
_____________________________________________________________________________________________________ 
 
*Corresponding author: Email: judeokoye42@yahoo.com; 

 
 

Journal of Cancer and Tumor International 
2(2): 66-80, 2015, Article no.JCTI.2015.009 

 
SCIENCEDOMAIN international 

             www.sciencedomain.org 

 
 

 

MiRNA and Target Oncogene Regulation in Triple 
Negative Breast Cancer: An Age, Ethnic and 

Environmental Related Neoplastic Event 
 

Jude Ogechukwu Okoye1* and Francis Obinna Okoye2 
 

1Department of Medical Laboratory Science, Faculty of Health Sciences, Madonna University,  
Elele campus, Rivers State, Nigeria. 

 2Department of Surgery, Odessa National Medical University, Odessa, Ukraine. 
 

Authors’ contributions 
 

This work was carried out in collaboration between both authors, Author JOO carried out the literature 
searches and wrote the manuscript. Author FOO participated in the literature searches. Both authors 

approved of the final version of the manuscript. 
 

Article Information 
 

DOI: 10.9734/JCTI/2015/18131 
Editor(s): 

(1) William CS Cho, Queen Elizabeth Hospital, Hong Kong. 
Reviewers: 

(1) Anonymous, Greece.  
(2) Evangelos Marinos, School of Medicine, University of Athens, Greece. 

(3) Anonymous, México, 
Complete Peer review History: http://www.sciencedomain.org/review-history.php?iid=1106&id=43&aid=9561 

 
 

 
Received 6

th
 April 2015 

Accepted 23rd May 2015 
Published 2

nd
 June 2015 

 
 
ABSTRACT 
 

Triple-negative breast cancer is a type of aggressive breast cancer without the 
immunohistochemical expression of estrogen receptors, progesterone receptors and human 
epidermal growth factor receptor-2; with poor prognosis, greater relapse risk and worse survival in 
general. Its proportion in all breast cancer cases ranges from 15 to 20%. Triple negative breast 
cancer is more prevalent among younger women, particularly African, African-American, Latino 
and obese women. This observed prevalence, is an age and ethnic related factor which fingers 
estrogenic agents as a common feature in TNBC occurrence. Inherited variation in the let-7 binding 
site on the KRAS oncogene has been revealed to confer increased susceptibility to triple negative 
breast cancer, especially in premenopausal, African-American and Hispanic women. About 15-
40% of triple negative breast tumors have BRCA-related epigenetic down-regulation and increased 
expression of the inhibitors of BRCA1 function, which have be found to be related to indirect 
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regulation of ID4 oncogene by miR-342. When compared with wholesome breast tissues, miR-21, 
miR-210 and miR-221 expression are observed to be elevated in the triple-negative breast cancer; 
whereas expression of miR-10b, miR-145, miR-205, miR-122a, miR-200a/miR-200b, miR-146b 
and miR-148a are decreased. Interestingly, eight miRNAs are differentially expressed in metastatic 
breast cancer tissues (miR-200b, miR- 148a, miR-424, miR-125a-5P, miR-627, miR-579, let-7g 
and miR-101) when compared with the non-metastatic type. The consequence of differential 
miRNA expression in triple negative breast is a function of target oncogene modulation which may 
be related to nutritional, environmental and socio-cultural factors. Insights into the risk factors, 
miRNA and their validated target may provide novel diagnostic tools and treatment options for 
triple negative breast cancer. 
 

 

Keywords:  Triple negative breast cancer; age; ethnicity; environmental factor; oncogenes, miRNA; 
BRCA mutations. 

 

1. INTRODUCTION 
 

Breast cancer afflicts approximately 1 in 8 
women and is a leading cause of cancer-related 
mortality. More than 1 million women worldwide 
are diagnosed with breast cancer each year of 
which 170,000 cases are referred to as triple 
negative breast cancer [1]. According to Reis-
Filho and Tutt [2], expression profiles of breast 
cancer exhibit a systematic variation and allow 
for the classification of breast cancer into five 
main groups: two estrogen receptor (ER) positive 
(luminal A and B) and three ER negative groups 
(normal breastlike, HER2 positive, and ‘basal-
like’). Triple-negative breast cancers form 15 to 
20% rough estimate of all breast cancer. They 
are a type of aggressive breast cancer without 
the immunohistochemical expression of estrogen 
receptors, progesterone receptors and human 
epidermal growth factor receptor-2 [3]. TNBC is 
more prevalent among younger women [1,4], 
particularly young African, African-American [2,5] 
and Latino women [2,6]. TNBC is more prevalent 
in among young obese women [1,6-8]. The fact 
that TNBC is associated with younger women 
may be linked to the presence of high estrogen 
level in their body system. Hence, it is not 
surprising that TNBC is associated with been 
obesed women since obesity results in increased 
estrogen level. So far, the direct cause of the 
observed high prevalence in the affected age 
and ethnic groups has not been confirmed. It is 
suggested that the stated prevalence might be 
linked to increased p53 mutations reported in 
African American women when compared with 
non-Hispanic white women [9]. It is suggested 
that the causes may be linked to some 
environmental or socio-cultural factors. This 
suggestion is supported by the fact that majority 
of the familial risk for breast cancer is most likely 
due to the interaction of low-risk susceptibility 
genes and non-genetic factors [9]. 

A study carried out by Heneghan [10] revealed 
that an inherited variation in the let-7 binding site 
on the KRAS oncogene conferred increased 
susceptibility to breast cancer particularly the 
‘triple negative’ subtype. The KRAS-variant is 
found in almost 30% of premenopausal 
ER/PR/HER2 negative breast cancer patients 
[11], and in over 20% of unselected TN patients. 
It has been observed that hormone replacement 
therapy for postmenopausal women increases 
the risk of breast cancer 1.2- to 1.7-fold, and 
administration of progesterone further increases 
the risk [9]. These reports reinforce the possibility 
that TNBC may have a strong correlation with 
hormonal levels in the body, especially estrogen. 
According to the reports by Minami et al. [11], the 
KRAS-variant was also observed to be prevalent 
in African-American and Hispanic women. This 
higher prevalence in this ethnic group may be 
adduced to mutations caused by prior 
generational gene exposure to environmental 
estrogenic agents. According to Chen and Russo 
[1], over 80% of BRCA-1 mutation carriers are 
triple negative and approximately 20% of breast 
cancer patients with mutations in BRCA-1 and 
BRCA-2 are incapable of DNA repair, because 
normal BRCA1 and BRCA2 play pivotal part in 
DNA repair [1]. Carriers of DNA repair mutations 
among TNBC patients have higher susceptibility 
to DNA damaging agents [1]. This further fingers 
mutations resulting from nutritional and 
environmental factors, and perhaps herbal 
concoctions as the leading cause of TNBC in the 
affected ethnic groups. However, such nutritional 
and environmental factors are yet to be 
extensively studied and elucidated. 
 

The term triple negative breast cancer 
encompasses basal-like breast cancer (BLBC) 
[12] and other uncommon tumors for example, 
metaplastic tumors and adenoid-cystic tumors 
[1,13]. MicroRNAs (miRNAs) are involved in the 
regulation of key cellular process including 
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development, differentiation, cell proliferation, 
apoptosis, fat metabolism, angiogenesis, and 
inflammation [14]. MicroRNAs are a class of 
endogenous, small, non-coding RNAs that 
control gene expression by interacting with target 
mRNAs [1], leading to either mRNA degradation 
or translational repression [15,16]. Mounting 
proof have shown that microRNAs (miRNAs) 
have key functions in stem cell biology, 
differentiation and oncogenesis [4,17,18]. 
Dysregulation in the expression of Tumor 
suppressor or oncogenic miRNAs induces 
tumorigenesis [19,20], metastasis and poor 
prognosis [21]. Altered miRNAs exert their 
effects by regulating an array of specific targets 
(Table 1) which in turn determines migration and 
invasion as well as tumourigenicity, metastases 
and poor prognosis. Conformational 
modifications and expressional levels of the 
validated targets of these miRNAs may halt the 
progression of cancer, resulting in better 
prognosis among TNBC patients. This review 
article gives an overview on the major roles of 
miRNA and their validated targets in the 
emergence, metastases, prognosis and 
treatment of TNBC. 
 

