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Abstract. – OBJECTIVE: Breast invasive car-
cinoma (BRCA) is a complex polygenic disease 
characterized by molecular and histological het-
erogeneity. An effort is underway to explore and 
investigate multiple reliable prognostic markers 
to improve management of BRCA patients and 
provide novel therapeutic targets. The aim of the 
study is to identify the prognostic miRNA signa-
ture in BRCA patients. 

PATIENTS AND METHODS: The miRNA-se-
quencing data and clinical information of BRCA 
patients were downloaded from The Cancer Ge-
nome Atlas (TCGA) database. 

RESULTS: A total of 106 differentially ex-
pressed miRNAs were identified between BRCA 
tissues and matched normal tissues, includ-
ing 81 up-regulated miRNAs and 25 down-reg-
ulated miRNAs. Then, we established a set of 
three-miRNA signature that was significant-
ly associated with BRCA patients’ survival. Us-
ing the prognostic three-miRNA signature, we 
classified the BRCA patients into high-risk and 
low-risk groups. Multivariate Cox regression 
demonstrated that the prognostic power of the 
three-miRNA signature was independent of oth-
er clinical variables. Functional enrichment anal-
ysis suggested that three prognostic miRNAs 
may be involved in known BRCA-related KEGG 
pathways and biological processes. 

CONCLUSIONS: We demonstrated that 
three-miRNA signature could be a potential 
biomarker for predicting clinical outcomes for 
BRCA patients.
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Bioinformatics.

Introduction

Breast invasive carcinoma (BRCA) is the most 
common neoplasm in women and the second le-
ading cause of cancer mortality in females worl-

dwide1. In 2012, the number of breast cancer ca-
ses worldwide was estimated at 14.1 million new 
cases and 8.2 million deaths2. Although improve-
ment in both surgical techniques and neoadjuvant 
chemotherapy has been achieved, the prognosis of 
some BRCA patients is still poor, especially for 
HER-2 positive or triple negative breast cancer 
(TNBC) patients3. The ability to predict patient 
prognosis would help guide surgery and adjuvant 
treatment according to individual risk. At pre-
sent, tumor-node-metastasis (TNM) stage is re-
garded as appropriate standard to predict BRCA 
patient survival4. However, BRCA is a complex 
polygenic disease characterized by molecular and 
histological heterogeneity5, and patients with the 
same TNM stage demonstrate differences in cli-
nical course and treatment response. Therefore, 
an effort is underway to explore and investigate 
multiple reliable prognostic markers to improve 
management of BRCA patients and provide novel 
therapeutic targets.

MicroRNAs (miRNA) are small (19-24 nucle-
otides) noncoding RNA molecules that bind to the 
3′-untranslated region (UTR) of their target mR-
NAs to post-transcriptionally repress their transla-
tion6. MiRNA is capable of regulating many bio-
logical processes, including cellular proliferation, 
differentiation, apoptosis, metabolism, and tumor 
genesis, by which induce mRNA degradation and 
disturb protein synthesis7,8. MiRNAs can act as 
oncogenes or tumor suppressors by inhibiting a 
variety of tumor suppressive and oncogenic mR-
NAs9. Accumulating evidence has demonstrated 
that aberrant miRNA expression is often invol-
ved in BRCA development, and correlated with 
clinical features and clinical outcomes in BRCA 
patients10-13.

We used miRNA-sequencing data and clini-
cal information of BRCA patients downloaded 
from The Cancer Genome Atlas (TCGA) databa-
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se (http://cancergenome.nih.gov/). We aimed at 
(1) identifying differentially expressed miRNAs 
between BRCA tissues and matched normal tis-
sues; (2) evaluating the prognostic value of dif-
ferentially expressed miRNAs; (3) constructing 
prognosis-associated miRNAs as a combined 
signature for BRCA patients; (4) predicting tar-
get genes of prognosis-associated miRNAs and 
analyzing the enrichment GO terms and KEGG 
pathways of target genes.

