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Upregulation of long non‑coding RNA MYU
promotes proliferation, migration and invasion of
esophageal squamous cell carcinoma cells
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Abstract. Esophageal squamous cell carcinoma (ESCC) is a
common malignant tumour type of the digestive system. Long
non‑coding RNA (lncRNA) c‑Myc upregulated (MYU), also
known as VPS9 domain‑containing 1 antisense 1, was recently
discovered. However, the expression of lncRNA MYU in ESCC
and its role in tumour progression have remained elusive. In the
present study, the expression of lncRNA MYU, Ki‑67 and the
epithelial‑mesenchymal transition‑related proteins E‑cadherin
and Vimentin in ESCC tissues was detected by reverse
transcription‑quantitative PCR. The expression of Ki‑67,
E‑cadherin and Vimentin in ESCC tissues was also detected
by immunohistochemistry. A small interfering RNA plasmid
was employed to establish a TE‑2 cell line with knockdown
on lncRNA MYU. The results indicated that the expression
of lncRNA MYU was higher in ESCC tissues than in normal
adjacent tissues and that upregulation of lncRNA MYU was
a potential biomarker for poor prognosis. The results also
suggested that the expression levels of lncRNA MYU were
correlated with the histological grade, lymph node metastasis
and TNM stage (P<0.05). Silencing of lncRNA MYU expres‑
sion inhibited the proliferation, migration and invasion, while
the expression of lncRNA MYU increased as cell proliferation
increased. In addition, the mRNA expression of Vimentin
and Ki‑67 was decreased in TE‑2 cells after lncRNA MYU
was knocked down, while E‑cadherin mRNA expression
was elevated. In conclusion, the present results indicated
that lncRNA MYU may regulate the proliferation, migration
and invasion of ESCC cells, and may serve as a prognostic
biomarker for ESCC.
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Introduction
Esophageal cancer is the fourth most common cancer type
in China and nearly half of all newly diagnosed cases of
esophageal cancer and associated deaths worldwide occur
in China (1,2). The most common histological subtypes are
esophageal squamous cell carcinoma (ESCC) and adenocar‑
cinoma; however, in China, >90% of esophageal cancer cases
are squamous cell carcinoma (3).
Long non‑coding RNAs (lncRNAs) are a class of RNA
molecules that are >200 nucleotides long and do not have any
protein‑coding capacity (4,5). In recent years, an increasing
number of studies suggested that lncRNAs have important
roles in regulating biological behaviours, including cell prolif‑
eration, differentiation, migration and invasion (6‑8). They are
able to affect biological activities by regulating mechanisms
associated with gene expression, chromatin modification
and cell metabolism (9,10). lncRNAs are also closely associ‑
ated with tumour development and influence the prognosis
of patients with tumours (11,12). Abnormal expression of
lncRNAs has been reported in ESCC (13‑15).
Studies on ESCC have indicated that lncRNAs may have
a role in suppressing or promoting cancer‑associated genes
during the development of esophageal cancer. Previous studies
have also indicated that certain lncRNAs may be potential
markers for ESCC tumour diagnosis, treatment and estimation
of prognosis (16,17). It was also reported that the expres‑
sion level of lncRNA lymphoid enhancer binding factor 1
(LEF1)‑antisense 1 (AS1) in ESCC tissues is significantly
increased and that LEF1‑AS1 is associated with lymph node
metastasis, TNM stage and poor prognosis in patients with
ESCC (16). It has also been suggested that lnc‑ABC A12‑3
expression is increased in ESCC and that this lncRNA is able
to promote the migration, invasion and proliferation of tumour
cells by regulating fibronectin 1 (17). lncRNA cancer suscep‑
tibility 2 is able to negatively regulate microRNA‑181a by
inhibiting the Akt pathway in ESCC cells, thereby increasing
the sensitivity of ESCC cells to cisplatin (18).
c‑Myc upregulated lncRNA (MYU), also known as VPS9
domain‑containing 1 (VPS9D1)‑AS1, is a recently discovered
lncRNA that was produced from the reverse strand of the
VPS9D1 gene. To date, the expression and clinical signifi‑
cance of lncRNA MYU in ESCC has not been systematically
reported in the literature. Thus, the present study explored the
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expression of lncRNA MYU in ESCC and its role in tumour
development and progression. The effect of lncRNA MYU
expression on the growth, proliferation and migration of
various gastric cancer cell lines was also investigated.
Materials and methods
Patients and tissue specimens. Tissue specimens were
collected from 112 patients with ESCC who underwent radical
resection between January 2015 and December 2017 at the
Affiliated Hospital of Nantong University (Nantong, China).
None of the patients recruited for the study received any
radiotherapy or chemotherapy prior to surgery. The ages of
the patients ranged from 33 to 78 years, with a median age of
68 years, and there were 71 males and 41 females. The detailed
clinicopathological parameters of the patients are provided
in Table I. Tumor tissue samples were collected with written
informed consent from the patients. The present study was
approved by the Ethics Committee of the Affiliated Hospital
of Nantong University (Nantong, China).
A total of four ESCC cell lines (EC9706, KYSE150,
ECA109 and TE‑2 cells) and normal human esophageal
epithelial cells (HEECs) were obtained from the Shanghai
Institute of Cell Research, Chinese Academy of Sciences.
All cells were cultured in RPMI‑1640 (Gibco; Thermo Fisher
Scientific, Inc.) medium supplemented with 10% foetal bovine
serum (Gibco; Thermo Fisher Scientific, Inc.) and maintained
under standard conditions (37˚C, 5% CO2).
Antibodies and reagents. TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), the RevertAid First Strand
cDNA Synthesis Kit (Thermo Fisher Scientific, Inc.), a
green fluorescent protein (GFP)‑tagged MYU‑specific small
interfering RNA (siRNA) plasmid (Shanghai Genechem Co.,
Ltd.), a Ki‑67 antibody (cat. no. MA5‑15690), an E‑cadherin
antibody (cat. no. MA5‑15711) and a Vimentin antibody
(cat. no. MA5‑35320; all from Invitrogen; Thermo Fisher
Scientific, Inc.), and Lipofectamine™ 2000 (Santa Cruz
Biotechnology) were used in the present study.
Immunohistochemistry. Tissue specimens were fixed with
4% formaldehyde, routinely embedded in paraffin, sectioned,
dewaxed and hydrated. Subsequently, endogenous peroxidase
activity was blocked. The samples were then incubated with
primary antibodies [Ki‑67 (1:500 dilution), E‑cadherin (1:200;
dilution) and Vimentin (1:200 dilution)] overnight at 4˚C,
followed by incubation with the corresponding secondary anti‑
bodies: Goat anti‑rabbit (1:2,000; cat. no. ab207995; Abcam)
and goat anti‑mouse (1:1,000, cat. no. ab6788; Abcam) at room
temperature for 30 min. The antibodies were visualized with
diaminobenzidine and finally, the samples were counterstained
with haematoxylin.
The immunostaining intensity was evaluated according
to immunoreactivity scores, which were determined based
on staining intensity and the percentage of positive cells. Five
high‑power visual fields were observed in each tissue, and
1x103 cells were counted for statistical analysis. The staining
intensity score was multiplied by the score indicating the
percentage of positive cells. The staining intensity of tumour
cells was scored using the following criteria: Negative, 0;