2. CHARACTERISTIC FEATURES OF 
TNBC 

 
TNBC posses several clinical and histological 
patterns [22,23,1,4-6]. Lehmann et al. [24] 
analyzed over 500 TNBCs categorizing them into 
six distinct subtypes, with regards to intrinsic 
gene signature: basal 1 and 2, mesenchymal and 
mesenchymal stem cell-like, immunomodulatory 
and androgen pathway enriched [3]. These 
different subtypes of TNBC posses some 
common characteristics as discussed below.  
Due to absence of the ER, PR and HER-2, 
TNBC patients are insensitive to majority of 
presently existing hormonal or ER-targeted and 
HER-2-based therapies [3]. However, TNBC 
patients have a better response to chemotherapy 
in the neoadjuvant setting, in comparison to non-
TNBC patients [25,26]. TNBC patients that are 
initially non-responsive have higher relapse risk 
and worse overall survival at 68% than 
responders who exhibit pathologic complete 
response at 94% overall survival [27]. 
Unfortunately, TNBC cases are controlled solely 
with standard chemotherapy treatment, leading 
to local and systemic relapse [1,4]. 

  
TNBC patients exhibit many similar 
characteristics with breast cancer susceptibility 
gene outcome-associated breast cancer       

[1,28-31]. According to Sorlie et al. [32], 15-40% 
of TNBC tumors have BRCA-related epigenetic 
down-regulation and increased expression of the 
inhibitors of BRCA1 function. This indicates that 
the label “triple-negative breast cancer” 
describes a more heterogeneous subtype than 
other breast cancer subtypes [33,34]. Hartman et 
al. [35] who reported a lower prevalence of 
BRCA1 mutation and higher prevalence of 
BRCA2 mutation in TNBC patients stated that 
BRCA1 mutants have a median age of 41.5 
years while that of BRCA2 is 52 years. This 
suggests that TNBC in relation to BRCA 
mutations are age dependent which probably 
translates to an age-hormone related event, 
since estrogenic effects are more pronounced in 
females of younger age groups.  
 

TNBC are poorly differentiated, highly malignant, 
more aggressive, and with worse overall survival 
[36,22]. Women with TNBC have double chance 
of suffering distant metastases compared to 
other women [1]. An increased proportion of 
TNBC patients have higher rates of CNS, 
visceral; particularly the lungs and brain [37], and 
to a minor extent in bones [3,25] and overall poor 
outcome despite therapeutic treatment [26]. This 
metastatic phenotype of TNBC is due in part to 
the high nuclear grade of TNBC tumors and 
results in shorter time to disease recurrence and 
shorter median survival time in of advanced 
metastatic TNBC [23,24]. More so, greater 
proportion of TNBC patients experience early 
local relapse, mostly between the first and third 
year following diagnosis [3,38], as a result, TNBC 
patients have poorer survival rate. In TNBC, 
expressions of several changes in oncogenes, 
tumour suppressor proteins and abnormal 
signaling pathways have been observed [1]. Key 
mediators of immunological response, 
proliferation, and neuronal signaling, such as 
MYC, LYN, EGFR, and CEBPB, are either 
amplified or overexpressed in TNBC in 
comparison to other breast cancer subtypes [39]. 
Epidermal growth factor receptor (EGFR) has 
been identified as a frequently overexpressed 
marker in triple-negative breast cancer [40]. 
 

3. MICRORNA SYNTHESIS 
 

MicroRNAs (miRNAs) are minute non-coding 
RNAs that regulate gene expression post-
transcriptionally by pairing to 3’ untranslated 
regions (UTRs), coding sequences or 5’ UTRs of 
target messenger RNAs (mRNAs), which in most 
cases leads to translation inhibition or mRNA 
degradation [41-43]. The mature miRNA 
molecules are produced in a multi-step process. 
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The DNA sequence is transcribed by RNA 
polymerase II into a single stranded RNA 
molecule by hairpin structures known as primary 
transcripts or pri-miRNAs [44]. The primiRNAs 
are processed (cutted) into the nucleus by 
RNAse III Drosha into 70100 nucleotides long 
fragments called pre-miRNAs. The pre-miRNA 
molecule is then actively transported to the 
cytoplasm by a carrier protein [45]. Here, an 
additional step mediated by the Dicer, generates 
a double strand.RNA (dsRNA) approximately 22 
nucleotides long, including the mature miRNA 
guide (3p arm) and the complementary 
passenger strand (5p arm). Once completed, the 
processing steps, through this mechanism that is 
not fully characterized yet, the mature miRNA is 
able to regulate gene expression at post-
transcriptional level, binding through partial 
complementarity the 3' untranslated region (3' 
UTR) of the target mRNA, and mainly leading to 
either mRNA degradation or translation inhibition 
[44,46]. Depending on the targeted mRNAs, the 
miRNA action ultimately results in reduced 
protein levels and profound consequences on 
cellular homeostasis. In 2004, an in silico study 
showed that more than half of miRNAs map to 
genomic regions that are frequently altered in 
cancer [47]. This include: loss of heterozygosity 
regions (LOH) (e.g. miR-15a/16-1), amplified 
regions (e.g. miR-17-92 cluster, miR-155) and 
breakpoint regions and fragile sites (FRA) (e.g. 
let-7 family members) 
 

4. MICRORNA AND EPITHELIAL-TO-
MESENCHYMAL TRANSITION (EMT) 

 

Tumorigenesis and tumour progression can be 
seen as evolutionary processes, in which the 
transformation of a normal cell into a tumor cell 
involves a number of limiting genetic and 
epigenetic events that occur in a series of 
discrete stages [48]. Both functional and 
observational data implicate alterations in histone 
modifications, DNA promoter methylation, and 
non-coding RNA expression in carcinogenesis 
[49]. On the other hand, due to the wide range of 
biological functions of miRNAs, analyzing 
changes in overall miRNA expression levels 
within human tumors has helped identify miRNA 
signatures associated with diagnosis, staging, 
progression, prognosis, and response to 
treatment [50].  Epigenetics, defined as heritable 
change in gene activity that is independent of 
DNA sequence, play a prominent part in cancer 
initiation and progression [51]. The main 
epigenetic events that regulate tumor-associated 
genes are linked to aberrant hypermethylation of 

tumor-suppressor genes, global DNA 
hypomethylation item and post-translational 
modifications of histones and other proteins by 
acetylation and/or phosphorylation. MiRNAs can 
be targets of epigenetic events that, in some 
instances, can explain the perturbation of miRNA 
expression in cancer [52]. 
 

EMT (epithelial to mesenchymal transition) is the 
process by which epithelial cells convert to 
mesenchymal cells and is essential in embryonic 
development. It appears that aberrant activation 
of EMT later in life drives cancer progression, 
and is involved in highly aggressive, poorly 
differentiated breast cancers with increased 
potential for metastasis and recurrence [53]. This 
suggests that EMT may play a critical role in the 
high metastatic rate and tumour progression in 
TNBC patient. In TBNC biology, miR-200 is the 
most fascinating factor where its upregulation 
correlates well with lymph node positivity and 
metastasis [54], but downregulated in 
metaplastic carcinoma [3,41]. More so, the miR-
200 family, especially miR-200c, inhibits cancer 
cell migration [55], invasion [56] and reverts the 
anoikisis resistance [3,57,58] which is commonly 
seen in aggressive carcinoma cells where it 
correlates with EMT [59,60]. More so, 
downregulation of miR-200c is linked to poor 
response to chemotherapy [61] and radiotherapy 
[62]. Studies have revealed that MiR-200a and 
miR-200b play important roles in mammary stem 
cells [63-65], by inhibiting EMT, which is 
essential during development, progression and 
metastasis [66]. Thus, therapeutic modulation of 
the miR-200 family may inhibit EMT which in turn 
reduces the rate of metastasis in TNBC patients. 
A decreased expression of E-cadherin signifies 
EMT [4]. Upregulation of E-cadherin by MiR-
200a/miR-200b could be adduced to 
downregulation of its transcriptional repressors 
Zeb1, Zeb2 and the polycomb complex Suz12 
[65,67,68]. A study carried out by Collin-Burrow 
[69] demonstrated that HDAC inhibitor (HDACi) 
regulate microRNAs which in turn regulate the 
epithelial-to-mesenchymal transition (EMT) [41] 
in triple-negative breast cancer (TNBC) [3]. This 
study assessed the microRNA expression 
profiles of two TNBC cell lines following 
treatment with HDACi identifying a number of up- 
and down-regulated microRNAs. The overall 
microRNA profile after HDACi treatment was 
indicative of a less aggressive phenotype. In this 
study, miR-126, miR-146b-5p, miR-192, miR-
194, miR-215, miR-342.3p and miR-424 were 
observed to be increased while miR-100, miR-
106b, miR-125b, miR-331-3p, Let-7i were 
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decreased. Treatment with HDACi also resulted 
in increased expression of E-cadherin as well as 
decreased migration of TNBC indicating a 

reversal of the EMT phenotype (which is 
associated with metastatic and aggressive 
disease, of TNBC).  

