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Abstract. Triple negative breast cancer (TNBC) accounts for 
approximately 15-20% of all breast cancer cases and is usually 
more aggressive with a poorer clinical outcome compared with 
other breast cancer subtypes. Evidence of the involvement of 
microRNAs (miRNAs) in cancer has provided an opportunity 
for the development of novel effective therapeutic targets in 
TNBC. In the present study, the miRNA expression profiles of 
the human breast cancer cell line, MDA-MB-231, and MCF-7 
cells, was evaluated by using miRNA microarray analysis. A 
total of 107 differentially expressed miRNAs (57 upregulated 
and 50 downregulated) were identified in MDA‑MB‑231 cells 
compared with MCF-7 cells. Five prominently dysregulated 
miRNAs (miR-200c-3p, miR-221-3p, miR-222-3p, miR-192-5p 
and miR‑146a) were further confirmed by reverse transcrip-
tion-quantitative polymerase chain reaction. In addition, 
gene ontology analysis and pathway enrichment analysis 
revealed that the dysregulated miRNAs and predicted targets 
were found to be involved in the mitogen-activated protein 
kinase, Wnt, and transforming growth factor-β signaling 
pathways, which were known to contribute to TNBC progres-
sion and metastasis. Finally, miRNA gene network analyses 
suggested that miR-200c may serve as a crucial miRNA in 
breast cancer. Taken together, these findings may provide 
a comprehensive view of the function of aberrant miRNAs 
involved in TNBC, and dysregulated miRNAs hold promise 
as potential biomarkers and therapeutic targets for patients 
with TNBC.

Introduction

Breast cancer is the most common malignant tumor among 
women and is a leading cause of cancer-associated death in 
women worldwide. Based on gene expression patterns, breast 
cancer was divided into five distinct molecular subtypes 
including luminal A, luminal B, receptor tyrosine-protein 
kinase erbB-2 (HER2)-enriched, basal-like and normal-like 
subtype (1). Triple negative breast cancer (TNBC) is defined as 
the absence of estrogen receptor (ER), progesterone receptor 
(PR) and HER2 expression, accounting for approximately 
15-20% of all breast cancer patients (2). The majority of 
TNBC patients (up to 70%) overlap with the basal-like gene 
expression subtype (3). Compared with other breast cancer 
subtypes, TNBC lacks clinically efficient targeted therapies 
and is usually more aggressive with higher rates of distant 
metastasis and poorer overall survival (2). Therefore, it is 
imperative to better elucidate the underlying mechanism of 
TNBC and identify novel targets for effective therapies.

microRNAs (miRNAs) are a class of small non-coding 
RNAs that are 19-25 nucleotides in size, which regulate gene 
expression primarily through mRNA degradation or trans-
lational repression. It has been estimated that approximately 
over one third of human protein-coding genes appeared to be 
conserved miRNA targets, which suggests that miRNAs may 
serve an important role in gene expression (4). miRNAs are 
found to be critically involved in various cancer-associated cell 
processes, including proliferation, differentiation, cell-cycle 
control, apoptosis, invasion and metastasis (5,6). miR-9 was 
demonstrated to be associated with epithelial-mesenchymal 
transition, aggressive phenotype and poor prognosis in breast 
cancer, suggesting that miR-9 may serve as a promising 
biomarker for breast cancer progression (7). It was reported 
that miR-145 expression was downregulated in MDA-MB-231 
cells and overexpression of miR-145 inhibited tumor invasion 
by targeting ARF6, a known regulator of breast tumor cell 
invasion (8). However, the miRNA expression profile in TNBC 
and the role of miRNAs in modulating the pathways of TNBC 
remain largely unexplored.

