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Identification of dysregulated microRNAs associated
with diagnosis and prognosis in triple-negative
breast cancer: An in silico study
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Abstract. Triple-negative breast cancer (TNBC) is a highly
aggressive subtype of breast cancer with limited treatment
options combined with poor rates of survival. Given the lack
of appropriate prognostic biomarkers for TNBC patients,
the present study aimed to identify potential dysregulated
miRNAs capable of providing a diagnosis and predicting
overall survival for TNBC patients. A total of 289 miRNAs
were aberrantly regulated in TNBC tissue compared to adja-
cent, non-cancerous tissues and 96 microRNAs (miRNAs)
in TNBC compared with non-triple-negative breast cancer
(nTNBC) samples. Receiver operating characteristic (ROC)
curve analysis suggested that 4 miRNAs (hsa-miR-10a,
hsa-miR-18a, hsa-miR-135b and hsa-miR-577) had diagnostic
value [area under curve (AUC) >0.8]. A 4-miRNA signature
consisting of hsa-miR-148b, hsa-miR-203a, hsa-miR-203b and
hsa-miR-3922 was constructed for prediction of prognosis.
A multivariate Cox's proportional hazards regression model
indicated that the 4-miRNA signature was an independent
prognostic factor of other clinical variables in patients with
TNBC. Functional analysis of the target genes of the miRNA
signature demonstrated that the prolactin signaling pathway
and miRNAs in cancer were significantly enriched. In conclu-
sion, the results in the present study may highlight efficient
biomarkers for the diagnosis of TNBC and its prognosis.
In-depth exploitation of these miRNAs will help define and
develop novel molecular therapeutic strategies and improve
prognosis for TNBC patients.
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Introduction

Globally, breast cancer remains the leading cause of cancer-
related deaths in females. An estimated 1.7 million new cases
were diagnosed and 521,900 breast cancer patients succumbed
to this disease in 2012 (1). Similarly, in China, a diagnosis of
breast cancer between the ages of 30 and 59 years is more
common than for any other type of cancer except that of
the thyroid (2). Breast cancer is classified into five intrinsic
subtypes through detection of progesterone receptor (PR),
estrogen receptor-alpha (ERa) and human epidermal growth
factor receptor 2 (HER?2), namely luminal A-like (ERa*
and/or PR* and HER2), luminal B-like (ERa* and/or PR*
and HER2"), HER?2 overexpression (ERa", PR" and HER2*)
and triple-negative breast cancer (TNBC) (HER2", ERa and
PR’) and normal-like tumors (3). Luminal A-like tumors have
higher expression of ER-related genes and lower expression of
proliferative genes than luminal B-like cancers (4). Growing
evidence indicates that TNBC is a highly aggressive tumor
with limited treatment strategies and has poorer survival
outcomes compared with other subtypes of breast cancer.
Although TNBC patients do benefit from chemotherapy, more
effective and less toxic treatments are required in order to
reduce the risk of disease progression and improve the prog-
nosis. Therefore, further studies are urgently needed to screen
molecular biomarkers to determine the therapeutic efficacy
of treatments, and improve the performance of diagnosis and
prognosis of TNBC.

MicroRNAs (miRNAs) are small 20-22 nucleotide non-
coding RNAs that are known to regulate the expression
of genes participating in the control of cell proliferation,
apoptosis, development and stress response by binding to
the 3' or 5' untranslated region of target transcripts (5).
Furthermore, miRNAs are also involved in tumorigenesis
by acting as either tumor suppressors or oncogenes. This
suggests that miRNAs can potentially be biomarkers for
cancer diagnosis and prognosis. It has been reported that four
miRNAs, namely hsa-miR-125b, hsa-miR-16, hsa-miR-155
and hsa-miR-374a are significantly associated with overall
survival of TNBC patients, of which three are correlated with
better prognosis and one with worse prognosis (6). In addi-
tion, a 4-miRNA signature defined by the expression levels of
miR-155, miR-493, miR-30e and miR-27a has both diagnostic
and prognostic value for predicting outcomes of TNBC patients
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most commonly treated with chemotherapy (7). Furthermore,
another 4-miRNA signature (miR-18b, miR-103, miR-107 and
miR-652) may accurately predict tumor relapse and overall
survival of TNBC patients (8). Although several miRNA
signatures have been identified which could be used for TNBC
diagnosis and survival prediction, the novel prognosis strategy
used by miRNA signatures has not been applied in clinical
studies. Hence, it is useful to screen new miRNA biomarkers
for TNBC overall survival.

