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ABSTRACT

Breast cancer remains a general-threat event in the health of women. Currently, increasing records
indicate that long non-coding RNA maternally expressed 3 (MEG3) plays a central role in breast cancer.
The current research focused on the function of MEG3 in paclitaxel (PTX)-resistance and human breast
cancer growth. Levels of MEG3, microRNA (miR)-4513, and phenazine biosynthesis-like domain-
containing protein (PBLD) were evaluated using quantitative real-time polymerase chain reaction
(gRT-PCR) or western blot assays. 3-(4.5-dimethylghiazol-2-yl)-2,5-diphenyltetrazolium Bromide (MTT)
assay was performed to examine the ICso of PTX and cell proliferation in breast cancer cells. In
addition, cell apoptosis was determined utilizing flow cytometry. Transwell was conducted to assay
cell migration and invasion in MCF-7 and MDA-MB-231 cells. The interaction between miR-4513 and
MEG3 or PBLD was expounded via dual-luciferase reporter assay. Levels of MEG3 and PBLD were
decreased, but miR-4513 level was triggered in breast cancer tissues and cell lines. Overexpression of
MEGS3 could reinforce cell apoptosis, impede proliferation, migration, invasion, and the IC50 of PTX in
breast cancer cells. Moreover, the impact of miR-4513 inhibitor on cell progression and PTX-resistance
was overturned by MEG3 deficiency. Interestingly, miR-4513 mimic could abolish the role of PBLD
upregulation in cell behaviors and PTX-resistance in MCF-7 and MDA-MB-231 cells. Finally, the
expression of PBLD was co-modulated by miR-4513 and MEG3 in vitro. MEG3/miR-4513/PBLD axis
modulated PTX-resistance and the development of breast cancer cells, which might provide
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a promising therapeutic strategy for breast cancer.

Introduction

Breast cancer is one of the most frequent occurred
diseases occurred diseases and represents the second
leading cause of cancer-related deaths in women
worldwide [1,2]. Because of the persistent develop-
ment of comprehensive treatments, such as che-
motherapy, radiotherapy, and surgical operation, the
overall survival of patients with breast cancer is evi-
dently improved in the past several decades.
Nevertheless, the metastasis of cancer cells and drug-
resistance are strictly related to the poor outcome of
breast cancer patients in the clinic [3,4]. Accruing
evidence has suggested that drug-resistance is
occurred and developed in breast cancer cells against
several chemotherapeutic drugs, including paclitaxel
(PTX) [5]. Understanding the precise molecular

mechanism of breast cancer and PTX-resistance is
utterly required.

Long non-coding RNAs (IncRNAs) belong to
non-protein-coding RNAs and consist of more
than 200 nucleotides (nts) [6,7]. Recently, the
growing researchers pay attention to the interac-
tion between IncRNAs and tumor biology, such as
IncRNAs can affect the phenotypes of diverse can-
cers via dysregulation of interactive genes and
biological progression [8,9]. In particular, numer-
ous researches have analyzed the tumorigenic or
tumor-suppressive role of IncRNA in human
breast cancer. For example, maternally expressed
3 (MEG3) is dysregulated in multiple cancers
[10,11]. More importantly, MEG3 has been
demonstrated to be downregulated in breast
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cancer cells, and the low expression of MEG3 is
deemed as an independent biomarker in the diag-
nosis and prognosis of breast cancer [I12].
However, the molecular mechanism of MEG3 in
breast cancer is greatly uncharted.

Until now, microRNAs (miRNAs), composed of
18-24 nts, have been manifested to bind to the 3’-
untranslated regions (3’-UTR) of targets [13]. The
key role of miRNAs in modifying cell growth and
metastasis has been identified [14], diverse
miRNAs have been found to be dysregulated in
various tumors [15]. For example, miR-27a and
miR-181 level are augmented in breast cancer tis-
sues, thus playing an oncogenic role in the tumor-
igenesis and pathogenesis of breast cancer cells
[16,17]. MiR-4513 is often associated with human
diseases because of the polymorphisms in the seed
sequence [18,19]. Currently, miR-4513 has been
reported to be closely related to the progression
of lung adenocarcinoma [20], and the ectopic
expression of miR-4513 can contribute to the pro-
gression of breast cancer by targeting tripartite
motif-containing 3 (TRIM3) [21]. Hence, the
essential role of miR-4513 and the interrelation
between miR-4513 and MEG3 in breast cancer
were the targets of the present study. Besides,
phenazine biosynthesis-like domain-containing
protein (PBLD), also marked as MAWBP, is exten-
sively distributed in human tissues, and the
expression of PBLD is attenuated in gastric cancer
[22]. We speculated that PBLD could be involved
in the tumorigenesis of breast cancer.

