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ABSTRACT
LncRNAs play key role on the development and progression of multiple carcinomas. Here, we aimed to evaluate lncRNA DUXAP8
expression in esophageal squamous cell carcinoma (ESCC) tissues and explore the relationship between ESCC and lncRNA DUXAP8.
Results showed that lncRNA DUXAP8 was remarkably upregulated in ESCC tissues and cells compared with that in paracarcinoma
tissue and Het-1 cells. Meanwhile, a higher DUXAP8 expression was correlated with larger tumor size, lower PTEN levels, but higher
Ki67 and ERK1/2 levels. Furthermore, the knockdown of DUXAP8 obviously reduced the binding of LSD-1 to PTEN promoter regions.
After siPTEN treatment, ESCC cells with DUXAP8 silencing exhibited an obvious decrease in PTEN expression. Importantly, the interference of sh-DUXAP8 effectively suppressed the proliferation, migration and invasion of ESCC cells in a time-dependent manner,
however, this inhibitory effect of sh-DUXAP8 could be partly reversed by siPTEN, thus, lncRNA DUXAP8 was overexpressed in ESCC
tissues and could promote the progression of ESCC by silencing PTEN. This study suggests that lncRNA DUXAP8 may act as a noncoding oncogene in ESCC tumorigenesis and is a potential cancer biomarker for ESCC diagnosis and gene therapy.
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Introduction
Esophageal cancer, the sixth leading cause of
cancer death and the eighth most common cancer
worldwide, has high malignancy, rapid development
process, poor therapeutic effect, and high rate of recurrence and metastasis(1). In China, esophageal squamous cell carcinoma (ESCC), most common form of
esophageal cancer, remains the fourth leading cause
of cancer-related death(2). Currently, ESCC has a variety of treatment methods, however, it remains one
of the leading causes of cancer-associated mortality,
and the 5-year survival rate of ESCC patients who
undergo surgery is only 30%-40%(3). However, there
are no obvious clinical symptoms of cancer development; there are currently no known biomarkers for
the early detection of ESCC; and there are currently
no prognostic markers for early ESCC(4). Therefore,
inhibiting the progress of ESCC has become a key
issue in the current treatment. In recent years, the
role of long noncoding RNA (lncRNA), which are

