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Abstract
Micro-RNAs (miRNAs) are small molecules that modulate the translation of target mRNA
through binding to these molecules. In cancer, the expression of oncogenes and suppressors are
increased and decreased, respectively. MiRNAs are one of the causing factors in the formation
of cancer. To collect data, research articles in PubMed and Google Scholar were searched under
keywords including breast cancer and micro-RNA. The data obtained from articles published in
prestigious journals showed that some miRNAs are involved in the suppression and some in the
induction of cancer cell growth in breast cancer tissue. Some of them are also involved in the
aggression and metastasis. According to the obtained results, it seems that assessing miRNAs in
breast cancer tissue can be considered as a potential candidate for prognosis and may be used
in pre-diagnosis of the disease in near future.
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Background and Objectives
Micro-RNAs (miRNAs) were discovered
in 1993 by Rosalind Lee and Rhonda Feinbaum while working on the lin-14 gene
in the C. Elegans.1 In fact, one of the most
important recent advances in biochemical
research was the discovery of noncoding
long 22 nucleotide RNAs called miRNAs
that are involved in regulating genes’ expression,2 via mRNA degradation or preventing its translation and modulating a
variety of basic cellular processes.3 Today
a few number of miRNAs have been studied and the performance of this number
included cell differentiation, proliferation,
apoptosis, and anti-viral and anti-cancer defenses.5 About 50% of miRNAs are
placed within genes and it is expected that
approximately 50% of them be placed in introns. More than half of miRNA genes are
located on chromosome’s fragile sites that
allow duplication, deletion, and cell movement during the cancer development process. These areas can affect the expression
of miRNAs. Recent research has shown
that these molecules can act as either onco-

genes or tumor suppressors.6 Given the importance of etiology and treatment of tumors and due to many unknown causes of
cancers,7 extensive studies have discussed
around the role of these micro molecules
in the pathogenesis of cancers. Many studies have examined the possible molecules
involved in cancer.9,10 Today, several review
articles have been published regarding
several aspects of miRNAs in breast cancer. In this review article, we attempted to
collate recent articles regarding miRNAs in
breast cancer to update our knowledge and
discuss about the production and performance of miRNAs and their involvement
in the pathogenesis of breast cancer.
Biogenesis of Micro-RNA
Biogenesis and production of these molecules begin from the nucleus and continues to the cytoplasm.
Production Pathway of Micro-RNA in
the Nucleus
In nucleus, the miRNA genes are transcribed by RNA polymerase II.11 In the
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next step, RNA is looped which is called pri-miRNA.11
Single-stranded RNA in upstream and downstream of miRNA is essential for the action of Drosha enzyme (nuclear
RNase III) in the core. Drosha enzyme cuts and changes
precursor of the miRNAs into pre-miRNAs by interaction
with nuclear proteins called DiGeorge syndrome critical region.12 MiRNA precursor has 65 nucleotides and is
transferred by Exportin-5 proteins to the cytoplasm.13
Micro-RNA Biogenesis Pathway in the Cytoplasm
The Dicer enzyme (ribonuclease type III) in the cytoplasm cuts 22 nucleotides from the 3′ end and makes mature miRNA.11,14
Performance of RNA-Induced Silencing Complex
The complex actually consists of miRNA and nucleoprotein, that is why it is called RISC (RNA-induced silencing
complex).15 In addition to the miRNAs, it also consists
of a family of Argonauts proteins.15 During the function
of miRNA, the molecule must be set to RISC complex to
produce a leader RNA and a transient RNA that normally
degrade.15 The resulting molecules are directed to target
RNAs that contain complementary sequences with guide
RNA.15 Target RNA is either degraded or its translation is
disrupted. In cases where the target RNA degrades, Argonauts that is a subunit of this complex cuts the initial
mRNA.15 This protein has subunits bound to the target
RNA and is the RNA subunit cutter (ribonuclease H).
