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Background: Breast cancer is the most common female malignancy with high invasion and
metastasis abilities. Studies have shown that long non-coding RNA (IncRNA) plasmacytoma
variant translocation 1 gene (PVT1) is an oncogene and is positively correlated with
progression and metastasis of breast tumors. However, the detailed mechanism of PVTI in
breast cancer tumorigenesis is not fully understood.

Methods: Real-time polymerase quantitative chain reaction (RT-qPCR) was performed to
identify the expression levels of PVT1, miR-543 and trichorhinophalangeal syndrome-1 gene
(TRPS1) in breast cancer tissues and cells. Cell proliferation was measured by plate clone
formation and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazol-3-ium bromide (MTT)
assay. Apoptosis and motility of MCF-7 and MDA-MB-436 cells were assessed with flow
cytometry assay and transwell migration and invasion analyses, respectively. In addition,
a model was established to probe the function of PVTI1 silencing in vivo. The target
relationship among PVT1, miR-543 or TRPS1 was confirmed by dual-luciferase reporter
analysis, RNA immunoprecipitation (RIP) and RNA pull down assays. The protein expres-
sion level of TRPS1 was evaluated with Western blot assay.

Results: PVT1 expression was upregulated in breast cancer tissues and cell lines. In
addition, PVTI silencing inhibited breast cancer cell growth and motility, while increased
apoptosis. Meanwhile, the effects of PVT1 or miR-543 could be reversed by introducing
overexpressed plasmid of miR-543 or TRPS1 in breast cancer cell lines, respectively.
Conclusion: Knockdown of PVT1 repressed breast cancer cell growth and motility, and induced
apoptosis in vitro and reduced tumor volume and weight in vivo. Mechanically, the overexpression
of PVT1 enhanced TRPS1 level by negatively targeted miR-543 in breast cancer.
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Introduction

The mortality rate of breast cancer remains high in women worldwide." Breast cancer had
the proportion of 15% of all new cancers and that was the second major reason for cancer
mortality in women with a notable increase tendency of incidence.”” The increasing
studies focused on treating breast cancer to find novel therapeutic targets, non-coding
RNA was dysregulated and involved in the pathogenesis and development of breast
cancer via regulating multiple mechanisms.*

Long non-coding RNA (IncRNA) was RNA molecule more than 200 nucleo-
tides in length, which could not translate into proteins due to lacking extended open
reading frames.>® A series of studies displayed that IncRNA took part in tumor-
igenesis and anomalous expression in breast cancer.”® The exact role of IncRNA in
human disease was to function as ‘sponge’ to imbibe target miRNA and reduce
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affluence of miRNAs. For example, IncRNA HOX tran-
script antisense RNA (HOTAIR) could interact with
Polycomb Repressive Complex 2 to lead to histone H3
lysine 27 trimethylation and impede expression of metas-
tasis suppressor genes, thereby resulted in enhanced
migration capability of breast cancer.” Besides, long non-
coding RNA-activated by transforming growth factor B
(IncRNA-ATB) increased the expression of E-cadherin
E-box binding
homeobox 1 (ZEB1) and Kruppel-like transcription factor

transcriptional repressors zinc-finger
zinc finger protein (ZNF217), which were epithelial—
mesenchymal transition linked transcription factors, by
competitively binding with miR-200c to enhance trastuzu-
mab resistance and invasion ability of breast cancer.’
Moreover, the precise function and mechanism of
IncRNA plasmacytoma variant translocation 1 gene
(PVT1) in the process of breast cancer remained unknown,
so further exploration study was needed to clarify possible
roles and mechanisms of IncRNA PVT1 in breast cancer.
Moreover, Bing et al results showed that miR-543 func-
tioned as a tumor inhibitor in endometrial cancer by targeting
focal adhesion kinase and twist homolog 1 (TWIST1)."
Analogously, Fan et al reported that miR-543 had critical role
in the development of colorectal cancer and repressed the
proliferation and metastasis of colorectal cancer cells."
Overexpression of miR-543 significantly suppressed levels of
TWIST1 and epithelial to mesenchymal transition (EMT)-
linked transcription factors, which indicated that miR-543
was considered as a tumor suppressor in breast cancer.'?
However, none of the previous studies explored the
mechanism of IncRNA PVT1 in modulating miR-543 expres-
sion. In the current study, we focused on elucidating roles of
PVTI and miR-543 and confirming whether there was direct
interaction between PVT1 and miR-543, and how they were

involved in the progression of breast cancer cell lines.

