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Background: Long noncoding RNAs (IncRNAs) play critical roles in the pathogenesis of
several diseases, especially some kinds of cancer. This study aimed to investigate the
expression of MTCP1-AS1 and its effects on endometrial cancer (EC).

Methods: MTCP1-AS1 expression level was determined in human EC tissues and cell lines
by qRT-PCR. The role of MTCP1-AS1 on EC cell proliferation, migration, invasion and
epithelial to mesenchymal transition (EMT) was detected by CCK8, wound-healing assay,
transwell assay and Western blot, respectively. Moreover, luciferase reporter assay and RNA-
binding protein immunoprecipitation (RIP) assay were performed to verify the targeting
relationship between miR-650, MCTP1-AS1 and SMAD?7 in EC cells.

Results: Our data showed that MCTP1-AS1 expression was downregulated in EC tissues
and cell lines. Overexpression of MCTP1-AS1 inhibited cell proliferation, migration, inva-
sion and EMT process of EC cells. Moreover, MCTP1-AS1 was proved to be the target of
miR-650 and reversely correlated with its expression. In addition, MCTP1-AS1 reversed the
effect of miR-650 on the EC cells, which might be associated with the role of SMAD7.
Moreover, Western blot showed siRNA-SMAD?7 transfection could rescue the repressed
TGF-B/SMAD pathway induced by MCTP1-AS1 in EC cells.

Conclusion: Taken together, these data suggested that IncRNA MCTP1-AS1 inhibited cell
proliferation, migration, invasion and EMT process of EC cells via targeting the miR-650/
SMAD7 axis and it has the potential to be explored as a therapeutic target for the treatment
of EC in the future.
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Background

Endometrial cancer (EC) is the fourth most common gynecological cancer in
women.' Standard treatment for EC consists of surgery and radiation therapy
depending on risk of disease recurrence.”* However, the prognosis of EC is still
not satisfactory, and the underlying mechanisms remain to be fully understood.
Therefore, there is an urgent demand to develop predictive biomarkers for treatment
selection.

Long noncoding RNAs (IncRNAs) are noncoding transcripts usually longer than
200 nts that appears to play major roles in diverse biological functions, such as
genomic imprinting, cell differentiation, immune response, especially tumor devel-
opment, etc.””’ Lots of experiments have shown that IncRNAs was involved in

reproductive diseases such as ovarian cancer, cervical carcinoma and other female
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reproductive disorders. Yang et al found that NORAD/
miR-608/STAT3 axis was pivotal in mediating the anti-
neoplastic impacts of PG on ovarian cancer cells.® Long
non-coding RNA RP11-480112.5 was proved to promote
cervical carcinoma progression by regulating the Wnt/j-
catenin signaling pathway.” Besides, Wang et al provided
the evidence for the involvement of IncRNAs in polycystic
ovary syndrome (PCOS) and premature ovarian insuffi-
ciency (POI).'° Many IncRNAs have recently been
reported to be crucial for the pathogenesis of endometrial
cancer. For example, Xie et al demonstrated that IncRNA
CCAT2 was highly expressed in endometrial cancer tis-
sues, and knockdown of IncRNA CCAT?2 inhibited endo-
metrial cancer cells growth and metastasis via sponging
miR-216b."" Besides, previous study showed that IncRNA
DLEUI promoted the development of endometrial cancer
by sponging miR-490 to regulate SP1 expression.'?
Moreover, IncRNA MEG3 was found to inhibit endome-
trial carcinoma tumorigenesis and progression through
PI3K pathway."
IncRNAs in EC remains largely unknown.

However, the molecular function of

MCTP1-AS1 was recently discovered downregulated
in endometrial cancer tissues comparing to its paired nor-
mal adjacent tissues, which indicated that MCTP1-AS1
might also be an oncogene in endometrial cancer.'®
However, few studies have studied MCTP1-AS1 in EC
and the exact mechanism have not been clarified.
LncRNAs played role in progression of many diseases
by binding with different microRNAs (miRNAs) as their
targets. In our study, MCTP1-AS1 was proved to be the
target of miR-650 and reversely correlated with its expres-
sion. Previous study showed that miR-650 was upregu-
lated in endometrial cancer tissues, and regulate tumor
progression.'” For example, miR-650 promoted the metas-
tasis and Epithelial-Mesenchymal Transition (EMT) of
hepatocellular carcinoma by directly inhibiting LATS2
expression.'® Orlandella et al found that miR-650 pro-
moted the motility of anaplastic thyroid cancer cells by
targeting PPP2CA."”