endogenous RNA transcripts with more than 200
nucleotides(5), in cancer has drawn great attention.
Accumulating data have indicated that the dysregulation of lncRNAs may play an important functional
role in diverse human cancers, including esophageal
cancer(6), suggesting it could serve as novel biomarkers for cancer diagnosis and prognosis to detect the
aberrant expression of lncRNAs in various tissue
origin of cancers. Therefore, the finding of novel lncRNA that are able to deepen understanding of the
molecular mechanisms underlying ESCC prognosis
is urgent and necessary. Interestingly, plenty of evidence has verified that multiple lncRNAs participate
in the development and progression of esophageal
cancer because they can exert regulatory effect on
a series of biological processes including cell proliferation, cell migration and invasion(7-8). LncRNA
DUXAP8, which is located on chromosome 20q11
with 2307 bp in length(9), has been proved to have a
regulatory role in cell cycle and reproductive development(10).
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It is a novel lncRNA that associated with increased metastatic activity in metastatic tumor biopsies(11). Wang C et al have reported that the pseudogene-derived lncRNA DUXAP8 promotes the
progression of gastric cancer and is a potential therapeutic target for gastric cancer intervention(1). Sun
M et al have indicated that the pseudogene DUXAP8
may act as an oncogene in human non-small-cell
lung cancer and may offer a novel therapeutic target
for this disease(12). However, hitherto, the reports on
relationship between DUXAP8 and ESCC are still
rare. PTEN is as a well-known tumor suppressor that
has both phosphatase-dependent and -independent
roles. PTEN gene is located on chromosome 10q23
and can affect the modulation of cell nuclear cycle
and cell adhesion(13-14). Nowadays, the studies on
the interactions between lncRNAs and PTEN gene
are still less. In this report, we aimed to dissect the
ESCC-related lncRNAs and unbiasedly to construct
the interactions between lncRNAs and coding-gene
expression. From this analysis, we choose a significantly up-regulated DUXAP8 lncRNA for further
experimental investigation with short hairpin RNA
interference, all results confirm the potential role of
DUXAP8 to promote ESCC cell proliferation, migration and invasion.
Materials and methods
Chemical compounds and reagents
SYBR Premix Ex Taq, PrimeScript™ RT reagent Kit with gDNA Eraser and TRIzol reagent (Takara Bio Inc., Dalian, China); primary antibodies
against Ki67, PTEN and GAPDH, horseradish peroxidase (HRP)-conjugated secondary antibodies (Abcam, Cambridge, UK); histone H3K4me2 and p44/42
MAPK (ERK1/2) antibodies (CST, MA, USA); ChIP
assay kit and transwell chamber (Merck Millipore,
Darmstadt, Germany); Lipo 3000 (Invitrogen, California, USA); crystal violet (Beijing leagene biotech,
Beijing, China); 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl- tetrazolium bromide (MTT) (Biosharp Life
Sciences, Hefei, China); 3, 3-diaminobenzidine (DAB)
(Dako, Santa Clara, USA); ViraDuctin™ Lentivirus
Transduction Kit (Cell Biolabs, San Diego CA USA).
Tissue samples
Tissue samples were obtained from n=20 primary ESCC patients who had undergone surgery at
the Baoji Central Hospital. All patients were clean of
any local or systemic treatment surgery. This study
was approved by the Research Ethics Committee of
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Baoji Central Hospital and written informed consents were obtained from all patients. The carcinoma tissue samples and corresponding normal control
tissue samples (at least 5 cm away from the carcinoma tissue) by surgery were immediately snap-frozen
in liquid nitrogen and stored at -80°C until required.
Cell culture
Human ESCC cell lines EC9706, TE-1,
ECA109 and normal esophageal mucosa Het-1 cells
were purchased from Shanghai Institute of Cell
Resource Center Life Science (Shanghai, China).
Cells were cultured in Dulbecco’s Modified Eagle
Medium (DEME) supplemented with 10% fetal
bovine serum (FBS), 100 U/ml penicillin and 100
mg/ml streptomycin at 37°C in a humidified atmosphere with 5% CO2 and maintained in a logarithmic
growth phase for all experiments.
The detection of DUXAP8 expression by real-time qPCR (RT-qPCR) analysis
The expression levels of DUXAP8 in ESCC tissues and cell lines
Total RNA from ESCC tissues and paracarcinoma tissues, ESCC cells, and normal esophageal mucosa Het-1 cells were extracted with TRIzol
reagent and reverse transcribed to cDNA using a
reverse-transcription kit (PrimeScript™ RT reagent Kit with gDNA Eraser). Then, the mRNA expression levels of DUXAP8 were quantified using
SYBR Premix Ex Taq according to the instructions.
qRT-PCR was carried out by mixing the PCR buffer, primers and cDNA template. The mixture was
then subjected to pre-denaturation, denaturating,
annealing and extension. Three replicate wells were
set up for each sample. The primers are listed as Table 1. The 2-ΔΔCt method was used for data analysis.
GAPDH was used for comparisons with the relative
mRNA expression levels of each sample.
Name
DUXAP8
PTEN
ERK1
ERK2
GAPDH
PTEN promoter
ChIP

F or R

Sequence

Forward

5’- GTC CTC CAG GTT CAA CAG TAT G-3’

Reverse

5’- CCA TCC ACA GAT GAA GGG ATA AA-3’

Forward

5’- GTC AAA TCT CTG CGA ACG ATT G-3’

Reverse

5’- CTG CTC AGT GTA GAG GGA AAT G-3’

Forward

5’- GCT GAC CCT GAG CAC GAC CA-3’

Reverse

5’- CTG GTT CAT CTG TCG GAT CA-3’

Forward

5’- CCC TTT GAG CAC CAG ACC TA-3’

Reverse

5’- GTG TTG AGC AGC AGG TTG GA-3’

Forward

5’- CAG GGC TGC TTT TAA CTC TGG TAA-3’

Reverse

5’- GGG TGG AAT CAT ATT GGA ACA TGT-3’

Forward
Reverse

5’-GTC AAA TCT CTG CGA ACG ATT G-3’

5’-CTG CTC AGT GTA GAG GGA AAT G-3’

Table. 1: The detailed primer information in this study.

