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miR-518a-3p Suppresses Triple-Negative
Breast Cancer Invasion and Migration Through
Regulation of TMEM2
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Abstract
MicroRNAs (miRNAs) are emerging as critical mediators in tumors, including triple-negative breast cancer (TNBC). The role of
miR-518a-3p in TNBC was investigated to identify potential therapeutic target. Data from KM Plotter database (www.kmplot.com)
showed that high miR-518a-3p expression was significantly associated with overall survival of patients with TNBC (p ¼ 0.04). The
expression of miR-518a-3p was dysregulated in TNBC cells. Functional assays revealed that over-expression of miR-518a-3p
inhibited cell invasion and migration of TNBC. Additionally, miR-518a-3p could target TMEM2 (transmembrane protein 2), and
decreased protein and mRNA expression of TMEM2 in TNBC cells. Knockdown of TMEM2 suppressed cell invasion and migration
through inhibiting phospho (p)-JAK1 (Janus kinase 1) and p-STAT (signal transducer and activator of transcription protein) 1/2.
Moreover, over-expression of TMEM2 counteracted the suppressive effect of miR-518a-3p on TNBC invasion and migration
through promoting the levels of p-JAK1 and p-STAT1/2. In conclusion, miR-518a-3p negatively regulates the JAK/STAT pathway via
targeting TMEM2 and suppresses invasion and migration in TNBC, suggesting that miR-518a-3p may be a potential therapeutic target
in TNBC.
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Introduction

Breast cancer is a common female malignant tumor, which is a

serious threat to women health worldwide.1 As an independent

subtype of breast cancer, triple negative breast cancer (TNBC)

accounts for 20% of breast cancer cases and receives increasing

attention due to its most aggressive ability among all subtypes

of breast cancers.2 TNBC is characterized by triple negative

expression of progesterone receptor (PR), estrogen receptor

(ER) and human epidermal growth factor receptor 2 (HER2).3

Therefore, common therapeutic strategies, including hormonal

or trastuzumab-based therapy, could not work for patients with

TNBC.4 In addition, TNBC is inclined to metastasis to lungs or

brains, thus associating with short overall survival and poor

prognosis.5 Current treatment for TNBC shows poor outcome

due to high chemoresistance.6 Thus, new potential therapeutic

strategies are urgently needed for the treatment of TNBC.

MiRNAs are widely found in eukaryotes and are important

key factors that confer negative regulation of target genes.7
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MiRNAs are implicated in almost all life processes, including

proliferation, development, differentiation and apoptosis.7

Recently, dysregulated miRNAs in TNBC were found to be

prognostic biomarkers or therapeutic targets for TNBC.8 For

example, miR-138, as a prognostic biomarker for TNBC, could

promote tumorigenesis of TNBC.9 MiR-518a-3p was reported

to be an anti-tumor effector for colorectal cancer10 and parti-

cipates in malignant behavior of colon cancer.11 However, the

role of miR-518a-3p in TNBC remains elusive.

TMEM2 (transmembrane protein 2), a single-pass trans-

membrane domain protein, functions as hyaluronidase to

degrade hyaluronic acid.12 Hyaluronic acid metabolism has

been reported to be involved in neuronal proliferation and

migration.13 Recently, TMEM2 has been shown to participate

in endoplasmic reticulum homeostasis14 and angiogenesis,15

suggesting that TMEM2 may also play a role in tumor progres-

sion. The metastasis-promotive role of TMEM2 in breast can-

cer has been reported recently,16 and TMEM2 preferential

binds with miRNA let-7.17 The present study was conducted

to investigate whether miR-518a-3p could suppress TNBC pro-

gression through targeting TMEM2.

Material and Methods

Cell Culture

TNBC cells (DA-MB-231, BT-549, MDA-MB-453 and MDA-

MB-468) were purchased from ATCC (Manassas, VA, USA),

and cultured in RPMI 1640 medium (Gibco, Carlsbad, CA,

USA) with 10% fetal bovine serum at 37�C with 5% CO 2.

Cell Transfection

MiR-518a-3p mimics, inhibitor and corresponding negative

controls (NC mimic, NC inhibitor), as well as shRNAs target-

ing TMEM2 (shTMEM2 #1 or #2), were synthesized by Gene-

Pharma (Suzhou, China). Full length TMEM2 was constructed

and cloned into pcDNA3.1 vector (Invitrogen, Carlsbad, CA,

USA). MDA-MB-453 or MDA-MB-468 cells were transfected

with miR-518a-3p mimics, inhibitor or corresponding negative

controls, shRNAs, or pcDNA-TMEM2 and pcDNA vector via

Lipofectamine 3000 (Invitrogen). For the treatment with JAK1

inhibitor, MDA-MB-468 cells were cultured in RPMI 1640

medium containing 100 nM Pyridone 6 (Sigma-Aldrich, St.

