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ABSTRACT
Triple negative breast cancer is the heterogeneous and most aggressive known subtype of breast cancer
due to absence of estrogen, progesterone and HER2 receptors. We aimed to identify a panel of circulating
miRNAs which can act as diagnostic and prognostic biomarkers specifically for TNBC. The blood
samples were collected from 37 TNBC diagnosed patients and 34 age-matched non-TNBC controls to
investigate the expression of miRNA panel. Plasma was isolated by standard protocol of centrifugation
and then isolation of total RNA including miRNA was done. About 100ng of isolated miRNA was
converted to cDNA after addition of poly (A) tailing and then expression profiling was done by using real
time-qPCR technique in which miR-specific DNA primers were used to increase sensitivity of reaction.
Expression of miRNA panel was normalized with mir-16 and expression fold change was calculated by
2-ΔΔCt method. Further analysis was done by SPSS, medcalc and Graphpad prism software. Area under
curve analysis was used to get diagnosis outcome of selected miRNA panel. Upregulation of miRNA
panel (mir-376c, mir-155, mir-17a and mir-10b) has been seen in the plasma samples of TNBC patient´s
samples relative to non-TNBC control samples. The scatter plots and other statistical analysis have given
differences in expression of four miRNA panel with significant p-value (p< 0.001), respectively. Kruskal
Wallis test and Mann Whitney U test have clearly showed significance and association of miRNA panel
with clinicopathological characteristics of breast cancer which have revealed their role as diagnostic
biomarkers. AUC curve analysis also remarks their high sensitivity and specificity. We have identified
panel of four miRNAs which can act as circulating diagnostic and prognostic biomarkers in triple
negative breast cancer in the population of Pakistan. Especially, mir-376c, mir-155 and mir-17a may act
as early stage biomarkers in TNBC and mir-10b is found to be late stage biomarker which can also act as
prognostic biomarker in TNBC.

INTRODUCTION

B

reast cancer is the malignant disease which affects
breast tissue; its mortality rate is very high amongst
women worldwide especially in Asian countries. In Asia,
Pakistan has highest rate of prevalence of breast cancer
i.e., for every 9 women, 1 is diagnosed with breast cancer
(Menhas and Umer, 2015). About 1 million cases of breast
cancer have been detected annually worldwide and it is a
major cause of death in women (Maryam et al., 2018). There
are several factors which may lead towards breast cancer
(Harirchi et al., 2010), such as age, early menstruation,
absence of menstrual periods, genetic disorder, lack
of breastfeeding, less physical activity and alcoholic
consumption (DeRoo et al., 2010; Ghiasvand et al., 2011).
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Triple negative breast cancer (TNBC) is heterogeneous
and one of the aggressive subtypes of breast cancer (Sãrlie
et al., 2001; Almeer et al., 2018). Its prognosis outcome is
mostly poor and chances of relapse are greater than other
subtypes because of the absence of estrogen receptors,
progesterone receptors and human epidermal receptor 2
whose presence helps in treatment of disease by direct
targeting these receptors (Chang et al., 2011).
Despite of available diagnostic and prognostic
methods, there is still frequent need of sensitive, specific
and non-invasive method of screening, in order to cure
and better treatment of this type of aggressive cancer
(Di Leva and Croce, 2010). New research approaches
have demonstrated that miRNAs which are a class
of regulators of 50% genes and are related to certain
diseases may serve as biomarkers (Fish et al., 2008;
Wang et al., 2008). MicroRNAs are short non-coding
RNA molecules, consists of 22-24 nucleotides, translating
any protein sequence, while playing crucial roles in the
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gene regulation. Since the discovery of lin-4 miRNAs in
Caenorhabditis nematode, lot of research has been done on
different disease relating miRNAs (Lee et al., 1993). They
play crucial role in controlling apoptosis, differentiation,
cell growth and development, metabolism and cell
proliferation inside cells (Kim et al., 2009). As miRNAs
are known to be present in specific manner in tissues and
also secreted in blood as free circulating miRNAs so they
act as diagnostic and prognostic biomarkers for breast
cancer (Takahashi et al., 2015). In 2005, Iorio et al. (2005)
have first time conducted study on breast cancer tissue
and its associated miRNAs. The presence of mir-21as first
oncomir in breast cancer was also found by same group
(D’Ippolito and Iorio, 2013). After that mir-155 and mir10b were most studied miRNAs related to breast cancer. In
2014, Sahlberg et al. (2014) identified mir-18b, mir-103,
mir-107 and mir-652 as prognostic biomarkers for TNBC.
Similarly, Liu et al. (2015) studied mir-374b-5p, mir27b-3p, mir-126-3p and mir-218-5p expression in tumour
samples of TNBC patients and confirmed their relevance
with TNBC.
In our study, we have selected four miRNAs on the
basis of their strong association with breast cancer and
their important role in the regulation of disease specific
genes. Their deregulated expression levels in plasma of
TNBC versus non-TNBC have corroborated that they act
as non-invasive early stage diagnostic biomarkers but also
as a prognostic markers.

