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Abstract: Breast cancer (BC) is a common malignant tumor in women and exhibits a poor prognosis. This study 
examined the role and underlying mechanisms of long non-coding RNA (lncRNA), metastasis-associated lung ad-
enocarcinoma transcript 1 (MALAT1) in BC pathogenesis. The MALAT1 expression levels in BC cells and tissues 
were measured using quantitative reverse transcription-polymerase chain reactions. CCK-8 kits and wound healing 
and transwell assays were used to evaluate the cell growth, invasion, and migration of BC. Bioinformatics and dual-
luciferase reporter analyses were conducted to identify MALAT1’s potential targets. The protein levels in the mTOR/
PKM2 pathway were assessed using Western blot analyses. The MALAT1 overexpressions in the BC tissues and 
cells were considered to be a predictor of poor prognosis. Therefore, MALAT1 downregulation significantly inhibited 
BC progression, including cell growth, invasion, and migration. MALAT1 was anticipated to be an miR-101-3p target 
according to the dual-luciferase reporter gene assay results. The miR-101-3p levels were indirectly proportional 
to the MALAT1 expressions and the suppressed BC cells. Additionally, the mTOR/PKM2 pathway was directly tar-
geted by miR-101-3p. MALAT1 overexpression significantly decreased the miR-101-3p gene levels and increased 
the mTOR/PKM2 pathway protein expressions. This miR-101-3p inhibition blocked MALAT1. These findings suggest 
that lncRNA MALAT1 is related to BC pathogenesis using the miR101-3p/mTOR/PKM2 pathway and is a potential 
therapeutic target.

Keywords: MALAT1, miR-101-3p, breast cancer, mTOR/PKM2 pathway

Introduction

Breast cancer (BC) is a common malignant 
tumor in women and a major cause of cancer-
related mortality [1]. Despite therapeutic 
advances in local and systemic therapy, BC 
remains a lethal disease [2-4]. Patients with 
advanced BC have a 5-year survival rate as low 
as 22% [5]. However, the molecular mecha-
nisms of BC progression and metastasis lead-
ing to the loss of normal biological function are 
still unclear. Thus, the mechanism of BC pro-
gression must be clarified to discover a safe 
and effective treatment for BC.

Functional genomic analyses show that less 
than 2% of the genes encode proteins in the 
genome, and the remaining 98% of the genes 
are non-coding RNAs (ncRNAs), which can be 
categorized into two types, namely long ncRNAs 

(lncRNA) and small ncRNAs. Small ncRNAs 
include small interfering RNAs (siRNAs) and 
microRNAs (miRNAs) [6]. LncRNAs are defined 
as transcripts longer than 200 nucleotides, 
and several lnRNAs are expressed as biomark-
ers in diseases such as malignancies [7]. 
LncRNAs play a major role in cellular processes 
including the cell cycle, migration, invasion, 
metastasis, and apoptosis and regulate biologi-
cal functions in transcriptional and post-tran-
scriptional gene expression [8-13]. lncRNA 
metastasis-associated lung adenocarcinoma 
transcript 1 (MALAT1) has a high conservation 
degree in mammalian species and is abundant-
ly expressed in normal tissues, mediating pre-
mRNA splicing and gene expression [14]. 
Clinical studies have reported MALAT1 upregu-
lation in malignancies such as BC [15, 16]. 
MALAT1 overexpression in BC promotes prolif-
eration, motility, angiogenesis, and metastasis 
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[15]. Additionally, MALAT1 has been found to be 
a prognostic marker for poor clinical overcomes 
with regards to overall survival and metastasis-
free survival in BC patients [17, 18]. However, 
the biological mechanism of MALAT1 in BC 
patients is still unclear.

The present study aimed to determine the  
biological function of MALAT1 and explore the 
candidate treatment for BC. In this study, we 
evaluated the MALAT1 levels in BC cells and tis-
sues and investigated the role of MALAT1 func-
tion in BC cell tumorigenesis.

