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(MALAT1) and microRNA-1271-5p
Methods: The level of MALATI,
detected by qRT-PCR. MTT ag

invasion, respectively. E2
tion between miR-1271-5

Results: MAL AR ¢ increased, while miR-1271-5p level was decreased
jssues and cells. MALAT1 knockdown or miR-1271-5p
50 of cisplatin, and inhibited cell proliferation, migration, invasion,
ptosis in DDP-resistant OC cells. Moreover, MALAT1 sponged miR-
E2F5 expression. Besides, MALAT1 knockdown decreased DDP

ell proliferation, migration, invasion, and promoted cell apoptosis by

in cisplatin

upreg

miR-1271-5p to downregulate E2F5 expression in DDP-resistant OC cell.

We demonstrated that MALAT1 mediated DDP-resistant OC development
ugh miR-1271-5p/E2F5 axis, providing the theoretical basis for OC therapy.
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Introduction

Ovarian cancer (OC) is one of the most lethal tumors in female with approximately
140,000 deaths per year.! Over 70% of OC patients were diagnosed at advanced
stage, and the S5-year-survival rate was low in OC patients.”” Nowadays, the
combination of surgery and chemotherapy is an effective method for OC therapy.
Cisplatin (DDP) is considered as a good chemotherapeutic agent to repress the
development of OC.* However, it is easy to generate DDP resistance for OC
patients. Thus, it is of great significance to explore the regulatory mechanism of
drug resistance in OC.

Long noncoding RNAs (IncRNAs), with more than 200 nucleotides in length,
are defined as a conserved family in RNAs that modulate the levels of downstream
genes through various methods, such as epigenetic modification, transcriptional
regulation, or post-transcriptional regulation.” Amounting evidence demonstrated
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that IncRNAs were related to drug resistance in multiple
human cancers, including glioma,6 breast cancer,’ color-
ectal cancer,® and ovarian cancer.” For instance, IncRNA
metastasis associated with lung adenocarcinoma transcript
1 (MALAT1) depletion enhanced chemo-sensitivity of OC
cells against DDP by regulating the Notchl pathway.'’
This result suggested that MALAT1 exerted an important
role in DDP-induced OC development. However, the func-
tional mechanism of MALAT1 in DDP-regulated OC pro-
gression is not fully clear.

MicroRNAs (miRNAs) are a group of small noncoding
RNAs with about 20 nucleotides that affect the level of
target genes through suppressing transcription or inducing
the degradation of mRNAs."" Previous studies indicated
that the levels of miRNAs were abnormally expressed in
various human cancers, revealing that miRNAs can be
considered as a type of biomarkers for the diagnosis of
1213 MicroRNA-1241-5p  (MiR-1271-5p), an
endogenous miRNA, was lowly expressed in OC tissues

cancers.

according to the reporter in 2014."* Moreover, miR-1271
repressed the growth of OC cells and weakened cell resis-
tance to DDP.'>'® More importantly, a previous study
indicated that MALAT1 could target miR-1271-5p to par-

unknown.
E2F transcription factor 5 (E2F5)

function of
le.? E2F5

o

was upregulated in O
tion, mobility, aj s
data showed 4
OC progrd
gtor for the
F5 was involved in DDP-resistance

a positive development of OC.

In this study, we measured MALAT1, miR-1271-5p,
and E2F5 expression in DDP-resistant OC tissues and
cells. Furthermore, the functions of MALAT1 and miR-
1271-5p in DDP-resistant cells were explored. Moreover,
we investigated the association between miR-1271-5p and
MALAT1 or E2F5. Besides, we explored whether
MALATI1 regulated miR-1271-5p and E2F5 to modulate
DDP-resistant OC progression.

Materials and Methods

Samples Collection and Cell Culture

Twenty-five tumor-responsive OC tissues and 34 tumor-
resistant OC tissues were obtained from patients with or
without DDP resistance at the hospital of The First
People’s Hospital of Lianyungang. The clinicopathologic
features of OC patients with DDP resistance are presented
in Table 1. The research was approved by the Ethics
of The First
Lianyungang. All patients in this research signed informed

Committee People’s Hospital of

contents and consent was obtained 4

pants prior to study commenc
2019447 (33) 5).