MATERIALS AND METHODS
Sample collection and processing
Blood samples of diagnosed 37 TNBC and 34 nonTNBC were collected from Jinnah and INMOL Cancer
Research Hospital, Lahore and informed consent was
taken from patients as well as from healthy volunteers.
From Ethical Review Board of the School of Biological
Sciences [Ref. No. 873/12] conducted study was
approved. Clinicopathological parameters of the patients
were obtained from tumor registry record available from
respective hospital. Blood samples which were taken in
5cc EDTA collection tubes processed as per approved
protocol in order to separate plasma. Briefly, spinning of
blood at 2,500 x g for 5 min in refrigerated centrifuge then
transferring of plasma in new eppendorf tube for second
high speed spinning was done at 4,500 x g for 5 min to
get cell free clear plasma. Aliquots of 500 µl plasma were
formed and stored at -80°C.
Primer designing
For quantification of selected miRNAs, DNA primers
were used, which were designed according to protocol

described by Balcells et al. (2011) (Table I).
Table I.- mir-specific DNA primers used in miRNA
analysis.
Oligo
name

Sequence (5'→3')

mir-16

F: CGC AGT AGC AGC ACG TAA ATA T
R: GGT CCA GTT TTT TTT TTT TTT TCG CCA
F: CAG TAC CCT GTA GAA CCG AAT T
R: CAG GTC CAG TTT TTT TTT TTT TTT CAC A
F: CGC AGG GTG GAT ATT CCT TCT A
R: CAG GTC CAG TTT TTT TTT TTT TTT AAC A
F: CGC AGC TCC TAC ATA TTA GCA T
R: CAG GTC CAG TTT TTT TTT TTT TTT GTT A
F: AG CAA AGT GCT TAC AGT GCAG
R: GGT CCA GTT TTT TTT TTT TTT TCT AC

