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Background: Breast cancer is the most common cancer in women worldwide. Cancer-secreted 

exosomes have recently been recognized as important mediators of intercellular com-

munication. The aim of this study was to determine the role of exosomal long noncoding 

RNA metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) in breast cancer 

progression.

Materials and methods: Breast cancer specimens were obtained with informed consent from 

patients. Quantitative real-time polymerase chain reaction (qRT-PCR) was used to detect MALAT1 

expression, and cellular proliferation was measured using cell counting kit-8 (CCK-8) assay.

Results: MALAT1 was highly expressed in breast cancer tissues and associated with disease 

progression. Breast cancer exosomes promoted cell proliferation and exosome-mediated 

MALAT1 to induce cell proliferation.

Conclusion: These findings indicated that exosomal MALAT1 could regulate cancer progres-

sion and represent a novel strategy for overcoming breast cancer.
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Introduction
Breast cancer is the most common cancer affecting women worldwide.1,2 Although 

diagnostic methods and therapeutic strategies for breast cancer have been improved in 

last decades, long-term survival of breast cancer patients still remains poor due to high 

proliferation and/or postsurgical recurrence rate.3–5 In the cancer cell proliferation field, 

many studies are focused on characteristics of the tumor microenvironment6–8 and on 

the intercellular communication of malignant and nonmalignant cells of the host.6,9

Exosomes, small vesicles delivered by many cells of the organism, are found in 

all body fluids. Exosomes are characterized by lipid composition, common and donor 

cell-specific proteins, mRNA, small noncoding RNA including miRNA, and 

DNA, which have recently been recognized as important mediators of intercellular 

communication,10–12 thus allowing the transfer of tumor-associated signaling molecules 

to surrounding cells.7,13 Importantly, the microRNAs in secreted exosomes can be trans-

ferred to a recipient cell where they affect post-transcriptional gene regulation and regu-

late proliferation, migration, and invasiveness in cancer biology.13,14 Cancer-secreted 

exosomes and miRNAs can be internalized by other cell types in the primary tumor 

microenvironment and pre-/metastatic niches.13,15 The cerebrospinal fluid from patients 

with recurrent glioma-derived exosomal miR-21 levels correlated with tumor spinal/

ventricle metastasis and the recurrence with anatomical site preference.14 Human colon 

cancer patients with more advanced disease show higher levels of circulating exosomal 

miR-193a, which causes cell cycle G1 arrest and cell proliferation repression through 

targeting of cytoplasmic activation- and proliferation-associated protein 1 (Caprin1).16 
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Exosome-miR-210 from hypoxic breast cancer cells is trans-

ferred to cells in the tumor microenvironment and that miR-

210 is involved in expression of vascular remodeling-related 

genes, such as Ephrin type-A receptor 3 (ephrin A3) and 

tyrosine-protein phosphatase nonreceptor type 1 (PTP1B), 

to promote angiogenesis.17,18 Exosome-1246 from a highly 

metastatic human oral cancer cell line induces cell growth 

through the activation of extracellular regulated protein 

kinases (ERK) and serine/threonine kinase(AKT) as well as 

promotes cell motility of the poorly metastatic cancer cell.19 

In endothelial monolayers, exosome-mediated transfer of 

cancer-secreted miR-105 efficiently destroys tight junctions 

and the integrity of these natural barriers against metastasis.20

In this study, we evaluated the effect of breast cancer 

exosomes on tumor cell proliferation. We found that breast 

cancer exosomes promoted cell proliferation and exosome-

mediated MALAT1 to induce tumor cell proliferation in 

breast cancer. Therefore, we speculated that the exosome-

MALAT1, as a key regulator, might be a promising thera-

peutic target for the treatment of breast cancer.

