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Background: Long non-coding RNA (lncRNA) is an endogenous RNA over 200 nt in length

involved in gene regulation. LINC01559 is a novel lncRNA that has been identified as a

fundamental player in human cancer. However, its role in triple-negative breast cancer

(TNBC) remains unknown. Here, we explored the expression, function and clinical impli-

cation of LINC01559 in TNBC.

Methods: RNA expression was detected by qRT-PCR analysis. Cell Counting Kit-8 (CCK-8), 5-

Ethynyl-20-deoxyuridine (EdU), wound healing and Transwell assays were used to test cell

viability, DNA synthesis rate, migration and invasion, respectively. The competing

endogenous RNA (ceRNA) axis involved in LINC01559 was determined by RNA pull-down

and luciferase reporter assays. The xenograft model was used to verify the function of

LINC01559 in vivo.

Results: LINC01559 was significantly increased in TNBC tissues as compared to matched

normal tissues, which was due to high levels of H3K4Me3 and H3K27Ac in the promoter

region. Knockdown of LINC01559 inhibited TNBC cell proliferation, migration and invasion

in vitro, and also retarded tumor growth and reduced lung metastasis in vivo. Mechanisti-

cally, LINC01559 served as a ceRNA that sponged miR-370-3p, miR-485-5p and miR-940,

resulting in increasing the expression of a cohort of oncogenes, thus accelerating TNBC

progression.

Conclusions: Our data provide a comprehensive analysis of LINC01559 in TNBC, we found

that LINC01559 functioned as a carcinogenic ceRNA via sponging miRNAs. Targeting of

LINC01559 may be a potential treatment for TNBC patients.
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Table 1 Association of LINC01559 expressionwith clinical
features in 96 triple-negative breast cancer patients.

Parameters Total
(n ¼ 96)

LINC01559 expression p value

Low (n ¼ 48) High (n ¼ 48)

Age (years)

� 40 28 12 16 0.369

> 40 68 36 32

Menopause

Yes 40 22 18 0.408

No 56 26 30

Tumor size (cm)

� 2 44 28 16 0.014

> 2 52 20 32

Lymph node metastasis

Negative 36 23 13 0.035

Positive 60 25 35

TNM stage

I 25 20 5 <0.001

II 48 24 24

III 23 4 19

The statistical method was chi-square test.

The median value of LINC01559 expression was used to divide the

high and low LINC01559 groups.

p < 0.05 was indicative of statistical significance (bold font).

At a glance of commentary

Scientific background on the subject

LINC01559 is a novel lncRNA that has been identified as a

fundamental player in human cancer. However, its role

in triple-negative breast cancer (TNBC) remains un-

known. Here, we explored the expression, function and

clinical implication of LINC01559 in TNBC.

What this study adds to the field

Our data suggest that LINC01559 functions as a novel

driver of TNBC progression through serving as a carci-

nogenic ceRNA sponging multiple miRNAs. Targeting of

LINC01559 may be a potential treatment for TNBC

patients.
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Breast cancer is one of the most common malignant tu-

mors inwomen, according to statistics, the incidence of breast

cancer accounts for 7e10% of all malignant tumors in the

whole body [1]. Triple negative breast cancer (TNBC) is a spe-

cial type of breast cancer that is negative for estrogen receptor

(ER), progesterone receptor (PR) and human epidermal growth

factor receptor (HER2), accounting for about 15% of all breast

cancer types [2]. TNBC is characterized by high histological

grade, early onset age, large tumor volume, and high inci-

dence of visceral and bone metastases [3]. The lack of ER, PR

and HER2 expressionmeans that endocrine therapy and HER2

targeted therapy are not effective for TNBC [4]. Although it is

sensitive to chemotherapy, only about 20% of patients with

TNBC have good chemotherapy effect through conventional

adjuvant chemotherapy [5]. Therefore, the exploration for

effective therapeutic targets is a hot spot in TNBC research,

which will bring a new direction for TNBC diagnosis and

treatment, so as to improve its poor prognosis.