weak, 1; moderate, 2; and strong, 3. The scoring criteria for the
percentage of positive cells were as follows: <5%, 0; 5‑25%, 1;
26‑50%, 2; 51‑75%, 3; and >75%, 4.
Cell transfection. A lncRNA MYU siRNA and control siRNA
were chemically synthesized by Shanghai GenePharma,
Co., Ltd. The sequences of the lncRNA MYU‑specific
siRNAs were as follows: 5'‑CCCUGCA AGCCAUGG GUA
A‑3' (siRNA‑1) and 5'‑CAAGAAG GCUGGUCACAGU‑3'
(siRNA‑2). The sequence of the lncRNA MYU control siRNA
was as follows: 5'‑AAUUCUC CGA ACGUGUCAC GU‑3'
(siRNA control). Plasmid transfection was performed using
Lipofectamine™ 2000 in accordance with the manufacturer's
instructions. ESCC TE‑2 cells were seeded into 24‑well plates
(2x105 cells/well) and transfected with the lncRNA MYU
siRNA or control siRNA at 37˚C for 20 min. After incubation
for 48 h, ESCC TE‑2 cells were collected for the subsequent
experiments.
RNA extraction and reverse transcription‑quantitative
(RT‑qPCR). Total RNA was extracted from tissues and
cultured cells with TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
RT was conducted using the RevertAid First Strand cDNA
Synthesis Kit (Thermo Fisher Scientific, Inc.). The specific
primer sequences for fluorescence qPCR were as follows:
MYU forward, 5'‑ATGG GTA ACCAGG GGTCAAG‑3' and
reverse, 5'‑AGTA ACAGTGGTAGAGCCGAC‑3'; E‑cadherin
forward, 5'‑CGAGAGCTACACGTTCACGG‑3' and reverse,
5'‑GGGTGTCGAGGGAAAAATAGG‑3'; Vimentin forward,
5'‑GACG CCATCA ACACCGAGT T‑3' and reverse, 5'‑CTT
TGTCGTTGGT TAG CTG GT‑3'; GAPDH forward, 5'‑AAT
GGAG CCGTTAGGA AA‑3' and reverse, 5'‑GCGCCATAC
GACAATC‑3'. The thermocycling conditions were as follows:
Initial step at 94˚C for 40 sec, followed by 30 cycles of 94˚C
for 10 sec and 65˚C for 30 sec. An ABI 7500 qPCR instru‑
ment (Applied Biosystems; Thermo Fisher Scientific, Inc.) was
used for relative quantitative analysis. GAPDH was used as
the internal reference gene and the relative expression level of
lncRNA MYU was calculated. Each sample was tested at least
three times.
Cell Counting Kit‑8 (CCK‑8) assay. To analyse the growth of
the ESCC cell lines, the CCK‑8 assay (Dojindo Laboratories)
was performed according to the manufacturer's protocol. ESCC
cells transfected with lncRNA MYU siRNA or control siRNA
were cultured in 96‑well plates overnight. The cells were
incubated for another 2 h and then detected at a wavelength
of 450 nm using a microplate reader (Bio‑Rad Laboratories).
GraphPad Prism 8 software (GraphPad Software, Inc.) was
used to plot the cell growth curve. The experiments were
performed at least three times.
Cell cycle analysis. BD cell cycle reagent (BD Biosciences)
was used according to the manufacturer's protocol. ESCC cells
were washed with cold PBS and then fixed in 70% ethanol.
After fixation, the cells were stained with propidium iodide.
Finally, the cell suspensions were detected and analysed with
a flow cytometer (BD Biosciences) and evaluated with ModFit
LT 4.1 software (Verity Software House).
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Table I. lncRNA MYU expression in esophageal squamous cell carcinoma.

