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A B S T R A C T

Background: Long non-coding RNAs (lncRNAs) are powerful factors influencing the tumorigenesis and metas-
tasis of multiple carcinomas. LncRNA MNX1-AS1 plays critical roles in the progression of tumor formation
according to recent research, while its roles in esophageal squamous cell carcinoma (ESCC) remains unknown.
Methods: The expression levels of lncRNA MNX1-AS1 were examined in ESCC tissues by quantitative reverse
transcriptase polymerase chain reaction (qRT-PCR). The role of lncRNA MNX1-AS1 was performed by WST-1
proliferation assays, migration and invasion assays. Besides, the molecular mechanism of lncRNA MNX1-AS1
was verified by online bioinformatics, qRT-PCR and rescue assays.
Results: MNX1-AS1 was signifcantly upregulated in ESCC tissues. It was conformed that high MNX1-AS1 ex-
pression was associated with ESCC lymph node metastasis. Moreover, we found that knockdown of MNX1-AS1
apparently suppressed the cell proliferation, migration, and invasion capacity. Flow cytometry analysis showed
MNX1-AS1 regulated ESCC cell cycle and apoptosis progression. Mechanism analysis revealed that miR-34a
inhibitor could rescue the influence of inhibiting MNX1-AS1 on ESCC cells migration by serving as competing
endogenous RNA (ceRNAs). Furthermore, we found that miR-34a specifically targeted SIRTI.
Conclusions: Taken together, we demonstrated that lncRNA MNX1-AS1/miR-34a/SIRT1 regulatory axis could
play an important role in ESCC progression, and MNX1-AS1 may act as a novel potential biomarker for eso-
phageal squamous cell carcinoma.

1. Introduction

Esophageal cancer (EC) is one of the most serious cancers, leading to
cancer-related death all over the world [1,2]. Esophageal cancer con-
tains two major cancer types, esophageal squamous cell carcinoma
(ESCC) and esophageal adeno carcinoma (EAC) [3]. Patients diagnosed
at advanced-stage ESCC, often have distant metastasis and drug re-
sistance, causing poor 5-year survival rates [4,5]. Therefore, developing
a diagnostic biomarker for early detection of ESCC will improve clinical
diagnosis and treatment.

Long noncoding RNAs (lncRNAs) are a subgroup of RNA molecules
which are longer than 200 nucleotides without protein-coding ability
[6,7]. Recently, numerious lncRNAs have been identified crucial in

various cancers, such as breast cancer, lung cancer and gastric cancer
[8–10]. Accumulating evidence reveals that lncRNAs are often dysre-
gulated expression leading to carcinoma’s progression and metastasis
through diverse mechanisms, such as epigenetic modifications, tran-
scriptional interference and transcriptional activation [11–13]. There-
fore, lncRNAs may serve as tumor suppressors or oncogenes to regulate
the developmen of multiple cancers. For example, lncRNA DANCR was
found to be upregulated in non-small cell lung cancer (NSCLC), and it
could facilitate malignancy through a positive feedback loop of
DANCR/miR-138/Sox4 in NSCLC [14]. In addition, lncRNA XIAP-AS1
was significantly increased in colorectal cancer (CRC). Besides, knock-
down XIAP-AS1 evidently suppressed CRC cell proliferation and ar-
rested the cell cycle by regulating the expression of EMT markers [15].
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MNX1-AS1, known as Motor neuron and pancreas homeobox 1-
antisense RNA1, is located at chromosome 7q36.3 and is 992 bp long
[16]. The lncRNA MNX1-AS1 was reported to be upregulated in colon
adenocarcinoma, and MNX1-AS1 could facilitate colon adenocarcinoma
progression through regulating miR-218-5p/SEC61A1 axis [17]. In
addition, lncRNA MNX1-AS1 was found to induce epithelial–mesench-
ymal transition through activating AKT/mTOR pathway in breast
cancer [18]. However, the biological roles of MNX1-AS1 in ESCC has
not been studied.