In the present study, in order to identify diagnostic and
prognostic miRNAs in TNBC patients, we analyzed large
scale clinical data and miRNA sequencing data from The
Cancer Genome Atlas (TCGA) datasets. After identification
of differentially expressed miRNAs in TNBC, miRNAs
with diagnostic and prognostic value were identified and a
4-miRNA signature was determined and then used to predict
overall survival.

Materials and methods

Retrieval of breast cancer clinical and miRNA expression
data. A total of 1,098 anonymized patients were identified in
the TCGA database as having breast cancer. The clinical data
were retrieved from the TCGA data portal (https:/tcga-data.
nci.nih.gov/tcga/version 10.0, release time: December 21,
2017; Species: human) on January 22, 2018. Of these
1,098 patients, 155 were diagnosed as having TNBC based
on their ER, PR and Her-2 status and defined using immu-
nohistochemistry (IHC). Three patients who were diagnosed
as TNBC did not have miRNA expression data recorded and
thus were excluded. The other 943 patients were diagnosed as
non-triple-negative breast cancer MTNBC) subtypes (positive
expression of ER, PR or Her-2). Finally, a total of 152 TNBC
and 943 nTNBC patients were included in the present study.
The detailed clinic data is presented in Table I. The follow-up
time was different for every patient and the longest time was
3,472 days.

In addition, 1,207 miRNA sequencing datasets from
frozen tumor samples by Illumina HiSeq 2000 platform
(IIlumina, Inc., San Diego, CA, USA) were also downloaded
from the TCGA data portal. Of these, 1,103 were tumor
samples and 104 were associated with adjacent normal tissue.
A total of 200 had unknown ER, PR or Her-2 status and were
thus excluded. In total, the miRNA sequencing data from
152 TNBC and 751 nTNBC samples were used for dysregu-
lated miRNA exploration.

Identification of dysregulated miRNAs from TNBC patients.
To discover differentially expressed miRNAs from TNBC
patients, the edgeR software package of the Bioconductor
project (9) using the R programming environment with
default parameter settings was utilized. miRNAs from TNBC
samples were considered dysregulated in comparison with
adjacent normal samples and nTNBC tissue. Differences were
assessed with the Mann-Whitney U test and were significant
if llog FC (fold change)l>1 and P<0.05. Furthermore, gplots
(version 3.0.1; https://cran.r-project.org/src/contrib/Archive/
gplots/) and pheatmap (version 1.0.8; https://CRAN.R-pro-
ject.org/package=pheatmap) packages were used to study
the expression levels and distribution of miRNAs expressed
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Table I. Clinical features of all 152 TNBC patients included in
the present study.

Features N (%)
Age (years)

<60 100 (65.79)

>60 52 (34.21)
Sex

Female 152 (100)

Male 0 (0)
Vital status

Alive 134 (88.16)

Dead 18 (11.84)
Pathological stage

I 29 (19.08)

11 97 (63.82)

11 24 (15.79)

v 2(0.01)
Tumor size

T1 41 (26.97)

T2 92 (60.53)

T3 15 (9.87)

T4 4 (2.63)
Lymph node

NO 102 (67.10)

NX 50 (32.90)
Metastasis status

MO 129 (84.87)

MX 23 (15.13)

NX, including patients at stage N1-N3; MX, including two patients at
stage M1, others at MX were not determined with metastasis; TNBC,
triple-negative breast cancer.

differentially between the TNBC and the normal samples as
well as the nTNBC tissue with default parameter settings.