Clinicopathological features

Number of patients

lncRNA MYU
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
High expression
Low expression

Age (years)				
<60
34
18
16
≥60
78
38
40
Sex				
Male
71
32
39
Female
41
24
17
Histological grade				
High + moderate
63
26
37
Low
49
30
19
Vascular tumour thrombus				
Present
30
17
13
Absent
82
39
43
T classification				
T1
29
9
20
T2
36
20
16
T3
47
27
20
Lymph node metastasis				
Present
47
30
17
Absent
65
26
39
TNM stage				
I/Ⅱ
70
29
41
Ⅲ/IV
42
27
15

χ2 value

P‑value

0.169

0.681

1.885

0.170

4.390

0.036

0.728

0.393

5.659

0.059

6.196

0.013

5.486

0.019

Statistical analyses were performed by using Pearson's χ2 test. lncRNA, long non‑coding RNA; MYU, c‑Myc upregulated lncRNA.

Wound‑healing assay. ESCC cells transfected with lncRNA
MYU siRNA or control siRNA were seeded in 6‑well plates.
After the cells reached confluence in a single layer, the scratch
test was performed. A line‑shaped scratch was performed,
and the cells were rinsed with phosphate buffer to remove
the detached cells, and then fresh medium without serum was
added. Images of the scraped area with migrated cells were
captured at 0 and 48 h after scratching.

Statistical analysis. Each biological experiment was
performed three times. Statistical significance was determined
by Student's t‑test, the χ2 test or one‑way ANOVA with Tukey's
post‑hoc test as appropriate. Survival analysis was performed
using the Kaplan‑Meier method and the log‑rank test. All
statistical analyses were performed using SPSS 25.0 software
(IBM Corp.). P<0.05 was considered to indicate statistical
significance.

Transwell assay. Ser um‑deprived ESCC cells were
inoculated into the upper chamber of a Transwell chamber
(Corning Inc.) according to the manufacturer's protocol
and culture medium was added to the lower chamber as a
chemoattractant while the serum was not contained in the
upper chamber. A total of 1x105 cells/well were seeded in
serum‑free medium in the upper chamber with a membrane
with 8‑µm width filter pore that was pre‑coated with Matrigel
(BD Biosciences). After incubation for 48 h at 37˚C, the
medium was aspirated and the cells that had invaded to the
lower chamber were fixed in 4% formaldehyde for 30 min
at room temperature. Subsequently, the cells were stained
with 0.1% crystal violet for 10 min at room temperature
and the cells on the lower surface of the membrane were
counted under a microscope.

