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Therapeutic impacts of microRNAs in breast 
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rather this phenotype consists of a spectrum of distinct 
tumors. Although these tumors have different treatments 
and therapeutic outcomes, they are developed in a single 
organ.[3]

This has led to some research in the field of combining 
biological markers for improvement in disease diagnosis 
and prognosis.

There are six major subtypes of breast cancer 
including luminal A, luminal B, tumor enriched with 
human epidermal growth factor receptor 2  (HER2), 
triple‑negative, normal‑like, and claudin‑low subtype.[4]

Triple‑negative breast cancer (which does not express 
estrogen receptor  [ER], progesterone receptor  [PR], 
and HER‑2) has a higher disease incidence rate and 
a higher risk of death as compared with other breast 

INTRODUCTION

Breast cancer strikes one million women around the 
world every year and is the most common cancer 
among American women. According to the January 
2013 statistics of the World Health Organization, 
breast cancer is the most common malignancy among 
women, and it is the second leading cause of death for 
women around the world, accounting for 450,000 deaths 
annually. The incidence of this disease is increasing 
so that it is replacing heart disease as the first cause 
of death. Therefore, breast cancer can be considered a 
major cause of death among all cancer types.[1] Despite 
progressions in early diagnosis and treatment, breast 
cancer has remained the most common cancer‑related 
cause of death among women living in developed 
countries.[2] Breast cancer is not a single disease, but 
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cancer subtypes.[5] Often, this cancer leads to death through 
metastasis.

Metastasis is a multistep process through which cancer cells 
invade distant tissues. In this process, primary tumor cells 
attack peripheral tissues and enter the blood and lymphatic 
systems. These cells can eventually lead to secondary tumor 
development in the destination tissue.[6]

One of the phenomena metastasis needs is vasculation, 
a crucial process that leads to new vessel development. 
This process is necessary for tumor growth, invasion, and 
metastasis.

Despite all progressions in cancer research, the molecular 
basis of malignancy has remained unknown as one of the 
most challenging aspects of the disease.[1]

Although early diagnosis of breast cancer has caused a 
decrease in death rates, prevention and treatment are still 
considered a general concern.

Each factor that can interfere with paths involved 
in breast cancer development would have at least a 
role in the improvement of disease treatment and the 
outcome which cancer patients receive. One such factor 
is microRNA (miRNA) molecule which can control many 
cancer development pathways.

MICRORNAS

miRNA biogenesis is a multistep process that begins in 
the cell nucleus. Pri‑miRNA molecule is coded by RNA 
polymerase II enzyme, and Pri‑miRNA expression occurs 
in distinctive genomic regions. There are many intergenic 
miRNAs with independent promoters. However, other 
miRNAs are clustered in poly cistronic transcripts. 
Specific miRNAs are located in the host intronic regions. 
This suggests that miRNAs’ biogenesis can be regulated 
by the host’s gene promoters. Pri‑miRNAs are cut down 
to 70–85 nucleotide molecules called pre‑miRNAs. 
Pre‑miRNAs have impaired stem‑loop structure. This 
molecule is transported to the cytoplasm, where it is cut 
down more to transient double‑strand miRNAs. One of 
these strands is mature miRNA sequence, with about 
22 nucleotides in length. Another one is the complementary 
strand (usually shown with a star sign).

microRNP  (miRNA plus ribonucleoprotein) complex 
separates the two strands from each other. One of these 
strands turns into functionally active miRNA while the 
other one degrades. miRNAs demonstrate high conserved 
evolution in different species. The regulatory function 
of miRNAs can be inferred from this issue that miRNAs 

have different levels of expression in various types of 
cells. miRNAs play their role through one of the two 
following ways: (1) through mRNA degradation process 
or (2) through protein expression suppression process. 
Most of the animal miRNAs bind to the 3’UTR of the 
targeted mRNA. However, miRNAs can be effective 
through binding to coding sequences or the 5’UTR of 
targeted mRNA. Complete or nearly complete binding 
to mRNAs can lead to gene silencing. However, most of 
the times, this binding is noncomplete. Therefore, this 
leads just to translation suppression and eventually to 
a decrease in protein level. There is a specific region 
in miRNA sequence with two to eight nucleotides in 
length located in 5’ miRNA terminal that is called “seed 
sequence.” This region of miRNA sequence is important 
for binding to mRNA molecules. Computer software has 
predicted that every miRNA has the potential to regulate 
200 mRNAs. Hence, miRNAs are responsible for the 
regulation of at least one‑third of human mRNAs.[7‑9] 
Figure 1 depicts the process which miRNAs pass to be 
produced.

miRNAs can be extracted from some body fluids such as 
serum, plasma, urine, and cells and tissues.[10]

miRNAs are degraded hardly, due to their small size. 
These small biological molecules remain in pristine in 
paraffin‑embedded tissues for 10  years. Some miRNAs, 
which are present in blood circulation, can be measured in 
peripheral blood and serum easily.[11]

miRNA‑encoding genes constitute one percent of the 
whole genome, while they control the expression of 30% 

Figure 1: The process of miRNA expression and function: miRNA‑encoding genes 
transcribed by RNA polymerase II enzyme in nucleus and led to production of 
a hairpin‑formed molecule called “Pri‑miRNA”. Pri‑miRNA molecule turns into 
a precursor molecule called “Pre‑miRNA” molecule by DROSHA and DGCR8 
molecules’ action. Then, pre‑miRNA enters cytoplasm through a nuclear export 
receptor called “Exportin 5.” In cytoplasm, this precursor is cut by Dicer‑TRBP to 
produce a double‑strand molecule known as “miRNA dublex.” After this process, 
one of these two strands remains as an active strand which can repress or 
even activate the target downstream genes in transcription or translation level. 
miRNA: microRNAs
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of genes.[8] These molecules can increase and decrease 
the expression level of various genes.[12] MiRNAs may 
regulate the function of more than one gene, and one 
gene can also be regulated by the function of more than 
one miRNA.