In the present study, 107 aberrant miRNAs were identi-
fied in human MDA‑MB‑231 breast cancer cells, compared 
with MCF-7 cells by means of miRNA microarray analysis. 
Five prominently dysregulated miRNAs (miR-200c-3p, 
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miR-221-3p, miR-222-3p, miR-192-5p and miR-146a) were 
further validated by reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR). In addition, bioinformatic 
analysis including gene ontology analysis and pathway enrich-
ment analysis, were performed in an attempt to reveal the 
potential roles of these dysregulated miRNAs and associated 
signaling pathways involved in development and progression 
of TNBC.

Materials and methods

Cell culture. Human breast cancer cell lines MDA-MB-231 
(ER, PR and HER2 negative) and MCF-7 (ER, PR positive 
and HER2 negative) were obtained from the Type Culture 
Collection of Chinese Academy of Sciences (Shanghai, China). 
MDA-MB-231 cells were maintained in Leibovitz's L-15 
medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) supplemented with 10% fetal bovine serum (Hyclone; 
GE Healthcare, Chicago, IL, USA), 100 U/ml penicillin and 
100 µg/ml streptomycin (Invitrogen; Thermo Fisher Scientific, 
Inc.). MCF-7 cells were cultured in RPMI-1640 medium 
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with 
10% fetal bovine serum (Hyclone; GE Healthcare), 100 U/ml 
penicillin and 100 µg/ml streptomycin (Invitrogen; Thermo 
Fisher Scientific, Inc.). Cell lines were cultured and main-
tained at 37˚C in a humidified atmosphere containing 5% 
carbon dioxide.

miRNA microarray profiling. miRNA microarray analysis 
including separation, quality control, labeling, hybridization 
and scanning was performed by LC Sciences (Houston, TX, 
USA). The array contained 1090 human mature miRNA 
probes for all human mature miRNAs based on Sanger miRase 
Release 15.0 (The Wellcome Trust Sanger Institute, Hinton, 
UK). Hybridization was performed on a µParaflo microfluidic 
chip using a micro-circulation pump (Atactic Technologies, 
Inc., Houston, TX, USA). Images were collected using a 
laser scanner (GenePix 4000B; Molecular Devices, LLC, 
Sunnyvale, CA, USA) and digitized using Array-Pro image 
analysis software (Media Cybernetics, Inc., Rockville, MD, 
USA). The data were analyzed by first subtracting the back-
ground and then normalizing the signals using a LOWESS 
filter (Locally‑weighted Regression). Student's t‑test analysis 
was conducted to identify differentially expressed miRNAs 
between MDA-MB-231 and MCF-7 cells. The false discovery 
rate (FDR) was P<0.05 and P<0.01 and served as the cut-off 
criteria. The data were log2 transformed and median centered 
by Cluster 3.0 software (Informer Technologies Inc., Los 
Angeles, CA, USA) and then further analyzed with hierar-
chical clustering with average linkage.

RT‑qPCR for miRNA expression. Total RNA from cultured 
cells was extracted using TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) according to the manufacturer's 
protocol. The concentration and quality of RNA was deter-
mined using the Nanodrop 1000 spectrophotometer (Thermo 
Fisher Scientific, Inc.). RNA (1 µg) was reverse transcribed 
using Ncode™ miRNA First-Strand cDNA Synthesis kit 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. The forward primers used for 

amplification were as follows: miR-200c-3p: 5'-UAA UAC 
UGC CGG GUA AUG AUG GA-3'; miR-221-3p: 5'-GCT ACA 
TTG TCT GCT GGG TTT C-3'; miR-222-3p: 5'-GCT ACA TCT 
GGC TAC TGG GT-3'; miR-192-5p: 5'-GCT GAC CTA TGA 
ATT GAC AGC C-3'; miR-146a: 5'-CAG TGC GTG TCG TGG 
AGT-3', and U6 snRNA: 5'-GCT TCG GCA GCA CAT ATA 
CTA AAA T-3'. The universal reverse primer was 5'-GAG ACT 
GCG GAT GTA TAG AAC TTG A-3'. Quantitative PCR was 
performed using SYBR®Green Realtime PCR Master mix kits 
(Toyobo Life Science, Osaka, Japan) on a Bio-Rad CFX384 
PCR instrument (Bio-Rad Laboratories, Inc., Hercules, CA, 
USA) according to the manufacturer's protocol. The PCR 
thermocycling conditions were as follows: Initial denaturation 
at 95˚C for 10 min followed by 40 cycles of 95˚C for 15 sec and 
63˚C for 25 sec. U6 snRNA was used as an internal control. 
Each sample was run in triplicate. The level of miRNA expres-
sion was measured using the 2-ΔΔCq method (9). The results are 
presented as fold-change of each miRNA in the MDA-MB-231 
cells relative to the MCF-7 cells.