SKOV3 and OVC bught from

Biomedical Scienc ai, China).
Complete Dulbe Medium (Gibco,
Carlsbad, C %0 fetal bovine serum

, Waltham, MA, USA)
s at 37°C with 5% CO,. To
oC SKOV3
re induced by DDP purchased from
t Louis, MO, USA). To generate

cells, and

After 12 months, the stable OC cell lines SKOV3/DDP
and OVCAR3/DDP resistant to DDP were constructed
at 2 pg/mL, and the cell lines were cryopreserved in
liquid nitrogen. This research was carried out in accor-
dance with the World Medical Association Declaration
of Helsinki*.

Table | The Clinicopathologic Features of OC Patients with
DDP Resistance

Parameters Groups Numbers (n = 34)
Age <50 12
>50 22
TNM stage 1+1 16
N+v 18
Tumor size <4cm 15
>4cm 19
Lymph node metastasis Negative 20
Positive 14

submit your manuscript

10000

Dove

Cancer Management and Research 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Wang et al

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

Total RNA was isolated from tissues and cells using Trizol
reagent (Invitrogen, Carlsbad, CA, USA). Complementary
DNA (cDNA) was acquired through Prime Script TM RT
reagent kit (Takara, Dalian, China) complying with the con-
structor’s instruction. The PCR reaction was performed using
SYBR® Premix Ex Taq™ II Kit (Takara) and conducted
using ABI Step One Real-time PCR System (Thermo
Fisher Scientific). Data were analyzed by the 2“4
approach and normalized by Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) and U6. The primers (Sangon,
Shanghai, China) were listed as follows: GTGTGCCA
ATGTTTCGTTTG (sense) and AGGAGAAAGTGCCA
TGGTTG (antisense) for MALAT1, CAGCACTTGGCA
CCTAGCA (sense) and TATGGTTGTTCTCCTCTCTG
TCTC (antisense) for miR-1271-5p, CGGCGTTCTGGATC
TCAA (sense) and CAATTCCCTCTAAGACATTGGTG
(antisense) for E2F5, TGCGGGTGCTCGCTTCGGCAGC
(sense) and CCAGTGCAGGGTCCGAGGT (antisense) for
U6, ATCACTGCCACCCAGAAGAC (sense) and TTTCTA
GACGGCAGGTCAGG (antisense) for GAPDH.

Cell Transfection
siRNA targeting MALAT1 (si-MALAT1#1 and si-MA

#2), siRNA negative control (si-NC), pcDN AP
bought from Genepharma (Shanghai, 4 w

MTT Assay
SKOV3/DDP

cells v MTT for 4 h and incubated
with di (DMSO) (Sigma-Aldrich) for
2 h. The opN@al density (OD) value was determined at

490 nm using a\pectrophotometer.

Cell Apoptosis Assay

Cell apoptotic rate was detected via flow cytometry. 2 x 10°
cells transfected SKOV3/DDP and OVCAR3/DDP cells
were placed into 6-well plates. Then, cells were harvested
and incubated in binding buffer. Cells were incubated with
Annexin V-fluorescein isothiocyanate (FITC) and propidium
iodide (PI) (Solarbio) for 15 min. Finally, cell apoptosis was

measured using a flow cytometer (Agilent, Hangzhou,
China). The apoptotic rate was presented as the percentage
of cells (Annexin V-FITC+ and PI+).