mir-10b
mir-376c
mir-155
mir-17a

MicroRNA isolation and cDNA synthesis
From 300 µl plasma aliquots, total RNA was insulated
by using NucleoSpin® miRNA Plasma kit (MACHEREYNAGEL Co., Germany) as per defined protocol and then
quantity of miRNA isolated from plasma was measured
on NanoDrop™ 2000/2000c Spectrophotometer (Thermo
Fisher Scientific™ (Pvt.) Ltd., USA) with RNase free water
used as blank. About 100 ng of reconstituted miRNA was
then used for poly A tailing (-A15) reaction by using poly
(A) polymerase Cat. # AM2030 (Invitrogen™ by Thermo
Fisher Scientific™ (Pvt.) Ltd., USA). A 20 µl reaction was
set up by combining 4 µl of 5x PAP buffer, 2.5 mM MnCl2,
1 mM ATP and 1 unit of poly-A polymerase in an RNasefree PCR tube. The mixture was incubated at 37°C for 60
min and the enzymatic reaction was inactivated by heating
at 65°C for 20 min. The mixture was next processed for
the cDNA synthesis using M-MuLV RevertAid Reverse
Transcriptase enzyme (Thermo Scientific (Pvt.) Ltd., USA)
according to the recommended protocol. Briefly, 8 µl of poly
(A) polymerized RNA was mixed with 1 µM of universal
RT-primer (5ʹ-CAGGTCCAGTTTTTTTTTTTTTTTGT3ʹ), incubated at 65°C for 5 min and chilled rapidly on
ice. 1 x RT buffer, dNTPs mix (10 mM) and M-MuLV
RevertAid Reverse Transcriptase enzyme (200 U) were
added thereafter and the reaction (final volume 20 μl)
was preceded with incubation at 42°C for 1 h. To stop the
reaction, the mixture was heated at 70°C for 10 min.
Real-time qRT-PCR analysis
For quantitative PCR analysis, Maxima SYBR
Green/ROX qPCR Master Mix (2X) (Thermo Scientific
(Pvt.) Ltd., USA) was used. The qPCR reactions were set
up in sterile 0.2 ml sterile tubes by mixing 1 µl of 10x
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diluted cDNA with 250 nM of each primer set and 5 µl
of 2X Maxima SYBR Green/ROX qPCR Master Mix
fluorescein, in a total volume of 10 µl. Cyclic conditions
set on BioRad CFX96TM Real-Time System were: 95°C
for 10 min followed by 40 cycles of heating at 95°C for
15 sec and annealing at primer specific temperatures
between 55-60°C for 30 sec with extension at 72°C for 30
sec. Melt curve analysis (65°C to 95°C) were performed
at the end of each thermal profile to check the specificity
of amplification reactions. All Q-PCR experiments were
performed in replicates and the quantification is based on
the estimation of threshold cycle (ΔCt value). Raw data
was normalized by subtracting the Ct value of normalizer
mir-16 from the test prior to analysis. No template control
is used as a negative control and mixture of 71 samples
(1µl from each sample) was taken as a positive control.
The formula 2-ΔΔCt was used to compare the relative fold
change of miRNA in TNBC to that of non-TNBC (Livak
and Schmittgen, 2001).
Statistical analysis
Clinical data is presented as mean ± SEM. A student’s
T-test (for two groups) or one-way ANOVA (for three or
more groups), Mann-Whitney U test and the significance
of differences between groups was esti
mated by the
Kruskal–Wallis test for k-group comparisons while Pearson
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correlation is done to see correlation between selected
miRNA panel by using SPSS version 21.0 (IBM Corp,
Armonk, NY, USA). Receiver operating characteristic
(ROC) analysis was performed by using MedCalc for
Windows, version 18.0 (MedCalc Software, Ostend,
Belgium) Receiver-operating characteristic (ROC) curves
were generated to assess the diagnostic accuracy of each
miRNA and the sensitivity and specificity of the optimum
cutoff point were defined as those values that maximized
the area under the ROC curve (AUC). Scatter plots were
made by using GraphPad Prism 5 (GraphPad, La Jolla,
California) in order to define fold change expression
of target miRNAs. The results were considered to be
statistically significant, when p< 0.05.

RESULTS
Selection of reference gene
The selection of reference gene is very important
for data analysis of miRNA data obtained from different
samples, so from previous studies two reference genes
mir-16 and mir-484 were selected (Liang et al., 2007;
Davoren et al., 2008; Hu et al., 2012) and applied on our
test data set (data not shown). Only mir-16 has shown
stable expression throughout all samples and has been
chosen for final analysis of miRNAs expression.

Fig. 1. Scatter plots are representing high expression fold change in mir-376c, mir-155, mir-17a and mir-10b with significant
p-value (p< 0.05).
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Up-regulation of miRNA panel in triple negative breast
cancer samples
The expression levels of mir-376c, mir-155, mir-17a
and mir-10b were checked by using qRT-PCR reaction,
respectively, these miRNAs were known to be significant
contributors in the pathogenesis of breast cancer. All four
miRNAs were found to be upregulated in TNBC relative
to non-TNBC plasma samples. The Ct values obtained by
expression profiling of miRNA panel were normalized by
using endogenous mir-16 which was used as a reference
gene. Mean expression fold change (FC) of mir-376c, mir155, mir17a and mir-10b observed was 17.38, 26.21, 1.84
and 12.65, respectively in TNBC plasma samples while
expression FC was 6.53, 9.57, 1.02 and 6.72, respectively
in non-TNBC plasma samples (Fig. 1). p-values were
calculated by Mann-Whitney U test (p< 0.0001).
Clinicopathological association with mir-376c, mir-155,
mir-17a and mir-10b
Association of miRNA panel with clinicopathological
characteristics of TNBC patients was calculated
by Independent samples Mann-Whitney U test and
Independent samples Kruskal Wallis test. The expression

fold change of miRNAs with respect to these individual
features was categorized by taking mean and standard error
(Table II). Standard error is used to measure the accuracy,
with which a sample signifies a population. Independent
samples Mann Whitney U test and Independent samples
Kruskal Wallis tests were used to see significance of
clinicopathological characteristics with disease. Overall
significance of age group, stage and grade with mir-376c,
mir-155 and mir-17a was found to be p< 0.005. Clinical
types of collected diseased plasma samples didn’t showed
statistical significance but T, N and M have given significant
expression levels with mir-376c and mir-155, respectively
(p< 0.05) as shown in Table II. The mean expression fold
change of mir-376c and mir-155 was found to be increased
in stage II (44.1 and 39.4, respectively) and then relative
decrease of their expression was observed in stage III (12.3
and 28.4) and IV (5.1and 11.6), respectively. Opposite
expression fold change was observed in mir-10b with
decreased expression at stage II (7.9) and then subsequent
increase at stage III (12.3) and IV (16.9) occurred. But
mir-17a showed increased expression at stage II with
constant expression fold change at stage III and stage IV,
respectively (Table I; Fig. 2A).

