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Abstract. Triple-negative breast cancer (TNBC) is a 
subtype of breast cancer with a high degree of malignancy. 
TNBC is prone to distant metastasis and has a poor prog-
nosis. A number of TNBC-related microRNAs (miRNAs) 
have been studied and identified. However, the detailed 
roles of miR-574-5p in TNBC remain poorly understood. 
miR-574-5p, SRY (sex determining region Y)-box 2 
(SOX2), B-cell lymphoma/leukaemia 11A (BCL11A), SKI 
like proto-oncogene (SKIL) and epithelial-mesenchymal 
transition (EMT)-related miRNAs and proteins were 
measured by reverse transcription-quantitative PCR and 
western blotting analysis, respectively. A luciferase reporter 
assay was employed to validate the direct targeting of 
SOX2 and BCL11A by miR-574-5p. MTT, colony forma-
tion and Transwell assays were performed to analyse the 
biological functions of miR-574-5p in TNBC cells. A nude 
mouse xenograft model was used to verify the effects of 
miR-574-5p on the tumorigenesis of TNBC in vivo. The 
results demonstrated that miR-574-5p levels were decreased 
in breast cancer tissues and cells. miR-574-5p repressed 
proliferation, migration and EMT in TNBC cells. Further 
experiments confirmed that miR-574-5p reduced tumour 
size and metastasis in vivo. miR-574-5p targeted BCL11A 
and SOX2 to inhibit the SKIL/transcriptional co-activator 
with PDZ-binding motif/connective tissue growth factor 
axis, and the inhibitory effect of miR-574-5p in TNBC cells 
was at least partly dependent on SOX2 and BCL11A. In 
addition, the regulation of downstream oncogenes by SOX2 
was dependent on BCL11A. To the best of our knowledge, 

this is the first study to report the association between the 
miR-574-5p/BCL11A/SOX2 axis and the tumorigenesis of 
TNBC, which provides a new mechanism for understanding 
the progression of TNBC.

Introduction

Of female malignant tumour types, breast cancer is one of the 
most common and has the highest incidence, which seriously 
endangers women's health (1,2). Triple-negative breast cancer 
(TNBC) refers to a subtype of breast cancer that is negative 
for oestrogen receptor, progesterone receptor and human 
epidermal growth factor receptor 2 expression, accounting for 
10-20% of all breast cancer cases (3). Compared with other 
types of breast cancer, TNBC has a poor prognosis (4). Of the 
pathological types, most are invasive ductal carcinoma, which 
is characterized by a strong invasiveness, high recurrence rate, 
high metastasis rate, short survival time and high mortality (5). 
Investigating the pathogenesis of TNBC can provide a theoret-
ical basis for improving its treatment. However, the molecular 
regulatory mechanisms of TNBC development remain unclear.

B-cell lymphoma/leukaemia 11A (BCL11A) was first 
found in B cell chronic lymphocytic leukaemia. Its coding 
region encodes a transcription factor activating protein with 
a Kruppel zinc finger structure (6,7). A previous study by our 
group has shown that BCL11A promotes TNBC stemness 
and tumorigenesis (8). However, as a transcription factor 
cofactor, the molecular mechanism by which it interacts with 
transcription factors to promote TNBC metastasis remains to 
be studied. A recent study has reported that in lung cancer, 
BCL11A is involved in the transcriptional upregulation of 
pro-cancer factors by directly binding to SRY (sex determining 
region Y)-box 2 (SOX2) (9). SOX2 is a factor associated with a 
variety of processes, such as cancer cell stemness and epithe-
lial-mesenchymal transition (EMT) (10-12). However, whether 
this regulation is also present in TNBC remains to be studied.

The SKI like proto-oncogene (SKIL; also termed SnoN 
or SnoA) is a gene that was discovered in the 1980s, which 
belongs to the SKI family of intranuclear oncoproteins (13). 
Studies have shown that SKIL gene expression is increased in 
numerous tumour types, such as oesophageal cancer, ovarian 
cancer, melanoma, lung cancer and breast cancer (14-19). 
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SKIL serves a dual role in the development of breast cancer. 
Zhu et al (20) found that inhibition of SKIL expression 
promoted the metastasis of breast cancer to the bone and lung, 
while Band and Laiho (21) showed that high expression of 
SKIL promoted the invasion and metastasis of breast cancer. 
A recent study has demonstrated that SKIL is regulated by 
transcription factor SOX2, and SKIL can promote breast 
cancer proliferation, migration and EMT by regulating the 
Hippo pathway (22). Therefore, the mechanism of SKIL in 
breast cancer deserves further study.

Transcriptional co-activator with PDZ-binding motif 
(TAZ), a classical effector protein of the Hippo pathway, 
mediates different tissue growth. As an oncogene, unre-
strained TAZ activity is reported to counteract classical tumor 
suppressor checkpoints (23). TAZ is usually highly expressed 
in many cancer types, including breast cancer cells, and as 
the final effector of the Hippo pathway, TAZ is an attractive 
target in tumor treatment (24). Connective tissue growth factor 
(CTGF), a well-known oncogene involved in EMT and tumour 
metastasis, is a direct target gene of TAZ (22). Zhu et al (22) 
found that SKIL could enhance the transcription and onco-
genic activity of TAZ and that SKIL-knockdown could lead to 
the downregulation of TAZ and its target CTGF.

