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Purpose: Breast cancer (BC) is the most common malignant cancer in women worldwide.

Recently, long non-coding RNAs (LncRNAs) have been reported to have essential roles

in BC tumorigenesis.

Patients and Methods: Tumor and adjacent non-tumor tissue samples were collected from

patients with BC (n = 168) for comparison of LncRNA and miRNA expression levels.

Patient clinical, demographic, and molecular data were analyzed by univariate and multi-

variate methods to identify factors associated with patient survival, and a nomogram was

generated using significant risk/protective factors. Further, analyses of LINC00461 and miR-

411-5p expression and function were conducted in BC and normal breast epithelial cell lines,

by quantitative RT-PCR, cell proliferation, wound-healing, RNA pull-down, RNA immuno-

precipitation, and luciferase assays. Docetaxel (DTX)-resistant BC cell lines were also

generated and used to assess the roles of LINC00461 and miR-411-5p in drug resistance.

Results: LINC00461 was up-regulated in BC tissues relative to adjacent non-tumor samples,

and expression of LINC00461 was correlated with poor patient prognosis. LINC00461

knockdown could inhibit proliferation of BC cells in vitro. Further, LINC00461 expression

was higher in DTX-resistant than in non-resistant BC cell lines. Our data support a role for

LINC00461 as a competitive endogenous RNA sponge involved in regulation of miR-411-5p

expression in BC. miR-411-5p was down-regulated in both BC tissues and cell lines, with

levels negatively correlated with those of LINC00461. Moreover, miR-411-5p was down-

regulated in DTX-resistant BC cell lines compared with non-resistant cell lines.

Conclusion: In conclusion, LINC00461 promotes proliferation, migration, and DTX-

resistance in BC by acting as a sponge for miR-411-5p. This process represents a potential

therapeutic target for patients with BC.
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Introduction
Breast cancer (BC) is the most common malignant cancer in women and a leading

cause of cancer-related death in affected individuals, which accounts for 11.6% of all

cancers and 6.6% of all cancer death in the world.1–3 There were an estimated 232,670

newly diagnosed cases and 40,000 deaths caused by BC in the United States in 2014,4

with an increase in diagnosed cases to approximately 1.7 million in 2016.5 In recent

decades, early diagnosis and treatment regimens for BC have advanced greatly,

assisted by the advent of targeted pharmacological treatments, sophisticated surgical

resection techniques, and advanced chemotherapy.6 Nevertheless, patient survival and
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prognosis remain poor, due to high rates of recurrence and

drug resistance,7 providing impetus for further efforts to

discover new diagnostic methods and therapeutic

approaches, as well as to investigate the molecular mechan-

isms underlying BC.

Long non-coding RNAs (lncRNAs) are a class of RNA

transcripts of >200 nucleotides that do not encode

proteins.8,9 Research has increasingly focused on the var-

ious functions of lncRNAs in development, including in

RNA processing, and transcriptional regulation of gene

expression.10,11 Similar to proteins, the subcellular locali-

zation of lncRNAs is crucial to their function.12,13 Many

lncRNAs are regarded as modulators of nuclear functions.

In particular, lncRNAs regulate the cellular behavior of the

central dogma (ie, DNA → RNA → protein) through

diverse mechanisms, such as epigenetic alterations, pro-

tein–lncRNA interactions, lncRNA-miRNA/DNA interac-

tions, and genetic variation.14

Some studies have also focused on potential functions

of lncRNAs in disease etiology.15–17 Analyses of normal

and tumor cells indicate that expression of some lncRNAs

is altered in various forms of cancer,18 with lncRNAs,

such as HOTAIR, identified as potential biomarkers in

cancer diagnosis and prognosis.19

The lncRNA, LINC00461, promotes cell proliferation

in glioma, hepatocellular carcinoma, and multiple

myeloma.20–22 LINC00461 may act as an oncogene in

various types of tumors. However, the function of

LINC00461 in BC has yet to be determined. In our

study, we found that LINC00461 was significantly up-

regulated in BC compared with normal tissues and that

its expression was correlated with poor patient prognosis.