Fig. 2. Box and Whisker plots are showing stage, grade, tumour size, lymph nodes involvement and metastasis association with
mir-155, mir-376c, mir-10b and mir-17a, respectively in TNBC patient’s plasma samples.
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Table II.- Clinicopathological characteristics association with miRNA panel.
Parameters
Age
25-35
36-45
46-55
56-65
66-75
p-value
KW Test
Type
Infiltrating Ductal Carcinoma
Invasive Ductal Carcinoma
Lobular Carcinoma
p-value
KW Test
Stage
2
3
4
p-value
KW Test
Grade
G2
G3
p-value
MW U Test
Tumour size (T)
T2
T3
T4
p-value
KW Test
Lymph nodes (N)
N0
N1
N2
N3
p-value
KW Test
Metastasis (M)
M0
M1
p-value
MW U Test

TNBC (n=37)

mir-376c

mir-155

mir-17a

mir-10b

11
09
12
04
01

5.9±1.2
15.6±4.9
31.4±7.1
10.7±3.73
10.1±0.0
0.016
12.215**

21.2±3.6
26.2±3.4
24.3±3.1
44.5±14.8
48.3±0.0
0.03
6.474**

1.6±0.0
1.6±0.1
2.2±0.1
2.2±0.1
1.1±0.0
0.020
11.691**

13.2±3.3
11.9±3.4
13.1±3.3
10.3±8.8
14.6±0.0
0.910
0.999ns

02
34
01

9.15±0.8
17.5±3.4
29.1±0.0
0.541
1.228ns

37.1±11.2
25.4±2.4
30.2±0.0
0.400
1.833 ns

1.4±0.2
1.8±0.1
1.7±0.0
0.562
1.153ns

9.3±5.3
12.5±1.9
24.1±0.0
0.472
1.499ns

08
19
10

44.1±7.9
12.3±2.2
5.1 ± 0.8
0.000
19.31***

39.4 ± 4.9
28.4± 2.2
11.6 ± 0.9
0.000
22.05***

2.3 ±0.2
1.7±0.1
1.7±0.1
0.018
8.09**

7.9±2.1
12.3±2.6
16.9±3.9
0.336
2.182ns

14
23

28.5±6.7
10.2±2.0
0.009
73**

32.8 ± 3.9
21.9 ± 2.5
0.025
85**

2.1 ±0.1
1.7±0.1
0.021
83**

11.5 ±1.9
13.4±2.6
0.871
149ns

12
12
13

28.8±7.3
14.3±4.3
9.4±2.7
0.03
6.99**

54.8±3.9
24.6±3.7
18.6±2.7
0.009
9.39**

2.1±0.1
1.6±0.1
1.8±0.1
0.079
5.066ns

9.9±2.2
14.3±3.6
13.7±3.4
0.812
0.415ns

03
10
14
09

59.1±7.5
21.9±6.5
11.7±2.8
7.1±2.5
0.003
13.7**

35.1±4.2
35.1±4.8
24.2±3.0
16.3±3.5
0.009
11.4**

2.4±0.2
1.9±0.2
1.8±0.2
1.5±0.1
0.09
6.40ns

7.2±1.7
8.24±2.5
14.2±3.1
16.8±4.2
0.297
3.68ns

27
10

22.1±4.1
5.1±0.8
0.001
37***

31.8±2.3
11.6±0.9
0.000
4***

1.9±0.1
1.6±0.1
0.230
96ns

11.1±1.9
16.9±3.9
0.180
168ns

The table is representing mean values and standard error of means calculated by normalized expression fold change of four miRNA panel. p-values and
scores of MW U test and KW test are also given. Abbreviations and notations are given to show which miRNA expression is giving statistical significance
or which is not i.e., KW Test= Independent samples Kruskal Wallis, MW U Test=Independent samples Mann-Whitney U test, P-value < 0.05 = *, P-value
< 0.01 = **, P-value < 0.001 = ***, P-value > 0.05 = ns (non-significant) and G= grade.
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Similarly, with grade II high expression fold change
was observed in mir-376c, mir-155 and mir-17a and
opposite trend was seen in mir-10b with high expression
fold change at grade III (Table II; Fig. 2B).
In case of tumour size, involvement of lymph nodes
and metastasis, mir-376c, mir-155 and mir-17a expression
fold change was found to be kept decreasing with advanced
stages i.e., T3-T4, N2-N3 and M1 thus confirming their role
in early diagnosis of TNBC patients while mir-10b showed
its involvement in late stage and advanced metastasis, so
it acts as prognostic marker as well (Table II; Fig. 2C-E).
Diagnostic potential of mir-376c, mir-155, mir-17a and
