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Long non-coding RNA nuclear paraspeckle assembly transcript 1
interacts with microRNA-107 to modulate breast cancer growth
and metastasis by targeting carnitine palmitoyltransferase-1
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Abstract. Previous studies revealed that the long non-coding
RNA nuclear paraspeckle assembly transcript 1 (NEATI)
exhibits abnormal expression in numerous cancer types,
including breast cancer (BC); however, the regulatory mecha-
nism of NEAT1 in BC remains unclear. In the present study, the
effect of NEAT1 on the progression of BC and its regulation
mechanism was investigated. The expression levels of NEAT1
and microRNA-107 (miR-107) in BC cells were analyzed
using the reverse transcription-quantitative polymerase chain
reaction (RT-qPCR). NEAT1 was knocked down in BC cells,
and mimics-miR-107 or inhibitor-miR-107 were transfected
into BC cells. Subsequently, cell proliferation, invasion
and migration, apoptosis and cell cycle distribution were
determined. The regulatory mechanism of NEATI, miR-107
and carnitine palmitoyltransferase-1 (CPT1A) was analyzed
using a luciferase reporter assay system, western blotting and
RT-qPCR. NEAT1 expression was increased in BC cells,
whereas miR-107 expression was decreased, compared with
normal mammary gland cells. NEAT1 promoted the progres-
sion of BC cells through inhibiting apoptosis-associated
genes and promoting cell cycle- and invasion-associated gene
expression, whereas miR-107 served the opposite function.
Furthermore, NEAT1 promoted the expression of CPTIA,
which was mediated by miR-107. The results of the present
study indicate that NEAT1 promotes the expression of CPT1A
by inhibiting miR-107 to improve the progression of BC cells;
therefore, NEAT1 is a potential therapeutic target of BC.
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Introduction

Breast cancer (BC) is a malignant tumor that occurs in the
epithelial tissue of the mammary gland and was the most
common cancer type among women globally (1). In China, in
2015, 272,400 novel BC cases were identified with a mortality
toll of 70,700 in 2015 (2). In the USA, in 2016, the number of
novel cases and mortalities of BC were 249,260 and 40,890,
respectively (3). Although the combined treatment of surgery,
radiotherapy, chemotherapy, endocrine therapy and targeted
therapy has achieved good clinical results, recurrence and
metastasis remain the primary factors affecting survival (4).
Non-coding RNAs, which do not encode protein, may be
classified as short non-coding RNAs, including microRNAs
(miRNAs), and long non-coding RNAs (IncRNAs), for
example, HOTAIR, H19 and MALATI1 have been widely
studied (5). These RNAs bind to specific sequences to degrade
the transcription of target genes (5). Previous studies confirmed
that IncRNAs serve important functions in numerous biolog-
ical processes, including guiding chromosome remodeling
and regulating miRNAs (6-9). Compared with normal tissues,
cancer tissues exhibit abnormal expression of IncRNAs (10).
Increasing evidence demonstrated that a high level of the
IncRNA nuclear paraspeckle assembly transcript 1 (NEATI)
is associated with unfavorable prognosis in BC (11,12).
NEATI is located at nuclear paraspeckles to form
and maintain their structure (13,14). The stabilization of
paraspeckles can interrupt mRNA, which is retained in para-
speckles and translated into protein, regulating the expression
of target genes accurately and rapidly (15,16). NEATI is
upregulated prominently in hypoxia-regulated BC cells (17).
The transcription of NEATI is primarily regulated by
hypoxia-inducible factor-2, and the overexpression of NEAT1
can accelerate cell proliferation and inhibit apoptosis (18). The
prognosis of patients with BC with high expression of NEAT1
is significantly decreased, compared with patients with low
NEATI expression (19). Further studies indicated that NEAT1
combines with miR-107 and downregulates its expression level
to promote the progression of numerous human cancer types,
including glioma and laryngeal squamous cell cancer (20,21).
A number of studies have identified that miR-107 serves a
significant function in the development and progression of
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tumors. This miRNA acts as a tumor suppressor molecule
whose expression is inhibited in the majority of cancer types,
including glioma (20), laryngeal squamous cell cancer (21),
pancreatic carcinoma (22), colon carcinoma (23) and BC (24).