Long non-coding RNA (lncRNA) is a kind of non coding RNA

with a length of more than 200 nt and is the transcription

product of RNA polymerase II [6]. Most of lncRNAs are distrib-

uted in the nucleus, and some are specifically distributed in the

cytoplasm [7]. They are composed of most highly conserved

promoter sequences, introns or exons containing the "K4eK36"

domain, andalsohave secondary structures [8,9].Althoughvery

few lncRNAs can translate peptides, they play the important

roles in the process of gene coding, such as at transcriptional

level, post-transcriptional level and epigenetic level, which can

control gene expression [10]. New evidence suggests that

abnormal lncRNA expression is one of the hallmarks of cancer

[11]. LncRNAs function as oncogenes or tumor suppressors via

affectingdifferent targetsandsignalingpathways [12,13].Oneof

the universally acknowledged machine-processed of lncRNA

action is as a “miRNA sponge”, namely competing endogenous

RNA (ceRNA) network, in which lncRNA sponges miRNA,

isolating the repressive effect ofmiRNAon its targets, indirectly

increasing mRNA expression [14]. The ceRNA network is

frequently deregulated in various human cancers, for example,

lncRNA KTN1-AS1 was upregulated in non-small cell lung
cancer and promoted cell growth and inhibited apoptosis

through sponging miR-130a-5p and elevating PDPK1, a key

regulator of autophagy [15].

Recently, almost at the same time, a novel lncRNA,

LINC01559, has been identified as a critical driver in different

cancers, including gastric cancer [16], hepatocellular carci-

noma [17] and pancreatic cancer [18,19]. Nevertheless, its role

in TNBC remains unexplored. In the present study, we found

that LINC01559 was also increased in TNBC, it promoted TNBC

cell proliferation and invasion both in vitro and in vivo.

Importantly, we further investigated the underlying mecha-

nisms of its dysregulation and pro-oncogenic effect.
Materials and methods

TNBC tissue samples

Wecollected a total of 96 pairs of TNBC and correspondingnon-

tumor normal tissues from patients pathologically diagnosed

withTNBCbetween January 2013 to September 2018 at The First

AffiliatedHospital of ZhengzhouUniversity. Patientswith other

serious diseases or who had received any anti-tumor therapy

before surgical resection, such as radiotherapy, chemotherapy,

neoadjuvant chemoradiotherapy, immunotherapy, etc., were

excluded. The clinicopathological characteristics of above pa-

tients were shown in Table 1. We obtained written informed

consent from each patient, and followed them up every six

months. This study was approved by the Ethics Committee of

The First Affiliated Hospital of Zhengzhou University.

qRT-PCR analysis

Total RNA was isolated from surgically resected fresh tissues

and cultured cells by using TRIzol (Invitrogen, CA, USA)
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according to the manufacturer's instructions. Cell nucleus/

cytoplasm fraction isolation was performed using the Nuclear

andCytoplasmic ExtractionKit (Thermo,MA, USA) according to

the supplier's recommendation. The first-strand cDNA was

generated by using MMLV transcriptase (Promega, WI, USA)

with random primers. Real-time qRT-PCR was performed on a

CFX96 real-time PCR detection system (Bio-Rad, CA, USA). The

fold change of each gene was calculated by 2�DDCt method. U6

and GAPDH were used as control references for nuclear and

cytoplasmic fragments, respectively. The detailed primer se-

quences are presented in Supplementary Table 1.

Cell culture and transfection

Two TNBC cell lines MDA-MB-231 and BT-20 and one normal

MCF-10 A cells were all commercially purchased from Amer-

ican Type Culture Collection (ATCC), which were regularly

authenticated by STR profiling and tested for mycoplasma

contamination every twomonths. Both of themwere cultured

in RPMI 1640 medium with 10% FBS at 37 �C with 5% CO2. Cell

transfection was conducted using Lipofectamine 3000 (Invi-

trogen) as per supplier's instructions. Three miRNA inhibitors

(miR-370-3p, miR-485-5p and miR-940) were commercially

purchased from RiboBio (Guangzhou, China).

Stable LINC01559 knockdown cell lines

Two shRNA oligonucleotides targeting LINC01559 were

designed and cloned into the pLV2-U6-Puro lentiviral vector.

Then, the lentiviral vector was infected into MDA-MB-231 and

BT-20 cells in the presence of infection enhancer polybrene.

48 h later, the fluorescence signals were observed under the

fluorescence microscope. And stable cell lines were screened

by adding puromycin to the culture medium, the knockdown

efficiency was determined by qRT-PCR analysis.