Herein, we investigated the expression patterns
of MEG3, miR-4513, and PBLD in breast cancer
cells. Meanwhile, the molecular mechanism among
them was exposed to regulate cell behaviors and
PTX-resistance in MCF-7 and MDA-MB-231 cells.

Materials and methods
Clinical samples and cell culture

Thirty-one patients with breast cancer were
recruited in this study. All the donators were diag-
nosed and received surgical treatment at The First
Affiliated Hospital of Zhengzhou University. We
collected breast cancer tissues (n = 31) and adja-
cent non-tumor tissues (n = 31) from patients, and

the specimens were maintained at —80°C until
used. The written informed consents were received
from all breast cancer patients, and the study was
approved by the Ethics Committee of The First
Affiliated Hospital of Zhengzhou University.

The human breast cancer cells (MCF-7 and
MDA-MB-231) and the normal-like immortalized
cells (MCF10A) were obtained from the Chinese
Academy of Sciences (Shanghai, China). The
tumor cells (MCF-7 and MDA-MB-231) were
grown in Roswell Park Memorial Institute 1640
(RPMI-1640; Sigma, St. Louis, MO, USA; Catalog
No. R8758) supplemented with 10% fetal bovine
serum (FBS; Gibco, Carlsbad, CA, USA), 100 U/
mL penicillin (Gibco) and 100 mg/mL streptomy-
cin (Gibco), and normal-like cell MCF10A was
cultured in DMEM/F12 medium (Thermo Fisher
Scientific, Waltham, MA, USA; Catalog No.
11,320,082) with 100 ng/ml cholera toxin,
0.01 mg/ml insulin, 20 ng/ml epidermal growth
factor (EGF), 500 ng/ml hydrocortisone, and 5%
chelex-treated horse serum. All these growth fac-
tors were obtained from Sigma. And then cells
were incubated in a humidified atmosphere with
5% CO2. Besides, paclitaxel (PTX; Sigma) were
added into cellular supernatant with different
doses. Of which the 0 uM, 2 pM, 5 pM, 10 pM,
or 20 uM of PTX was added to measure the effect
of PTX on the level of MEG3, and 0 uM,
0.125 uM, 0.25 puM, 0.5 uM, 1 puM, 2 puM, 4 uM,
8 uM, 16 uM, or 32 pM was used to assess the ICs,
of PTX in MCF-7 and MDA-MB-231 cells.

Transient transfection

Overexpression vectors of MEG3 (pcDNA-MEG3)
and PBLD (pcDNA-PBLD), as well as their control
(pcDNA3.1 empty vector), were designed and gener-
ated in Ribobio (Guangzhou, Guangdong, China).
Small interference RNA (siRNA) targeting MEG3 (si-
MEGS3), siRNA negative control (si-NC), miR-4513
mimic (miR-4513) and inhibitor (anti-miR-4513),
and their relative control (miR-NC for mimic, anti-
miR-NC for inhibitor) were constituted and synthe-
sized from KeyGEN Biotech (Jiangsu, China). Then,
the corresponding sequences were transfected into
MCEF-7 and MDA-MB-231 cells, respectively, using



Lipofectamine 2000 reagent (Invitrogen, Carlsbad,
CA, USA; Catalog no. 11,668,030) in accordance
with standard protocols.