SMAD family plays an important role in mediating
TGF-p signaling pathway, which includes three functional
classes: common SMADs, receptor-regulated SMADs
(RSMADs), and inhibitory SMADs (I-SMADs).'®
SMAD?7, belonging to I-SMADs, was reported to be an
inhibitor of TGF-f signaling, and associated with tumor
malignancy.'® Parikh et al indicated that in ovarian cancer,
SMAD?7 has been proved to regulate TGF-f signaling
pathway by affecting the expression and activation of

SMAD2/3, thereby affecting EMT.?® In the present study,
we demonstrated that IncRNA MCTP1-ASI regulated the
proliferation, migration, invasion and EMT process of EC
cells through miR-650/SMAD?7 axis, which provided new
ideas for the pathogenesis and clinical research of endo-
metrial cancer.

Materials and Methods

Patient Samples

A total of 60 pieces of pathologically proven EC tissues
and adjacent normal tissues were collected from Pu Ren
Hospital between Apr 2017 and Jan 2018. All patients
received no radiotherapy or chemotherapy before surgery.
All samples were frozen in liquid nitrogen immediately
after resection. This study was approved by the Ethics
Committee of Pu Ren hospital. Written informed consent
was obtained from every patient.

Cell Culture and Transfection

Endometrial adenocarcinoma cell lines HEC-1B, HEC-1A,
Ishikawa and RL-952 and human normal esophageal
epithelial cell line hEEC were purchased from the
American Type Culture Collection (ATCC). Cells above
were maintained in DMEM (Hyclone) supplemented with
10% fetal bovine serum (Gibco) and 1% penicillin/strep-
tomycin (Hyclone) at 37°C in a humidified incubator con-
taining 5% CO,. Stable expression cell lines were
established by virus infection. Briefly, 1x10° 293FT cells
were plated into 6-well plate coated with collagen 1 (BD
Bioscience, #354236), transfection was performed with
retroviral constructs together with packaging plasmids,
and viruses were collected twice at 24 h intervals. To
infect cells, cells were cultured in 1 mL viral supernatant
mixed with 1 pL polybrene of 10 pg/mL stock for 6
h followed with regular media. Cells were selected with
2 ng/mL puromycin (Sigma) for 7 days. The overexpres-
sion plasmid pcDNA3.1-MCTP1-AS1 and small-
interfering RNA (siRNA) for SMAD7 were designed by
GenePharma.

Quantitative Real-Time PCR (qRT-PCR)

Total RNA was isolated from cells or frozen tissues using
TRIzol reagent (Invitrogen, #15596026), with its quantity
and quality being examined by NanoDrop ND-1000
(Thermo). One microgram of total RNA was converted
into cDNA using TransScript” One-Step gDNA Removal
cDNA Synthesis

and SuperMix (Transgen Biotech,
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#AT311-02) according to manufacturer’s instruction. The
quantitative PCR (qPCR) was performed on 15 ng of
cDNA from each sample using SYBR Green Real-time
PCR Master Mix (TOYOBO, #QPK-201) based on the
recommendations of manufacturer. The qPCR reactions
run on the following conditions: initial denaturing at 95°
C for 30 sec, followed by 35—40 cycles of 95°C for 5 sec,
60°C for 10 sec and 72°C for 15 sec, melting curves were
examined at 37°C for 30 sec before cooling. Each result
was from three independent biological replicates for all
analyses performed in this work. The qPCR results were

analyzed using 2 44T

method and presented as relative
quantity of transcripts with GAPDH as the reference gene.
The primers sequences were: MCTP1-AS1: 5'-GGCAGAT
TCTTAGTTCCG-3" and 5-ATTCTTGGCTATACTCT
ACCTC-3"; miR-650: 5-AGAGGAGGCAGCGCTCT-3’
and 5-CAGTGCGTGTCGTGGAGT-3’; SMAD7: 5'-TTC
CTCCGCTGAAACAGGG-3"and 5'-CCTCCCAGTATGC
CACCAC-3'; GAPDH: 5-TCTCCGCCCCTTCCGCT

GAT-3" and 5'-CCACAGCCTTGGCAGCACCA-3".