Identification of miRNAs with diagnostic value. To identify
differentially dysregulated miRNAs that had capacity for
diagnosing TNBC, receiver operating characteristic (ROC)
curves were plotted to compute the sensitivity and specificity
of each miRNA associated with TNBC diagnosis using the
pROC software package (version 1.10.0; http://cran.r-project.
org/web/packages/pROC/) with default parameter settings.
Sensitivity was defined as the percent of tumor cases with
a diagnostic test exceeding a criterion and specificity as the
percent of non-tumor cases less than or equal to that criterion
with a diagnostic test. Dysregulated miRNAs with an area
under curve (AUC) >0.8 were selected and miRNAs common
to two comparison groups were considered as having diag-
nostic value.

Survival analysis. The entire set including 104 normal and
152 TNBC samples were randomly divided into a training
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Figure 1. Dysregulated miRNAs in TNBC compared with normal samples and nTNBC. (A and B) Expression heatmap and (C and D) volcano plot of miRNAs
in comparison of normal vs. TNBC and nTNBC vs. TNBC. TNBC, triple-negative breast cancer; nTNBC, non-triple-negative breast cancer; FC, fold change;

FDR, false discovery rate.

set (51 normal and 77 TNBC samples) and a validation set
(53 normal and 75 TNBC samples). To evaluate the relation-
ship between the miRNA expression levels and the overall
survival in tumor patients, univariate Cox regression analysis
was conducted with the aim of identifying potential miRNAs
related to TNBC prognosis. miRNAs that were clearly associ-
ated with patient survival were included when P<0.05 and then
subjected to stepwise multivariate Cox regression analysis to
construct a TNBC prognostic signature based on the following
formula:

Risk score = exp, x 3, + exp, X B, + ... + exp, X Pn

where n was the number of the prognostic miRNA,  was
the regression coefficient and exp was the expression level
of that miRNA. After risk score acquisition of each patient,
patients in the training set were divided into the high-risk
and the low-risk groups using the median score as the central
cut-off point. In addition, univariate and multivariate Cox
proportional hazards regression analyses were performed to
examine the relationship between the risk score of TNBC
patients and other clinical features including age (<60 or =60),
pathologic stage (I-II or III-IV), stage T, stage N and stage M.
ROC curves were plotted and AUC values were calculated.
Patient survival was evaluated using the Kaplan-Meier method
and log-rank tests using R package ‘survival’ (version: 2.42-3;
https://CRAN.R-project.org/package=survival) with default
parameter settings. A 95% confidence interval (CI) and hazard
ratio (HR) were calculated to evaluate the prognostic variables
related to TNBC survival.

Target prediction of potential miRNA signatures and
functional annotation. To gain more insight into the role
of prognostic miRNA signatures in TNBC, miRNA-target
prediction programs were used to predict the target genes
of the miRNAs, including miRDB (http://www.miRdb.org/
index.html), miRTarBase (http://miRtarbase.mbc.nctu.edu.
tw/php/index.php) and TargetScan (http:/www.targetscan.
org/vert_71/). Genes that were commonly identified by the
three tools were considered as target mRNAs of a prognostic
miRNA signature. To reveal the potential roles of the target
genes, clusterProfileR package (version 3.6) in the R envi-
ronment (10) with default parameter settings was employed
to perform Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analyses. P<0.05
was set as the cut-off.

Results

Identification of differentially expressed miRNAs in TNBC
and nTNBC patients. To identify dysregulated miRNAs in
TNBC patients in comparison with adjacent normal tissue
and miRNAs in TNBC compared with nTNBC samples,
the edgeR package was utilized, with 216 upregulated and
73 downregulated miRNAs based on the cut-off of P<0.05 and
llog FCI>1 in TNBC compared with adjacent normal samples.
When compared with nTNBC samples, there were 58 upregu-
lated and 38 downregulated miRNAs in tumor samples from
TNBC patients. Hierarchical clustering of differentially
expressed miRNAs presented clear separation in the expression
profiles of TNBC compared with normal samples (Fig. 1A)
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Figure 2. ROC curves of the 4 miRNAs with diagnostic value in the two comparison groups. The AUC was >0.8. ROC, receiver operating characteristic; AUC,
area under curve; TNBC, triple-negative breast cancer; nTNBC, non-triple-negative breast cancer.
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Figure 3. Expression of 4 diagnostic miRNAs in the two comparison groups. The plots demonstrate that the expression levels of the 4 miRNAs in TNBC
samples were different from that in the normal or "”TNBC tissues. TNBC, triple-negative breast cancer; n"TNBC, non-triple-negative breast cancer. *“P<0.001.

and nTNBC patients (Fig. 1B). A volcano plot was created to
indicate the dysregulated expressed miRNAs (Fig. 1C and D).