Chromatin immunoprecipitation (ChIP) assay

The ChIP assays were carried out by using the SimpleChIP®

Plus Kit according to the manufacturer's instruction (Cell

Signaling Technology). In brief, protein was cross-linked to

DNA with 1% formaldehyde for 10min at room temperature,

followed by inactivation using glycine for 5min. The micro-

coccal nuclease was added to digest DNA into a length of

200e1000 bp. Then, the antibodies against Histone H3

(#ab1791, Abcam), H3K27Ac (#ab4729, Abcam) and H3K4Me3

(#ab8580, Abcam)were added and incubated overnight. Lastly,

the immunoprecipitated DNA was eluted and enriched.

Quantification was calculated as a percentage relative to the

input DNA from equation 1

[Input Ct�Target Ct] � 100 (%) (1)

CCK-8 and EdU assays

MDA-MB-231 and BT-20 cells were plated onto 96-well plates

and then cultured 3 days for CCK-8 assay. During this time,
10 mL CCK-8 solution was added into each well, followed by

incubation at 37 �C for 1 h. Then, the cell culture plate was

taken out and the absorbance value of each well was

measured with a microplate reader. For detecting DNA syn-

thesis rate, EdU staining assay was conducted by using Cell-

Light™ EdU kit purchased from RiboBio as per manufacturer's
instructions.

Wound healing and Transwell assays

For wound healing assay, a sterile pipette tip was used to

generate three vertical scratches in each 6-well plate. Then,

cells were cultured for 24 h and themigratory distance of each

well was recorded. For Transwell assay, coated basement

membrane: Matrigel matrix adhesive was diluted 1:8 and

coated with the upper surface of Transwell chamber bottom

membrane. 200 mL cell suspension was added to upper

chamber and 600 mL culture medium containing 10% FBS was

added to lower chamber. After 20 h of incubation, cells in the

upper layer of the basement membrane were carefully wiped

with a cotton swab, cells in the lower layer were fixed with 4%

paraformaldehyde for 20 min, and stained with crystal violet

solution for 15 min. Photographs were taken under an inver-

ted microscope. Each sample was randomly counted in 10

fields, and the mean value was taken for statistical analysis.

RNA pull-down and immunoprecipitation (RIP) assays

LINC01559 was in vitro transcribed using T7 High Yield RNA

Synthesis Kit (Ambion, TX, USA) according to the manufac-

turer's instructions. The transcribed RNA was labeled using

RNA 30-End Biotinylation Kit (Themo, MA, USA). Antisense-

LINC01559 was biotinylated and served as a control. TNBC

cell lysates were collected, added with above probes and

incubated overnight with agitation. Then, the streptavidin

magnetic beads were added and incubated at room tempera-

ture for 30 min with agitation. The miRNAs bound by

LINC01559 probe were eluted and extracted using TRIzol re-

agent for qRT-PCR analysis. Besides, RIP assay was carried out

by using Magna RIP™ RNA-Binding Protein Immunoprecipi-

tation kit (Millipore, MA, USA) with 5 mg anti-AGO2 antibody

(#186733, Abcam) as the manufacturer's instructions.

Luciferase reporter assay

The wild-type andmutant sequences between LINC01559 and

miR-370-3p,miR-485-5p ormiR-940were cloned into pmirGLO

luciferase vector (Promega, WI, USA). After that, miR-370-3p,

miR-485-5p or miR-940 mimics were co-transfected with

above vectors into MDA-MB-231 and BT-20 cells using Lip-

ofectamine 3000. After 48 h, the dual-luciferase reporter assay

was conducted using a commercial kit (Promega) as per

standard protocols.

Tumor xenografts in vivo

All animal procedures were approved by the Institutional

Animal Care and Use Committee of The First Affiliated Hos-

pital of Zhengzhou University. Five BALB/c nude mice per

group were used to establish experimental models of
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subcutaneous neoplasia and lung metastasis. For in vivo

tumorigenesis, 1 � 107 MDA-MB-231 cells with or without

LINC01559 knockdown in 0.2 mL PBS were subcutaneously

injected into nude mice. After five weeks of growth, all mice

were sacrificed and tumor tissues were photographed and

weighed. For tail vein injection, 1� 107MDA-MB-231 cells with

or without LINC01559 knockdown in 0.2 mL PBS were injected

into the lateral tail vein of nude mice. After 6 weeks of injec-

tion, themice were killed by cervical dislocation and the lungs

were collected to count surface metastases under a dissecting

microscope. Extracted lungs were embedded in paraffin using

the routine method for hematoxylin&eosin (H&E) staining.