Western Blot Assay

The cell lysates were prepared by using RIPA lysis buffer
(Beyotime) and then the protein concentration was mea-
sured using the Bicinchoninic acid (BCA) Protein quantifi-
cation kit (Thermo). 30 pg protein samples were subjected
to SDS-PAGE and then transferred onto polyvinylidene
fluoride (PVDF) membrane at 100 V for 90 mins. Then,
5% skim milk in PBST was used to block the membranes at
room temperature for 1 hr, after which appropriate antibo-
dies were used to incubate with membranes at 4°C over-
night. After washing, secondary antibodies were used to
incubate with membranes in 5% fat-free milk at room
temperature for 1 h. The protein expression was determined
by SuperEnhanced chemiluminescence detection reagent
(Applygen technologies). GAPDH was used as internal
reference. The primary antibodies were used for immuno-
blotting: E-cadherin (BD Biosciences, 610181), N-cadherin
(BD Biosciences, 610920), Vimentin (Cell Signaling
Technology, 5741), AGO2 (Millipore, SAB4200085),
SMAD7 (R&D Systems, MAB2029), SMAD2 (Cell
Signaling Technology, 5339), P-SMAD2 (Cell Signaling
Technology, 3108), SMAD3 (Cell Signaling Technology,
9523), P-SMAD3 (Cell Signaling Technology, 9520),
TGF-B1 (Invitrogen, MA1-169), GAPDH (Proteintech,
60004-1-Ig). Secondary antibodies were purchased from
Thermo Fisher including HRP-linked anti-mouse IgG

(Cell Signaling Technology, 7076) and HRP-linked anti-
rabbit IgG (Cell Signaling Technology, 7074).

Cell Counting Kit-8 (CCK-8)

Cell proliferation was assessed by Cell Counting Kit-8
assay. Briefly, about 1x10° cells suspended in 100 pL
into 96-well
(Corning). After incubation at 37°C in a humidified incu-

culture medium were seeded plates
bator containing 5% CO, for 24, 48 and 72 h, respectively,
10 uL of CCK-8 solution (Beyotime) was added to each
well. After 2 h of incubation at 37°C, the absorbance at
450 nm was measured using an automatic microplate

reader (Infinite M200, TECAN).

Transwell Migration and Invasion Assay
Cell invasion was measured using 24-well Transwell
Chamber (8-um pore membrane, BD Biosciences). 1x10°
cells were harvested and planted into the Matrigel pre-coated
upper chamber with 100 pL serum-free medium while the
bottom chamber was filled with 600 pL completed medium.
Inserts were incubated at 37°C, 5% CO, for 24h. Non-
invading cells were removed with a cotton swab soaked in
medium. Cells that had moved through the pores (to the
lower surface of the filters) were fixed with methanol
(Macklin) for 1 h and stained with crystal violet (Solarbio)
for 30 min, then counted invasive cells on a microscope at
ECLIPSE Ti-U epi-fluorescence microscope (Nikon). Three
inserts were counted for each treatment in each experiment
and experiments were carried out at least three times.

In vitro Wound-Healing Assay

Cells were removed by trypsinisation (Hyclone), counted
and 5x10° cells were added into 6-well plate (Corning).
Cells were incubated overnight yielding confluent mono-
layers for wounding. Wounds were made using a pipette
tip and photographs taken by ECLIPSE Ti-U epi-
fluorescence microscope (Nikon) immediately (time zero)
and 24 h after wounding. Experiments were carried out in
triplicate and repeated at least five times.