Materials and methods

Tissue samples and cell lines

This study was conducted using 71 intraopera-
tive tumor specimens from BC patients and 
matched normal specimens (> 5 cm away from 
the tumor tissue edge). Only female patients 
with an average age of 45 ± 8 years were 
enrolled in the study. According to the American 
Joint Committee on Cancer (AJCC) 8th edition, 
21, 35, and 15 of the patients were in stages I, 
II, and III, respectively. Patients pathologically 
diagnosed with invasive BC and with no history 
of preoperative radiotherapy, chemotherapy, or 
endocrine therapy, no distant metastasis, and 
complete follow-up information were included 
in the study. Patients not conforming to the 
inclusion criteria and those with additional  
cancers or disorders were excluded from the 
study. The five-year survival rates of the BC 
patients were recorded, and overall survival 
was defined as the time between diagnosis and 
death or the last follow-up. Informed consent 
was obtained from all the participants. The 
study was conducted according to the De- 
claration of Helsinki after we obtained an insti-
tutional ethics clearance (No. CZ2018101201).

For this study, BC cells (MDA-MB-231, MCF-7, 
BT474, and MDA-MB-453) and non-carcinoma 
MCF-10A breast epithelial cells were provided 
by the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China) and cultured in 
Dulbecco’s Modified Eagle Medium (DMEM) 
containing 10% fetal bovine serum (FBS) at 
37°C under 5% CO2. The medium was changed 
at two-day intervals. The Cell passage was con-
ducted at 80%-90% density.

Cell transfection

MDA-MB-231 and MCF-7 cells (5,000/well) at 
the logarithmic phase were inoculated in the 
6-well culture plates for another 24 h. Cells 
reaching 60%-80% confluence were collected 
for the transfection. siRNA-targeted MALAT1 
(si-MALAT1 #1: 5’-CACCGCTGTGGAGTTCTTAAA- 
TATCTTCAAGAGAGATATTTAAGAACTCCACAGCT- 
TTTTTG-3’, #2: 5’-GAGCAAAGGAAGUGGCUUATT- 
3’), the siRNA-scrambled controls (si-NC: 
5’-UUCUCCGAACGUGUCACGUTT-3’), pcDNA3.1-
MALAT1 (OE-MALAT1 group), pcDNA3.1-NC (OE-
NC group), the miR-101-3p mimics, the miR-
101-3p inhibitor, and NC were obtained for the 
cell transfection using lipofectamine 2000 
(Invitrogen, CA, USA).

Quantitative reverse transcription-polymerase 
chain reaction

Trizol kits (Invitrogen, CA, USA) were used to 
extract the total tissue and the cellular RNAs. 
Then, the RNA was converted into cDNA using 
PrimeScript RT reagent kits with gDNA Eraser 
(Invitrogen, CA, USA) through reverse transcrip-
tion. Additionally, the cDNAs were synthesized 
from the RNA of the miRNA using miRNA cDNA 
First Strand Synthesis (GenePharma Co. Ltd. 
Shanghai, China). The polymerase chain reac-
tions (PCR) were conducted using miRcute 
miRNA Fluorescence Quantitation Kits (Gene- 
Pharma Co. Ltd., Shanghai, China) on an App- 
lied Biosystems 7300 (Thermo Scientific, 
Waltham, USA) or a FastStart Universal SYBR 
Green master mix (Invitrogen, CA, USA), with 
glyceraldehyde 3-phosphate dehydrogenase  
as the endogenous reference gene to quantify 
the mRNA or lncRNA and U6 as endogenous 
references to measure the miRNA. The relative 
expressions were determined according to the 
2-ΔΔCt values. All the experiments were per-
formed three times with six duplicates. Table 1 
lists all the primers used.

The cell proliferation assays

We used Cell Counting Kit-8 (CCK-8) assays 
(Beyotime, Shanghai, China) to evaluate the cell 
proliferation. The cells at the logarithmic growth 
stage (1 × 106/well) were inoculated into 
96-well plates, followed by culturing in 100 μL 
of culture medium in a standard cell constant 
temperature incubator for 6 h. At 24, 48, 72, 
and 96 h, 10 μL of CCK-8 solution was added to 
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each well, and the cells were incubated for 
another 2 h. An automated microplate reader 
(BioTek Instruments, Winooski, USA) was used 
to determine the absorbance (OD) values at 
450 nm and to calculate the cell proliferation  
in each group. The experiment was repeated at 
least three times.