 
Table 1. miRNA expressions in triple negative breast cancer (TNBC) with relative validated 

targets and their biological functions [1,3,4,11,83,87-92] 
 

miRNA Target Description/Biological function of miRs 

miR-9 CDH1 miR-9, identified as a new “metastomiR” and activated by MYC 
and MYCN, directly targets CDH1, the E-cadherin encoding 
messenger RNA, leading to increased cell motility and 
invasiveness, activation of β-catenin signaling and upregulation 
of VEGF. 

miR-10a/10b HOXD10 TWIST transcription factor stimulates the up-modulation of a 
specific microRNA that suppresses its direct target and in turn 
activates another pro-metastatic gene, resulting in tumor cell 
invasion and metastasis 

 TIAM1 A mechanism for the regulation of Tiam1-mediated Rac 
activation in breast cancer cells 

miR-19 TF It target tissue factor (TF), a known promoter of cancer cell 
survival, angiogenesis, and metastasis. Therefore, miR19 may 
also play a tumorsuppressive role in breast cancer. 

miR-21 TPM1 Suppression of miR-21 can inhibit tumor growth 

 PDCD4 MiR-21 modulates tumor suppressor protein programmed cell 
death 4 (PDCD4); a functionally key target in breast cancer 
cells 

miR-31 ITGA5, RDX, 
RhoA, FZD3, 
M-RIP, 
MMP16, 
SATB2 

miR-31 uses multiple mechanisms (targets) to oppose 
metastasis 

 WAVE3 Reduction of metastatic potential 

 PRKCE Induction of apoptosis and enhancement of chemo- and 

radiosensitivity 

miR-34a AXL Impairment of migration 

miR-107/103 DICER Dicer inhibition drifts epithelial cancer toward a less-
differentiated, mesenchymal fate to foster metastasis 

Let-7 family PLC1 The Let-7 family has a tumour-suppressor role in breast cancer 
by negatively regulating EGF-driven cell invasion, viability, and 
cell cycle progression 

 IL6 Inflammation activates a positive feedback loop that maintains 
the epigenetic transformed state 

miR-146 and 
miR-146b-5p 

BRCA1 control of BRCA1-mediated proliferation and homologous 
recombination 

miR-155 SOCS1 miR-155 is an oncomiR in breast cancer, and it has been 
suggested that miR-155 may serve as a bridge between 
inflammation and cancer 

 WEE1 miR-155 enhances mutation rates by decreasing the efficiency 
of DNA safeguard mechanisms by targeting of cell cycle 
regulators such as WEE1 

 FOXO3a FOXO3a affect cell survival and response to chemotherapy in 
breast cancer 

miR-181a/b Bim Inhibition of anoikisis 
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 ATM Impairment of DNA double-strand-breaks repair 

miR-182 PFN1 Inhibition of cell proliferation and invasion 

Induction of apoptosis 

miR-199a-3p Caveolin-2 Regulates cell proliferation and survival.Caveolin-2 is a 
member of a family of scaffolding proteins that coats plasma 
membrane invaginations (caveolae). 

miR-200 
family (a/b/c) 

ZEB1, ZEB2 miR-200 stimulates differentiation in undifferentiated mammary 
epithelial cell line and inhibits EMT. Down-regulation of the 
miR-200 family may be an important step in tumor progression 

 PLC1 Tumor-suppressor function by negatively regulating EGF-driven 
cell invasion, viability, and cell cycle progression in breast 
cancer 

 SUZ12 The miR-200b-Suz12-cadherin pathway is important for cancer 
stem cell growth and invasive ability 

 FN1, LEPR, 
NTRK2, 
ARHGAP19 

miR-200c actively represses a program of mesenchymal and 
neuronal genes involved in cell motility and anoikis resistance 

 EphA2 It inhibits epithelial–mesenchymal transition (EMT)- a 
characteristic morphological changes in undifferentiated, non-
tumorigenic mammary cells. 

miR-203 BIRC5 It reduces proliferation 

 LASP1 It inhibits migration 

miR-205 E2F1; LAMC1 Reduction of proliferation, cell cycle and tumor growth 

miR-221/222 FOXO3a The miR-221/222 cluster targets FOXO3A to suppress p27kip1 
also at a transcriptional level 

 ESR1 Modulation of ER is associated with 

antiestrogen therapy 

 TRSP1 miR-221/222 promote EMT and contribute to the more 
aggressive clinical behavior of basal-like breast cancers 

 DICER Dicer is low in ER-negative breast cancers, since such cells 
express high miR-221/222 

miR-224 PAK4 and 
MMP-9 

It has been associated with cancer progression and enhanced 
cell migration and invasion by increasing the expression of the 
proinvasive PAK4 and MMP9. 

miR-342 ID4 ID4 is involved in mammalian embryogenesis, angiogenesis 
and in the maintenance of cancer stem cells. It is associated 
with loss of differentiation, enhanced malignancy and 
aggressive clinical behavior. 

miR5425p  It is associated with maintenance of the mesenchymal 
phenotype, an important feature of the TNBC phenotype and 
driver of cell motility and invasiveness. 

miR-17/92 HBP1 miR-17/92 cluster has a critical function in breast cancer cell 
invasion and migration by suppressing HBP1 and subsequently 
activating Wnt/-catenin 

 
Recent data described miR-181a, which is 
overexpressed in TNBC [3,70], as metastamiR. 
Underexpression of miR-181a have been 
observed to inhibit TGF-β mediated EMT, 
invasion and migration, and reverting anoikisis 
resistance in breast cancer cells; 
overexpressions are related to  shorter disease-
free survival of breast cancer patients [70]. 

Moreover miR-181a/b expression sensitizes to 
cisplatin [71] and to PARP inhibitors [72] by 
dampening the DNA double-strand-breaks repair, 
thus representing a possible marker of 
BRCAness. Estimated levels of miR-181a could 
play a part in patient selection for PARP inhibitor 
treatments [3].  
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It has been observed that miRNAs such as miR-
141-3p, miR-203a, miR-548c-3p, miR-607 and 
miR-96-5p were appreciably upregulated with 
concomitant downregulation of miR-181a in 
triple-negative primary breast cancers when 
compared with double positive cases [73]. 
Furthermore, according to the reports of 
Radojicic et al. [73], the expression of miR-21, 
miR-210, and miR-221 have been observed to 
be higher in the triple-negative (TN) subtype of 
breast cancer compared with corresponding 
healthy tissues; while the expression of miR-10b, 
miR-145, miR-205, miR-122a [74], miR-
200a/miR-200b, miR-146b and miR-148a has 
been observed to be lower [4]. More so, 
significant downregulation of Let-7c, miR- 27b, 
miR-22, miR-143, miR-30b and miR-30d have 
been observed in all breast cancer cell lines 
when compared with non-tumorigenic epithelial 
MCF-10A cells [4]. In TNBC-associated lymph 
node metastasis, miRNAs such as miR-424, 
miR-125a-5P, miR-627, miR-579, let-7g and 
miR-101 were specifically expressed [3], while 
miR-424 and miR-125a were specifically 
expressed only in the metastasis vs. primary 
tumor and in normal tissue vs. metastasis, 
respectively [3,75]. MiR-200b and miR- 148a is 
suggested to target the E2F pathway that is 
active in poor-prognosis and metastatic breast 
cancer [4]. MiR-203 has been shown to inhibit 
cell proliferation and migration, while miR-141-3p 
inhibits metastasis; upregulation of miR-548c-3p 
is linked to poor prognosis [4]. Overexpression of 
miR-155 is observed in TNBC where it results in 
angiogenesis, tumor growth, metastasis, late-
stage/high grade tumor and poor prognosis [76]. 
MiR-155 is epigenetically regulated by BRCA1 
and up-regulated in BRCA1-deficient or BRCA-
mutant breast cancer [77] and initiated by pro-
oncogenic stimuli such as hypoxia, both risk 
factors for TNBC [3]. Targeting these miRNAs 
involved in tumour metastasis may lead to a 
better prognosis in TNBC patients. 
 