MicroRNAs (miRNAs) are a class of endogenous 
non-coding small RNAs that were discovered in 1993; they 
are ~22 nucleotides in length and are encoded by endogenous 
genes (25,26). miRNAs can be involved in numerous biological 
pathways, such as embryonic development, cell proliferation, 
cell differentiation, growth and apoptosis (27-29). miR-574 is 
a tumour suppressor miRNA, and it has been reported that 
the long non-coding RNA linc-ZNF469-3 can promote breast 
cancer by inhibiting miR-574 (30). However, there are still 
few reports on the mechanism of miR-574 in breast cancer, 
and its regulation of EMT remains unclear. Bioinformatics 
analysis performed in the present study revealed that miR-574 
can simultaneously target BCL11A and SOX2. Therefore, the 
present study hypothesized that miR-574-5p may inhibit the 
expression of SKIL by targeting BCL11A and SOX2, thereby 
inhibiting the proliferation, migration and EMT of TNBC.

In summary, the present study investigated the role of 
miR-574-5p in TNBC by studying the regulatory relationship 
and mechanism of miR-574-5p on the BCL11A/SOX2 axis. 
The current study provides novel ideas to further the under-
standing of TNBC.

Materials and methods

Clinical samples and cell lines. A total of 45 pairs of BC 
and respective adjacent normal tissues were obtained from 
45 female patients (mean age, 55.4 years; age range, 24-76 years) 
who underwent surgery at the Department of Breast Surgery, 
Xiangya Hospital, Central South University (Changsha, China) 
between January 2017 and February 2018. Adjacent tissue 
samples were obtained within 3 cm of the edge of the cancer 
tissue. The 45 paired BC samples were divided into TNBC 
(n=16) and non-TNBC (n=29) based on immunohistochemistry 
staining of estrogen receptor (ER), progesterone receptor (PR) 
and human epidermal growth factor receptor (HER-2), and 
according to the Chinese Society of Clinical Oncology Breast 
Cancer Diagnosis and Treatment Guidelines 2018 (31).

No preoperative radiotherapy, chemotherapy or other 
tumour treatments were performed prior to tumour resec-
tion. Informed consent was signed by all patients, and this 
research was approved by the Ethics Committee of Xiangya 
Hospital Affiliated to Central South University (approval 
no. 201803377). MCF10A, MCF7, T47D, MDA-MB-436, 
MDA-MB-231, MDA-MB-468, SK-BR-3 cell lines were 
purchased from American Type Culture Collection and identi-
fied by STR verification. The MDA‑MB‑436, MDA‑MB‑231 
and MDA-MB-468 cells were TNBC cell lines. The cells were 
cultured in DMEM (Invitrogen; Thermo Fisher Scientific, Inc.) 
supplemented with 10% foetal bovine serum (FBS; Invitrogen; 
Thermo Fisher Scientific, Inc.), 1% streptomycin (Invitrogen; 
Thermo Fisher Scientific, Inc.) and 1% penicillin (Invitrogen; 
Thermo Fisher Scientific, Inc.) in a 5% CO2 atmosphere at 
37˚C.

Immunohistochemistry. Tumor tissue samples were fixed 
with 10% formalin for 24 h at 4˚C, embedded in paraffin and 
sectioned to a thickness on 2 µm. The sections were then depa-
raffinized and blocked with 10% goat serum (Gibco; Thermo 
Fisher Scientific, Inc.) in PBS for 1 h at 4˚C. The slides were 
incubated with anti-ER (1:100; Abcam; cat. no. ab108398), 
anti-PR (1:100; Abcam; cat. no. ab32085) and anti-HER-2 
(1:100; Abcam; cat. no. ab32085) for 12 h at 4˚C. Following 
washing with PBS, the sections were incubated with a goat 
anti-rabbit HRP-conjugated secondary antibody (1:10,000; 
cat. no. 4414; Cell Signalling Technology, Inc.) for an addi-
tional 30 min at 25˚C. Following staining with hematoxylin for 
5 min at 25˚C, the slices were blocked with neutral gum at 25˚C 
for 24 h and images were obtained using a light microscope 
(magnification, x100). Non‑specific primary antibody staining 
was assessed by substituting the primary antibody with PBS, 
and at least 10 fields were randomly selected from each section 
for evaluation. For scoring, ER negative and PR negative were 
defined as <1% of cells with positive ER and positive PR 
staining based on five independent fields. HER‑2- or HER-2+ 
were considered to be negative for HER-2. HER-2- was when 
the pathologist observed no staining or membrane staining in 
<10% of the tumour cells. HER-2+ was when faint or barely 
perceptible membrane staining was detected in >10% of 
tumour cells. A sample was considered HER-2++ when the 
pathologist observed a weak-to-moderate complete membrane 
staining in >10% of the tumour cells. HER-2++ samples were 
applied for fluorescence in situ hybridization, and the cases 
with amplification were defined as HER2-positive. The 
samples negative for all three markers were defined as TNBC, 
whereas all other cases were considered non-TNBC.