Analysis of the downstream miRNAs of LINC01559

Three online tools includingmiRanda (http://www.microrna.

org/), PITA (https://genie.weizmann.ac.il/pubs/mir07/mir07_

data.html) and RNAhybrid (http://bibiserv2.cebitec.uni-

bielefeld.de/rnahybrid) were used to predict the miRNAs

bound by LINC01559. miRNAs concurrently predicted by

these three databases were used for subsequent experi-

mental validation.

Statistic analysis

Each experiment was repeated at least three times, and the

statistics were analyzed using the SPSS 21.0 software and figures

were generated using Graphpad Prism v7.0 software. The dif-

ference between groups were analyzed by Student's t-test (2

groups) and one-way analysis of variance (ANOVA) (>2 groups).
Fig. 1 LINC01559 is frequently increased in TNBC. (A) qRT-PCR ana

normal tissues (ANT). (B, C) qRT-PCR analysis detecting the locat

(D) The survival curve of TNBC patients based on the median ex

database (http://kmplot.com/analysis/index.php?p¼background) a

the overall survival, which was plotted using the best performing

Discovery Rate (FDR) was 10%. Data was the mean ± standard dev

out in triplicate. ***p < 0.001.
The survival curve was generated by KaplaneMeier method and

analyzed by Log-rank test. In addition, the survival curve based

on LINC01559 level from KaplaneMeier database (http://kmplot.

com/analysis/index.php?p¼service&start¼1) was generated

using auto select best cutoff value, the False Discovery Rate was

10%. Pearson correlation coefficient was used to test the corre-

lation between LINC01559 expression and H3K4Me3 or H3K27Ac

enrichment on LINC01559 promoter. p < 0.05 was indicative of

statistical significance.
Results

LINC01559 is a upregulated lncRNA in TNBC

We first performed qRT-PCR analysis in 96 pairs of TNBC and

precancerous normal tissues, as shown in Fig. 1A, LINC01559

was significantly increased in TNBC tissues as compared to

adjacent normal tissues (ANT). Then, we analyzed the sub-

cellular localization of LINC01559, the results showed that

LINC01559 was dominantly located in the cytoplasm in both

MDA-MB-231 and BT-20 TNBC cell lines [Fig. 1B, C]. Clinically,

high LINC01559 was positively linked to larger tumor size,

advanced TNM stage and lymph node metastasis [Table 1].

Importantly, patients with high LINC01559 had a shorter

survival time than patients with low LINC01559 [Fig. 1D],

which was confirmed by the data from KaplaneMeier data-

base (http://kmplot.com/analysis/index.php?p¼background)

[Fig. 1E]. These data suggest that LINC01559 is frequently
lysis of LINC01559 expression in 96 paired TNBC and adjacent

ion of LINC01559 in MDA-MB-231 (B) and BT-20 (C) cell lines.

pression of LINC01559 in our cohort. (E) KaplaneMeier

nalyzing the correlation between LINC01559 expression and

threshold automatically analyzed by the database, the False

iation (SD) of at least three independent experiments carried
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upregulated in TNBC, which may be linked to TNBC

progression.

High LINC01559 expression in TNBC is due to gain of
H3K4me3 and H3K27ac

Through analyzing the UCSC Genome Browser (http://

genome.ucsc.edu/) [20], we found high enrichment of

H3K4me3 and H3K27ac (transcriptional activation markers)

on the LINC01559 promoter region [Fig. 2A], hinting that

these histone modifications may be linked to high

LINC01559 expression. To verify above observation, we

performed ChIP assay, the results showed that H3K4me3

and H3K27ac were indeed abundantly occupied on

LINC01559 promoter in both MDA-MB-231 and BT-20 cells in

comparison to normal MCF-10 A cells [Fig. 2B, C]. Consis-

tently, high H3K4me3 and H3K27ac on LINC01559 promoter

were also observed in TNBC tissues as compared to matched

normal tissues, and LINC01559 expression was strongly

positively correlated with H3K4me3 (r ¼ 0.759, p ¼ 0.001) or

H3K27ac (r ¼ 0.64, p ¼ 0.01) enrichment [Fig. 2DeG]. These

results indicate that LINC01559 expression is regulated by

histone modification.