Materials and Methods

Clinical Samples

A total of 30 breast cancer tissues and the adjacent non-
cancer tissues were collected from patients admitted to the
Second clinical Medical College, Yangtze University and
stored at —80°C for extraction of RNA and protein. In
addition, all of participants wrote informed consents
before surgery. The present study gained endorsement
from the Ethics Committee of the Second clinical
Medical College, (IRB  No.
2019JZ112)

Yangtze University.

Cells Culture and Transfection

MCF-10A, MCF-7 and MDA-MB-231 were obtained
from American Type Culture Collection (Rockville, MD,
USA) and cultured in RPMI1640 (GIBCO BRL, Grand
Island, NY, USA) supplemented with 10% fetal bovine
serum (FBS; GIBCO BRL). MDA-MB-436 (American
Type Culture Collection) were maintained in Dulbecco’s
modified Eagle’s medium (DMEM; GIBCO BRL) supple-
mented with 10% FBS (GIBCO BRL) and 1% penicillin
(GIBCO BRL). Both cell lines cultured in at 37°C with
5% CO,.

Specific short hairpin RNA (shRNA) against PVTI
(sh-PVT1) and its negative control sh-NC, overexpressed
plasmid of PVT1 (pcDNA3.1/PVT1) and its negative con-
trol pcDNA3.1, miR-543 mimic (miR-543) and its nega-
miR-NC,
trichorhinophalangeal syndrome-1 gene (TRPS1) and its

tive  control overexpressed plasmid of
negative control Vector were purchased from RiboBio
(Guangzhou, China). MCF-7 and MDA-MB-436 cells
were placed onto 6-well plates and were injected with
above oligonucleotides and vectors with Lipofectamine
2000 reagent (Thermo Fisher Scientific, Waltham, MA,
USA) referring to manufacturer’s instructions. Finally,
the expression level of RNA was evaluated using RT-
qPCR analysis.

Real-Time Polymerase Chain Reaction
(RT-gPCR)

The RNA from tissues and cells was extracted with TRIzol
reagent (RiboBio, Guangzhou, China). The complementary
DNA was synthesized using random primers and an M-MLV
Reverse Transcriptase kit (Toyobo, Osaka, Japan). RT-qPCR
was performed to examine RNA level using SYBR Green
PCR Kit (Thermo Fisher Scientific) on Applied Biosystems
7300 system (Applied Biosystems, Foster City, CA, USA).
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and
endogenous small nuclear RNA U6 were used as references
for IncRNA/mRNA and miRNA, respectively. The 224
method was carried out to calculate gene expression levels
of PVTI1, miR-543 and TRPSI1. The primers were listed:

PVTI1 (Forward, 5'-CATCCGGCGCTCAGCT-3";
Reverse, 5"-TCATGATGGCTGTATGTGCCA-3");
miR-543 (Forward, 5'-CCAGCTACACTGGGCAGC
AGCAATTCATGTTT-3'; Reverse, 5'-CTCAACTGG
TGTCGTGGA-3'); TRPS1 (Forward, 5-GTATCCTGC
ATCGGGAGAAA-3'; Reverse, 5-AGCTTC

TGGTAGAGGCCACA-3"); GAPDH (Forward, 5'-TC
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CCATCACCATCTTCCAGG-3’;  Reverse, 5- GA
TGACCCTTTTGGCTCCC-3"); U6 (Forward, 5'-CTCG
CTTCGGCAGCACATATACT-3';

ACGCTTCACGAATTTGCGTGTC-3").

Reverse, 5'-

3-(4,5-Dimethylthiazol-2-YI)-
2,5-Diphenyl-2H-Tetrazol-3-lum Bromide

(MTT) Assay

The cells (4x10* cells/well) were seeded in 96-well plates
and MTT (5 mg/mL) was added to each well and incu-
bated at 37°C for another 4 h. Subsequently, the MTT
solution was removed and dimethyl sulfoxide solution
was added into the each well for 10 min. The absorbance
was examined using a multi-well plate reader (Applied
Biosystems) at 450 nm.

