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Introduction: At present, drug resistance remains a major obstacle for breast cancer (BCa)

patients who receive tamoxifen (TAM) chemotherapy. In this study, we aimed to investigate the

functional role of long non-coding RNABLACAT1 in the acquisition of TAM resistance in BCa.

Methods: TAM-resistant BCa cells were derived by exposure to 1 μM of TAM for 6 months.

The expression levels of BLACAT1 and miR-503 were detected by RT-qPCR analysis.

Chemosensitivity of BCa cells to TAM was measured by MTT assay. Apoptosis of BCa cells

was detected by flow cytometric analysis, and the expression levels of apoptosis-related proteins

were detected byWestern blot analysis. The direct binding relation betweenBLACAT1 andmiR-

503 was predicted by bioinformatics analysis and verified by dual-luciferase reporter assay.

Results: Our findings showed that BLACAT1 was significantly upregulated in TAM-

resistant BCa cells (MCF-7/TR and T47D/TR), and BLACAT1 knockdown markedly

reduced the TAM resistance in these cells. Importantly, we observed that BLACAT1 might

function as a competing endogenous RNA of miR-503 in MCF-7/TR and T47D/TR cells,

thereby increasing the expression of oncogenic Bcl-2 protein. Rescue experiments showed

that miR-503 inhibition partly blocked the inhibitory effect of BLACAT1 knockdown on

TAM resistance of MCF-7/TR and T47D/TR cells.

Conclusion: To conclude, this study revealed that overexpressed BLACAT1 induces TAM

resistance in human BCa partly by regulating miR-503/Bcl-2 axis, potentially benefiting BCa

treatment in the future.
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Introduction
Breast cancer (BCa) is the second leading cause of cancer-related death among

women worldwide, and around two-thirds of all BCa cases are estrogen receptor

positive (ER+).1,2 Tamoxifen (TAM) is an estrogen antagonist in the breast, and

TAM-based chemotherapy is one of the most widely used treatments for patients

with ER+ BCa.3 However, approximately half of the patients have poor response to

TAM treatment, and TAM resistance still remains a major challenge for BCa

treatment.4 Therefore, elucidation of molecular mechanisms underlying TAM resis-

tance may provide feasible ways to effectively reduce drug resistance and improve

the therapeutic outcomes of BCa patients.

Long non-coding RNAs (lncRNAs) are defined as a group of non-protein coding

RNA molecules that are longer than 200 nucleotides length.5 Over the past several
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years, lncRNAs have gained widespread attention for their

regulatory functions in many biological and cellular pro-

cesses, including cancer progression.6 Among many

lncRNAs, bladder cancer-associated transcript 1

(BLACAT1), located on human chromosome 1q32.1, has

been recently recognized as an oncogene in a wide variety

of cancers, such as colorectal cancer, cervical cancer and

osteosarcoma.7–9 In addition, knockdown of BLACAT1

reversed the resistance of afatinib in non-small cell lung

cancer.10 In the present study, we aimed to investigate the

functional role of BLACAT1 in TAM resistance of BCa, as

well as its underlying molecular mechanisms.

Materials and Methods
Cell Culture and Treatments
The ER+ and TAM-sensitive human BCa cell lines (MCF-

7 and T47D), obtained from the American Type Culture

Collection (ATCC; Manassas, VA, USA), were cultured in

Dulbecco’s modified Eagle’s medium (DMEM; Invitrogen,

Carlsbad, CA, USA) containing 10% fetal bovine serum

(FBS; Hyclone, Logan, UT, USA), 100 U/mL penicillin

and 100 μg/mL streptomycin in a humidified atmosphere

of 95% air and 5% CO2 at 37°C.

TAM-resistant BCa cells (MCF-7/TR and T47D/TR)

were derived by exposure to 1 μM of TAM (Sigma-

Aldrich, St. Louis, MO, USA) for 6 months.

The small interfering RNA (siRNA) targeting

BLACAT1 (si-BLACAT1), miR-503 mimics, miR-503

inhibitor and the scrambled oligonucleotides (NC) were

designed and synthesized by Shanghai GenePharma Co.,

Ltd. (Shanghai, China). Cells were plated into six-well

plates at a density of 2×105 cells/well. Upon reaching

80% confluence, the cells were transfected with the oligo-

nucleotides using Lipofectamine 2000 reagent (Invitrogen)

at a final concentration of 100 nM. After 48 h, cells were

collected and used for further analysis.