Fluorescence in situ hybridization. HER-2++ samples were 
applied for fluorescence in situ hybridization. The ZytoLight® 
SPEC ERBB2/CEN 17 Dual Color Probe (Zytomed, Systems 
GmbH), which employs two DNA probes, was used to perform 
the assay, according to the manufacturer's protocol. The 
following probes were used: HER‑2(ERBB2) gene specific 
probe, ZyGreen (excitation 503 nm/emission 528 nm)-labelled 
polynucleotides (~10.0 ng/µl), which target sequences mapping 
in 17q12-q21.1* (chr17:37,572,531-38,181,308) harbouring the 
ERBB2 gene region; and an α satellite probe targeting the 
centromere region of chromosome 17 (CEP17): ZyOrange 
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(excitation 547 nm/emission 572 nm)-labelled polynucleotides 
(~1.5 ng/µl), which target sequences mapping in 17p11.1-q11.1 
specific for the alpha satellite centromeric region D17Z1 of 
chromosome 17. In brief, specimens were incubated with 
pre‑treatment solution (99˚C for 20 min) and then digested 
with protease (37˚C for 10 min). The DNA probe was applied 
and hybridized to each section overnight at 37˚C. The slides 
were then washed, counterstained with DAPI, and observed 
by fluorescence microscopy. In each of the specimens of papil-
lary carcinoma, the total numbers of HER2 and CEP17 signals 
were counted in 20 tumour cell nuclei, and the ratios of HER2 
signals to CEP17 signals were calculated. Polysomy 17 was 
defined as the occurrence of a centromere copy number of 
three or more for chromosome 17 per cell.

Prediction targeting sequence. Possible miR-574-5p targets 
were predicted by bioinformatics analysis with TargetScan 
(version 7.2; http://www.targetscan.org/vert_72/).

Plasmid construction and transfection. Short hairpin 
RNA (shRNA)-negative control (NC), shRNA-BCL11A 
(shBCL11A), NC mimic and miR-574-5p mimic (for 
miR-574-5p overexpression) were purchased from Shanghai 
GenePharma Co., Ltd. The target sequences of the shRNA are 
presented in Table I. The miRNA mimics (2 µg, 100 nM) or 
shRNA (1 µg, 100 nM) were transfected into MDA-MB-468 or 
MDA-MB-231 cells using Lipofectamine® 3000 (Invitrogen; 
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol. For SOX2 and BCL11A overexpression, the 
pcDNA3.1 vector (Shanghai GenePharma Co., Ltd.) was used 
to construct the recombinant plasmids pcDNA3.1-SOX2 and 
pcDNA3.1-BCL11A, respectively. The recombinant vectors 
(1 µg, 100 nM) were transfected into MDA-MB-468 or 
MDA-MB-231 cells using Lipofectamine® 3000, according to 
the manufacturer's protocol. A total of 48 h after transfection, 
cells were used for subsequent experiments.

MTT assay. The MTT experiment was applied to analyse cell 
viability. MDA-MB-468 and MDA-MB-231 cells were seeded 
in 96-well plates (5x104 cells/µl). Subsequently, 0.5% MTT 
(Sigma-Aldrich; Merck KGaA) was added to each well and 
incubated for 4 h. Then, DMSO (150 µl) was added to each 
well and incubated for 10 min. The absorbance at 490 nm was 
detected using the Thermo Fisher Multiskan FC plate reader 
(Thermo Fischer Scientific, Inc.).

Colony formation assay. MDA-MB-468 and MDA-MB-231 
cells in the logarithmic growth phase were serially diluted 
and then inoculated separately in culture dishes and cultured 
at 37˚C for 2 weeks. The cells were fixed with a mixture of 
acetic acid and formic acid (at a ratio of 1:3) for 15 min at 
25˚C, stained with Giemsa solution for 15 min at 25˚C and 
then rinsed slowly with running water. Colonies were counted 
using a light microscope (magnification, x40). Five fields were 
randomly selected and counted for each well.

Transwell assay. Cells were seeded into the upper chamber 
(1.0x106 cells/chamber). RPMI-1640 medium (Gibco; Thermo 
Fisher Scientific, Inc.) with 10% FBS was added to the lower 
chamber. Cells were incubated in the chambers at 37˚C for 

48 h. The lower chamber was stained with 0.1% crystal violet 
30 min at 25˚C, and the cells were counted under a light 
microscope (magnification, x100). Five fields were randomly 
selected and counted for each well. For the cell migration 
assay, 24-well plates (8-µm pores; Corning, Inc.) without 
coating were used. For the invasion assay, the upper chambers 
were coated with Matrigel (1:8 dilution; BD Biosciences).

