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Abstract MicroRNAs (miRNAs) are small non-coding
RNAs composed of 18–25 nucleotides that can post-
transcriptionally regulate gene expression and have key regu-
latory roles in cancer, acting as both oncogenes and tumor
suppressors. About 1000 genes in humans encode miRNAs,
which account for approximately 3% of the human genome,
and up to 30% of human protein coding genes may be regu-
lated by miRNAs. The objective of this article is to evaluate
the expression profile of four miRNAs previously implicated
in triple negative breast cancer: miR-10b, miR-26a, miR-146a
and miR-153, and to determine their possible interaction in
triple negative and non triple negative breast cancer based on
clinical outcome and the expression of BRCA1. 24 triple-
negative and 13 non triple negative breast cancer cases, were
studied by q-RT-PCR and immunohistochemistry to deter-
mine the expression of the four studied miRNAs and the
BRCA1 protein, respectively. We observed that the BRCA1
protein was absent in 62.5% of the triple negative cases.

Besides, the miR-146a and miR-26a were over expressed in
triple negative breast cancer. These two miRNAs, miR-10b
and miR-153 were significantly associated to lymph node
metastases occurrence in triple negative breast carcinoma.
All the analyzed microRNAs were not associated with the
expression of BRCA1 in our conditions. Our work provides
evidence that miR-146a, miR-26a, miR-10b and miR-153
could be defined as biomarkers in triple negative breast cancer
to predict lymph node metastases (LNM).

Keywords MicroRNAs . Human triple negative breast
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Introduction

Breast cancer is the most frequent carcinoma affecting females
and the second leading cause of cancer-related deaths in wom-
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en [1–3]. It is a heterogeneous disease that is functionnally
classified based on molecular profiles into different subtypes
including luminal A, luminal B, human epidermal growth
factor receptor 2 (HER2)-enriched, basal-like, normal breast-
like group and claudin-low subtype.

Basal-like breast cancers contribute to 80% of triple negative
breast cancer (TNBC) [4], one of the most aggressive subtypes,
that lacks estrogen receptor, progesterone receptor and human
epidermal growth factor receptor 2 (HER2) overexpression.
TNBC represents 15%–20% of all breast cancers [4, 5]. It is
often characterized as young age, high proliferation, high histo-
logical grade, big tumor size, high clinical stage at diagnosis,
high rate of positive lymph node, high risk of recurrence and
distantmetastases and it is associatedwith lack or low expression
of BRCA1 protein [6, 7]. Lacking of effective treatment method,
it is essential that new, alternative therapeutic targets for TNBC
are identified. Several studies have identified microRNAs
(miRNAs) playing a key role in all cellular processes and they
are promising targets for many types of cancer [2, 7, 8].

MiRNAs are a family of 21–25 nucleotide non-coding
RNAs molecules that regulate the expression of various genes
involved in the cell signaling pathways [2, 8–10]. In the pres-
ent study, we explored the expression levels of four
microRNAs: miR-10b, miR-26a, miR-146a and miR-153 in
both triple negative and non triple negative mammary tumors.
These miRNAs were previously identified by Fkih M’hamed
et al. as potentiel triple negative breast cancer biomarkers
based on expression profiling results in 10 cell lines using
PCR Array and qRT-PCR [11]. Moreover, we investigated
their possible interactions with the clinical outcome and the
expression of BRCA1.

Materials and Methods

Patients

Two groups of patients are tested in this study, the first with a
triple negative breast cancer profile and the second with a non
triple negative breast cancer profile (Luminal A, Luminal B).
Formalin-fixed, paraffin-embedded (FFPE) tissue files were
drawn from the department of pathology of Farhat Hached
Hospital of Sousse. 25 FFPE tissues were recovered for each
group of patients.

Three 6 mm cores were obtained from each tumor tissue.
All samples were from Tunisian women who lived in the
central region of Tunisia.

Clinico-pathological data including age at diagnosis, histo-
logical grade, tumor size, lymph node status and ER, PR and
HER-2 tumor expression of patients were collected from the
Farhat Hached Hospital data base. We selected 37 samples
after extraction and quality control of RNA. These cases were
divided into two groups and are summarized in Table 1: 24

patients with triple negative breast carcinoma and 13 patients
with non triple negative breast cancer profile. The study was
approved by the institutional review board of the Farhat-
Hached Hospital (Comité d’éthique et de Recherche du
CHU Farhat-Hached).