Further, LINC00461 knockdown could inhibit BC prolif-

eration in vitro. Moreover, expression of LINC00461 in

docetaxel (DTX)-resistant cell lines was higher than that in

non-resistant BC cell lines. Importantly, knockdown of

LINC00461 in DTX-resistant cell lines could reverse

DTX resistance. Mechanistically, our data show that

LINC00461 acts as a sponge for miR-411-5p, thereby

promoting BC cell proliferation.

Patients and Methods
Patients and Samples
BC and adjacent non-cancerous tissue samples were col-

lected from 168 patients with BC at The First Affiliated

Hospital of Xi’an Jiao Tong University by surgical resection.

All tissue specimens were examined by expert pathologists

and stored in liquid nitrogen. No patients had received che-

motherapy, radiotherapy, or other treatments at the time of

sample collection. This research was approved by the Ethics

Committee of The First Affiliated Hospital of Xi’an Jiao

Tong University. All patients provided the written informed

consent according to the Declaration of Helsinki.

Cell Lines
The normal human mammary epithelial cell line, MCF-

10A, and the human BC cell lines, MCF-7 and MDA-MB

-231, were purchased from the American Type Culture

Collection. Human DTX-resistant BC cell lines, MCF-

7-DTX and MDA-MB-231-DTX, were obtained by cultur-

ing MCF-7 and MDA-MB-231 cells with elevating doses

of DTX for 10 months. All cells were cultured in

Dulbecco’s modified Eagle’s medium (Hyclone) supple-

mented with 10% fetal serum (Logan, UT, USA). The

human DTX-resistant BC cell lines, MCF-7-DTX and

MDA-MB-231-DTX were obtained by culturing MCF-7

and MDA-MB-231 cells with elevating doses of DTX for

10 months. The wild-type cells were firstly cultured in the

complete medium with 200 nM DTX for 1 month, fol-

lowed by escalation to 400nM, 800nM, 1.5µM, 3µM,

5µM, 7µM, 9µM, 10µM doses until the resistance stabi-

lized. The DTX-resistant cells were characterized by Cell

Counting Kit-8 assays for the inhibitory concentration 50.

Vectors and Cell Transfection
Recombinant lentivirus vectors for LINC00461 overex-

pression and knockdown, as well as negative controls,

were obtained from Genechem Biotech (Shanghai,

China). Cells (5 × 105) were seeded in 6-well plates and

infected with lentivirus using 10 μg/mL Polybrene. Then,

cells were grown in media supplemented with 2 μg/mL

puromycin for 1 week to select for infected cells. Stable

overexpression and knockdown cell lines were identified

by qRT-PCR. The miR-411-5p mimics, inhabitor, and

negative controls were designed and synthesized by

GenePharm Biotech (Shanghai, China) and transfected

into cells seeded in 12-well plates using Lipofectamine

2000 (Invitrogen; Thermo Fisher Scientific, lnc.).

RNA Isolation and Quantitative

Real-Time PCR (qRT-PCR)
Total RNA was extracted from BC cells using RNAiso

Plus (TaKaRa Biotechnology, Dalian, China), following

the manufacturer’s instructions. Then, a Reverse
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Transcription Kit (TaKaRa Biotechnology, Dalian, China)

was used to synthesize cDNA. qRT-PCR was performed

using a SYBR Green PCR Kit (TaKaRa Biotechnology,

Dalian, China). GAPDH and U6 were used as internal

controls for expression quantitation by the 2−ΔΔCt method.

Primer sequences were as follows: LINC00461, 5′-GC

GTGGACTACTCTGATG-3′ (forward) and 5′-CCAAGT

GCTTACTGTCT-3′ (reverse); miR-411-5p, 5′-GCGAC

TGACGTCTTTTTGCGGTCTGG-3ʹ (forward) and 5′-

CAGA ACAGTGTCGTGACAGTGACGAT-3′ (reverse);

U6, 5′-GCTTCGGCAGCACATATACTAAAAT-3′ (for-

ward) and 5ʹ-CGCTTCACGAATTTGCGTGTCAT-3ʹ

(reverse); and GAPDH, 5ʹ-TATGATGATATCAAGAGG
GTAGT-3ʹ (forward) and 5ʹ-TGTATCCAAACTCATTG

TCATAC-3′ (reverse).