Colony Forming Assay

To probe the effects of sh-PVT1 on colon cell proliferation
in vitro, MCF-7 cells and MDA-MB-436 cells were trans-
fected with sh-NC or sh-PVT1 and cultured overnight in
the plate with medium supplemented with 10% FBS at 37°
C in a humidified atmosphere with 5% CO,. The number
of cells was counted after 2 weeks.

Flow Cytometry Analysis

Cell apoptosis analysis was conducted with propidium
iodide and Annexin V-fluorescein isothiocyanate (Beijing
Biosea Biotechnology, Beijing, China). Briefly, 2x10°
cells were seeded into 6-well plates for 24 h. Cells were
collected and washed with phosphate buffer saline, then
stained cells with propidium iodide-staining solution and
Annexin V-fluorescein isothiocyanate. After 30 min, cell
fluorescence was examined with a FACS Calibur flow
cytometer (Beckman Coulter, Fullerton, CA, USA).

Cell Migration and Invasion Assays

For invasion assay, the 6-well culture plates inserted with
8-um pore membranes were coated with Matrigel
(Invitrogen, Carlsbad, CA, USA). Briefly, 1.5x 10*%mL
cells suspension without FBS medium was seeded to the
upper chamber. After 24 h, non-invading cells on the upper
surface of the membrane were removed with a cotton swab,
while invading cells on lower side of the chamber were fixed
and stained for further observation and count. In addition, in
migration assay, the upper chamber was without Matrigel,
other steps were consisted with invasion assay.

Xenograft Experiment

The animal experiment was licensed by the Institutional
Animal Care and Use Committee of Second clinical Medical
College, Yangtze University. Animal studies were performed
in compliance with the ARRIVE guidelines and the Basel
Declaration. All animals received humane care according to
the National Institutes of Health (USA) guidelines. Six-week-
old BALB/c nude mice supplied from Harlan Teklad (Houston,
TX, USA) and divided into 2 groups corresponding to sh-
PVTl-treated (5%x10%mL MCF-7 transfected with sh-PVT1)
and sh-NC-treated (5x10*/mL MCF-7 transfected with sh-NC)
. MCEF-7 cells were subcutaneously injected the right back of
the nude mice. Tumor growth was monitored every 5 d,
volume was calculated according to the formula: V = 1/2x
ab® method (maximum (a) and minimum (b) length of the
tumor). At 30 d post-injection, the mice were sacrificed for

tumor weight analysis.

Dual-Luciferase Reporter Assay

Reporter plasmids containing fragments of PVTI or
3'UTR TRPS1 were co-transfected with miR-543 mimic
or miR-NC
Lipofectamine 2000 (Thermo Fisher Scientific). Firefly
and Renilla activities were measured with the Dual-

into breast cancer cell lines using

Luciferase Reporter Assay System.

RNA Immunoprecipitation (RIP) and

RNA Pull Down Assays

RIP was conducted with the EZ-Magna RIP kit (Millipore,
Belfor, MA, USA). Firstly, MCF-7 cells and MDA-MB
-436 cells were collected from tissue culture plate, then
lysed in RIP lysis buffer. The cell extract was incubated
with RIP buffer containing anti-Ago2 antibody (Abcam,
Cambridge, MA, USA) or IgG (Abcam) at 4°C for 4
h. After protein was washed with washing buffer and
digested with proteinase K for 15 min, immunoprecipi-
tated RNA was analyzed by RT-qPCR.

For the RNA pull down assay, miR-543 was biotin-
labeled with the Biotin RNA Labeling Mix (Millipore).
NC-Bio, miR-543-Bio and miR-543-Mut-Bio were
mixed and incubated with MCF-7 or MDA-MB-436
cell lysates to form biotin-miRNA-IncRNA complexes.
Magnetic beads were added and incubated at room tem-
perature. Analogously, RNA was purified for RT-qPCR

assay.
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Western Blot Assay

The breast cancer tissues and cell lines were lysed with
RIPA buffer (Solarbio, Beijing, China) at 4°C for 15
min, the BCA Protein Assay Kit (Solarbio) was used to
detect protein concentration in supernatant of lysates.
The equal protein was separated in sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to polyvinylidene difluoride membranes
(Millipore). The primary antibodies against TRPSI1
(1:1000 dilution; Millipore) and GAPDH (1:1000 dilu-
tion; Millipore) were employed to examine TRPSI1
expression in Western blot. Then, the horseradish perox-
idase-conjugated goat anti-mouse secondary antibody
was added for incubation at 37°C for 2h. The immunor-
eactive band of target protein was visualized with an
enhanced chemiluminescence method and analyzed
with GAPDH as an internal reference.