mir-10b in plasma
For the selection and validation of selected miRNA
panel as biomarkers for TNBC, sensitivity and specificity
was checked in the target population samples. Receiver
operating characteristic curve, i.e. ROC curve, was used to
clarify the diagnostic ability of a binary classifier system
as its discrimination threshold is varied. ROC curve is
an example of AUC (Area under curve) which is used to
classify the two groups and helps to predict diagnostic
value of target miRNA panel (Fig. 3). ROC has given
sensitivity i.e., 91.83, 100, 94.59, 81.08 and specificity

i.e., 73.53, 73.53, 50, 73.53 for mir-376c, mir-155, mir17a and mir-10b, respectively, calculated by J-youden
index while AUC calculated were 0.866, 0.847, 0.657and
0.773, respectively. Significance calculated by MannWhitney test was p< 0.0001 for each miRNA (Fig. 3).
The comparison of ROC between four selected miRNAs
showed mean AUC was 0.785.
Correlation between clinical parameters and miRNA panel
in TNBC plasma samples
In order to confirm the correlation between clinical
parameters and miRNA panel and to use these miRNAs
together as diagnostic panel, Pearson Correlation was
calculated (Table III). Clinical parameters have given
statistically significant correlation with miRNA panel
but mir-155 has showed correlation with mir-376c and
mir-10b, respectively, while mir-376c showed strong
correlation with mir-155 and mir-17a. In case of mir-17a
correlation has been seen only with mir-376c and mir-10b
was observed to have correlation only with mir-155. By
observing overall data and Pearson correlation, we can
suggest that these miRNAs can act as diagnostic panel for
TNBC plasma samples.

Table III.- Correlation of clinical parameters with miRNA panel and between miRNA panel.
Variables
Stage

Correlations
Pearson Correlation
p-value

Grade

Pearson Correlation
p-value

T

Pearson Correlation
p-value

N

Pearson Correlation
p-value

M
mir-155

Pearson Correlation

mir-155

mir-376c

mir-10b

mir-17a

-0.729**

-0.700**

0.298

-0.436**

0.000

0.000

0.078

0.008

-0.390*

-0.470**

0.089

-0.429**

0.019

0.004

0.604

0.009

-0.525

-0.424

0.144

-0.238

0.001

0.010

0.402

0.161

-0.520

-0.629

0.329

-0.433**

0.001

0.000

**

**

**

*

0.050

0.008

0.249

-0.210

-0.664

-0.402

p-value

0.000

0.015

0.144

0.219

Pearson Correlation

1.00

0.389*

-0.369*

0.268

**

p-value
mir-376c

Pearson Correlation

mir-10b

Pearson Correlation

p-value

mir-17a

**

0.389*

*

0.019

0.027

0.114

1

-0.188

0.554**

0.019
-0.369*

-0.188

0.271

0.000

1

-0.074

p-value

0.027

0.271

Pearson Correlation

0.268

0.554**

-0.074

p-value

0.114

0.000

0.667

0.667
1

Pearson correlation is calculated between miRNA panels and also between clinical parameters and miRNA panel. **, Correlation is significant at the 0.01
level (2-tailed). *, Correlation is significant at the 0.05 level (2-tailed).
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Fig. 3. Receiving Operating Curves (ROC) representing AUC, sensitivity and specificity of mir-376c, mir-155, mir-17a and mir10b and comparison of miRNA panel for the assessment of biomarkers diagnostic outcome in TNBC vs non-TNBC.