Transwell Assessment

To detect the migrated ability, cells (1 x 10* cells/well) in
medium without serum were seeded into the upper cham-
bers (Costar, Corning, NY, USA). The medium containing
10% serum was added in lower chamber. After 24 h, cells
were fixed, stained with 0.5% crystal violet (Beyotime),

and counted. Three random field asclected. For inva-

estern Blot Assay

The protein was quantified via NanoDrop Spectrophotometer
and adjusted the concentration to 5 pg/uL.. 10 pL of protein
samples were loaded on each lane and subjected to
SD-PAGE. Then, the protein was transferred onto the nitro-
cellulose membranes (Bio-Rad, Hercules, CA, USA).
Membranes were incubated with the primary antibodies
overnight at 4°C and secondary antibody for 2 h. The anti-
bodies included anti-E2F5 (1:1000, ab22855, Abcam,
Cambridge, MA, USA), anti-GAPDH (1:2500, ab181602,
Abcam) and horseradish peroxidase-conjugated IgG
(ab205718, 1:20,000 dilution). The signals were observed
using enhanced chemiluminescence (Thermo Fisher) and
exposed to X-ray films. The gray values of bands were
measured and the relative protein abundance was normalized
to GAPDH expression.

Statistical Analysis

Statistical analysis was conducted via GraphPad Prism
6 software (GraphPad, La Jolla, CA, USA). Data were
presented as mean + standard deviation and analyzed by
SPSS 22.0 with at least three repeats for each experiment.
Difference between the two groups was compared by
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Student’s r-test, and difference among more than two
groups was analyzed via ANOVA followed by Tukey’s
post hoc test. Pearson correlation analysis was used to
analyze the interaction relationship between variables.
P<0.05 was considered as statistically significant.

Results

MALATI is Enhanced in DDP-Resistant
OC Tissues and Cells

gRT-PCR assay demonstrated that MALAT1 expression

was upregulated in DDP-resistant OC tissues (Figure 1A
and Supplement Figure 1A). As exhibited in Figure 1B

and Supplement Figure 2A and B, ICsy of DDP in resistant

cells was apparently elevated compared with SKOV3 and
OVCAR3 cells. Then, we detected the level of MALAT1
in DDP-resistant OC cells. As expected, MALAT1 level
was remarkably increased in SKOV3/DDP and OVCAR3/
DDP cells (Figure 1C). Therefore, MALAT1 might act as
an oncogene in DDP-resistant OC development.

MALAT | Knockdown Restrains
DDP-Resistant OC Progression

DDP-resistant cells were transfected with si-NC,
MALATI1#1, si-MALAT1#2 to investigate the function o

confirmed by qRT-PCR assay (Figure 2A).
in Figure 2B, MALAT1 knockdown
1Cs¢ of DDP. Furthermore, MTT a;

and B). In addition, pr:
using flow cytometry.

Supplement Figure 3C and D, downregulation of MALAT1

significantly facilitated cell apoptosis. Besides, the decreased
cell migrative and invasive abilities were observed in
MALAT1-depleted SKOV3/DDP and OVCAR3/DDP cells
(Figure 2G-J and Supplement Figure 3E-H). These data
indicated that MALAT1 knockdown increased DDP resis-
tance, repressed cell proliferation, migration, invasion, and

promoted cell apoptosis in DDP-resistant OC cells.

MiR-1271-5p is a Target of MALAT I

Online tool starbase3.0 showed that g

p contained

MALAT1-MUT, in S
revealing that MA

and cells (Figure 3E, Supplement Figure
Furthermore, gqRT-PCR assay confirmed
expression was negatively correlated

1 expression in DDP-resistant OC tissues
). Therefore, MALAT1 could directly weakened

MiR-1271-5p Overexpression Represses
the Proliferation, Migration, and Invasion,
but Induces Apoptosis in DDP-Resistant

OC Cells
QRT-PCR assay verified that transfection with miR-1271-5p
remarkably increased miR-1271-5p expression (Figure 4A).