Statistical Analysis

The statistical significance of the differences in two
groups or among multiple groups was assessed using
the Student’s #-test or one-way analysis with SPSS
18.0 software (IBM Corporation, Somers, NY, USA).
All data analysis was shown as mean + standard devia-
tion. Results were considered to be statistically signifi-
cant if P < 0.05.

Results
PVT| Was Upregulated in Breast Cancer

Tissues and Cells

The expression level of PVTI1 in 30 breast cancer tis-
sues and adjacent normal tissues was assessed by RT-
qPCR. As present in Figure 1A, the expression of PVT1
was significantly higher in breast cancer tissues when
compared with the normal tissues. Correspondingly, RT-
gPCR results also implied that the expression level of
PVT1 was higher in breast cancer cell lines, including
MCF-7, MDA-MB-436, and MDA-MB-231, than that in
Human normal mammary epithelial cells (MCF-10A),
additionally, the lowest expression of PVTl was
observed in the MCF-10A, while the highest PVTI
level was observed in the MCF-7 cells (Figure 1B).
These results suggested that PVT1 was highly expressed

in breast cancer.

>
w

Normal Tumor

Relative expression of PVT1
Relative expression of PVT1

Figure | The expression level of PVT| in breast cancer tissues and cells. (A and B)
Relative expression level of PVTI in breast cancer tissues (n=30) and normal tissues
(n=30) as well as in MCF-10A, MCF-7, MDA-MB-436, and MDA-MB-231 cells was
analyzed with RT-qPCR assay. *P < 0.05.

PVTI Silencing Suppressed Growth,
Motility and Enhanced Apoptosis of

Breast Cancer Cells

To further probe the effects of PVT1 knockdown on prolif-
eration, migration, invasion and apoptosis of breast cancer
cells. MCF-7 and MDA-MB-436 cells were transfected with
sh-NC or sh-PVTI. As evidenced from Figure 2A, expres-
sion level of PVT1 in MCF-7 and MDA-MB-436 cells
transfected with sh-PVT1 was obviously lower than that in
the control group. We can conclude that sh-PVT1 success-
fully downregulated PVT1 expression in MCF-7 and MDA-
MB-436 cells. Then, cell capability of proliferation was
measured with MTT and colony formation assay. PVTI
silencing dramatically reduced viability of MCF-7 and
MDA-MB-436 cells, at the same time, colony formation
ability was significantly inhibited in MCF-7 and MDA-MB
-436 cells by introducing with sh-PVT1 (Figure 2B and C).
Next, apoptosis of MCF-7 and MDA-MB-436 cells was
examined by Annexin V-FITC/PI flow cytometric analysis
and implied that PVTI silencing remarkably increased the
apoptosis rate (Figure 2D). In addition, cell viabilities of
migration and invasion in both MCF-7 and MDA-MB-436
cells were effectively impeded by suppression of PVTI1
(Figure 2E and F). To detect whether PVT1 affected tumor
development in vivo, the nude mice were subcutaneously
injected with MCF-7 cells transfected with sh-PVT1 or sh-
NC. We found that knockdown of PVTI greatly inhibited
tumor development in vivo compared to control sh-NC,
moreover, tumor weight was also notably suppressed by sh-
PVTI1 (Figure 2G and H). Collectively, these data indicated
that downregulation of PVT1 improved cell apoptosis and
decreased growth and motility of breast cancer cells.
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Figure 2 Knockdown of PVT inhibited growth, motility but promoted apoptosis of breast cancer cells. MCF-7 and MDA-MB-436 cells transfected with sh-NC or sh-PVT]I.
(A) The RT-gPCR assay was used to measure the expression level of PVT| in MCF-7 cells and MDA-MB-436 cells. (B) Cell vitality was assessed by MTT assay at the specified
time. (C) The capability of clone formation was analyzed in MCF-7 and MDA-MB-436 cells. (D) The apoptosis of breast cancer cell lines (MCF-7 and MDA-MB-436 cells) was
examined by Annexin V-FITC/PI flow cytometric analysis. (E and F) Transwell migration and invasion analyses of MCF-7 and MDA-MB-436 cells were shown. (G and H) The
tumor volume at different days after injection of tumor cells and weight at the endpoints were shown. *P < 0.05.