Target prediction and bioinformatic analysis. Targets of 
miRNAs were predicted by using online miRNA target 
prediction algorithms: TargetScan, PicTar4, and miRanda 
(www.targetscan.org, http://pictar.mdc-berlin.de and www.
microrna.org, respectively), which are commonly used to 
predict the targets of miRNAs. The intersection of miRNA 
target genes was selected for further analysis. Gene ontology 
(GO) analysis was performed at three levels: Molecular func-
tion, biological process and cellular component. Pathway 
analysis was performed using the Kyoto Encyclopedia of 
Genes and Genomes database (KEGG) (www.genome.
jp/kegg). Functional enrichment and pathway enrich-
ment analyses were performed by using the Database for 
Annotation, Visualization and Integrated Discovery (DAVID 
software; http://david-d.ncifcrf.gov) (10). P-value was adjusted 
by the method of Benjamini-Hochberg to control the false 
discovery rate (11). Enriched GO terms and KEGG pathways 
were identified as significant with P<0.05. Cytoscape 2.8.3 
(www.cytoscape.org) software was applied to construct 
the possible functional network of the selected miRNAs and 
targets (12).

Statistical analysis. Statistical analysis was performed by 
using the SPSS version 16.0 statistical package (SPSS, Inc., 
Chicago, IL, USA) using the Student's t-test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Identification of dysregulated miRNAs in MDA‑MB‑231 cells. 
To investigate the miRNA profiles in triple negative breast 
cancer, human breast cancer cell lines MDA-MB-231 (ER, PR 
and HER2 negative) and MCF-7 (ER, PR positive and HER2 
negative) were selected. The miRNA expression profiles 
of MDA-MB-231 and MCF-7 cells were evaluated by using 
miRNA microarray analysis. The cluster analysis revealed 
that MDA-MB-231 cells were characterized by significant 
alterations in miRNA expression compared with MCF-7 cells. 
As shown in Fig. 1, 107 miRNAs were identified that were 
differentially expressed in MDA-MB-231 cells compared with 
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MCF-7 cells (FDR<0.05; P<0.01). Among the 107 miRNAs, 
57 miRNAs were upregulated, and 50 miRNAs were down-
regulated in MDA-MB-231 cells.

Validation of miRNA expression by RT‑qPCR. Of the 107 
differentially expressed miRNAs obtained from the micro-
array analysis, the top 5 dysregulated miRNAs (miR-200c-3p, 
miR-221-3p, miR-222-3p, miR-192-5p and miR-146a) were 
further verified by RT‑qPCR. It was found that there was a 
downregulation in miR‑200c‑3p expression and a significant 
upregulation of miR-221-3p, miR-222-3p, miR-192-5p and 
miR-146a expression in MDA-MB-231 cells compared with 
MCF-7 cells (Fig. 2). Fig. 3 shows a comparison of micro-
array and RT‑qPCR results for the five miRNAs. The results 
of RT‑qPCR consistently confirmed the results obtained by 
microarray analysis.