Total RNA extraction and reverse transcription‑quantitative 
PCR (RT‑qPCR). Total RNA was extracted using TRIzol 
(Thermo Fisher Scientific, Inc.). The PrimeScript RT 
Reagent kit with gDNA Eraser (Takara Bio, Inc.) and the 
SYBR Green qPCR Master mix kit (Takara Bio, Inc.) were 
used for RT (45 min at 50˚C) and qPCR, respectively. The 
thermocycling conditions were as follows: 96˚C for 6 min, 
followed by 40 cycles of 96˚C for 15 sec, 57˚C for 30 sec and 
72˚C for 30 sec. GADPH was used as an internal control for 
SOX2 and BCL11A. U6 was used as an internal control for 
miRNA-574-5p. The 2-ΔΔCq method (32) was used to calculate 
the relative expression level. The primer sequences are listed 
in Table II.

Western blot analysis. Total protein of MDA-MB-468 
or MDA-MB-231 cells was extracted using RIPA buffer 
(Invitrogen; Thermo Fisher Scientific, Inc.). The protein 
concentration was measured using a BCA Protein assay 
kit (Takara Bio, Inc.). Protein (30 µg) was separated by 
10% SDS-PAGE at 40 V for 4-5 h and then transferred to 
a PVDF membrane (Sigma-Aldrich; Merck KGaA). The 
PVDF membrane was stained with 1x Ponceau S solution 
(Beijing Solarbio Science & Technology, Co., Ltd.) for 5 min. 
The membranes were then blocked with 5% non-fat milk at 
room temperature for 1 h and incubated with the following 
primary antibodies: Anti-SOX2 (1:1,000; cat. no. 3579), 
anti-BCL11A (1:1,000; cat. no. 75432), anti-Slug (1:1,000; 
cat. no. 9585), anti-N-cadherin (1:1,000; cat. no. 13116), 
anti-vimentin (1:1,000; cat. no. 5741), anti-E-cadherin (1:1,000; 
cat. no. 14472), anti-SKIL (1:1,000; cat. no. 4973), anti-TAZ 
(1:1,000; cat. no. 83669), anti-CTGF (1:1,000; cat. no. 86641) 
and anti‑GAPDH (1:10,000; cat. no. 5174) at 4˚C overnight. 
All primary antibodies were from Cell Signaling Technology, 
Inc. Then, the membranes were washed with TBST buffer 
and incubated with goat anti-rabbit IgG antibody tagged with 
horseradish peroxidase (1:10,000; cat. no. 4414; Cell Signaling 
Technology, Inc.) at room temperature for 2 h. The membranes 
were scanned using an Odyssey Imaging system and analysed 
with the Odyssey v2.0 software (LI-COR Biosciences).

Luciferase reporter assay. The binding elements of 
miRNA-574-5p in BCL11A and SOX2 were predicted by 
Starbase (http://starbase.sysu.edu.cn). The wild-type (WT) 
BCL11A, mutant (Mut) BCL11A, WT SOX2 and Mut SOX2 
were synthesized and inserted into the pGL3 vector (YouBio) 
to construct pGL3-BCL11A-WT, pGL3-BCL11A-Mut, 
pGL3-SOX2-WT and pGL3-SOX2-Mut, respectively, which 
were obtained from Shanghai GenePharma Co., Ltd. Then, 
the recombinant plasmids were transfected into cells with 
NC mimic or miR-574-5p mimics using Lipofectamine 
3000 (Invitrogen; Thermo Fisher Scientific, Inc.). A 
Dual-Luciferase™ Reporter (DLR™) assay system (Promega 
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Corporation) was applied for luciferase activity analysis. The 
activity of normalized reporter was expressed as the firefly 
luciferase value divided by the renilla luciferase value, and 
normalized to the control vector activity.

Animal experiments. This research was approved by the 
Ethics Committee of Xiangya Hospital affiliated to Central 
South University (approval no. 201803245). In total, 20 male 
BALB/c nude mice (4-6 weeks old) were obtained from SLAC 
Laboratory Animal Co. Ltd, (Hunan, China). Mice were raised 
in pathogen‑free conditions at 20‑25˚C, 40‑70% humidity, 
15 times/h ventilation and a 12 h light/12 h dark cycle, with 
access to food and water ad libitum. For the xenograft assay, the 
mice were transplanted subcutaneously with MDA-MB-231 
cells (transfected with NC mimic or miR-574-5p mimics) 
into the right flank and then housed until the tumour volume 
reached ~200 mm3. Tumour size was measured every 5 days 
using the following formula: Length x width2 x 0.5. On the 30th 
day, the mice were sacrificed and the tumour tissue was photo-
graphed. For the in vivo metastasis assay, 5x105 MDA-MB-231 
cells (transfected with NC mimic or miR-574-5p mimics) were 
injected into the tail veins of nine mice. On the 30th day, the 
mice were sacrificed and the lung tissues were photographed. 
The number of pulmonary nodules was counted.

Haematoxylin-eosin staining was used for pulmonary 
migration analysis. Tissues were fixed by 4% formalin at 
25˚C for 24 h, embedded in paraffin and cut into 5‑µm slices. 
The slices were stained with hematoxylin (Beyotime Institute 
of Biotechnology) for 5 min at 25˚C and eosin (Beyotime 

Institute of Biotechnology) for 3 min at 25˚C. The slices were 
then blocked with neutral gum at 25˚C for 24 h and imaged 
using a light microscope (magnification, x100).