MiR-543 Was a Target of PVTI in Breast
Cancer Cells

Online bioinformatics prediction software starBase v2.0

(http://starbase.sysu.edu.cn/starbase2/) was used to predict

the downstream target gene of PVT1. The complementary
binding sites between miR-543 and PVT1 were shown in
Figure 3A, MCF-7 and MDA-MB-436 cells were used for
experiments. The results of dual-luciferase reporter assay
indicated that the miR-543 significantly repressed the luci-
ferase activity of PVT1-wt, but no obvious change on the

luciferase activity was found in PVT1-mut (Figure 3B).

Moreover, knockdown of PVTI1 reinforced expression
level of miR-543 in MCF-7 and MDA-MB-436 cells
(Figure 3C). Based on miR-543 was a target of PVT1 in
breast cancer cell lines, we also evaluated the expression
level of miR-543 in breast cancer tissues and cell lines,
RT-qPCR results showed that miR-543 was upregulated in
breast cancer tissues and cell lines (Figure 3D and E).
Besides, as shown in Figure 3F and G, PVTI can serve
as a sponge RNA for miR-543, RIP assay suggested PVT1
or miR-543 was more plentiful in anti-Ago2 pellet than
that in control anti-IgG pellet. Additionally, RNA pull
down assay was used to evaluate level of PVTI in
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submit your manuscript

7997

Dove


http://starbase.sysu.edu.cn/starbase2/
http://www.dovepress.com
http://www.dovepress.com

Wang et al Dove
B > MCF-7 > MDA-MB-436 C
S 1.5, I miRNC S 1510 miR-NC S 31m shNC
' ' © miR-543 0 miR-543 c
PVT1wt 5 UGGGUGGA [GaauGuu|3  § R g R 5 hPVTA
B 10 @ 10 ? e 2 -
. . . o © g3 -
miR-543 3' ACGUGGCG|CUUACAA|S5 k] k] g
- 5 3x
Sos Sos o E1
PVT1-mut 5'UGGGUGGA CGGUAAG 3' 3 g -,E
';;‘:‘ 0.0 % 0.0 ]
o PVT1-wt PVT1-mut ' PVT1-wt PVT1-mut MCF-7 MDA-MB-436
D E MCF-7 MDA-MB-436
5 s . 5 = 507 M anti-lgG 1 407 M anti-lgG
s % g w0 anti-Ago2 g " fmh-Agoz
ﬁm 2 @ P~ -§ % B input - *k ﬁ B input o
) 5% £ " 2 E
St == - = :
R o= 02 o
o E1 v Eo > >
> > = = 10
S & & 10 ©
i L] T o
g o K 2 2,
Normal Tumor PVT1 miR-543 PVT1 miR-543
G MCF-7
o * L S 15
g > 55 * s
o 2 e g
2 15 ) 5%
c15 £ 20 x 14
1.0 3 15 o Eos
1.0 =
a % E 05 k]
0.0 00 & oot
X ) 0 0 0 0 0 2 4 6 8
00 o &0 00 o R Relative expression of PVT1
Al & N S & e"
& & & >
& $ & »
& &

Figure 3 PVTI negatively targeted miR-543 expression in breast cancer cells. (A) The predictive miR-543 binding sites on PVT| and the corresponding mutant binding sites
were shown. (B) Relative luciferase activity was analyzed in MCF-7 and MDA-MB-436 cells co-transfected PVT I-wt or PVT [-wut with miR-543 mimic or miR-NC. (C) RT-
qPCR was carried out to evaluate expression level of miR-543 in MCF-7 and MDA-MB-436 cells transfected with sh-NC or sh-PVTI. (D and E) The expression level of miR-
543 was assessed in breast cancer tissues and cell lines with RT-qPCR assay. (F) The RIP assay was conducted to test levels of miR-543 and PVT| in the samples bound to the
Ago2 antibody or IgG in MCF-7 and MDA-MB-436 cells. (G) Detection of PVT| expression level using RT-qPCR in samples pulled down by biotinylated miR-543, biotinylated
miR-543-Mut, or biotinylated negative control. (H) The correlation between PVT| and miR-543 in breast cancer tissues was analyzed. *P < 0.05, **P < 0.01.

biotinylated miR-543 group, biotinylated miR-543-mut
group and biotinylated negative control group in MCF-7
and MDA-MB-436 cell lysates. We found that PVT1 level
was higher in biotinylated miR-543 group than in control
(NC-bio) or group.
Furthermore, our results manifested that negative correla-

in biotinylated miR-543-mut

tion between PVT1 and miR-543 in breast cancer tissues
(Figure 3H). All data demonstrated that miR-543 was
a direct target gene of PVT1 in breast cancer cells.