LncRNA DUXAP8 promotes esophageal squamous cell carcinoma cell proliferation and invasion by silencing PTEN

Construction and transfection of pLKO.1DUXAP8 shRNA lentivirus vector
For stable silencing of DUXAP8 in EC9706 and
ECA109 cells, the generation of sh-DUXAP8 was
according to the shRNA primer design principle and
designed by using shRNA on-line design software
(http://www.anbion.com). ShRNA without homology
to DUXAP8 mRNA and other genes was selected as
the control (sh-scramble, 5’-GCU CAU CAC AAU
AAC GAC UAC AUA A-3’). The synthesis of the
target sequences was performed by Sangon Biotech
Co., Ltd (Shanghai, China). Once the forward and reverse primer were mixed, the mixture was annealed
at 94°C for 10 min and 70°C for 10 min and then
placed at 50°C water naturally to room temperature
to produce the double-stranded oligonucleotides. The
pLKO.1-TRC cloning vector was digested with Age I
and EcoR I restriction endonuclease, mixed with double-stranded shRNA, added T4 ligase, and reacted at
22°C for 3 h. After amplification through transforming into E.coli DH5α competent cells, the plasmids
were extracted from positive colonies and sequenced
by Sangon Biotech Co., Ltd. 293T cells were used
for packaging lentivirus using a ViraDuctin™ Lentivirus Transduction Kit, that is, recombinant plasmids
(pLKO.1-DUXAP8 shRNA (sh-DUXAP8, 5’-CAG
CAU ACU UCA AAU UCA CAG CAA A-3’) or
pLKO.1-scramble shRNA (sh-NC)) were diluted by
serum-free medium and mixed with transduction reagent which was prepared according to the product
manual. Then, the ViraDuctin™ transduction reagent
mixture was applied to 293T cells. After 6 h co-incubation, the media was carefully aspirated from the
cells and the fresh complete culture medium were
added into cells. Following another 48 h post-transfection, the culture supernatant was collected and
centrifugated to obtain lentiviral particles for subsequent follow up studies.
Screening of stable cell lines for DUXAP8
silence
EC9706 and/or ECA109 cells were cultured
and added with different concentrations of puromycin (1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 7.5, 9.0, 10.0 μg/
ml) for 48 h co-incubation. Results showed that the
best screening concentration (minimum concentration of drugs causing total cell death) of puromycin
against EC9706 cells was 2.0 μg/ml while against
ECA109 cells was 1.5 μg/ml. The isolated lentiviral particles were used to infect the EC9706 and/
or ECA109 cells with MOI of 1:100. Following incubation at 37°C for 6 h, the media was carefully
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aspirated from the cells and the fresh complete culture medium were added into cells.
Forty-eight later, puromycin (final concentration: for EC9706 cells 2 μg/ml, for ECA109 1.5 μg/
ml) was added and the media was changed every
three days under puromycin co-incubation during
selection. The transfected EC9706 and ECA109
cells were maintained in puromycin for three passages for selection.
Then, cells were collected for total RNA extraction to evaluate the interference efficiency of
sh-DUXAP8. DUXAP8 levels were measured by
qRT-PCR as described above.
The effect of sh-DUXAP8 on tumor growth
in nude mice
Tumor growth in EC9706 and/or ECA109
cells-bearing mice
Twenty 8-week-old male BALB-nu/nu mice
(BALB/c-Foxn1nu/Nju), weighed 20±2 g, were
obtained from Model Animal Research Center of
Nanjing University (Nanjing, China). All animals
(n=5 for each cage) were maintained at a specific
pathogen free facility under controlled conditions
(temperature 24±2°C, humidity 50±5%, light: dark
cycle 12/12 h) and were given access to food and
water ad libitum. After one-week acclimatization,
xenograft tumors were generated by subcutaneously implanting EC9706 and ECA109 cells that stably transfected with sh-DUXAP8 or sh-scramble at
a density of 2 × 106 cells/mice.
After anesthesia with inhalation of 8% sevoflurane, a total of 100 μl of suspended cells (adjusted with PBS) was subcutaneously injected into
a single side of the posterior flank of each mouse.
The general state of animal health and behaviour
were monitored daily for four straight weeks, and
no deaths occurred during the trial period. From the
eighth day onwards, the tumor volumes were calculated by digital calliper measurement using the
following formula: (length × width2)/2. All animal
welfare considerations taken, including efforts to
minimize suffering and distress and euthanasia of
mice when the maximum diameter exhibited by a
single subcutaneous tumor (no multiple tumors was
observed) reached 14.8 mm. Mice were sacrificed
by cervical dislocation and tumors were removed
and measured.
Animal studies were approved by the Ethics
Committee for Animal Experiments of Baoji Central Hospital (No: 20180601-3).
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Immunohistochemistry for Ki67, PTEN and
ERK1/2 expression
Tumor tissues were embedded in paraffin and
cut into 4-μm-thick sections by a microtome (Leica
RM2235, Germany). Then slides were deparaffinized with xylene and rehydrated in an ethanol gradient. After washing with PBS, endogenous peroxidase was eliminated using 3% hydrogen peroxide
in PBST for 15 min. Subsequently, the slides were
incubated in a citrate antigen retrieval solution
at 95°C for 15 min, cooled to room temperature,
washed with PBS for twice and incubated in 5%
BSA protein-blocking solution for 30 min. Then the
slides were incubated with anti-Ki67, anti-ERK1/2
or anti-PTEN antibody (1:250 dilution) at 4°C overnight, washed with PBS for twice, and incubated
with a secondary antibody labeled with HRP (1:500
dilution) for 2 h at room temperature. At last, after
washing, the slides were stained by DAB and harris
hematoxylin, and then visualized under an Olympus
IX81 Microscope (Olympus, Tokyo, Japan).
PTEN expression and the binding of DUXAP8
and LSD1 on PTEN promoter region
RT-qPCR analysis for the expression of PTEN