Quantitative real-time polymerase chain reaction
(qRT-PCR) assay

The Trizol reagent (Invitrogen) was used to extract
the total RNA from breast cancer tissues and cell lines.
With the administration of an Omniscript RT Kit
(Qiagen, Dusseldorf, NRW, Germany; Catalog no.
205,113), cDNA was synthesized from the separated
RNA according to the standard instructions. Then the
mixture consisted of a template (cDNA), primers, and
the reagents from SYBR Green Master Mix (Thermo
Fisher Scientific; Catalog no. 4,364,344), and RNase/
DNase-free water. After that, the reactive tubes were
placed on a Bio-Rad system (Bio-Rad, Hercules, CA,
USA). Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) and U6 were deemed as the internal con-
trol, and the gene levels were calculated via 2744
method. The primers were as follows: MEG3 (for-
ward, 5-CTCAGGCAGGATCTGGCATA-3’, rev
erse, 5-CCTGGAGTGCTGTTGGAGAA-3); miR-
4513 (forward, = 5-ACACTCCAGCTGGGAG
ACTGACGGCTGGAG-3’, reverse, 5-CTCAAC
TGGTGTCGTGGAGTCGGCAATTCAGTTGAG-
ATGGGC-3); PBLD (forward, 5-GGGTCTGCAC
ACGCTGTTC-3’, reverse, 5-TAATGTCAACCC
TTCCGTCT-3’); GAPDH (forward, 5-GTGAAGG
TCGGTGTGAACGG-3’, reverse, 5-GATGCAGG
GATGATGTTCTG-3’); U6 (forward, 5-CTCGCT
TCGGCAGCACA-3, reverse, 5-AACGCTTCA
CGAATTTGCGT-3).

Cell proliferation detection

3-(4.5-Dimethylghiazol-2-yl)-2,5-diphenyltetrazo-

lium Bromide (MTT; Absin Bioscience, Shanghai,
China; Catalog no. abs50010) was employed to
determine cell proliferation and the ICsq of PTX
in MCF-7 and MDA-MB-231 cells. Briefly, MCF-7
and MDA-MB-231 cells (5 x 10> cells/well) were
loaded on a 96-well plate and cultivated for rela-
tive time (0 h, 24 h, 48 h or 72 h for cell prolifera-
tion assay, and 48 h for ICs, assay). Next, MTT
reagent (20 pL) was added into each well, and then
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100 pL dimethyl sulfoxide (DMSO; Sigma) was
supplemented into cellular well to dissolve the
formazan crystal. Lastly, the absorbance of lysates
was recorded using a microplate reader (Bio-Rad).

Flow cytometry

MCE-7 and MDA-MB-231 cells (3 x 10 cells/well)
were plated on the 6-well plate. Then, correspond-
ing vectors or oligonucleotides were introduced
into breast cancer cells. After transfection for
48 h, cells were trypsinized with trypsin (Gibco;
Catalog no. 25,300,054) and washed using phos-
phate-buffered saline (PBS; Gibco; Catalog no.
10,010,049). Subsequently, the cells were stained
with Annexin V-fluorescein isothiocyanate/propi-
dium iodide reagent kit (Annexin V-FITC/PI;
Sigma) according to the specifications. The apop-
totic cells were stained by Annexin V-FITC and PI
and distinguished using flow cytometry (Beckman
Coulter, Kraemer Boulevard, CA, USA).

Transwell assay

Transwell chamber (Corning, Corning, NY, USA)
was adopted to estimate cell mobility and inva-
siveness in breast cancer cells. Briefly, MCF-7
and MDA-MB-231 cells were treated accord-
ingly, the transfected cells were re-suspended in
serum-free media. Then, the cellular suspension
was added into the upper chamber pre-coated
with Matrigel (Corning; Catalog no. 354,671)
(for cell invasion assay) or without (for cell
migration assay), followed by addition with
complete medium (200 pL) into the lower cham-
ber. After incubation for 48 h, the moved cells
were stained with 0.5% crystal violet (Sigma).
The migrated and invaded cells were recognized
and counted under a microscope (Olympus,
Tokyo, Japan).

Western blot

We referenced the method described in a previous
study [23]. Briefly, transfected cells were lysed in RIPA
lysis buffer (Thermo Fisher Scientific). Protein con-
centration was measured with the BCA Protein Assay
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Kit (Thermo Fisher Scientific). Then, protein (50 pg)
samples were separated by 10% SDS-PAGE mem-
branes and the isolated total protein was transfected
onto PVDF membranes (Sigma). Next, 5% skim milk
at 37°C for 2 h was used to block the membranes.
Subsequently, the blots were incubated with primary
antibodies overnight at 4°C after block with 5% milk.
After that, membranes were incubated with corre-
sponding secondary antibody to combine the primary
antibody. The primer antibodies were purchased from
Abcam (Cambridge, MA, USA), and their descrip-
tions were as follows: PBLD (ab235947, 1:1000),
GAPDH (ab181602, 1:10,000). The protein bands
were scanned and visualized adopting an ECL
System (Bio-Rad).