The Effects of PVT| Overexpression on
Proliferation, Apoptosis and Motility in
Breast Cancer Cells Could Be Abolished
by Elevating miR-543

As present in Figure 4A, RT-qPCR results were employed

to determine expression level of miR-543 in MCF-7 and
MDA-MB-436 cells transfected with miR-NC or miR-543,

and an obvious promotion of miR-543 expression was
observed in MCF-7 and MDA-MB-436 cells transfected
with miR-543. In order to explore the role of miR-543 in
breast cancer, MCF-7 and MDA-MB-436 cells were trans-
fected with pcDNA3.1, pcDNA3.1/PVT1, pcDNA3.1/
PVT14+miR-NC or pcDNA3.1/PVT1+miR-543. The cap-
abilities of proliferation and forming macroscopic colonies
were effectively increased in MCF-7 and MDA-MB-436
cells transfected with pcDNA3.1/PVTI1, but overexpres-
sion of miR-543 could effectively block the enhancement
effect (Figure 4B and C). In addition, as shown in Figure
4D, compared with the pcDNA3.1 group, MCF-7 and
MDA-MB-436 cells transfected with pcDNA3.1/PVT1
repressed cell apoptosis; however, MCF-7 and MDA-MB
-436 cells transfected with pcDNA3.1/PVT1+miR-543
triggered the opposite results. The migration and invasion

abilities of MCF-7 and MDA-MB-436 cells were
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Figure 4 Overexpression of miR-543 reversed effects of upregulated PVT| on proliferation, apoptosis and motility in breast cancer cells. (A) The expression level of miR-
543 was evaluated in MCF-7 and MDA-MB-436 cells transfected with miR-NC or miR-543. MCF-7 and MDA-MB-436 cells transfected with pcDNA3.I, pcDNA3.1/PVTI,
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(E and F) Transwell migration and invasion analyses were conducted to assess motility of MCF-7 and MDA-MB-436 cells. *P < 0.05.

measured by transwell assay. Results suggested that the
high migration and invasion rates induced by PVT1 over-
expression could be weakened in MCF-7 and MDA-MB
-436 cells by enhancement of miR-543 (Figure 4E and F).
Overall, upregulation of miR-543 reversed effects of
PVTI overexpression on proliferation, apoptosis and moti-

lity of breast cancer cells.

MiR-543 Negatively Targeted TRPSI

Breast Cancer Cells
The putative binding sites in TRPS1 for miR-543 were
depicted with TargetScan (www.targetscan.org) in

Figure 5A. The luciferase reporter assay was carried
out to determine predicted results and presented that
overexpression of miR-543 apparently decreased the
luciferase activity of TRPS1 wild-type, while miR-NC
impeded luciferase activity loss in MCF-7 and MDA-

MB-436 cells (Figure 5B). To clarify the underlying role
of TRPS1 in breast cancer, the expression of TRPS1
was detected with RT-qPCR and Western blot assays in
breast cancer tissues and cell lines. Our results implied
that mRNA and protein expression of TRPS1 were
higher in breast cancer tissues than adjacent normal
tissues (Figure 5C and D). Analogously, TRPS1 was
also upregulated in MCF-7 and MDA-MB-436 cells
than the normal epithelial cell lines MCF-10A (Figure
5E and F). To further probe whether miR-543 regulated
TRPS1 expression in MCF-7 and MDA-MB-436 cells,
we measured level of TRPS1 in breast cancer cells
transfected with miR-543 and confirmed that enhancing
expression of miR-543 decreased mRNA and protein
levels of TRPS1 (Figure 5G and H). These data mani-
fested that miR-543 regulated the expression of TRPS1
via binding to its 3'UTR.
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Figure 5 TRPSI| was a target of miR-543. (A) Bioinformatics software predicted putative binding sites of TRPS| and miR-543. (B) The luciferase activity was measured in
MCF-7 and MDA-MB-436 cells co-transfected with luciferase reporter plasmids (TRPSI-wt or TRPSI-mut) and miR-543 or miR-NC by dual-luciferase reporter assay. (C~F)
The mRNA and protein expression levels of TRPS| were detected with RT-qPCR and Western blot assay in breast cancer tissues and cell lines. (G and H) RT-qPCR and
Western blot assay were carried out to examine expression level of TRPSI in MCF-7 and MDA-MB-436 cells transfected with miR-NC or miR-543. *P < 0.05.