One of the most studied microRNAs which 
consistently are found up-regulated in a wide 
variety of cancers, including breast cancer, is 
miR-21 [78-80]. Up-regulated expression of miR-
21 in breast cancer tissues is linked to advanced 
clinical stage, lymph node positivity, and low 
survival rate [3,78,80]. Some of the microRNAs 
have shown different expressions not only within 
the specific subtype of breast cancer but 
between distinct subtypes of breast cancer as 
well. MiR-21 is an oncogenic microRNA with anti-
apoptotic potential which is directly involved in 
the growth, proliferation, and invasion of the 

tumor cells by inhibiting the activity of the tumor 
suppressor genes PDCD4 (programmed cell 
death-4) and tumor suppressor tropomyosin-1 
(TPM1) [81,82]. Expression levels of miR-21 [83] 
and miR-29a were significantly higher in triple-
negative tumor tissues than in luminal-B tumor 
tissues [84]. Another microRNA which has been 
reported as being expressed differentially in the 
TN tumors is miR-31, which is downregulated as 
a result of epigenetical hypermethylation of 
LOC554202 [3,73,85]. MiR-31 play an important 
part in metastastic process and its upregulation 
initiates apoptosis and increases chemo- and 
radiosensitivity in TNBC cell lines by direct 
inhibition of PRKCE [3,86]. Inverse correlation 
between miR-31 and Bcl-2 was found by 
exploiting a public dataset of breast cancer 
patients [87]. Regulation of Bcl-2 oncogene as a 
therapeutic measure could alter miR-31 effects 
and perhaps increase the overall survival of 
TNBC patients. 
 
5. PROGNOSTIC AND THERAPEUTIC 

MARKERS IN TBNC 
  

Even though MiRNAs have been proposed as 
potential therapeutic tool, there are few 
documented accomplishments in that regard 
[93]. There are two major strategies to target 
miRNAs expression in cancer: a) direct 
strategies employs oligonucleotides or virus 
based constructs to either block the expression 
of an oncogenic miRNA or to reintroduce a tumor 
suppressor miRNA lost in cancer [93]; b) indirect 
strategy involves the use of drugs to modulate 
miRNAs expression by targeting their 
transcription and processing. Glyceollins, 
antiestrogenic agents, exert antitumor activity in 
TNBC [89]. Decreased expression of miR5425p, 
with overexpression of NME1, signifies a reversal 
of EMT and a suppression of metastasis by 
glyceollins. A second target identified through 
proteomics approach is vimentin, whose 
expression was down regulated more than 13 
fold by glyceollins. Vimentin is a marker for 
epithelial-to-mesenchymal transition and is highly 
expressed in numerous TNBCs [94]. Vimentin is 
a proven target of miR30d and a predicted target 
of miR138, both found to be appreciably elevated 
by glyceollins [95]. These data suggest that the 
effects of glyceollins on TNBC cell lines are 
achieved via regulation of miRs, which in turn 
regulate known oncogenes and tumor 
suppressors [89]. Among the most down 
regulated miRs following treatment with 
glyceollins were 193a5p, 197, 224, 4865p, and 
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5425p, all of which have been associated with 
cancer progression [89]. The link between 
specific miRNAs with ER, PR and HER2 status 
reveals the role of miRNAs in disease 
classification of breast cancer. Decreased 
expression of miRNA-342 in TNBC tumors, 
increased miRNA-342 expression in the Luminal-
B tumors, and down regulated miRNA-520g in 
ER- and PR-positive tumors indicate that 
deregulated miRNA expression is not only an 
indicator for poorer prognosis of breast cancer, 
but also future target for therapy [96]. Current 
studies [1,97-103] have shown that several 
miRNAs play critical roles in the modulation of 
ERα expression and ERα-mediated signaling in 
breast cancer cells. 

 
Some microRNAs have been recognized as 
prognostic markers in breast cancer. For 
instance, overexpressions of miR-16, miR-155 or 
miR-374 are associated with better prognosis 
while underexpression of miR-125b is linked to 
worse prognosis. Three “risk-associated” miRs 
(miR-125b, miR-655 and miR-421) and four 
“protective” miRNAs have been revealed (miR-
16, miR-374a, miR-374b and miR-497) are 
negatively and positively associated with distant 
disease free survival (DDFS), respectively [104]. 
MiR-210 over-expressed in TNBC compared to 
ER+ [105], is an independent prognostic factor in 
TNBC; decreased levels of miR-210 showed 
better distant-free-survival (DFS) in TNBC and 
no relapse 5 years following surgery in node 
negative TNBC [106]. MiR-34b, a member of the 
p53-regulated miR-34 family [107], is negatively 
associated with DFS and overall survival (OS) 
[3,108].  
 
In TNBC, XBP1 has a critical role in the 
tumorigenicity and progression. In breast cancer 
cell line models, decreased levels of XBP1 
inhibits tumour growth and tumour relapse and 
reduced the CD44 high CD24 low population 
[109]. Tumour cells expressing CD44 high CD24 
low have been shown to mediate tumour relapse 
in some instances [110-112]. XBP1 pathway 
activation is associated with poor patient survival 
in TNBC patients, indicating that unfolded protein 
response (UPR) inhibitors in combination with 
standard chemotherapy may improve the 
effectiveness of antitumour therapies [109]. 
Recent findings suggest that XBP1 branch of the 
UPR has a major role in TNBC and signify that 
targeting this pathway may offer alternative 
treatment strategies for this aggressive subtype 
of breast cancer [109].  
 

ID4 is a transcription factor of the helix-loop-helix 
protein family whose expression is inversely 
correlated with that of ER. ID4 is expressed in 
breast cancer, particularly triple negative breast 
cancers [113] and can negatively modulate 
BRCA1 expression [114]. Increased expression 
of ID proteins has been reported in several 
cancer types [115-117] and has been found 
associated with loss of differentiation, enhanced 
malignancy and aggressive clinical behavior 
[117,118]. ID4 is involved in mammalian 
embryogenesis, angiogenesis and in the 
maintenance of cancer stem cells [92,119,120]. 
Furthermore, ID4 overexpression is linked to the 
anchorage-independent growth exhibited by 
breast cancer cells [70], while its 
underexpression dictate their morphological 
change to large and flat epithelial phenotypes 
[121]. The finding that ID4 is a negative 
modulator of the tumor suppressor gene BRCA1 
[3,122-124] supports an oncogenic function of 
ID4. In breast cancer, miR-342 which has been 
speculated to have a role in reducing the 
expression of BRCA1 [125] is associated with 
better prognosis [126,127]. The reports of Crippa 
et al. [114] reported an inverse correlation 
between ID4 and miR-342 and also between ID4 
and BRCA1 expression [114]. According to their 
reports [114], overexpression of miR-342 in 
breast cancer cells depleted ID4 and induced 
BRCA1 overexpression, suggesting a viable 
position of this mechanism in breast cancer. The 
inverse correlation between ID4, miR-342 and 
BRCA1 expressions in TNBC could be used as a 
prognostic tool or marker in TNBC management. 
This review suggests that inhibiting miRNA target 
oncogenes may provide definite framework for 
clinical breast cancer therapy [114].  
 