Materials and methods
clinical specimens
Human specimens were obtained with informed consent 

from patients who had undergone breast cancer surgery at 

The Affiliated Changzhou No 2 People’s Hospital, Nanjing 

Medical University, Changzhou, People’s Republic of 

China. All the samples were shown to be correctly labeled 

clinically and pathologically and immediately frozen 

at -80°C until use. The ethical committees of The Affiliated 

Changzhou No 2 People’s Hospital, Nanjing Medical 

University, approved this study, and written informed consent 

was obtained from all the patients.

cell lines and cell culture
Human breast cancer cell lines (MCF-7, MDA-MB-231, and 

MDA-MB-435S) were obtained from The Affiliated Changzhou 

No 2 People’s Hospital, Nanjing Medical University, and was 

approved by the ethical committees of The Affiliated Changzhou 

No 2 People’s Hospital, Nanjing Medical University. The cell 

lines were cultured in Roswell Park Memorial Institute (RPMI) 

Medium 1640 and Dulbecco’s Modified Eagle’s Medium 

(DMEM; Thermo Fisher Scientific, Waltham, MA, USA) con-

taining 10% fetal bovine serum (FBS; Thermo Fisher Scientific) 

and were grown in a humidified 5% CO
2
 incubator at 37°C.

Exosome purification
For exosomes secreted by cultured cell lines, conditioned 

media were first prepared by incubating cells grown at 

subconfluence in growth media containing exosome-depleted 

FBS (prepared by overnight ultracentrifugation at 100,000× g 

at 4°C) for 48 hours. For ultracentrifugation isolation, condi-

tioned cell culture media were collected and centrifuged at 

300× g for 5 minutes, 2,000× g for 10 minutes, and 10,000× g 

for 30 minutes at 4°C to remove cells and large debris. The 

supernatant was filtered using a 0.22 μm pore filter (Merck 

Millipore, Billerica, MA, USA), and the exosomes were pel-

leted at 140,000× g for 3 hours at 4°C. The exosome pellet 

was washed with 10 mL of 1× phosphate-buffered solution 

(PBS; Thermo Fisher Scientific) and pelleted again by cen-

trifugation at 140,000× g for 2 hours at 4°C. The resulting 

pellet was either suspended in 1× PBS for whole exosome 

applications or further processed for RNA or protein extrac-

tion. Total exosome RNA was extracted using the TRIzol 

reagent (Thermo Fisher Scientific) following the manu-

facturer’s protocol. Recovered exosomes were measured 

for protein amount using Epoch (BioTek Instruments, Inc. 

Winooski, VT, USA).

rna extraction and quantitative real-time 
polymerase chain reaction (qrT-Pcr)
These procedures were performed as described previously.21 

Total RNA was extracted using TRIzol reagent, and RNA 

quality and concentration were determined using a Nano-

Drop 2000 system (Thermo Fisher Scientific). RNA was 

converted into cDNA using the HiScript® II Q RT SuperMix 

(Vazyme, Nanjing, People’s Republic of China). qRT-PCR 

was performed using the SYBR® Green PCR Master Mix 

(Vazyme) on ABI VII7 Real-Time RT-PCR system (Bio-Rad 

Laboratories Inc., Hercules, CA, USA). Primers are listed 

in Table S1. RNA expression levels were obtained using 

the comparative cycle threshold 2-ΔΔCt method and analyzed 

as mean ± SD.

rna oligoribonucleotides and cell 
oligoribonucleotides transfection
MALAT1 and all RNA oligoribonucleotides for in vitro 

studies were purchased from GenePharma (Shanghai, 

People’s Republic of China). Oligoribonucleotides were 

performed using Lipofectamine 2000 (Thermo Fisher Scien-

tific). Unless otherwise indicated, 100 nM of RNA duplex or 

80 nM of MALAT1-siRNA was used for each transfection, 

and all the experiments were repeated in triplicate.

cell proliferation
Cellular proliferation was measured using cell counting kit-8 

(CCK-8) assay (Sigma-Aldrich Co., St Louis, MO, USA), 
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according to the manufacturer’s instructions. Briefly, 

5×103 cells per well were seeded into a 96-well plate. 