Transwell assays

Transwell chambers (Corning, New York, USA) 
were used to assess the cell invasion. A sterile 
24-well plate was placed in the transwell cell 
chamber, and 80 μL of matrix glue was placed 
in the cell chamber at a ratio of 1:10. The 
24-well plate with matrix glue was placed in the 
cell constant temperature incubator for 4 h to 
allow it to settle. Then, 600 μL of DMEM con-
taining 10% FBS was added and the cells  
were cultured for a period of 24 h. Thereafter, 
the chamber bottom was cleaned twice with 
phosphate-buffered saline (PBS), and the cells 
that had not penetrated onto the internal cham-
ber surface were wiped with a cotton rod. The 
cells that had passed the internal chamber  
surface were fixed with 4% paraformaldehyde, 
and after 10 min, the cells were stained with 
0.5% crystal violet (Biosharp, Anhui, China) for 
15 min. Five fields of view were randomized to 
count the number of cells under a microscope 
(Olympus, Tokyo, Japan). All the experiments 
were conducted in triplicate.

Scratch assays

The cells were inoculated in the 6-well plates  
(5 × 105/well) and incubated for 24 h at 37°C. 

targets. Additionally, the TargetScan data- 
base (http://www.targetscan.org/vert_72/) was 
used to predict the relationship between mTOR 
and the miRNA targets, and dual-luciferase 
reporter assays were used to assess the bind-
ing relations. The pmirGLO luciferase reporter 
vector was used to construct the pmirGLO-
MALAT1 (MALAT1-Wt) or pmirGLO-mTOR (mTOR-
Wt) vector at 3’UTR of the luciferase open read-
ing frame, which was cloned with full length 
genes and without CA-repeats. Additionally,  
the MALAT1 or mTOR mutant miR-101-3p bind-
ing site was constructed using the pmirGLO-
MALAT1-Mut (MALAT1-Mut) vector and the 
pmirGLO-mTOR-Mut (mTOR-Mut) vector. The 
cells were cotransfected with 400 ng luciferase 
vector and NC or miR-101-3p mimics (50 ng) 
using lipofectamine 3000. At 48 h post-transfec-
tion, we used dual-luciferase assay kits 
(Promega, Shanghai, China) to measure the 
Renilla and firefly luciferase activities, with  
the activity of the firefly luciferase being nor-
malized to that of Renilla. The results were rep-
resented as a fold induction compared with the 
NC group.

Western blotting

The present study extracted the total proteins 
using RIPA lysis buffers (Invitrogen, CA, USA). 
The protein bands were separated using 10% 
SDS-PAGE, following an examination of the pro-
tein concentrations using a BCA kit (Beyotime, 
Shanghai, China), before being transferred onto 
a poly (vinylidene fluoride) (PVDF) membrane 
(EMD Millipore, Billerica, USA). Then, 10% non-
fat milk was used to block the membrane for 2 

Table 1. Sequences of all the primers utilized in this 
study
Gene Sequences of primers (5’-3’)
MALAT1 5’-GCGACGAGTTGTGCTGCTATCT-3’ (forward)

5’-ACACTGCTCTGGGTCTGCTTTT-3’ (reverse)
GAPDH 5’-GAGTCAACGGATTTGGTCGT-3’ (forward)

5’-CATGGGTGGAATCATATTGGA-3’ (reverse)
U6 5’-TCCGATCGTGAAGCGTTC-3’ (forward)

5’-GTGCAGGGTCCGAGGT-3’ (reverse)
miR-101-3p 5’-TCCGAAAGTCAATAGTGTC-3’ (forward)

5’-GTGCAGGGTCCGAGGT-3’ (reverse)
PKM2 5’-ACTCGGGCTGAAGGCAGTGA-3’ (forward)

5’-TGTGGGGTCGCTGGTAATGG-3’ (reverse)
mTOR 5’-ATGACGAGACCCAGGCTAAG-3’ (forward)

5’-GCCAGTCCATGCCATCAG-3’ (reverse)

When the cells had grown to 80% confluency, 
a sterile micropipette tip was used to create 
wounds by scratching along the midline of 
the plate. Then, the floating cells were 
washed out with 2% PBS, followed by the 
addition of some serum-free medium to 
each well. At 0 and 24 h, the scrape line of 
the wound healing was observed, and an 
inverted microscope (Olympus, Tokyo, Japan) 
was used to evaluate the wound dimensions 
in five random fields.