6. CONCLUSION 
 
The correlation between TNBC, BRCA mutation 
and KRAS oncogene suggests that age, 
hormone levels and environmental factor play 
critical roles in the emergence of Triple-negative 
breast cancer in certain ethnic groups. The age, 
hormonal, ethnic and environmental factors, one 
way or the other, directly or indirectly, affect the 
expressions of some pro-oncogenes and 
miRNAs in biological systems. The discovery of 
miRNAs which function by modulation of some 
target oncogenes have provided prognostic 
markers and created future possible therapeutic 
frameworks for TNBC, which is due to the fact 
that certain target oncogenes have been 
successfully altered through inhibitory systematic 
pathways. This review gives knowledge of the 
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characteristic features of TNBC and its risk 
factors, especially the BRCA1 mutation, KRAS 
and ID4 oncogenes, and the place of Epithelial-
to-Mesenchymal Transition (EMT) in TNBC 
progression. However, more studies on 
nutritional and environmental factors are required 
to unveil the direct relationship between TNBC 
and ethnicity.  
 

CONSENT  
 
It is not applicable. 
 
ETHICAL APPROVAL  
 
It is not applicable. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Chen J-Q, Russo J. ERα-negative and 
triple negative breast cancer: Molecular 
features and potential therapeutic 
approaches. Biochim Biophys Acta. 
2009;1796:162–175.  

DOI: 10.1016/j.bbcan.2009.06.003. 
PMCID: PMC2937358. NIHMSID: 
NIHMS192921 

2. Reis-Filho JS, Tutt AN. Triple negative 
tumours: a critical review. Histopathol. 
2008;52:108–118. 

3. D’Ippolito E, Iorio MV. MicroRNAs and 
triple negative breast cancer. Int J Mol Sci. 
2013;14:22202-22220;  

DOI: 10.3390/ijms141122202, PMCID: 
PMC3856060 

4. Aydoğdu E, Katchy A, Tsouko E, Lin C-Y, 
Haldosén L-A, Helguero L, Williams C. 
MicroRNA-regulated gene networks during 
mammary cell differentiation are 
associated with breast cancer. 
Carcinogenesis. 2012;33(8):1502-1511. 
DOI: 10.1093/carcin/bgs161.  

Available:http://carcin.oxfordjournals.org/ 
(Accessed June 22, 2014). 

5. Vona-Davis L, Rose DP, Hazard H, 
Howard-McNatt M, Adkins F, Partin J. 
Triple-negative breast cancer and obesity 
in a rural Appalachian population. Cancer 
Epidemiol Biomarkers Prev. 2008;17: 
3319–3324. 

6. Winkeljohn DL. Triple-negative breast 
cancer. Clin J Oncol Nurs. 2008;12:861–
863. 

7. Phipps AI, Malone KE, Porter PL, Daling 
JR, Li CI. Body size and risk of luminal, 
HER2-overexpressing, and triple-negative 
breast cancer in postmenopausal women. 
Cancer Epidemiol Biomarkers. Prev. 
2008;17:2078–2086. 

8. Trivers KF, Lund MJ, Porter PL, Liff JM, 
Flagg EW, Coates RJ. The epidemiology 
of triple-negative breast cancer, including 
race. Cancer Causes Control. 2009;20: 
1071-1082.  

DOI: 10.1007/1s10552-009-9331-1 

9. Kumar K, Abbas AK, Fausto N, Aster JC. 
Robbins and Cotran pathologic basis of 
disease, 8th ed. Philadelphia, PA: 
Saunders Elsevier; 2010. 

10. Heneghan H, Miller N, Kerin M. Analysis of 
MiRNA expression and biomarker potential 
in common diseases: Breast cancer and 
obesity. Thesis. Obesity Reviews. 2012;11: 
354–361. 

11. Minami CA, Chung DU, Chang HR. 
Management options in triple-negative 
breast cancer. Breast Cancer (Aucki). 
2011;5:175-199. 

DOI: 10.4137/BCBCR.S.6562 

12. Rakha EA, Reis-Filho JS, Ellis IO. Basal-
like breast cancer: a critical review. J Clin 
Oncol. 2008;26:2568–2581. 

13. Khalifeh IM, Albarracin C, Diaz LK, 
Symmans FW, Edgerton ME, Hwang RF, 
et al. Clinical, histopathologic, and 
immunohistochemical features of 
microglandular adenosis and transition into 
in situ and invasive carcinoma. Am J Surg 
Pathol. 2008;32:544–552. 

14. Harfe BD. MicroRNAs in vertebrate 
development. Curr Opin Genet Dev. 
2005;15:410-5. 

15. Ouimet M, Moore KJ. A big role for small 
RNAs in HDL Hemeostasis. 1-19. 
Available:http://www.IIr.org/content/early/2
0 

16. Pritchard CC, Cheng HH, Tewari M. 
MicroRNA profiling: approaches and 
considerations. Nat Rev Genet. 2012;13: 
358-69. 

17. Johnson SM, Grosshans H, Shingara J, 
Byrom M, Jarvis R, Cheng A, et al. RAS is 
regulated by the let-7 microRNA family. 
Cell. 2005;120(5):635–647. PMID: 
15766527 



 
 
 
 

Okoye and Okoye; JCTI, 2(2): 66-80, 2015; Article no.JCTI.2015.009 
 
 

 
75 

 

18. Caporali A, Emanueli C. MicroRNA 
regulation in angiogenesis. Vascul 
Pharmacol. 2011;55:79-86. 

19. Esquela-Kerscher A, Slack FJ. Oncomirs—
microRNAs with a role in cancer. Nat. Rev. 
Cancer. 2006;6(4):259–269. PMID: 
16557279 

20. Calin GA, Croce CM. MicroRNA signatures 
in human cancers. Nat. Rev. Cancer. 
2006;6(11):857–866. PMID 17060945 

21. Foekens JA, Sieuwerts AM, Smid M Look 
MP, Weerd V, Boersma AW. Four miRNAs 
associated with aggressiveness of lymph 
node-negative, estrogen receptor-positive 
human breast cancer. Proc Natl Acad Sci 
USA. 2008;105:13021-6. 

22. Cleator S, Heller W, Coombes RC. Triple-
negative breast cancer: therapeutic 
options. Lancet Oncol. 2007;8:235–244. 

23. Kang SP, Martel M, Harris LN, Triple 
negative breast cancer: current 
understanding of biology and treatment 
options. Curr Opin Obstet Gynecol. 2008; 
20:40–46. 

24. Lehmann BD, Bauer JA. Identification of 
human triple-negative breast cancer 
subtypes and preclinical models for 
selection of targeted therapies. J Clin 
Invest. 2011;121:2750–2767. 

25. Liedtke C, Mazouni C, Hess KR, Andre F, 
Tordai A, Mejia JA, et al. Response to 
neoadjuvant therapy and long-term 
survival in patients with triple-negative 
breast cancer. J Clin Oncol. 2008;26(8): 
1275-1281. 

26. Gluz O, Liedtke C, Gottschalk N, Pusztai L, 
Nitz U, Harbeck N. Triple-negative breast 
cancer: Current status and future 
directions. Ann Oncol. 2009;20(12):1913-
1927. 

27. Dey N, Smith BR, Leyland-Jones B. 
Targeting basal-like breast cancers. Curr 
Drug Targets. 2012;13(12):1510-24. 

28. Haffty BG, Yang Q, Reiss M, Kearney T, 
Higgins SA, Weidhaas J. Toppmeyer, 
Locoregional relapse and distant 
metastasis in conservatively managed 
triple negative early-stage breast cancer. J 
Clin Oncol. 2006;24:5652–5657. 

29. Atchley DP, Albarracin CT, Lopez A, 
Valero V, Amos CI, Gonzalez-Angulo AM. 
Clinical and pathologic characteristics of 
patients with BRCA-positive and BRCA-
negative breast cancer. J Clin Oncol. 
2008;26:4282–4288. 

30. Fasano J, Muggia F. Breast cancer arising 
in a BRCA-mutated background: 
therapeutic implications from an animal 
model and drug development. Ann Oncol. 
2009;20:609–614. 

31. Young SR, Pilarski RT, Donenberg T, 
Shapiro C, Hammond LS, Miller J. The 
prevalence of BRCA1 mutations among 
young women with triple-negative breast 
cancer. BMC Cancer. 2009;9:86. 

32. Sørlie T, Perou CM, Tibshirani R, Aas T, 
Geisler S, Johnsen H, et al. Gene 
expression patterns of breast carcinomas 
distinguish tumor subclasses with clinical 
implications. Proc Natl Acad Sci USA. 
2001;98:10869-74. 

33. The Cancer Genome Atlas Network. 
Comprehensive molecular portraits of 
human breast tumours. Nature. 2012;490: 
61–70. 