Cell Proliferation Assay
The proliferation capacity of cells was assessed using a Cell

Counting Kit-8 (CCK-8, Beyotime Institute of

Biotechnology, Shanghai, China) assay, following the man-

ufacturer’s instructions. Briefly, 1 × 103 cells were seeded in

each well of 96-well plates and cultured in complete med-

ium at 37°C. Proliferation capacity was plotted by measur-

ing absorbance at 450 nm after incubation with 100 µL

complete medium containing 10% CCK-8 in each well for

2 h. Experiments were repeated three times.

Wound-Healing Assay
Cells were infected with LINC00461 overexpression, miR-

411-5p overexpression, or corresponding knockdown, len-

tiviral particles. After 2–3 days, levels of green fluorescent

protein in the cells were observed under a fluorescence

microscope (a fluorescence rate of 50–80% was expected).

Cells were collected when cell density reached 80%. After

digestion with trypsin, cells were resuspended in complete

culture medium, and the cell density was fixed at 50,000/

well. Cells were then cultured in an incubator at 37°C and

5% CO2. When the cells were confluent, using a pipette tip

to creating an area free from adherent cells by scraping

them off. At 0 and 24 h after inoculation, cells were

analyzed using a Celigo scanner (Nexcelom, USA) to

determine the migration area.

RNA Immunoprecipitation (RIP) Assay
RIP assays were performed using an EZMagna RIP RNA-

binding protein immunoprecipitation kit (Millipore, USA),

according to the manufacturer’s instructions. After cells were

lysed, lysates were incubated in RIP buffer containing

magnetic beads conjugated with Ago2 antibodies

(Millipore) or negative control IgG. Then, the samples were

incubated at 4°C for 2 h. Subsequently, co-precipitated RNA

was isolated using proteinase K and detected by PCR.

RNA Pull-Down Assay
Biotinylated LINC00461 and a control probe were

obtained from Genechem Biotech (Shanghai, China).

Cell lysates were incubated with LINC00461 or the control

probe and streptavidin-coupled Dynabeads (Invitrogen) to

generate probe-bound Dynabeads. After washing using

wash buffer (Invitrogen), RNA complexes were isolated

and purified using lysis buffer and proteinase K. Purified

RNA was analyzed by qRT-PCR.

Luciferase Reporter Assay
The online software, starBase 3.0, was used to predict

miRNA binding sites in LINC00461. Then, sequences

including wild-type (WT) or mutant (MUT) LINC00461

binding sites were cloned into a luciferase reporter vector

(Promega, Madison, WI, USA). Cells were plated in 24-well

plates and transfected with WT-LINC00461 or MUT-

LINC00461 and miR-411-5p mimics using Lipofectamine

2000. After 48 h of transfection, the dual-luciferase reporter

assay system (Promega, Madison, WI) was used to evaluate

luciferase activity, based on the manufacturer’s instructions.

Experiments were performed independently in triplicate.

Statistical Analysis
All statistical analyses were performed in GraphPad

(GraphPad Prism version 5.0, San Diego, USA) and

SPSS (version 17.0; SPSS, Inc., Chicago, IL, USA) soft-

ware. A paired Student’s t-test was conducted to analyze

LINC00461 in BC and paired adjacent non-cancerous tis-

sue samples. Correlation analysis was conducted to ana-

lyze the expression of LINC00461 and miR-411-5p.

Survival analysis was conducted to analyze the association

between overall survival and LINC00461 and miR-411-5p

expression, tumor stage, and estrogen receptor (ER) and

progesterone receptor (PR) positive-status. P < 0.05 was

considered statistically significant.