Louis, MO, USA), and then transfected with miR-518a-3p

mimics, NC mimic, pcDNA-TMEM2 or pcDNA vector.

Wound Healing and Transwell Assays

Seeded MDA-MB-453 or MDA-MB-468 cells were gently

scratched by a pipette tip in the middle of each well 2 days

after transfection. Twenty-four hours later, the wound width

was imaged and measured under a microscope (Leica, Wetzlar,

Germany). For invasion assay, MDA-MB-453 or MDA-MB-

468 cells resuspended in serum-free RPMI 1640 medium were

seeded into the upper chambers (BD Biosciences, Bedford,

MA, USA) pre-coated with matrigel (BD Biosciences). RPMI

1640 with 10% serum was added to the lower chambers. After

24 hours, invasive cells in the lower chambers were fixed with

methanol, and then stained with 0.1% crystal violet before

imaging under microscope.

Dual-Luciferase Reporter Assay

Targetscan (http://www.targetscan.org/vert_71/) identified the

potential binding target of miR-518a-3p as TMEM2. Sequence

of TMEM2 3’-UTR or the mutant sequence without miR-518a-

3p binding site were subcloned into psiCHECK2 (Promega,

Madison, Wisconsin, USA). MDA-MB-468 cells were co-

transfected with miR-518a-3p mimics, inhibitor or negative

controls and psiCHECK2-wt-TMEM2 or psiCHECK2-mut-

TMEM2. After 48 hours, luciferase activities were measured

with a Dual-Luciferase Assay Kit (Promega).

qRT-PCR

RNAs or miRNAs from TNBC cells were reverse-transcribed

into cDNAs. qRT-PCR was conducted with TB Green Premix

Ex Taq (Takara, Dalian, China). GAPDH and U6 were used

as endogenous control for mRNA and miRNAs, respectively.

Primers used in this study are as follows: GAPDH (F:

5’-ACCACAGTCCATGCCATCAC-3’; R: 5’-TCCACCAC

CCTGTTGCTGTA-3’), U6 (F: 5’-CTCGCTTCGGCAG

CACA-3’; R: 5’-AACGCTTCACGAATTTGCGT-3’),

miR-518a-3p (F: 5’-ACAGGCCGGGACAAGTGCAATA-3’;

R: 5’-GCTGTCAACGATACGCTACGTAACG-3’), TMEM2

(F: 5’-GGAGATATGCTCCGTCTGACC-3’; R: 5’-CATCT

GACTTGCCATACAAGGT-3’).

Western Blotting

Proteins extracted from TNBC cells (30 mg) were separated by

SDS-PAGE, and electro-transferred onto a PVDF membrane.

Membranes were blocked with 5% skimmed milk powder, and

then incubated overnight with primary antibodies: anti-

TMEM2 (1:1500, Abcam, Burlingame, CA, USA), anti-JAK1

and anti-p-JAK1 (1:2000, Abcam), anti-STAT1 and anti-p-

STAT1 (1:2500, Abcam), anti-STAT2, anti-p-STAT2 and

anti-GAPDH (1:3000, Abcam) at 4�C. Following incubation

with secondary antibody (1:5000; Abcam), the immunoreactiv-

ities were detected by Immobilob ™ Western Chemilumines-

cent HRP Substrate (Millipore, Billerica, MA, USA).

Statistical Analysis

Data are expressed as mean + standard deviation. Statistical

analyses were performed by GraphPad Prism 5.0 and the dif-

ference was determined by one-way analysis of variance

(ANOVA) or Student’s t test. Survival rate was determined

by Kaplane-Meier method and log-rank test. p < 0.05 was

considered as statistically significant.
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Results

Expression of miR-518a-3p Is Positively Correlated With
Overall Survival of TNBC Patients