Dual-luciferase reporter assay

The complementary sequences between miR-4513
and MEG3 or PBLD were cloned into a luciferase
reporter base (pmirGLO; Promega, Madison, WI,
USA; Catalog no. E1330), thereby forming wildtype
reporters of MEG3 (WT-MEG3) and PBLD (WT-
PBLD). Simultaneously, the mutant vectors of
MEG3 (MUT-MEG3) and PBLD (MUT-PBLD)
were designed and generated. Then, dual-luciferase
reporter assay was conducted by using the Dual-
Luciferase Reporter Assay System (Promega; Catalog
no. E1910) after breast cancer cells were treated
accordingly. Finally, the relative firefly activity was
normalized to renilla activity. All the assays were
repeated thrice.

In vivo xenograft experiment

12 five-week-old BALB/c female nude mice
(weight, 16-22 g) were purchased from Beijing
Vital River Laboratory Animal Technology Co.,
Ltd (Beijing, China). The housing environment
was: 12-h light/dark cycle; room temperature (25°
C); humidity (60%); easy access to food and water.
The mice were randomly divided into two groups
(n = 6 per group). MEG3 lentivirus plasmid was
stably transfected into MDA-MB-231 cells using
Lipofectamine 2000 (Invitrogen). Then, the trans-
fected cells were subcutaneously injected into the

left flank of nude mice. The tumor volumes were
detected every 3 days and tumor weights were
measured after the animals were sacrificed. The
mice were killed by cervical dislocation after
anesthesia with isoflurane (2%) after injection for
30 days. All the animal experiments were followed
by the National Institutes of Health Guide for the
Care and Use of Laboratory Animals. In addition,
the animal studies were approved by the
Experimental Animal Ethics Committee of The
First Affiliated Hospital of Zhengzhou University
(Zhengzhou, China).

Statistical analysis

The data from three independent assays were pre-
sented as mean + standard deviation (SD) after pro-
cessing with SPSS 22.0 software. The Student’s ¢-test
was administrated to compare the differences
between two-tailed, whereas the differences in multi-
ple groups were analyzed by Analysis of Variance
(ANOVA) and Tukey post-hoc test. P-value less
than 0.05 was regarded as statistically significant.

Results

PTX treatment could rescue the downregulation
of MEG3 in MCF-7 and MDA-MB-231 cells

Firstly, the level of MEG3 was detected using qRT-
PCR assay, the results disclosed that MEG3 was
clearly downregulated in breast cancer tissues and
cell lines (Figure 1(a,b)). As shown in Figure 1(c),
the overall survival of high MEG3 expression
group was higher than the low expression group
in breast cancer patients. Then, MCF-7 and MDA-
MB-231 cells were added with PTX (0 pM, 2 uM,
5 uM, 10 puM, or 20 uM), qRT-PCR analysis sug-
gested that MEG3 was significantly enhanced in
breast cancer cells induced by PTX with different
concentrates (Figure 1(d,e)). And the expression of
MEGS3 had no obvious change in normal-like cells
(MCF10A) treated by different amount of PTX
(Fig. S1). All the data meant that MEG3 level was
specially augmented, but the induction of PTX
could trigger MEG3 level in MCF-7 and MDA-
MB-231 cells.
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Figure 1. PTX treatment could rescue the downregulation of MEG3 in MCF-7 and MDA-MB-231 cells. (a and b) The level of
MEG3 in breast cancer tissues and cell lines. (c) The overall survival rate in breast cancer patients with high MEG3 expression
compared to patients with low MEG3 expression was evaluated using Kaplan-Meier overall survival curve. (d and e) QRT-PCR analysis
for the effect of PTX on MEG3 level in MCF-7 and MDA-MB-231 cells. *P < 0.05.