B c
%10 * . = 4 *
£ T 35 L 1
.2-4 092
3] ;%
S 2 %o‘
. . S o x
@ & T P QR & & O L O L
& X & oY O D &0 O°  _a)
o 2 2 3\ N & 2 Nk
R © o O ¥ S O v
<& & A= (@) S @)
& £ S
& <3
«Q

Figure | MALATI expression in DDP-resistant OC tissues and cells. (A) MALAT| expression was determined by qRT-PCR assay in DDP-resistant (n=25) and DDP-
responsive OC tissues (n=34). (B and C) ICs, of cisplatin (B) and MALAT| expression (C) were determined in SKOV3 and OVCAR3 cells as well as SKOV3/DDP and

OVCAR3/DDP cells (n=3). *P<0.05.
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Figure 2 The effect of MALAT| knockdown on DDP-resistant OC cells. (A) MALAT | expression was measured in SKOV3/DDP and OVCAR3/DDP cells transfected with
si-NC, si-MALAT I#1, or si-MALAT | #2, respectively (n=3). (B) ICs of cisplatin was examined (n=3). (C and D) MTT assay was performed to assess cell proliferation (n=3).
(E and F) Flow cytometry analysis was performed to detect cell apoptosis (n=3). (G-J) Cell migratory (G and H) and invasive (I and }) abilities were determined using
transwell assays (magnification x 100) (n=3). *P<0.05.

The results demonstrated that ICsq of DDP was significantly =~ 1271-5p overexpression significantly suppressed cell prolif-
reduced by miR-1271-5p overexpression (Figure 4B and eration in SKOV3/DDP and OVCAR3/DDP cells (Figure 4C
Supplement Figure 2E and F). Next, we found that miR- and D). Furthermore, flow cytometry was carried out to
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expression was analyzed by qRT-PCR assay (n=3). (E) MiR-1271-5p expression was detected in DDP-resistarit (n=25) al
expression was detected in DDP-resistant and DDP-responsive OC cells (n=3). (G) The relationship

detect apoptotic cells. As indicated in Figure 4E, miR-1271-
Sp upregulation dramatically induced cell apoptosis. Besid
cell migratory and invasive abilities were lower in mi
1271-5p-upregulated SKOV3/DDP and OVCAR3/DD
cells than that in control cells (Figure 4F and G,

MiR-1271-5p Targets E2F5
Suppresses E2F5 Expressi

Online tool targetscan demonst
tained a complementary

cree in DDP-resistant OC tissues
and cells (FigO@ SF-I and Supplement Figure 1C).

Furthermore, we fot®

that E2F5 expression was negatively
correlated with miR-1271-5p expression in DDP-resistant
OC tissues (Figure 5J). These data uncovered that miR-
1271-5p inversely regulated E2F5 expression.

MALAT | Impedes miR-1271-5p
Expression to Upregulate E2F5

Our data showed that there was a positive association
between E2F5 expression and MALATI1 expression in

miR-1271-

tissues (Figure 6A). Next, si-
anti-miR-1271-5p, si-MALATI#1 +
si-MALATI1#1, si-NC, miR-1271-5p +
r miR-1271-5p + E2F5 was transfected into
KOV3/DDP and OVCAR3/DDP cells. QRT-PCR
say and Western blot assay confirmed that E2F5
evel was downregulated by MALATI1 knockdown,
and then partly restored by miR-1271-5p silencing
(Figure 6B and C). Moreover, we confirmed that over-
expression of E2F5 elevated E2F5 level under miR-
1271-5p overexpression condition (Figure 6B and C).
Overall, MALAT1 upregulated E2F5 level via targeting
miR-1271-5p.

MALAT | Regulates DDP-Resistant OC
Cell Progression Through Modulating

miR-1271-5p/E2F5 Axis

As shown in Figure 7A, ICsq of DDP downregulated by
MALAT1 knockdown was increased by miR-1271-5p
depletion. MALAT1 downregulation-inhibited cell prolif-
eration was promoted by miR-1271-5p depletion (Figure
7B and C). Furthermore, we found that the promotion
effect of MALAT1 knockdown on cell apoptosis was
reversed by miR-1271-5p depletion in SKOV3/DDP and
OVCAR3/DDP cells (Figure 7D). Besides, MALATI
knockdown repressed cell migration and invasion, which

submit your manuscript

10004

Dove

Cancer Management and Research 2020:12


https://www.dovepress.com/get_supplementary_file.php?f=261979.docx
http://www.dovepress.com
http://www.dovepress.com