Carnitine palmitoyltransferase-1 (CPT1) is a key
regulatory and rate-limiting enzyme of long-chain fatty
acids for (3-oxidation (25,26). This protein is located on the
outer membrane of mitochondria through the transmembrane
domain and catalyzes the formation of acylcarnitine, which
is then transferred to the mitochondrial inner membrane and
p-oxidized by CPT2 (27). CPT1A, a subtype of the CPT1 gene
family, is expressed in all tissue types except skeletal muscle
cells and brown adipose cells (27). The proliferation of tumors
requires a large amount of raw material and energy, and the
abnormality of lipid synthesis and catabolism are classical
features of tumor cells (28). CPT1A is highly expressed in
ovarian cancer, prostate cancer and other types of cancer, and
it serves a key function in promoting tumor cell proliferation
and metastasis (29,30).

In BC, CPTI1A is associated with histone deacetylase
activity to regulate cell survival, cell death escape and
invasion of MCF-7, SK-BR3 and MDA-MB-231 cell lines (31).
miR-107, an inhibitor of f-oxidation by downregulating
the expression of CTP1A and other associated genes (32),
can promote lipid accumulation (33) and inhibit tumor
progression (20-24). However, the inhibitory mechanism of
miR-107 to CPTIA is unclear. Previous studies demonstrated
that NEAT1 downregulates the expression level of miR-107
to promote the progression of numerous human cancer types,
including glioma and laryngeal squamous cell cancer (20,21),
but whether this inhibitory mechanism is applicable to BC
requires confirmation.

In the present study, first, the expression of NEAT1
and miR-107 in BC cells was determined using the reverse
transcription-quantitative polymerase chain reaction
(RT-gPCR), and it was identified that the IncRNA NEAT1
was upregulated and that miR-107 was downregulated and
associated with the progression of BC. Subsequently, the
function of NEAT1 and miR-107 in BC cells was investigated.
It was identified that knockdown of NEATT1 or transfection
of mimics-miR-107 inhibited the proliferation and invasion
of BC cells. Furthermore, it was identified that NEAT1
upregulated CPTI1A through inhibiting the expression of
miR-107. These results provide evidence that BC is promoted
by the NEAT1-miR-107-CPT1A regulatory network.

Materials and methods

Cell and reagents. Human mammary epithelial cell lines
MCF-10A (cat. no. ATCC® CRL-10317™), BC lines
MCF-7 (cat. no. ATCC® HTB-22™), MDA-MB-231
(cat. no. ATCC® HTB-26™) were and 293 (cat. no. ATCC®
CRL-1573™) purchased from the American Type Culture
Collection (Manassas, VA, USA). These cells were
cultured in Dulbecco's modified Eagle's medium (DMEM,;
cat. no. 11965-084; Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) at 37°C in humidified atmosphere
of 5% CO,. Lentivirus vector pLKO.1 (cat. no. E365), and
packaging plasmids psPAX2 (cat. no. E366) and pMD2G
(cat. no. E367) were purchased from AtaGenix Laboratories
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(Wuhan, China). The pcDNA3.1 plasmid (cat. no. V00454)
was purchased from Fenghui Bio (Changsha, China). TRIzol®
(cat. no. 15596018), ThermoScript™ RT-PCR System
(cat. no. K1691), Lipofectamine® 2000 (cat. no. 11668019),
RPMI-1640 (cat. no. 11875085) and fetal bovine serum
(FBS; cat. no. 10099141) were purchased from Invitrogen
(Thermo Fisher Scientific, Inc.). iTaq™ Universal SYBR®
Green supermix (cat. no. 172-5121) and LumiPico® Enhanced
Chemiluminescent (ECL) reagent (cat. no. 1705060) were
purchased from Bio-Rad Laboratories, Inc. (Hercules, CA,
USA). Cell Proliferation kit I (MTT;, cat. no. 11465007001)
was purchased from Sigma-Aldrich; Merck KGaA
(Darmstadt, Germany). Anti-B-cell lymphoma 2-associated
agonist of cell death (BAD; cat. no. ab32445), anti-caspase 9
(CASPY; cat. no. ab32539), anti-collagen type XVII a 1
(COL18AL; cat. no. ab64569), anti-metallopeptidase inhibitor
1 (TIMP-1; cat. no. ab61224), anti-platelet-derived growth
factor subunit A (PDGF-A; cat. no. ab38562), anti-serpin
family B member 2 (SERPINB2; cat. no. ab47742), anti-cyclin
D1 (cat. no. ab134175), anti-cyclin-dependent kinase 4 (CDK4;
cat. no. abl08357) and horseradish peroxidase-conjugated
goat anti-rabbit immunoglobulin G (cat. ab205718) antibodies
were purchased from Abcam (Cambridge, MA, USA). Short
hairpin RNA against NEAT1 (sh-NEATI), sh-negative
control (NC), mimics-miR-107 (sense: 5'-ACUAUCGGG
ACAUGUUACGACGA-3'"; antisense: 5-UCGUCGUAACAU
GUCCCGAUAGUUU-3") and inhibitor-miR-107 (5'-UCG
UCGUAACAUGUCCCGAUAGU-3") were synthetized by
Shanghai GenePharma Co., Ltd. (Shanghai, China). The
Dual Luciferase Reporter assay system (cat. no. E1910) was
purchased from Promega Corporation (Madison, WI, USA).
Cells were analyzed for DNA content by flow cytometry
(FACSCalibur; BD Biosciences, Franklin Lakes, NJ, USA).