Overexpression of MEG3 could promote cell
apoptosis, suppress proliferation, migration and
invasion, and the ICs, of PTX in MCF-7 and
MDA-MB-231 cells

Given the ectopic expression of MEG3 in breast
cancer cells, we further explored its role in cell
growth and metastasis. Firstly, overexpression vec-
tor of MEG3 was employed to increase MEG3
level in vitro. As shown in Figure 2(a), MEG3
was strikingly upregulated after transfection with
MEG3 in MCF-7 and MDA-MB-231 cells. As
observed in the MTT assay, the ICs, was particu-
larly reduced in MEG3 overexpression group
(IC50 = 1.862 uM/L) compared with that of in
control group (IC50 = 5.527 puM/L) (Figure 2(b,
c)). Simultaneously, the increase of MEG3 could
weaken cell proliferation in breast cancer cells
(Figure 2(d,e)). However, the cell proliferation of
MEGS3 overexpression group was not significantly
different from that of the control group (Fig. S2)
in normal-like cells (MCF-10A). Besides, we found
that cell apoptosis was obviously boosted after
transfection with MEG3 in MCF-7 and MDA-
MB-231 cells (figure 2(f)). Lastly, cell migration
and invasion were assessed via transwell assay,
the results expounded that upregulation of MEG3
could notably repress the mobility and invasive-
ness in vitro (Figure 2(g,h)). In brief, the increase
of MEG3 level could strengthen cell apoptosis,

hinder cell proliferation, migration, invasion, and
PTX-resistance in MCF-7 and MDA-MB-231 cells.

MiR-4513 was directly targeted by MEG3

As mention above, MEG3 was an oncogenic gene in
breast cancer, we guessed that MEG3 exerted its role
via modulating the targets. Next, the analysis of
LncBase Predicted v.2 [24] showed that miR-4513
was a putative target of MEG3 (Figure 3(a)). After co-
transfection with WT-MEG3 or MUT-MEG3 and
miR-4513 or miR-NC, the luciferase activity of WT-
MEGS3 was prominently decreased by miR-4513 over-
expression, but miR-4513 mimic had no effect on the
mutant reporter (Figure 3(b,c)). Moreover, level of
miR-4513 was evaluated by qRT-PCR in breast cancer
tissues and cell lines, the results showed that miR-
4513 level was apparently elevated in tumor tissues
and cell lines (MCF-7 and MDA-MB-231) (Figure 3
(d,e)). To further probe the interaction between miR-
4513 and MEGS3, we firstly constructed knockdown
vector of MEG3, qRT-PCR analysis indicated that
level of MEG3 was clearly reduced in both MCE-7
and MDA-MB-231 cells (Figure 3(f)). Expectedly, the
level of miR-4513 was conspicuously hampered by
MEG3 upregulation but was facilitated after transfec-
tion with si-MEG3 in MCF-7 and MDA-MB-231 cells
(Figure 3(g)). The evidence indicated that miR-4513
was targeted by MEG3.
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The effect of miR-4513 inhibitor on cell behaviors
and the ICs, of PTX was abolished by MEG3

that miR-4513 level was drastically repressed by trans-
fection with miR-4513 inhibitor, while the suppressive

detection in breast cancer cells

Based on the above evidence, the regulatory mechan-
ism between miR-4513 and MEG3 needed to be
further investigated. In the first place, anti-miR-NC,
anti-miR-4513, anti-miR-4513+ si-NC, or anti-miR
-4513+ si-MEG3 were introduced into MCF-7 and
MDA-MB-231 cells, qRT-PCR analysis demonstrated

role of miR-4513 inhibitor on miR-4513 level was
rescued via simultaneous introduction of si-MEGS3 in
breast cancer cells (Figure 4(a,b)). Meanwhile, the ICs,
of PTX, which was inhibited by miR-4513 inhibitor,
was strongly augmented via MEG3 silencing in MCF-
7 and MDA-MB-231 cells (Figure 4(c,d)). Functional
assay indicated that reintroduction of si-MEG3 could
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transfected accordingly. (G and H) The change of cell apoptosis in breast cancer cells. (I-L) Transwell analysis for the mobility and

invasiveness of MCF-7 and MDA-MB-231 cells. *P < 0.05.