Quantitative Real-Time PCR

Total RNAwas extracted using miRNeasy FFPE kit (Qiagen,
France) according to the manufacturer’s instructions. The
RNA quality and concentrations were assessed using an
Agilent Bioanalyzer 2100 (Kit Agilent RNA 6000 nano) and
a spectrophotometer and then converted to cDNA using the
miScript II RT Kit (Qiagen, France). Expression of miRNAs
was measured using the miScript SYBR Green PCR Kit
(Qiagen, France) on an ABI7900HT system (TaqMan,
Applied Biosystem) and miScript Primer Assays (Qiagen,
France, Table S1) according to the manufacturer’s protocol.
All amplification reactions were performed in triplicates. U6
(Hs-RNU6–2-1 miscript Primer Assay) was used as internal
control. All samples were normalized to the internal control
and fold changes were calculated using the ΔΔCT method.

Immunohistochemistry

Immunohistochemical staining for the detection of BRCA1 ex-
pression was assessed on formalin-fixed paraffin embedded
(FFPE) tissues using the EnVision Kit (EnVision ™ FLEX,
High pH (Dako Autostainer / Autostainer Plus)) according to
the manufacturer’s instructions and the primary antibody anti-
BRCA1 (Anti-BRCA1 antibody [MS110] (ab16780) byAbcam
). Briefly, 5 um thick sections of paraffin embedded tissues were
cut and dried overnight at 37 °C, deparaffinized and rehydrated.
Antigen retrieval was done with the citrate buffer at pH 6 by
boiling sections in water bath for 40 min until temperature
reaches 98 °C. The activity of endogenous peroxidases was
neutralized using reagent EnVision Peroxidase-Blocking
Reagent FLEXTM for 5 min. Slides were subsequently washed
in a washing buffer EnVision FLEXTMWash buffer diluted in
distilled water at room temperature. The sections were then in-
cubated overnight with the appropriate primary antibody. We
used monoclonal antibodies anti-BRCA1 with dilution 1/80.
Then incubation of the slides was performed for 15 min in the
presence of FLEXTM EnVision and Mouse linker.

The revelation of primary antibodies bound to their anti-
gens is carried out by incubation for 20 min with the blade kit
FLEXTM EnVision / HRP followed by washing. Then, the
chromogenic substrate (diamino benzidine) is added to reveal
the peroxidase activity. It is applied for 5 to 15 min followed
by rinsing the sections in distilled water. Finally, the sections
were counterstained with hematoxylin, dehydrated and
mounted. All slides were coded and were evaluated under a
light microscope by two experienced pathologists.
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Statistical Analysis

A p-value <0.05 was considered as statistically signifi-
cant. All statistical analyses were performed with SPSS
20 (SPSS, IBM) software and SEM (Stat is t ics
Epidemiology Medicine, developed by Kwiatkowski et al.
[12]) software.

Results

Clinical Outcome

Clinical data including age at diagnosis, SBR grade, tumor size
and lymph node metastases were compared between triple neg-
ative and non triple negative breast cancer patients (Table 2).

Table 1 The clinico-pathological
features in triple negative and non
triple negative mammary tumors