Transient transfection. Lipofectamine 2000 (2 ul) was
diluted with 100 ul Opti-MEM at 1:50 (both Gibco; Thermo
Fisher Scientific, Inc.) and incubated for 5 min at room
temperature. pcDNA3.1-NEAT1 plasmid (1 ug; ratio, 1:50),
2 ug mimics-miRNA or inhibitor-miRNA (both final
concentration, 100 nM) was diluted in 50 ul Opti-MEM. The
diluted Lipofectamine 2000 and pcDNA3.1-NEAT]1 plasmid,
mimics-miRNA or inhibitor-miRNA were mixed (1:1)
and incubated at room temperature for 20 min. Finally, the
mixture was added to MCF-7 and MDA-MB-231 for culture
for between 24 and 48 h at 37°C.

sh-NEAT1 was cloned into the lentivirus vector pLKO.1
and termed pLKO.1-shNEAT1. MCF-7 and MDA-MB-231
cells were inoculated into the 6-well plate until the density
reached 80% confluence. pLKO.1-shNEAT1, psPAX2 and
pMD2G were mixed at a ratio of 5:3:2 in Opti-MEM.

293 cells were inoculated in six-well plates using DMEM
supplemented with 10% FBS, 1% penicillin (100 U/ml) and
streptomycin (100 U/ml) at 37°C until the density reached 90%
confluence. The pLKO.I-shNEAT1 plasmid or pLKO.1-shNC
was then transfected into 293 cells with psPAX2 packaging
plasmid and pMD2G envelope plasmid by Lipofectamine
2000 to produce shRNA-containing lentivirus. The infection
efficiency was detected under a fluorescence microscope
(at a magnification of x200) according to the green fluorescent
protein expression level. Following incubation for 20 min with
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Lipofectamine 2000 at room temperature, the mixture was
added to the cells and cultured for 8 h at 37°C. Culture medium
was replaced with fresh DMEM supplemented with 10% FBS,
1% penicillin and streptomycin for virus packaging. After
24 h, the lentiviral particles in the supernatant were harvested
and filtered by centrifugation at 500 x g for 10 min at 4°C.
MCF-7 and MDA-MB-231 cells were cultured with 1.5 ml
RPMI-1640 to 50% confluence in 6-well plates at 37°C.
Subsequently, 0.5 ml virus was added into each well for infec-
tion. After 24 h, the medium containing the virus was replaced
with a fresh RPMI-1640 medium and the cells were cultured
for another 48 h at 37°C. The infection efficiency was detected
under a fluorescence microscope (at a magnification of x200)
according to the green fluorescent protein expression level.