Patients and Methods

Patients
MiRNA sequencing data of 1207 samples were 

obtained from TCGA database, including 1103 
BRCA tissue samples and 104 matched normal 
tissue samples. The raw miRNA expression data 
were processed using R/Bioconductor package 
of edgeR. The differentially expressed miRNAs 
were characteristics by log 2 fold change (log2 FC) 
and associated p-values, and the miRNA with log2 
FC≥2.0 and p<0.05 were considered to be signi-
ficant for further analysis. The clinical informa-
tion was downloaded from cBioPortal for Cancer 
Genomics (http://www.cbioportal.org/). Finally, 
a total of 1083 patients were enrolled in the stu-
dy after removing the patients without available 
clinical information. For subsequent analysis, we 
randomly divided all patients into the training da-
taset (n=542) and validation dataset (n=541), re-
spectively. 

Prognosis Analysis
The association between differentially expres-

sed miRNAs and overall survival of BRCA pa-
tients was evaluated by univariate Cox propor-
tional hazards regression analysis in the training 
dataset, and validated by validation dataset. Three 
miRNAs whose expression was significantly as-
sociated with patients’ survival were identified as 
prognosis-associated miRNAs. 

Construction of Combined Signature 
for BRCA Patients

The three miRNAs were subjected to a binary 
logistic regression analysis. Subsequently, a pro-
gnostic miRNA signature was constructed, and 
the miRNA signature could calculate a risk score 
for each BRCA patient. According to the median 
of the risk score, the patients were stratified into 
two groups (low-risk group and high-risk group). 
The difference in the high-risk group and the 

low-risk group was evaluated by Kaplan-Meier 
curve and Log-Rank test. To identify whether 
the prognostic performance of three-miRNA 
signature was an independent prognostic fac-
tor, univariate and multivariate Cox regression 
analysis were performed to evaluate the effect 
of three-miRNA signature and all clinical cha-
racteristics on OS in training dataset, validation 
dataset, and entire dataset. 

Target Genes Prediction and Functional 
Analysis

The target genes of prognostic-associated miR-
NAs were predicted using two online analysis to-
ols: TargetScan (http://www.targetscan.org) and 
miRDB (http://www.mirdb.org/miRDB). To fur-
ther enhance the bioinformatics analysis reliabi-
lity, the overlapping target genes were identified 
using Venn diagram (http://www.venndiagram.
net/). Function enrichment analysis including 
Gene-ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathways were eva-
luated using the Database for Annotation, Visuali-
zation and Integrated Discovery (DAVID) bioin-
formatics tool (https://david.ncifcrf.gov/). 

Statistical Analysis
All statistical analysis was performed using 

IBM SPSS Statistics software version 22.0 (IBM 
Corp., Armonk, NY, USA). x2-test and t-test were 
used to compare the difference between miRNA 
level and clinical features. Kaplan-Meier survi-
val analysis was employed to evaluate the cor-
relation of three-miRNA signature with patients’ 
survival. To further determine whether the pre-
diction of the three-miRNA signature was inde-
pendent of other clinical variables, multivariate 
Cox regression and stratified analyses were car-
ried out. A two-sided p-value of <0.05 was con-
sidered as significant.

Results 

Patient Characteristics
The clinical characteristics of all BRCA patien-

ts were listed in Table I, including gender, age, 
stage, T stage, metastasis, and vital status. The age 
at diagnosis was 58.39 ± 13.26 years in all patien-
ts. During the follow-up, 151 of 1083 (13.9%) pa-
tients died. There were no significant differences 
in the distribution of gender, age, clinical stage, 
T stage, metastasis, and vital status between the 
training dataset and validation dataset (p>0.05). 
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Identification of Differentially Expressed 
miRNAs in BRCA Patients

According to the cut-off criteria: p<0.05 and 
|log2FC| ≥2.0, a total of 106 differentially ex-
pressed miRNAs were identified between BRCA 
tissues and matched normal tissues, including 81 
up-regulated miRNAs and 25 down-regulated 
miRNAs (Table S1). 

