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Three-microRNA expression signature predicts
survival in triple-negative breast cancer
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Abstract. Triple-negative breast cancer (TNBC) is a specific
type of breast cancer with poor overall survival (OS) time.
Previous studies revealed that microRNAs (miRNAs/miRs)
serve important roles in the pathogenesis, progression and
prognosis of TNBC. The present study analyzed the miRNA
expression and clinical data of patients with TNBC downloaded
from The Cancer Genome Atlas. A total of 194 differentially
expressed miRNAs were identified between TNBC and
matched normal tissues using the cut-off criteria of P<0.05 and
llog2 fold changel>2. Of these miRNAs, 65 were downregu-
lated and 129 were upregulated. Using Kaplan-Meier survival
analysis, a total of 77 miRNAs that were closely associated
with OS time were identified (P<0.05). The intersection of the
77 miRNAs and 194 differentially expressed miRNAs revealed
six miRNAs. Log-rank tests based on survival curves were
performed and two miRNAs were eliminated. The prognostic
value of the remaining four miRNAs was evaluated with a Cox
proportional hazards model using multiple logistic regression
with forward stepwise selection of variables. Three miRNAs
(miR-21-3p, miR-659-5p and miR-200b-5p) were subsequently
identified as independent risk factors associated with OS time
in the model. Gene Ontology and Kyoto Encyclopedia of
Genes and Genomes pathway enrichment analyses revealed
that the target genes of these three miRNAs were mainly
involved in ‘cell protein metabolism’, ‘RNA transcriptional
regulation’, ‘cell migration’, ‘MAPK signaling pathway’,
‘ErbB signaling pathway’, ‘prolactin signaling pathway’ and
‘adherens junctions’. Taken together, the results obtained in the
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present study suggested that the three-miRNA signature may
serve as a prognostic biomarker for patients with TNBC.

Introduction

Breast cancer is one of the most common malignant tumors
in females (1). Breast cancer is classified into several subtypes
according to the expression of various receptors, such as the
estrogen receptor (ER), progesterone receptor (PR) and human
epidermal growth factor receptor 2 (HER-2) (2). In triple-nega-
tive breast cancer (TNBC), tumor cells do not express PR,
ER or HER-2 (3). The majority of the treatments available to
patients with middle- and late-stage TNBC are ineffective (4).
Therefore, in order to improve the 5-year survival rate, further
research to identify effective TNBC treatments is required (5).
It is important to identify individuals at high risk for TNBC
and provide appropriate treatment at an early stage (6).

MicroRNAs (miRNAs/miRs) are a family of non-coding
RNAs that were discovered in 1993 (7). miRNAs consist of
22-26 nucleotides but have a complex structure that confers
the ability induce cleavage or translational repression of target
mRNAs (7). miRNAs are therefore important regulators of
gene expression (8). Breast cancer arises through the accu-
mulation of genetic mutations and epigenetic modifications;
therefore, miRNAs are important factors in breast carcinogen-
esis (9). A number of miRNAs are expressed at higher or lower
levels in tumor tissues compared with normal tissues and
may serve as tumor markers in breast cancer (10,11). In fact,
miRNAs have attracted great interest as cancer biomarkers in
the last decade (12-14).

Certain miRNAs have been identified in previous
research as breast cancer biomarkers, including miR-30a,
miR-361-5p, miR-27a and miR-193b (12,15-18). However,
research based on large sample sizes is lacking, particularly
research employing clinical data (19-21). The Cancer Genome
Atlas (TCGA) project, which was launched in 2006 by the
National Cancer Institute and the National Human Genome
Research Institute, contains data on 33 types of cancer from
>10,000 patients (22,23). TNBC data available from TCGA
consist of tissue miRNA-sequencing (seq) data and clinical
information. The present study analyzed the aforementioned
data in four steps: i) Identification of differentially expressed
miRNAs between breast cancer and adjacent normal tissues;
ii) screening of the miRNAs obtained in the first step using
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the Kaplan-Meier survival method, which yielded a total of
six specific miRNAs; iii) identification of three of these six
miRNAs that predicted patient survival rate based on statis-
tical analysis; and iv) identification of the biological pathways
regulated by these three miRNAs.