In our study, we demonstrated that MNX1-AS1 is upregulated in
ESCC, and high expression of MNX1-AS1 is associated with ESCC lymph
node metastasis. Moreover, we confirmed that MNX1-AS1 promotes the
cell proliferation, migration, and invasion capacity, and MNX1-AS1
reguletes ESCC cell cycle and apoptosis progression. Besides, MNX1-
AS1 promotes progression of esophageal squamous cell carcinoma by
regulating miR-34a/SIRT1 axis.

2. Materials and methods

2.1. Clinical specimens and data collection

Totally 45 pairs of fresh frozen ESCC tissues and corresponding
adjacent non-tumorous tissues were obtained from the First Affiliated
Hospital of Zhengzhou University between April 2016 and May 2017.
All of patients didn’t receive chemotherapy or radiotherapy before
surgery and all clinical specimens were diagnosed by the department of
pathology. Furthermore, every sample immediately stored at −80 °C
after taken from surgery operation, and the clinical characteristics of all
patients were inquired from the patients’ electronic medical records.
Written informed consents were received from all patients before im-
plementation, and this study was approved by the Ethics Committee of
the First affiliated hospital of Zhengzhou University.

2.2. Cell lines and culture

ESCC cell lines, KYSE30, KYSE150 were purchased from Shanghai
Institute of Life Sciences cell bank center (Shanghai, China), and were
maintained in Roswell Park Memorial Institute-1640 medium (RPMI-
1640, Hyclone, UT, USA) supplemented with 10% fetal bovine serum
(FBS), and 1% penicillin-streptomycin. All cell lines were cultured in an
atmosphere at 37 °C with 5% CO2.

2.3. RNA extraction and quantitative RT-PCR

Total RNA was isolated from tissues and cell lines using TriZol re-
agent (TakaRa, Dalian, China), and then were reverse-transcribed re-
action using the PrimeScript™RT reagent Kit with gDNA Eraser
(TakaRa, Dalian, China). Quantitative RT-PCR was performed by the kit
specification of SYBR® Premix Ex Taq™ II (TakaRa, Dalian, China) on
LightCycler 480 II Real-Time PCR System (Roche, Basel, Switzerland).
The primers for MNX1-AS1, were designed as follows: MNX1-AS1 for-
ward prime: 5′-GCTCTGCAGGTCGAACCTTA-3′, reverse: 5′- CCCGCAG
GCTAGTGTCTATC -3′; miR-34a forward prime: 5′- CGCGTGGCAGTG
TCTTAGCT-3′; reverse: 5′-

AGTGCAGGGTCCGAGGTATT-3′; miR-34a RT primer: 5′- GTCGTA
TCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACAACC-3′;
SIRT1 forward prime: 5′-TGCTGGCCTAATAGAGTGGCA-3′; reverse: 5′-
CTCAGCGCCATGGAAAATGT-3′. Relative expression levels of mRNA or
miRNA were normalized to GAPDH gene or U6 gene.

2.4. Cell transfection

Small interfering RNA targeting MNX1-AS1 (siMNX1-AS1),
scramble siRNA of MNX1-AS1 (siRNA control) were constructed by
RiboBio Co., Ltd (Guangzhou, China), and transfected inhibitor using
RFect sRNA Transfection Reagent (Changzhou Biogenerating

Biotechnologies Co.,Ltd). The sequences of siRNAs used in this study as
follows: si-MNX1-AS1#1: 5′-GAACAACGCAGACAACATA-3′; si-MNX1-
AS1#2: 5′-CTGCCTGCATGCTTTACCA-3′.The ESCC cell lines were cul-
tured in 6-well plates with 5 μl siRNA, and the concentration of siRNAs
transfected was 50 nM. Then cells were collected and used for further
experiments after transfection 48 h. Inhibiting miR-34a was transfected
of miR-34a inhibitor (RiboBio, Guangzhou, China). MicroRNA inhibitor
imitates the absence of microRNAs, and inhibitor is a complementary
chain of microRNAs that competes with microRNAs through a single
chain.

2.5. WST-1 cell proliferation assay

Cell proliferation assays were performed by WST-1 Assay Kit
(Beyotime Biotechnology, Shanghai, China) as described before
[19,20]. Primarily ESCC cells transfected with siRNA were seeded into
96-well plates at a density of 2000 cells per well. Then 10 μl WST-1
reagent (Roche) was added into relevant well after culturing 24, 48, 72,
96 h. After a continuous incubation for 2 h at 37 °C, the absorbance was
measured at 450 nm by using Molecular Devices (SpectraMax M5,
America).