relieve the restraining impact of miR-4513 inhibitor
on cell proliferation in vitro (Figure 4(e,f)). In addi-
tion, the roles of miR-4513 and MEGS3 in cell apopto-
sis were explored, flow cytometric analysis determined
that miR-4513 inhibitor could evidently expedite the
apoptotic rate, but the acceleratory effect of miR-4513
inhibitor on cell apoptosis was reverted via MEG3
deficiency in breast cancer cells (Figure 4(gh)).
Lastly, cell migration and invasion were identified by
transwell assay, the results presented that the repres-
sive impact of miR-4513 inhibitor on cell migration
and invasion was overturned after co-transfection
with si-MEG3 in vitro (Figure 4(i-1)). These results
strongly meant that MEG3 knockdown played a vital
part in miR-4513 inhibitor-induced promotion of cell
apoptosis, and repression of proliferation, migration,
invasion, and PTX-resistance in breast cancer cells.

PBLD was a target of miR-4513

To search for the targets of miR-4513, Targetscan
was performed to predict potential mRNAs that

bound to miR-4513. As displayed in Figure 5(a),
PBLD was predicted to contain the common frag-
ments with miR-4513. Dual-luciferase reporter
analysis confirmed that miR-4513 mimic specially
constrained the luciferase activity of WT-PBLD,
whereas had no inhibitory effect on MUT-PBLD
reporter (Figure 5(b,c)). Subsequently, we found
that the mRNA and protein levels of PBLD were
clearly hindered in breast cancer tissues and cell
lines (Figure 5(d-g)). To elucidate the mutual
influence between miR-4513 and CCAT], the effi-
ciency of miR-4513 mimic was verified by qRT-
PCR, the results manifested that miR-4513 mimic
could drastically intensify miR-4513 level in MCF-
7 and MDA-MB-231 cells (Figure 5(h)). Then,
MCEF-7 and MDA-MB-231 cells were transfected
with miR-NC, miR-4513, anti-miR-NC, or anti-
miR-4513, respectively. As shown by qRT-PCR
and western blot, miR-4513 downregulation led
to an obvious increase of PBLD expression in the
aspects of mRNA and protein, while miR-4513
mimic resulted in an efficient curb of mRNA and
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Figure 5. PBLD was a target of miR-4513. (a) Partial complementary sequences between miR-4513 and PBLD. (b and c) The
luciferase activity analysis for the luciferase activity after co-transfection with WT-PBLD or MUT-PBLD and miR-4513 or miR-NC in
breast cancer cells. (d-g) The mRNA and protein levels of PBLD in breast cancer tissues and cell lines. (h) The acceleratory efficiency
of miR-4513 mimic on miR-4513 level in MCF-7 and MDA-MB-231 cells. (i and j) QRT-PCR and western blot analyses for the mRNA
and protein levels of PBLD in breast cancer cells after transfection with miR-4513 or anti-miR-4513. *P < 0.05.

protein levels of PBLD (Figure 5(i,j)). These data
uncovered that miR-4513 could directly target
PBLD in breast cancer cells.

The impact of PBLD upregulation on cell
behavior and the IC5o of PTX was abrogated by
co-transfection with miR-4513 in vitro

According to the regulatory effect of MEG3 on
miR4513 level, we paid attention to the functional
mechanism between miR-4513 and MEG3 in breast
cancer cells. QRT-PCR and western blot analyses clar-
ified that introduction of PBLD could efficiently aug-
ment the mRNA and protein levels of PBLD, whereas
the promoting effect of PBLD upregulation on PBLD
level was attenuated via synchronous introduction of
miR-4513 mimic in MCF-7 and MDA-MB-231 cells
(Figure 6(a-d)). Subsequently, the functional roles of
PBLD and miR-4513 in the IC50 of PTX were
exposed, MTT analysis displayed that PTX-
resistance, which was weaken by PBLD overexpres-
sion, was regained after co-transfection with miR-
4513 mimic (Figure 6(e)). Besides, miR-4513 mimic
relieved the suppressive impact of PBLD transfection
on cell proliferation in vitro (figure 6(f,g)). At the same

time, reintroduction of miR-4513 mimic segmentally
abolished the acceleratory effect of PBLD increase on
cell apoptotic rate in MCF-7 and MDA-MB-231 cells
(Figure 6(h)). What’s more, transwell analysis proved
that PBLD overexpression could strikingly decreased
the mobility and invasiveness of breast cancer cells,
whereas the blocking influence of PBLD introduction
in cell migration and invasion was ameliorated after
co-transfection with miR-4513 mimic in vitro (Figure
6(i,j)). All the data revealed that co-transfection with
miR-4513 mimic could relieve the role of PBLD upre-
gulation in cell behaviors and PTX-resistance in breast
cancer cells.