Materials and methods

TNBC miRNA-seq dataset and clinical information. The data
analyzed in the present study were downloaded from TCGA
(up to January 28, 2016). The clinical data for each patient
were derived from a variety of methods used to detect HER-2
levels; therefore, ‘patient HER2 immunohistochemistry
receptor status’ was used as a standard to determine patient
HER-2 status (24). When confirming ER, PR and HER status,
only patients with ‘positive’ and ‘negative’ data were enrolled,
whereas patients with data deemed ‘close’ or ‘not available’
were excluded. The TNBC miRNA-seq data for miRNA
differential expression consisted of data on tumor tissues
(n=187) and matched normal tissues (n=12). All of the miRNA
expression data were reported as ‘reads-per-million-miRNA
-mapped’ and were normalized by log2 transformation. The
inclusion criteria regarding clinical information for survival
analysis were as follows: i) Complete follow-up data were
available for 1-60 months (30-1,825 days); ii) the clinical data
were complete (patients with uncertain or missing clinical data,
with the exception of metastasis state, which contains various
Mx stages, were excluded) and iii) miRNA-seq data integrity
was validated (patients without individual miRNA values were
exluded). Finally, a total of 151 patients who met these criteria
were enrolled in the present study. In order to incorporate as
much data as possible, miRNA differential expression and
survival analyses were performed independently.

Screening of differentially expressed miRNAs. The Linear
Models for Microarray Data (limma) package (version 3.36.5;
https://bioconductor.org/packages/release/bioc/html/limma.
html) in R (version 3.5.1; https:/www.r-project.org/) was
used to analyze differentially expressed miRNAs. The
comparisons between tumor and normal tissues performed
in limma were not conducted using a 1:1 ratio of tumor
to healthy tissue, as healthy tissue specimens were not
obtained from the majority of patients. Therefore, the tumor
tissue from each patient was compared with all healthy tissue
specimens. The fold-change (FC) was used to indicate the
difference in miRNA expression between tumor and normal
tissues. LoglFCI>1.5 and P<0.05 following false discovery
rate adjustment were established as the cut-off criteria.

Survival analysis and the miRNA prognostic model.
Survival analyses were performed using the survival
package (version 2.43-1; https://cran.r-project.
org/web/packages/survival/index.html) in R and SPS
(version 22.0; IBM Corp.). The samples were sorted according
to miRNA expression level and divided into high- and
low-expression groups based on the median expression
level. Each miRNA was evaluated individually using the
Kaplan-Meier method in R. A total of 77 miRNAs that were
closely associated with overall survival (OS) time (P<0.05)
were identified. The intersection of the 77 miRNAs and
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194 differentially expressed miRNAs revealed six miRNAs.
After log-rank tests were performed, two miRNAs were elimi-
nated as there was no significant difference in survival time
between the low- and high-expression groups. The prognostic
value of the remaining four miRNAs was evaluated with a Cox
proportional hazards model using multiple logistic regression
with forward stepwise selection of variables. Finally, three
miRNAs were considered independent risk factors associated
with OS time in the model. A risk score was calculated for each
patient based on the expression levels of the three miRNAs as
determined by the Cox regression coefficients (25). In total,
151 patients were divided into either the high-risk group (n=76)
or low-risk group (n=75) based on risk score. The predictive
power of the three-miRNA signature and clinical features
together was analyzed. Univariate/multivariate Cox regression
and the Kaplan-Meier method were used to assess the associa-
tions and influence on survival rate of the selected miRNAs.
P<0.05 was considered to indicate a statistically significant
difference. Data are expressed as the mean + standard devia-
tion.

Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene
Ontology (GO) analyses. Two online miRNA databases were
employed to predict the target genes of the three prognostic
miRNAs: TargetScan (version 7.2) (26) and miRDB (27,28).
The overlapping set of target genes was depicted in Venn
diagrams for subsequent analysis. The overlapping genes were
analyzed using the Database for Annotation, Visualization and
Integrated Discovery (DAVID; version 6.8; david.ncifcrf.gov).
DAVID is a bioinformatics database that integrates biological
data and analysis tools, provides systematic and comprehen-
sive bioinformatics annotations for large-scale gene or protein
lists and aids users to extract bioinformatics data. The tools
in DAVID perform numerous functions, including gene func-
tion enrichment, which improves the understanding of the
biological roles of specific gene sets (29,30). GO (http://geneon-
tology.org/) and KEGG (https://www.genome.jp/kegg; Release
88.0) pathway enrichment analyses were performed to identify
the biological processes and pathways involving target genes.
The cut-off criteria were P<0.05 and gene count =3 (31).

Results

Identification and analysis of differentially expressed
miRNAs in TNBC. The TNBC miRNA-seq data in the present
study included data on 187 tumor tissues and 12 matched
normal tissues. A total of 194 differentially expressed
miRNAs were identified using the cut-off criteria of P<0.05
and llog2FCI>2. Of these miRNAs, 65 were downregulated
and 129 were upregulated (Fig. 1; Table SI).

Identification of three miRNAs associated with OS time in
TNBC. A total of 151 patients with validated data were enrolled
in the present study. A total of 77 miRNAs significantly asso-
ciated with OS time were identified from the survival analysis
(Table SII). The intersection of the 77 miRNAs and 194 differ-
entially expressed miRNAs revealed six miRNAs, including
miR-4742-3p, miR-21-3p, miR-659-5p, miR-500b-3p, miR-429
and miR-200b-5p. Log-rank tests were performed to evaluate
the survival curves. miR-4742-3p and miR-500b-3p were
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Table I. Associations of the three microRNAs with the clinical features of patients with triple-negative breast cancer. The
chi-square and t-tests were performed to assess the relationship between miRNA expression and clinical features. Data are

expressed as the mean + standard deviation.

Variable Number of patients  miR-659-5p  P-value  miR-21-3p  P-value miR-200-5p  P-value
Patient age at diagnosis 0.08
<60 100 1.40+0.70 0.81 11.29+0.77 0.19 4.52+1.10
=60 51 1.43+0.64 11.10+£0.92 4.16+1.34
AJCC clinical stage 0.33
GI-II 123 1.43+0.64 0.56 11.23+0.81 0.89 4.45+1.17
GIII-IV 28 1.34+0.83 11.21£091 4.20+1.31
AJCC T stage 0.84
T1-2 134 1.42+0.65 0.86 11.25+0.81 0.35 4.39+1.22
T3-4 17 1.38+0.90 11.05+0.93 4.45+0.99
AJCC N stage 0.52
NO-1 130 1.43+0.66 0.32 11.23+0.80 0.81 443+1.17
N2-3 21 1.27£0.77 11.18+0.98 4.24+1.36
AJCC M stage 0.03
MO 132 1.41+0.67 0.88 11.21+£0.86 047 448+1.20
Mx 19 1.39+0.74 11.35+0.54 3.84+1.02
Histological type 0.39
IDC 136 1.41£0.70 0.93 11.26+0.81 0.12 4.43+1.21
Non-IDC 15 1.40+0.43 10.91+0.95 4.15+1.04

miR, microRNA; AJCC, American Joint Committee on Cancer; G, grade; T, tumor; N, node; M, metastasis; IDC, invasive ductile carcinoma.
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Figure 1. Volcano plot of the differentially expressed miRNAs. The dots in
the gray regions represent upregulated or downregulated miRNAs. The white
spots represent miRNA which has no statistical difference in expression
between tumor tissue and normal tissue. miRNA, microRNA.