Survival Analysis
1083 BRCA patients were randomly divided 

into a training dataset and a validation dataset. We 
performed a univariate Cox regression analysis 
to evaluate the association between 106 differen-
tially expressed miRNA and patients’ survival in 
the training dataset. The results showed that three 
miRNAs were identified as the prognosis-asso-
ciated miRNAs (p<0.05), including miR-133a2 
(p=0.042), miR-204 (p=0.030), and miR-301b 
(p=0.044). MiR-133a-2 and miR-204 with high 
expression levels were positively correlated with 
OS, while the remaining miRNA, miR-301b, with 
high expression level, was negatively associated 
with OS.

Construction of Three-miRNA signature 
for BRCA survival analysis

With the three-miRNA signature, BRCA pa-
tients were classified into high-risk and low-risk 
groups using the median risk score. Then, the 
Kaplan-Meier curve and Log-rank test showed 
a significant difference between high-risk group 
and low risk group (p <0.001, Figure 1A) in the 
training dataset. The univariate and multivariate 
analyses were performed to determine the prog-
nostic factors for OS in BRCA patients. As shown 
in Table II, age (HR=1.642; 95% CI: 1.026-
2.628, p =0.039), clinical stage (HR=3.670; 95% 
CI: 2.239-6.015, p  <0.001), T stage (HR=1.906; 
95% CI: 1.122-3.238, p  =0.006), metastasis 

(HR=5.910; 95% CI: 2.512-13.903, p <0.001), 
and three-miRNA signature (HR=2.286; 95% CI: 
1.387-3.767, p =0.001) were identified as risk fac-
tors that might affect the OS of BRCA patients 
in univariate Cox regression analysis. Further, the 
multivariate Cox regression analysis demonstrat-
ed that clinical stage (HR=3.685; 95% CI: 2.155-
6.303, p  <0.001), metastasis (HR=2.718; 95% CI: 
1.007-7.3354, p =0.048), and three-miRNA signa-
ture (HR=1.904; 95% CI: 1.124-3.225, p =0.017) 
were independent factors for OS of BRCA pa-
tients in the training dataset.

Validation of the Three-miRNA Signature 
for Predicting Overall Survival

To test the robustness of the three-miRNA sig-
nature, the prognostic value of the three-miRNA 
signature was further evaluated using the valida-
tion dataset and entire TCGA dataset. Then, the 
remaining BRCA patients in the validation data-
set were divided into high-risk group (n=271) and 
low-risk group (n=270) with the same three-miR-
NA signature. In consistent with the findings in 
the training dataset, the validation dataset showed 
that there was a significant difference between 
high-risk group and low-risk group using Ka-
plan-Meier curve and Log-rank test (p <0.001, 
Figure 1B). In univariate and multivariate Cox 
regression analysis, the three-miRNA signature 
(HR=2.078; 95% CI: 1.251-3.452, p =0.005) 
was an independent prognostic marker in the 
validation dataset (Table II). The performance of 
three-miRNA signature in the entire dataset was 
similar to the above results. The high-risk patients 
had shorter OS than low-risk patients (p <0.001, 
Figure 1C). The univariate Cox regression anal-
ysis also suggested that three-miRNA signature 
was significantly associated with BRCA patients’ 
survival in the entire dataset (HR=1.581; 95% CI: 
1.254-1.994, p <0.001), and further multivariate 
Cox analysis demonstrated that three-miRNA sig-

Figure 1. Kaplan-Meier curves for the three-miRNA signature in BRCA patients. The patients were stratified into high risk 
group and low risk group based on median. (A) Training dataset; (B) Validation dataset; (C) Entire dataset.
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nature was a potential prognostic marker in the 
entire dataset (HR=1.638; 95% CI: 1.147-2.339, 
p =0.007, Table II).