RNA extraction and RT-PCR. MCF-7 and MDA-MB-231 cells
were collected and lysed with TRIzol reagent. Total RNA was
extracted with TRIzol and was precipitated using 0.5 ml of
95% isopropanol, followed by washing once with 75% ethanol.
Finally, the total RNA was dissolved in RNase-free water.
Following RNA extraction, cDNA was synthetized using the
ThermoScript™ RT-PCR system according to the manufac-
turer's protocol. iTaq Universal SYBR Green supermix was
used for qPCR according to the manufacturer's protocol. cDNA
was then amplified using the following cycling conditions: One
initial PCR activation step at 95°C for 15 min followed by
40 cycles of denaturation at 94°C for 15 sec, annealing at 53°C
for 30 sec, and elongation at 72°C for 30 sec. The U6 (for
miR-107) and GAPDH (for NEAT1 and CPT1A) were used as
internal controls. Cq values were used for quantification using
a previously described protocol (34). Primers were as follows:
NEATI1 forward, 5-CTTCCTCCCTTTAACTTATCCATT
CAC-3; reverse, 5'-CTCTTCCTCCACCATTACCAACAA
TAC-3"; miR-107 forward, 5-ATGATGAGCAGCATTGTA
CAGG-3; reverse, 5-GCAGGGTCCGAGGTATTC-3"; CPTIA
forward, 5“TTCAGTTCACGGTCACTCCG-3'; reverse 5-TGA
CCACGTTCTTCGTCTGG-3"; GAPDH forward, 5“"TGCACC
ACCAACTGCTTAGC-3'; reverse, 5'-GGCATGGACTGT
GGTCATGAG-3"; U6 forward, 5'-CTCGCTTCGGCAGCA
CA-3'; reverse, 5S'-AACGCTTCACGAATTTGCGT-3".

MTT assay. MCF-7 and MDA-MB-231 cells were plated in
96-well plates at the density of 10,000 cells per well, and
cultured at 37°C for 72 h in an atmosphere containing 5%
CO,. Cells that were cultured for 0, 24, 48 and 72 h were
analyzed using a Cell Proliferation kit I according to the
manufacturer's protocol. Following culture, MTT solution
was added to cells and incubated for another 4 h at 37°C.
Subsequently, the medium was removed, and 200 p1 dimethyl
sulfoxide (Beyotime Institute of Biotechnology, Haimen,
China) was added to each well to dissolve the formazan crys-
tals. The proliferation of cells was measured using a Universal
microplate spectrophotometer at 550 nm.

Wound-healing assay. MCF-7 and MDA-MB-231 cells were
plated on a 6-well plate and were cultured in RPMI-1640
supplemented with 10% FBS, 1% penicillin and streptomycin
at 37°C until reaching 90% confluence. Cells were scraped off
each well at a width of 1 mm using 1-ml Labtip pipette tips and
debris was washed with PBS three times. Subsequently, the cells
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were cultured with fresh RPMI-1640 at 37°C in an atmosphere
containing 5% CO, for 24 h. The scraped line of each well was
viewed under a light microscope (at a magnification of x16)
to assay the migration of cells. Furthermore, wound-healing
graphs were produced.

Matrigel assay. Transwell chambers were pre-coated with
Matrigel at a concentration of 8 ug/ul and set on a 24-well
plate. The sublayer of the Transwell chamber was filled
with RPMI-1640 containing 10% FBS. The MCF-7 and
MDA-MB-231 cells were digested and suspended in RPMI-1640
medium containing 0.1% FBS. Subsequently, the suspended
cells were inoculated in chambers at a density of 1x10° cells/ml
at 37°C. After 36 h, the cells and Matrigel that did not pass
through the chamber were removed with cotton swabs. The
remaining cells were fixed with pre-cold 4% paraformaldehyde
for 30 min and stained with 0.1% crystal violet for 30 min
at room temperature. The cells passing through the sublayer
of the chamber were observed and enumerated under a light
phase-contrast microscope (at a magnification of x100).

Western blotting. Total protein was extracted from MCF-7 and
MDA-MB-231 cells with radioimmunoprecipitation assay lysis
buffer (Beyotime Institute of Biotechnology) and quantified
with a Bicinchoninic Acid kit. Protein samples (30 yg) were
subjected to SDS-PAGE on 10% gels. The resolved proteins
were transferred onto polyvinylidene fluoride membranes,
which were then blocked with 5% bovine serum albumin
(Beyotime Institute of Biotechnology) in TBST at 25°C for 1 h.
Following incubation with the primary antibodies (1:1,000)
at 4°C for overnight and secondary antibodies (1:5,000) at
room temperature for 1 h, membranes were subjected to
chromogenic analysis using LumiPico ECL reagent.

Cell cycle analysis by flow cytometry. Cell cycle analysis
was determined by Keygen Cell Cycle detection kit (Nanjing
KeyGen Biotech Co., Ltd., Nanjing, China). Briefly, MCF-7 and
MDA-MB-231 cells were collected and washed with ice-cold
PBS three times. Following centrifugation for 5 min at 1,000 x g
and room temperature, the cells were suspended in ice-cold
PBS and fixed in absolute ethanol for 30 min at 4°C. Following
fixing, the ethanol was removed, and the cells were washed
with PBS once to remove residual ethanol. Subsequently, the
cells were resuspended in PBS with RNase A and incubated
at 37°C for 30 min. Finally, the cells were stained with prop-
idium iodide for 30 min at 37°C, and the cell cycle distribution
was detected by flow cytometry (FACSCalibur) using Cell
Quest Pro software version 5.1 (both BD Biosciences).