Results
LINC00461 Is Up-Regulated in BC
We found that LINC00461 was expressed at high levels in

168 BC tissues (Figure 1A), while miR-411-5p was down-

regulated (Figure 1B), relative to adjacent non-tumor
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Figure 1 (A) LINC00461 expression in 168 paired BC and adjacent non-tumor tissues by RT-qPCR. (B) miR-411-5p expression in 168 paired BC and adjacent non-tumor

tissues by qRT-PCR. (C) Correlation between LINC0041 and miR-411-5p. (D) Expression of LINC00461 in MCF-7 and MDA-MB-231 cell lines. (E) Expression of miR-411-

5p in MCF-7 and MDA-MB-231 cell lines. (F) Expression of miR-491 in MCF-7 and MDA-MB-231 cell lines. (G) Subcellular localization of LINC00461 in MCF-7 cell lines. (H)

Subcellular localization of LINC00461 in MDA-MB-231 cell lines. Data represent the mean ± SD. ***P <0.001. The experiments were independently repeated at least three

times.
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tissue samples. Correlation analysis showed that

LINC00461 expression was negatively associated with

levels of miR-411-5p and miR-491 (Figure 1C). In vitro

experiments demonstrated high expression of LINC00461

in the MDA-MB-231 and MCF-7 BC cell lines (Figure

1D), while levels of miR-411-5p were low (Figure 1E);

however, no significant miR-491 expression was detected

(Figure 1F), relative to levels in the normal human mam-

mary epithelial cell line, MCF-10A. Further, evaluation of

LINC00461 subcellular localization demonstrated that it is

primarily localized to the cytoplasm (Figure 1G and H).

Association of LINC00461 and

microRNA Expression with Survival of

Patients with BC
In this research, we collected 168 BC tissues and the

clinical characteristics are shown in Table 1. As shown

in Figure 2A–C and Supplemental Fig A and B,

LINC00461 and miR-411-5p expression, tumor stage, and

estrogen receptor (ER) and progesterone receptor (PR)

positive-status, were associated with overall survival in

patients with BC. Therefore, we selected M stage,

LINC00461, ER+, PR+, and miR-411-5p for inclusion in

a nomogram for prediction of 3- and 5-year survival rates

for patients with BC. The results showed that M stage was

the most important factor influencing survival rate, fol-

lowed by LINC00461 expression (Figure 2D).

Calibration curves for 3-year (Figure 2E) and 5-year

(Figure 2F) overall survival prediction and the C-index

(0.796 ± 0.061) suggested that the nomogram could pre-

cisely and accurately predict survival rates.

LINC00461 Can Negatively Regulate

miR-411-5p Expression
We found that miR-411-5p was expressed at high levels in

MDA-MB-231 and MCF-7 cell lines when LINC00461

expression was knocked down ( Supplemental Fig C and

D and Figure 3A); however, while miR-491 levels were

also influenced by LINC00461 knockdown, the difference

was not statistically significant (Figure 3B). Further, we

found that up- or down-regulation of miR-411-5p did not

influence LINC00461 expression, indicating that

LINC00461 may directly target miR-411-5p (Figure 3C

and D).

To further understand the mechanism underlying

LINC00461 regulation of miR-411-5p, we performed dual-

luciferase reported gene assays. The result showed that

miR-411-5p could significantly decrease the luciferase

activity driven by LINC00461-WT in the MDA-MB-231

and MCF-7 cell lines, while activity from LINC00461-

MUT was not significantly influenced (Figure 3E and F).

Further, RIP experiments revealed that miR-411-5p was

expressed at high levels in the LINC00461-WT group in

both BC cell lines (Figure 3G and H). Moreover, RNA

pull-down assays showed that larger amounts of

LINC00461 were pulled down from BC cells expressing

miR-411-5p-WT than from those expressing miR-411-5p-

MUT, demonstrating that LINC00461 can bind directly to

the WT miR-411-5p sequence (Figure 3I and J). Together,

these data suggest that LINC00461 can directly interact

with miR-411-5p to exert its biological functions.

LINC00461 Is a Potential Oncogene and

miR-411-5p a Possible Tumor Suppressor
Knockdown of LINC00461 led to decreased prolifera-

tion of MDA-MB-231 and MCF-7 cells (Figure 4A-B),

while up- and down-regulation of miR-411-5p inhibited

and promoted proliferation of these cells, respectively

Table 1 Clinical Characteristics of Low and High Expression

LINC00461 Breast Cancer Patients

Clinical

Characteristics

Low Level

LINC00461

(76)

High Level

LINC00461

(92)