Diagnostic value of dysregulated miRNAs. ROC analyses
were performed to evaluate the possible diagnostic capacity of
each dysregulated miRNA. Differentially expressed miRNAs
with an AUC >0.8 were selected as miRNAs likely to be
useful as biomarkers in the diagnosis of TNBC. We obtained
27 miRNAs from the comparison between the TNBC and the
adjacent normal tissue and 6 miRNAs from the comparison
between the TNBC and the nTNBC samples with an AUC >0.8.
There were 4 common miRNAs between two compari-
sons, namely hsa-miR-10a, hsa-miR-18a, hsa-miR-135b
and hsa-miR-577 (Fig. 2). The expression levels of these
4 miRNAs in TNBC, adjacent normal samples and nTNBC
are presented in Fig. 3. Compared with the adjacent normal

breast tissues and nTNBC, the expression of hsa-miR-10a was
lower in the TNBC tumors however the expression of the other
three miRNAs was higher (llog,FC>1l, P<0.001). The results
indicated that these miRNAs were specifically upregulated
and downregulated in TNBC and could be used as diagnostic
biomarkers for the diagnosis of TNBC.

Identification of miRNAs associated with TNBC prognosis.
Kaplan-Meier plots and log-rank tests were used to identify
miRNAs related to overall survival of TNBC patients with
a cut-off log-rank (LR) P<0.05. A total of 8 miRNAs were
associated with overall survival, namely: hsa-miR-147b,
hsa-miR-203a, hsa-miR-377, hsa-miR-429, hsa-miR-511,
hsa-miR-1247, hsa-miR-3922 and hsa-miR-7706 (Fig. 4A).
ROC analysis was then performed to assess the prognostic
capacity of the miRNAs to predict survival. The AUCs of
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Figure 4. Kaplan-Meier and ROC curves for miRNAs associated with overall survival of TNBC patients. (A) The differences between the low- and high-count
groups were determined using an LR test. (B) The AUC values are presented with each ROC curve. ROC, receiver operating characteristic; TNBC, triple-nega-
tive breast cancer; nTNBC, non-triple-negative breast cancer; LR, log-rank; AUC, area under curve; HR, hazard ratio.

the 8 miRNAs are displayed in Fig. 4B, and indicated that
2 miRNAs, hsa-miR-203a and hsa-miR-429, may have
prognostic value. The AUCs for the 2 miRNAs predicting
5-year survival were 0.771 and 0.702, respectively.

The predictive capacity of a 4-miRNA signature in TNBC.
A univariate Cox's proportional hazards regression model
was fitted to the entire set and 5 miRNAs (hsa-miR-148b,
hsa-miR-203a, hsa-miR-203b, hsa-miR-3922 and
hsa-miR-429) were identified as being associated with overall
survival with P (HR) <0.01. A group of miRNAs that could be
defined as a signature, namely hsa-miR-148b, hsa-miR-203a,
hsa-miR-203b and hsa-miR-3922 was identified after stepwise
multivariate Cox's regression model analysis by calculating
the prognostic risk score. TNBC patients were divided into
a low- or a high-risk group depending on their score relative
to that of the median risk score (Fig. 5A). The mortality rate
of the high-risk group was 19.74% and that of the low-risk
group was 3.95%, the difference being significant (P<0.05;

Fig. 5B). The heatmap presented in Fig. 5C demonstrated
that the 4-miRNA signature was expressed differently
in the low- and the high-risk groups. The expression pattern
of the 4-miRNA signature in TNBC and normal samples, and
the low- and the high-risk groups are presented in Fig. 6. These
4 miRNAs were significantly upregulated in TNBC patients
compared with the normal controls (P<0.001). Similarly, three
miRNASs, hsa-miR-148b, hsa-miR-203a and hsa-miR-203b,
were expressed at a higher level in the high-risk patients than
in samples from the low-risk group (P<0.001). However, the
expression of hsa-miR-3922 showed the opposite expression
pattern (P<0.001).