Patients Histological type SBR Tumor size (cm) Age LNM ER PR HER2 Subtype

1 IDC 2 5 66 1 0 0 0 TN

2 IDC 2 3 40 1 0 0 0 TN

3 IDC 3 3 75 1 0 0 0 TN

4 IDC 3 4 34 1 0 0 0 TN

5 IDC 3 4 49 0 0 0 0 TN

6 IDC 2 3 54 1 0 0 0 TN

7 IDC 2 5 59 1 0 0 0 TN

8 IDC 3 3 55 0 0 0 0 TN

9 IDC 3 3 56 1 0 0 0 TN

10 IDC 3 2 37 1 0 0 0 TN

11 IDC 2 2,5 57 1 0 0 0 TN

12 IDC 2 3 49 n/a 0 0 0 TN

13 IDC 2 2,7 47 0 0 0 0 TN

14 IDC 2 2 63 n/a 0 0 0 TN

15 IDC 3 2,7 37 0 0 0 0 TN

16 IDC 3 6 59 0 0 0 0 TN

17 IDC 3 2,5 49 0 0 0 0 TN

18 IDC 1 2 45 0 0 0 0 TN

19 IDC 2 4 53 1 0 0 0 TN

20 IDC 2 4 42 n/a 0 0 0 TN

21 IDC 2 4,5 37 0 0 0 0 TN

22 IDC 3 3 35 1 0 0 0 TN

23 IDC 3 2,5 50 1 0 0 0 TN

24 IDC 3 5 59 1 0 0 0 TN

25 IDC 2 7 77 1 1 1 0 LUM A

26 IDC 1 4 38 1 1 1 1 LUM B

27 IDC 3 1,8 41 n/a 1 1 0 LUM A

28 IDC 2 5 46 1 1 1 0 LUM A

29 IDC 2 5,5 44 1 0 1 0 LUM A

30 IDC 1 3 36 0 0 1 0 LUM A

31 IDC 1 1,5 41 1 0 1 0 LUM A

32 IDC 3 1,5 46 1 0 1 1 LUM B

33 IDC 2 2,5 80 1 1 1 0 LUM A

34 IDC 1 3 45 0 1 1 0 LUM A

35 IDC 2 3 51 0 1 1 0 LUM A

36 IDC 2 2 55 0 1 1 0 LUM A

37 IDC 2 3 55 1 1 1 0 LUM A

IDC Invasive ductal carcinoma, SBR (Scarff, Bloom and Richardson): histo-prognostic grade; LNM lymph Node
Metastasis, RE Estrogen Receptor, RP Progesterone Receptor, HER2 Human Epidermal growth factor Receptor-
2, TN Triple Negatif, LUMA Luminal A, LUMB Luminal B, 0 negative staining, 1 positive staining
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We observed that young women aged 49 years or
under at diagnosis represent 50% in the triple negative
breast cancer group while they are 61.54% in the non
triple negative breast cancer group, p = 1.23E-7. We
noticed that grade 3 concerns 50% of the patients with
triple negative breast cancer; however, it is presented in
only 15,38% of the patients with non triple negative
breast cancer; p = 1.26E-12. We also observed that tu-
mor size upper 3 cm presented in 37.5% of the patients
with triple negative breast cancer and in 30,77% of the
patients with non triple negative breast cancer, p = 3.07E-7. No
significant difference was obtained for lymph node
metastases.

Immunohistochemistry Study of BRCA1 Protein

BRCA1 protein expression among triple negative and
non triple negative breast cancer patients was assessed
according to the presence or the absence of BRCA1
protein within mammary tissues by routine immuno-
histochemistry.

The positive staining was marked 1 and negative
staining was marked 0. The BRCA1 protein was absent
in 62.5% of the triple negative cases compared to
30.77% of non triple negative ones with p = 0.068
(Table 3).

miRNA Expression Levels in Triple Negative and Non
Triple Negative Mammary Tumors

We analyzed the expression of four microRNAs (miR-10b;
miR-26a; miR-146a and miR-153) among triple negative
and non triple negative mammary tumors. The expression
levels were normalized with the corresponding mean value
of the reference gene U6. The difference of the expression
levels of miR-10b, miR-26a; miR-146a and miR-153 between
the two analyzed groups was not significant (p > 0.05), prob-
ably because of the small number of subjects in each group of
patients (Table 4, Fig.1).

However we could observe that miR-146a and miR-26a
were over-expressed 3 times and 1.5 times respectively in
triple negative compared to non triple negative mammary tu-
mors (Table 4).

For miR-153 and miR-10b, the expression levels were sim-
ilar between triple negative and non triple negative groups.

Relationship between miRNAs Expression and BRCA1
Protein Expression

We assessed the relationship between miRNAs expression
and BRCA1 protein expression among triple negative and
non triple negative breast cancer patients using a non-
parametrical statistical Mann-Whitney U test.

Table 2 Comparison of clinico-pathological features between triple negative and non triple negative mammary tumors

Triple Negative breast cancer non Triple Negative breast cancer T-Test

N = 24 % N = 13 %

Age at diagnoses Median: 49 years Age ≤ 49 12 50 8 61,54 1.23E-7
Age > 49 12 50 5 38,46

SBR Grade 1 1 4,16 4 30,77 1.26E-12
(grade 1 + 2 /grade3)Grade 2 11 45,83 7 53,85

Grade 3 12 50 2 15,38

Tumor size Median: 3 cm Taille ≤3 15 62,5 9 69,23 3.07E-7
Taille >3 9 37,5 4 30,77

LNM 1(Yes) 13 54,16 8 61,53 0,72
0 (No) 8 33,33 4 30,77

SBR (Scarff, Bloom and Richardson) histopronostic grade, LNM lymph Node Metastasis

p < 0.05 in bold is significant

Table 3 BRCA1 protein
expression in mammary tumors
revealed by
mmunohistochemistry according
to both triple negative and non
triple negative breast cancer
patients

BRCA1 protein expression Triple Negative patients non Triple Negative patients

N = 24 % N = 13 %

Positive staining 9 37,5 9 69,23

Negative staining 15 62,5 4 30,77

Test T (Student) 0,068
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We found no significant difference between the expression
of miRNAs and the expression of BRCA1 protein in our con-
ditions (Table 5).

Relationship between miRNAs Expression
and Clinico-Pathological Features

We analyzed the relationship between clinico-pathological
features among triple negative and non triple negative of pa-
tients and miRNAs expression in triple negative and non triple
negative mammary tumors.