Dual-luciferase reporter gene assays

We used the Starbase 2.0 database (http://
starbase.sysu.edu.cn/) to predict the rela-
tionship between MALAT1 and the miRNA 
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h under at the temperature, and then the mem-
brane was incubated overnight using the cor-
responding primary antibodies at 4°C. HRP-
labelled secondary antibody (1:10000, Jack- 
son ImmunoResearch, West Grove, PA) was 
used to further incubate the membrane for 
another 1 h at the ambient temperature. All the 
primary antibodies used were rabbit anti-β-
actin polyclonal antibodies (pab, 1:2000, 
ProteinTech, Wuhan, China), rabbit anti-mTOR, 
and anti-PKM2 pab (1:2000, CST, MA, USA). 
Immunoreactive proteins were then developed 
using enhanced chemiluminescence (ECL) and 
detection reagents (Millipore, Massachusetts, 
USA). The densitometry was conducted using 
ImageJ software.

Statistical analysis

The results are displayed as the mean ± stan-
dard deviation and were collected in three inde-
pendent experiments. The statistical analysis 
was conducted using GraphPad prism 6.0. The 
post hoc comparisons were performed for the 
data among multiple groups using Bonferroni 
tests. Student’s t tests were conducted to 
investigate the differences between two 
groups. Log rank tests were used to create the 
Kaplan-Meier survival curves, and Spearman’s 
correlation analyses were used for displaying 
the associations between two variates. A P 
value < 0.05 was considered statistically 
significant.

Results

MALAT1 upregulation predicted the dismal 
prognostic outcomes of the BC patients

The present study evaluated the role of MAL- 
AT1 in BC pathogenesis by analyzing its levels 
in BC and in matched normal samples. The 
MALAT1 expression was higher in the BC sam-
ples than in the normal adjacent tissues (Fi- 
gure 1A). Additionally, the MALAT1 levels were 
higher in the BT474, MCF7, MDA-MB-453, and 
MDA-MB-231 cells than in MCF-10A (Figure 
1B). The patients were classified into the up- 
regulation (n = 45) and downregulation (n = 26) 
groups according to the median MALAT1 
expression to assess the relationship between 
the clinicopathological features of the BC 
patients and the MALAT1 levels. Our Kaplan-
Meier analyses indicated that survival was 
poorer in the MALAT1 upregulation group than 
in the downrugulation group (Figure 1C).

MALAT1 knockdown inhibited the BC cell prolif-
eration, invasion, and migration

To clarify the effect MALAT1 on the BC cells, we 
established a MALAT1 knockdown model 
through a transfection with siRNA against the 
MALAT1 plasmid in the BC cells. MDA-MB-231 
and MCF-7 cells were selected to explore the 
effect of MALAT1 on the BC cells. Therefore, the 
si-MALAT1 transfection significantly decreased 
the MALAT1 expression (Figure 2A). The 