GO Annotation and KEGG Pathway of 
Seven miRNAs Target Genes

We used TargetScan and miRDB online anal-
ysis tool to predict the target genes of three miR-
NAs together. To enhance the credibility, we 
screened the overlapping genes of three miRNAs 
using Venn Diagram Drawing (http://www.ven-
ndiagram.net/). To identify the potential biologi-
cal processes and KEGG pathways in which the 
miRNAs were involved, functional enrichment 

analysis were performed using DAVID online 
tool (https://david.ncifcrf.gov/). The enrichment 
KEGG pathways were mainly associated with 
Wnt signaling pathway, endocytosis, Fc gamma 
R-mediated phagocytosis, adherens junction, hep-
aran sulfate biosynthesis, mTOR signaling path-
way, TGF-beta signaling pathway, p53 signaling 
pathway, and so on (Figure 2A). In addition, the 
GO biological process (BP) terms were mainly 
enriched in 14 significant GO-BP (Figure 2B). 
The top ten significant processes were regulation 
of transcription, protein localization, vesicle-me-
diated transport, positive regulation of nitrogen 
compound metabolic process, positive regulation 

Table SI. Differentially expressed miRNAs between BRCA tissues and matched normal tissues.

Up-regulated Log2FC p-value Down-regulated Log2FC p-value

hsa-mir-21 2.30  <0.001  hsa-mir-133a-2 -6.44  <0.001
hsa-mir-96 3.42  <0.001 hsa-mir-133a-1 -6.40  <0.001
hsa-mir-183 3.09  <0.001 hsa-mir-486-1 -4.38  <0.001
hsa-mir-592 4.56  <0.001 hsa-mir-486-2 -4.37  <0.001
hsa-mir-141 2.32  <0.001 hsa-mir-139 -2.87  <0.001
hsa-mir-429 2.78  <0.001 hsa-mir-1-2 -5.35  <0.001
hsa-mir-200a 2.22  <0.001 hsa-mir-1-1 -5.33  <0.001
hsa-mir-182 2.49  <0.001 hsa-mir-145 -2.19  <0.001
hsa-mir-210 3.22  <0.001 hsa-mir-133b -6.43  <0.001
hsa-mir-7705 3.02  <0.001 hsa-mir-451a -3.10  <0.001
hsa-mir-190b 3.53  <0.001 hsa-mir-378a -2.03  <0.001
hsa-mir-196a-1 3.42  <0.001 hsa-mir-4732 -3.58  <0.001
hsa-mir-33b 2.81  <0.001 hsa-mir-144 -2.65  <0.001
hsa-mir-196a-2 3.30  <0.001 hsa-mir-99a -2.15  <0.001
hsa-mir-301a 2.11  <0.001 hsa-mir-551b -2.10  <0.001
hsa-mir-301b 3.03  <0.001 hsa-mir-204 -2.50  <0.001
hsa-mir-4724 4.33  <0.001 hsa-mir-208b -4.17  <0.001
hsa-mir-3677 2.18  <0.001 hsa-mir-1258 -2.22  <0.001
hsa-mir-3610 2.33  <0.001 hsa-mir-6507 -2.46  <0.001
hsa-mir-940 2.11  <0.001 hsa-mir-5683 -2.15  <0.001
hsa-mir-3065 2.38  <0.001 hsa-mir-6715a -2.47  <0.001
hsa-mir-760 2.41  <0.001 hsa-mir-6746 -2.02  <0.001
hsa-mir-147b 2.52  <0.001 hsa-mir-3612 -2.02  <0.001
hsa-mir-375 2.70  <0.001 hsa-mir-4678 -2.10  <0.001
hsa-mir-203a 2.25  <0.001 hsa-mir-206 -3.56  <0.001
hsa-mir-937 2.58  <0.001
hsa-mir-3664 2.60  <0.001
hsa-mir-449a 5.99  <0.001
hsa-mir-203b 2.60  <0.001
hsa-mir-4664 2.78  <0.001
hsa-mir-3662 2.94  <0.001
hsa-mir-4501 3.64  <0.001
hsa-mir-7-3 2.95  <0.001
hsa-mir-4326 2.02  <0.001
hsa-mir-187 3.25  <0.001
hsa-mir-184 4.36  <0.001
hsa-mir-1269a 6.08  <0.001
hsa-mir-767 5.85  <0.001
hsa-mir-105-2 5.90  <0.001
hsa-mir-2114 2.78  <0.001
hsa-mir-105-1 5.86  <0.001
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Emerging data have showed that abnormal 
miRNA expression was related to breast can-
cer invasion, metastasis, and resistance to che-
motherapy14-16. Therefore, specific microRNA 
expression signatures may serve as diagnostic, 
prognostic and disease monitoring markers and 
potentially define novel therapeutic targets. 
We screened a panel of three specific miRNAs 
(miR-133a-2, miR-204, and miR-301b) that 
function as oncogenes or tumor suppressors and 
could play a pivotal role in breast carcinogene-
sis. Recent studies17 reported that there are two 
copies of miR-133, the miR-133a-1 and miR-
133a-2. MiR-133a-2, encoded by MIR133A2, 
is located on chromosome 20 and in an intron of 
the C20orf166 gene. Nohata et al18 reported that 
miR-1 and miR-133a were frequently reduced 
in maxillary sinus squamous cell carcinoma 
(MSSCC) cancer cells, which may function as 
tumor suppressors regulating several oncogenic 
genes, such as TAGLN2 and PNP in MSSCC. 
In addition, some researchers19-21 have shown 
that miR-133a was down-regulated in bladder 
cancer. Kawakami et al22 demonstrated that 
miR-133a also functioned as tumor suppressors 
in renal cell carcinoma (RCC) cell lines by in-
hibiting cell proliferation and invasion and by 
promoting apoptosis and cell cycle arrest. Many 
studies23 have also shown that miR-133 func-
tions as a tumor suppressor in metastatic can-
cers, including breast cancer and gastric cancer. 
MiR-204, located in chromosomal 9q21.12, has 