DISCUSSION
In present study, it was assumed that the selected
miRNAs would show high expression in disease state as
they were pronounced as ‘oncomirs’ in previous studies
and would give relevance with clinicopathological
features. TNBC is the heterogenous malignancy and very
hard to cure due to absence of ER, PgR and Her2 receptors
on diseased cell surface which hinder the targeted
treatment (Blenkiron et al., 2007). Previous studies have
demonstrated that mir-155 is upregulated in breast cancer
(O’Day and Lal, 2010; Iorio et al., 2005; Sun et al., 2012).
In another study, which is contrary to our study results,
demonstrated that mir-155 expression in breast tumour
has been considerably related with high neoplasm grades,
lymph node metastasis and advanced cancer stage (Cortez
et al., 2012). BRCA 1 is the outstanding finding associated
to the role of miRNA-155 in breast tumor. It has a role
in DNA repair and cell cycle procession. Anomalies of
BRCAI are associated to raise danger of breast tumor.
In a current study, by the over expression of mir-155 in
BRCA1 wild-type cells demonstrated a same phenotype to

mutates, showing that Breast cancer1 (BRCA1) perform
functions by controlling mir-155 (Chang et al., 2011).
As TNBC is prominent in familial breast cancer
having involvement of BRCA genes so mir-155 expression
profiling gives the best biomarker for triple negative breast
cancer. In present study, it showed high expression in
early stage and grade so we can suggest mir-155 as early
diagnostic marker for TNBC plasma samples (Table II;
Fig. 2).
Similarly, mir-376c one of the highly unregulated
miRNA in our panel was described to be unregulated in
plasma of breast cancer (Cuk et al., 2013) have given
consistent results in TNBC plasma samples with high
significance with clininicopathological features. It has
given high expression in early stage and grade without
involvement in M1 and late stage lymph node metastatsis
so it would be our early predictive diagnostic biomarker
for triple negative breast cancer (Table II; Fig. 2). High
expression of mir-376c in plasma of TNBC is only studied
by us.
Many studies have demonstrated that mir-10b has a
role in metastasis and gives high expression in metastatic
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cell lines and tumour tissues, while other studies showed
its low expression in non-metastatic tissues and cell lines
(Ma et al., 2007; Radojicic et al., 2011; Tang et al., 2012).
Current study showed consistent results with previous
studies and has given high expression fold change in late
stage and advanced metastasis and high involvement in
of distant lymph nodes (Table II; Fig. 2). In case of mir17a, expression levels are relatively higher throughout all
stages without much difference but didn’t observed to be
involved in late stage metastasis (Table II; Fig. 2) which
is the contradictory observation with respect to previous
studies which declared its role in aggressive behavior of
breast cancer and could induce metastasis partially by
targeting the extracellular matrix (ECM) proteins TIMP2
and TIMP3 (Yang et al., 2015).
Diagnostic value of miRNA panel has been calculated
individually (0.866, 0.847, 0.657and 0.773) and in
comparison mean AUC was 0.785, which describes that
mir-376c, mir-155, mir-17a and mir-10b can be used in
panel as a diagnostic as well as prognostic markers in
triple negative breast cancer to increase the specificity and
sensitivity (Fig. 3). While Pearson correlation between
miRNAs also supported the current hypothesis of our
conducted study (Table III).

CONCLUSION
It is concluded that plasma-based high expression
fold change of mir-376c, mir-155, mir-17a in early stage
and grade would consistently be engaged for diagnosis
and prognosis of triple negative breast cancer and give
non-invasive procedure to diagnose TNBC at early
stage. However, mir-10b acts as late stage diagnostic and
prognostic plasma TNBC biomarker. Further validation is
required by taking high sample number and comparison
with other subtypes of breast cancer.

ACKNOWLEDGEMENTS
The authors acknowledge the Higher Education
Commission, Pakistan for partly funding support to
complete the present work.
Statement of conflict of interest
The authors declare that there is no conflict of interests
regarding the publication of this article.

REFERENCES
Almeer, R., Alqarni, A., Alqattan, S., Abdi, S., Alarifi,
S., Hassan, Z. and Semlali, A., 2018. Effect of
honey in improving breast cancer treatment and
gene expression modulation of MMPs and TIMPs
in Triple-Negative Breast Cancer Cells. Pakistan J.