Knockdown of LINC01559 inhibits TNBC cell proliferation,
migration and invasion in vitro

To study the biological function of LINC01559 in TNBC, we

constructed the stable LINC01559 knockdown TNBC cell

lines using lentiviral vector, the results of qRT-PCR assay

verified the knockdown efficiency in both MDA-MB-231 and

BT-20 cells [Fig. 3A]. Then, we performed a series of func-

tional assays. As shown in Fig. 3B, C, cell viability was

significantly weakened after depletion of LINC01559. Simi-

larly, the DNA synthesis rate of LINC01559-silenced TNBC

cells was remarkably slowed down as compared to control

TNBC cells [Fig. 3D, E]. Moreover, knockdown of LINC01559

resulted in a significant reduction in the migration distance

of TNBC cells, as illustrated by wound healing assay [Fig. 3F,

G]. And the invasion ability was also dramatically attenu-

ated after LINC01559 silencing [Fig. 3H, I]. These data sug-

gest that LINC01559 is a driver of TNBC malignant

phenotype.

LINC01559 is a ceRNA that sponges miR-370-3p, miR-485-
5p and miR-940

Given that LINC01559 is a cytoplasmic lncRNA,we thus inferred

that LINC01559 may function as a ceRNA. To test this hypoth-

esis, we performed RIP assay using anti-AGO2 antibody. The

results showed that a large amount of LINC01559 was enriched

byAGO2 in bothMDA-MB-231 and BT-20 cells [Fig. 4A]. Through

intersecting the prediction results of miRanda (http://www.

microrna.org/) (113 miRNAs predicted bound by LINC01559)

[21], PITA (https://genie.weizmann.ac.il/pubs/mir07/mir07_

data.html) (68 miRNAs predicted bound by LINC01559) [22]

and RNAhybrid (http://bibiserv2.cebitec.uni-bielefeld.de/

rnahybrid) (47 miRNAs predicted bound by LINC01559) [23]

software, we found five miRNAs that may be sequentially

complementary to LINC01559, which were used for
experimental validation [Fig. 4B]. Then, RNA pull-down assay

was carried out by using LINC01559 probe, the results showed

that miR-370-3p, miR-485-5p and miR-940 were synchronously

enriched by LINC01559 in both MDA-MB-231 and BT-20 cells

[Fig. 4C, D]. The binding sites between LINC01559 and above

three miRNAs were shown in Fig. 4EeG, we mutated them one

by one to perform luciferase reporter assay. The results showed

that overexpression of miR-370-3p, miR-485-5p or miR-940

could significantly reduce the luciferase activity of wild-type

LINC01559 vector, but did not affect that of the mutant one

[Fig. 4H, I]. Besides, LINC01559 knockdown led to a distinct

upregulation in miR-370-3p, miR-485-5p and miR-940 [Fig. 4J,

K]. Importantly, the levels of the validated target oncogenes of

above threemiRNAswere significantly reduced after LINC01559

knockdown, and these effects were partially eliminated by

silencing these miRNAs, respectively [Fig. 4LeN]. Functionally,

knockdown of miR-370-3p, miR-485-5p or miR-940 effectively

rescued the attenuated cell viability [Fig. 4O] and invasion

[Fig. 4P] caused by LINC01559 depletion. These results demon-

strate that LINC01559 sponges miR-370-3p, miR-485-5p and

miR-940 in TNBC cells.