We did not record any significant difference in the analyzed
data (mean ± SD) between the two groups of mammary tu-
mors for the age at diagnosis, tumor size and grade of the
tumor (Fig.2).

However, using a non-parametrical statistical Mann-
Whitney U test, miR-146a and miR-26a expression levels, are
higher in triple negative breast cancer patients without lymph
node metastases than in triple negative breast cancer patients
with lymph node metastases, p (two tailed test) = 0,043 (Fig.3),
p(two tailed test) = 0,011 (Fig.4) respectively. miR-10b has
tendency to be associated with lymph node metastases among
triple negative breast cancer patients p(two tailed test) = 0.082 ,
p (one tailed test) = 0.045 (Fig.5).

Moreover, we assessed the correlation between
clinico-pathological features and miRNAs associations
among triple negative and non triple negative patients
using SEM software. The normalized expression data of
the analyzed miRNAs were log2 transformed in order to
display confidence intervals at 95% of average. We
found some significant associations.

Table 4 Comparison of miRNAs expression levels in normal and tumor mammary tissues among triple negative and non triple negative mammary
tumors

Mean Expression T-Test

All tumors (n = 37) TN (n = 24) non TN (n = 13) All tumors /TN All tumors / nonTN TN/non TN

miR-146a 10,36 13,78 4,04 0,55 0,09 0,07

miR-153 2,93 2,51 3,71 0,78 0,72 0,58

miR-10b 1,14 1,22 0,99 0,79 0,66 0,56

miR-26a 2,35 2,67 1,77 0,57 0,36 0,21

TN Triple Negative, non TN Non Triple Negative

Fig. 1 miRNA expression in triple negative versus non triple negative mammary tumors Data are expressed as 2–ΔΔCt, which is directly related to the
miRNA expression levels in each sample, and represent mean ± SD from three independent determinations
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Table 5 Relationship between
miRNAs expression and BRCA1
protein expression among triple
negative and non triple negative
breast cancer patients

BRCA1 N Median Range Mann–Whitney U test P value

All tumors miR-146a 0 19 2.18 103.21 162 0.784

1 18

miR-153 0 19 0.56 29.44 171 1

1 18

miR-10b 0 19 0.82 4.44 141 0.362

1 18

miR-26a 0 19 1.72 9.04 168 0.927

1 18

TN miR-146a 0 15 1.97 103.14 56 0.493

1 9

miR-153 0 15 0.46 23.67 66 0.929

1 9

miR-10b 0 15 0.87 4.44 45 0.180

1 9

miR-26a 0 15 2.37 8.87 50 0.297

1 9

non TN miR-146a 0 4 2.23 18.65 16 0.758

1 9

miR-153 0 4 1 29.26 11 0.280

1 9

miR-10b 0 4 0.82 2.51 17 0.877

1 9

miR-26a 0 4 1.01 5.36 13 0.440

1 9

TN Triple Negative, non TN Non Triple Negative, 0 negative staining, 1 positive staining

Fig. 2 Relationship between clinicopathological features andmiRNAs expression in triple negative and non triple negativemammary tumors. Error bars
represent standard deviation for triplicates of one representative experiment
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Lymph Node Metastasis in Triple Negative Breast Cancer Patients

Fig. 3 miR-146a expression
level among triple negative breast
cancer patients according to
lymph node metastases
occurrence. Arrows indicate the
two analyzed groups by Mann-
Whitney U test. P value <0.05 is
significant. SD : standard
deviation. Outliers defines as
unusual or aberrant values
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Lymph Node Metastasis in Triple Negative Breast Cancer Patients

Fig. 4 miR-26a expression level
among triple negative breast
cancer patients according to
lymph node metastases
occurrence. Arrows indicate the
two analyzed groups by Mann-
Whitney U test. P value <0.05 is
significant. SD : standard
deviation. Outliers defines as
unusual or aberrant values
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The multiple linear regression showed that the co-
expression of miR-10b and miR-26a is correlated with the
parameter triple negative tumor (r = 0.367, p = 0.022). The
covariables miR-10b and miR-26a thus explain 13.4% of
changes in tumor TN parameter (Table 6).

The logistic regression explained that the expression of
miR-153 and miR-146 is inversely correlated with lymph
node metastases (attached overall probability model
p = 0.043) (Table 7).

Correlations between the Analyzed miRNAs

In order to better understand the interaction between
microRNAs expression in triple negative and non triple neg-
ative breast cancer, we assessed the correlation between them
using the Spearman’s Rho method.