GO analysis. To elucidate functions of dysregulated miRNAs 
in TNBC, potential targets of five prominently dysregulated 
miRNAs validated by RT-qPCR were predicted by miRNA 
target prediction algorithms. A total of 597 target genes were 
identified for further analysis. Functional enrichment analysis 
was performed using DAVID. A total of 955, 84 and 60 GO 
items were obtained, respectively, in the ontologies of biological 

Figure 3. Comparison of miRNA fold-changes by miRNA microarray 
and reverse transcription-quantitative polymerase chain reaction for 
miR-200c-3p, miR-221-3p, miR-222-3p, miR-192-5p and miR-146a. The 
fold-changes were determined in MDA-MB-231 cells compared with MCF-7 
cells. miRNA, microRNA; miR, microRNA.

Figure 2. Validation of dysregulated miRNA expression (miR-200c-3p, 
miR-221-3p, miR-222-3p, miR-192-5p and miR-146a) in MDA-MB-231 cells 
and MCF-7 cells by reverse transcription-quantitative polymerase chain reac-
tion. miR-200c-3p expression was downregulated and the expression levels 
of miR-221-3p, miR-222-3p, miR-192-5p and miR-146a were upregulated 
in MDA-MB-231 cells compared with MCF-7 cells. **P<0.01 vs. MCF-7. 
miRNA, microRNA; miR, microRNA.

Figure 1. Alterations in miRNA expression profiles between MDA‑MB‑231 
cells and MCF-7 cells by miRNA microarray analysis. A total of 107 
miRNAs (57 miRNAs upregulated, 50 miRNAs downregulated) were differ-
entially expressed in MDA-MB-231 cells compared with MCF-7 cells. Red 
and green indicate upregulated and downregulated miRNAs, respectively. 
miRNA, microRNA. 
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process, cellular component and molecular function (P<0.05). 
The 10 most significantly associated terms for each ontology 
are demonstrated in Fig. 4. It was found that predicted targets 
of selected miRNAs were involved in important processes 
such as regulation of metabolic process, transcription factor 
activity, DNA binding and protein binding.

KEGG pathway analysis and network analysis. KEGG 
pathway enrichment analysis was performed by using 
DAVID. There were 53 pathways obtained and 35 of them 
were statistically significant (P<0.05). Of these, important 
pathways involved in tumorigenesis and metastasis were 
enriched, including the MAPK signaling pathway, Wnt 
signaling pathway, TGF-β signaling pathway, pathways in 
cancer, cyclic adenosine monophosphate (cAMP) signaling 
pathway, miRNAs in cancer, transcriptional dysregulation 
in cancer, AMP-activated protein kinase (AMPK) signaling 
pathway, ubiquitin mediated proteolysis, cell cycle, adhe-
rens junction and gap junction. The top 20 highly enriched 
KEGG pathways are presented in Fig. 5. To further elucidate 
associations between selected dysregulated miRNAs and 
potential target genes, miRNA-gene network analysis was 
constructed by Cytoscape software (Fig. 6). As shown in the 
network, miR-200c may regulate several hundreds of target 
genes, suggesting that miR-200c may serve important roles in 
breast cancer.

Discussion

Breast cancer is considered a complex and heterogeneous 
disease with distinct molecular subtypes and therapeutic 

Figure 4. GO analysis of potential target genes regulated by key miRNAs. The 10 most significant items for each ontology including molecular function, 
biological process and cellular component are presented. GO, Gene Ontology; miRNA, microRNA. 

Figure 5. KEGG pathway enrichment analysis performed by using DAVID. 
The top 20 highly enriched KEGG pathways are presented. KEGG, Kyoto 
Encyclopedia of Genes and Genomes database; DAVID, Database for 
Annotation, Visualization and Integrated Discovery.
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responses. Although great improvements have been made 
in the treatment of breast cancer, such as endocrine therapy 
and HER2-targeted therapy, there are currently no available 
molecularly targeted therapeutics for patients with TNBC. 
Emerging evidence has demonstrated that miRNAs may 
serve as potential biomarkers and promising therapeutic 
targets for breast cancer (13,14). In this study, miRNA 
microarray analysis of MDA-MB-231 cells (TNBC cells) 
and MCF-7 cells (breast adenocarcinoma luminal cells) was 
performed. It was reported by Terao et al that differential 
profiles of miRNA expression including miR-200c were 
determined in MCF-7 and MDA-MB-231 cells (15). In the 
present study, 107 miRNAs (57 upregulated and 50 down-
regulated) were identified to be differentially expressed in 
MDA-MB-231 cells compared with MCF-7 cells, suggesting 
that an altered expression of miRNAs may contribute to 
TNBC progression.