Luciferase Reporter Assay

The 3’-UTR sequence of miR-650 binding sites within the
predicted target sites was amplified by PCR and then
cloned into the pGL3 luciferase vector. Ishikawa cells
were co-transfected with the pGL3-WT or -MUT or miR-
513 mimics/NC using Lipo3000 (Invitrogen). After 48 hrs
transfection, the cells were washed twice with PBS twice
and digested using lysis buffer. After centrifuge, cells
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lysates were collected. The luciferase activity was ana-
lyzed by Microplate Reader (Infinite M200, TECAN).

RNA Binding Protein

Immunoprecipitation (RIP)

RNA immunoprecipitation (RIP) assays were performed to
confirm the interaction between MCTP1-AS1 and miR-
650. Briefly, RIP was performed using the EZMagna RIP
RNA-binding protein immunoprecipitation kit (Millipore)
according to the manufacturer’s instructions. Cells in dif-
ferent groups were lysed using RNA lysis buffer contain-
ing protease inhibitor and RNase inhibitor. Then, cells
lysates were incubated with the RIP buffer containing
magnetic beads coated with Ago2 antibodies (Millipore).
IgG served as a negative control (input group).

Statistical Analysis

All of the experiments were carried out for at least three
times. The results were shown as mean + standard devia-
tions (SD). Statistical analysis was performed using SPSS
20.0 or GraphPad Prism software. P-values were calcu-
lated using two-tailed Student’s #-test from Excel or
GraphPad Prism software, and P-values less than 0.05
were considered statistically significant.

Results
MCTPI-ASI Is Downregulated in EC
Tissues and Cell Lines and Correlated

with Prognosis in EC Patients
The expression levels of MCTP1-AS1 in EC tissues and
adjacent normal tissues were evaluated by qRT-PCR. The
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results showed the significantly decreased expression of
MCTPI1-AS1 in tumor tissues compared with adjacent
normal tissues (p<0.0001) (Figure 1A). 60 patients of
endometrial cancer from Figure 1A were divided into
MCTP1-AS1 low expression group (n=30) and MCTP1-
AS1 high expression group (n=30) according to the
expression level of MCTP1-AS1 in EC tissue. Regardless
of patient age, higher MCTP1-AS1 expression was closely
related to tumor size, TNM state, differentiation, lymph
node metastasis and distant metastasis (p<0.001) (Table 1).
Besides, we found that low MCTP1-AS1 expression was
associated with significantly shorter overall survival as
(Figure 1B).
Moreover, the significant downregulation of MCTP1-AS1

revealed by Kaplan-Meier analysis
in EC cell lines (especially Ishikawa cell line) was
observed compared with normal cell line hEEC (p<0.01)

(Figure 1C).

MCTPI-ASI Inhibits Cell Proliferation,
Cell Migration, Cell Invasion and EMT

Process in EC Cells

Overexpression of MCTP1-AS1 was achieved by transfec-
tion of Ishikawa cells with pcDNA3.1-MCTP1-AS1 and
the efficiency of overexpression was verified by qRT-PCR
(p<0.01) (Figure 2A). CCK8 assay proved that cell pro-
liferation was inhibited in MCTP1-AS1 overexpression
cells compared with control cells (p<0.01) (Figure 2B).
In addition, wound-healing assay demonstrated that the
migration ability of EC cells was decreased at 24 h upon
MCTP1-AS1 overexpression (Figure 2C). Furthermore,
the effect of overexpression of MCTP1-AS1 on cell
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Figure | MCTPI-ASI is downregulated in EC tissues and cell lines and correlated with prognosis in EC patients. (A) Expression level of MCTPI-AS| is downregulated in
endometrial cancer tissues compared with adjacent normal tissues (n=60, ****p<0.0001). (B) The overall survival rate is significantly lower in patients with low MCTPI-AS|
expression than in those with high MCTPI-AS| expression. n=30 for each group. (C) Expression levels of MCTPI-AS|I in EC cell lines compared to the normal esophageal