The 4-miRNA signature is an independent prognostic factor
associated with overall survival. Finally, both univariate and
multivariate Cox's proportional hazards regression model
analyses were performed to evaluate the prognostic power of
the 4-miRNA signature. The univariate Cox's regression model
demonstrated that pathological stage, N stage, T stage and
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Risk score based on the 4-miRNA signature were significantly
correlated with overall survival of TNBC patients (P<0.05),
while the multivariate Cox's regression model revealed that
only the pathological stage and Risk score were independent
prognostic factors associated with overall survival (P=0.002
and 0.021, respectively; Table II). Kaplan-Meier curves of the
clinical characteristics and risk score are displayed in Fig. 7A.
The highest survival rate was found within the low-risk group
in comparison with the high-risk group (P=0.0065). The
AUC for the 4-miRNA signature predicting 5-year survival
of TNBC patients was 0.902 (Fig. 7B). Our results suggest
that the 4-miRNA signature may have prognostic value for
predicting the overall survival of TNBC patients.

Functional annotation of the target genes of the miRNA
signature. After target prediction of the 4 miRNAs
(hsa-miR-148b, hsa-miR-203a, hsa-miR-203b and
hsa-miR-3922) using miRDB, miRTarBase and TargetScan,
GO function and KEGG pathway enrichment analysis of
the target genes was performed using the R clusterProfiler
software package. Details of target genes of the 4 miRNAs
are presented in Table III. According to the results of the GO
functional enrichment analysis, regulation of anoikis, negative
regulation of cellular amide metabolic process and regulation
of protein insertion into mitochondrial membranes involved
in apoptotic signaling were the most significantly enriched
biological processes. The most clearly enriched cellular
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Table II. The predictive values of clinical features and risk score.
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Univariate analysis

Multivariate analysis

Variables Patients (N) HR (95% CI) P-value HR (95% CI) P-value
Age (years)

<60/=60 100/52 0.95 (2.7-0.33) 0.920 0.5 (0.15-1.67) 0.259
Pathological stage

[-I/T-1V 126/26 22.21 (81.6-6.05) 0.000 16.56 (2.79-98.38) 0.002
Stage T

T1-T2/T3-T4 133/19 6.99 (22.99-2.13) 0.001 2.28 (0.58-8.98) 0.239
Stage N

NO/NX 102/50 543 (16.67-1.77) 0.003 2.51(0.51-12.46) 0.259
Stage M

MO/MX 129/23 0.57 (4.39-0.07) 0.589 0.12 (0.01-1.27) 0.079
Risk score

Low/high 76/76 9.32 (41.07-2.11) 0.003 6.75 (1.33-34.21) 0.021

HR, hazard ratio; CI, confidence interval; NX, including patients at stage N1-N3; MX, including two patients at stage M1, others at MX were
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Figure 6. Expression levels of the 4-miRNA signature in comparison of TNBC with normal tissue and comparison of the low- and the high-risk groups.

“*P<0.001. TNBC, triple-negative breast cancer.
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Table III. miRNAs targeting mRNAs of TNBC.

miRNA mRNA

hsa-mir-148b SYNCRIP, TNRC6A, WASL, MLEC, BTBD3, YWHAB, PPP6R 1, USP33, NPTX1, CUL5, C1GALT1,AGO1,
SECISBP2L, MTMR10, ATP6AP2, ZCCHC2, DNMT1, PRKAA1, DICER1, RTN4, CCT6A, ZFY VE26,
ARLSB, DLG2, ATP7A, SESTD1,ACVR1,ALCAM, OTUD4, FBX028, ITSN2, KLF6, CDK19, NPEPL1,
CLCN3,MAP3K9,CYB5R4,ZDHHC17,EOGT, SIK1,RAB14, PAPD4, TBL1XR1,RAB34, GLRXS, CEPS5S5,
NRAS, NCKIPSD, FAM104A, SOS2, C3orf58, PRNP, DCP2, STARD13, OSBPL11, DDX6, FLOT2, ABCB7,
BMP3, MARCH2,RAB12, JARID2, USP48, AP4E1, ITGAS, TXNIP, NSD1

hsa-mir-203a TFAM, SHOC2, ERI2, SOCS5, GAN, CACNB2, BTG2, TSC22D2, YWHAE

hsa-mir-203b  SPTY2D1, VEZF1, EFHD2, TIPARP

TNBC, triple-negative breast cancer.
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Figure 7. (A) Kaplan-Meier plots for various stages of disease or clinical characteristics and risk score based on the 4-miRNA signature. (B) ROC curve of risk
score based on the 4-miRNA signature. ROC, receiver operating characteristic; AUC, area under curve.