eliminated based on the cut-off criteria (P<0.05; Table SIII).
The prognostic value of each of the remaining four miRNAs
was evaluated using the Cox proportional hazards model,
and miR-21-3p, miR-659-5p and miR-200b-5p were identi-
fied as independent risk factors associated with OS time
(Fig. 2A-C). Among these miRNAs, miR-200b-5p was iden-
tified as a risk factor, whereas miR-21-3p and miR-659-5p
were identified as protective factors. Additionally, the
association between the aforementioned three miRNAs
and clinical features was investigated (Table I). The results
revealed that miR-218-1 was associated with metastasis

state (P=0.031). A risk score based on the expression levels
of the three miRNAs determined using the Cox regression
coefficient for each miRNA was calculated as follows: Risk
score=(0.627 x expression of miR-200b-5p)-(1.181 x expres-
sion of miR-659-5p)-(0.889 x expression of miR-21-3p). The risk
score was used to divide the 151 patients into a high-risk group
(n=76; risk score=-9.05~-5.99) and a low-risk group (n=75;
risk score=-12.96~-9.06). Compared with the low-risk group,
the high-risk group exhibited poor survival rate outcomes as
assessed using the Kaplan-Meier method (Fig. 2D).

Univariate and multivariate Cox regression analyses were
performed to test the efficacy of the three-miRNA signature
(high vs. low risk) in predicting OS time by considering the
following clinical features: Age at initial pathological diagnosis
(<60 years vs. =60 years), histological type [invasive ductile
carcinoma (IDC) vs. non-IDC], tumor size [T in the American
Joint Committee on Cancer (AJCC; https://cancerstaging.org/)
Tumor, Node, Metastasis (TNM) staging system (T1-2 vs.
T3-4)], lymph node status (N in the AJCC TNM staging system,
NO-1 vs. N2-3), metastasis (M in AJCC TNM staging system,
MO vs. Mx) and AJCC pathological stage (G1-2 vs. G3-4). In the
univariate analysis, the three-miRNA signature [hazard ratio
(HR)=6.893; P=0.012; 95% confidence interval (CI) 1.52-30.69],
pathological stage (HR=5.953; P=0.001; 95% CI 2.04-17.34) and
lymph node status (HR=7.850; P=0.001; 95% CI 2.39-25.76)
were associated with OS time in patients with TNBC (Table II).
In the multivariate analysis, only the three-miRNA signature
was identified as an independent prognostic factor (HR=7.396;
P=0.011; 95% CI 1.59-34.41; Table II).
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Table II. Univariate and multivariate Cox regression analysis results for patients with triple-negative breast cancer.

Univariate analysis Multivariate analysis

Variable P-value HR (95% CI) P-value HR (95% CI)

Age (=60 vs. <60) 0.538 1.494 (0.416-5.366) 0.740 1.256 (0.327-4.831)
Histological type (Non-IDC vs. IDC) 0.686 1.366 (0.301-6.190) 0.969 1.034 (0.193-5.545)
Tumor size (T3-4 vs. T1-2) 0.200 2.307 (0.643-8.276) 0.735 1.336 (0.250-7.140)
Lymph node status (N2-3 vs. NO-1) 0.001 7.850 (2.392-25.761) 0.051 14.666 (0.989-217.523)
Metastasis (Mx vs. MO) 0477 0.042 (0.000-257.128) 0.984 <0.001

Pathological stage (G3-4 vs. G1-2) 0.001 5.953 (2.044-17.335) 0.950 0.918 (0.063-13.415)
Three-miRNA signature (high-vs. low-risk) 0.012 6.893 (1.524-30.690) 0.011 7.396 (1.590-34.411)