MEG3 regulated the effects of PBLD by miR-4513

As research above, we aimed to discover the molecu-
lar between PBLD and miR-4513 or MEGS3. Firstly,
miR-4513 alone or along with MEG3 was introduced
into MCF-7 and MDA-MB-231 cells, qRT-PCR ana-
lysis suggested that the mRNA level of PBLD was
particularly impeded by miR-4513 mimic, while the
inhibiting effect of miR-4513 overexpression on
PBLD mRNA level was restored after co-transfection
with MEG3 in vitro (Figure 7(a,b)). Furthermore,
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Figure 6. The impact of PBLD upregulation on cell behavior and the ICs, of PTX was abrogated by co-transfection with miR-
4513 in vitro. (a-j) MCF-7 and MDA-MB-231 cells were transfected with vector, PBLD, PBLD+miR-NC, or PBLD+miR-4513,
respectively, (a-d) gRT-PCR and western blot analyses for the alteration of the mRNA and protein levels of PBLD in vitro. (e) The
role of PBLD and miR-4513 in the ICso of PTX in breast cancer cells. (f and g) MTT assay for measuring the change of cell proliferation
in MCF-7 and MDA-MB-231 cells. (h) Flow cytometry estimation for the level of cell apoptotic rate in vitro. (i and j) The capacities of
cell migration and invasion of MCF-7 and MDA-MB-231 cells treated accordingly. *P < 0.05.
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into MCF-7 and MDA-MB-231 cells, respectively. QRT-PCR and western blot analyses for the alteration of mRNA and protein levels of
PBLD in breast cancer cells. (€) The summary diagram was shown. *P < 0.05.

similar regulatory tendency in the protein level of
PBLD was found and shown in Figure 7(c,d). Taken
together, the evidence implied that PBLD was
mediated by MEG3 and miR-4513 in MCF-7 and
MDA-MB-231 cells. The detailed summary diagram
is shown in Figure 7(e).

MEG3 overexpression restrained the tumor
growth in xenograft model

To further study the function of MEG3 in breast
cancer in vivo, we constructed the xenograft mouse
model. After stably transfected MEG3 in MDA-MB
-231 cells and then injected into nude mice for
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8 days, we measured the tumor volume every 3 days
and tumor weight after they were sacrificed. Our
findings indicated that tumor volume and weight
were significantly decreased after overexpression of
MEG3 in vivo. Moreover, the expression of MEG3 in
the transplanted tumors with MEG3 overexpression
was detected by qRT-PCR, and the data showed that
the expression levels of MEG3 were markedly
increased after transfection with MEG3 (Figure

8(c)).

Discussion

During recent years, more and more researchers
devote to unraveling the role of IncRNAs in tumor-
igenesis. Such as IncRNAs could modulate several
cancer-associated pathways connected with the med-
iation of cell-cycle, differentiation, cell death, and cell
metastasis [25-27]. For instance, cancer susceptibility
candidate 2 (CASC2) level was aberrantly decreased
in breast cancer tissues and acted as a key factor in
breast cancer tumorigenesis and malignancy [28].
Accumulating records implicate that IncRNAs are
involved in cellular behaviors and the development
of pathology in human cancers, showing as the altera-
tion of cell proliferation, metastasis, and angiogenesis
[29,30]. In the present study, we explored that MEG3
level was unusually decreased in breast cancer tissues
and cell lines. MEG3, regarded as a tumor-associated
IncRNA, has been discovered to be downregulated in
numerous tumors, such as lung cancer [31] and
glioma [32]. Not only that, MEGS3 is negatively asso-
ciated with several tumor growths, such as the inhibi-
tion of cell proliferation, migration, and invasion
in vitro [33,34]. PTX, as an efficient first-line
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Figure 8. Overexpression of MEG3 suppressed tumor
growthin vivo. (a-c) MDA-MB-231 cells stable transfected with
MEG3 were injected into nude mice for 8 days. (a) The tumor
volume was measured every 3 days for 23 days after the injec-
tion. (b) The tumor weight was measused after the mices was
sacrificed. (c) MEG3 expression in the transplanted tumors was
examined. *P< 0.05.

