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Long non-coding RNA MNX1-AS1 promotes
migration and invasion of esophageal
squamous cell carcinoma by upregulating IGF2
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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
(IncRNA) MNX1-AS1 in the metastasis of ESCC
and its possible mechanism.

PATIENTS AND METHODS: To investigate the
functions of MNX1-AS1 in ESCC, quantitati
Real Time-Polymerase Chain Reaction
PCR) was utilized to detect MNX1-AS1 exX
sion of ESCC tissues and cells. Besides,
tional assays, including transwell assay
wound healing assay, were performed. Furt

tory mechanism.
RESULTS: The expres$

which can significant-
igration and invasion by
ur findings may provide a

om-coding RNA, MNXI-ASI, Esophageal
quamous cell carcinoma (ESCC), IGF2.

Introduction

As an ordinary malignancy, esophageal cancer
(EC) is 9" most common cancer worldwide and
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in China'?,
carcinoma (ESCC) is
up of EC, which ac-
ts for almost 80% of E€ cases in South-East-
nately, the majority of ESCC
already developed advanced
diagnosis. Intensive studies

T the past 3 decades. However, the
of ESCC patients with metastasis re-
ains e of the greatest challenges. The overall
S-year survival rate is far below 10%?°. Therefore,
it is urgent to identify potential biomarkers of
ESCC and to explore the mechanism of ESCC
metastasis.

Long non-coding ribonucleic acids (IncRNAs)
are a subtype of ncRNAs with longer than 200
nucleotides in length. Recently, evidence has
proved that IncRNAs serve as important regula-
tors in the progression of malignant tumors. For
example, Inc RNA linc-UBCI promotes the in-
vasion and metastasis of ESCC by regulating en-
hancer of zeste homolog 2 (EZH?2) and repressing
E-cadherin®. Upregulation of IncRNA ANRIL is
associated with the progression and poor progno-
sis of ESCC’. Meanwhile, IncRNA-NEF inhibits
the proliferation, migration and invasion of ES-
CC cells by inactivating the Wnt/beta-catenin
pathway®. By interacting with MiR-124, IncRNA
XIST serves as an oncogene in bladder cancer
by promoting cell growth, migration and inva-
sion’. In addition, IncRNA CCAT2 promotes the
proliferation and metastasis of intrahepatic chol-
angiocarcinoma, which indicates poor prognosis
of patients'®. However, the specific role of MNX1-
ASI1 in ESCC and its underlying molecular mech-
anism have not been elucidated so far.
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The present work revealed that IncRNA MNX1-
ASI1 expression was significantly up-regulated in
ESCC tissues and cells. Moreover, in vitro ex-
periments indicated that MNX1-ASI 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-ASI 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
subject before the study.

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

and Eca-109) and normal hu _

ithelial-1 cell line (HEEC)

in Roswell Park
MI-1640; Gibco 4

ine serumQRS; Gibco,
and penfillin, and

Puro vector (GenePharma,
> Subsequently, ESCC cells were
with sh-MNX1-AS1 or empty vector,
. GFP-positive cells were chosen for
he following experiments.

ound 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
200 pL of serum-free RPMI-1644€
into the upper chamber (Corng

> cells in
ere seeded

overnight in a
5% CO, at 3
ton swab,

oscope (Leica MicroSystems, Heidelberg,
many). Five @iklds were randomly selected
d the number of cells was

fon and Quantitative
e-Polymerase Chain Reaction

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 222t 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-



LncRNA MNX1-AS1 promotes esophageal squamous cell carcinoma

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 (5x105/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 x
width 2 x 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 Soluti
(SPSS) 18.0 (SPSS Inc., Chicag

(GraphPad Software, La
applied for image edit]

The #-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-ASI1 expres-
sion in ESCC tissues. p<0.05 was considered
statistically significant.

Results

MNX1-AS1 Expression i
and Cells

First, MNX1-AS1
tissues and 4 ESC

-109 ESCC cells were chosen
MNXI1-ASI. After cell trans-
-AS1 expression was detected by
(Figure 2A). Moreover, the results of
d 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 MNXI1-AS1 was knocked down
in ESCC cells (Figure 3A).

[

L]
v

V;v;vvvvigv; vy
VIYYYY
vy
v
X o'G'o oo
00ge00
c T 1
Adjacent tissues ESCC tissues

LncRNA MNX1-AS1 expression

-
g

. )

©
1

HEEC TE-13 TE-1 EC-1 Eca-109

Figure 1. MNX1-ASI1 expression in ESCC tissues and cells. 4, 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<0.0
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standard error of the mean). *p<0.05.

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).

of IGF2 in ESCC cé&lls was significantly
SI shRNA (sh-MNXI1-AS1)
red with IGF2 level in the
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Figure 3. Transwell assay showed that downregulation of MNX1-ASI repressed ESCC cell migration and invasion. A,
Transwell assay showed that number of migrated cells was significantly decreased via knockdown of MNX1-ASI in ESCC
cells. B, Transwell assay showed that number of invaded cells was significantly decreased via knockdown of MNX1-ASI 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-
ASI1 expression in ESCC tissues (Figure 4D).

MNXT1-AST Knockdown Inhibited Tumor
Formation In Vivo

The ability of MNX1-ASI in tumor formation
was then detected in vivo. The results indicated
that the tumor size of the sh-MNXI1-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-MNXI1-ASI group compared
with the empty vector group (Figure 5B). The
above results all suggested that MNX1-ASI could
induce tumor formation in vivo.

Discussion

cluding cell migration
instance, IncRNA TT
cogene in ESCC

S contributes
of the mechanism of
er-expression of In-
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Figure 4. Interaction between MNX1-AS1 and IGF2. 4, 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.



D.-N. Zheng, C.-J. Zhang, G.-P. Sun

N
(=3
(=3
o
J
-
¢}
[]

—— empty vector

== sh-MNX1-AS1

-
o
1

.
a
1

LncRNA MNX1-AS1 expression

o
=)
L

0 5 10 16 20 25 30

cRNA SPRY4-IT1 facilitates the metastasis of
ESCC cells through the epithelial-mesenchymal
transition (EMT)B. Up-regulated by CBP/P300,
IncRNA 1inc00460 enhances the growth of ESCC
cells, which may be a prognostic biomarker’

MNZX1-ASI has been reported to promd
development and progression of several
nancies. For instance mediated by E2F1, IncR

MNX1-ASI facilitates thg
cal cancer by activati
addition, by alteri
cychn D, Bax,

icated that MNXI-ASl'pro-
of ESCC and might act as an

e growth factor 2 (IGF2) has been
hndicated to play a crucial role in many malignant
ors. Previous studies have shown that IGF2 is
up¥egulated 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
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ectal cancer. MeanwhYle, the expression of
correlated with the sensitiv-

el of IGF2 is significantly up-reg-
in fibroadenomas, especially in stromal
“Wloreover, highly expressed IGF-2 takes
part in angiogenesis in invasive bladder cancer,
which also predicts poor prognosis of patients?..
Our study first discovered the interaction be-
tween IGF2 and MNX1-ASI. The results showed
that the expression level of IGF2 was markedly
down-regulated after knockdown of MNX1-ASI.
Furthermore, IGF2 expression in ESCC tissues
was positively correlated with MNX1-ASI ex-
pression. Our findings suggested that MNXI-
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,
MNXI1-ASI could facilitate the migration and
invasion of ESCC cells by up-regulating IGF2.
These findings demonstrated that MNXI1-AS1
might contribute to therapy for ESCC as a can-
didate target.
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