epithelial cells. Data are mean * SD of triplicate experiment (**p<0.01).
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Table | Relationship Between Clinico-Pathological Characteristics and MCTPI-AS| Expression in EC Patients
Clinico-Pathological Characteristics Total High Expression Low Expression X2 P value
Age 30 30
<60 4?2 22 20 0317 0.389
>60 18 8 10
Tumor Size 30 30
TI 18 14 4 15.032 0.002
T2 16 10 6
T3 12 4 8
T4 14 2 12
Distant Metastasis
Positive 4?2 10 22 9.643 0.002
Negative 48 20 8
Differentiation
High 20 2 18 27.84 0.001
Moderate 15 6 9
Poor 25 22 3
Lymph Node Metastasis
Positive 25 12 23 8.297 0.004
Negative 35 18 7
TNM Stages
| 17 13 4 13.888 0.003
1] 20 12 8
1} 13 4 9
v 10 | 9

invasion was detected by transwell experiment. The data
showed that compared with control cells, cell invasion
ability was significantly inhibited in MCTP1-AS1 over-
expression cells (p<0.01) (Figure 2D). Moreover, MCTP1-
AS1 overexpression significantly promoted the expression
of E-cadherin but inhibited N-cadherin and Vimentin com-
pared with control group (Figure 2E). These findings sug-
gested that upregulation of MCTPI-ASI profoundly
inhibited cell proliferation, migration, invasion and EMT
process of EC cells.

MCTPI-AS| Reversely Regulated
miR-650 Expression in EC Cells by
Directly Targeting

RNA22 (https://cm.jefferson.edu/rna22) was used to predict the

potential binding sites between MCTP1-AS1 and miR-650, the
result of which was shown in Figure 3A. Next, a dual-luciferase

reporter assay was carried out to confirm the binding site
between MCTP-AS1 and miR-650. Compared with miR-NC,
overexpression of miR-650 inhibited the luciferase activity in

293T cells (p<0.01) while mutation of the predicted miR-650
binding site canceled out the inhibitory effect (Figure 3B). In
addition, RIP was performed to verify the direct binding of
MCTP1-AS1 and miR-650 (Figure 3C). Besides, miR-650
expression was suppressed in EC tissues in comparison to
adjacent non-tumor tissues (p<0.01) (Figure 3D). In addition,
an inverse correlation was found between MCTP1-AS1 and
miR-650 expression by Pearson correlation analysis (p<0.0001)
(Figure 3E). Furthermore, the expression levels of MCTP1-
AS1 were increased in EC cells compared with normal cells
(p<0.01) (Figure 3F). Meanwhile, we found that miR-650
expression was inhibited in MCTP1-AS1 overexpressed
Ishikawa cells (p<0.01) (Figure 3G). Taken together, MCTP1-
ASI1 reversely regulated miR-650 expression in EC cells.

MCTPI-AS| Regulated EMT Process via

miR-650 in EC Cells
qRT-PCR result showed that miR-650 expression was

downregulated in MCTP1-AS1 overexpressed EC cells,
while co-transfecting with miR-650 mimic, the miR-650

OncoTargets and Therapy 2021:14

submit your manuscript

755

Dove


https://cm.jefferson.edu/rna22
http://www.dovepress.com
http://www.dovepress.com

Gao et al Dove

A B (03 oh 24h
- —e&— Control —
g 20 . 1.5 2
] —®—\ector S
g 154 —4— MCTP1-AS1 ©
[72]
2 $1.04 t
(] T 5
< 2
T 101 Z 8
o w >
= ~
% 8 0.5
0.57 -
g
iy -
- 0- 0 T T T T %
0‘\\‘0\ qeo\o‘ ’P‘Q,\ Oh 24h 48h 72h s
<"
N\O
P
W
400
D E
& i s W wmmmes | E-cadherin
g 300
€
=} .
£ 200 e Smmmms oo | N-cadherin
3 i
-§ — — Vimentin
© e ke
5 100
[ A =
i o . SN NSNS WS | GAPDH
N ot A > S N
S INLL e = &P
XY O«Q\
Ny

Figure 2 MCTPI-ASI inhibits cell proliferation, cell migration, cell invasion and EMT process in EC cells. (A) The transfection efficiency of Ishikawa cells in response to
overexpression MCTPI-AS| plasmid, as detected by quantitative RT-