mRNA
EC9706 and ECA109 cells were collected.
The total RNA was extracted and subjected to reverse transcription. Then, cDNA was used to determine the mRNA expression levels of PTEN, ERK1
and ERK2 as described above with primers as listed in Table 1.
Western blot assay for the expression of PTEN
protein
Meanwhile, cells transfected with sh-DUXAP8
were harvested and lysed in ice-cold RIPA lysis
buffer containing protease and phosphatase inhibitors. Then the protein concentration of the supernatant was measured using a BCA Protein assay kit.
Equivalent amounts of protein (40 μg) were separated on sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred
onto PVDF membranes, which were then blocked
in 5% non-fat milk powder at room temperature for
1 h. Then the membranes were washed twice with
PBST and incubated with the primary antibodies
(1:1000) at 4°C overnight.
Blots were washed and then incubated with
HRP-conjugated secondary antibodies (1: 800) at
37°C for 2 h. Proteins were visualized using ECL
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reagents. Experiments were repeated at least three
times. Densitometry analysis was done using Image J software.
Chromatin Immunoprecipitation-qPCR
(ChIP-qPCR) for the binding of lysine-specific
demethylase 1 (LSD1) to PTEN promoter region
EC9706 and ECA109 cells transfected with
sh-DUXAP8 were collected, treated with 37%
formaldehyde and incubated at 37°C for 10 min
to generate DNA-protein crosslinks. Cells were
sonicated to generate chromatin fragments in SDS
lysis buffer containing protease inhibitors. After
centrifugation, chromatin immobilization was performed using a ChIP-IT Express Kit. That is, ten
micrograms of DNA in each ChIP reaction were
immunoprecipitated with 5 μl of anti-LSD1 and
anti-H3K4me2 antibodies and isotype control rabbit IgG at 4°C for 16 h. Furthermore, Chromatin IP
DNA Purification Kit was used to purify the DNA
obtained above and the purified DNA was used for
PCR. The immunoprecipitated and inputted DNA
fragments were semiquantified by PCR. Binding
of H3K4me2 to the PTEN promoter was presented
as the fold-induction of the anti-H3K4me2 and anti-LSD1samples relative to the IgG control.
The relationship between PTEN silencing
and the oncogenic function of DUXAP8
Western blot analysis for PTEN protein expression after siPTEN treatment
To further investigate whether PTEN plays an
important role in DUXAP8-regulated ESCC, ESCC
cells with or without DUXAP8 stable silencing
were transfected with siPTEN (5’-GUU AGC AGA
AAC AAA AGG AGA UAU CAA-3’) to downregulate PTEN expression. That is, cells were seeded
into six-well plate and cultured overnight. Fresh
serum-free medium was adopted for replacement
while 80% of cultured ESCCs mixed at the time of
transfection. After diluting siPTEN (50 nM) with
90 μl serum-free medium, 5 μl Lipofectamine®
3000 regent was added and the mixture was placed
at room temperature for 20 min. Then, the mixture
was added into cells for 6 hours co-incubation. After replacing serum-free medium with complete medium (containing 10% FBS), cells were continued
cultured at 37℃ for 48 h and collected for protein
extraction. The procedures of western blot were carried out as described above. Here, cells transfected
with si-scramble was set as si-NC. Meanwhile, cells
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transfected with siPTEN alone were used to show
the effects of siPTEN on its own as well.
MTT assay for ESCC cells proliferation
Cell proliferation was determined by routine
MTT assay (15, 16). Briefly, EC9706 and ECA109
cells were seeded into 96-well plates at a density of
1×104 cells/well and transfected with sh-DUXAP8 or
sh-scramble, followed by the transfection of siPTEN
or si-scramble. At 0, 24, 48, 72 and 96 h post transfection, 10 μl MTT solution (5 mg/ml) was added
into the media. After 3 h incubation, the MTT was
removed and 150 μl DMSO was added to each well.
Optical density at 570 nm (OD570) was measured
using a microplate reader (MK3, Thermo, Germany).
Transwell analysis for cell migration and invasion
Meanwhile, EC9706 and ECA109 cells with
or without DUXAP8 stable silencing were transfected with siPTEN or si-scramble. For cell migration assay, 5 × 104 cells in serum-free DMEM were
seeded into the top portion of the chamber (BD Bioscience, NY, USA). The lower chamber had media
containing 10% FBS. After being incubated for 48 h
at 37°C, cells that moved into the lower membrane
were fixed with 4% formaldehyde for 10 min and
then stained with crystal violet solution for 10 min
at room temperature. Invasive assay was performed
as described above except the matrigel-coated insert
(BD Bioscience, NY, USA). Five randomly selected
fields were counted in each well at least.
Statistical analysis
Data are shown as mean ± SD from at least
three separate experiments. All statistical analysis was assessed through SPSS22.0 software. The
measurement data were normal distribution (Histogram) and variance homogeneity (Levene's Test).
Comparison among multiple groups were analyzed using one-way analysis of variance (ANOVA),
while Tukey's test was applied for pairwise comparisons (due to the distribution of the parameters).
Comparation of two independent samples were
made by independent-sample t test. p-values <0.05
was considered as statistical significance.
Results
LncRNA DUXAP8 was overexpressed in ESCC
tissues and cells
In this study, a total of 20 patients with ESCC
were participated. The clinicopathological features
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of these patients used in this study were listed according to the 8th edition (2017) of the AJCC-UICC
TNM staging system for esophageal carcinoma; see
table 2. We found that the expression levels of pseudogene-derived lncRNA DUXAP8 was significantly
up-regulated in human carcinoma tissues compared
with that in paracarcinoma tissues (Fig. 1A).