In this study, five prominently dysregulated miRNAs were 
further validated by RT-qPCR. The results were consistent 
with the results obtained by microarray analysis. It was demon-
strated that miR-200c-3p expression levels in MDA-MB-231 
cells were downregulated compared with MCF-7 cells. 
miRNA-gene network analysis also suggested that miR-200c 
shold be futher investigated for it's potential role in breast 
cancer. miR-200c has been demonstrated to serve important 
roles in the process of epithelial-to-mesenchymal transition by 
directly targeting the transcription factors zinc‑finger E‑box 
binding homeobox (ZEB)1 and ZEB2 (16,17), two of the target 
genes in the analysis of the present study. miR-200c expression 
may induce a significant reorganization of tumor architec-
ture, affecting important processes involved in cell adhesion 
and motility. Induced miR-200c expression significantly 
decreased the metastatic potential of a p53-knockout and 
low-claudin expressing tumor model with highly aggressive 

Figure 6. miRNA-gene network analysis constructed using Cytoscape software. Each cluster indicates an miRNA and its asscoaited genes. miRNA, microRNA. 
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characteristics (18). miR-200c expression levels from TNBC 
patients was significantly reduced in cancer tissues compared 
with matched normal adjacent tissues by qPCR analysis (19). 
Overexpression of miR-200c decreased cell proliferation and 
promoted cell apoptosis in MDA-MB-231 cells by targeting the 
expression of X-linked inhibitor of apoptosis (19). It was reported 
that basal like breast tumor subtypes had lower levels of the 
miR-200 family compared with luminal subtypes (20), which 
was similar to the findings of the present study. In a previous 
study, it was found that the downregulation of miR-200c was 
associated with poor chemotherapy response in human breast 
cancer patients and the upregulation of miR-200c enhanced 
chemosensitivity to epirubicin partially via regulation of 
multi-drug resistance gene 1/P-glycoprotein expression (21). 
miR-200c was demonstrated to increase anoikis sensitivity by 
targeting nuclear factor-κB and upregulated the tropomycin 
receptor kinase B/neutrophin 3 autocrine signaling loop in 
triple negative breast cancer (22). The miR-200 and miR-221 
families were revealed to exert opposing effects on cellular 
plasticity during breast tumorigenesis (23). High miR-200 
family expression promoted a well-differentiated epithelial 
phenotype whereas overexpression of miR-221/222 resulted 
in a poorly differentiated mesenchymal-like phenotype (23). 
A previous study demonstrated that knockdown of miR-221 
inhibited cell migration and invasion by altering E-cadherin 
expression in TNBC cells (24). Søkilde et al (25) reported that 
there was an inverse association between miR-221/miR-222 
and estrogen receptor expression by microarray analysis in 
luminal and basal breast cancer cell lines. A similar result 
was also found in highly invasive basal-like breast cancer cells 
and non-invasive luminal cells (26). It was demonstrated that 
miR-221/222 promoted S-phase entry and cellular migration 
in basal-like breast cancer (26). In this study, miR-221 and 
miR-222 expression levels were measured by RT-qPCR and 
were elevated in triple-negative type cells, which suggested 
that miR-221 and miR-222 may serve an important role in 
tumorigenesis in TNBC. In addition, it was found that miR-146a 
expression was significantly upregulated in MDA‑MB‑231 
cells compared with MCF-7 cells. It was demonstrated that 
miR‑146a downregulated BRCA1 expression, as confirmed by 
reporter assays (27). Another study reported that knockdown 
of miR-146a in BRCA1-overexpressing cells suppressed the 
ability to inhibit proliferation and transformation (28).

