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Abstract. – OBJECTIVE: Esophageal squa-
mous cell carcinoma (ESCC) is a common ma-
lignant tumor with a high mortality rate and poor 
prognosis. In this research, we investigated the 
exact role of long non-coding ribonucleic acids 
(lncRNA) MNX1-AS1 in the metastasis of ESCC 
and its possible mechanism.

PATIENTS AND METHODS: To investigate the 
functions of MNX1-AS1 in ESCC, quantitative 
Real Time-Polymerase Chain Reaction (qRT-
PCR) was utilized to detect MNX1-AS1 expres-
sion of ESCC tissues and cells. Besides, func-
tional assays, including transwell assay and 
wound healing assay, were performed. Further-
more, qRT-PCR and Western blot assay were 
used to explore the possible underlying regula-
tory mechanism.

RESULTS: The expression level of MNX1-AS1 
was significantly increased in both ESCC tis-
sues sample and cells. Moreover, knockdown of 
MNX1-AS1 markedly inhibited the migration and 
invasion of ESCC cells. Besides, knockdown of 
MNX1-AS1 remarkably down-regulated the mR-
NA and protein levels of insulin-like growth fac-
tor 2 (IGF2). Furthermore, IGF2 expression was 
positively correlated with MNX1-AS1 expression 
in ESCC tissues.

CONCLUSIONS: MNX1-AS1 serves as a poten-
tial oncogene in ESCC, which can significant-
ly promote ESCC cell migration and invasion by 
up-regulating IGF2. Our findings may provide a 
new therapeutic target of ESCC.
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Introduction

As an ordinary malignancy, esophageal cancer 
(EC) is 9th most common cancer worldwide and 

the 5th most frequent malignancy in China1,2. 
Esophageal squamous cell carcinoma (ESCC) is 
the major histological subgroup of EC, which ac-
counts for almost 80% of EC cases in South-East-
ern Asia3,4. Unfortunately, the majority of ESCC 
patients may have already developed advanced 
metastasis at initial diagnosis. Intensive studies 
have been conducted in the diagnosis and therapy 
of ESCC over the past 3 decades. However, the 
prognosis of ESCC patients with metastasis re-
mains one of the greatest challenges. The overall 
5-year survival rate is far below 10%5. Therefore, 
it is urgent to identify potential biomarkers of 
ESCC and to explore the mechanism of ESCC 
metastasis. 

Long non-coding ribonucleic acids (lncRNAs) 
are a subtype of ncRNAs with longer than 200 
nucleotides in length. Recently, evidence has 
proved that lncRNAs serve as important regula-
tors in the progression of malignant tumors. For 
example, lnc RNA linc-UBC1 promotes the in-
vasion and metastasis of ESCC by regulating en-
hancer of zeste homolog 2 (EZH2) and repressing 
E-cadherin6. Upregulation of lncRNA ANRIL is
associated with the progression and poor progno-
sis of ESCC7. Meanwhile, lncRNA-NEF inhibits
the proliferation, migration and invasion of ES-
CC cells by inactivating the Wnt/beta-catenin
pathway8. By interacting with MiR-124, lncRNA
XIST serves as an oncogene in bladder cancer
by promoting cell growth, migration and inva-
sion9. In addition, lncRNA CCAT2 promotes the
proliferation and metastasis of intrahepatic chol-
angiocarcinoma, which indicates poor prognosis
of patients10. However, the specific role of MNX1-
AS1 in ESCC and its underlying molecular mech-
anism have not been elucidated so far.
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The present work revealed that lncRNA MNX1-
AS1 expression was significantly up-regulated in 
ESCC tissues and cells. Moreover, in vitro ex-
periments indicated that MNX1-AS1 regulated 
the migration and invasion of ESCC cells. Re-
cent studies have demonstrated that insulin-like 
growth factor 2 (IGF2) acts as an oncogene 
in tumor development. Furthermore, we discov-
ered that the possible underlying mechanism of 
MNX1-AS1 function in ESCC cells was achieved 
by regulating IGF2.

Patients and Methods 

Cell Lines and Clinical Samples
54 ESCC patients who received surgery at 

The First Affiliated Hospital of Anhui Medical 
University were enrolled in this study. Subse-
quently, relative tissues were collected from 
patients. No radiotherapy or chemotherapy was 
performed before the surgery. The study was 
approved by the Ethics Committee of The First 
Affiliated Hospital of Anhui Medical Universi-
ty. Informed consents were obtained from each 
subject before the study.