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism 6.0 software (GraphPad Software, Inc.). 
Three independent experiments were performed, and data 
are expressed as the mean ± standard deviation. Student's 
t-test was performed for comparisons between two groups, 
while one-way ANOVA followed by Tukey's post-hoc test 
was performed for multiple groups. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Expression of miR‑574‑5p in BC tissues and cells. The 
RT-qPCR results revealed that the expression level of 
miR-574-5p was significantly lower in tumour tissue 
compared with in the adjacent tissue of 45 patients (Fig. 1A). 
Subsequently, miR-574-5p expression levels in TNBC (n=29) 
and non-TNBC (n=16) were compared. As presented in Fig. 1B, 
miR‑574‑5p expression level in TNBC was significantly lower 
compared with that in non-TNBC. Furthermore, the expres-
sion of miR-574-5p was lower in both TNBC and non-TNBC 
cell lines (MDA-MB-436, MDA-MB-231, MDA-MB-468) 
compared with that in the normal breast epithelial cell line 
MCF10A (Fig. 1C). In summary, the expression of miR-574-5p 
was shown to be lower in both BC tissues and cells, particu-
larly in TNBC tissue.

Table I. shRNA target and mimics sequences.

shRNA or mimic Target sequence (5'-3')

shNC GTTCTCCGAACGTGTCACGT
BCL11A shRNA#1  GCCTCTTGAAGCCATTCTTAC
BCL11A shRNA#2  GGAACACATAGCAGATAAACT
BCL11A shRNA#3  GGATTTCTCTAGGAGACTTAG
miR-574 mimic sense UGAGUGUGUGUGUGUGAGUGUGU
miR-574 mimic antisense ACACUCACACACACACACUCAUU
Mimic NC sense UUCUCCGAACGUGUCACGUTT
Mimic NC antisense ACGUGACACGUUCGGAGAATT

sh, short hairpin; NC, negative control; miR-574, microRNA-574; BCL11A, B-cell lymphoma/leukaemia 11A.

Table II. Primers used for reverse transcription-quantitative PCR.

Gene Forward primer (5'-3') Reverse primer (5'-3')

miR-574-5p GCCTGAGTGTGTGTGTGTGA GTGCAGGGTCCGAGGT
BCL11A ATGCGAGCTGTGCAACTATG CAACACTCGATCACTGTGCC
SOX2 CATGTCCCAGCACTACCAGA TTTGAGCGTACCGGGTTTTC
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
GAPDH ACAAGATGGGCTTCATCCAC CTCCATGCTGTCCTGTCTGA

miR-574-5p, microRNA-574-5p; SOX2, SRY (sex determining region Y)-box 2; BCL11A, B-cell lymphoma/leukaemia 11A.
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miR‑574‑5p inhibits proliferation, migration and EMT in 
TNBC cells. To explore the effects of miR-574-5p on TNBC 
progression, miR-574-5p was overexpressed in TNBC cells via 
transfection with miR-574-5p mimics or NC mimic. Compared 
with the NC mimic group, miR-574-5p expression was 
significantly increased in the miR‑575‑5p mimic‑transfected 
group (Fig. 2A). The MTT assay revealed that cell viability 
was significantly suppressed in cells that overexpressed 
miR-574-5p (Fig. 2B and C). A colony formation assay was 
performed to detect the effect of miR-574-5p overexpres-
sion on colony formation. The results demonstrated that the 
colony formation ability of miR-574-5p-overexpressing cells 
was significantly inhibited compared with that of cells trans-
fected with NC mimic (Fig. 2D). In addition, Transwell assays 
showed that miR‑574‑5p overexpression significantly inhib-
ited cell migration and invasion (Fig. 2E and F). The effects 
of miR-574-5p on the expression of EMT-related proteins, 
E-cadherin, vimentin, Slug and N-cadherin, were analysed by 
western blotting. Overexpression of miR‑574‑5p significantly 
inhibited the expression of Slug, N-cadherin and vimentin, and 
significantly increased the expression of E‑cadherin (Fig. 2G). 
Taken together, these findings suggested that miR-574-5p 
inhibits proliferation, migration and EMT in TNBC cells.

miR‑574‑5p targets BCL11A and SOX2 to inhibit the 
SKIL/TAZ/CTGF axis. To explore the mechanism by which 
miR-574 regulates the malignant phenotype, the present study 
examined the proteins involved in the SKIL pathway. The 
results of the western blot analysis revealed that overexpres-
sion of miR‑574‑5p significantly decreased the expression of 
SKIL, TAZ and CTGF (Fig. 3A). Next, how miR-574 regulates 
SKIL was examined. The effect of miR-574-5p overexpression 
on BCL11A and SOX2 expression levels was investigated, 
which have been reported to regulate SKIL transcription (22). 
The data demonstrated that the expression levels of BCL11A 
and SOX2 in cells transfected with miR-574-5p mimics were 
significantly lower compared that in control cells (Fig. 3B). 
Additionally, the relative mRNA expression levels of BCL11A 
and SOX2 in cells transfected with miR-574-5p mimics were 
significantly lower compared with in the NC mimic group 
(Fig. 3C and D). Bioinformatics prediction revealed that 
miR-574-5p targets the 3'-untranslated regions (3'-UTRs) 