PCR (**p<0.01). (B) Cell proliferation was measured in Ishikawa cells overexpressed MCTP|-AS| plasmid using CCK8 at 0 h, 24 h, 48 h and 72 h time points. Data are mean
+ SD of triplicate experiment (**p<0.01). (C) Wound healing assay was performed in both cell lines following transfection with MCTP-AS| overexpression plasmid. (D)
Transwell assay was used to measure the effect of MCTPI-AS| overexpression on cell migration and invasion in Ishikawa cells. Data are mean * SD of triplicate experiment
(**p<0.01). (E) MCTPI-ASI| overexpression significantly promotes the expression of E-cadherin but inhibited N-cadherin and vimentin.

expression level was partially upregulated (p<0.01) MCTPI-ASI Regu|ated SMAD7

(Figure 4A). CCKS8 assay proved that cell proliferation Expression via miR-650 in EC Cells

inhibited by MCTP1-ASI overexpression could be drasti- Bioinformatics analysis was performed to predict the potential
cally rescued by co-transfecting with miR-650 mimic binding sites between miR-650 and SMAD7 using RNA22
(p<0.01) (Figure 4B). In addition, wound-healing assay (hys:/cm jefferson.edwma22) (Figure 5A). Next, the result
demonstrated that the migration ability of EC cells was ¢ qyal juciferase reporter assay showed that compared with
increased at 24 h upon MCTP1-ASI and miR-650 mimic iR NC, overexpression of miR-650 could inhibit the lucifer-
co-transfection compared with MCTPI-AST only (Figure  46e activity in 293T cells (p<0.001), which was not affected by
4C). Furthermore, the transwell experiment data showed  mytating the predicted binding site between miR-650 and
that miR-650 transfection could significantly alleviate the  gMAD?7 (Figure 5B). In addition, the correlation between
MCTP1-AS1 inducing cell invasion ability inhibition in  mjR-650 and SMAD7 was detected by Pearson correlation
EC cells (p<0.01) (Figure 4D). Moreover, miR-650 trans-  analysis, the result of which showed that the two molecules
fection inhibited the expression level of E-cadherin com-  had an inverse correlation (p<0.0001) (Figure 5C).
pared with MCTPI1-AS1 overexpression cells, while  Furthermore, we found that mRNA and protein levels of
N-cadherin and Vimentin expression level were increased SMAD7 were both dramatically increased in MCTP1-AS1

at the same time (Figure 4E). Therefore, MCTP1-AS1  overexpression cells compared with negative control, while co-
might inhibit EC cells growth through downregulating transfecting with miR-650, SMAD7 expression level was
the activity of miR-650. decreased (p<0.01) (Figure 5D and E). To determine whether
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Figure 3 MCTPI-AS| reversely regulated miR-650 expression in EC cells by directly targeting. (A) The binding scheme of MCTPI-AS| and miR-650. (B) MCTPI-AS|
interacts with miR-513 by directly targeting verified by luciferase reporter assay. Data are mean * SD of triplicate experiment (**p<0.01). (C) The direct binding of MCTP-
AS| and miR-650 was measured by RIP assay. (D) miR-650 expression levels are significantly increased in human EC tissues compared with adjacent normal tissues. Data are
mean * SD of triplicate experiment (**p<0.01, n=60). (E) An inverse correlation is observed between mRNA expressions of miR-650 and MCTPI-ASI in human EC tissues.
n=60. p<0.0001. (F) Expression levels of miR-650 in EC cell lines compared to the normal esophageal epithelial cells. Data are mean * SD of triplicate experiment
(**p<0.01). (G) Decreased miR-650 expression in Ishikawa cells in response to overexpression MCTPI-AS| plasmid, as detected by quantitative RT-PCR. Data are mean *

SD of triplicate experiment (**p<0.01).