Cell Culture
Human ESCC cell lines (TE-13, TE-1, EC-1, 

and Eca-109) and normal human esophageal ep-
ithelial-1 cell line (HEEC) were obtained from 
the American Type Culture Collection (ATCC; 
Manassas, VA, USA). All cells were cultured 
in Roswell Park Memorial Institute-1640 (RP-
MI-1640; Gibco, Grand Island, NY, USA) con-
sisting of 10% fetal bovine serum (FBS; Gibco, 
Grand Island, NY, USA) and penicillin, and 
maintained in a saturated humidity incubator 
with 5% CO2 at 37°C.

Cell Transfection
Short hairpin RNA (shRNA) targeting MNX1-

AS1 (sh-MNX1-AS1) or empty vector was cloned 
into pGLVH1/GFP+Puro vector (GenePharma, 
Shanghai, China). Subsequently, ESCC cells were 
transfected with sh-MNX1-AS1 or empty vector, 
respectively. GFP-positive cells were chosen for 
the following experiments.

Wound Healing Assay
After transfection, ESCC cells were seeded 

into 6-well plates (Corning, Lowell, MA, USA) 
and cultured in RPMI-1640 medium overnight. 
Then, the cells were scratched with a plastic 

tip, followed by culture in serum-free RP-
MI-1640. 48 h later, relate distance was viewed 
under a light microscope (Olympus, Tokyo, 
Japan). Each assay was repeated in triplicate 
independently. 

Transwell Assay
After transfection, a total of 1 × 105 cells in 

200 µL of serum-free RPMI-1640 were seeded 
into the upper chamber (Corning, Lowell, MA, 
USA) with or without 50 µg of Matrigel (BD 
Biosciences, Franklin Lakes, NJ, USA). Mean-
while, RPMI-1640 and FBS was added to the 
lower chamber. Then, the cells were cultured 
overnight in an incubator supplemented with 
5% CO2 at 37°C. After being wiped by a cot-
ton swab, the top surface of the chambers was 
fixed with methanol for 30 min and stained with 
crystal violet for 20 min. Migrating or invading 
cells were observed under a Leica DMI4000B 
microscope (Leica Microsystems, Heidelberg, 
Germany). Five fields were randomly selected 
for each sample, and the number of cells was 
calculated. 

RNA Extraction and Quantitative 
Real Time-Polymerase Chain Reaction 
(qRT-PCR)

TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA) was utilized to extract total RNA in tis-
sues and cells. Extracted total RNA was then 
reverse-transcribed to complementary deoxyri-
bonucleic acid (cDNAs) according to the in-
structions of the Reverse Transcription Kit (Ta-
KaRa Biotechnology Co., Dalian, China). The 
relative expression of genes was calculated by 
the 2-ΔΔCt method. Primers used for quantitative 
Real Time-Polymerase Chain Reaction (qRT-
PCR) were as follows: MNX1-AS1 primers for-
ward: 5′-GTGACTTCGCCTGTGATGGA-3′, 
reverse: 5′-GGCCTCTATCTGTACCTTTAT-
TCC-3′; glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) primers forward: 5′-CCAAAAT-
CAGATGGGGCAATGCTGG-3′ and reverse: 
5′-TGATGGCATGGACTGTGGTCATTCA-3′. 
Thermocycling condition was as follows: pre-de-
naturation at 95°C for 5 min, denaturation at 
95°C for 10 s, and annealing at 60°C for 30 s, for 
a total of 35 cycles.

Western Blot Analysis
The protein in cells was extracted by radio-

immunoprecipitation assay reagent (RIPA; Sig-
ma-Aldrich, St. Louis, MO, USA). Subsequent-
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ly, target proteins were separated by dodecyl 
sulfate sodium-polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred onto polyvi-
nylidene difluoride (PVDF) membranes (Milli-
pore, Billerica, MA, USA). The membranes were 
then incubated with primary antibodies of rabbit 
anti-GAPDH and rabbit anti-IGF2 (Cell Signal-
ing Technology, CST, Danvers, MA, USA), as 
well as the corresponding secondary antibody 
of goat anti-rabbit (Cell Signaling Technology, 
CST, Danvers, MA, USA). Image J software 
(NIH, Bethesda, MD, USA) was applied for the 
assessment of the protein expression.

Xenograft Model
After transfection, Eca-109 cells (5×105/mL) 

were injected into NOD/SCID mice (6 weeks old) 
subcutaneously. Tumor diameters were detected 
every 5 days. The tumor volume was calculat-
ed as the following formula: volume = length × 
width 2 × 1/2. After 4 weeks, the tumors were 
extracted. The research was approved by the 
Animal Ethics Committee of the Anhui Medical 
University.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 18.0 (SPSS Inc., Chicago, IL, USA) was 
used for all statistical analysis. Graph PAD 4.0 
(GraphPad Software, La Jolla, CA, USA) was 
applied for image editing. Quantitative data were 
represented as mean ± SD (Standard Deviation). 