Knockdown of LINC01559 inhibits TNBC growth and
metastasis in vivo

Lastly, we explored the in vivo function of LINC01559 through

subcutaneous and tail vein injection of control and

LINC01559-silenced MDA-MB-231 cells into nude mice. The

results showed that the tumor volume and size in LINC01559-

silenced groupwere significantly smaller than those in control

group [Fig. 5AeC]. Likewise, the average number of lung me-

tastases in LINC01559-silenced group was evidently less than

that in control group [Fig. 5D, E]. These data indicate that

depletion of LINC01559 represses TNBC progression, which is

consistent with in vitro data.
Discussion

TNBC is a highly heterogeneous and malignant disease with

poor prognosis. At present, the pathogenesis of TNBC is still

poorly understood. In the current study, we found a TNBC-

related lncRNA, LINC01559, which was upregulated in TNBC

tissues by high H3K4me3 and H3K27ac enrichment on its

promoter. LINC01559 promoted TNBC cell malignant behav-

iors both in vitro and in vivo. In terms of mechanism,

LINC01559 was identified as a ceRNA that sponging miR-370-

3p, miR-485-5p or miR-940, resulting in upregulation of a

cohort of proto-oncogenes, thereby facilitating TNBC pro-

gression. Our data demonstrate that LINC01559 is a novel

driver of TNBC, dysregulation of LINC01559/miR-370-3p/miR-

485-5p/miR-940 axis may be responsible for TNBC tumori-

genesis and dissemination.

Gene expression is strictly controlled at the transcriptional

level, in which abnormal histone modification plays an

important role [24]. Histone can maintain DNA structure, pro-

tect genetic information, its N-terminal domain extends from

the nucleosome and interacts with other regulatory proteins

and DNA [25]. Emerging evidence suggests that histone modi-

fication imbalance can lead to tumorigenesis [26], and loss or
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Fig. 2 LINC01559 is regulated by H3K4me3 and H3K27ac. (A) UCSC Genome Browser showing the high enrichment of H3K4me3

and H3K27ac on LINC01559 promoter. The red box indicates the peaks of H3K4me3 and H3K27ac. (B, C) ChIP assay using anti-

H3K4me3 (B) or -H3K27ac (C) antibody in normal and TNBC cells, followed by qPCR analysis of LINC01559 promoter enrichment,

GAPDH promoter was used as a reference control. (D) ChIP assay using anti-H3K4me3 antibody in 15 paired TNBC and normal

tissues. (E) The correlation between LINC01559 expression and H3K4me3 enrichment. (F) ChIP assay using anti-H3K27ac

antibody in 15 paired TNBC and normal tissues. (G) The correlation between LINC01559 expression and H3K27ac enrichment.

ANT ¼ adjacent normal tissue, Data was the mean ± standard deviation (SD) of at least three independent experiments carried

out in triplicate. **p < 0.01.
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gain of methylation and acetylation of histone H3 residues has

been proved to be involved in gene silencing or activation [27].

For example, methylation at H3K4 and H3K36 and mono-

methylation of H3K27 can activate gene transcription, while
methylation at H3K9 and H3K79 and dimethylation and tri-

methylation at H3K27 can inhibit the transcription of target

genes [28,29]. On the other hand, histone H3 acetylation adds

acetyl group to lysine and makes lysine positively charged,

https://doi.org/10.1016/j.bj.2021.05.002
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Fig. 3 LINC01559 knockdown represses TNBC cell malignant phenotype. (A) qRT-PCR analysis detecting the knockdown

efficiency of LINC01559 in MDA-MB-231 and BT-20 cells using lentiviral vector. (B, C) CCK-8 assay testing cell viability after

knockdown of LINC01559. (D, E) EdU assay testing DNA synthesis rate of TNBC cells after knockdown of LINC01559. (F-I) Wound

healing and Transwell assays detecting cell migration and invasion after knockdown of LINC01559. NC ¼ negative control, Data

was the mean ± standard deviation (SD) of at least three independent experiments carried out in triplicate. The relative level

was compared between the sh-LINC01559 group and the NC group. Scale bar ¼ 50 mm, **p < 0.01, ***p < 0.001.
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leading to chromatin structure opening and promoting gene

transcription, thus high H3 acetylation is a marker of gene

active transcription [30]. Up to now, many genes including

lncRNAs have been found to be regulated by histone modifi-

cation, such as HOXC-AS3 [31], SATB2-AS1 [32], SAMMSON [33]

and UCA1 [34]. Herein, by in silico analysis, we found high

enrichment of H3K4me3 and H3K27ac on LINC01559 promoter.

ChIP assay confirmed this finding via using specific anti-

H3K4me3 and -H3K27ac antibodies, in which more H3K4me3

and H3K27ac occupations were observed on LINC01559
promoter in both TNBC tissues and cells in comparison to

respective normal controls. Moreover, high H3K4me3 or

H3K27ac enrichment was strongly positively correlated with

LINC01559 expression in TNBC tissues. These data suggest that

upregulated LINC01559 in TNBC is mainly caused by gain of

H3K4me3 and H3K27ac on its promoter region.