Figure 1: LncRNA DUXAP8 was significantly upregulated in ESCC tissues and cell lines. DUXAP8 mRNA levels in 20 pairs of ESCC tissues and corresponding normal
control tissue samples (A), and in Het-1, TE-1, EC9706
and ECA109 cell lines (B). The DUXAP8 mRNA levels
were normalized to GAPDH. Data are expressed as mean
± SD of three independent experiments. **p<0.01 vs paracarcinoma tissues or Het-1 cells.

In addition, we also detected the expression
levels of lncRNA DUXAP8 in ESCC cells and
found that there was also a high expression of lncRNA DUXAP8 in human ESCC cell lines EC9706,
TE-1 and ECA109 cells. However, in human normal
esophageal mucosa Het-1 cells, the expression of lncRNA DUXAP8 was relative lower (Fig. 1B).
Characteristic

Number of cases

(%) of patients

Male

10

50

10

50

8

40

Gender

Female
Age
≤60

>60

Differentiation
G1

G2/G3

Location
Lower

10

10

12

50

50

60

Upper/Middle

11

9

45

T1/2

12

60

12

60

9

45

Invasive depth (T)
T3/4

Lymph node metastasis
N0

N+

pTNM stage
I

II/III

8

8

11

55

40

40

55

Table. 2: Clinicopathological characteristics of esophageal carcinoma (n=20).