2.6. Cell migration and invasion assays

For migration and invasion, 24-well chambers (Corning, NY, USA)
with or without Matrigel was used to perform the ability of cell mi-
gration and invasion. Transfected cells (1× 105 cells/ml) treated with
mitomycin C (Genview, Florida, USA) in 200 μl of serum-free 1640
media were added into the upper chamber and meanwhile 650ul
medium containing 15% FBS was seeded into at the lower chamber.
After a further incubation for 24 h at 37 °C, cells in the upper chamber
can migrated through the 8-mm pore membranes. Then cells were
cleared away at the upper chambers with a medical cotton swab and
were fixed through 4% paraformaldehyde and stained by crystal violet.
Thereafter, cell numbers were counted and imaged in five random fields
by microscope.

2.7. Flow cytometry assay

For cell cycle analysis, transfected cells were trypsinized and the cell
suspension were collected containing 1×106 cells as described before
[21]. Then the cells were washed twice by PBS and fixed with 1ml 70%
absolute ethanol at 4 °C overnight, following by washing thrice with
PBS. ESCC cells were incubated for at least 30min with 1ml of propi-
dium iodide (PI) dyeing liquid (Genview, Florida, USA), and analyzed
by flow cytometry (FACScan; BD Biosciences, Shanghai, China). For
apoptosis analysis, transfected cells were digested with trypsin without
EDTA and the cell suspension were collected and washed twice by PBS.
Then adding AnnexinV/PI double staining and measured by flow cy-
tometry according to the manufacturer.

2.8. Statistical analysis

The SPSS 21.0 software (SPSS Inc., Chicago, IL, USA) and GraphPad
Prism 5 (GraphPad Software Inc., La Jolla, CA, USA) were conducted
data analysis. The data of experiments, which were performed at least
three times, were presented as mean ± standard deviation. The dif-
ferences between groups were analyzed by Student’s t-test, Chi-square
tests for two groups and one-way analysis of variance (ANOVA) for
three or more groups. The survival curves were drawn using P<0.05
was considered statistical significance.
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3. Results

3.1. Upregulated expression of MNX1-AS1 was observed in ESCC tissues

To investigate the roles of MNX1-AS1 in ESCC tissues, the expres-
sion levels of 45 pairs of ESCC and corresponding tumor-adjacent tis-
sues were detected by qRT-PCR. The result indicated that MNX1-AS1
was significantly upregulated in ESCC tissues compared with the cor-
responding tumor-adjacent tissues (Fig. 1C). Besides, the web-based
tools of Gene Expression Profiling Interactive Analysis (GEPIA, http://
gepia.cancer-pku.cn/) was used to analyse MNX1-AS1 expression levels
and prognosis of patients. The results showed that MNX1-AS1 was
significantly upregulated in many malignant tumor tissues compared to
the corresponding tumor-adjacent tissues (Fig. 1A), while the survival
analysis showed patients with high MNX1-AS1 expression had similar
prognosis compared with patients with low MNX1-AS1 expression
(Fig. 1B).

Furthermore, to further estimate the clinicopathological features of
MNX1-AS1 level in ESCC patients, the MNX1-AS1 expression level was
divided into two groups according to the median. We found that high
MNX1-AS1 level was correlated with ESCC lymph node metastasis
(Table1), and the expression level of MNX1-AS1 in metastasis group
was apparently increased compared with that in non-metastasis group
(Fig. 1D).