Figure 1. The MALAT1 expressions in the BC cells and tissues. A. The MALAT1 levels in the 71 paired BC and 
matched non-BC samples were evaluated using qRT-PCR. Compared to the normal group, ***P < 0.001. B. The 
MALAT1 levels in the BC cells and non-carcinoma MCF-10A breast epithelial cells. Compared to the MCF10A cells, 
**P < 0.01, ***P < 0.001. C. High and low MALAT1 levels expressing the total survival rates for the BC cases using a 
Kaplan-Meier survival curve analysis.
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Figure 2. Decreased MALAT1 expression inhibits BC cell proliferation, invasion, and migration. A. MDA-MB-231 and MCF-7 cells subjected to si-NC, si-MALAT1#1, 
and si-MALAT1#2 transfection, MALAT1 levels measured using qRT-PCR. B. Role of si-MALAT1#2 in BC cell proliferation determined using CCK8 assays. C and D. Mi-
gration of the si-MALAT1#2 transfected BC cells analyzed using scratch assays (scale bar = 500 μm, magnification × 40). E and F. Cell invasion of the si-MALAT1#2 
transfected BC cells measured using transwell assays (magnification × 200, scale bar = 100 μm). Compared to the si-NC group, *P < 0.05, **P < 0.01, ***P < 0.001.
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MALAT1 knockdown significantly inhibited the 
cell proliferation at 24, 48, 72, and 96 h th- 
rough the CCK8 assay by a comparison with the 
si-NC transfection cells (Figure 2B). Scratch 
and transwell assays were performed to inves-
tigate the mechanism by which the MALAT1 
knockdown affects the BC cell invasion and 
migration. Therefore, the BC cell migration 
(Figure 2C, 2D) and invasion (Figure 2E, 2F) 
were significantly lower in the si-MALAT1 group 
than in the si-NC group.

MiR-101-3p was the direct target of MALAT1 in 
the BC cells

We predicted the MALAT1 target miRNAs using 
the Starbase 2.0 database to explore the pos-

MB-231 and MCF-7 exposed to the miR-101-3p 
mimics transfection. However, an increase in 
the miR-101-3p level was not observed in the 
NC group (Figure 4A). Additionally, the miR-101-
3p mimics significantly suppressed the cell 
growth (Figure 4B), migration (Figure 4C, 4D), 
and invasion compared with the NC group 
(Figure 4E, 4F).

The MALAT1 knockdown targeting miR-101-3p 
inhibits the mTOR/PKM2 pathway in the BC 
cells

The TargetScan database was used to predict 
the miR-101-3p downstream targets to further 
improve the possible molecular mechanism by 
which MALAT1 regulates the malignant biologi-

Figure 3. The association between MALAT1 and miR-101-3p. A. The plas-
mids with the MALAT1-Mut and MALAT1-WT luciferase reporter cloned by 
mutating the putative miR-101-3p binding site in MALAT1. B. Dual-luciferase 
assays were used to verify the targeted relationship between MALAT1 and 
miR-101-3p. Compared to the NC group, **P < 0.01. C. miR-101-3p level in 
the si-MALAT1#2 transfected cells assessed using qRT-PCR. Compared to 
the si-NC group, ***P < 0.001. D. The association of the miR-101-3p expres-
sion with the MALAT1 expression in the BC clinical samples identified using 
Spearman’s correlation.

sible mechanisms of the ma- 
lignant biological activity by 
which MALAT1 regulates BC 
cells. Therefore, miR-101-3p 
served as a possible target, 
and the binding site is illustrat-
ed in Figure 3A. The miR-101-
3p mimics reduced the lucifer-
ase activities in the BC cells 
under MALAT1-WT transfec-
tion, but the miR-101-3p mim-
ics did not significantly affect 
the luciferase activity of the 
MALAT1-Mut transfected BC 
cells (Figure 3B). The miR- 
101-3p levels in the BC cells 
exposed to the si-NC or si-
MALAT1 transfections were 
also explored; the levels were 
found to be significantly elevat-
ed in the si-MALAT1 cells  
compared with the levels in  
the si-NC cells (Figure 3C). 
Additionally, our Spearman’s 
correlation analysis showed 
that the MALAT1 levels were 
indirectly proportional to the 
miR-101-3p levels (Figure 3D). 
Furthermore, miR-101-3p mi- 
ght be a MALAT1 direct target 
in BC cells.