TNM the AJCC Tumor Node Metastasis Classification of Carcinoma of the Esophagus and Esophagogastric Junction (8th
Edition, 2017).
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LncRNA DUXAP8 exacerbated ESCC tumorigenesis in vivo
To investigate the functional role of lncRNA
DUXAP8 in tumor growth, pLKO.1-DUXAP8 shRNA lentivirus vector was constructed and transfected
into EC9706 and ECA109 cells, which had the highest expression levels of lncRNA DUXAP8. The interference efficiency of sh-DUXAP8 was determined
by qRT-PCR and the results showed that the transfection of sh-DUXAP8 could obviously downregulate
DUXAP8 expression in both EC9706 and ECA109
cells (p<0.01 vs sh-NC) (Fig. 2A).

Junqi Wang, Xiaowei Fu et Al

2C and D). Ki67 is an important protein that localizes
to cell nuclei and acts as a proliferative marker to
evaluate cell proliferation(17).
As shown in Fig. 3A, high rates of Ki67-positive cells were observed in sh-NC group.

Figure 3: Immunohistochemistry for cell proliferation-related proteins in xenograft samples. Ki67 (A), PTEN and
ERK1/2 (B) in tumor tissues formed from sh-DUXAP8 or
sh-scramble-transfected ESCC cells (Scale bar = 15 mm).

Figure 2: Effects of lncRNA DUXAP8 on ESCC tumorigenesis in vivo. (A) The interference efficiency of sh-DUXAP8 was determined by qRT-PCR. Data are expressed
as mean ± SD of three independent experiments. (B) Images of resected xenograft samples formed from EC9706
and ECA109 cell lines with or without DUXAP8 stable
silencing. (C-D) Average tumor volumes and weight at
the end of indicated treatment. Data are shown as mean ±
SD (n = 6), **p<0.01 vs sh-NC group.

Subsequently, we established the xenograft
tumors mode by EC9706 and ECA109 cell lines
with DUXAP8 stable silencing to study the effects
of lncRNA DUXAP8 on tumorigenesis in vivo. As
shown in Fig. 2B and C, the tumors formed in the
sh-DUXAP8 group were substantially smaller than
those in sh-NC group. Moreover, the overall size and
weight of tumors in sh-DUXAP8 group were also
significantly lower than those in sh-NC group (Fig.

Differently, tumors formed from sh-DUXAP8transfected ESCC cells exhibited a decrease rate
of Ki67-positive cells, suggesting that lncRNA
DUXAP8 plays an important role in regulating
ESCC cell proliferation. Additionally, to delineate
the mechanism underlying the observed effects
in the xenograft model, we further assessed the
expression levels of PTEN and ERK1/2 through
immunohistochemistry on xenograft tumor
sections. As shown in Fig. 3B, tumors formed from
sh-DUXAP8-transfected EC9706 and ECA109
cells showed a higher expression of PTEN than
sh-NC group in vivo. However, the expression of
ERK1/2 was significantly decreased than that of shNC group, while the downregulation of DUXAP8
by shRNA made no changes in phosphorylation of
ERK1/2 (data not provided).
DUXAP8 promoted ESCC cells proliferation
and migration through downregulating PTEN expression
PTEN gene, which has bispecifc protein phosphatase activity, is a tumor suppressor gene and can
affect the modulation of cell nuclear cycle and cell
adhesion(18). Therefore, we further investigated the
relationship between lncRNA DUXAP8 and PTEN
gene. Interestingly, there was a relative higher
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expression of PTEN at gene and protein levels in
sh-DUXAP8-transfected ESCC cells than in sh-NC
group (p<0.01 vs sh-NC). ERK1/2 is a survival signaling pathway and directs cellular responses to a
wide array of actuators(19). In this study, we found
that sh-DUXAP8 treatment could lead to a decrease
in ERK1/2 mRNA and protein expression not only
in EC9706 cells but also in ECA109 cells when
compared to the cells transfected with sh-scramble
sequence (Fig. 4A and B).
To further study whether lncRNA DUXAP8
promote ESCC cells proliferation and migration
through suppressing LSD1 binding to the promoter
region of PTEN, we performed ChIP-qPCR analysis and found that knockdown of DUXAP8 obviously reduced the binding of LSD-1 to the PTEN
promoter regions (Fig. 4C).