P value

Stage

I–II 69 37 0.000*

III–IV 7 55

miR-411-5p

expression

Low expression 20 64 0.000*

High expression 56 28

miR-491 expression

Low expression 51 26 0.000*

High expression 25 66

ER

Low expression 2 11 0.024*

High expression 74 81

PR

Low expression 4 21 0.001*

High expression 72 71

Her-2

Low expression 12 14 0.919

High expression 64 78

Note: *Indicates that the P value was smaller than 0.05.
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Figure 2 (A) Kaplan–Meier survival analysis was used to assess LINC00461 expression and BC patients’ overall survival. (B) Kaplan–Meier survival analysis was used to

assess miR-411-5p expression and BC patients’ overall survival. (C) Kaplan–Meier survival analysis was used to assess PR status and BC patients’ overall survival. (D)

Nomogram for prediction of 3- and 5-year survival rates for patients with BC. (E) Calibration curves for 3-year overall survival prediction. (F) Calibration curves for 5-year

overall survival prediction.
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Figure 3 (A) miR-411-5p expression in LINC00461 down-regulatedMCF-7 andMDA-MB-231 cell lines. (B) miR-491 expression in LINC00461 down-regulatedMCF-7 andMDA-MB

-231 cell lines. (C) LINC00461expression inmiR-411-5p up-regulatedMCF-7 andMDA-MB-231 cell lines. (D) LINC00461 expression inmiR-411-5p down-regulatedMCF-7 andMDA-

MB-231 cell lines. (E) The relative luciferase activity inMCF-7 cells cotransfectedwith luciferase reporter vectors containing Linc00461-WTor Linc00461-MUTandmiR-control ormiR-

411-5p. (F) The relative luciferase activity inMDA-MB-231 cells transfectedwith luciferase reporter vectors containing Linc00461-WTor Linc00461-MUTandmiR-control ormiR-411-

5p. (G) RIP assays were performed in MCF-7 cells. (H) RIP assays were performed in MDA-MB-231 cells. (I) RNA pull-down assays were performed in MCF-7 cells. (J) RNA pull-down

assays were performed in MDA-MB-231 cells. Data represent the mean ± SD. **P <0.01. ***P <0.001. The experiments were independently repeated at least three times.

Dovepress Zhang et al

OncoTargets and Therapy 2020:13 submit your manuscript | www.dovepress.com

DovePress
5557

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Figure 4 (A and B) CCK8 assays of MCF-7 and MDA-MB-231 cell lines following NC or LINC00461 knockdown. (C and D) CCK8 assays of MCF-7 and MDA-MB-231 cell

lines following NC or miR-411-5p overexpression. (E and F) CCK8 assays of MCF-7 and MDA-MB-231 cell lines following NC or miR-411-5p knockdown. (G–J) Wound-

healing assays of MCF-7 and MDA-MB-231 cell lines following NC or LINC00461 knockdown and NC or miR-411-5p overexpression and NC or miR-411-5p knockdown.

Data represent the mean ± SD. *P <0.05. **P <0.01. The experiments were independently repeated at least three times.
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(Figure 4C–F). In migration tests, LINC00461 knock-

down enhanced migration of MDA-MB-231 and MCF-7

cells (Figure 4G and H). In contrast, over- and under-

expression of miR-411-5p led to decreased and

increased cell migration rates, respectively, in MDA-

MB-231 and MCF-7 cells (Figure 4I and J).

LINC00461 and miR-411-5p May

Regulate DTX Resistance
Our results indicated that LINC00461 expression was

higher in MCF-7-DTX and MDA-MB-231-DTX cells

than that in their corresponding non-resistant parent cell

lines (MCF-7 and MDA-MB-231) (Figure 5A and B).

Moreover, LINC00461 knockdown significantly decreased

the survival rates of MCF-7-DTX and MDA-MB-231-

DTX cells treated with DTX (Figure 5C and D).

miR-411-5p was also down-regulated in DTX-

resistant BC cell lines (Figure 5E and F), while overex-

pression of miR-411-5p led to decreased survival rates

(Figure 5G and H) and miR-411-5p knockdown resulted

in increased survival rates in response to DTX treatment

(Figure 5I and J).