To investigate the correlation between miR-518a-3p expression

and TNBC, survival analysis was evaluated using KM Plotter

database (www.kmplot.com).18 According to METABRIC

(Molecular Taxonomy of Breast Cancer International Consor-

tium) database,19 a total of 203 TNBC, 433 Luminal B, 546

Luminal A and 80 HER2þER� samples were used for the sur-

vival analysis. This database was set up by searching the GEO,

EGA, TCGA, and PubMed repositories to identify datasets with

published miRNA expression and clinical data. Results revealed

that miR-518a-3p expression was not significantly correlated

with overall survival of patients with Luminal B (hazard ratio:

0.82; p ¼ 0.27), Luminal A (hazard ratio: 1.34; p ¼ 0.23) and

HER2þER� (hazard ratio: 1.33; p ¼ 0.42) (Figure 1). However,

TNBC patients with higher level of miR-518a-3p were found to

have better overall survival compared to patients with lower

expression of miR-518a-3p (hazard ratio: 0.59; p ¼ 0.04)

(Figure 1), suggesting that miR-518a-3p may function as a prog-

nostic biomarker for TNBC.

MiR-518a-3p Suppresses Cell Migration and Invasion of
TNBC

The functional role of miR-518a-3p in TNBC progression was

then investigated using in vitro assays. The expression of

Figure 1. Expression of miR-518a-3p is positively correlated with overall survival of TNBC patients. Correlation between expression and

overall survival of Luminal B, Luminal A, HER2þER� and TNBC patients.
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miR-518-3p in various TNBC cell lines were analyzed by qRT-

PCR. Results showed that the expression of miR-518a-3p was

the highest in MDA-MB-453 and lowest in MDA-MB-468

(Figure 2A). MDA-MB-453 and MDA-MB-468 were trans-

fected with miR-518a-3p mimics for the subsequent

experiments (Figure 2B). Wound healing assays revealed that

miR-518a-3p inhibited cell migration (Figure 2C) and cell

invasion (Figure 2D) of MDA-MB-453 and MDA-MB-468.

Moreover, cell migration (Supplemental Figure S1C and 1D)

and invasion (Supplemental Figure S1E) were promoted in

Figure 2. MiR-518a-3p suppresses cell migration and invasion of TNBC. A, Expression of miR-518-3p in various TNBC cell lines (MDA-MB-

231, BT-549, MDA-MB-453 and MDA-MB-468) analyzed by qRT-PCR. B, Transfection efficiencies of miR-518-3p in MDA-MB-453 and

MDA-MB-468 cells analyzed by qRT-PCR. C, Effects of miR-518a-3p on cell migration of MDA-MB-453 and MDA-MB-468 cells. D, Effects

of miR-518a-3p on cell invasion of MDA-MB-453 and MDA-MB-468 cells. NC mimic ¼ a negative control for miR-518a-3p mimics.

**p < 0.01, ***p < 0.001.
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cells transfected with miR-518a-3p inhibitor, suggesting that

miR-518a-3p might negatively regulate malignant phenotypes

of TNBC. Results in Supplemental Figure S1F show that

MDA-MB-453 and MDA-MB-468 demonstrated lowest and

highest migratory ability, respectively, whereas MDA-MB-

231 exhibited higher migratory ability than BT-549.

Negative Correlation Between miR-518a-3p and
TMEM2

To further validate the promotive role of miR-518a-3p in

TNBC, the identification of predicted potential binding targets

was performed using Targetscan (http://www.targetscan.org/

vert_71/). The analysis result showed that TMEM2 contained

putative binding site for miR-518a-3p (Figure 3A). This was

further validated by dual-luciferase reporter assays, which

showed that the luciferase activity of psiCHECK2-wt-TMEM2

was reduced by miR-518a-3p mimics while enhanced by miR-

518a-3p inhibitor (Figure 3B), whereas luciferase activity of

psiCHECK2-mut-TMEM2 was not affected by miR-518a-3p

mimics or inhibitor (Figure 3B). Furthermore, the mRNA (Fig-

ure 3C) and protein (Figure 3D) expression of TMEM2 was

reduced in MDA-MB-468 transfected with miR-518a-3p

mimics, while up-regulated by miR-518a-3p inhibitor. Collec-

tively, these findings demonstrated that miR-518a-3p directly

binds to TMEM2 and inhibits its expression.

Figure 3. Negative correlation between miR-518a-3p and TMEM2. A, Potential binding site of miR-518a-3p in the 3’UTR of TMEM2. B,

Effects of miR-518a-3p on the luciferase activities of psiCHECK2-wt-TMEM2 and psiCHECK2-mut-TMEM2. C, Effects of miR-518a-3p

on mRNA expression of TMEM2 in MDA-MB-468. D, Effects of miR-518a-3p on protein expression of TMEM2 in MDA-MB-468.