chemotherapeutic drug, is used as single or combines
with other drugs in the clinic [35]. The impact of
MEG3 on the PTX-resistance was another investi-
gated object in this research. To further confirm the
role of MEG3 in breast cancer progression, we intro-
duced overexpression vector of MEG3 into MCF-7
and MDA-MB-231 cells, and subsequent analyses
demonstrated that MEG3 upregulation could boost
cell apoptosis, retard proliferation, migration, and
invasion in breast cancer cells. Because of the PTX
addition could clearly reinforce the MEG3 level, we
also found that overexpression of MEG3 markedly
reduced the ICsy of PTX in breast cancer cells. The
findings were agreed with previous evidence [36].

Our findings elucidated the critical role of MEG3 in
modifying the homeostasis of breast cancer.
Fundamentally, the interaction between IncRNAs
and miRNAs go in for the regulatory mechanism of
IncRNAs-regulated cellular behaviors and tumorigen-
esis [37]. The prediction of IncBase Predicted v.2
showed that miR-4513 might be a target of MEG3,
and the interrelation between miR-4513 and MEG3
was exposed in the subsequent assay. As for miR-
4513, it was obviously elevated in breast cancer tissues
and cell sublines. Then, we performed a series of
in vitro assays to investigate the biological role of
miR-4513 in MCF-7 and MDA-MB-231 cells. The
results discovered that miR-4513 silencing could
intensify cell apoptosis, weaken cell migration, inva-
sion and PTX-resistance in breast cancer cells. Before
this study, miR-4513 has been implied to be expedited
in tumor tissues compared with noncancerous tissues
[38,39]. What’s more, the upregulation of miR-4513
modulated cell proliferation and apoptosis via med-
iating CXC ligand 17 (CXCL17) [39]. It was worth
noting that miR-4513 has been proved to work as an
oncogenic factor in the progression of breast cancer
via regulating TRIM3 [21]. Thereby, we further
searched for the probable targets of miR-4513.

The essential function of miR-4513 in mediating
the progression of breast cancer has been revealed
previously. Online software analysis predicted that
PBLD was a possible target gene of miR-4513, and
the interrelation between them was confirmed subse-
quently. As the research of PBLD, the aberrant
decrease of it is involved in the pathogenesis and
process of hepatocellular carcinoma [40,41]. More



importantly, PBLD, which was targeted by miR-548p,
could constrain tumor progression and weaken drug-
resistance in breast cancer [42]. Based on the evi-
dence, we clarified that PBLD functioned as a tumor
suppressor in breast cancer tumorigenesis, exhibiting
as the acceleration of cell apoptosis, and the curb of
cell proliferation, migration, invasion, and PTX-
resistance. Interestingly, the repressive role of PBLD
overexpression on tumor growth was overturned by
co-transfection with miR-4513 mimic in breast cancer
cells. Above all, the expression of PBLD was co-
modulated by MEG3 and miR-4513 in vitro.

In summary, the addition of PTX could induce
the level of MEG3 in breast cancer cells, overex-
pression of MEG3 distinctly triggered cell apopto-
sis, impeded proliferation, migration, invasion,
and the ICs, of PTX in MCF-7 and MDA-MB
-231 cells. Mechanically, MEG3 exerted its tumor-
suppressive role via miR-4513/PBLD axis in the
pathogenesis of breast cancer. However, the evi-
dence from this study is not enough, it is necessary
to supplement xenograft tumor assay or more
clinical samples for further investigation.

Highlights

(1) PTX stimulation could relieve the downre-
gulation of MEG3 in MCF-7 and MDA-MB
-231 cells

(2) MEG3 upregulation could repress cell pro-
liferation, migration and invasion, induces
apoptosis and PTX-resistance in breast can-
cer cells

(3) MEG3 modified the PTX-resistance and
progression of breast cancer cells via miR-
4513/PBLD axis.
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