of BCL11A and SOX2 (Fig. 3E). Subsequently, a luciferase 
assay was used to verify that miR-574-5p binds directly to the 
3'-UTRs of BCL11A and SOX2. In the WT group, miR-574-5p 
overexpression significantly inhibited the luciferase activity 
of the reporter gene containing the WT BCL11A and SOX2 
3'-UTR fragments, whereas for the Mut group, there was no 
significantly difference in luciferase activity between the 
NC mimic and miR-574-5p mimic groups, demonstrating 
that miR-574-5p binds directly to the predicted sequences 
of BCL11A and SOX2 (Fig. 3F and G). These combined 
data suggested that miR-574-5p targets BCL11A and SOX2, 
which may lead to miR-574-5p-mediated inhibition of the 
SKIL/TAZ/CTGF axis.

miR‑574‑5p inhibits tumorigenesis and lung metastasis 
in vivo. As presented in Fig. 4A-C, miR-574-5p overexpres-
sion significantly inhibited tumour size and weight in vivo. 
Additionally, miR-574-5p overexpression inhibited pulmonary 
migration and significantly reduced the number of meta-
static nodules (Fig. 4D-F). Hence, it can been suggested that 
miR-574-5p may inhibit tumorigenesis and lung metastasis 
in vivo.

Inhibition of proliferation, migration and EMT by miR‑574‑5p 
in TNBC cells is at least partly dependent on targeting SOX2 
and BCL11A. Co-overexpression of miR-574-5p and SOX2 or 
BCL11A was performed by co-transfection with miR-574-5p 
mimics and pcDNA3.1-SOX2 or pcDNA3.1-BCL11A in 
MDA-MB-231 and MDA-MB-468 cells. Transfection effi-
ciency is presented in Fig. S1A and B. Western blot analysis 
revealed that co-overexpression of miR-574-5p and SOX2 
or BCL11A significantly reversed the inhibition of SKIL by 
miR-574-5p (Fig. 5A and B). Overexpression of SOX2 restored 
both BCL11A and SOX2 expression (Fig. 5A and B). However, 
BCL11A overexpression only restored its own expression and 
had no effect on the expression of SOX2 (Fig. 5A and B). 
Co-overexpression of miR-574-5p and SOX2 or BCL11A 
restored the inhibition of cell viability by miR-574-5p 
(Fig. 5C and D). miR-574-5p overexpression inhibited cell 
migration ability, while overexpression of miR-574-5p and 
SOX2 or BCL11A restored migration (Fig. 5E). Furthermore, 
western blot analysis demonstrated that co-overexpression of 

Figure 1. Expression of miR-574-5p in BC tissues and cells. Reverse transcription-quantitative PCR was performed to analyse the differences in miR-574-5p 
expression between (A) tumour tissue and adjacent tissue, (B) TNBC tissue and non-TNBC tissue, and (C) normal breast epithelial cells and BC cells. Data are 
presented as the mean ± standard deviation from at least three independent experiments. *P<0.05, **P<0.01, ***P<0.001. miR-574-5p, microRNA-574-5p; BC, 
breast cancer; TNBC, triple-negative breast cancer.
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miR-574-5p and SOX2 or BCL11A reversed the inhibition of 
vimentin, Slug, and N-cadherin expression and the promotion 
of E-cadherin expression by miR-574-5p (Fig. 5F and G). In 

summary, the inhibition of proliferation, migration and EMT 
by miR-574-5p in TNBC cells was at least partly dependent on 
targeting SOX2 and BCL11A.

Figure 2. miR-574-5p inhibits the proliferation, migration and EMT of TNBC cells. (A) Reverse transcription-quantitative PCR was used to assess the 
relative miR-574-5p expression in MDA-MB-231 and MDA-MB-468 cells transfected with miR-574-5p mimics or NC mimic. MTT assay was performed to 
measure cell viability in (B) MDA-MB-231 and (C) MDA-MB-468 cells transfected with miR-574-5p mimics or NC mimic at 6, 12, 24, 48 and 72 h. (D) Cell 
colony formation ability in MDA-MB-231 and MDA-MB-468 cells transfected with miR-574-5p mimics or NC mimic was analysed by a colony formation 
assay. (E) Cell migration and (F) invasion ability in MDA-MB-231 and MDA-MB-468 cells transfected with miR-574-5p mimics or NC mimic was detected 
by Transwell experiments. Magnification, x100. (G) The effects of miR‑574‑5p on EMT‑related proteins, E‑cadherin, vimentin, Slug and N‑cadherin, in 
MDA-MB-231 and MDA-MB-468 cells transfected with miR-574-5p mimics or NC mimic were analysed by western blotting. Data are presented as the 
mean ± standard deviation from at least three independent experiments. *P<0.05, **P<0.01, ***P<0.001 vs. mimics NC. miR-574-5p, microRNA-574-5p; TNBC, 
triple-negative breast cancer; NC, negative control; EMT, epithelial-mesenchymal transition; OD, optical density.
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SOX2‑mediated regulation of downstream oncogenes 
depends on BCL11A. As presented in Figs. 6A and S1C and D, 
the knockdown efficiency of BCL11A shRNAs was examined 
and shRNA#3 was selected for subsequent experiments as it 
demonstrated the best knockdown efficiency in MDA‑MB‑231 
cells. To further investigate the underlying interactive regula-
tion of SOX2 and BCL11A, pcDNA3.1-SOX2 and shBCL11A 