34. Arnedos M, Scott V, Job B, De La Cruz J, 
Commo F, Mathieu MC. Array CGH and 
PIK3CA/AKT1 mutations to drive patients 
to specific targeted agents: a clinical 
experience in 108 patients with metastatic 
breast cancer. Eur J Cancer. 2012;48(15): 
2293-9. 

35. Hartman AR, Kaldate RR, Sailer LM, 
Painter L, Grier CE, Endsley RR. 
Prevalence of BRCA mutations in 
unselected population of triple-negative 
breast cancer. Cancer. 2011;118(11): 
2787-2795.  

DOI: 10.002/cncr.26576 

36. Kurebayashi J. Possible treatment 
strategies for triple-negative breast cancer 
on the basis of molecular characteristics. 
Breast Cancer. 2009;16(4):275-280. 

DOI: 10.1007/s12282-009-0111-2 

37. Heitz F, Harter P. Triple-negative and 
HER2-overexpressing breast cancers 
exhibit an elevated risk and an earlier 
occurrence of cerebral metastases. Eur J 
Cancer. 2009;45:2792–2798. 

38. Blows FM, Driver KE. Subtyping of breast 
cancer by immunohistochemistry to 
investigate a relationship between subtype 
and short and long term survival: A 
collaborative analysis of data for 10,159 
cases from 12 studies. PLoS Med. 2010;7: 
e1000279. 

39. Stratowa C, Wilgenbus KK. Gene 
expression profiling in drug discovery and 
development. Current Opinion in Molecular 
Therapeutics. 1999;1(6):671-679. 



 
 
 
 

Okoye and Okoye; JCTI, 2(2): 66-80, 2015; Article no.JCTI.2015.009 
 
 

 
76 

 

40. Ferraro DA, Gaborit N, Maron R, Cohen-
Dvashi H, Porat Z, Pareja F. Inhibition of 
triple-negative breast cancer models by 
combinations of antibodies to EGFR. Proc 
Natl Acad Sci. USA. 2013;110(5):1815-20. 

41. Castilla MÁ, Díaz-Martín J. MicroRNA-200 
family modulation in distinct breast cancer 
phenotypes. PLoS One. 2012;7:e47709. 

42. Bartel DP. MicroRNAs: target recognition 
and regulatory functions. Cell. 2009; 
136(2):215–233. 

43. Heneghan HM, Miller N, Lowery AJ, 
Sweeney KJ, Kerin MJ. MicroRNAs as 
novel biomarkers for breast cancer. J 
Oncol; 2010.  

DOI: 10.1155/2010/950201 

44. Tam W. Identification and characterization 
of human BIC, a gene on chromosome 21 
that encodes a noncoding RNA. Gene. 
2001;274(1-2):157-167.  

Doi: 10.1016/S0378-1119(01)00612-6. 
PMID 11675008 

45. Hui A, How C, Ito E, Liu F-F. Micro-RNAs 
as diagnostic or prognostic markers in 
human epithelial malignancies. BMC 
Cancer. 2011;11:500.  

DOI: 10.1186/1471-2407-11-500   

46. Croce CM. Causes and consequences of 
microRNA dysregulation in cancer. Nat. 
Rev. Genet. 2009;10(10):704-714. 

47. Calin GA, Sevignani C, Dumitru CD, 
Hyslop T, Noch E, Yendamuri S, et al. 
Human microRNA genes are frequently 
located at fragile sites and genomic 
regions involved in cancers. Proc. Natl. 
Acad. Sci. U.S.A. 2004;101(9):2999-3004. 

48. Stransky B, de Souza SJ. Modeling tumor 
evolutionary dynamics. Front Physiol. 
2012;3:480. 

49. Choudhry H, Catto JW. Epigenetic 
regulation of microRNA expression in 
cancer. Methods Mol Biol. 2011;676:165-
84. 

50. Cortés-Sempere M, Ibáñez de Cáceres I. 
microRNAs as novel epigenetic 
biomarkers for human cancer. Clin Transl 
Oncol. 2011;13:357-62 

51. Dayem AA, Choi HY, Kim JH, Cho SG. 
Role of oxidative stress in stem, cancer, 
and cancer stem cells. Cancers (Basel) 
2010;2(2):859-884.  

DOI: 10.3390/cancers2020859. PMID: 
24281098. PMCID: PMC3835109 

52. Rouhi A, Mager DL, Humphries RK, 
Kuchenbauer F. MiRNAs, epigenetics            

and cancer. Mamm Genome. 2008;           
19(7-8):517-525. 

53. Thiery JP, Sleeman JP. Complex networks 
orchestrate epithelial-mesenchymal 
transitions. Nature Rev Mol Cell Biol. 
2006;7:131-142.  

54. Sarkar S, Dubaybo H, Ali S, Goncalves P, 
Kollepara SL, Sethi S. Down-regulation of 
miR-221 inhibits proliferation of pancreatic 
cancer cells through up-regulation of 
PTEN, p27kip1, p57kip2, and PUMA. Am J 
Cancer Res. 2013;3(5):465-477. 

55. Korpal M, Lee ES. The miR-200 family 
inhibits epithelial-mesenchymal transition 
and cancer cell migration by direct 
targeting of E-cadherin transcriptional 
repressors ZEB1 and ZEB2. J Biol Chem. 
2008;283:14910–14914. 

56. Burk U, Schubert J. A reciprocal 
repression between ZEB1 and members of 
the miR-200 family promotes EMT and 
invasion in cancer cells. EMBO Rep. 
2008;9:582–589. 

57. Howe EN, Cochrane DR, Richer JK. 
Targets of miR-200c mediate suppression 
of cell motility and anoikis resistance. 
Breast Cancer Res. 2011;13(2):R45.  

DOI: 10.1186/bcr2867. PMID: 21501518 

58. Howe EN, Cochrane DR. miR-200c targets 
a NF-κB up-regulated TrkB/NTF3 
autocrine signaling loop to enhance 
anoikis sensitivity in triplenegative breast 
cancer. PLoS One. 2012;7:e49987. 

59. Smit MA, Geiger TR. A Twist-Snail axis 
critical for TrkB-induced epithelial-
mesenchymal transition-like 
transformation, anoikis resistance, and 
metastasis. Mol. Cell Biol. 2009;29:3722–
3737. 

60. Smit MA Peeper DS. Zeb1 is required for 
TrkB-induced epithelial-mesenchymal 
transition, anoikis resistance and 
metastasis. Oncogene. 2011;30:3735–
3744. 

61. Chen J, Tian W. Down-regulation of 
microRNA-200c is associated with drug 
resistance in human breast cancer. Med. 
Oncol. 2012;29:2527–2534. 

62. Lin J, Liu C. miR-200c enhances 
radiosensitivity of human breast cancer 
cells. J Cell Biochem. 2013;114:606–615. 

63. Shimono Y, Zabala M, Cho RW, Lobo N, 
Dalerba P, Qian D. Downregulation of 
miRNA-200c links breast cancer stem cells 



 
 
 
 

Okoye and Okoye; JCTI, 2(2): 66-80, 2015; Article no.JCTI.2015.009 
 
 

 
77 

 

with normal stem cells. Cell. 2009;138(3): 
592–603.  

DOI: 10.1016/j.cell.2009.07.011. PMID: 
19665978 

64. Sun JG, Liao RX, Qiu J, Jin JY, Wang XX, 
Duan YZ. Microarray-based analysis of 
MicroRNA expression in breast cancer 
stem cells. J Exp Clin Cancer Res. 
2010;29:174.  

DOI: 10.1186/1756-9966-29-174. PMID: 
21192833 

65. Iliopoulos D. Loss of miR-200 inhibition of 
Suz12 leads to polycomb-mediated 
repression required for the formation and 
maintenance of cancer stem cells. Mol 
Cell. 2010;39:761–772. 

66. Wyatt,L, Wadham C, Crocker LA, Larddelli 
M, Khew-Goodall Y. The protein tyrosine 
phosphatase Pez regulates TGFbeta, 
epithelial-mesenchymal transition, and 
organ development. J Cel Biol. 
2007;178(7):1223–1235. 