Dove Wang et al
iR . miR-NC
L B R SKOV3/DDP D  ovcARr3DDP
"‘_,’ :g j*; E 10 ’E 1.5 ’E1.o
e . o E | Eal
- o1 T = S 1.0 -»- miR-NC S .- m!R-NC
x @ 12 8 6 = = miR1271-5p L o6{ = miR12715p N
- 1 ro%
ES, T = .3 .
[ o * - = 05 =
QX - * © ©
2 @ os o 2 > > 0.2
L 3 [] - 8
® 00 Q0 v v O o T T T T O T T T T
o SKOV3/DDP OVCAR3/DDP = SKOV3/DDP OVCARS3/DDP 0 1 2 3 0 1 2 3
Time(days) Time(days)
E SKOV3/DDP OVCAR3/DDP
miR-NC miR-1271-5p miR-NC miR-1271-5p F == miRNC
miR-1271-5p
%_OVIUL Q1-UR §70¥-UL Q1-UR ‘E_Q‘~UL Q1-UR| > a1-uL Q1-UR
Pl . . o]
e I A T e P OVCAR3/DDP
Annexin V-FITC
G SKOV3/DDP

miR-1271-5p

OVCAR3/DDP

I

= miR-NC
s miR-1271-5p

»
S
3

a
3

a
S

0
SKOV3/DDP OVCAR3/DDP

Number of migration cells
3
2

(.

= miR-NC
. miR-1271-5p

N
S
3

miR-1271-5p

@
3

a
3

0
SKOV3/DDP OVCAR3/DDP

Number of invasion cells
2
H

Invasion

Figure 4
(n=3). (Cand B
were employed to

were blocked by depletion of miR-1271-5p (Figure 7E
and F). The above results confirmed that miR-1271-5p
overexpression repressed the growth of SKOV3/DDP and
OVCARS3/DDP cells. Taken together, MALAT1 regulated
the development of DDP-resistant OC cells by modulating
miR-1271-5p/E2F5 axis.

J 8 overexpression on DDP-resistant OC cells. (A) MiR-1271-5p expression was determined (n=3). (B) ICsq of cisplatin was investigated
ell proliferation was determined by MTT assay (n=3). (E and F) Cell apoptosis was measured using flow cytometry analysis (n=3). (G-J) Transwell assays
mine cell migration and invasion (magnification % 100) (n=3). *P<0.05.

Discussion

In recent years, DDP is an important drug for the therapy of
OC, while OC cells prone to generate drug resistance in OC
treatment.”* Moreover, IncRNAs were proved to be asso-
ciated with DDP resistance in OC. For example, Long et al
confirmed that IncRNA GASS5 increased DDP-resistance and
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pathway.”> Miao g
the sensitivi
HMGA2 1d
tance of OWGQMElls via modulating Bcl-2/Caspase-3
pathway.”” ThercN@e. IncRNAs exerted the crucial function
in DDP-resistant O

MALATI1, as an oncogene, was highly expressed in
tumors, such as hepatocellular carcinoma,”® breast
cancer,”’ gastric cancer,’® and colorectal cancer.>! In this
study, increased MALAT1 expression was discovered in
DDP-resistant OC tissues and cells. Moreover, MALAT1
knockdown decreased DDP resistance, suppressed prolif-
eration, mobility, and promoted apoptosis of DDP-resistant

OC cells. Our results were consistent with the previous

E2F5-WT

E2F5-MUT

E2F5-WT

E2F5-MUT

-n

expression
s o o

Relative E2F5 mRNA

Relative E2F5 mRNA expression

miR-1271-5p and E2F5. (A) The binding sites of miR-1271-5p and E2F5. (B and C) The luciferase
gl of E2F5 were detected by qRT-PCR and Western blot in SKOV3/DDP and OVCAR3/DDP cells
ein level of E2F5 were detected in DDP-resistant and DDP-responsive OC tissues (F and G) and
&sion was detected (n=3). *P<0.05.

data. For example, Bai and his colleagues showed that
MALATT1 level was upregulated, while MALAT1 deple-
tion inhibited cell development and DDP resistance in OC
tissues or DDP-resistant OC tissues.'®** These data
revealed that MALAT1 played a pivotal profile in the
development of DDP-resistant OC cells.