Overexpression of TRPSI Abrogated
Effects of miR-543 on Proliferation,

Motility and Apoptosis of Breast Cancer
Cells

For further demonstrate TRPS1 was a direct target of
miR-543, MCF-7 and MDA-MB-436 cells were trans-
fected with miR-NC, miR-543, miR-543+Vector or
miR-543+TRPS1. The mRNA and protein expression
levels of TRPS1 were measured by RT-qPCR and

Western blot assay. The results implied that upregula-
tion of miR-543 significantly repressed TRPS1 level in
MCF-7 and MDA-MB-436 cells in comparison with
miR-NC group, but introducing overexpressed plasmid
of TRPS1 could resume TRPS1 level (Figure 6A and
B). In addition, MTT and plate clone formation assays
were used to assess cell proliferation and showed that
high expression of TRPS1-reverted cell proliferation
ability loss caused by miR-543 (Figure 6CE). The
effect of TRPS1 on breast cancer cells apoptosis was
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examined by flow cytometry assay and suggested that
TRPS1 overexpression weakened the high apoptosis
rate induced by miR-543 in both MCF-7 and MDA-
MB-436 cells (Figure 6F and G). Moreover, transwell
migration and invasion assays were employed to mea-
sure cell numbers of invasion and migration. Our
results indicated that upregulation of miR-543 greatly
repressed cell invasion and migration abilities of MCF-
7 and MDA-MB-436 cells, whereas overexpression of
TRPS1 could overturn this inhibition effect in breast
cancer cells (Figure 6HK). We can conclude that miR-
543 suppressed breast cancer cell proliferation and pro-
targeting TRPSI

moted apoptosis via negatively

expression.
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PVTI Overexpression Increased TRPSI
Expression Level in Breast Cancer Cells
by Sponging miR-543

As presented in Figure 7A and B, cells were co-transfected
with pcDNA3.1/PVT1 and miR-543 to explore their effects
on TRPS1 expression. RT-qPCR and Western blot assay
results implied that elevated expression of PVT1 prominently
enhanced TRPSI1 expression in mRNA and protein levels,
while overexpression of miR-543 abolished these effects.

Discussion
In this study, our current results implied that PVT1 silen-
cing suppressed growth and motility, while induced
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Figure 6 Effects of elevated miR-543 in breast cancer cells could be abolished by increasing TRPS|. MCF-7 and MDA-MB-436 cells were transfected with miR-NC, miR-543,
miR-543+Vector or miR-543+TRPSI. (A and B) The expression level of TRPSI was tested in MCF-7 and MDA-MB-436 cells by RT-qPCR and Western blot assay. (C-E)
MTT and plate clone formation assays were used to assess cells ability of proliferation. (F and G) Apoptosis of MCF-7 and MDA-MB-436 cells was detected with flow
cytometry. (H-K) Cell abilities of migration and invasion of MCF-7 and MDA-MB-436 cells were analyzed with transwell assay after transfection. *P < 0.05.

Cancer Management and Research 2020:12

submit your manuscript

8001

Dove


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

Wang et al

Dove

A

MCF-7

34
S« * .
-
[) 2-
L
o »n
o & 1 —
EE
o O
m 0-

Il pcDNA3.1

1 pcDNA3.1/PVT1
I pcDNA3.1/PVT1+miR-NC
pcDNA3.1/PVT1+miR-543

GADPH

MCF-7

N

(3]
1
*

- - N
o [3,] o
1 1 1

of TRPS1 protein

Relative expression

0.0-

Il pcDNA3.1

™7 pcDNA3.1/PVT1

I pcDNA3.1/PVT1+miR-NC
pcDNA3.1/PVT1+miR-543

MDA-MB-436
3-
S «
w2 —_* *
o E,
-
(72
P T
]
[
 ©
(14 o
Il pcDNA3.1
¥ pcDNA3.1/PVT1
¥ pcDNA3.1/PVT1+miR-NC
pcDNA3.1/PVT1+miR-543
MDA-MB-436
2.5+
S £
B 2 20
83
,°<' Q. 1.5-
-
2 Ty -
= E
® L 051
Q O
X o
Il pcDNA3.1