LncRNA has a variety of modes of action, among which it

has been widely verified as miRNA molecular sponge,

effectively inhibiting the interaction between miRNA and

target mRNA, elevating gene expression [35]. miRNA is

https://doi.org/10.1016/j.bj.2021.05.002
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Fig. 4 LINC01559 is a ceRNA sponging miRNAs. (A) RIP assay detecting the enrichment of LINC01559 by AGO2. (B) Three online

tools predicting the miRNAs interacting with LINC01559. (C, D) RNA pull-down assay detecting miRNA enrichment by

LINC01559 probe. (E-G) The wild-type and mutant binding sequences between LINC01559 and the indicated three miRNAs. (H, I)

Luciferase reporter assay in MDA-MB-231 and BT-20 cells testing the relationships between LINC01559 and the indicated three

miRNAs, respectively. (J, K) qRT-PCR analysis of miRNA levels after LINC01559 knockdown. (L-N) qRT-PCR analysis of mRNA

levels in LINC01559-depleted TNBC cells after silencing of the indicated miRNA. (O, P) CCK-8 and Transwell assays testing cell

viability and invasion in LINC01559-depleted TNBC cells after silencing of the indicated miRNA. Data was the mean ± standard

deviation (SD) of at least three independent experiments carried out in triplicate. The relative level was compared between the

experimental group and the negative control (NC) group. *p < 0.05, **p < 0.01.
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widely distributed in eukaryotes with a length of 18e25 nt, it

regulates about 1/3 of human genes [36]. Most mature miR-

NAs bind to human protein AGO2 and generate a gene

silencing complex (RNA-induced silencing complex, RISC),

and then bind specifically to mRNA 30-UTR, preventing the

translation of target genes or directly degrade them. Herein,

by performing RIP, RNA pull-down and luciferase reporter

assays, we found that LINC01559 was abundantly enriched

by AGO2 protein and could concurrently sponge three

tumor-suppressive miRNAs, namely miR-370-3p, miR-485-

5p and miR-940. Consistently, the respective target onco-

genes of above miRNAs were uniformly downregulated after

LINC01559 knockdown, and silencing of these miRNAs alone
could significantly rescue the decreased malignant pheno-

type of TNBC cells caused by depletion of LINC01559, sug-

gesting that the ceRNA axis of LINC01559/miR-370-3p/miR-

485-5p/miR-940 does exist in TNBC cells. Of note, lncRNA

plays different roles or even opposite roles in different con-

texts, some studies showed that LINC01559 sponged miR-

1343-3p and bound to EZH2 in gastric cancer [16], and

absorbedmiR-6783-3p [17] andmiR-607 [19] in hepatocellular

carcinoma and pancreatic cancer, respectively. However, we

did not observe above phenomena in TNBC (data not shown).

It is of great interest to elucidate the mechanism of this

functional variation. Moreover, further studies are needed to

explore the expression and function mechanism of

https://doi.org/10.1016/j.bj.2021.05.002
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Fig. 5 LINC01559 knockdown inhibits TNBC growth andmetastasis. (A) The image of subcutaneous tumor of nude mice injected

with control and LINC01559 knockdown MDA-MB-231 cells. (B, C) Tumor volume and weight of control and LINC01559 groups.

(D, E) The representative lung metastasis nodules stained by H&E staining in control and LINC01559 groups. Scale bar ¼ 50 mm,

***p < 0.001.
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LINC01559 in other malignant tumors, so as to reveal

whether it is a pan-oncogene.

Certainly, there are some limitations in our study. For

example, there are some off-target and incomplete interfer-

ence effects of shRNA, and the results will bemore convincing

if LINC01559 is completely knocked out by gene editing tech-

nology, such as CRISPR/Cas9method. In addition, the samples

are all retrospective studies, which can not avoid the potential

for bias between different treatments.
Conclusion

In this study, we for the first time show that abnormal histone

modification-mediated activation of LINC01559 enhances

TNBC growth and metastasis via acting as a ceRNA and

concurrently sponging three miRNAs, which provides evi-

dence for the use of LINC01559 as a promising prognostic

biomarker and treatment for TNBC patients.
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