Zool., 50: 1999-2007.
Balcells, I., Cirera, S. and Busk, P.K., 2011. Specific
and sensitive quantitative RT-PCR of miRNAs
with DNA primers. BMC Biotech., 11: 70. https://
doi.org/10.1186/1472-6750-11-70
Blenkiron, C., Goldstein, L.D., Thorne, N.P., Spiteri,
I.S., Chin, S.F., Dunning, M.J., Barbosa-Morais,
N.L., Teschendorff, A.E., Green, A.R. and Ellis,
I.O., 2007. MicroRNA expression profiling of
human breast cancer identifies new markers of
tumor subtype. Genome Biol., 8: R214. https://doi.
org/10.1186/gb-2007-8-10-r214
Chang, C.J., Chao, C.H., Xia, W., Yang, J.Y., Xiong,
Y., Li, C.W., Yu, W.H., Rehman, S.K., Hsu, J.L.
and Lee, H.H., 2011. p53 regulates epithelial
mesenchymal transition and stem cell properties
through modulating miRNAs. Nat. Cell Biol., 13:
317. https://doi.org/10.1038/ncb2401
Cortez, M.A., Welsh, J.W. and Calin, G.A., 2012.
Circulating microRNAs as noninvasive biomarkers
in breast cancer. In: Minimal residual disease and
circulating tumor cells in breast cancer. Springer,
pp. 151-161. https://doi.org/10.1007/978-3-64228160-0_13
Cuk, K., Zucknick, M., Heil, J.R., Madhavan, D., Schott,
S., Turchinovich, A., Arlt, D., Rath, M., Sohn, C.
and Benner, A., 2013. Circulating microRNAs
in plasma as early detection markers for breast
cancer. Int. J. Cancer, 132: 1602-1612. https://doi.
org/10.1002/ijc.27799
D’Ippolito, E. and Iorio, M.V., 2013. MicroRNAs
and triple negative breast cancer. Int. J. mol.
Sci., 14: 22202-22220. https://doi.org/10.3390/
ijms141122202
Davoren, P.A., McNeill, R.E., Lowery, A.J., Kerin,
M.J. and Miller, N., 2008. Identification of suitable
endogenous control genes for microRNA gene
expression analysis in human breast cancer. BMC
mol. Biol., 9: 76. https://doi.org/10.1186/14712199-9-76
DeRoo, L.A., Vlastos, I., Mock, P., Vlastos, G. and
Morabia, A., 2010. Comparison of women’s
breast cancer risk factors in Geneva, Switzerland
and Shanghai, China. J. Prev. Med., 51: 497-501.
https://doi.org/10.1016/j.ypmed.2010.09.013
Di Leva, G. and Croce, C.M., 2010. Roles of small RNAs
in tumor formation. Trends mol. Med., 16: 257-267.
https://doi.org/10.1016/j.molmed.2010.04.001
Fish, J.E., Santoro, M.M., Morton, S.U., Yu, S., Yeh,
R.F., Wythe, J.D., Ivey, K.N., Bruneau, B.G.,
Stainier, D.Y. and Srivastava, D., 2008. miR126 regulates angiogenic signaling and vascular

1121

Triple Negative Breast Cancer in the Population of Pakistan

integrity. Dev. Cell., 15: 272-284. https://doi.
org/10.1016/j.devcel.2008.07.008
Ghiasvand, R., Maram, E.S., Tahmasebi, S. and
Tabatabaee, S.H.R., 2011. Risk factors for breast
cancer among young women in southern Iran. Int.
J. Cancer, 129: 1443-1449. https://doi.org/10.1002/
ijc.25748
Harirchi, I., Kolahdoozan, S., Karbakhsh, M., Chegini,
N., Mohseni, S., Montazeri, A., Momtahen, A.,
Kashefi, A. and Ebrahimi, M., 2010. Twenty years
of breast cancer in Iran: downstaging without a
formal screening program. Annls Oncol., 22: 9397. https://doi.org/10.1093/annonc/mdq303
Hu, G., Drescher, K.M. and Chen, X., 2012. Exosomal
miRNAs: Biological properties and therapeutic
potential. Front. Genet., 3: 56. https://doi.
org/10.3389/fgene.2012.00056
Iorio, M.V., Ferracin, M., Liu, C.G., Veronese, A.,
Spizzo, R., Sabbioni, S., Magri, E., Pedriali, M.,
Fabbri, M. and Campiglio, M., 2005. MicroRNA
gene expression deregulation in human breast
cancer. Cancer Res., 65: 7065-7070. https://doi.
org/10.1158/0008-5472.CAN-05-1783
Kim, V.N., Han, J. and Siomi, M.C., 2009. Biogenesis
of small RNAs in animals. Nat. Rev. Mol. Cell
Biol., 10: 126. https://doi.org/10.1038/nrm2632
Lee, R.C., Feinbaum, R.L. and Ambros, V., 1993. The
C. elegans heterochronic gene lin-4 encodes small
RNAs with antisense complementarity to lin-14.
Cell, 75: 843-854. https://doi.org/10.1016/00928674(93)90529-Y
Liang, Z., Wu, H., Reddy, S., Zhu, A., Wang, S.,
Blevins, D., Yoon, Y., Zhang, Y. and Shim, H.,
2007. Blockade of invasion and metastasis of
breast cancer cells via targeting CXCR4 with
an artificial microRNA. Biochem. biophys. Res.
Commun., 363: 542-546. https://doi.org/10.1016/j.
bbrc.2007.09.007
Liu, Y., Cai, Q., Bao, P.P., Su, Y., Cai, H., Wu, Y., Ye,
F., Guo, X., Zheng, W. and Zheng, Y., 2015. Tumor
tissue microRNA expression in association with
triple-negative breast cancer outcomes. Breast
Cancer Res. Treat., 152: 183-191. https://doi.
org/10.1007/s10549-015-3460-x
Livak, K.J. and Schmittgen, T.D., 2001. Analysis
of relative gene expression data using realtime quantitative PCR and the 2(-Delta Delta
C(T)) method. Methods, 25: 402-408. https://doi.
org/10.1006/meth.2001.1262
Ma, L., Teruya-Feldstein, J. and Weinberg, R.A.,
2007. Tumour invasion and metastasis initiated by
microRNA-10b in breast cancer. Nature, 449: 682.