In triple negative breast cancer, we observed two groups of
correlating miRs. The first group was constituted by miR-
146a, miR-10b and miR-26a. The highest correlation was
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Lymph Node Metastasis in Triple Negative Breast Cancer Patients

Fig. 5 miR-10b expression level
among triple negative breast
cancer patients according to
lymph node metastases
occurrence. Arrows indicate the
two analyzed groups by Mann-
Whitney U test. P value <0.05 is
significant. SD : standard
deviation. Outliers defines as
unusual or aberrant values

Table 6 Multiple linear regression between triple negative parameter and covariables miR-10b and miR-26a

TN Multiple regression Simple regression Conclusion

Covariables coefficient SD Probability
association

default
residual
variance

IC-95% r p Regression equation

Log-miR-10b -0.1498 0.09326 0.11 0.2244 [−0.333:
0.333]

-0.004 0.98 Y = −0.0017*X-0.646 R = 0.367
ddl = 34
p = 0.022The covariables

miR10b and miR26a
explain 13.4% of changes
in tumor TN parameter

Log-miR-26a 0.257 0.118 0.022 0.2409 [0.0378: 0.476] 0.262 0.11 Y = 0.133*X + 0.244
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found between miR-10b and miR-26a (Spearman’s rho:
0.805, p < 0.01), then the correlation between miR-146a and
miR-26a (Spearman’s rho: 0.668, p < 0, 01) and between miR-
146a and miR-10b (Spearman’s rho: 0.462, p < 0.05).

The second group formed by two miRNAs: miR-153 and
miR-10b (Spearman Rho: 0.523, p < 0.01).

Considering the non triple negative breast cancer, we re-
corded a significant correlation (p < 0.05) between 3 miRNAs
: miR-146a, miR-10b and miR-26a (Spearman’s Rho: 0.654;
0.610; 0.615) (Table 8).

The Signaling Pathways and Target Genes for the 4
miRNAs Involved in Triple Negative Breast Cancer

To determine the signaling pathways and target genes of the
analyzedmiRNAs, we used the DIANA-TarBase v.7 available
online at http://www.microrna.gr/tarbase. This database
allowed us to reveal the target genes of each miRNA and to
study in which signaling pathway and pathologies they are
implicated.

As shown in Fig. 6, different signaling pathways and pa-
thologies modulated by the 4 analyzed miRNAs.

We extracted the different signaling pathways that might be
involved in breast cancer triple negative based on literature:

– Transcriptional misregulation in cancer (hsa05202)
– Pathways in cancer (hsa05200)
– PI3K-Akt signaling pathway (hsa04151)
– Apoptosis (hsa04210)

– NF-kappa B signaling pathway (hsa04064)
– TGF-beta signaling pathway (hsa04350)
– p53 signaling pathway (hsa04115)

For each signaling pathway, we determined the miRNA
and their corresponding target genes involved in breast cancer
triple negative (Table 9).

Discussion

Due to the absence of well-defined treatment method, Triple
Negative Breast Cancer (TNBC) has attracted more attention
[7]. MiRNAs are potential alternative therapeutic targets for
cancer. They are also candidate diagnostic and prognostic in-
dicators of breast cancer and have become an area of intense
research focus in recent years [1].

Here, we explored the expression levels of BRCA1 protein
and four miRNAs in triple negative and non triple negative
mammary tumors. The studied miRNAs were selected since
they were potentially overexpressed in TNBC, according to
our first work in human triple negative breast cancer cells [11].

First, we compared the clinico-pathological features be-
tween triple negative and non triple negative mammary tu-
mors, and we showed that our results are in agreement with
the literature. TNBC tumors had younger age at diagnosis,
were larger in tumor size and were of higher histological
grade.

Also, TNBC are often linked to inactivation of the BRCA1
tumor suppressor gene, which leads to impaired homologous
recombination-mediated DNA repair [13, 14]. These data are
consistent with our immuno-histochemistry results. The
BRCA1 protein was absent in 62.5% of the triple negative
cases.

Second, we compared the expression levels of the four
miRNAs (miR-10b, miR-26a, miR-146a and miR-153) be-
tween the two groups of TNBC and non TNBC, and noted
that only miR-146a and miR-26a were over-expressed in tri-
ple negative compared to non triple negative mammary tu-
mors. Concerning miR-146a, our finding were consistent with
other studies [15, 16].