Figure 4: The knockdown of DUPAP8 decreased PTEN
expression and suppressed LSD1 binding to the promoter region of PTEN. The gene expression (A) and protein expression (B) of PTEN and ERK1/2 in sh-DUXAP8-transfected ESCC cells. (C) ChIP-qPCR of LSD1
and H3K4me2 occupancy in the PTEN promoter in
sh-DUXAP8-transfected ESCC cells. IgG acts as a negative control. Data are expressed as mean ± SD of three
independent experiments. *p<0.05; **p<0.01 vs sh-NC.

Silencing of PTEN was partly aggravated the
oncogenic function of DUXAP8
Cell proliferation, migration and invasion are
an important part of cancer progression, thus, we
investigated the effects of lncRNA DUXAP8 on
promoting ESCC cell proliferation, migration and
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invasion in absence and presence of PTEN gene
expression. We first detected the expression levels
of PTEN protein after downregulating PTEN by
siPTEN. The results showed that siPTEN downregulated PTEN protein expression in EC9706 and
ECA109 cells. Interestingly, sh-DUXAP8 treatment could significantly enhance PTEN protein
expression in these two cell lines. However, after
siPTEN treatment, the ESCC cells with DUXAP8
stable silencing exhibited an obvious decrease in
PTEN protein expression compared with the cells
without siPTEN treatment, as showed in Fig. 5A.
It demonstrated that PTEN siRNA could significantly suppress PTEN expression that upregulated
by sh-DUXAP8.
Importantly, siPTEN promoted but shDUXAP8 effectively decreased the proliferation
of EC9706 and ECA109 cells in a time-dependent
manner, especially at 72 h post transfection (p <
0.01 vs si-NC group). However, the proliferative
inhibition effect of sh-DUXAP8 could be reversed
by siPTEN (Fig. 5B).

Figure 5: Silencing of PTEN was partly aggravated the
oncogenic function of DUXAP8. Western blot for PTEN
expression (A), MTT assay for cell proliferation (B) and
transwell analysis for cell migration and invasion (C-D)
in ESCC cells with or without DUXAP8 stable silencing
and in absence or presence of siPTEN treatment. Quantification (down). Data are expressed as mean ± SD of three
independent experiments. *p<0.05; **p<0.01 vs si-NC;
##
p<0.05 vs sh-DUXAP8 alone.