At particular points in time, 20 μL of CCK-8 solution was 

added to each well for 4 hours at 37°C. The absorbance was 

detected by the Benchmark Plus™ Microplate Spectrometer 

(Bio-Rad Laboratories Inc.).

All experiments were performed in triplicate.

Xenograft mouse model
These procedures were performed as described previously.21 

The 5×106 cells stably expressed MALAT1 were subcuta-

neously injected into flank area of 4-week-old male nude 

mice. The tumor volume (mm3) was measured every 7 days 

and was calculated using the following formula: volume = 

width × width × length/2. Mice were sacrificed after 4 weeks, 

and tumor tissues were excised. All animal experiments 

were performed with the approval of the Animal Care and 

Use Committee of The Affiliated Changzhou No 2 People’s 

Hospital, Nanjing Medical University, and in accordance 

with the ethical standards of the Guide for the Care and Use 

of Laboratory Animals of the National Institutes of Health 

for Animal Welfare Act.

statistical analysis
Statistically significant differences between breast cancer 

tissues and adjacent nontumor tissue samples were deter-

mined using the Wilcoxon signed-rank test, and differences 

between cell lines were determined using the Student’s t-test. 

Cases were divided into two groups, high and low, using the 

median value of MALAT1 expression as a cutoff. Associa-

tions between MALAT1 expression and clinicopathological 

characteristics were analyzed using Fisher’s exact test. 

Survival analyses were performed using the Kaplan–Meier 

method with the log-rank test. P-value ,0.05 was considered 

statistically significant.

Results
MalaT1 is upregulated in breast cancer 
and associated with disease progression
To explore MALAT1 expression levels in breast cancer 

patients, we used qRT-PCR to measure its expression in 

breast cancer tissues and the serum of patients with breast 

cancers. We found that MALAT1 was significantly increased 

in breast cancer tissues compared with those in adjacent tis-

sues (Figure 1A) and the serum levels of cell-free MALAT1 

Figure 1 MalaT1 is aberrantly upregulated in breast cancer and associated with disease progression.
Notes: (A) MalaT1 expression was examined by qrT-Pcr and normalized to U6snrna expression in breast cancer tissues (cancer) compared with adjacent noncancerous 
tissues (normal). (B) The serum levels of cell-free MalaT1 expression were examined by qrT-Pcr and normalized to U6snrna expression in breast cancer tissues (cancer) 
compared with volunteers (normal). (C) Kaplan–Meier analysis of overall survival for patients with breast cancer according to MalaT1 expression. The data are shown as 
the mean ± sD from three independent experiments with similar results. **P,0.01.
Abbreviation: qrT-Pcr, quantitative real-time polymerase chain reaction.
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could significantly differentiate between breast cancer 

patients and volunteers (Figure 1B). In addition, we analyzed 

the clinicopathological differences between high and low 

MALAT1 expression groups. Cases were divided into two 

groups, high and low, using the median value of MALAT1 

expression as a cutoff. As shown in Table 1, MALAT1 

expression differed significantly according to metastasis 

(P,0.01) and TNM stages (P,0.05). No difference was 

found between MALAT1 expression and other clinical 

features. Furthermore, we performed Kaplan–Meier curves 

with log-rank analysis to investigate the association between 

MALAT1 expression and cancer patient’s overall survival. 

We found that breast cancer patients with high MALAT1 

expression had a significantly shorter survival time compared 

with low MALAT1 expression (P,0.05, Figure 1C). These 

data suggested that MALAT1 acted as an oncogene in the 

development of breast cancer.