3.2. MNX1-AS1 promoted ESCC cell proliferation, migration and invasion

Considering the high expression level of MNX1-AS1 in ESCC tissues,
we first investigated the biological roles of MNX1-AS1 in ESCC cells. We
designed two siRNAs targeting MNX1-AS1 to inhibit the MNX1-AS1
expression in KYSE30 and KYSE150 cells. The two siRNAs apparently
decreased MNX1-AS1 expression levels (Fig. 2A). WST-1 proliferation
assays showed that knockdown of MNX1-AS1 apprently suppressed the
proliferation of KYSE30 and KYSE150 cells compared to the siRNA

negative control (Fig. 2B, C). Furthermore, we performed transwell
assays to measure the ESCC cell migration and invasion mediated by
MNX1-AS1. We found that cell migration and invasion ability were
decreased after knockdown of MNX1-AS1 in KYSE30 and KYSE150 cells
(Fig. 3A–D). Thus, these findings indicated that MNX1-AS1 could pro-
mote ESCC cell proliferation, migration and invasion.

3.3. MNXI-AS1 regulated ESCC cell cycle and apoptosis progression

To further confirm the effect of MNX1-AS1 expression on ESCC cell
proliferation, we analyzed cell cycle distribution. The flow cytometry
assay indicated that inhibiting MNX1-AS1 expression in KYSE30 cells
increased the percentage of cells in the G1 phase and decreased the
percentage of cells in the S phase (Fig. 4A–D). Additionally, we per-
formed flow cytometry analysis to assess the impact of MNX1-AS1 on

Fig. 1. The expression level of lncRNA MNX1-
AS1. (A, B) The expression of MNX1-AS1 in
primary esophageal carcinoma (ESCA) com-
pared with normal tissues from GEPIA data-
base, and the Kaplan-Meier plot of MNX1-AS1
expression in ESCA from GEPIA database. (C)
The expression of MNX1-AS1 in ESCC tumor
tissues compared with corresponding tumor-
adjacent tissues. (D) Relative expression of
MNX1-AS1 in patients with lymph node me-
tastasis compared with patients without lymph
node metastasis. * P < 0.05, ***P < 0.001.

Table 1
The correlation between MNX1-AS1 expression and clinicopathological factors
of ESCC patients.

Variable N MNX1-AS1 expression P-value

High(23) Low(22)

Gender Male 23 13 10 0.5559
Female 22 10 12

Age ＜65years 19 11 8 0.5499
≥65years 26 12 14

Tumor size ≤3cm 19 7 12 0.1362
＞3cm 26 16 10

Differentiation grade Poor 12 6 6 1.000
Well/
moderate

33 16 17

TNM stage I+ II 13 7 6 0.3368
III+ IV 32 16 16

Lymphatic metastasis N0 23 4 19 <0.0001
N1 22 19 3
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cell apoptosis. The results showed that the number of apoptotic cells
was increased after knockdown of MNX1-AS1 in KYSE30 cells
(Fig. 5A–D). Therefore, these results manifested that MNX1-AS1 pro-
moted cell proliferation by regulating ESCC cell cycle and apoptosis.

3.4. MNX1-AS1 functioned as competitive endogenous RNA for miR-34a in
ESCC cells

Recently, increasing evidences have indicated that lncRNAs can
serve as a competing endogenous RNA to regulate the expression and
biological functions of miRNA [22–24]. Using the bioinformatics da-
tabases (Annolnc, http://annolnc.cbi.pku.edu.cn/), we found that miR-
34a was predicted to have the numerous probability of binding to

Fig. 2. MNX1-AS1 regulated ESCC cell proliferation. (A) The ESCC cell lines KYSE30 and KESE150 were transfected with two different MNX1-AS1 siRNA. (B, C) The
effect of MNX1-AS1 on cell proliferation was performed in KYSE30 and KYSE150 cells. * P < 0.05, **P < 0.01, ***P < 0.001.

Fig. 3. MNX1-AS1 promoted ESCC cell migta-
tion and invasion. (A–D) Transwell assays were
performed to confirm the effect of MNX1-AS1
on cell migration and invasion in KYSE30 and
KYSE150 cells. Representative images of cell
migration and invasion were shown (A, C), and
data was exhibited the capacity of cell migra-
tion and invasion using statistical analysis (B,
D). ***P < 0.001.
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MNX1-AS1 (Fig. 6A). To investigate whether miR-34a is a direct target
gene of MNX1-AS1, we performed qRT-PCR to measure the expression
level of miR-34a in KYSE 30 cells transfected with siRNA MNX1-AS1 or
control. The results showed that the expression level of miR-34a was
significantly increased after inhibiting MNX1-AS1 expression (Fig. 7A).
In addition, qRT-PCR confirmed that miR-34a was downregulated in
ESCC tissues and the expression of miR-34a was evidently negatively
correlated with MNX-AS1 expression in ESCC tissues (Fig. 6B, C).These
data indicated that MNX1-AS1 could regulate miR-34a expression.