RNA Extraction and RT-qPCR Analysis
Total RNA was extracted using the TRIzol reagent

(Invitrogen). Cytoplasmic and nuclear fractions were

extracted using NE-PER Nuclear and Cytoplasmic

Extraction Reagents (Thermo Fisher Scientific, Inc.,

Waltham, MA, USA). cDNA was synthesized using the

PrimeScript™ RT reagent kit (TaKaRa, Dalian, China)

with 1 μg RNA as template. The subsequent PCR amplifi-

cation was carried out on an ABI PRISM 7500 fast

Sequence Detection System (Applied Biosystems, Foster

City, CA, USA) using the SYBR Premix Ex Taq II kit

(TaKaRa). The PCR thermocycling was initiated by poly-

merase activation step for 10 min at 95 °C followed by 40

cycles of denaturation (95 °C for 30 s) and annealing/

extension (60 °C for 1 min). The 2−ΔΔCt method was

used for data quantification,11 with GAPDH and U6 as

an internal reference. The primer sequences were:

BLACAT1 forward, 5ʹ-CCTGCTTGGAAACTAATGACC

-3ʹ; BLACAT1 reverse, 5ʹ-AGGCTCAACTTCCCAGAC

TCA-3ʹ; miR-503 forward, 5′-CCTATTTCCCATGATTC

CTTCATA-3′; miR-503 reverse, 5′-GTAATACGGTTATC

CACGCG-3′; GAPDH forward, 5ʹ-ATGGGTGTGAACC

ATGAGAA-3ʹ; GAPDH reverse, 5ʹ-GTGCTAAGCAGTT
GGTGGTG-3ʹ; U6 forward, 5′-TCGCTTCGGCAGCACA

TATACT-3′; and U6 reverse, 5′-ACGCTTCACGAATTTG

CGTGTC-3′. Each sample was tested in triplicate.

MTT Assay
Chemosensitivity was measured using 3-[4,5-dimethylthia-

zol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT) assay.

Cells were seeded in 96-well plates and cultured with med-

ium containing different doses of TAM. After 24 h, 20 μL of

MTT dye (5 mg/mL; Sigma-Aldrich) was added to the cul-

ture medium in each well. After incubation for additional 4 h,

the medium was discarded, and 150 μL of DMSO (Sigma-

Aldrich) was added to dissolve the formazan crystals. Optical

density (OD) values were measured at a wavelength of

570 nm using a microplate reader (MultiskanEX, Lab sys-

tems, Helsinki, Finland). Each sample was tested in

triplicate.

Cell Apoptosis Analysis
Cell apoptosis was measured using an Annexin V-FITC

apoptosis detection kit (BD Biosciences, Franklin Lake,

NJ, USA). Cells were seeded in 6-well plates at a density

of 1×105 cells/well, treated with 1 μM TAM for 24 h,

resuspended in binding buffer and stained with 5 μL
Annexin V-FITC and 10 μL PI in the dark for 10 min at

room temperature. Then, the stained cells were analyzed

by flow cytometer (BD Biosciences) equipped with

CellQuest software. Each sample was tested in triplicate.

Western Blot Analysis
Total protein was extracted using radioimmunoprecipitation

assay (RIPA) lysis buffer (Beyotime, Shanghai, China), and

qualified using a BCA protein assay kit (Beyotime). Protein

sample (20 µg) mixed with 2× SDS loading buffer was loaded

per lane. The proteins were separated by SDS-polyacrylamide
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gels, and transferred to PVDFmembranes (Millipore, Bedford,

MA, USA). The membranes were then blocked with 5%

skimmed milk, followed by incubation with specific primary

antibodies against Bcl-2 (1;1000; cat. no. ab32124; Abcam,

Cambridge, UK), Bax (1;1000; cat. no. ab32503; Abcam) and

GAPDH (1;1000; cat. no. ab9485; Abcam) at 4 °C overnight.

Themembraneswerewashed and incubated for 2 hwith horse-

radish peroxidase-conjugated secondary antibodies (1:5000;

Figure 1 BLACAT1 is overexpressed in TAM-resistant BCa cells. (A) Chemosensitivity of MCF-7/TR, T47D/TR and their parental cells to TAM, detected by MTTassay. (B)
Apoptosis rates of MCF-7/TR, T47D/TR and their parental cells upon TAM exposure, detected by flow cytometric analysis. (C) RT-qPCR analysis of BLACAT1 expression

levels in MCF-7/TR, T47D/TR and their parental cells. All values are presented as mean ± SD.