MiR-101-3p overexpression 
inhibited BC cell growth, inva-
sion, and migration

Following the NC or miR-101-
3p mimic treatment, the miR-
101-3p levels were elevated 
significantly within the MDA-
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Figure 4. MiR-101-3p overexpression inhibits BC cell growth, invasion, and migration. MDA-MB-231 and MCF-7 cells subjected to NC or miR-101-3p mimic transfec-
tion for analysis. A. MiR-101-3p expression levels in the BC cells examined using qRT-PCR. B. BC cell proliferation measured using CCK8 assays. C and D. BC cell 
migration determined using scratch assays (scale bar = 500 μm, magnification × 40). E and F. BC cell invasion examined using transwell assays. (magnification × 
200, scale bar = 100 μm). Compared to the NC group, **P < 0.01, ***P < 0.001.
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cal activity of BC cells. The binding sites were 
present in miR-101-3p for the mTOR 3’-UTR 
region, as shown in Figure 5A. The miR-101-3p 
mimics reduced the luciferase activities of the 

BC cells subjected to an mTOR-WT transfection, 
but they did not significantly affect the activi-
ties of the BC cells transfected with mTOR-Mut 
(Figure 5B). The mTOR mRNA levels in the BC 

Figure 5. MALAT1 knockdown inhibits the mTOR/PKM2 pathway. (A) On the basis of mutating the miR-101-3p can-
didate binding site in mTOR, the luciferase reporter plasmids of mTOR-Mut and mTOR-WT were cloned. (B) BC cells 
cotransfected with luciferase reporter plasmids and NC or miR-101-3p mimics, and luciferase activities measured 
using dual-luciferase assays. (C) BC cells transfected with the NC or miR-101-3p mimics and assessing the mTOR ex-
pression in the cells using qRT-PCR. (D, E) pcDNA3.1-NC or pcDNA3. MALAT1 transfected into BC cells, and MALAT1 
and miR-101-3p expression in the cells analyzed using qRT-PCR. (F) mTOR/PKM2 pathway expression performed 
using Western blot (G) Association of the MALAT1 level with the mTOR expression in the BC clinical samples identi-
fied using Spearman’s correlation. (H) The mTOR/PKM2 pathway level in the BC cells assessed using Western blot, 
and the cells cotransfected with si-MALAT1#2, or si-MALAT1#2 and NC or an miR-101-3p inhibitor. Compared to the 
NC or OE-NC group, **P < 0.01, ***P < 0.001.
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cells subjected to the miR-101-3p mimic trans-
fection were significantly lower in the cells 
under NC-transfection (Figure 5C). Additionally, 
the effect of the MALAT1 overexpression was 
identified in the miR-101-3p expression, so the 
mTOR/PKM2 pathway is implicated in cancer 
cell development and survival [19-21]. The 
MALAT1 level was significantly upregulated in 
pcDNA3.1-MALAT1 compared with the MALAT1 
levels in the MDA-MB-231 and MCF-7 cells in 
the OE-NC group (Figure 5D). Although the 
MALAT1 overexpression significantly inhibited 
the miR-101-3p level, it upregulated the mTOR 
and PKM2 protein levels (Figure 5E and 5F). 
Furthermore, our Spearman’s correlation sh- 
owed that the MALAT1 expression is directly 
proportional to the mTOR level (Figure 5G),  
suggesting that MALAT1 can target miR-101-3p 
to regulate the mTOR level. The MALAT1 knock-
down markedly reduced the mTOR and PKM2 
expressions in the MDA-MB-231 and MCF-7 
cells, but the miR-101-3p inhibitor reversed this 
effect (Figure 5E). Thus, MALAT1 can regulate 
the mTOR/PKM2 pathway in BC cells, and miR-
101-3p might serve as a crucial mediator. A 
sketch map for the lncRNA MALAT1/miR-101-
3p axis in BC is illustrated in Figure 6.