3.5. Inhibiting miR-34a rescued the ability of MNX1-AS1 in enhancing
cancer cell migration

Previous studies revealed miR-34a serves as a tumor suppressor in
multifarious cancers including ESCC [25,26]. To further explore the
role of MNX1-AS1 in regulating ESCC cell migration ability mediated by
miR-34a, we designed miR-34a inhibitor and negative control in
KYSE30 cells. The inhibitor apparently decreased miR-34a expression
level (Fig. 7B). Moreover, the expression level of miR-34a was increased
in KYSE30 cells transfected with siRNA MNX1-AS1 compared to the
control group, and this upregulation was abolished by miR-34a in-
hibitor (Fig. 7C). Furthermore, the transwell assays showed that cell
migration ability was decreased after knockdown MNX1-AS1, and miR-
34a inhibitor rescued the ability of MNX1-AS1 in enhancing KYSE30
cells migration (Fig. 7D, E). Therefore, these findings indicated miR-34a
was a significant downstream effector of MNX1-AS1 in regulating ESCC
cell migration.

3.6. MNX1-AS1 regulated SIRT1 expression via miR-34a

Increasing evidence indicated that SIRT1 could serve as a target of
miR-34a in cancer [27,28]. However, the biological roles of between
miR-34a and SIRT1 in ESCC has not been studied. We analyzed SIRT1
expression in GEPIA database, and we found that SIRT1 mRNA levels
was significantly upregulated in ESCC tissues compared with corre-
sponding tumor-adjacent tissues (Fig. 8A). High SIRT1expression level
in tumor tissue was related to poor overall survival rate than those with
low SIRT1 expression (Fig. 8B).

Moreover, we demonstrated whether MNX1-AS1 can regulate SIRT1
expression via miR-34a. We performed qRT-PCR to measure the ex-
pression level of SIRT1, and the rusults showed the expression level of
SIRT1 was decreased in KYSE 30 cells transfected with si-RNA MNX1-
AS1 (Fig. 8C), while the expression level of SIRT1 was increased after
transfecting with miR-34a inhibitor in KYSE 30 cells (Fig. 8D). There-
fore, these findings suggested that MNX1-AS1 promoted ESCC pro-
gression via regulating miR-34a/ SIRT1 axis.

4. Discussion

Esophageal cancer has been regarded as a serious malignancy owing
to poor prognosis and high mortality rate [29]. Therefore, effective
therapeutic targets and intervention strategies will help improve the
prognosis of ESCC patients, and this emphasizes the need for under-
standing the molecular mechanisms in ESCC progression. Recently,
mounting evidences have revealed that lncRNAs took part in the de-
velopment of ESCC progression. For instance, Sun et al. found

Fig. 4. MNX1-AS1 regulated ESCC cell cycle progression. (A–C) Flow cytometry assay was performed to analyse the effect of MNX1-AS1on cell cycle distribution in
KYSE30 cells. (D) The experiment was repeat triple, and data was exhibited from three independent experiments using statistical analysis. **P < 0.01,
***P < 0.001.
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Fig. 5. MNX1-AS1 promoted ESCC cell apoptosis progression. (A–C) The KYSE30 cells were transfected with MNX1-AS1 siRNA. The effect of MNX1-AS1 on cell
apoptosis was determined by flow cytometry. (D) The experiment was repeat triple, and data was exhibited from three independent experiments using statistical
analysis. **P < 0.01, ***P < 0.001.

Fig. 6. MNX1-AS1 negatively regulated miR34a expression in ESCC. (A) Potential binding site for miR-34a and MNX1-AS1. (B) The expression of miR34a in ESCC
tumor tissues compared with corresponding tumor-adjacent tissues. (C) Correlation between MNX1-AS1 expression and miR34a expression in ESCC tissues.
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LINC00657 could facilitate ESCC progression by targeting miR-615-3p
and JunB [30]. In addition, Wu et al found that CASC9 was relevant to
tumor size and TNM stage by suppressing PDCD4 expression through
recruiting EZH2 [31].