1121

https://doi.org/10.1038/nature06174
Maryam, A., Arezoo, S. and Arash, K., 2018. Causes of
breast cancer in women. J. Res. Med. Dent. Sci., 6:
365-368.
Menhas, R. and Umer, S., 2015. Breast cancer among
Pakistani women. Iran J. Publ. Hlth., 44: 586-587.
O’Day, E. and Lal, A., 2010. MicroRNAs and their target
gene networks in breast cancer. Breast Cancer Res.,
12: 201. https://doi.org/10.1186/bcr2484
Radojicic, J., Zaravinos, A., Vrekoussis, T., Kafousi,
M., Spandidos, D.A. and Stathopoulos, E.N., 2011.
MicroRNA expression analysis in triple-negative
(ER, PR and Her2/neu) breast cancer. Cell Cycle,
10: 507-517. https://doi.org/10.4161/cc.10.3.14754
Sãrlie, T., Perou, C.M., Tibshirani, R., Aas, T., Geisler,
S., Johnsen, H., Hastie, T., Eisen, M.B., van de
Rijn, M. and Jeffrey, S.S., 2001. Gene expression
patterns of breast carcinomas distinguish tumor
subclasses with clinical implications. Proc. natl.
Acad. Sci. U.S.A., 98: 10869-10874. https://doi.
org/10.1073/pnas.191367098
Sahlberg, K.K., Bottai, G., Naume, B., Burwinkel, B.,
Calin, G.A., Borresen-Dale, A.L. and Santarpia, L.,
2014. A serum microRNA signature predicts tumor
relapse and survival in triple negative breast cancer
patients. Clin. Cancer Res., 21: 201-204.
Siegel, R., Naishadham, D. and Jemal, A., 2012. Cancer
statistics for Hispanics/Latinos, 2012. CA Cancer
J. Clin., 62: 283-298. https://doi.org/10.3322/
caac.20138
Sun, Y., Wang, M., Lin, G., Sun, S., Li, X., Qi, J. and
Li, J., 2012. Serum microRNA-155 as a potential
biomarker to track disease in breast cancer. PLoS
One, 7: e47003. https://doi.org/10.1371/journal.
pone.0047003
Takahashi, R.U., Miyazaki, H. and Ochiya, T., 2015. The
roles of microRNAs in breast cancer. Cancers, 7:
598-616. https://doi.org/10.3390/cancers7020598
Tang, J., Ahmad, A. and Sarkar, F.H., 2012. The role
of microRNAs in breast cancer migration, invasion
and metastasis. Int. J. mol. Sci., 13: 13414-13437.
https://doi.org/10.3390/ijms131013414
Wang, S., Aurora, A.B., Johnson, B.A., Qi, X.,
McAnally, J., Hill, J.A., Richardson, A., BasselDuby, R. and Olson, N.E., 2008. The endothelialspecific microRNA miR-126 governs vascular
integrity and angiogenesis. Dev. Cell, 15: 261-271.
https://doi.org/10.1016/j.devcel.2008.07.002
Yang, F., Zhang, W., Shen, Y. and Guan, X., 2015.
Identification of dysregulated microRNAs in triplenegative breast cancer. Int. J. Oncol., 46: 927-932.
https://doi.org/10.3892/ijo.2015.2821