Note: *P<0.05 versus MCF-7 or T47D cells.
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cat. no. sc-2004; Santa Cruz Biotechnology, Inc., Dallas, TX,

USA). The signals were visualized by an enhanced chemilu-

minescent detection kit (Beyotime), and GAPDH was used as

the internal loading control. Each sample was tested in

triplicate.

Dual-Luciferase Reporter Assay
The wild or mutant BLACAT1 and Bcl-2 mRNA containing

predicted miR-503 binding sites were amplified by PCR and

inserted into the psiCHECK-2 luciferase reporter vector

(Promega, Madison, WI, USA). Cells were seeded in six-well

plates (2×105 cells/well) and co-transfected with the luciferase

reporter andmiR-503mimics or NC using Lipofectamine 2000

reagent. At 48 h post-transfection, the luciferase activities were

measured using the Dual-Luciferase Reporter Assay System

(Promega). Each sample was tested in triplicate.

Statistical Analysis
Each experimental value was expressed as mean ± stan-

dard deviation (SD). All statistical analyses were per-

formed using GraphPad Prism 6.0 software (GraphPad

Software Inc., San Diego, CA, USA). All data points

represented the mean of triplicates, and the significance

of differences between groups was evaluated by Student’s

t-test or one-way ANOVA. A value of P<0.05 was con-

sidered to indicate a statistically significant result.

Results
BLACAT1 Is Overexpressed in

TAM-Resistant BCa Cells
We first generated TAM-resistant BCa cells (MCF-7/TR and

T47D/TR), and we observed that, after 24 h of TAM expo-

sure, these cells showed an acquired resistance to TAM

compared with the parental cells (Figure 1A). Flow cyto-

metric analysis disclosed that upon TAM exposure (1 μM),

the apoptosis rates of MCF-7/TR and T47D/TR cells were

also remarkably decreased (Figure 1B). RT-qPCR analysis

confirmed that MCF-7/TR and T47D/TR cells expressed

higher level of BLACAT1 than the parental cells (Figure 1C).

BLACAT1 Knockdown Reduces TAM

Resistance in TAM-Resistant BCa Cells
Next, we analyzed the functional role of BLACAT1 in the

acquisition of TAM resistance in BCa cells. By introdu-

cing with si-BLACAT1, the expression levels of

Figure 2 BLACAT1 knockdown reduces TAM resistance in TAM-resistant BCa cells. (A) RT-qPCR analysis of BLACAT1 expression levels in MCF-7/TR and T47D/TR cells

after transfection. (B) Chemosensitivity of MCF-7/TR and T47D/TR cells to TAM, detected by MTT assay. (C) Apoptosis rates of MCF-7/TR and T47D/TR cells upon TAM

exposure, detected by flow cytometric analysis. (D) Western blot analysis of Bcl-2 and Bax protein expression levels in MCF-7/TR and T47D/TR cells. All values are

presented as mean ± SD.

Notes: *P<0.05 versus NC-transfected cells; #P<0.05 versus MCF-7 or T47D cells.
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BLACAT1 in MCF-7/TR and T47D/TR cells were strik-

ingly decreased (Figure 2A). As shown in Figure 2B, the

acquired resistance to TAM in MCF-7/TR and T47D/TR

cells was obviously blocked by BLACAT1 knockdown. In

addition, upon TAM exposure (1 μM), BLACAT1 knock-

down also notably increased the apoptosis rate and

decreased the Bcl-2/Bax expression ratio in MCF-7/TR

and T47D/TR cells (Figure 2C and D).

BLACAT1 Directly Binds to miR-503 in

TAM-Resistant BCa Cells
We found that BLACAT1 is mostly located in the cyto-

plasm of MCF-7/TR and T47D/TR cells (Figure 3A),

indicating the ceRNA potential for BLACAT1. Through

the Starbase database (http://starbase.sysu.edu.cn/index.

php), we observed that BLACAT1 sequence contains the

complementary binding sites of miR-503, as shown in

Figure 3B. To validate the predicted binding interaction,

dual-luciferase reporter assay was subsequently carried

out, and the results indicated that the luciferase activity

of BLACAT1-WT was markedly decreased after transfec-

tion with miR-503 mimics in MCF-7/TR and T47D/TR

cells (Figure 3C). We further observed that, compared with

the parental cells, the expression levels of miR-503 were

remarkably reduced in MCF-7/TR and T47D/TR cells, and

this reduction could be blocked by BLACAT1 knockdown

(Figure 3D).