MalaT1 induces breast cancer 
proliferation in vivo and in vitro
To investigate the role of MALAT1 in breast cancer, we 

transfected MALAT1-siRNAs into MDA-MB-231 and 

ZR-75-1 cells. As expected, MALAT1-siRNAs obviously 

changed the expression of MALAT1 in breast cancer cells 

(Figure S1). We used MALAT1-siRNA to measure breast 

cancer cell proliferation. We found that MALAT1-siRNA 

significantly suppressed cell proliferation in breast cancer 

(Figure 2A and B). In addition, we subcutaneously injected 

breast cancer cells with MALAT1-siRNA treated into nude 

mice. We observed that the tumor growth in MALAT1-siRNA 

group was slower compared with the control group (Figure 2C). 

The average weight of tumor in the MALAT1-siRNA group 

was significantly lower compared with the control group 

(Figure 2D). These results showed that MALAT1 promoted 

breast cancer cell proliferation in vivo and in vitro.

MalaT1 is highly expressed and secreted 
by breast cancer cells
Exosomes have recently been recognized as important 

mediators of intercellular communication. To identify the 

exosome-associated RNA inducing proliferation, we used 

qRT-PCR methods to analyze the expression levels of 

lncRNAs in tumor cell and exosomes. We found that 

MALAT1 was significantly highly expressed in breast cancer 

cells (Figure 3A) and exosomes (Figure 3B).

To evaluate that MDA-MB-231-secreted MALAT1 could 

be transferred to recipient cells via exosomes, we measured 

the MALAT1 levels in MDA-MB-231 and ZR-75-1 cells 

treated with exosomes derived from MCF-10A or MDA-

MB-231 cells. The data showed that MALAT1 was highly 

expressed in recipient MDA-MB-231 and ZR-75-1 cells 

(Figure 3C). Moreover, to confirm this increase in MALAT1 

in recipient cells due to the exosome-mediated lncRNAs 

transfer, we detected MALAT1 expression in recipient cells 

with AGO-siRNA (Argonaute protein, core family number 

protein of RNA-induced silencing complex [RISC]) trans-

fected. We found that MALAT1 was highly expressed in 

recipient cells in the presence or absence of AGO-siRNA 

transfection (Figure 3D). These results suggested that 

MALAT1 was overexpressed in breast cancer exosomes 

and could be transfected to recipient cells by exosome 

mediated.

MalaT1 in exosomes derived from 
cancer cells is involved in cell proliferation
To evaluate the effect of cancer cells secreted exosomes on 

cell proliferation, we used the MDA-MB-231 metastatic 

breast cancer cell line, with MALAT1-siRNA treatment 

and the MCF-10A noncancerous mammary epithelial line as 

models for studying cancer-secreted exosomes. Exosomes 

were isolated from culture supernatant using standard 

Table 1 clinical association between MalaT1 levels and 
clinicopathological variables of breast cancer patients

Characteristics Cases 
(n=86)

MALAT1 expression P-value

Low (%) High (%)

age (years) 1
$60 46 11 (23.9) 35 (76.1)
,60 40 9 (22.5) 31 (77.5)

Metastasis 0.0057**
Positive 65 10 (15.4) 55 (84.6)
negative 21 10 (47.6) 11 (52.4)

er 0.2797
Positive 40 17 (42.5) 23 (57.5)
negative 46 26 (56.5) 20 (43.5)

Pr 1
Positive 45 20 (44.5) 25 (55.6)
negative 41 18 (43.9) 23 (56.1)

egFr 0.2755
Positive 33 20 (60.6) 13 (39.4)
negative 53 25 (48.1) 27 (51.9)

her-2 0.8198
Positive 56 25 (44.6) 31 (53.4)
negative 30 12 (40.0) 18 (60.0)

TnM stage 0.0263*
i and ii 17 10 (58.8) 7 (41.2)
iii and iV 69 20 (28.9) 49 (71.1)  

Note: *P,0.05, **P,0.01.
Abbreviations: egFr, epidermal growth factor receptor; er, estrogen receptor; 
her-2, human epidermal growth factor receptor 2; Pr, progesterone receptor; 
TnM, tumor lymph nodes metastasis.
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differential centrifugations. Breast cancer cells MDA-MB-

231 and ZR-75-1 were stimulated with exosomes at the 

indicated concentrations for 24, 48, and 72 hours. Assessment 

of proliferation by CCK-8 assay revealed that MDA-MB-231 

cancer cell exosomes significantly increased MDA-MB-231 

and ZR-75-1 cell proliferations, and MCF-10A exosomes had 

little effect on tumor cell proliferation (Figure 4A and B).