components were RNAI effector complex, ribonucleopro-  the prolactin signaling pathway, the FOXO signaling pathway,
tein granule, RNA-induced silencing complex (RISC) and and the ErbB and Insulin signaling pathways, and miRNAs
ribonucleoprotein granule. The most significantly enriched and choline metabolism in cancer. The results of enrichment
signaling pathways determined through KEGG analysis were  analysis are displayed in Fig. 8.
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Discussion

Growing evidence indicates that triple-negative breast
cancer (TNBC) is a heterogeneous disease comprising several
distinct disorders with clearly different clinical behavior and
molecular characteristics (11,12). However, no specific and
well-defined molecular targets have thus far been defined
in TNBCs, and therefore few therapeutic strategies can be
utilized as treatments, or are on the development horizon.
In the present study, we found 4 miRNAs (hsa-miR-10a,
hsa-miR-18a, hsa-miR-135b and hsa-miR-577) with significant
value in TNBC diagnosis. We conducted a detailed analysis of
a 4-miRNA signature which was comprised of hsa-miR-148b,
hsa-miR-203a, hsa-miR-203b and hsa-miR-3922 and exhibited
capacity for predicting TNBC overall survival.

In previous studies, hsa-miR-10a belonging to the miR-10
family has been revealed to be dysregulated in several types
of cancers (13), such as breast (14), glioblastoma (15), lung
cancer (16) and chronic lymphocytic leukemia (17). Another
member of the miR-10 family, miR-10b, has been demonstrated
to functionally contribute to tumor invasion and metastasis
in breast cancer (18). hsa-miR-10a and miR-10b deviate only
one nucleotide located at the center of their sequence and
the primary hsa-miR-10b transcript may be equivalent to a
promoter-associated RNA that could be targeted by miR-10a,
suggesting the important role of miR-10a in breast cancer
progression (19). Liu ef al demonstrated that miR-18a prevented
ER-a expression blocking the protective effects of estrogen and
promoting the development of hepatocellular carcinoma (20).
A previous study revealed that the expression of miR-18a-5p
was enhanced in TNBC compared with luminal A (21).
Aberrant upregulation of miR-18a could enhance autophagy in
TNBC cells via inhibition of the mTOR signaling pathway (22)
and decrease Dicer expression as well as increase paclitaxel
resistance (23). Moreover, hsa-miR-135b was revealed to
be upregulated in TNBC tissue which targeted estrogen
receptor 1 (ESRI1)-related proteins (24). Notably, miR-135b

has been proposed as an oncogene involved in the pathogen-
esis of TNBC and the differential expression of miR-135b in
blood could predict overall survival in follow-up of basal-like
TNBC patients (25,26). High expression of its family member,
hsa-miR-135a, has been demonstrated to be associated with
good prognosis in ER-positive tumors (27). Furthermore,
hsa-miR-577 has been revealed to be dysregulated in several
cancer types including gastric (28), bladder (29) and breast
cancer (30). In addition, miR-577 has been demonstrated to
suppress epithelial-mesenchymal transition and metastasis by
inhibiting Rab25 expression in breast cancer (31). Our results
demonstrated that hsa-miR-10a, hsa-miR-18a, hsa-miR-135b
and hsa-miR-577 were significantly differentially expressed
in the TNBC group and are potential candidate diagnostic
markers of TNBC.