0 pcDNA3.1/PVT1
B pcDNA3.1/PVT1+miR-NC
pcDNA3.1/PVT1+miR-543

Figure 7 The expression level of TRPSI in breast cancer cells. (A and B) The expression level of TRPS| was evaluated in MCF-7 and MDA-MB-436 cells transfected with
pcDNA3.1, pcDNA3.1/PVTI, pcDNA3.1/PVT [ +miR-NC or pcDNA3.I/PVT|+ miR-543 by RT-qPCR or Western blot assay. *P < 0.05.

apoptosis in breast cancer cells. Besides, functional experi-
ment indicated that IncRNA PVT1 regulated TRPSI
expression by competitively adsorbing miR-543 in breast
cancer cells.

PVTI1 was recognized as cancer risk and located in the
8g24 gene desert, which was hosted to single nucleotide
polymorphisms associated with cancer risk.'® Increasing
evidence had shown that the expression of PVTI1 was
elevated in various cancers, such as hepatocellular
carcinoma,'* non-small cell lung cancer,’”” malignant
pleural mesothelioma,'® gastric cancer,'” ovarian cancer
and breast cancer.'® Kong et al reported that PVTI was
notably correlated with deeper invasion and TNM stage,

and acted as a prognostic biomarker and potential target
for human gastric cancer.'” Consistent with previous
research results,” loss-functional experiment of PVTI
led to increased apoptosis, while induced remarkable inhi-
bition of proliferation, motility and colony formation in
MCF-7 cells and MDA-MB-436 cells. Furthermore, we
further validated the functional roles of PVTI in vivo
and suggested that PVTI silencing repressed tumor
growth. Li et al results showed that PVT1 promoted eso-
phageal cancer progression via regulating Lim and SH3
domain protein expression by functioning as ‘sponge’ to
imbibe miR-203,%" similarly, PVT1 played as a molecular
sponge to affect miR-203 expression in osteosarcoma.?
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To probe the molecular mechanism by which PVT1 silen-
cing suppressed cell viability and facilitated apoptosis in
breast cancer cells, we searched target genes of PVT1 and
confirmed the combination through dual-luciferase repor-
ter, RIP and RNA pull down assays. All results indicated
that PVT1 bound with miR-543 to mediate TRPS1 expres-
sion in breast cancer cells.

Furthermore, previous reports suggested that miR-543
enhanced the proliferation and colony formation of gastric
cancer cell via targeting silent information regulator 1.%
Another study demonstrated that miR-543 acted as
a tumor inhibitor by suppressing the EMT in breast
cancer.® In our results, miR-543 was highly expressed
in breast cancer tissues and its overexpression inhibited
breast cancer cell proliferation and motility, while
improved apoptosis. Moreover, we reported a new target
gene of miR-543. TRPS1 was implicated in the cell cycle
and cancer development,®® a previous report conducted by
Radvanyi et al indicated the high expression of TRPSI in
breast cancer.”® Additionally, TRPS1 had a critical role in
EMT, TRPS1 by targeting miR-221/222 improved the
EMT in breast cancer.”’ Similarly, we demonstrated that
TRPS1 protein and mRNA levels were often downregu-
lated in breast cancer tissues and cells. Mechanically, our
results displayed that TRPS1 overexpression abrogated
effects of high expressed miR-543 on proliferation, moti-
lity and apoptosis of breast cancer cells and indicated
a tumor suppressor role for TRPS1 silencing in breast
cancer.

In summary, this study indicated that IncRNA PVTI
acted as a central role of breast cancer via affecting miR-
543/TRPS1 axis and marked us closer to realize the poten-
tial of IncRNA PVT1 in breast cancer.

Conclusion

All data implied that PVT1 was upregulated in breast
cancer tissues and cells. Knockdown of PVTI1 repressed
proliferation, motility and enhanced apoptosis of breast
cancer cells in vitro and inhibited tumor growth in vivo.
Additionally, overexpression of PVTI increased TRPS1
expression level in breast cancer cells by sponging miR-
543. We concluded that PVT1 mediated miR-543/TRPS1
axis may be a powerful and new positive prognostic mar-
ker in breast cancer.
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