Additionally, siPTEN remarkably promoted but the knockdown of DUXAP8 inhibited the
migratory and invasion ability of EC9706 and
ECA109 cells (p<0.01 vs si-NC or siPTEN). However, the downregulation of PTEN by PTEN siRNAs could partially reverse sh-DUXAP8-impaired
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ESCC cells migration and invasion (Fig. 5C and
D). Therefore, these findings indicated that lncRNA DUXAP8 promotes ESCC cells proliferation,
migration and invasion in a manner partly dependent on the silencing of PTEN expression in ESCC
progression.
Discussion
ESCC, which occurs at a high frequency rate
in China and other Asian countries, is one of the
most malignant gastrointestinal cancers(20). Until
now, the conventional pathologic variables such as
tumor size, tumor grade and distal metastasis status, are still the prediction of ESCC clinical prognosis(21). Thus, the finding of effective biomarkers
for the prognosis of ESCC and novel therapeutic
strategies are of great clinical importance.
A growing number of evidences has verified
that lncRNAs play key role on the development and
progression of multiple carcinomas, such as esophageal cancer(6-22). LncRNA DUXAP8 has been proved
to promote the progression of gastric cancer(1), act as
an oncogene in human non-small-cell lung cancer(12)
and be higher in bladder cancer tissues(23). It is in a
positive correlation with the TNM stage and tumor
size, but negatively correlated with the total survival time(23-24). In this study, we observed a remarkably upregulated expression of lncRNA DUXAP8 in
clinical specimens and ESCC cell lines compared
with in paracarcinoma tissues and in human normal
esophageal mucosa Het-1 cells.
Similarly, Xu et al have also demonstrated that
DUXAP8 was significantly overexpressed in ESCC
tissues and positively related to staging, lymph node
metastasis and poor prognosis of ESCC patients(24).
It suggests that lncRNA DUXAP8 may offer a novel
therapeutic target for ESCC. To evaluate the effects
of lncRNA DUXAP8 on tumorigenesis in vivo, we
subsequently silenced DUXAP8 in ECA109 and
EC9706 cells by short hairpin RNA interference
technique and established the nude mice xenograft
tumors mode. As the results showed (Fig. 3C and D),
the tumors formed in the sh-DUXAP8 group were
substantially smaller than those in sh-NC group,
showing as the lower overall size and less weight
of tumors. Meanwhile, it reported that knockdown
of DUXAP8 decreased cell viability and cellular
proliferation in ESCC and bladder cancer cells(23-24).
The data indicate that lncRNA DUXAP8 plays an
important role in ESCC progression. However,
the mechanisms underlying lncRNA DUXAP8
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exacerbated ESCC tumorigenesis are remain
unclear. As a wildly used proliferation marker, Ki67
has attracted increasing attention in recent years(17).
Ki67 levels are low in G1 and S phases, but rise to
a peak level in mitotic phase(25). In this study, Ki67
level was higher in mice tumor tissue but could be
decreased after sh-DUXAP8 treatment, indicating
that lncRNA DUXAP8 plays an important role in
regulating ESCC cell proliferation. In addition,
PTEN affects the modulation of cell nuclear cycle,
angiogenesis and mitochondrial function(18-26) and
is served as the cell cycle regulators(27-28). ERK1/2
signaling cascade acts to promote proliferation
in various cell types(29). As reported that lncRNAs
can participate in the development and progression
of esophageal cancer through regulating cell
proliferation, cell migration and invasion(7-8).
Similarly, in our study, a relative lower expression
of PTEN while a higher expression of total ERK1/2
(but not phos-ERK1/2) were observed in ESCC
tissues and cells. Notably, DUXAP8 silencing
upregulated the expression of PTEN, suggesting
that lncRNA DUXAP8 plays key role in regulating
ESCC cells cycle and proliferation.
PTEN is as a well-known tumor suppressor, but
its function is commonly lost in a large proportion of
human cancers(30). Lower expression of PTEN gene,
which was negatively correlated with DUXAP8, was
found in bladder cancer compared with that in adjacent tissues(23). The absence of nuclear PTEN is associated with more aggressive cancers(31). Therefore,
we further investigated the interactions between
lncRNA DUXAP8 and PTEN gene in ESCC cells.
PTEN gene/protein dosage is quantitatively relevant
during tumor development, as partial loss of PTEN
function is sufficient to promote growth in some
human malignancies. The mechanisms involved in
regulation of PTEN dosage include methylation,
micro-RNA (miR) or pseudogene expression, and
protein phosphorylation(32-33). In this study, PTEN
expression (dosage) was significantly reduced in
ESCC cells, but could be enhanced after DUXAP8
silencing. These results were similar to Lin et al, that
is, knockdown of DUAP8 increased the expression
of PTEN(23). Meanwhile, we proved that knockdown
of DUXAP8 obviously reduced the binding of LSD1 to the PTEN promoter regions. Similarly, Sun et
al found that DUXAP8 RNA could directly bind
with histone methyltransferase EZH2 and histone
demethylase LSD1, suggesting that DUXAP8 regulates gene transcription through epigenetic modification(12). Ultimately, the cell proliferation, mi-
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gration and invasion of ESCC cells with or without
DUXAP8 stable silencing were measured in absence
or presence of siPTEN treatment, respectively. Expectedly, after siPTEN treatment, the ESCC cells
with DUXAP8 stable silencing exhibited an obvious
decrease of PTEN expression. Importantly, the interference of sh-DUXAP8 effectively suppressed the
proliferation, migration and invasion of EC9706 and
ECA109 cells in a time-dependent manner, however, this inhibitory effect of sh-DUXAP8 could be reversed by PTEN siRNA. It demonstrates that lncRNA DUXAP8 can promote the progression of ESCC
by silencing PTEN.
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Conclusion
Taken together, our findings reveal that a novel lncRNA, DUXAP8, which is significantly upregulated in ESCC tissues and cells, can promote
ESCC tumorigenesis in vivo and exacerbate ESCC
cell proliferation, migration and invasion in vitro.
LncRNA DUXAP8 could suppress PTEN expression in human ESCC cancer. Our results provide
a new perspective that the pseudogene-derived lncRNA DUXAP8 may act as a noncoding oncogene
in ESCC tumorigenesis and could be a novel target for the early diagnosis and treatment of ESCC.
However, the other possible mechanisms underlying lncRNA DUXAP8 participating in the biological functions of ESCC cells remains unclear, which
still needs intensive studies in the future.
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