LncRNAs act as ceRNAs to regulate the levels of down-
stream miRNAs through binding to target genes.*> For
instance, IncRNA WDFY3-AS2 targeted miR-18a and
repressed miR-18a expression.** In this study, we observed
that miR-1271-5p likely interacted with MALATI.
Subsequently, the relationship between miR-1271-5p and
MALAT1 was confirmed by dual-luciferase reporter assess-
ment. Moreover, we confirmed that MALAT1 inversely med-
iating miR-1271-5p level in DDP-resistant OC cells.
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opment in human cancers. Yang and his colleagues indicated
that miR-1271-5p, downregulated by IncRNA UCAI, sup-
pressed cell proliferation, and enhanced apoptosis in multiple
myeloma.*® Additionally, miR-1271-5p repressed the growth
of hepatocellular carcinoma cells via modulating FOXK2
expression.>® Thus, we hypothesized that MALATI
mediated DDP-resistant OC cell progression through
inhibiting miR-1271-5p expression. Our data revealed that
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miR-1271-5p knockdown restored the effect of MALAT1
depletion on DDP-resistant OC cell progression.

Next, online tool targetscan predicted E2F5 was a potential
downstream gene of miR-1271-5p and our results confirmed
that miR-1271-5p could bind to E2F5. Moreover, E2F5 level
was downregulated by miR-1271-5p. Previous evidence sug-
gested that E2F5 expression was enhanced in OC tissues, and
E2F5 acted as a positive regulator in OC cell growth.*
However, there was no reporter about the function of E2F5
in DDP-induced OC cells. In this paper, we discovered that
E2F5 was highly expressed in DDP-resistant OC cells, and
E2FS5 overexpression promoted DDP-resistant OC cell growth
that suppressed by miR-1271-5p upregulation. Thus, we con-
cluded that miR-1271-5p repressed E2F5 expression to mod-
ulate the growth of DDP-resistant OC cells.
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Figure 7 The MALAT |/miR-1271-5p/E2F5 axis in the progression of DDP-resistant OC cells. (A) ICs of cisplatin was examined (n=3). (B and C) Measurement of cell
proliferation by MTT assay (n=3). (D and E) Determination of cell apoptosis by flow cytometry (n=3). (F-I) Cell migratory and invasive abilities were determined by
transwell assays (magnification x 100) (n=3). *P<0.05.

In human cancers, IncRNA can regulate the levels Sp in DDP-resistant OC cells. Therefore, more experi-
of multiple miRNAs, and miRNA can control various ments were needed to understand the mechanisms
coding genes.>’?® Thus, it is speculated that there of MALAT1 and miR-1271-5p in DDP-resistant OC
are other genes mediated by MALAT1 and miR-1271-  cells.

10008 submit your manuscripe Cancer Management and Research 2020:12

Dove!


http://www.dovepress.com
http://www.dovepress.com

Dove

Wang et al

In conclusion, we demonstrated that MALAT1 knock-
down suppressed DDP resistance, proliferation, and mobility,
and promoted apoptosis by miR-1271-5p/E2F5 axis in DDP-
resistant OC cells, providing a novel target for the therapy
of OC.

Highlights

1. The relationship between MALAT1 and miR-1271-5p
is confirmed for the first time.

2. The relationship between miR-1271-5p and E2FS5 is
confirmed for the first time.

3. MALATI1 knockdown represses ICs, of cisplatin and
growth of DDP-resistant OC cells.

4. MALAT1 regulates the development of DDP-resistant
OC cells through modulating miR-1271-5p/E2F5 axis.
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