NC inhibitor ¼ a negative control for miR-518a-3p inhibitor. **p < 0.01, ***p < 0.001.
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Knockdown of TMEM2 Suppresses TNBC Invasion and
Migration

The functional role of TMEM2 in TNBC progression was also

investigated in MDA-MB-468 transfected with shRNAs target-

ing TMEM2 (shTMEM2 #1 or #2) (Figure 4A and 4B). Knock-

down of TMEM2 had no significant effect on miR-518a-3p

expression (Supplemental Figure S1A). Cell migration (Figure

4C) and invasion (Figure 4D) were inhibited by shTMEM2 #1

or #2, suggesting that TMEM2 might contribute to malignant

phenotypes of TNBC. Moreover, the protein expression of

JAK1, STAT1 and STAT2 were not affected by shTMEM2 in

MDA-MB-468 (Figure 4E). However, the levels of p-JAK1, p-

STAT1 and p-STAT2 were reduced in MDA-MB-468 trans-

fected with shTMEM2 (Figure 4E), revealing that the JAK/

STAT pathway may be implicated in TMEM2-mediated

TNBC.

TMEM2 Counteracts the Suppressive Effect of miR-
518a-3p on TNBC

MDA-MB-468 was cotransfected with miR-518a-3p mimics

and pcDNA-TMEM2 to evaluate the role of miR-518a-3p/

TMEM2 axis in TNBC. Results showed that TMEM2 could

promote cell migration (Figure 5A) and invasion (Figure 5B).

Although transfection with pcDNA-TMEM2 alone had no

significant effect on miR-518a-3p expression (Supplemental

Figure S1B), cotransfection of miR-518a-3p mimics and

pcDNA-TMEM2 resulted in an increased miR-518a-3p level

(Supplemental Figure S1B). Cotransfection of MDA-MB-468

with miR-518a-3p mimics and pcDNA-TMEM2 attenuated the

suppressive effect of miR-518a-3p on cell migration (Figure

5A) and invasion (Figure 5B). Moreover, malignant pheno-

types of TNBC with pcDNA-TMEM2 and JAK inhibitor treat-

ment were also determined, and the result showed that

treatment with JAK inhibitor significantly inhibited cell migra-

tion (p < 0.001, Figure 5A) and invasion (p < 0.001, Figure 5B).

Similarly, over-expression of TMEM2 reversed miR-518a-3p-

induced decrease in TMEM2, p-JAK1, p-STAT1 and p-STAT2

levels (Figure 5C), whereas treatment with JAK inhibitor dam-

pened TMEM2 over-expression-induced increase in TMEM2,

p-JAK1, p-STAT1 and p-STAT2 (Figure 5C). These results

showed that miR-518a-3p negatively regulates the JAK/STAT

pathway via targeting TMEM2 to suppress invasion and migra-

tion in TNBC.

Discussion

Due to its extremely aggressive ability and poor prognosis,

TNBC is considered incurable with high mortality rates.9 Thus,

novel potential therapeutic targets or prognostic biomarkers are

a dire need for the treatment of TNBC. MiRNAs, with the

ability to regulate tumor progression, have been regarded as

critical biomarkers or therapeutic targets of TNBC.20 Consid-

ering the anti-tumor effect of miR-518a-3p against colon

Figure 4. Knockdown of TMEM2 suppresses cell migration and invasion of TNBC. A, Transfection efficiencies of shTMEM2 #1 or #2 in

MDA-MB-468 analyzed by qRT-PCR. B, Transfection efficiencies of shTMEM2 #1 or #2 in MDA-MB-468 analyzed by western blot. C,

Effects of TMEM2 on cell migration of MDA-MB-468 cells. D, Effects of TMEM2 on cell invasion of MDA-MB-468 cells. E, Effects of

TMEM2 on protein expression of JAK1, STAT1, STAT2, p-JAK1, p-STAT1 and p-STAT2 in MDA-MB-468 cells. **p < 0.01, ***p < 0.001.
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cancer, this study was conducted to investigate the role of miR-

518a-3p in TNBC.

Molecular characterization in breast cancer provides predic-

tive information and critical prognostic for the treatment of the

patients.21 Luminal A or B represent hormone-receptor positive

while HER2 negative, and less aggressive than TNBC.22 Data

from KM Plotter database showed that high miR-518a-3p

expression was not significantly correlated with overall sur-

vival of Luminal A or B, HER2þER� breast cancer patients,

but significantly associated with TNBC patients, suggesting

that miR-518a-3p might be related to malignant phenotypes

of TNBC. Considering that metastasis is one of the most impor-

tant causes that leads to relapse and eventually death of TNBC

patients,23 the role of miR-518a-3p in metastasis of TNBC was

then evaluated.