Results
lncRNA MYU is increased in ESCC tissues. The RT‑qPCR
results suggested that the relative expression of lncRNA
MYU in ESCC tissues was significantly higher than that in
normal adjacent tissues, with relative expression scores of
2.2122±0.606 and 1.0712±0.504, respectively (P<0.0001;
Fig. 1A). The median relative expression of lncRNA MYU in
ESCC tumour tissue was 2.195, and based on this, low MYU
expression was defined as an expression score of <2.195 and
high MYU expression was defined as an expression score
≥2.195.
In addition, lncRNA MYU expression was examined
in 3 human ESCC cell lines (EC9706, KYSE150, ECA109
and TE‑2) and HEECs by RT‑qPCR. As lncRNA MYU
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Figure 1. Expression of lncRNA MYU, E‑cadherin, Vimentin and Ki‑67 in ESCC tissues. (A) The relative expression of lncRNA MYU was increased in
ESCC tissues compared with that in normal tissues. GAPDH was used as a loading control. (B) Reverse transcription‑quantitative PCR analysis of lncRNA
MYU expression in 3 ESCC cell lines and HEECs. The relative expression level of lncRNA MYU was significantly upregulated in TE‑2 cells. *P<0.05 vs.
HEEC. (C) Relative mRNA expression of E‑cadherin and Vimentin in ESCC tissues. GAPDH was used as a loading control. (D‑F) Representative images
of immunohistochemical staining for (D) E‑cadherin, (E) Vimentin and (F) Ki‑67 in ESCC tissues (magnification, x200). (G‑I) Pearson correlation analysis
of correlations between the relative expression of lncRNA MYU and that of (G) Ki‑67, (H) Vimentin and (I) E‑cadherin in ESCC tissues (P<0.01). ESCC,
esophageal squamous cell carcinoma; HEECs, human esophageal epithelial cells; lncRNA, long non‑coding RNA; MYU, c‑Myc upregulated lncRNA.

expression was significantly higher in TE‑2 cells than in
the other cells (Fig. 1B), this cell line was selected for the
subsequent experiments.
Expression of lncRNA MYU is associated with the clinico‑
pathological features of ESCC. Statistical analysis revealed
that the relative expression level of lncRNA MYU in ESCC
tissue was significantly associated with the histological grade
(P=0.036), lymph node metastasis (P=0.013) and TNM stage

(P=0.019), but was not associated with the patients' age or sex,
vascular tumour thrombus or T classification (P>0.05; Table I).
Expression of lncRNA MYU is correlated with Ki‑67, Vimentin
and E‑cadherin expression. The expression of Ki‑67 and the
epithelial‑mesenchymal transition (EMT)‑related proteins
E‑cadherin and Vimentin in ESCC samples were then exam‑
ined by immunohistochemistry (Fig. 1C‑F). The Spearman
rank correlation coefficient indicated that lncRNA MYU
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Figure 2. OS curves of 112 cases based on relative lncRNA expression of MYU. (A) All patients; (B) stage I/II; (C) stage III/IV; (D) no lymph node metastasis;
(E) lymph node metastasis; (F) high and moderate degree of differentiation; (G) poor differentiation. In A, C, E and G, patients with high lncRNA MYU
expression had shorter OS than those with low lncRNA MYU expression (log‑rank test, P<0.05). OS, overall survival; lncRNA, long non‑coding RNA; MYU,
c‑Myc upregulated lncRNA; Cum, cumulative; m, months.