miR-503 Inhibition Blocks the Inhibitory

Role of BLACAT1 Knockdown on TAM

Resistance
By the TargetScan database (http://www.targetscan.org),

Bcl-2 was predicted to be a potential target of miR-503

(Figure 4A). Dual-luciferase reporter assay demonstrated

that miR-503 mimics markedly reduced the luciferase

activity of Bcl-2-WT in MCF-7/TR and T47D/TR cells

(Figure 4B). We also found that miR-503 mimics

decreased, while miR-503 inhibitor increased the Bcl-2

expression levels in MCF-7/TR and T47D/TR cells

(Figure 4C). We then performed rescue experiments, and

the results showed that miR-503 inhibition notably rescued

the impaired TAM resistance in MCF-7/TR and T47D/TR

cells with BLACAT1 knockdown (Figure 4D and E).

Figure 3 BLACAT1 directly binds to miR-503 in TAM-resistant BCa cells. (A) The subcellular localization of BLACAT1 in MCF-7/TR and T47D/TR cells. (B) The binding

sites between miR-503 and BLACAT1, predicted by bioinformatics. (C) The binding relationship of miR-503 and BLACAT1 in MCF-7/TR and T47D/TR cells, validated by

dual-luciferase reporter assay. (D) RT-qPCR analysis of miR-503 expression levels in MCF-7/TR and T47D/TR cells after transfection. All values are presented as mean ± SD.

Notes: *P<0.05 versus NC-transfected cells; #P<0.05 versus MCF-7 or T47D cells.
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Discussion
At present, intrinsic or acquired resistance to TAM

remains a particular clinical concern for effective cancer

therapy. Several studies have demonstrated the involve-

ment of lncRNAs in the TAM resistance of BCa. For

example, knockdown of CCAT2 improves the sensitivity

to TAM of TAM-resistant BCa cells.12 Besides, exosomes

mediated transfer of UCA1 leads to increased TAM resis-

tance in BCa cells.13 In a previous study, the oncogenic

role of BLACAT1 in BCa was reported.14 Here, we

observed that BLACAT1 was significantly upregulated in

TAM-resistant BCa cells, and BLACAT1 knockdown in

TAM-resistant BCa cells increased their sensitivity

to TAM.

LncRNAs exert their regulatory functions through var-

ious mechanisms. The ceRNA hypothesis, first proposed

by Salmena et al, suggests that lncRNAs can serve as

competing endogenous RNAs (ceRNAs) to bind specific

miRNAs, thereby reducing the depression of their target

mRNAs.15,16 The tumor suppressive role of miR-503 has

been previously identified in BCa,17 and in this study,

miR-503 was confirmed to be directly bound by

BLACAT1 in BCa. Rescue experiments further showed

that miR-503 inhibition blocked the inhibitory role of

BLACAT1 knockdown on TAM resistance. MiRNAs reg-

ulate gene expression by binding to the 3′-UTR of target

mRNAs,18 and thus we speculated that BLACAT1 might

act as a ceRNA for miR-503 to increase the expression of

Figure 4 miR-503 inhibition blocks the inhibitory role of BLACAT1 knockdown on TAM resistance. (A) The binding sites between miR-503 and the 3′-UTR of Bcl-2 mRNA,

predicted by bioinformatics. (B) The binding relationship of miR-503 and the 3′-UTR of Bcl-2 mRNA in MCF-7/TR and T47D/TR cells, validated by dual-luciferase reporter

assay. (C) Western blot analysis of Bcl-2 protein expression levels in MCF-7/TR and T47D/TR cells after transfection. (D) Chemosensitivity of MCF-7/TR and T47D/TR cells

to TAM, detected by MTTassay. (E) Apoptosis rates of MCF-7/TR and T47D/TR cells upon TAM exposure, detected by flow cytometric analysis. All values are presented as

mean ± SD.

Notes: *P<0.05 versus NC-transfected cells; #P<0.05 versus si-BLACAT1+NC-transfected cells.
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its target, Bcl-2, thus inducing TAM resistance in BCa.

Further investigations regarding the association between

BLACAT1 and TAM resistance using clinical human sam-

ples and animal models are required.

In conclusion, our study, for the first time, revealed that

overexpressed BLACAT1 induces TAM resistance in

human BCa, at least in part by regulating miR-503/Bcl-2

axis, potentially benefiting BCa treatment in the future.
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