DOI: 10.1083/jcb.200705035 

67. Gregory PA. The miR-200 family and miR-
205 regulate epithelial to mesenchymal 
transition by targeting ZEB1 and SIP1. Nat 
Cell Biol. 2008;10:593–601. 

68. Iliopoulos D, Polytarchou C, Tsichlis PN. 
MicroRNAs differentially regulated by Akt 
isoforms control EMT and stem cell 
renewal in cancer cells. Sci Signal. 
2009b;2(92):ra62.  

Doi: 101126/scisignal.2000356. 
PMC2862216 

69. Collin-Burrow, BM. Epigenetic regulation of 
microRNA expression: Targeting the triple-
negative breast cancer phenotype. U.S. 
Army Medical Research and Materiel 
Command Fort Detrick, Maryland. 2010; 
21702-5012. 

70. Taylor MA, Sossey-Alaoui K. TGF-β 
upregulates miR-181a expression to 
promote breast cancer metastasis. J Clin 
Invest. 2013;123:150–163.  

DOI: 10.1172/JCI649946. PMCID: 
PMC3533297 

71. Galluzzi L, Morselli E. miR-181a and miR-
630 regulate cisplatin-induced cancer cell 
death. Cancer Res. 2010;70:1793–1803. 

72. Bisso A, Faleschini M. Oncogenic miR-
181a/b affect the DNA damage response 
in aggressive breast cancer. Cell Cycle 
2013;12:1679–1687. 

73. Radojicic J, Zaravinos A, Vrekoussis T, 
Kafousi M, Spandidos DA, Stathopoulos 

EN. MicroRNA expression analysis in triple 
negative (ER, PR and Her2/neu) breast 
cancer. Cell Cycle. 2011;10:507–517. 
PMID: 21270527 

74. Pelekanou V, Notas G, Kampa M, 
Tsentelierou E, Radojicic J, Leclercq G. 
Erα36, a new variant of the ERα is 
expressed in triple negative breast 
carcinomas and has a specific 
transcriptomic signature in breast cancer 
cell lines. Steroids. 2011;77(10):928—34. 
DOI: 10.1016/j.steroids.2011.12.016 

75. Cascione L, Gasparini P. Integrated 
microRNA and mRNA signatures 
associated with survival in triple negative 
breast cancer. PLoS One. 2013;8:e55910. 

76. Kong W, He L, Richards EJ, Challa S, Xu 
C-X, Permuth-Wey J, et al. Upregulation of 
miRNA-155 promotes tumour 
angiogenesis by targeting VHL and is 
associated with poor prognosis and triple-
negative breast cancer. Oncogene. 
2014;33:679-689.  

DOI: 10.1038/onc.2012.636. 

77. Chang S, Wang RH. Tumor suppressor 
BRCA1 epigenetically controls oncogenic 
microRNA-155. Nat Med. 2011;17:1275–
1282. 

78. Huang S, He X. The role of microRNAs in 
liver cancer progression. Br J Cancer. 
2011;104:235–240. 

79. Mattie MD, Benz CC, Bowers J, Sensinger 
K, Wong L, Scott GK. Optimized high-
throughput microRNA expression profiling 
provides novel biomarker assessment of 
clinical prostate and breast cancer 
biopsies. Mol Cancer. 2006;5:24. 

80. Yan LX, Huang XF, Shao Q, Huang MY, 
Deng L, Wu QL, et al. MicroRNA miR-21 
overexpression in human breast cancer is 
associated with advanced clinical stage, 
lymph node metastasis and patient poor 
prognosis. RNA. 2008;14:2348–2360. 

81. Frankel LB, Christoffersen NR, Jacobsen 
A, Lindow M. Krogh A, Lund AH. 
Programmed cell death 4 (PDCD4) is an 
important functional target of the 
microRNA miR-21 in breast cancer cells. J 
Biol Chem. 2008;283:1026–1033. 

82. Zhu S, Si ML, Wu H, Mo YY. MicroRNA-21 
targets the tumor suppresor gene 
tropomyosin 1 (TPM1). J Biol Chem. 
2007;282:14328–14336. 

83. Iliopoulos D, Jaeger SA, Hirsch HA, Bulyk 
ML, Struhl K. STAT3 activation of miR-21 



 
 
 
 

Okoye and Okoye; JCTI, 2(2): 66-80, 2015; Article no.JCTI.2015.009 
 
 

 
78 

 

and miR-181b-1, via PTEN and CYLD, are 
part of the epigenetic switch linking 
inflammation to cancer. Mol Cell. 2010; 
39(4):493-506. 

DOI: 10.1016/j.molcel.2010.07.023 

84. Kalniete D, Nakazawa-Miklasevica M, 
Strumfa I, Abolins A, Irmejs A, Trofimovics 
G, et al. MicroRNA expression in different 
sybtypes of breast cancer. Acta Chirurgica 
Latviensis. 2013;13:7-12. 

DOI: 10.2478/chilat-2013-0002. 

85. Augoff K, McCue B, Plow EF, Sossey-
Alaoui K. miR-31 and its host gene lncRNA 
LOC554202 are regulated by promoter 
hypermethylation in triple-negative breast 
cancer. Mol. Cancer. 2012;11:5.  

DOI: 10.1186/ 1476-4598-11-5. 

86. Shankar E, Krishnamurthy S. PKCepsilon 
induces Bcl-2 by activating CREB. Int J 
Oncol. 2010;36:883–888. 

87. Körner C, Keklikoglou I. MicroRNA-31 
sensitizes human breast cells to apoptosis 
by direct targeting of protein kinase C 
epsilon (PKCepsilon). J Biol Chem. 
2013;288:8750–8761. 

88. Di LevaG, BriskinD, Croce CM. MicroRNA 
in cancer: new hopes for antineoplastic 
chemotherapy. Ups J Med Sci. 2012; 
117(2):202-216 

89. Rhodes LV, Tilghman SL, Boue SM, Wang 
S, Khalili H, Muir SE, et al. Glyceollins as 
novel targeted therapeutic for the 
treatment of triple-negative breast cancer. 
Oncology Letters. 2012;3:163-171.   

DOI: 10.3892/ol.2011.460 

90. Ma L, Teruya-Feldstein J, Weinberg RA. 
Tumour invasion and mestasis initiated by 
microRNA-10b in breast cancer. Nature. 
2008;449:682-688. 

DOI: 10.1038/nature06174 

91. Uhlman S, Zhang JD, Schwager A, 
Mannsperger H, Riazalhosseini Y, 
Burmester S, et al. miR-200bc/429 cluster 
target PLCgamma1 and differentially 
regulates proliferation and EGF-driven 
invasion than miR-200a/141 in breast 
cancer. Oncogene; 2010;29(30):4297-306. 
DOI: 10.1038/onc.2010.201. PMID: 
20514023 

92. Hu Y, Fu L. Targeting cancer stem cells: a 
new therapy to cure cancer patients. Am J 
Cancer Res. 2012;2(3):340-356. PMCID: 
PMC3365812 

93. Triulzi T, Iorio MV, Tagliabue E, Casalini P. 
Oncogene and Cancer – From Bench to 

Clinic: microRNA: New Players in 
Metastatic Process. Chapter 16. 2013; 
391-414.  

Available:http://dx.doi.org/10.5772/55583 

94. Kokkinos MI, Wafai R, Wong MK, 
Newgreen DF, Thompson EW, Waltham 
M. Vimentin and epithelialmesenchymal 
transition in human breast cancer – 
observations in vitro and in vivo. Cells 
Tissues Organs. 2007;185:191203. 

95. Joglekar MV, Patil D, Joglekar VM. The 
miR30 family microRNAs confer epithelial 
phenotype to human pancreatic cells. 
Islets. 2009;1:137147. 

96. Lowery AJ, Miller N, Devaney A, McNeill 
RE, Davoren PA, Lemetre C. MicroRNA 
signatures predict estrogen receptor, 
progesterone receptor and HER2/neu 
receptor status in breast cancer. Breast 
Cancer Res. 2009;11(3):R27.  

DOI: 10.1186/bcr2257 

97. Zhao JJ, Lin J, Yang H, Kong W, He L, Ma 
X et al. MicroRNA- 221/222 negatively 
regulates estrogen receptor alpha and is 
associated with tamoxifen resistance in 
breast cancer. J Biol Chem. 2008;283: 
31079–31086. 