The second target RNA-binder selects the 3′ end, and a
second cutter that should cut is placed in the vicinity of
RNA.15 Cutting the middle region of double-stranded target mRNA as well as guide and intermediate RNA is performed from the 5′ end.13
In fact, the main function of miRNAs is regulating the
expression of genes.16 MiRNA is the complement of part
of one or more target RNA.17 Creation of base pair in promoter region causes cuts in target RNA and prevents its
translation and controls it. Sometimes the pairing amount
is very low, about 2 to 7 base pairs.17 In such cases, energy of miRNAs is less, while, more pairing leads to higher
energy of the miRNA.17 MiRNAs would render their influence on cells by affecting gene methylation and histone
modifications and several additional methods on the gene
expression.18
Micro-RNA Actions in Cell Biology and Diseases
These molecules act in various biochemical and immunologic pathways. Apoptosis is a main pathway which is
affected by this molecule. MiRNAs play an important role
in the process of homeostasis and cancer development by
regulating this pathway.19 Numerous studies have focused
on the role of miRNAs in the cell biogenesis and their immortality and therefore cancer formation.20 Bioinformatics and micro-array studies have shown that migration
inhibitory factor (MIF), the oncogenic factor causing the
inhibition of macrophage migration, is the target of miRNA-451 (miR-451).21 Overexpression of these molecules
would result in reduced gene expression and MIF protein

synthesis, and thereby reducing the expression of target
gene receptor.22 In another study aimed to investigate the
molecular mechanism of miR-192 on colon cancer, cell
lines of human colon cancer with different modes of P53
were studied and the effect of these miRNA on cell proliferation, cell cycle, and mechanisms regulating gene expression were assessed. The results showed that one of the
target genes of miR-192 was dihydrofolate reductase. This
molecule targeted cell proliferation using the p53-miRNA cycle.23,24 Besides colon cancer, the impact of miRNAs in different cancers including unusual expression of
miRNAs in leukemia was studied.25 Another study indicated that changes in gene expression of some miRNAs
are clearly visible in breast cancer and healthy cells; so,
cancerous cells can be differentiated by measuring their
gene expression. Thus, it appears that miRNAs play key
roles in the pathogenesis and in the mechanisms leading
to the development of cancers. We further discuss the role
of miRNAs in the pathogenesis and diagnosis of breast
cancer.
Methods
In order to find recent investigations regarding the roles of
miRNAs in breast cancer, three main databases including
PubMed, Scopus, and Google Scholar were searched using “miRNA, micro-RNA, and breast cancer” key words.
The Role of Micro-RNA in Breast Cancer
MiRNAs are one of the molecular factors affecting breast
cancer.26 Inhibitor miRNAs suppress cancer-stimulating
genes, and principally the expression of these miRNAs in
breast cancer is reduced.26 On the contrary, specific miRNAs stimulate breast cancer development.26 Inhibition
and reduction of regulation in the oncogenic RNAs may
play an important role in the treatment of breast cancer,
while increased expression of inhibitor miRNAs can have
anticancer therapeutic effects.27 Therefore, the reductions
in the expression of some specific miRNAs in breast cancer suggest that the miRNAs are responsible for cell division and apoptosis in the cell system.27
Reduced Micro-RNAs in Breast Cancer
Some studies have shown that miR-206 is significantly reduced in the breast cancer patients with positive alpha-estrogen receptor.28 The studies also show that mRNA of the
oncogenes is the target of two miRNAs including miR-125
and miR-145, and is destroyed/degraded under the effect
of these two molecules and therefore the proliferation of
cells through this pathway is prevented.29 Of the oncogenes targeted by these two miRNAs are YES proto-oncogene and CBFB (core-binding factor subunit beta) transcription factor.29 Interestingly, the decreased expression
of these two miRNAs is reported in breast cancer tissue.29
The study by Foekens and colleagues showed that the
expression level of miR-210 is significantly reduced in
breast cancer tissue.30 Decreased expression of miR-27b
was reported in another study in 2006 by Tsuchiya et al,
conducted on a specific population of patients with breast
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cancer in Japan.31 Let-7 is another micro-RNA with reduced expression in breast cancer and the decrease in the
expression of this molecule is associated with poor prognosis in breast cancer that is combined with increased
expression of CYP1B1 (cytochrome P450 1B1) oncogene.32 On the other hand, investigations show that some
mutations in miR-196a2 and miR-499, which lead to the
dysfunction of these molecules, are associated with the
increased risk of breast cancer.33 Studies on the miR-200
family (miR-200a, miR-200b, and miR-200c), miR-141,
miR-429, and miR-205 showed a significant reduction in
the expression of these molecules in cancer cells.33 Recent
studies suggest that miR-17-5p/miR-20a inhibits cell proliferation with negative regulation of cyclin D1, and the
decreased expression of these molecules is associated with
breast cancer.34 Moreover, the inhibitory role of miR-31
on metastasis in breast cancer has been demonstrated in
previous studies.7
According to the results achieved in the presented studies,
it seems that miRNAs b27, 31, 125, 141, 145, a2196, 200
family, 205, 206, 210, 429, and 499 along with let-7 are the
molecules that have pre-apoptotic function and reduce
the expression of oncogenic proteins and increase the expression of anti-apoptotic molecules. Accordingly, it may
be concluded that the prevention of cancers such as breast
cancer is plausible by increasing their expression.