By using GO analysis, it was revealed that the target genes 
of aberrant miRNAs were associated with important processes 
such as regulation of metabolic processes, transcription factor 
activity and DNA binding. According to KEGG pathway 
enrichment analysis by using DAVID, the present study 
demonstrated that the most significant pathways included the 
MAPK signaling pathway, Wnt signaling pathway, TGF-β 
signaling pathway, cAMP signaling pathway, AMPK signaling 
pathway, ubiquitin mediated proteolysis, cell cycle, adherens 
junction and gap junction, which were closely associated with 
tumor progression and metastasis. Increasing evidence has 
demonstrated that various and complex molecular signaling 
pathways were involved in TNBC progression and metastasis. 
The MAPK signaling pathway serves an important role in 
the regulation of cell proliferation, and aberrant activity of 
MAPK has been implicated in the development and progres-
sion of TNBCs (29). In a study involving 75 cases of TNBC 

patients with lymph-node metastases, it was demonstrated 
that phosphorylated extracellular-signal regulated kinase 
(pERK) expression was associated with longer event-free 
survival (duration from surgery until recurrence or mortality) 
and overall survival (duration from surgery until the date 
of mortality or the most recent date of follow-up) in TNBC, 
and pERK expression was an independent prognostic factor 
by multivariate analysis (30). Based upon gene expression 
profiles, diverse TNBC subtypes including basal‑like 1 and 
basal-like 2, immunomodulatory, mesenchymal, mesenchymal 
stem‑like and luminal androgen receptor were identified (31). 
The mesenchymal and mesenchymal stem-like subtypes were 
enriched in signaling pathways involving TGF-β, mechanistic 
target of rapamycin, Wnt/β-catenin, platelet-derived growth 
factor receptor, and vascular endothelial growth factor (31). It 
was found that treatment with Wnt pathway inhibitors in TNBC 
resulted in increased apoptosis and decreased cell proliferation 
and migration, which suggested that targeting the Wnt pathway 
may have therapeutic benefit for TNBC patients (32). It was 
reported that upregulation and enrichment of TGF-β target 
genes were most frequent in mesenchymal stem-like TNBC or 
TNBC with low expression of claudin (33). TGF-β signaling 
resulted in increased cell proliferation, migration, invasion and 
motility, whereas these effects were abrogated by a specific 
inhibitor against TGF-β receptor I and the anti-diabetic agent 
metformin in breast cancer cell lines (33). In addition, a high 
expression of TGF-β target genes were demonstrated to be 
associated with poor prognosis in claudin-low patients (33). 
The findings of the present study suggested that several 
signaling pathways are regulated by miRNAs including the 
MAPK pathway, Wnt pathway and TGF-β pathway, and may 
serve significant roles in the development and progression 
of TNBC. Targeting these signaling pathways may have the 
potential to serve as a novel and promising strategy for the 
treatment of patients with TNBC.

In conclusion, 107 aberrant miRNAs in TNBC cells were 
identified using miRNA microarray analysis, and 597 poten-
tial target genes of five prominently dysregulated miRNAs 
that were validated by RT-qPCR were selected by miRNA 
target prediction algorithms. In addition, bioinformatic 
analysis suggested that certain pathways such as the MAPK, 
Wnt and TGF-β signaling pathways were primarily involved 
in tumorigenesis and metastasis in TNBC. miRNA-gene 
network analysis suggested that miR-200c may contribute to 
breast cancer development. Investigating and validating key 
miRNAs and associated signaling pathways in TNBC patients 
compared with non-TNBC patients may be warranted in future 
work. Taken together, these findings may provide a view of the 
function of dysregulated miRNAs in TNBC, suggesting that 
dysregulated miRNAs may serve as potential biomarkers and 
therapeutic targets in TNBC.
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