Luciferase reporter assay. Starbase tool (version 2.0;
http://starbase.sysu.edu.cn) and Targetscan tool (version 7.1;
http://www.targetscan.org) were used to predict the binding
sites of NEAT1 and CPT1A on miR-107. A total of four
luciferase reporter plasmids, wild-type (wt)-NEAT1, mutated
(mut)-NEAT1, wt-CPT1A and mut-CPT1A, were constructed
by Shanghai GenePharma Co., Ltd. pRL-Tk, wt-NEAT1 or
mut-NEAT1, and mimics-miR-107 or inhibitor-miR-107 were
co-transfected into 293 cells using Lipofectamine 2000 trans-
fection reagent to investigate the interaction between NEAT1
and miR-107. pRL-Tk, wt-CPT1A or mut-CPTIA, and
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Figure 1. Expression analysis of NEAT1 and miR-107 in breast cancer cells. (A) Expression analysis of NEAT1. NEAT1 is overexpressed in MCF-7 and
MDA-MB-231 cells, compared with the expression in normal breast cell MCF-10A cells. (B) Expression analysis of miR-107. miR-107 is expressed at low
levels in MCF-7 and MDA-MB-231 cells, compared with the normal breast cell line MCF-10A. Data was obtained from at least three independent experiments.
“P<0.01 vs. MCF-10A. NEAT], nuclear paraspeckle assembly transcript 1; miR-107, microRNA-107.

mimics-miR-107 or inhibitor-miR-107 were co-transfected
into 293 cells to investigate the interaction between CPT1A
and miR-107. After 48 h of transfection, the activity of firefly
luciferase, quantified as luminescence, was detected using the
Dual-Luciferase Reporter system, and the fluorescence value
of Renilla luciferase was set as the internal reference.

Statistics. Data from at least three independent experiments
are presented as the mean + standard deviation. Statistical
analysis was performed using SPSS software 16.0 (SPSS,
Inc., Chicago, IL, USA). Statistical significance was measured
using Student's t-test or one-way analysis of variance followed
by Tukey's post-hoc test. P<0.05 was considered to indicate a
statistically significant difference.

Results

NEATI inhibits the expression of miR-107 in BC cells. A total
of two BC cell lines, MCF-7 and MDA-MB-231, were selected
to analyze the expression levels of NEAT1 and miR-107 as they
are commonly used cell lines for the study of BC. MCF-10A
cells, a mammary epithelial cell line, was used as the control.
The total RNA of these three cell lines was extracted and
reverse-transcribed into cDNA. RT-qPCR indicated that
NEATI expression was significantly increased (Fig. 1A) and
that miR-107 expression was significantly decreased in BC cells,
compared with the MCF-10A cells (Fig. 1B). To investigate
the association between NEAT1 and miR-107 in BC cells,
sh-NEAT1 was transfected into MCF-7 and MDA-MB-231
cells to significantly downregulate the expression of NEATI,
compared with the negative control (Fig. 2A). In contrast with
NEATI! expression, miR-107 expression was significantly
enhanced in MCF-7 and MDA-MB-231 cells, compared with
the negative control (Fig. 2A). In conclusion, NEATI inhibits
the expression of miR-107 in BC cells.

NEATI knockdown inhibits the progression of BC cells.
NEATI1-downregulated MCF-7 and MDA-MB-231 cells
were cultured for 72 h, and cell proliferation was determined

using an MTT assay at 0, 24, 48, 72 h. Accompanied by
downregulated NEAT1 and upregulated miR-107, cell
proliferation was decreased (Fig. 2B). Subsequently, the effect
of NEAT1 on the BC cell cycle was investigated using flow
cytometric analysis. Fig. 2C indicates that NEAT1 knockdown
significantly promoted apoptosis in BC cells, compared with
the negative control. Compared with the proportion of cells
in G1 phase in the negative control that was transfected with
sh-NC, the proportion of MCF-7 or MDA-MB-231 cells in G1
phase transfected with sh-NEAT1 was significantly increased
(Fig.2D). The wound healing and Matrigel assays demonstrated
that the migratory and invasive abilities of BC cells were
significantly inhibited when NEAT1 was downregulated
(Fig. 2E and F). Collectively, NEAT1 knockdown inhibits the
proliferation, cell cycle, migration and invasion of BC cells.