Oncogene Micro-RNAs in Breast Cancer
Some miRNAs, unlike previous cases, not only have no
pre-apoptotic role, but act as an anti-apoptotic molecule,
because they play an important role through targeting the
molecules involved in apoptosis and creation of immortal cells.7 Interestingly, these micro-molecules increase
sharply in breast cancer and in addition to a vital role
in making cells immortal, they are involved in metastasis and exacerbating the disease.7 These miRNAs can be
targeted in molecular therapies in breast cancer.7 For example, studies have shown that miR-21 is an oncogene
in tumorigenesis, metastasis, and aggressiveness, and is
associated with poor prognosis in breast cancer. Interestingly, miR-21 target genes are all tumor suppressor
(phosphatidylinositol-3,4,5-trisphosphate 3-phosphatase
[PTEN], tropomyosin1, programmed cell death protein
4 [PDCD4]).35 These micromolecules target the cell cycle regulatory proteins such as PTEN and CDC25 (cell
division cycle 25), and play an important role in the cell
proliferation and metastasis.33 Increased expression of
miR-155 and miR-9-1 in breast cancer indicate the oncogenicity of these molecules.36
Micro-RNAs and Metastasis in Breast Cancer
As abovementioned, some miRNAs are associated with
metastasis and malignant breast cancer. Based on previous studies, it seems that some miRNAs reinforce the
role of metastatic features in breast cancer, like miR-301,
miR-103/107, miR-21, miR-9, miR181b-1, miR-17/92,
miR-489, miR-495, miR-200c, and miR-373.37,38 Some
miRNAs are also recognized to play a role in the devel50

Figure 1. The most important miRNAs involved in the induction
of malignancy in the breast cells. Figure illustrates that reduced
and increased expression of anti-oncogenic and anti-suppresser
miRNAs leads to the up-regulation of oncogenes and also downregulation of suppressers which results in the induction of breast
cancer.

opment of aggressive and progressive form of breast cancer, like miR-516-3p, miR-128a, miR-210, and miR-7.39
MiR-373 and miR-520c stimulate cancer cell migration
and aggressiveness.40 In addition, decreased expression of
miR-335, miR-206, and miR-126 in the metastatic tumor
cells represent the anti-cancer effects of these miRNAs
(Figure 1).41
Conclusion
Given the role of miRNAs in cancer induction or prevention as well as invasiveness or non-invasiveness, it seems
that these micro molecules can be used as biomarkers for
early detection of breast cancer and progression. Release
of miRNAs from the tumor to the blood circulation is
performed through the exosome vesicles and apoptotic
bodies, hence, miRNAs present in blood circulation can
be used as diagnostic indicators.42 Therefore, the levels of
miRNAs’ expression can be considered in the monitoring
of tumor status. It is worth to note that the removal of
primary tumor reduces the rotational miRNAs. Hence,
this investigation showed that we can consider these micro molecules in the identification of patients’ status and
treatment pathways.
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