of biosynthetic process, positive regulation of cell 
motion, negative regulation of gene expression, 
Golgi vesicle transport, intracellular transport, 
and positive regulation of cell migration.

Discussion

miRNAs represent a novel class of gene reg-
ulators in cancer. The aberrant expressions of 
specific miRNAs in cancer can mark the spec-
trum of cancer progression and may serve as 
independent biomarkers for diagnosis and prog-
nosis. As we know, early diagnosis and precise 
prognosis remain the mainstay of cancer screen-
ing and treatment, particularly in breast cancer. 
Here, we performed an integrated analysis ap-
proach to analyze specific miRNAs changes de-
rived from independent TCGA database, which 
may provide diagnostic and prognostic markers 
and potentially therapeutic targets. In the pres-
ent study, a total of 106 differentially expressed 
miRNAs were identified between BRCA tis-
sues and matched normal tissues, including 81 
up-regulated miRNAs and 25 down-regulated 
miRNAs. The univariate Cox analysis revealed 
that three miRNAs (miR-133a-2, miR-204, and 
miR-301b) were associated with overall surviv-
al in the training dataset and validation dataset. 
Then, we constructed a panel of three-miRNA 
signature and found that it was an independent 
prognostic marker for BRCA patients. 

Table I. Clinical characteristics of breast patients.