NEATI knockdown affects tumor development-associated
genes in BC cells. To further detect the effect of NEAT1 on
the progression of BC cells, the expression of genes that were
associated with the proliferation, cell cycle, migration and
invasion of BC cells were determined in sh-NEAT 1-transfected
MCF-7 and MDA-MB-231 cells. RT-qPCR and western blot-
ting data demonstrated that the mRNA and protein expression
levels of apoptotic genes (BAD, CASP9 and COLI8A1) were
significantly upregulated in sh-NEAT1-transfected BC cells,
whereas those of the invasion-associated genes (TIMP-1,
PDGF-A and SERPINB2) were significantly downregulated in
sh-NEAT 1-transfected BC cells (Fig. 3A). The expression of the
BC cell cycle-associated gene cyclin D1 was also significantly
downregulated in sh-NEAT1-transfected BC cells, indicating
that cells remained at G1 phase. Furthermore, significant
downregulation of CDK4 indicated that the cells did not enter
the S division phase (Fig. 3B). Additionally, CPT1A, a novel
biomarker of BC, was significantly downregulated at the mRNA
and protein levels in sh-NEAT1-transfected BC cells (Fig. 3B).

miR-107 reversely regulates the expression of NEATI and
negatively regulates the progression of BC cells. To investigate
the function of miR-107 in BC cells, mimics-miR-107
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Figure 2. NEAT1 increases the progression of breast cancer cells. (A) Expression analysis of NEAT1 and miR-107 in sh-NEAT-transfected MCF-7 and
MDA-MB-231 cells using the reverse transcription-quantitative polymerase chain reaction. (B) An MTT assay was used to determine the effect of sh-NAET1
on the proliferation of MCF-7 and MDA-MB-231 cells. (C) The apoptotic percentages of MCF-7 and MDA-MB-231 were detected by flow cytometry
following NEAT1 knockdown. (D) The cell cycle of MCF-7 and MDA-MB-231 cells was analyzed by flow cytometry following transfection with sh-NEAT1.
(E) Migration assays were used to measure the effect of sh-NEAT1 on the cell migration of MCF-7 and MDA-MB-231 (F) Transwell assays were used to
determine the effect of sh-NEATI on the cell invasion of MCF-7 and MDA-MB-231. Data was obtained from at least three independent experiments. ““P<0.01
vs. sh-NC. NEAT1, nuclear paraspeckle assembly transcript 1; miR-107, microRNA-107; sh-NC, short hairpin-negative control; OD, optical density.

was transfected into MCF-7 and MDA-MB-231 cells to
significantly upregulate its expression, and NEAT1 was
demonstrated to be significantly downregulated (Fig. 4A).
Furthermore, miR-107 was significantly downregulated with
the significant overexpression of NEAT1 when MCF-7 and
MDA-MB-231 cells were transfected with inhibitor-miR-107
(Fig. 4B). These results indicated that miR-107 can reversely
regulate the expression of NEATI.

The progression of these cells was investigated. Following
transfection with mimics-miR-107, an MTT assay revealed

that the proliferation rates of MCF-7 and MDA-MB-231
cells were decreased, the rates of apoptosis in BC cells were
increased, and the cell cycle distribution of the majority of
the cells remained at G1 phase, compared with the negative
control cells. However, when miR-107 was downregulated by
inhibitor-miR-107, the proliferation of BC cells was increased,
the rates of apoptosis in BC cells were decreased, and the
majority of the cells were not held at G1 phase (Fig. 4C-I).
Thus, miR-107 inhibits the proliferation and cell cycle of BC
cells. In the migration and invasion experiments, miR-107
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knockdown significantly promoted the migration and invasion
of MCF-7 and MDA-MB-231 cells. By contrast, overexpression
of miR-107 significantly inhibited the migration and invasion
of these BC cells (Fig. 4] and K). In summary, miR-107
negatively regulates the progression of BC cells.