MCTP1-ASI regulated SMAD7 expression in EC cells, corre-
lation between MCTP1-AS1 and SMAD7 was detected. As
expected, a positive correlation was found between MCTP1-
AS1 and SMAD7 mRNA expressions in EC tissues (p<0.0001)
(Figure SF). CCKS results showed that cell proliferation was
decreased when MCTP1-AS1 was overexpressed, which was
reversed by SMAD7 knockdown through siRNA transfecting
(p<0.0001) (Figure 5G). Similar results were found in both
wound-healing and transwell assay (p<0.01) (Figure SH and
I). Meanwhile, the result of Western blot showed that SMAD7
knockdown could inhibit the expression of E-cadherin but
promote the N-cadherin and Vimentin levels compared with
MCTP1-AS1 overexpression cells, which proved that MCTP1-
AS1 inhibited EMT process of EC cells through SMAD7
(Figure 5J). Besides, as SAMD7 plays an important role in
SMAD?2/3-TGF-f pathway, we detected the expression level of
SMAD?2/3, p-SMAD2/3 and TGF-B1 by Western blot. As
shown in Figure 5K, overexpression of MCTP1-AS1 induced
inhibition of this pathway, while knockdown of SMAD?7 atte-
nuated the inhibiting effect. In short, MCTP1-AS1 might reg-
ulate cell growth, migration, invasion and EMT via miR-650/
SMAD7 axis in EC cells.

Discussion
MCTP1-AS1 expression has been recently discovered to
be downregulated in a total of 45 pieces of pathologically
proven endometrial cancer tissues comparing to its paired
normal adjacent tissues by microarray analysis.'*
Similarly, reduced MCTP1-AS1 expressions were found
in 60 EC tissues and EC cell lines, especially Ishikawa
cells in the current study, which was further proved to be
related with poor prognosis in EC patients. However, few
studies have studied MCTP1-AS1 in EC or other cancers,
its expression and biological role in cancer development is
still limited. In this study, our results showed that over-
expressing of MCTP1-AS1 significantly inhibited cell
growth, migration, invasion and EMT, which indicated
that MCTP1-AS1 could potentially serve as a diagnostic
biomarker that is beneficial for the diagnosis and therapy
of endometrial cancer.

Studies have indicated that miR-650 upregulated in
a wide variety of human tumors, such as gastric cancer,
carcinoma, colorectal cancer,

hepatocellular prostate

Cancer and so on.”'* Notably, previous study showed
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Figure 4 MCTPI-AS| regulated EMT process via miR-650 in EC cells. (A) miR-650 mimic was transfected into Ishikawa cells, and the transfection efficiency was verified
using qRT-PCR. Data are mean * SD of triplicate experiment (**p<0.01). (B) Cell proliferation was measured in MCTP|-AS| overexpressed Ishikawa cells transfected with
miR-650 mimic using CCK8 at 0 h, 24 h, 48 h and 72 h time points. Data are mean + SD of triplicate experiment (**p<0.01). (C) Wound healing assay was performed in
MCTPI-AS| overexpressed Ishikawa cell lines following transfection with miR-650 mimic. (D) Transwell assay was used to measure the effect of miR-650 overexpression on
cell migration and invasion in MCTPI-AS| overexpressed Ishikawa cells. Data are mean + SD of triplicate experiment (**p<0.01). (E) Western blot shows miR-650
overexpression significantly reverses the effect of MCTPI-AS| on E-cadherin, N-cadherin and Vimentin expression in EC cells.

that miR-650 was upregulated in endometrial cancer
tissues." Accordingly, we tested the expression level of
miR-650 in EC tissues and corresponding adjacent normal
tissues. The results showed that miR-650 expression was
indeed significantly upregulated in EC tissues compared
with adjacent normal tissues. Moreover, MCTP1-AS1 was
predicted as a direct target of miR-650 using bioinfor-
matics analysis and was further proved by dual-luciferase
reporter assay in our study. Besides, the expression of
miR-650 was negatively correlated with the expression
of MCTPI-AS1 in EC tissues verified by qRT-PCR.
Through co-transfecting with miR-650 mimic, we demon-
strated that MCTP1-AS1 regulated EC development via
miR-650 in EC cells.