The t-test was applied to compare the differences 
between the two groups. Pearson’s correlation 
analysis was used to analyze the correction be-
tween IGF2 expression and MNX1-AS1 expres-
sion in ESCC tissues. p<0.05 was considered 
statistically significant.

Results

MNX1-AS1 Expression in ESCC Tissues 
and Cells

First, MNX1-AS1 expression in 54 patients’ 
tissues and 4 ESCC cell lines was detected via 
qRT-PCR. The results demonstrated that MNX1-
AS1 was significantly up-regulated in ESCC 
tissue samples compared with adjacent normal 
tissues (Figure 1A). Meanwhile, MNX1-AS1 ex-
pression in ESCC cells was markedly higher than 
that of HEEC cells (Figure 1B). 

Downregulation of MNX1-AS1 Inhibited 
Migration of ESCC Cells

In this work, Eca-109 ESCC cells were chosen 
for knockdown of MNX1-AS1. After cell trans-
fection, MNX1-AS1 expression was detected by 
qRT-PCR (Figure 2A). Moreover, the results of 
the wound healing assay showed that relative 
migrated distance was significantly decreased 
after knockdown of MNX1-AS1 in ESCC cells 
(Figure 2B). The transwell assay also revealed 
that the number of migrated cells was remarkably 
decreased after MNX1-AS1 was knocked down 
in ESCC cells (Figure 3A).

Figure 1. MNX1-AS1 expression in ESCC tissues and cells. A, MNX1-AS1 expression was significantly increased in ESCC 
tissues compared with adjacent tissues. B, The expression levels of MNX1-AS1 in human ESCC cell lines and normal human 
esophageal epithelial-1 cell line (HEEC) were determined by qRT-PCR. GAPDH was used as an internal control. Data were 
presented as the mean ± standard error of the mean. *p<0.05.
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Downregulation of MNX1-AS1 Inhibited 
Invasion of ESCC Cells

The transwell assay revealed that the number 
of invaded cells was markedly decreased after 
down-regulation of MNX1-AS1 in ESCC cells 
(Figure 3).

Interaction Between IGF2 and 
MNX1-AS1 in ESCC

QRT-PCR results showed that the expression 
level of IGF2 in ESCC cells was significantly 
lower in MNX1-AS1 shRNA (sh-MNX1-AS1) 
group when compared with IGF2 level in the 

Figure 2. Down-regulation of MNX1-AS1 repressed ESCC cell migration. A, MNX1-AS1 expression in Eca-109 ESCC cells 
transduced with MNX1-AS1 shRNA (sh-MNX1-AS1) and empty vector was detected by qRT-PCR. B, Wound healing assay 
showed that knockdown of MNX1-AS1 significantly reduced relative cell migrated distance of ESCC cells (Magnification × 
40). GAPDH was used as an internal control. The results represented the average of three independent experiments (mean ± 
standard error of the mean). *p<0.05.

Figure 3. Transwell assay showed that downregulation of MNX1-AS1 repressed ESCC cell migration and invasion. A, 
Transwell assay showed that number of migrated cells was significantly decreased via knockdown of MNX1-AS1 in ESCC 
cells. B, Transwell assay showed that number of invaded cells was significantly decreased via knockdown of MNX1-AS1 in 
ESCC cells. The results represent the average of three independent experiments (mean ± standard error of the mean). *p<0.05.
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empty vector group (Figure 4A). Western blot 
assay showed that after MNX1-AS1 was knocked 
down, the protein expression level of IGF2 was 
significantly down-regulated (Figure 4B). Fur-
thermore, we found that IGF2 expression in ES-
CC tissues was remarkably higher than that of ad-
jacent normal tissues (Figure 4C). Furthermore, 
the correlation analysis demonstrated that IGF2 
expression was positively correlated with MNX1-
AS1 expression in ESCC tissues (Figure 4D).

MNX1-AS1 Knockdown Inhibited Tumor 
Formation In Vivo

The ability of MNX1-AS1 in tumor formation 
was then detected in vivo. The results indicated 
that the tumor size of the sh-MNX1-AS1 group 
was significantly smaller when compared with 
the empty vector group (Figure 5A). Moreover, 
the expression level of MNX1-AS1 in generated 
tumor tissues was detected by qRT-PCR. The 

results showed that MNX1-AS1 was lowly ex-
pressed in the sh-MNX1-AS1 group compared 
with the empty vector group (Figure 5B). The 
above results all suggested that MNX1-AS1 could 
induce tumor formation in vivo.