MiR-518a-3p inhibits colorectal cancer cell growth through

targeting NF-kB-inducing kinase,10 and knockdown of miR-

518a-3p promotes colon cancer cell migration and invasion via

up-regulation of murine double minute 2.11 Our results con-

firmed the anti-tumor effects of miR-518a-3p against migration

and invasion of TNBC, revealing its potential clinical applica-

tion in TNBC. Moreover, TMEM2 was validated as a target of

Figure 5. TMEM2 counteracts the suppressive effect of miR-518a-3p on TNBC. A, Effects of miR-518a-3p, TMEM2 and JAK inhibitor on cell

migration of MDA-MB-468 cells. B, Effects of miR-518a-3p, TMEM2 and JAK inhibitor on cell invasion of MDA-MB-468 cells. C, Effects of

miR-518a-3p, TMEM2 and JAK inhibitor on protein expression of TMEM2, JAK1, STAT1, STAT2, p-JAK1, p-STAT1 and p-STAT2 in MDA-

MB-468 cells. *p < 0.05, **p < 0.01, ***p < 0.001.
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miR-518a-3p in TNBC. Although TMEM2 has been shown to

be a downstream target of miRNA let-7,17 miRNAs involve in

TNBC progression have not been reported to date. Transmem-

brane proteins, including transmembrane 4 L6 family member

124 or TMEM88,25 play an oncogenic role in TNBC progres-

sion. TMEM2, transcriptionally regulated by SOX4, could pro-

mote metastasis of breast cancer.16 Results from this study also

indicated that knockdown of TMEM2 suppressed TNBC inva-

sion and migration, and over-expression of TMEM2 counter-

acted the suppressive effect of miR-518a-3p on TNBC invasion

and migration.

Previous study has shown that TMEM2 could promote the

activation of JAK/STAT pathway during hepatitis B virus

infection.26 Here, phosphorylation of JAK1, STAT1 and

STAT2 was inhibited by knockdown of TMEM2 in TNBC,

suggesting that miR-518a-3p/TMEM2 axis may suppress

TNBC progression through inactivation of the JAK/STAT

pathway. STAT functions as a transcription factor that regu-

lates gene expression involved in cell proliferation, differentia-

tion and apoptosis. Moreover, the JAK/STAT pathway plays an

important role in carcinogenesis.27 Overactivation of JAK/

STAT signaling promotes tumorigenesis and metastasis,28

whereas its inhibition has been widely used in clinical treat-

ment for TNBC.29-31 Results in this study revealed that inhibi-

tion of JAK by Pyridone 6 significantly suppressed TMEM2

over-expression-promoted cell migration and invasion of

TNBC cells. However, how TMEM2 regulates phosphoryla-

tion of JAK/STAT remains elusive. In addition, chemoresis-

tance is also considered a leading cause of relapse and death in

TNBC patients.22 MiR-770 could suppress chemoresistance of

TNBC through modification of tumor-associated macro-

phages.32 Considering that JAK/STAT signaling is involved

in macrophage-mediated therapeutic resistance via regulation

of protumorigenic factors,33 miR-518a-3p/TMEM2/JAK/

STAT axis may participate in chemoresistance of TNBC,

which requires further elucidation. The clinical application of

miR-518a-3p in TNBC should be investigated in future study.

Moreover, following Dicer cleavage of the stem loop of pri-

mary miRNA, miR-518a with the 5p and 3p strands are

produced. According to previous studies,34-36 miR-518a-5p is

also implicated in tumor progression. However, the associa-

tion of miR-518a-5p and TNBC progression needs further

investigation.

In conclusion, we demonstrated that miR-518a-3p is posi-

tively correlated with overall survival of TNBC patients and

inhibits the metastasis of TNBC through targeting TMEM2.

Conversely, over-expression of TMEM2 counteracts the sup-

pressive effect of miR-518a-3p on TNBC progression through

phosphorylation of JAK1, STAT1 and STAT2. In vivo experi-

ments should be performed to demonstrate that newly validated

miR-518a-3p/TMEM2/JAK/STAT axis provides a potential

therapeutic target for the treatment of TNBC.
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