A 4-miRNA signature was identified after univariate and
multivariate Cox's proportional hazards regression model
analysis that was significantly correlated with the overall
survival of TNBC patients. miR-148b, a tumor suppressor, has
been reported to be dysregulated in pancreatic (32), non-small
cell lung cancer (33) and hepatocellular carcinoma (34) through
suppression of cell proliferation and invasion by targeting the
AMPKal and WNT1/B-catenin pathways. A previous study
indicated that downregulation of miR-148b may be a molecular
biomarker for the early detection of hepatocellular carcinoma
and a prognostic marker (35). Increasing evidence indicates that
miR-203 is involved in several cancers, including hepatocellular
carcinoma (36), prostate (37), breast (38), gastric and colorectal
cancers (39) through control of tumor cell proliferation, migra-
tion and invasive potential by interaction with target genes.
Notably, dysregulated expression of miR-203 has been revealed
to be associated with poorer survival of pancreatic tumors (40)
and adenocarcinoma (41). As members of the miR-203 family,
hsa-miR-203a and hsa-miR-203b may exert important roles
in TNBC. Our results found 4 miRNAs (hsa-miR-148Db,
hsa-miR-203a, hsa-miR-203b and hsa-miR-3922) which may
play a role in TNBC prognosis.
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To further explore the molecular mechanisms of the
miRNA signature in TNBC, target genes of the miRNAs
were predicted and functional annotation of targets was
performed. The results of functional annotation of target
genes revealed that regulation of anoikis, negative regulation
of cellular amide metabolic process and protein insertion into
mitochondrial membrane involved in the apoptotic signaling
pathway were significant enriched GO terms. Anoikis is
defined as apoptosis that is induced by inadequate or inappro-
priate cellular interaction with the extracellular matrix (42).
Recently, more studies have confirmed that the breakdown
of anoikis leads to the malignancy of mammary and colon
cancers (43). Meanwhile, anoikis-resistance is a hallmark of
metastasis (44). Therefore, these miRNAs may be involved in
TNBC metastasis. According to pathway enrichment analysis
of the miRNA signature targets, miRNAs in cancer, and the
ErbB and prolactin signaling pathways were clearly enriched
terms that encompassed most genes. Increasing evidence
suggests that miRNAs participate in almost all aspects of
cancer, including proliferation, apoptosis, angiogenesis and
invasion/metastasis (45). Therefore, identification of clear
diagnostic and prognostic miRNA biomarkers can contribute
to cancer evaluation and treatment. Additionally, dimeriza-
tion of ErbB receptors leads to induction of kinase activity
that activates downstream MAPK and PI3K/AKT pathways
which have significant involvement in tumor cell proliferation
and survival (46). Notably, ErbB-2 overexpression has adverse
prognostic value in breast cancer and thus, ErbB-directed
strategies have been developed and used as treatments (47).
The peptide hormone prolactin, synthesized by human breast
cancer cells in culture, has been found to stimulate cell
proliferation in an autocrine manner (48). Given the ability
of prolactin to stimulate the proliferation of human breast
cancer cells and the aberrant expression of its active recep-
tors in breast carcinomas, it is fully consistent that prolactin
plays a key role in breast cancer. Consequently, miRNAs in
cancer, and the ErbB and prolactin signaling pathways may
be significantly implicated in TNBC and inhibition of these
pathways may be potential therapeutic strategies for TNBC
patients.

However, there is also one limitation in the present study.
The percentage of TNBC patients in breast cancer is so small
that it is difficult to collect enough TNBC samples with
follow-up information in a short time to verify the function
of the identified miRNAs. Information of TNBC patients is
now collected, however, just a few cases were obtained. The
biological roles of these miRNAs in TNBC are still not clear
and will be investigated in further experimental studies when
enough TNBC samples are obtained.

In conclusion, the present study identified 4 aberrantly
expressed miRNAs including hsa-miR-10a, hsa-miR-18a,
hsa-miR-135b and hsa-miR-577 with diagnostic value for early
diagnosis of TNBC patients, and subsequently, a 4-miRNA
signature composed of hsa-miR-148b, hsa-miR-203a,
hsa-miR-203b and hsa-miR-3922 was identified that may be
a prognostic biomarker for predicting the overall survival
of TNBC patients. However, further studies are required to
validate these findings and the underlying molecular mecha-
nisms of these miRNAs also require exploitation in combating
TNBC in future.
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