HR, hazard ratio; CI, confidence interval; IDC, invasive ductile carcinoma; T, tumor; N, node; M, metastasis; G, grade.
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Figure 2. Kaplan-Meier curve and log-rank test for each miRNA and the three-miRNA signature. (A) miR-21-3p, (B) miR-200b-5p, (C) miR-659-5p and
(D) the three-miRNA signature. A total of 151 patients were divided into a high-risk group (n=76; risk score=-9.05~-5.99) and a low-risk group (n=75;
risk score=-12.96~-9.06) based on the risk score. The risk score was calculated as follows: (0.627 x expression of miR-200b-5p)-(1.181 x expression of
miR-659-5p)-(0.889 x expression of miR-21-3p). miRNA/miR, microRNA.
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Figure 3. Venn diagrams displaying the overlapping target genes predicted using TargetScan and miRDB online tools. The grey circles represent the target
genes of the three prognostic miRNAs predicted by TargetScan, and the circles with the diagonal lines represent the target genes of the three prognostic
miRNAs predicted by miRDB. The overlapping areas between the two circles represent the overlapping set of target genes. miR, microRNA.

KEGG and GO analyses of the target genes of the miRNAs
in the three-miRNA signature. A total of 459 overlapping
target genes for miR-21-3p, 52 overlapping target genes for
miR-200b-5p and 74 overlapping target genes for miR-659-5p
were identified (Fig. 3). The GO results revealed that these
overlapping genes were enriched in 79 GO accessions and
were mainly involved in ‘cell protein metabolism’, ‘RNA
transcriptional regulation’ and ‘cell migration’ (Fig. 4).
KEGG pathway analysis revealed enrichment in six path-
ways, including ‘ubiquitin-mediated proteolysis’, ‘long-term
potentiation’, ‘MAPK signaling pathway’, ‘ErbB signaling
pathway’, ‘prolactin signaling pathway’ and ‘adherens junc-
tion” (Fig. 5).

Discussion

The present study identified a three-miRNA signature associ-
ated with the survival rate of patients with TNBC. Patients were
divided into two groups according to their risk score based
on the expression pattern of the three miRNAs (miR-21-3p,
miR-659-5p and miR-200b-5p). Significant differences in OS
time were observed between the two groups. In the multi-
variate Cox model, the three-miRNA signature was identified
as an independent prognostic factor of the OS time of patients
with TNBC [HR=7.396; 95% ClI, 1.59-34.41]. KEGG and GO
analyses of the target genes of the three miRNAs indicated
that they serve important roles in cell protein metabolism,
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Figure 4. GO analysis of the target genes of the miRNAs in the three-mRNA signature. The colors of the bands represent P-values, and the length of the bands
represents the number of genes enriched in a particular GO term. GO, Gene Ontology; miRNA, microRNA.
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previous studies (36,37). However, there is conflicting
evidence regarding the association between miR-21-3p expres-
sion in tumor tissues and OS time. Previous studies revealed
that miR-21-3p is an oncogenic factor in breast cancer, which
upregulates the expression levels of phosphorylated protein
kinase B (AKT) and L1 cell adhesion molecule (37,38).
However, another in vitro study suggested that miR-21-3p
reduces cancer cell growth (39). Furthermore, Jiao et al (40)
reported that miR-21-3p functions as a tumor suppressor;
however, further studies are required to investigate the effect
of miR-21-3p on the OS time. Jiao et al (40) proposed that
miR-21-3p causes transcript decay of miR-21-5p, a typical
oncogene. The present study demonstrated that miR-21-3p
was a protective factor in TNBC. However, this result requires
further corroboration using a larger sample size.

Aberrant expression of miR-200 family members,
including miR-200-5p, has been observed in several cancer
studies (13,41). The present study revealed that miR-200-5p
expression was increased in TNBC tissues compared with
healthy tissues, consistent with previous studies (19,21), and
that miR-200-5p is a risk factor for OS time. However, previous
studies have demonstrated that miR-200b/c activates the focal
adhesion kinase/phosphoinositide 3-kinase/AKT/nuclear
factor-kB signaling pathway and zinc-finger E-box-binding
homeobox factor to inhibit cancer cell invasion and migra-
tion (42-44). The aforementioned studies all involved in vitro
cell experiments, and one study reported a different conclusion
using TCGA data (21). The aforementioned study reported no
statistically significant difference in OS time between patients
with low vs. high expression of miR-200b/c, highlighting the
complex biology of cancer (21). There may be two possibili-
ties to explain the discrepancy between the present study and
previously published studies: i) The present study did not
analyze a sufficient number of samples to generalize the entire
population of patients with TNBC, and ii) in vitro experiments
do not reflect the complex microenvironment in vivo, and some
unknown factor may influence the function of miR-200-5p
in vivo. These key issues require further investigation in future
studies.

