies have shown that pseudo-
genes play important roles in tumor development.'? In this
study, we found that levels of the pseudogene DUXAPS
were significantly up-regulated in CRC tissues. Cell func-
tion studies revealed that interference with DUXAPS
expression in CRC cell lines significantly inhibited tumor
cell proliferation and metastasis in vitro.

Currently, only three studies have examined the effects
of DUXAPS on tumor proliferation and metastasis. Those
studies found that when expressed at high levels,
DUXAP8 may function as a proto-oncogene in gastric

cancer. After binding to PRC2, DUXAPS silences the
downstream target gene PLEImO1 and promotes the pro-
liferation and metastasis of gastric cancer cells. Our study
suggests that DUXAPS can be used as an independent risk
factor for predicting the survival times of gastric cancer
patients, and can also aid in diagnosing and assessing the
prognosis of gastric cancer.”® In addition, another study
found that the pseudogene DUXAPS promotes the prolif-
eration and invasion of lung cancer cells by epigenetic
silencing of EGR1 and RHOB, which is possibly mediated
by the binding of DUXAP8 to EZH2 and LSDI. This
binding may allow DUXAPS8 to act as an oncogene in
NSCLC, suggesting its usefulness as a new therapeutic
target for that disease.”® LncRNA DUXAPS was also
found to be overexpressed in bladder cancer tissues,
where it promoted the progression of bladder cancer by
inhibiting PTEN, and its expression was positively corre-
lated with TNM stage and tumor size, but negatively
correlated with patient survival times.?” In our study, we
found that overexpression of DUXAP8 could not only
enhance CRC cell proliferation, invasion, migration, and
epithelial mesenchymal transition, but also inhibit apopto-
sis and accelerate the cell cycle.

Studies have confirmed that the morphological basis
for invasion and metastasis of epithelial-derived malignant
cells is the EMT process.*® During the EMT of CRC cells,
expression of the EMT marker E-cadherin is reduced and
the levels of vimentin and neural cadherin (N-cadherin)
expression become elevated.®' In this study, the overex-
pression of DUXAP8 suppressed the expression of
E-cadherin, but increased the levels of vimentin, snail,
and N-cadherin expression. However, knockdown of
IncRNA DUXAPS8 up-regulated E-cadherin, but reduced
the levels of vimentin, snail, and N-cadherin. Taken
together, these results suggest that DUXAP8 promotes
the EMT of CRC cells.

In recent years, studies have also been conducted on
the epigenetic regulation mechanism of EMT in tumor
cells.>*** Those studies showed that in different types of
highly invasive malignancies, histone methyltransferase
could catalyze the methylation of H3K27 or H3K9 in the
promoter region of the E-cadherin gene, and thereby pro-
mote the EMT process in tumor cells.’>>° EZH2 is the
catalytic subunit of PRC2, and catalyzes methylation of
the 27th (H3K27m3) lysine of histone H3 by a highly
conserved SET region of histone methyltransferase,
thereby inhibiting the expression of various tumor sup-
pressor genes and regulating the cell cycle.” The
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Figure 4 DUXAPS epigenetically silenced E-cadherin transcription by binding with EZH2 and H3K27me3. (A) The levels of DUXAP8 expression in the nucleus or cytoplasm of SW620
cells were detected by qRT-PCR. U6 was used as a nucleus marker. (B) QRT-PCR was performed to analyze the levels of EZH2 and E-cadherin in SW620 cells transfected with shRNA
against EZH2 (sh-EZH2) or the NC. **P < 0.001. (C) Agarose gel assays were performed on the PCR products obtained from immunoprecipitation of the EZH2 antibody and
H3K27me3 antibody in the NC and sh-DUXAP8-treated SW620 cells. (D) qPCR analysis of EZH2 binding and H3K27me3 occupancy in the E-cadherin promoter regions of SW620 cells
treated with the NC or sh-DUXAPS; IgG served as a negative control. **P < 0.001 vs IgG, ###P < 0.001 vs NC. (E) RNA pull-down assays were conducted using RNA supplementary to
the E-cadherin promoter in SW620 cells transfected with sh-DUXAP8 or the NC; proteins bound to the E-cadherin promoter were detected by western blotting. **P < 0.001 vs NC
group with the same probe. (F) EZH2 binding and H3K27me3 occupancy in the DUXAP8 promoter region were examined using RNA pull down assays performed with a DUXAP8
probe.
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E-cadherin protein is encoded by the CDHI gene.*®
Studies have shown that SNAIL can bind to the CDH1
promoter sequence in tumor cells and then recruit EZH2
and SUZI2 to the promoter region. SNAIL then catalyzes
the trimethylation of H3K27 to ultimately inhibit the tran-
scription of CDHI, which subsequently down-regulates
E-cadherin expression.>” Here, we demonstrated that
DUXAP8 could epigenetically silence E-cadherin tran-
scription by binding with EZH2 and H3K27me3, and
thus promote the EMT process in CRC cells.

In conclusion, our study proved that the pseudogene
DUXAP8 was induced in CRC tissues and cells. Our
findings showed that DUXAP8 could enhance CRC cell
proliferation, invasion, migration, and EMT, and inhibit
apoptosis and accelerate the cell cycle. These findings
greatly extend our knowledge of the role played by pseu-
dogenes in CRC pathogenesis. We also proved that
DUXAPS8 could epigenetically silence E-cadherin tran-
scription by binding with EZH2 and H3K27me3, and
thereby promote the occurrence of EMT during CRC
development. Those findings suggest DUXAPS as a poten-
tial therapeutic target for CRC intervention. Nevertheless,
other target genes and regulatory mechanisms related to
DUXAPS remain to be studied in the future. At present,
the research conducted on IncRNAs remains in a very
early stage, and only a few functions of IncRNAs have
been clarified. The expression of IncRNAs has not been
examined in large-scale studies, and their specific molecu-
lar mechanisms in tumorigenesis and development remain
unclear. The detection and screening of differentially
expressed IncRNAs in clinical tissue specimens may pro-
vide results that can aid in the early diagnosis and targeted
therapy of CRC, and also in developing a prognosis for
CRC patients. At present, the rapid development of next-
generation sequencing technology has allowed researchers
to gradually establish a gene catalogue of IncRNA char-
acteristics that can be used to further understand the role
played by IncRNA in tumor development.
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