miR-107 regulates the progression of BC cells through tumor
development-associated genes. To identify how miR-107
negatively regulates the progression of BC cells, the expression
of tumor development-associated genes was detected in
mimics-miR-107 or inhibitor-miR-107-transfected BC cells.
To determine the [-actin ratio and relative expression of
each protein and gene, western blotting and RT-qPCR were
used. With the upregulation of miR-107 by mimics-miR-107,
the expression levels of apoptosis-associated genes BAD,
CASP9 and COL18A1 were significantly increased, whereas
the expression levels of invasion-associated genes TIMP-1,
PDGF-A and SERPINB2 were significantly decreased
(Fig. 5A). Consistent with the flow cytometry results, cyclin
D1 and CDK4, which regulate the cell cycle, were significantly
downregulated. CPT1A was also significantly downregulated
(Fig. 5B). The identical analysis was performed on
miR-107-knockdown MCF-7 and MDA-MB-231 cells that
were transfected with inhibitor-miR-107. In contrast with

the aforementioned results, the expression levels of BAD,
CASP9 and COL18A1 were significantly decreased (Fig. 5C),
and the expression levels of TIMP-1, PDGF-A, SERPINB2,
cyclin D1, CDK4 and CPA1A were significantly increased
(Fig. 5C and D). Collectively, these results indicate that
miR-107 regulates the progression of BC cells through tumor
development-associated genes.

miR-107 regulates the expression of NEATI and CPTIA
by direct targeting. As aforementioned, NEAT1 negatively
regulates the expression of miR-107, and miR-107 inhibits the
downstream gene CPT1A. Additionally, miR-107 feedback
regulates the expression of NEATI1. The binding sites of
NEATI1 and CPT1A on miR-107 were predicted (Fig. 6A). To
investigate the regulatory mechanism between miR-107 and
NEATI or CPTIA, wt-NEAT1, mut-NEAT1, wt-CPT1A and
mut-CPT1A luciferase reporter vectors were constructed.
wt-NEAT1 and mimics-miR-107 or inhibitor-miR-107 were
co-transfected into 293 cells. The activity of luciferase
was significantly increased in the miR-107-downregulated
293 cells, compared with the negative control (Fig. 6B).
Conversely, in miR-107-upregulated 293 cells, the activity
of luciferase was significantly decreased, compared
with the negative control (Fig. 6B). However, in the
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Figure 4. NEAT1 negatively regulates the progression of breast cancer cells. A reverse transcription-quantitative polymerase chain reaction assay was used to
determine the level of NEAT1 and miR-107 in MCF-7 and MDA-MB-231 cells that were transfected with (A) mimics-miR-107 or mimics-NC and (B) inhib-
itor-miR-107 or inhibitor-NC. **P<0.01 vs. respective NC. (C) Proliferation of MCF-7 and MDA-MB-231 cells that were transfected with mimics-miR-107
or inhibitor-miR-107, as detected with an MTT assay. The apoptotic percentages of MCF-7 and MDA-MB-231 transfected with (D) mimics-miR-107 or
mimics-NC and (E) inhibitor-miR-107 or inhibitor-NC were analyzed with flow cytometry. (F) The quantification of apoptotic percentages. ‘P<0.05 and

“P<0.01 vs. mimics-NC; *P<0.05 and #P<0.01 vs. inhibitor-NC.

mut-NEAT1 groups, there were no significant changes in
luciferase activity in the miR-107-overexpression and the
miR-107-knockdown 293 cells (Fig. 6B). Similar results
were observed for CPT1A (Fig. 6C). The expression levels
of CPT1A and NEAT1 were significantly downregulated by
mimics-miR-107, and transfection with pcDNA3.1-NEAT1

rescued the inhibitory effect of mimics-miR-107 on MCF-7
cells, with the expression level of miR-107 presenting the
opposite trend (Fig. 6D and E). These results indicated that
miR-107 can target NEAT1 and CPT1A directly to regulate
their expression. Therefore, NEAT1 and CPT1A can compete
in conjunction with miR-107.
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Discussion >200 bp that do not encode proteins, but regulate the expression
levels of genes at various levels in the form of RNA (35).