Discussion

Recent studies have shown that lncRNAs play 
critical roles in diverse biological processes, in-
cluding cell migration and cell invasion. For 
instance, lncRNA TTN-AS1 functions as an on-
cogene in ESCC by promoting cell prolifera-
tion and metastasis regulating miR133b/FSCN1 
regulatory axis11. By competitively binding to 
miR-129, lncRNA NEAT1 modulates the viabil-
ity and invasion of ESCC cells. This contributes 
to a better understanding of the mechanism of 
NEAT1 role in ESCC12. Over-expression of ln-

Figure 4. Interaction between MNX1-AS1 and IGF2. A, QRT-PCR results showed that IGF2 expression was significantly 
decreased in MNX1-AS1 shRNA (sh-MNX1-AS1) compared with empty vector. B, Western blot assay revealed that the protein 
expression of IGF2 was markedly decreased in MNX1-AS1 shRNA (sh-MNX1-AS1) compared with empty vector. C, IGF2 
was remarkably up-regulated in ESCC tissues compared with adjacent tissues. D, Linear correlation between the expression 
level of IGF2 and MNX1-AS1 in ESCC tissues. The results represented the average of three independent experiments. *p<0.05.
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cRNA SPRY4-IT1 facilitates the metastasis of 
ESCC cells through the epithelial-mesenchymal 
transition (EMT)13. Up-regulated by CBP/P300, 
lncRNA linc00460 enhances the growth of ESCC 
cells, which may be a prognostic biomarker14.

MNX1-AS1 has been reported to promote the 
development and progression of several malig-
nancies. For instance, mediated by E2F1, lncRNA 
MNX1-AS1 participates in the MNX1-AS1-miR-
218-5p-SEC61A1 feedback loop and promotes the 
progression of colon adenocarcinoma15. LncRNA 
MNX1-AS1 facilitates the development of cervi-
cal cancer by activating the MAPK pathway16. In 
addition, by altering the expressions of CDK4, 
cyclin D, Bax, and Bcl-2, lncRNA MNX1-AS1 
functions as an oncogene in ovarian cancer17. In 
this study, we found that MNX1-AS1 expres-
sion was significantly up-regulated both in ESCC 
tissues and cells. Knockdown of MNX1-AS1 
remarkably repressed the migration and inva-
sion of ESCC cells. Besides, tumorigenesis assay 
revealed that knockdown of MNX1-AS1 could 
markedly inhibit tumor formation in vivo. All 
the above results indicated that MNX1-AS1 pro-
moted metastasis of ESCC and might act as an 
oncogene.

Insulin-like growth factor 2 (IGF2) has been 
indicated to play a crucial role in many malignant 
tumors. Previous studies have shown that IGF2 is 
up-regulated in ESCC tissues. This indicates that 
IGF2 acts as an oncogene in ESCC. Recently, it 
has been found that IGF2 participates in the reg-
ulation of cell proliferation, migration and differ-
entiation. For instance, IGF2 is over-expressed in 

colorectal cancer. Meanwhile, the expression of 
IGF2 is remarkably correlated with the sensitiv-
ity of colorectal cancer to IGF1R/INSR inhibitor 
BI 88557818. Up-regulation of IGF2 is related to 
poor prognosis of ovarian cancer19. The mRNA 
expression level of IGF2 is significantly up-reg-
ulated in fibroadenomas, especially in stromal 
cells20. Moreover, highly expressed IGF-2 takes 
part in angiogenesis in invasive bladder cancer, 
which also predicts poor prognosis of patients21. 
Our study first discovered the interaction be-
tween IGF2 and MNX1-AS1. The results showed 
that the expression level of IGF2 was markedly 
down-regulated after knockdown of MNX1-AS1. 
Furthermore, IGF2 expression in ESCC tissues 
was positively correlated with MNX1-AS1 ex-
pression. Our findings suggested that MNX1-
AS1 might promote tumorigenesis of ESCC by 
up-regulating IGF2.

Conclusions

We detected that MNX1-AS1 was remarkably 
up-regulated in ESCC tissues and cells. Besides, 
MNX1-AS1 could facilitate the migration and 
invasion of ESCC cells by up-regulating IGF2. 
These findings demonstrated that MNX1-AS1 
might contribute to therapy for ESCC as a can-
didate target.
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Figure 5. Knockdown of MNX1-AS1 inhibited tumor formation in vivo. A, After tumor extraction, the tumor volume was 
calculated in empty vector or MNX1-AS1 shRNA (sh-MNX1-AS1) group, respectively. B, The relative expression of MNX1-
AS1 in tumors were examined by qRT-PCR. Data were presented as mean ± SD of three independent experiments. *p<0.05.
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