Furthermore, CCK-8 assay was performed to evaluate 

the effect of exosome-MALAT1 on regulating cell prolif-

eration. After the inhibition of MALAT1 in cancer cells, 

the exosomes derived from these cells showed decreased 

cell proliferation in breast cancer (Figure 4A and B). These 

data indicated that exosomes derived from cancer cells 

induced cell proliferation via MALAT1 regulation in breast 

cancer.

Discussion
Cancer development relies on the interactions between cancer 

cells and different components of its microenvironment. 

Recently, exosomes have been implicated as key mediators 

of intercellular communication within the primary tumor 

microenvironment, which release the endocytic origin into 

the extracellular milieu and modify the phenotype of recipient 

cells.22–24 Previous studies have shown that exosomes contain 

proteins, miRNAs, mRNAs, DNA fragments, lncRNAs, and 

various proteins.25–28 The cerebrospinal fluid derived exo-

somal miR-21 levels correlated with tumor spinal/ventricle 

metastasis and the recurrence with anatomical site preference, 

which could be demonstrated as a promising indicator for 

glioma diagnosis and prognosis, particularly with values to 

predict tumor recurrence or metastasis.14 Plasma exosomal 

miR-21 and miR-4257 showed potential as biomarkers 

of recurrence in NSCLC patients.25 Hypoxic lung cancer 

cell-derived exosomal miR-23a also inhibited tight junc-

tion protein ZO-1, thereby increasing vascular permeability 

and cancer transendothelial migration.26 Ovarian cancer 

cell lines secreted the tumor-suppressive miR-940 into the 

extracellular environment via exosomes to maintain their 

Figure 2 MalaT1 promoted breast cancer proliferation in vivo and in vitro.
Notes: MalaT1-sirna was transfected into cancer cells, and ccK-8 assays were used to measure cell proliferation. MDa-MB-231 cells (A) and Zr-75-1 cells (B). The cells 
stably expressed MalaT1-sirna were injected into nude mice. The data are shown as the mean ± sD from three independent experiments with similar results. (C) The 
tumor growth in MalaT1-sirna group was slower compared with the control group. (D) The average weight of tumor in MALAT1-siRNA group was significantly lower 
compared with the control group. *P,0.05.
Abbreviations: ccK-8, cell counting kit-8; PBs, phosphate-buffered solution.
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Figure 3 MalaT1 was highly expressed and secreted in breast cancer cells.
Notes: qrT-Pcr method was used to analyze the expression levels of MalaT1 in tumor cell (A) and exosomes (B). (C) MDa-MB-231 and Zr-75-1 cells were treated 
with McF10a and MDa-MB-231 exosomes, and rna was extracted and used qrT-Pcr to analyze MalaT1 expression. (D) exosomes treated recipient cells MDa-MB-231 
and Zr-75-1 with agO-sirna, and rna was extracted and used qrT-Pcr to analyze MalaT1 expression. The data are shown as the mean ± sD from three independent 
experiments with similar results. *P,0.05, **P,0.01.
Abbreviations: PBs, phosphate-buffered solution; qrT-Pcr, quantitative real-time polymerase chain reaction.