expression was positively correlated with the expression of the
proliferation‑associated proteins Ki‑67 and the EMT‑related
proteins Vimentin (Fig. 1G and H, respectively) and negatively
correlated with the expression of the EMT‑related protein
E‑cadherin (Fig. 1I) in ESCC tumour tissues.
Expression of lncRNA MYU is associated with poor prognosis
of patients with ESCC. Survival analysis was performed by
drawing Kaplan‑Meier plots (Fig. 2). It was revealed that
patients with high lncRNA MYU expression in their ESCC
tissues had shorter overall survival (OS) (median survival of
25 months) than patients with low lncRNA MYU expression
(median survival of 39 months; P=0.0059; Fig. 2A).
Further subgroup analysis suggested that in patients with
stage III/IV, lymph node metastasis and low degree of differ‑
entiation, the OS of the high lncRNA MYU expression group
was significantly shorter than that of the low lncRNA MYU
expression group (P<0.05; Fig. 2C, E and G). However, OS was
not associated with MYU expression in patients with stage Ⅰ/Ⅱ,

lymph node metastasis‑negative status and a high/moderate
degree of differentiation (P>0.05; Fig. 2B, D and F).
lncRNA MYU promotes the proliferation of TE‑2 cells. TE‑2
cells were used for the serum starvation‑release experiment.
After TE‑2 cells were subjected to serum starvation for 72 h,
the serum supply was restored.
The changes in the cell cycle distribution after serum star‑
vation and restoration were analysed by flow cytometry. After
72 h of serum starvation, TE‑2 cells were arrested in G0/G1
phase. Once serum was restored, TE‑2 cells were released
from G0/G1 phase and gradually entered the S and G2/M
phases (Fig. 3A and B).
The mRNA expression of lncRNA MYU, E‑cadherin,
Vimentin and Ki‑67 during the serum starvation‑release
experiment was then examined. After serum stimulation, the
expression of lncRNA MYU, Vimentin and Ki‑67 mRNA
in TE‑2 cells gradually increased as the cell proliferation
increased, while E‑cadherin mRNA expression declined
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Figure 3. Expression of lncRNA MYU promotes the proliferation of TE‑2 cells. (A and B) Cells were synchronized in the G0/G1 phase and progressed through
the cell cycle when serum was added. (A) Representative cell cycle profiles obtained by flow cytometry and (B) quantified proportions of cells in the different
phases of the cell cycle at various experimental time‑points. (C) Bar graph indicating the expression of lncRNA MYU, E‑cadherin, Vimentin and Ki‑67 relative
to that of GAPDH in proliferating TE‑2 cells. Results for the time‑points S72 h, R12 h, R24 h, R48 h and R72 h are provided, with S indicating serum starvation
and R serum release. *P<0.05 vs. respective S72h groups. lncRNA, long non‑coding RNA; MYU, c‑Myc upregulated lncRNA.

gradually (Fig. 3C). These results indicated that lncRNA
MYU may promote the proliferation of tumour cells and be
related to tumour metastasis.
Knockdown of lncRNA MYU inhibits the proliferation,
migration and invasion of TE‑2 cells. TE‑2 cells were
transfected with the lncRNA MYU siRNA plasmid to inter‑
fere with the expression of lncRNA MYU. RT‑qPCR was
used to identify the MYU siRNA with the highest knock‑
down efficiency and the results suggested that the MYU
siRNA2‑transfected group had the lowest lncRNA MYU
expression and the greatest knockdown with good trans‑
fection efficiency (Fig. 4A). The flow cytometry results
also indicated that the cell cycle was inhibited and that the

proportion of cells in G1/G0 phase was increased in the
MYU siRNA2‑transfected group as compared with that in
the MYU siRNA control‑transfected group (Fig. 4B and C).
It was also observed that after lncRNA MYU was knocked
down, the mRNA expression of Vimentin and Ki‑67 was
decreased in TE‑2 cells, while E‑cadherin mRNA expression
was elevated (Fig. 4D).
The wound‑healing assay suggested that at 48 h after
scratching, the control group exhibited significantly faster
healing than the experimental group (Fig. 4E), indicating that
interference with lncRNA MYU expression is able to inhibit
the migration ability of TE‑2 cells. The Transwell invasion
test indicated that after the expression of lncRNA MYU
was knocked down, the number of cells observed under the
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Figure 4. lncRNA MYU knockdown inhibits the proliferation of TE‑2 cells. (A) The relative expression level of lncRNA MYU in esophageal squamous cell
carcinoma cells transfected with control siRNA or lncRNA MYU siRNA was analysed by reverse transcription‑quantitative PCR. *P<0.05 vs. control. (B) Cell
cycle analysis was performed after TE‑2 cells were transfected with control siRNA or lncRNA MYU siRNA‑2. (C) Representative cell cycle profiles obtained
by flow cytometry and quantified proportions of cells in the different phases of the cell cycle. *P<0.05 vs. control. (D) Bar graph presenting the expression
of lncRNA MYU, E‑cadherin, Vimentin and Ki‑67 relative to that of GAPDH in TE‑2 cells transfected with control siRNA or lncRNA MYU siRNA‑2.
*
P<0.05 vs. control. (E) A wound‑healing assay was used to evaluate the migration ability of TE‑2 cells transfected with control siRNA or lncRNA MYU
siRNA‑2. (F) The invasiveness of TE‑2 cells transfected with control siRNA or lncRNA MYU siRNA‑2 was evaluated using a Transwell assay. (G) Bar graph
presenting the number of invasive TE‑2 cells transfected with control siRNA or lncRNA MYU siRNA. *P<0.05 vs. control. (H) A Cell Counting Kit‑8 assay
was performed in TE‑2 cells transfected with control siRNA or lncRNA MYU siRNA‑2. *P<0.05 vs. control. lncRNA, long non‑coding RNA; MYU, c‑Myc
upregulated lncRNA; siRNA, small interfering RNA; OD, optical density.