were co-transfected into MDA-MB-231 and MDA-MB-468 
cells. Western blot assays indicated that transfection with 
pcDNA3.1‑SOX2 significantly upregulated the expression of 
SOX2, SKIL and BCL11A. BCL11A knockdown reversed this 
effect but had no effect on SOX2 expression (Fig. 6B and C). 
SOX2 overexpression significantly promoted cell viability 
and migration, while silencing BCL11A reversed this effect 

Figure 3. miR-574-5p targets BCL11A and SOX2 to inhibit the SKIL/TAZ/CTGF axis. Western blotting was used to assess the levels of (A) SKIL, TAZ, CTGF, 
(B) BCL11A and SOX2 in MDA-MB-231 and MDA-MB-468 cells transfected with miR-574-5p mimics or NC mimic. Reverse transcription-quantitative PCR 
was applied to evaluate the relative mRNA expression of BCL11A and SOX2 in (C) MDA-MB-231 and (D) MDA-MB-468 cells transfected with miR-574-5p 
mimics or NC mimic. (E) Binding sites of WT BCL11A and SOX2 3'-UTR to miR-574-5p and the mutation sites of BCL11A and SOX2. A luciferase assay 
was used to demonstrate that miR-574-5p directly targets the 3'-UTRs of (F) BCL11A and (G) SOX2. The luciferase activity of NC mimic-transfected cells 
was set to 1. Data are presented as the mean ± standard deviation from at least three independent experiments. *P<0.05, **P<0.01 vs. mimics NC. miR-574-5p, 
microRNA-574-5p; SOX2, SRY (sex determining region Y)-box 2; BCL11A, B-cell lymphoma/leukaemia 11A; SKIL, SKI like proto-oncogene; TAZ, tran-
scriptional co-activator with PDZ-binding motif; CTGF, connective tissue growth factor; NC, negative control; WT, wild-type; 3'-UTR, 3'-untranslated region; 
MUT, mutated.
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(Fig. 6D‑F). Moreover, overexpression of SOX2 significantly 
increased the expression of Slug, vimentin and N-cadherin, 
and decreased the expression of E-cadherin, while BCL11A 
knockdown reversed this effect (Fig. 6G and H). Collectively, 
these results demonstrated that the oncogenic effect of SOX2 
is partly dependent on BCL11A.

Discussion

TNBC is a subtype of breast cancer with poor prognosis that 
lacks specific markers for effective therapeutic targets (5). 
miRNAs are a class of short-chain non-coding RNAs that 
normally bind to the 3'-UTR of a target gene mRNA in a 
complementary manner to downregulate the expression of 
the target gene (33). Previous studies have confirmed the 
abnormal expression of multiple miRNAs in TNBC that are 
closely associated with the occurrence and development of 
TNBC (34,35). Different miRNAs and their regulated target 
genes play different roles in the development and progression 
of TNBC, but the specific molecular mechanisms still require 
further study. The present study found that miR-574-5p was 
lower in TNBC tissues and cells. miR-574-5p inhibited the 
proliferation, migration and EMT of TNBC cells, and this 
was at least partly dependent on targeting SOX2 and BCL11A, 
which may involve the SKIL/TAZ/CTGF axis.

A number of studies have shown that miR-574-5p is 
involved in a variety of biological processes and has a wide 
range of effects (36-38). Wang et al (30) demonstrated that 
the long non-coding RNA linc-ZNF469-3 can promote 
breast cancer by inhibiting miR-574. However, to the best 
of our knowledge, the more detailed mechanism by which 
miR-574-5p regulates breast cancer progression remains 
unclear. The present study revealed a further mechanism of 

miR-574-5p in TNBC, which was mediated by inhibition 
of the SOX2-induced SKIL/TAZ/CTGF axis. On the other 
hand, it was identified that miR‑574‑5p exerted a suppressive 
effect on TNBC by simultaneously targeting both SOX2 and 
BCL11A, suggesting that miRNAs can maximize their func-
tion by regulating multiple targets in the same pathway. Future 
work needs to focus on whether miR-574-5p targets other 
genes in this pathway.