Figure 4 cancer cell exosomes induced cell proliferation via MalaT1 regulation.
Notes: exosomes derived from transformed cancer cells with or without MalaT1-sirna were co-incubated with recipient cells. ccK-8 assay was performed to evaluate 
the effect of exosome-MalaT1 on regulating cell proliferation of MDa-MB-231 cells (A) and Zr-75-1 cells (B). The data are shown as the mean ± sD from three 
independent experiments with similar results. *P,0.05.
Abbreviation: ccK-8, cell counting kit-8.
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invasiveness and tumorigenic phenotype.27 Tumor-associated 

macrophage-derived miR-21 promoted cisplatin resistance 

in gastric cancer.28 EGFR-containing exosomes derived from 

gastric cancer cells could favor the development of a liver-

like microenvironment promoting liver-specific metastasis.29 

Cancer-associated fibroblasts (CAFs)-mediated hepatocel-

lular carcinoma (HCC) progression is partially related to 

the loss of antitumor miR-320a in the exosomes of CAFs, 

and that promoting the transfer of stromal cell-derived 

miR-320a might be a potential treatment option to overcome 

HCC progression.30

MALAT1 expression levels are dysregulated in a variety 

of cancers, including HCC,31,32 renal cell carcinoma,33 

cholangiocarcinoma,34 pancreatic cancer,35,36 lung cancer,37,38 

gastric cancer,39,40 oral squamous cell carcinoma41 and ovarian 

cancer.42–44 In our previous study, we found that MALAT1 

was upregulated in breast cancer tissues and cancer cell 

lines,45 but MALAT1 interaction with other tumor cells in 

the tumor microenvironment still needs further study. In the 

present study, we revealed tumor cells secreted MALAT1 

to recipient cells to regulate receptor cell proliferation in 

tumor microenvironment. We found that MALAT1 was 

significantly increased in breast cancer tissues compared with 

adjacent tissues and the serum levels of cell-free MALAT1 

could significantly differentiate between breast cancer 

patients and volunteers. We also found MALAT1 was signifi-

cantly highly expressed in breast cancer cells and cancer cell 

exosomes, MDA-MB-231 exosomes significantly increased 

MDA-MB-231 and ZR-75-1 cell proliferation; however, the 

exosomes derived from MDA-MB-231 cells treated with 

MALAT1-siRNA showed decreased cell proliferation in 

breast cancer.

Conclusion
Our data suggested that exosomes derived from breast 

cancer could induce cancer cell proliferation. In particular, 

MALAT1 was secreted by breast cancer cells and could be 

transfected to recipient cells by cancer cell exosomes. Thus, 

our findings provided new insights into the mechanism of cell 

proliferation modulated by exosomal MALAT1 regulation 

in breast cancer progression and represent a novel strategy 

for overcoming breast cancer.
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Supplementary materials

Table S1 Primers for qrT-Pcr

Name Sequences (5′–3′)

MalaT1-F1 aaagcaaggTcTccccacaag
MalaT1-r1 ggTcTgTgcTagaTcaaaaggca
MalaT1-F2 gaaTTgcgTcaTTTaaagccTagTT
MalaT1-r2 gTTTcaTccTaccacTcccaaTTaaT
MalaT1-F3 ggaTccTagaccagcaTgcc
MalaT1-r3 aaaggTTaccaTaagTaagTTccagaaaa 
MalaT1-F4 aagcaaggTcTccccacaag 
MalaT1-r4 ggTcTgTgcTagaTcaaaaggca 
acTin-F TacaaTgagcTgcgTgTggcTcc
acTin-r cTggaTagcaacgTacaTggcTg
U6snrna-F gTgcTcgcTTcggcagcacaTa
U6snrna-r ggaacgcTTcacgaaTTTgcgTgTc

Abbreviation: qrT-Pcr, quantitative real-time polymerase chain reaction.

Figure S1 The expression of MalaT1 in breast cancer cells.
Notes: MDa-MB-231 cells and Zr-75-1 cells with MalaT1-scramble and MalaT1-sirnas treatment. MalaT1 expression was examined by qrT-Pcr and normalized to 
U6snrna expression in breast cancer cells. PBs as control. The data are shown as the mean ± sD from three independent experiments. *P,0.05.
Abbreviations: PBs, phosphate-buffered solution; qrT-Pcr, quantitative real-time polymerase chain reaction.
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