MNX1-AS1 is a antisense transcript of MNX1, of which originates

from near the promoter [32]. The role of MNX1-AS1 was complicated in
the progression of tumors, and MNX1-AS1 was found overexpressed
and functioned as an oncogene in colon adenocarcinoma [17], breast
cancer [18], gastric cancer [33]and lung cancer [34]. In this study, we
found the expression level of MNX1-AS1 in ESCC was higher than

Fig. 7. MNX1-AS1 functioned as a ceRNA for
miR34a and inhibiting miR-34a rescued the
ability of MNX1-AS1 in enhancing cancer cell
migration. (A) Real-time PCR was performed to
analyse the expression of miR-34a after
knockdown MNX1-AS1 in KYSE30 cells. (B)
The KYSE30 cells were infected with miR-34a
inhibitor. (C) The expression of miR-34a was
measured by qRT-PCR after KYSE30 cells
transfected with MNX1-AS1 siRNA or miR-34a
inhibitor. (D, E) The KYSE30 cells were in-
fected with MNX1-AS1 siRNA or miR-34a in-
hibitor, following with cell migration assays.
**P < 0.01, ***P < 0.001.

Fig. 8. MNX1-AS1 promoted ESCC progression
via regulating miR-34a/ SIRT1.
(A, B) The expression of SIRT1 compared with
normal tissues in ESCA from GEPIA database,
and the Kaplan-Meier analysis of SIRT1 ex-
pression in ESCA from GEPIA database. (C, D)
The expression of SIRT1 was measured by qRT-
PCR after KYSE30 cells transfected with
MNX1-AS1 siRNA or miR-34a inhibitor.
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corresponding tumor-adjacent tissues. Furthermore, the expression of
MNX1-AS1 was correlated with ESCC lymph node metastasis, and
konckdown MNX1-AS1 with siRNA apprently suppressed the ability of
cell proliferation, migration and invasion. Inhibiting MNX1-AS1 in-
creased the percentage of cells in the G1 phase and decreased the
percentage of cells in the S phase by flow cytometry analysis. In addi-
tion, knockdown of MNX1-AS1 increased the number of apoptotic cells.
These data can partly explicate the reason of MNX1-AS1 oncogenic role
in ESCC progression.

Recently, increasing evidences have indicated that lncRNAs regu-
lated cancer progression through acting as competing endogenous RNA.
For example, lncRNA ZNFX1-AS1 was found to promote colorectal
cancer progression and metastasis by functioning as a ceRNA of miR-
144 to regulate EZH2 expression [35]. However, the mechanism of
MNX1-AS1 in ESCC progression remains unknown. In this sthdy, we
found miR-34a was a direct target gene of MNX1-AS1, and the ex-
pression of miR-34a was increased after knockdown MNX1-AS1. Fur-
thermore, inhibiting miR-34a rescued the ability of MNX1-AS1 in en-
hancing cancer cell migration. These findings indicate miR-34a was a
significant downstream effector of MNX1-AS1 in regulating ESCC cell
migration.

Sirtuin 1, also known as SIRT1, was reported involved in cancer
development and progression [36]. SIRT1 could serve as a target of
miR-34a in tumor progression according to previous studies [27,28]. In
this study, we found that SIRT1 mRNA levels was significantly upre-
gulated in ESCC tissues, and high SIRT1 was relevant to poor overall
survival of ESCC patients. In addition, qRT-PCR showed that knock-
down MNX1-AS1 decreased SIRT1 expression, while miR-34a inhibitor
increased SIRT1 expression. These findings suggested that MNX1-AS1
promoted ESCC progression via regulating miR-34a/ SIRT1 axis.

5. Conclusion

In conclusion, we have confirmed that the roles of lncRNA MNX1-
AS1 in ESCC, and MNX1-AS1 might work as a ceRNA for miR-34a to
upregulate SIRT1 expression. Thus, MNX1-AS1 may function as a po-
tential therapeutic target for ESCC.
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