BCL11A is a member of the B cell lymphoma/leukaemia 
family and is reported as an oncogene in TNBC (39,40). 
Khaled et al (39) reported that high expression of BCL11A 
can promote the colony formation of mammary epithelial cells 
and stimulate the formation of tumours. The present study 
found that BCL11A mediated regulation of SOX2, which 
transcriptionally regulates the SKIL gene, thereby facilitating 
a malignant phenotype. SKIL is a cancer-promoting regulator 
mediated by SOX2 (9). SKIL can upregulate CTGF through 
the TAZ pathway, and CTGF is an important molecule that 
regulates cell migration and EMT (22). The present study iden-
tified that miR‑574‑5p inhibits the SKIL/TAZ/CTGF axis by 
inhibiting SOX2 and BCL11A and finally inhibits the prolif-
eration, migration and EMT of TNBC. In addition, the present 
study also found that SOX2 overexpression could upregulate 
the expression of BCL11A, while the overexpression of 
BCL11A had no such effect on SOX2. This is consistent with 
the findings of Lazarus et al (9), which the present study has 
confirmed again in TNBC. SOX2 is an important oncogene 
for maintaining the embryonic development and multipoten-
tial differentiation of stem cells, and its expression level is 
related to the stem cell characteristics of various malignant 
cells (11,41). The present study found that miR-574-5p targeted 
the expression of SOX2. Therefore, it can be hypothesized that 
miR-574-5p may also be able to regulate tumour cell stemness 

Figure 4. miR-574-5p inhibits tumorigenesis and lung metastasis in vivo. Ten nude mice were randomly divided into two groups. One group was injected with 
MDA-MB-231 cells transfected with NC mimic (n=5) and the other group was injected with MDA-MB-231 cells transfected with miR-574-5p mimics (n=5). 
(A) Representative images of tumor in each group. Tumour sizes (B) and weights (C) were measured in the NC mimic group and the miR-574-5p mimics group. 
(D) Representative images of lung metastasis nodules from two mice in each group. The arrows indicate nodules. (E) The numbers of metastatic nodules were 
counted. (F) Haematoxylin and eosin staining was applied to analyse pulmonary migration. Magnification, x100. Data are presented as the mean ± standard 
deviation, n=5. *P<0.05, **P<0.01 vs. mimics NC. miR-574-5p, microRNA-574-5p; NC, negative control.
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Figure 5. Inhibition of proliferation, migration and EMT by miR-574-5p in TNBC cells is dependent on SOX2 and BCL11A. MDA-MB-231 and MDA-MB-468 
cells were divided into five groups: NC mimic, miR‑574‑5p mimic, miR‑574‑5p mimic + vector, miR‑574‑5p mimic + SOX2 and miR‑574‑5p mimic + 
BCL11A. (A and B) Western blotting was used to measure the expression of SOX2, BCL11A and SKIL. (C and D) The MTT assay was performed to assess 
cell viability at 6, 12, 24, 48 and 72 h. (E) Transwell assay was used to analyse migration ability. Magnification, x100. (F and G) Western blotting was applied 
to measure the expression levels of E-cadherin, vimentin, Slug and N-cadherin. Data are presented as the mean ± SD for three independent experiments. 
*P<0.05, **P<0.01, ***P<0.001. miR-574-5p, microRNA-574-5p; EMT, epithelial-mesenchymal transition; OD, optical density; SOX2, SRY (sex determining 
region Y)-box 2; BCL11A, B-cell lymphoma/leukaemia 11A; SKIL, SKI like proto-oncogene; NC, negative control.
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Figure 6. SOX2-mediated regulation of downstream oncogenes depends on BCL11A. MDA-MB-231 and MDA-MB-468 cells were divided into four groups: 
Vector, pcDNA3.1-SOX2, pcDNA3.1-SOX2 + shNC and pcDNA3.1-SOX2 + shBCL11A. (A) BCL11A-knockdown was performed with different shRNAs. 
(B and C) Western blotting was used to detect SOX2, SKIL and BCL11A levels. (D and E) The MTT assay was applied to analyse cell viability at 6, 12, 24, 48 
and 72 h. (F) Cell migration ability was analysed by Transwell assay. Magnification, x100. (G and H) Slug, vimentin, N‑cadherin and E‑cadherin levels were 
measured by western blotting. Data are presented as the mean ± standard deviation for three independent experiments. *P<0.05, **P<0.01, ***P<0.001. SOX2, 
SRY (sex determining region Y)-box 2; BCL11A, B-cell lymphoma/leukaemia 11A; SKIL, SKI like proto-oncogene; NC, negative control; sh, short hairpin; 
OD, optical density.
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by targeting SOX2; however, this requires further experi-
mental validation. In addition, it was recognized that SOX2 
may promote TNBC independent of SKIL; hence, a definite 
conclusion that the miR-574-5p/SOX2/BCL11A axis regulates 
the malignant phenotype of TNBC via SKIL/TAZ/CTGF 
cannot be made.

In conclusion, the present study identified the novel 
miR-574-5p/SOX2/BCL11A signalling axis in TNBC. It 
was demonstrated that miR‐574‑5p inhibited the prolif-
eration, migration and EMT of TNBC, and this was at 
least partly dependent on directly targeting BCL11A and 
SOX2, which may therefore regulate the downstream 
SKIL/TAZ/CTGF axis. To the best of our knowledge, this is 
the first study to report the underlying mechanism between 
the miR-574-5p/BCL11A/SOX2 axis and the tumorigenesis 
of TNBC, which provides new insight into the progression of 
TNBC.
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