Discussion

BC has a marked female predilection globally. 
No substantive breakthrough in its diagnosis or 
treatment has been made due to its high het-
erogeneity, high proliferative ability, and toler-
ance to clinical treatment (such as chemother-
apy and radiotherapy tolerance) [22, 23]. 
lncRNAs have vital functions during the devel-

opment of complicated diseases, including BC 
[24]. MALAT1, a type of lncRNA, is related to 
tumor metastasis and development, which 
have been suggested to serve as an accurate 
diagnosis for BC [25]. Nonetheless, the mecha-
nism by which MALAT1 promotes tumorigene-
sis in BC remains unclear. The present study 
found that MALAT1 expressions increase in BC 
cells and tissues, which leads to the dismal 
overall survival ratio. Moreover, our study  
found that MALAT1 knockdown may exert an 
inhibitory effect on BC cell proliferation, inva-
sion, and migration by modulating the mTOR/
PKM2 pathway by targeting miR101-3p.

MALAT1 can promote cancer cell growth, migra-
tion, metastasis, and invasion [26, 27], but a 
knockdown using antisense oligonucleotide  
or the genetic knockout of MALAT1 remarkably 
suppresses cancer cell growth, metastasis, 
and migration from the in vitro and in vivo  
models of lung cancer and BC [28, 29]. Add- 
itionally, MALAT1 promotes the progression of 
hepatocellular carcinoma by modulating Wnt 
pathway activation and inducing the oncogenic 
splicing factor, SRSF1 [30]. These studies agree 
with our findings in the BC cell lines. However, 
Kim et al. showed an opposite phenotype, sug-
gesting that transgenic MALAT1 overexpression 
inhibits metastasis and cell migration in MMTV-
PyMT mammary tumors [31]. Therefore, the 
roles of MALAT1 may vary according to the can-
cer type. As a competitive endogenous RNA 
(ceRNA), lncRNAs exhibit different biological 
functions in different cancers by targeting miR-
NAs [32]. The present study confirmed using  
an bioinformatics analysis and luciferase activ-

Figure 6. A schematic diagram of the mechanism regarding the lncRNA MALAT1/miR-101-3p axis in BC.
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ity assays that miR-101-3p sponges MALAT1 in 
BC cells. Additionally, the miR-124-3p levels 
were indirectly proportional to the MALAT1 level 
in the BC samples. 

The effect of miR-101-3p on BC cells was fur-
ther explored by targeting miR-101-3p to deter-
mine the MALAT1 regulation during BC patho-
genesis. Because miR-101-3p is associated 
with MALAT1-regulated BC development, we 
can conclude that miR-101-3p overexpression 
inhibits BC cell growth, invasion, and migration. 
Thus, MALAT1 acts as an oncogenic gene in BC 
partly by modulating miR-101-3p. Additionally, 
miR-101-3p might modulate several targets 
including mTOR. Conversely, miR-101-3p, the 
candidate intervention target, can reverse tita-
nium dioxide nanoparticle (TiO2NP)-mediated 
human trophoblastic cell autophagy and the 
impaired migration by specifically reducing the 
mTOR expression [33]. PKM2 is one of the 
downstream targets of mTOR and is implicated 
in cancer cell survival and development [34]. 
The present study investigated whether 
MALAT1 could modulate the mTOR/PKM2 path-
way in BC and explored the molecular mecha-
nism of MALAT. MALAT1 overexpression signifi-
cantly reduced the miR-101-3p expression and 
increased the mTOR/PKM2 pathway protein 
levels. Additionally, MALAT1 knockdown signifi-
cantly reduced the mTOR/PKM2 pathway pro-
tein level, and this effect was inhibited using 
the miR-101-3p inhibitor. Thus, MALAT1 targets 
miR-101-3p and regulates BC progression by 
regulating the mTOR/PKM2 pathway.

MALAT1 can regulate BC progression including 
cell growth, invasion, and migration by down-
regulating the miR-101-3p level and miR-101-
3p overexpression. Additionally, MALAT1 can 
promote the expression of the mTOR/PKM2 
pathway, but the miR-101-3p level is negatively 
correlated with the mTOR expression. Thus, 
MALAT1 may regulate BC progression by upreg-
ulating the expression of the mTOR/PKM2 
pathway through miR-101-3p sponging.

However, the present study could not provide 
experimental evidence in vivo. Additionally, fur-
ther studies are required to investigate the 
effect of miR-101-3p on BC invasion and devel-
opment and the function of miR-101-3p in regu-
lating BC using the mTOR/PKM2 pathway.
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