 Training dataset Validation dataset Entire dataset
 (N=542) (N=541) (N=1083) p-value

Gender    
    Female  536 (98.9%) 535 (98.9%) 1071 (98.9%) 0.997
    Male  6 (1.1%) 6 (1.1%) 12 (1.1%) 
Age    
    > 60 300 (55.5%) 298 (55.1%) 598 (55.3%) 0.903
    ≤ 60 241 (45.5%) 243 (44.9%) 484 (44.7%) 
Stage     
    I+II 402 (75.8%) 392 (74.0%) 794 (74.9%) 0.479
    III+IV 128 (24.2%) 138 (26.0%) 266 (25.1%) 
T stage    
    T1+T2 457 (84.5%) 449 (83.1%) 906 (83.8%) 0.554
    T3+T4 84 (15.5%) 91 (16.9%) 175 (16.2%) 
Metastasis     
    M0 450 (98.3%) 448 (97.0%) 898 (97.6%) 0.203
    M1 8 (1.7%) 14 (3.0%) 22 (2.4%) 
Vital alive    
    Live  472 (87.1%) 460 (85.0%) 932 (86.1%) 0.328
    Dead  70 (12.9%) 81 (15.0%) 151 (13.9%) 
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been reported to be down-regulated in many 
tumors, including colon cancer24, pancreatic 
cancer25, gastric cancer26, breast cancer27, chol-
angiocarcinoma28, hepatocellular carcinoma29, 
etc.. Flores-Pérez et al30 revealed that miR-204 
may exert an anti-oncogenic activity in breast 
cancer cells by two pivotal mechanisms: sup-
pression of TGF beta pathway leading to cell 
proliferation, migration and angiogenesis re-
pression, and repression of ANGPT1 resulting 
in angiogenesis blockage. Zeng et al31 identi-
fied that miR-204 inhibited the epithelial-mes-
enchymal transition (EMT) by downregulating 
the Six1, which was mediated by a conserved 

miR-204 seed-matching sequence in the 3′-UTR 
of Six1 mRNA. MiR-301b, clustered together 
with miR-301a, promotes cell invasion through 
inhibition of E-cadherin (CDH1) by targeting 
the tumor suppressor gene TP63 in pancreatic 
carcinoma32. Wu et al33 reported that ectopic 
expression of miR-301b enhanced cell growth, 
inhibited apoptosis, and reduced sensitivity of 
cells to chemotherapy by targeting Bim 3’UTR. 
Funamizu et al32 have shown that overexpressed 
miR-301b may suppress TP63 expression and 
contribute to promote cell invasiveness and to 
enhance gemcitabine resistance in pancreatic 
carcinoma cells. MiR-301b could promote the 

Table II. Univariate and multivariate Cox regression analysis in breast cancer patients.

 Univariate analysis Multivariate analysis

 HR (95% CI) p-value HR (95% CI) p-value

Training dataset    
Gender
(male vs. female) 0.049 (0-53643.714) 0.598  
Age
(> 60 vs. ≤60) 1.642 (1.026-2.628) 0.039  
Clinical stage
(III+IV vs. I+II) 3.670 (2.239-6.015) <0.001 3.685 (2.155-6.303) <0.001
T stage
(T3+T4 vs. T1+T2) 1.906 (1.122-3.238) 0.006  
Metastasis 
(M1 vs. M0) 5.910 (2.512-13.903) <0.001 2.718 (1.007-7.335) 0.048
Three-miRNA signature
(high-risk vs. low-risk) 2.286 (1.387-3.767) 0.001 1.904 (1.124-3.225) 0.017
Validation dataset    
Gender
(male vs. female) 1.867 (0.258-13.484) 0.536  
Age
(> 60 vs. ≤60) 2.014 (1.299-3.125) 0.002 1.807 (1.101-2.963) 0.019
Clinical stage
(III+IV vs. I+II) 2.056 (1.294-3.269) 0.002  
T stage
(T3+T4 vs. T1+T2) 1.488 (0.890-2.487) 0.129  
Metastasis 
(M1 vs. M0) 4.542 (2.336-8.829) <0.001 4.621 (2.254-9.475) <0.001
Three-miRNA signature
(high-risk vs. low-risk) 2.325 (1.440-3.755) 0.001 2.078 (1.251-3.452) 0.005
Entire dataset    
Gender
(male vs. female) 0.836 (0.117-5.991) 0.859  
Age
(> 60 vs. ≤ 60) 1.858 (1.347-2.563) <0.001 1.823 (1.273-2.609) 0.001
Clinical stage
(III+IV vs. I+II) 2.681 (1.916-3.751) <0.001 2.432 (1.653-3.580) <0.001
T stage
(T3+T4 vs. T1+T2) 1.672 (1.157-2.415) 0.006  
Metastasis 
(M1 vs. M0) 4.839 (2.889-8.106) <0.001 2.519 (1.333-4.758) 0.004
Three-miRNA signature
(high-risk vs. low-risk) 1.581 (1.254-1.994) <0.001 1.638 (1.147-2.339) 0.007 
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proliferation, migration, and aggressiveness of 
human bladder cancer cells by inhibiting the 
expression of EGR1 and affect EMT signaling 
by influencing the expression of related pro-
teins34. Our results also suggested that incor-