98. Adams BD, Cowee DM, White BA, The 
role of miR-206 in the epidermal growth 
factor (EGF) induced repression of 
estrogen receptor-alpha (ER{alpha}) 
signaling and a luminal phenotype in MCF-
7 breast cancer cells. Mol Endocrinol. 
2009;23(8):1215-1230.  

DOI: 10.1210/me.2008-0304 

99. Adams BD, Furneaux H, White BA, The 
micro-ribonucleic acid (miRNA) miR-206 
targets the human estrogen receptor-alpha 
(ERalpha) and represses ERalpha 
messenger RNA and protein expression in 
breast cancer cell lines. Mol Endocrinol. 
2007;21:1132–1147. 

100. Kondo N, Toyama T, Sugiura H, Fujii Y, 
Yamashita H. miR-206 expression is 
down-regulated in estrogen receptor alpha-
positive human breast cancer. Cancer 
Res. 2008;68:5004–5008. 

101. Liu WH, Yeh SH, Lu CC, Yu SL, Chen HY, 
Lin CY. MicroRNA-18a prevents estrogen 
receptor-alpha expression, promoting 
proliferation of hepatocellular carcinoma 
cells. Gastroenterol. 2009;136:683–693. 

102. Miller TE, Ghoshal K, Ramaswamy B, Roy 
S, Datta J, Shapiro CL. MicroRNA-221/222 
confers tamoxifen resistance in breast 



 
 
 
 

Okoye and Okoye; JCTI, 2(2): 66-80, 2015; Article no.JCTI.2015.009 
 
 

 
79 

 

cancer by targeting p27Kip1. J Biol Chem. 
2008;283:29897–29903. 

103. Wickramasinghe NS, Manavalan TT, 
Dougherty SM, Riggs KA, Li Y, Klinge CM, 
Estradiol downregulates miR-21 
expression and increases miR-21 target 
gene expression in MCF-7 breast cancer 
cells, Nucleic Acids Res. 2009;37:2584–
2595. 

104. Dedes KJ, Natrajan R. Down-regulation of 
the miRNA master regulators Drosha and 
Dicer is associated with specific subgroups 
of breast cancer. Eur J Cancer. 2011;47: 
138–150. 

105. Radojicic J, Zaravinos A. MicroRNA 
expression analysis in triple-negative (ER, 
PR and Her2/neu) breast cancer. Cell 
Cycle. 2011;10:507–517. 

106. Toyama T, Kondo N. High expression of 
microRNA-210 is an independent factor 
indicating apoor prognosis in Japanese 
triple-negative breast cancer patients. Jpn. 
J. Clin. Oncol. 2012;42:256–263. 

107. Yamakuchi M, Lowenstein CJ. MiR-34, 
SIRT1 and p53: The feedback loop. Cell 
Cycle. 2009;8:712–715. 

108. Svoboda M, Sana J. MiR-34b is associated 
with clinical outcome in triple-negative 
breast cancer patients. Diagn Pathol. 
2012;7.  

DOI: 10.1186/1746-1596-7-31. 

109. Chen X, Iliopoulos D, Zhang Q, Tang Q, 
Green MB, Hatziapostolou M. XBP1 
promotes triple-negative breast cancer by 
controlling the HIF1α pathway. Nature. 
2014;508:103-119.  

DOI: 10.1038/nature13119. PMID: 
24670641. PMCID: PMC41051133 

110. Idowu MO, Kmieciak M, Dumur C, Burton 
RS, Manjili MH. CD441/CD242/low cancer 
stem/progenitor cells are more abundant in 
triple-negative invasive breast carcinoma 
phenotype and are associated with poor 
outcome. Hum Pathol. 2012;43:364–373. 

111. Lin, Y., Zhong, Y., Guan, H., Zhang, X, 
Sun Q. CD441/CD242 phenotype 
contributes to malignant relapse following 
surgical resection and chemotherapy in 
patients with invasive ductal carcinoma. J 
Exp Clin Cancer Res. 2012;31:59. 

112. Creighton CJ. Residual breast cancers 
after conventional therapy display 
mesenchymal as well as tumor-initiating 
features. Proc. Natl Acad. Sci USA. 
2009;106:13820–13825. 

113. Wen YH, Ho A, Patil S, Akram M, Catalano 
J, et al. ID4 protein is highly expressed in 
triple-negative breast carcinomas: possible 
implications for BRCA1 downregulation. 
Breast Cancer Res Treatment. 2012;135: 
93–102. 

114. Crippa E, Lusa L, De Cecco L, Marchesi E, 
Calin GA, Radice P. miR-342 Regulates 
BRCA1 expression through modulation of 
ID4 in breast cancer. PLoS ONE. 
2014;9(1):e87039.  

DOI: 10.1371/journal.pone.0087039. 
PMID: 24475217 

115. Kamalian L, Gosney JR, Forootan SS, 
Foster CS, Bao ZZ, et al. Increased 
expression of Id family proteins in small 
cell lung cancer and its prognostic 
significance. Clinical Cancer Research. 
2008;14:2318–2325. 

116. Zeng W, Rushing EJ, Hartmann DP, Azumi 
N. Increased inhibitor of differentiation 4 
(id4) expression in glioblastoma: a tissue 
microarray study. J Cancer. 2010;1:1–5. 

117. Venneti S, Le P, Martinez D, Xie SX, 
Sullivan LM, et al. Malignant rhabdoid 
tumors express stem cell factors, Which 
Relate To the expression of EZH2 and Id 
proteins. Am J Surg Pathol. 2011;35: 
1463–1472. 

118. Perk J, Iavarone A, Benezra R. ID family of 
helix-loop-helix proteins in cancer. Nature 
Reviews Cancer. 2005;5:603. 

119. Lasorella A, Uo T, Iavarone A. Id proteins 
at the cross-road of development and 
cancer. Oncogene. 2001;20:8326–8333. 

120. Jen Y, Manova K, Benezra R. Expression 
patterns of Id1, Id2, and Id3 are highly 
related but distinct from that of Id4 during 
mouse embryogenesis. Developmental 
Dynamics, 1996;207:235–252. 

121. Kuzontkoski PM, Mulligan-Kehoe MJ, 
Harris BT, Israel MA. Inhibitor of DNA 
binding-4 promotes angiogenesis and 
growth of glioblastoma multiforme by 
elevating matrix GLA levels. Oncogene. 
2010;29:3793–3802. 

122. Park SJ, Kim RJ, Nam JS. Inhibitor of 
DNA-binding 4 contributes to the 
maintenance and expansion of cancer 
stem cells in 4T1 mouse mammary cancer 
cell line. Lab Animal Res. 2011;27:333–
338. 

123. Beger C, Pierce LN, Kruger M, Marcusson 
EG, Robbins JM, et al. Identification of Id4 
as a regulator of BRCA1 expression by 



 
 
 
 

Okoye and Okoye; JCTI, 2(2): 66-80, 2015; Article no.JCTI.2015.009 
 
 

 
80 

 

using a ribozymelibrary- based inverse 
genomics approach. Proc Natl Acad Sci 
USA. 2001;98:130–135. 

124. Roldan G, Delgado L, Muse IM. Tumoral 
expression of BRCA1, estrogen receptor 
alpha and ID4 protein in patients with 
sporadic breast cancer. Cancer Biol 
Therapy. 2006;5:505–510. 

125. Turner NC, Reis-Filho JS, Russell AM, 
Springall RJ, Ryder K, et al. BRCA1 
dysfunction in sporadic basal-like breast 
cancer. Oncogene. 2007;26:2126–2132. 

126. Buffa FM, Camps C, Winchester L, Snell 
CE, Gee HE, et al. MicroRNA associated 
progression pathways and potential 
therapeutic targets identified by integrated 
mRNA and microRNA expression profiling 
in breast cancer. Cancer Res. 2011;71: 
5635–5645. 

127. Van der Auwera I, Limame R, van Dam P, 
Vermeulen PB, Dirix LY, et al. Integrated 
miRNA and mRNA expression profiling of 
the inflammatory breast cancer subtype. 
Bri J Cancer. 2010;103:532–541. 

 
© 2015 Okoye and Okoye; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.  
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=1106&id=43&aid=9561 
 