Since BRCA1 may also be regulated at the post-
transcriptional level by microRNAs [17], we assessed the

Table 7 Regression logistic between lymph node metastases parameter and covariables miR-153 and miR-146a

LNM Logistic regression Conclusion

Covariables coefficient SD Probability.1 Odds Ratio Log (V)/default Probability.2

Log-miR-153 -0.4293 0.2498 0.086 0.6510 -20.16 0.069 Log (V) initial = −21.63 Final = −18.51
Chi2 = 6.24
ddl = 2
P = 0.043

Log-miR-146a -0.4.45 0.2688 0.12 0.6607 -19.81 0.11

Table 8 Spearman’s rank correlation coefficient between microRNA
expression levels in triple negative and non triple negative breast cancer

Spearman’s Rho miR-146 miR-153 miR-10b miR-26a

miR-146 - 0,110 0,462* 0,668**

miR-153 -0,011 - 0,523** 0,306

miR-10b 0,654* -0,401 - 0,805**

miR-26a 0,610* -0,445 0,615* -

Bold letters concern the correlation between miRNAs across triple nega-
tive breast cancer. The non bold letters concern the correlation between
miRnas across non triple negative breast cancer

Underlined letters with *represent p value <0,05; Underlined letters with
**represent p value <0,01
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correlation between miRNAs expression and BRCA1 protein
expression among triple negative and non triple negative
breast cancer patients. By doing so, we found no significant
difference in our conditions, indicating that the BRCA1 func-
tional loss in triple negative mammary tumors may be regu-
lated by other mechanism. Yamashita et al. reported that epi-
genetic inactivation of BRCA1 through promoter hyperme-
thylation is an important mechanism that leads to functional
loss of BRCA1 in TNBC [14]. Moreover, Zhang and Long
demonstrated that BRCA1 methylation was statistically asso-
ciated with lymph nodemetastasis, histological grade 3, triple-
negative phenotype, and low levels of BRCA1 protein expres-
sion [18]. The other reason could be the low number of cases
(especially in non TNBC group) that may not be enough for
that kind of analysis.

The relationship between clinico-pathological features and
miRNAs expression in triple negative and non triple negative
mammary tumors demonstrated that miR-146a, miR-26, miR-
10b and miR-153 expression levels were associated with
lymph node metastasis among triple negative breast cancer
patients. These results of miR-26a and miR-146a are in agree-
ment with other studies of Liu et al. and Stückrath et al. [19,
20].

Moreover, Chen et al. demontrated that circulating miR-
10b and miRNA-373 are potential biomarkers for detecting
the lymph node status of breast cancer [22].

In this way and according to lymph node status, Rask et al.
reported that differential expression levels of miR-139, miR-
486 and miR-21 in breast cancer patients may represent a

useful signature for the identification of high-risk breast can-
cer patients [21].

Regarding miR-153, Chen et al. showed that this miRNA
was positively correlated with the lymph node status and dis-
tant metastasis in non-small cell lung cancer patients [24].

Then, we found a significant correlation between the ana-
lyzed miRNAs, as between miR-146a and miR-26a
(Spearman’s rho: 0.668, p < 0, 01) in TNBC group.

These correlations are involved in various biological process-
es, including proliferation, migration, invasion, angiogenesis,
andmetabolism by targetingmultiple mRNAs [11, 23, 25, 26].

Last, in the present study, we used the DIANA-TarBase v.7
data to determine the signaling pathways and target genes of
the analyzed miRNAs that might be involved in TNBC
(Table 7).

Among the target signaling pathways, we found the PI3K-
Akt signaling pathway. Three miRNAs are involved in this
pathway: miR-146a-5p targets the BRCA1 gene, miR-26a-5p
target genes include GSK3B, CCND2, IFNB1, CCNE2,MYC,
and PTEN and miR-153 targets MCL1 and BCL2.

Activation of the PI3K-AKT pathway by mutations of
PIK3CA and PTEN inhibition are molecular characteristics
already described in TNBC [26–28]. Other studies reported
the carcinogenesis-related processes in TNBC via the
PI3K/AKT signaling pathway [29–32].

Recently, Phua et al. reported that gene expression studies
uncovered multi-factorial regulation of genes in the
PI3K/AKT/mTOR pathway by miR-184 in breast cancer
[33]. Besides, miR-214 acts as a potential oncogene in breast

Fig. 6 The different signaling pathways and pathologies modulated by the four miRNAs (heatmap, DIANA-TarBase v.7)

824 I.F. M’hamed et al.



T
ab

le
9

T
he

va
ri
ou
s
si
gn
al
in
g
pa
th
w
ay
s
an
d
ta
rg
et
ge
ne
s
fo
r
th
e
4
m
iR
N
A
s
(D

IA
N
A
-T
ar
B
as
e
v.
7)

D
IA

N
A
-T
ar
B
as
e
v.
7

Si
gn
al
in
g
pa
th
w
ay
s
in
vo
lv
ed

in
th
e
tr
ip
le
ne
ga
tiv

e
br
ea
st
ca
nc
er

T
ra
ns
cr
ip
tio

na
lm

is
re
gu
la
tio

n
in

ca
nc
er

(h
sa
05
20
2)