Discussion
BC is the most prevalent gynecological malignancy

worldwide.2,23 Although there has been great progress in

the diagnosis and treatment of BC, overall survival rates

remain far from satisfactory.24 Numerous investigations

have found that lncRNAs are involved in tumorigenesis

and cancer development.25–30 Yang et al identified

lncRNA LINC00461 as significantly up-regulated in

glioma tissues.22 Further, Dong et al found that

LINC00461 was up-regulated in BC and can

promote BC cell migration and invasion through miR-

30a-5p/ITGB3 axis.31 In our early research, we found

that the expression of LINC00461 was up-regulated in

chemotherapy-resistant cells. Additional LINC00461 can

promote glioma cell proliferation and migration; however,

the biological functions of LINC00461 remain unknown.

Deeper research into the physiological roles of

LINC00461 has the potential to contribute to more effec-

tive therapeutic modalities.

In this study, we found that LINC00461 is significantly

up-regulated in BC tumors relative to adjacent non-tumor

tissue samples. Further, survival analysis indicated that

high levels of LINC00461 are closely associated with

poor prognosis in patients with BC, and our nomogram

predicts LINC00461 as an important risk factor for BC

prognosis. Consistent with these findings, LINC00461

expression was significantly increased in BC cell lines.

Moreover, levels of LINC00461 in DTX-resistant cell

lines (MCF-7-DTX and MDA-MB-231-DTX) were higher

than those in corresponding non-resistant lines (MCF-7

and MDA-MB-231).

To further understand the biological role of

LINC00461 in BC, we also conducted functional assays,

which showed that down-regulation of this lncRNA can

inhibit BC cell proliferation and enhance cell migration

in vitro. Moreover, knockdown of LINC00461 in DTX-

resistant cell lines significantly decreased cell viability in

response to DTX treatment. Together, these findings indi-

cate that LINC00461 may have an important role in BC

development and is a potential oncogene contributing to

DTX resistance in this disease.

Previous research showed that lncRNAs can participate in

multiple diseases by acting as competitive endogenous RNAs

(ceRNAs) through binding to specific miRNAs.32 As

LINC00461 was mainly localized to the cytoplasm, we

hypothesized it may act as a ceRNA in BC. Hence, we used

bioinformatic analysis to identify possible targets, resulting in

the identification of miR-411-5p as a potential downstream

target of LINC00461. Subsequent experiments showed that

miR-411-5p is down-regulated in both BC tissues and cell

lines. Further, miR-411-5p expression increased on

LINC00461 knockdown in BC cells, while neither up- nor

down-regulation of miR-411-5p in BC cells influenced

LINC00461 expression. The results of dual-luciferase reporter

gene, RIP, and RNA pull-down assays further demonstrated

that LINC00461 can directly interact with miR-411-5p to act

as a ceRNA. Moreover, overexpression of miR-411-5p could

inhibit proliferation and decrease migration rates of BC cells,

and miR-411-5p was down-regulated in DTX-resistant BC

cell lines compared with their corresponding parent BC cell

lines. In CCK-8 experiments, up-regulation of miR-411-5p

decreased BC cell proliferation and cell viability, while down-

regulation of this miR-411-5p had the opposite effects.

Conclusion
Overall, this study illustrated that LINC00461 was increased

in BC tissues and cells. The clinical significance of

LINC00461 was also detected. Moreover, our results indi-

cate that LINC00461 promotes DTX-resistance in BC by

acting as a sponge for miR-411-5p molecules. These find-

ings highlight the potential role of LINC00461/miR-411-5p
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Figure 5 (A and B) Expression of LINC00461 in MCF-7-DTX and MDA-MB-231-DTX cell lines. (C and D) CCK8 assays of MCF-7-DTX and MDA-MB-231-DTX cell lines

following NC or LINC00461 knockdown. (E and F) Expression of miR-411-5p in MCF-7-DTX and MDA-MB-231-DTX cell lines. (G and H) CCK8 assays of MCF-7-DTX

and MDA-MB-231-DTX cell lines following NC or miR-411-5p overexpression. (I and J) CCK8 assays of MCF-7-DTX and MDA-MB-231-DTX cell lines following NC or

miR-411-5p knockdown. Data represent the mean ± SD. *P <0.05. **P <0.01. ***P <0.001. ****P <0.0001. The experiments were independently repeated at least three times.
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