poration of the three-miRNA signature into the 
conventional clinical factors can provide more 
accurate prognostic information. Although our 
analysis showed that these three miRNAs were 
associated with clinical outcome, the roles of 

Figure 2. Enrichment analysis of GO biological processes and KEGG pathways. (A) GO terms of biological process; (B) 
KEGG pathways.
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these miRNAs in BRCA pathogenesis are pres-
ently unclear. 

As cancer is ultimately a consequence of dis-
ordered gene expression, miRNAs have been 
suggested to contribute to the development of 
cancer. Therefore, we analyzed the target gene 
function of three miRNAs using DAVID data-
base. We found that the target genes of these 
miRNAs may participate in many important 
signaling pathways, such as Wnt signaling, 
phagocytosis, adherens junction, heparin sul-
fate biosynthesis, mTOR signaling pathway, 
TGF-beta signaling pathway, and p53 signaling 
pathway. Accumulating evidence35-38 has shown 
that aberrant Wnt signaling is a characteristic of 
triple-negative breast cancer (TNBC), with both 
canonical and non- canonical pathways impli-
cated in TNBC tumorigenesis and metastasis. 
Recent studies39 indicated that Wnt/β-catenin 
signaling pathway, and particularly the Wnt re-
ceptors on the cell surface, may serve as novel 
therapeutic targets for the treatment of TNBC. 
Research40-43 has generally shown that activated 
mTOR signaling leads to an increase in cancer 
progression, and mTOR expression correlates 
for worse prognosis in breast cancer patients. In 
addition, Zhao et al44 demonstrated that phen-
formin induces cell death of breast cancer cell 
lines (MCF-7, ZR-75-1, MDA-MB-231 and 
SUM1315 cells), partly by modulating cell cy-
cle and apoptosis; these effects are associated 
with AMPK/mTOR/p70s6k and MAPK/ERK 
pathways. Mancini et al45 indicated that lipid 
accumulation in MCF-7 cells is a phenotypic 
cell fate decision that is mediated by the PI3K 
signaling pathway and the mTORC signal-
ing pathway. It is now generally accepted that 
transforming growth factor-b (TGF-β) signal-
ing pathway is a key regulator of various can-
cer, including cancer cell migration, invasion, 
angiogenesis, proliferation, as well as apopto-
sis, and it is one of the indispensable signaling 
pathways during cancer metastasis46. Mounting 
evidence has demonstrated that TGF-β signal-
ing is a well-investigated contributor to breast 
cancer cellular heterogeneity and metastasis47. 
Currently, the crucial functions of TGF-β in 
breast cancer have engaged numerous efforts on 
developing targeted therapeutics. On the basis 
of the above discussion, which highlights the 
importance of the cross talk in different signal-
ing pathways in carcinogenesis, further molec-
ular investigations are needed to confirm these 
predictions.

Conclusions 

We identified a three-miRNA signature as an 
independent prognostic marker and highlight the 
potential of miRNA profiling to predict clinical 
prognosis in patients with BRCA. Future studies 
will focus on the verifications of our findings in 
clinical trials and the functional elucidation of 
these miRNAs.
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