The present study demonstrated that miR-659-5p is an
independent protective factor associated with OS time in
patients with TNBC. To the best of our knowledge, the present
study was the first to describe an association between miR-659
and breast cancer. Due to the lack of systematic research,
little is known about the role of miR-659. One study demon-
strated that miR-659 targets the mitogen-activated protein
kinase 9 (MAPKD9) gene. In patients with nasopharyngeal
carcinoma, MAPKO expression levels influence polymorphic
lactotransferrin(LTF) haplotypes, which are positively asso-
ciated with the incidence of cancer (45). Other studies have
focused on the role of miR-659 in muscle development and
nervous system and metabolic diseases, such as frontotemporal
dementia and diabetes mellitus (46-48). Thus, the mechanism
of miR-659-5p in breast cancer requires further investigation.

The present study investigated the biological activi-
ties of the selected three miRNAs using KEGG and GO
analyses and identified six enriched pathways. Enhanced
ubiquitin-mediated proteolysis causes the rapid hydrolysis
of proteins, including tumor protein p53 and interferon
o inducible protein 27, which are closely associated with
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invasiveness, malignancy, clinical stage and poor prognosis
in breast cancer (49). Ubiquitin-mediated proteolysis has been
suggested to be a marker of the risk of breast cancer (50).
Zhang et al (51) reported that mitogen-activated protein kinase
(MAPK) expression levels in TNBC tissues were significantly
increased compared with normal adjacent tissues, indicating
an association between MAPK expression and TNBC. In
addition, studies have indicated that MAPK protein expression
is associated with clinical stage and lymph node metastasis
in TNBC (52,53). The epidermal growth factor receptor
(EGFR) serves important roles in TNBC (54). Previous
studies have revealed the upregulation of EGFR, which
affects carcinogenesis, progression and metastasis of breast
cancer, in 70% of patients with TNBC (55,56). A previous
study reported enrichment of the prolactin (PRL) signaling
pathway in TNBC (57). L6épez-Ozuna et al (58) reported
that the PRL signaling pathway may be used to predict the
response to prodifferentiation therapy in TNBC. The adhe-
rens junction pathway is another pathway that was reported
to be enriched in TNBC-associated processes (59). Vascular
endothelial-cadherin, heparan and the probe for protein
kinase C o have previously been implicated in the adherens
junction pathway (60-62). The main component of the cell-cell
adherens junction is E-cadherin, which plays a major role in
maintaining normal breast epithelial cell morphology (63).
Breast cancer has been found to downregulate or interfere with
the expression of E-cadherin, which is closely associated with
the epithelial-to-mesenchymal transition (EMT) (63), a key
step in the invasion and metastasis of breast cancer (64,65).
The induction of EMT requires the synergy of the MAPK
signaling pathway (66,67). The aforementioned observa-
tions indicate an association between the MAPK signaling
and adherens junction pathways, which requires further
investigation.

The present study had a number of limitations. These
included a relatively small sample size and a lack of validation
experiments, such as reverse-transcription quantitative poly-
merase chain reaction analysis, for the selected three miRNA
transcripts at the tissue and plasma levels. Further research
based on a larger cohort of patients with TNBC is required to
validate the findings obtained.

In conclusion, the present study identified a three-miRNA
signature as a potential prognostic predictor of patients with
TNBC. Due to the complex biology of cancer, the molecular
mechanisms involving miRNA signatures warrant further
investigation.
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