SMAD7, as an inhibitor of TGF-B signaling, was
confirmed to have direct binding sites with miR-650
by bioinformatics analysis, which expanded the potential
target network of miR-650. Parikh et al indicated that in

ovarian cancer, SMAD7 has been proved to regulate
TGF-p signaling pathway by affecting the expression
and activation of SMAD2/3.** Kharma et al found that
STAT1 drives tumor progression in serous papillary
SMAD7.%

Nevertheless, in cutaneous melanoma, high expression

endometrial cancer via  regulating
of SMAD7 was positively associated with several fea-
tures of tumor aggressiveness.”® Besides, several studies
demonstrated SMAD?7 played an important role in many
inflammation-related diseases.”” ?° For example, Xu
et al revealed that SMAD7 might play a suppressor
role on the development of osteoarthritis.>® The conflict-
ing results of these studies were probably due to its
effect under differential conditions, which suggested
that MCTP1-AS1
through SMAD?7.

In our study, we found SMAD7 was negatively corre-

might regulate EC development

lated to the miR-650 expression, and positively correlated
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Figure 5 MCTPI-AS| regulated SMAD7 expression via miR-650 in EC cells. (A) The binding scheme of miR-650 and SMAD?7. (B) miR-650 interacts with SMAD7 by
directly targeting verified by luciferase reporter assay. Data are mean + SD of triplicate experiment (***p<0.001). (C) An inverse correlation is observed between mRNA
expressions of miR-650 and SMAD?7 in human EC tissues (n=60, p<0.0001). (D) qRT-PCR shows that mRNA expression level of SMAD?7 is downregulated following miR-650
overexpression. Data are mean * SD of triplicate experiment (**p<0.01). (E) Western blot shows that protein expression level of SMAD7 is downregulated following miR-
650 overexpression. (F) A positive correlation is observed between mRNA expressions of MCTPI-AS| and SMAD?7 in human EC tissues (n=60, p<0.0001). (G) Si-SMAD7 is
transfected into MCTP-AS| overexpressed EC cells. CCK8 assay was used to determine the cell proliferation. Data are mean * SD of triplicate experiment (****p<0.0001).
(H) Wound healing assay was performed in MCTP|-AS| overexpressed Ishikawa cell lines following transfection with si-SMAD?7. () Transwell assay was used to measure the
effect of si-SMAD?7 transfection on cell migration and invasion in MCTPI-AS| overexpressed Ishikawa cells. Data are mean + SD of triplicate experiment (**p<0.01). (J)
Western blot shows si-SMAD?7 transfection significantly reverses the effect of MCTPI-AS| on E-cadherin, N-cadherin and Vimentin expression in EC cells. (K) Western blot

shows activation of TGF-B/SMAD pathway after transfecting si-SMAD7 in EC cells.

to the MCTP1-AS1 expression in EC tissues. MCTP1-AS1
overexpression inhibited EC cells growth, migration, inva-
sion and EMT, while knockdown of SMAD?7 expression

role of MCTPI-ASI1

by transfecting siRNA-SMAD?7 rescued the inhibition
effect induced by MCTP1-AS1 in EC cells. To detect the
in regulating SMAD2/3-TGF-
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signaling, SMAD2/3, p-SMAD2/3 and TGF-B1 expres-
sions in EC cells were determined using Western blot.
As expected, decreased SMAD2/3, p-SMAD2/3 and
TGF-B1 expressions were found in the MCTP1-AS1 over-
expression group compared with control group. While co-
transfecting with siRNA-SMAD?7, the expressions of
SMAD?2/3, p-SMAD2/3 and TGF-B1 were increased than
MCTP1-AS1 overexpression group.

Taken together, our data indicate that the MCTP1-AS1
/miR-650/SMAD?7 axis functions as an important player in
EC cells growth, migration, invasion and EMT, which may
have diagnostic and therapeutic potential in EC.

Conclusion

MCTP1-AS1 and SMAD7 were downregulated in EC cells,
while miR-650 was significantly upregulated in the EC cells.
MCTP1-ASI regulates the cell proliferation, migration, inva-
sion and EMT in EC cells through regulation of miR-650/
SMADY7 axis. Therefore, this study uncovered the expression
and biological role of MCTP1-AS1 in EC, which could act as
a potential therapeutic target in the future.
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