Pa
th
w
ay
s
in

ca
nc
er

(h
sa
05
20
0)

PI
3K

-A
kt

si
gn
al
in
g

pa
th
w
ay

(h
sa
04
15
1)

A
po
pt
os
e
(h
sa
04
21
0)

m
iR
N
A

G
en
e

id
E
ns
em

bl
G
en
e

id
E
ns
em

bl
G
en
e

id
E
ns
em

bl
G
en
e

id
E
ns
em

bl

hs
a-
m
iR
-1
46
a-
5p

N
FK

B
1

E
N
SG

00
00
01
09
32
0

N
FK

B
1

E
N
SG

00
00
01
09
32
0

B
R
C
A
1

E
N
S
G
00
00
00
12
04
8

N
FK

B
1

E
N
SG

00
00
01
09
32
0

C
X
C
L
8

E
N
SG

00
00
01
69
42
9

C
X
C
L
8

E
N
SG

00
00
01
69
42
9

FA
D
D

E
N
SG

00
00
01
68
04
0

L
M
O
2

E
N
SG

00
00
01
35
36
3

B
R
C
A
2

E
N
SG

00
00
01
39
61
8

FA
S

E
N
SG

00
00
00
26
10
3

C
D
86

E
N
SG

00
00
01
14
01
3

E
G
FR

E
N
SG

00
00
01
46
64
8

IR
A
K
2

E
N
SG

00
00
01
34
07
0

B
C
L
2A

1
E
N
SG

00
00
01
40
37
9

FA
D
D

E
N
SG

00
00
01
68
04
0

IR
A
K
1

E
N
SG

00
00
01
84
21
6

C
D
K
N
1A

E
N
SG

00
00
01
24
76
2

T
R
A
F6

E
N
SG

00
00
01
75
10
4

K
IT

E
N
SG

00
00
01
57
40
4

FA
S

E
N
SG

00
00
00
26
10
3

C
D
K
N
1A

E
N
SG

00
00
01
24
76
2

hs
a-
m
iR
-2
6a
-5
p

H
M
G
A
2

E
N
SG

00
00
01
49
94
8

G
SK

3B
E
N
SG

00
00
00
82
70
1

G
SK

3B
E
N
S
G
00
00
00
82
70
1

C
C
N
D
2

E
N
SG

00
00
01
18
97
1

SM
A
D
4

E
N
SG

00
00
01
41
64
6

C
C
N
D
2

E
N
S
G
00
00
01
18
97
1

M
Y
C

E
N
SG

00
00
01
36
99
7

C
C
N
E
2

E
N
SG

00
00
01
75
30
5

IF
N
B
1

E
N
S
G
00
00
01
71
85
5

SM
A
D
1

E
N
SG

00
00
01
70
36
5

M
Y
C

E
N
SG

00
00
01
36
99
7

C
C
N
E
2

E
N
S
G
00
00
01
75
30
5

R
B
1

E
N
SG

00
00
01
39
68
7

M
Y
C

E
N
S
G
00
00
01
36
99
7

PT
E
N

E
N
SG

00
00
01
71
86
2

PT
E
N

E
N
S
G
00
00
01
71
86
2

hs
a-
m
iR
-1
53

FO
X
O
1

E
N
SG

00
00
01
50
90
7

B
C
L
2

E
N
SG

00
00
01
71
79
1

M
C
L
1

E
N
S
G
00
00
01
43
38
4

B
C
L
2

E
N
SG

00
00
01
71
79
1

FO
X
O
1

E
N
SG

00
00
01
50
90
7

B
C
L
2

E
N
S
G
00
00
01
71
79
1

hs
a-
m
iR
-1
0b
-5
p

N
R
4A

3
E
N
SG

00
00
01
19
50
8

D
IA

N
A
-T
ar
B
as
e
v.
7

Si
gn
al
in
g
pa
th
w
ay
s
in
vo
lv
ed

in
th
e
tr
ip
le
ne
ga
tiv

e
br
ea
st
ca
nc
er

N
F-
ka
pp
a
B
si
gn
al
in
g

pa
th
w
ay

(h
sa
04
06
4)