microscope in the experimental group und was significantly
lower than that observed in the control group (Fig. 4F and G).
The CCK‑8 cell proliferation assay indicated that the
absorbance of the MYU siRNA group at 0, 24, 48, 72 and 96 h
was lower than that of the control group at these time‑points,

suggesting that interference with lncRNA MYU expression
inhibited the proliferation of TE‑2 cells (Fig. 4H).
The results demonstrated that interference with the expres‑
sion of lncRNA MYU may inhibit the proliferation, migration
and invasion ability of TE‑2 cells.
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Mechanistically, lncRNA MYU may influence migration
and invasion of ESCC cells by regulating the expression of the
EMT‑associated proteins E‑cadherin and Vimentin.
Discussion
Despite continuous advancements of surgery and other treat‑
ments in recent years, the prognosis of esophageal cancer
has not significantly improved (19). Studies have indicated
that abnormal expression of lncRNAs is closely associated
with the occurrence and development of esophageal cancer.
Certain lncRNAs may become effective markers and thera‑
peutic targets for the diagnosis and prognostic monitoring of
esophageal cancer.
It has been reported that MYU is highly expressed
in colorectal cancer and is associated with poor patient
prognosis (20). MYU may stabilize the transcription of
cyclin‑dependent kinase 6 by combining with heterogeneous
nuclear ribonucleoprotein K, thereby promoting colon cancer
progression (21). A study on prostate cancer indicated that
MYU is significantly upregulated in tumour tissue (22).
Furthermore, MYU expression was reported to be signifi‑
cantly increased in squamous cell carcinoma of the lung and
to be associated with the number of lymph node metastases
and poor prognosis (23). The present study suggested that the
expression level of lncRNA MYU in ESCC tumour tissues
was significantly higher than that in normal adjacent tissues
and that the expression of lncRNA MYU was associated with
lymph node metastasis and TNM stage. Furthermore, survival
analysis indicated that the OS of patients with high expres‑
sion of lncRNA MYU was significantly shorter than that of
patients with low expression. In addition, it was demonstrated
that MYU expression was correlated with the expression of the
proteins Ki‑67, Vimentin and E‑cadherin, which were assessed
by immunohistochemical analysis. These results indicated that
MYU has an important role in the progression and metastasis
of ESCC.
Interfering with MYU expression is able to inhibit the
growth and migration of cancer cells in prostate cancer and
there is no correlation between MYU expression and VPS9D1
expression (24). MYU may also be transported outside of cells
through exosomes to promote the proliferation and migra‑
tion of adjacent cells. The present study further investigated
the effect of MYU on the biological behaviour of ESCC
cell lines. The serum starvation and release assay suggested
that, as cell proliferation increased, the expression of MYU
also increased accordingly, while the mRNA expression of
E‑cadherin decreased. Thus, this result suggested that MYU
might play a role in cell cycle regulation (22). However, due to
the limitations of the serum starvation and release assay, the
specific role of MYU in ESCC cell proliferation still needs to
be studied further. After MYU expression was knocked down,
the proliferation, migration and invasion of esophageal cancer
cells were inhibited, while the mRNA expression of E‑cadherin
was increased. MYU may regulate the proliferation, migration
and invasion of ESCC cells, but the associated regulatory
mechanisms require to be further studied and discussed.
In conclusion, the results of the present study suggested
that an increase in the expression levels of lncRNA MYU may
be an indicator of poor prognosis in patients with ESCC and

may have value for determining the prognosis of patients with
ESCC and serve as a potential therapeutic target.
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