LncRNAs are a class of transcription factors with a length ~ Studies have demonstrated that IncRNA is associated with
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Figure 5. Detection of tumor development-associated genes in miR-107 increased or decreased breast cancer cells. The western blot lanes were translated
into corresponding greyscale values to present the 3-actin ratio and relative expression of each protein. (A) Western blot analysis and RT-qPCR assays were
used to determine the protein and mRNA expression levels of BAD, CASP9, COL18AI1, TIMP-1, PDGF-A and SERPINB2 in MCF-7 and MDA-MB-231
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cancer, and the expression of IncRNA in normal tissues
and corresponding tumor tissues demonstrated significant
differences (21,23,24). Abnormal IncRNA expression serves
a substantial function in tumor progression and can be a
predictor of tumor progression (36); however, the function of
IncRNAs in BC is not well-characterized.

The IncRNA NEATT has been reported to be upregulated
in various tumor types. High levels of NEATI were
significantly associated with clinicopathological features
of hepatocellular carcinoma (37). Additionally, upregulated
NEATI1 was associated with aggressive prostate cancer (38).
In BC, a previous study indicated that the expression of
NEATI1 was increased significantly under hypoxia and
promoted the proliferation of BC cells (18). In the present
study, it was affirmed that NEAT1 was overexpressed
in MCF-7 and MDA-MB-231 cells. Furthermore, the
knockdown of NEATI by sh-NEATI resulted in the
inhibition of proliferation, cell cycle, migration and
invasion of BC cells. Additionally, the apoptotic genes
BAD, CASP9 and COLI18A were upregulated, but the
invasion-associated genes TIMP-1, PDGF-A, SERPINB2
and cell cycle-associated genes cyclin D1 and CDK4 were

downregulated. However, the mechanism by which NEAT1
affects BC remains unclear.

The disorder of lipid metabolism can induce the
development of a number of tumor types, such as glioma and
breast cancer. Enhancing the expression of CPT1A in BC cells,
which can promote the oxidation of fatty acids and decrease its
accumulation, can significantly improve BC symptoms (39). In
the present study, it was identified that NEAT1 could promote
the progression of BC by regulating its proliferation. NEAT1
knockdown downregulated the expression of CPTIA and
inhibits the development of BC cells.

In recent years, an increasing number of studies have
focused on miRNA, and a normal expression of miRNA
requires a balanced physiological environment (40). These
miRNAs, such as miR-15 and miR-16, participate in the
majority of genetic pathways, including cell cycle checkpoint,
cell proliferation and apoptosis (40). Deregulation of miRNA
expression causes widespread changes in gene expression and
is associated with various cancer types, such as lung cancer
and pancreatic cancer (40). miR-107 has been reported to be
a tumor suppressor molecule in numerous cancer types, such
as BC, glioma and cervical cancer (20,21). The results of
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the present study indicated that the upregulation of miR-107
inhibited the proliferation and migration of BC cells and the
expression of CPT1A. However, the knockdown of miR-107
promoted the proliferation and invasion of BC cells, and the
expression of CPT1A was increased. These results indicated
that miR-107 negatively regulates CPT1A.

Emerging evidence has revealed the association of the
interaction between IncRNAs and miRNAs, and cancer
metastasis (41,42). miRNA can negatively regulate IncRNA
by a mechanism similar to that of mRNA (43) or positively
regulate IncRNA through epigenetic regulation (44). IncRNA
can competitively combine with the miRNA to inhibit
the negative regulation of the miRNA on target genes
indirectly (45). Another regulatory mechanism between
IncRNA and miRNA is that IncRNA acts as competing
endogenous RNA to suppress miRNA expression by acting
as a miRNA sponge (46). Additionally, IncRNA acts as a
potential primary miRNA to produce mature miRNA, thereby
indirectly regulating the expression of target genes (47). In the
present study, two different combined sites on miR-107 that
exhibited reverse complementarity to NEAT1 and CPT1A
separately were predicted. Luciferase assays demonstrated
that NEAT1 and CPTIA could bind to miR-107. These
results indicated that NEAT1 and CPT1A could compete in
combination with miR-107.

In summary, downregulation of NEATI result in
decreased expression of miR-107 and increased expression
of CPT1A. Furthermore, miR-107 knockdown triggers the
upregulation of NEAT1 and CPTIA. Combined with the
results of proliferation experiments of BC cells and luciferase
assays, a potential regulation mechanism involving NEATI,
miR-107 and CPTI1A in BC cells, in which miR-107 inhibits
the expression of CPTIA and NEAT1 downregulates the
expression of miR-107 through the competitive combination
of miR-107 and CPT1A, were determined. Thus, NEAT1
promotes the expression of CPT1A by inhibiting miR-107 to
improve the progression of BC cells.
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