T
G
F-
be
ta
si
gn
al
in
g
pa
th
w
ay

(h
sa
04
35
0)

p5
3
si
gn
al
in
g
pa
th
w
ay

(h
sa
04
11
5)

m
iR
N
A

G
en
e

id
E
ns
em

bl
G
en
e

id
E
ns
em

bl
G
en
e

id
E
ns
em

bl

hs
a-
m
iR
-1
46
a-
5p

N
FK

B
1

E
N
SG

00
00
01
09
32
0

C
X
C
L
8

E
N
SG

00
00
01
69
42
9

C
D
40
L
G

E
N
SG

00
00
01
02
24
5

T
R
A
F6

E
N
SG

00
00
01
75
10
4

B
C
L
2A

1
E
N
SG

00
00
01
40
37
9

IR
A
K
1

E
N
SG

00
00
01
84
21
6

hs
a-
m
iR
-2
6a
-5
p

SM
A
D
4

E
N
SG

00
00
01
41
64
6

C
C
N
D
2

E
N
SG

00
00
01
18
97
1

C
C
N
E
2

E
N
SG

00
00
01
75
30
5

M
Y
C

E
N
SG

00
00
01
36
99
7

PT
E
N

E
N
SG

00
00
01
71
86
2

SM
A
D
1

E
N
SG

00
00
01
70
36
5

hs
a-
m
iR
-1
53

B
C
L
2

E
N
SG

00
00
01
71
79
1

hs
a-
m
iR
-1
0b
-5
p

miR-10b, miR-26a, miR-146a, miR-153 in TNBC Vs non TNBC 825



cancer by targeting the PTEN-PI3K/Akt signaling pathway
[34].

Concerning our analyzed miRNA, Xu et al. indicated that
the differential miRNA signatures include miR-146a in syno-
vial fluid from osteoarthritis patients demonstrated primarily
upregulation of the PI3K-Akt signaling pathway and other
biologic cellular processes [35].

Chai et al. reported that miR-26a expression reduced mac-
rophage colony-stimulating factor expression and recruitment
of macrophages in hepatocellular carcinoma through the
PI3K/Akt pathway [36]. Furthermore, the overexpression of
miR-153 inhibited stretch stress-enhanced vascular smooth
muscle cells proliferation and the activity of PI3K-AKT sig-
naling [37].

Another pathway that is involved in TNBC is the NF-κB
signaling pathway. Our results showed two miRNAs that are
involved in this pathway: miR-146a-5p target genes include
NFKB1, CXCL8, CD40Ig, TRAF6, BCL2A1 and IRAK1 and
miR-153 target BCL2.

The nuclear factor NF-κB pathway has been suggested to
be an important regulator of triple negative breast cancer. This
pathway is responsible for controlling cellular processes [2].
Chen et al. demonstrated that the activation of G-protein
coupled estrogen receptor (GPER) suppresses epithelial mes-
enchymal transition of triple negative breast cancer cells via
NF-κB signaling [38].

Bhaumik et al. reported that miR-146a/b is a negative reg-
ulator of constitutive NF-κB activity in a breast cancer setting
with reduction of metastases [39]. Moreover, other study
showed that the expression of validated miRNAs (miR-
146a, miR-99b and miR-205) induced by BRCA1 that com-
monly regulate TRAF2, were sufficient to modulate NF-κB
activity [40].

Beyond the two signaling pathways cited, we have identi-
fied in the Table 7 other pathways : Transcriptional
misregulation in cancer (hsa05202), Pathways in cancer
(hsa05200), Apoptosis (hsa04210), TGF-beta signaling path-
way (hsa04350) and p53 signaling pathway (hsa04115).
Future studies should try to identify how our analyzed
miRNA and these pathways are involved in the
developpement of carcinogenesis-related processes in TNBC.

To conclude, our findings have important implications on
TNBC. We identified miR-146a miR-26a, miR-10b and miR-
153 as potential biomarkers in TNBC to predict lymph node
metastases.

Furthermore, when discussing TNBC, we should keep in
mind that it is a heterogeneous disease. Lehmann et al. classi-
fied triple negative tumors into six subtypes including 2 basal-
like (BL1 and BL2), an immunomodulatory (IM), a mesen-
chymal (M), a mesenchymal stem-like (MSL), and a luminal
androgen receptor (LAR) subtype [41]. This Classification
may partly explain the contradictory results reported in the
literature.

Further studies are warranted to understand the biological
role of these miRNAs, their targets and the signaling pathways
involved in TNBC. Molecular tools, such as gene expression,
DNA sequencing, methylation profiles and protein expression
can help to identify new biomarkers and treatment options of
TNBC.

BRCA1, Breast Cancer 1; ER, estrogen receptor; HER2,
human epidermal growth factor receptor 2; LNM, lymph node
metastases; miRNAs, miR, microRNAs; PR, progesteron re-
ceptor; qRT-PCR, quantitative reverse transcription polymer-
ase chain reaction; RNA, Ribonucleic acid; TNBC, Triple
Negative Breast Cancer.
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