So far, 474 mature miRNA‑encoding genes are known in 
the human genome, while the computerized prediction for 
this number was more than 1000.[13]

Through gene regulation, miRNAs play critical roles in 
the normal biological processes such as differentiation, 
proliferation, and apoptosis. The relationship of miRNAs 
with disease severity, response to treatment, and outcome 
in several types of cancer has been established.[14] Although 
miRNAs’ roles in a wide range of cancer types are identified 
formerly, about breast cancer, there is a missed ring that 
should be found to create a link which would be scrutinized 
below.

CHANGED LEVEL OF EXPRESSION OF MIRNAS IN 
CANCER

Half of the known human miRNAs are related to cancer.[15] 
The expression levels of most of the miRNAs change 
in cancer. This changed expression level has effects on 
disease progression, severity, remission, and all aspects 
of disease.

The change of miRNA expression level has been previously 
established in a range of cancers, including lungs, prostate, 
thyroid, hepatocellular, pancreatic, gastric, colorectal, 
testicular, glioblastoma, and lymphatic cancers.

Additionally, each tissue has a specific amount of miRNAs 
called miRNA profile. This amount can vary from a few to 
millions. Also, a specific tumor has a different and unique 
miRNA profile from another one; therefore, miRNA levels 
in tumors are useful tool to determine metastasis resource 
and cancer subgrouping.[16]

Most of the studies focus on a decrease in miRNAs in breast 
cancer, while these biological molecules can also increase 
in a cancer patient’s blood compared to a healthy subject’s 
blood. miRNA profile has been checked in several breast 
cancer patients while their tumors were not resected yet. 
After surgery and excision of tumor out of patients’ breast 
tissue, the miRNA profile has been measured again for 
each patient. Outstanding decreases were seen in patients 
when these two miRNA profiles were compared with each 
other. The amount of these molecules has been dropped in 
patients’ blood after tumor resection. This issue provides 
that these molecules might be released from tumorous 
tissue to blood through exosome, microvesicles, and 

apoptotic bodies. However, the precise process through 
which these molecules are released to blood is yet to be 
answered.[17,18]

Some studies have accentuated that just specific miRNAs 
increase in cancer patients’ blood.[19]

In breast cancer, there are also obvious differences in 
miRNA expression levels between normal and tumorous 
tissues. Several miRNAs always incur an obvious change 
in their expression levels in breast cancer. These miRNAs 
are shown in Table 1.

In the screening of breast cancer samples based on different 
expression levels of miRNAs in tumorous and pri‑tumorous 
tissues, it was found that miR‑139‑5p will drop in human 
breast cancer tumors.[49]

Some miRNAs in breast cancer have a different expression 
level in tumorous tissues compared to normal tissues. 
MiRNAs can also be useful in determining ER, PR 
(like miR‑30), HER‑2 status for breast cancer tumors, and 
for tumor subgrouping.[20]

Zhang et al. found a correlation between a decreased level of 
expression of miR‑125b and poor survival rates in patients. 
They also found that upregulation of miR‑125b leads to 
proliferation suppression and colonization suppression in 
cell lines.[50]

In the past years, the relevance between downregulation 
of miR‑126 and miR‑126* with poor prognosis has been 
established. In some studies, more than 15 miRNAs have 
been reported to be changed to develop potential of 
metastasis in breast cancer cell lines.[51,52]

Breast tumors consist of different cell populations, some of 
which are considered stem cells. Due to stem cells’ abilities 
to self‑proliferate and self‑innovate, they may contribute to 
tumor development.[53]

miRNAs have the ability to regulate the expression of 
several genes simultaneously, which makes these molecules 
appropriate candidates for regulating self‑proliferation 
process and determining cell destiny in stem cells. There 
are documents proving that specific miRNAs have a specific 
amount of expression in stem cells.[54]

miRNAs are necessary for G1/S cell cycle transition in stem 
cells, so manipulating such molecules can lead to facilitating 
the regulation of stem cells’ population.[55] Over the past 
8  years, studies about miRNAs have led to information 
about the molecular basis of the disease, a tool for molecular 
subgrouping of disease, detecting new predisposing genes 
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ONCOGENIC MICRORNAS

Oncogenic miRNAs are referred to all miRNAs which can 
contribute to help tumor cells to develop and remain. Every 
oncogenic miRNA exerts its role through one or more than 
one cancer‑controlling pathways.

miR‑21 as an oncogene is upregulated in breast cancer, 
especially in breast cancer with a high proliferation rate 
and severe phenotype, like pregnancy‑associated breast 
cancer, and through anti‑apoptosis function which leads 
to cell proliferation. Another reason verifies that miR‑21 
has an oncogenic role is that miR‑21 suppresses two tumor 
suppressor genes called TPM1 and PDCD4.[61‑63]

Downregulation of this miRNA causes tumor growth 
suppression. There is also an inverse relationship between 
miR‑21 expression and PTEN gene expression. Therefore, 
PTEN is one of the target genes for miR‑21.[63,64]

miR‑200a is one of the miR‑200 family members that 
has a role in breast cancer progression and distant 
metastasis.[65]

Nassirpour et  al. found that miR‑221 is upregulated in 
triple‑negative breast cancer, and if this miRNA is knocked 
out, cell cycle suspension, apoptosis, inhibition of cell 
proliferation, and tumor growth inhibition will be induced.[66]

miR‑155 also has an oncogenic role in triple‑negative breast 
cancer and downregulates a tumor suppressor gene called 

to breast cancer, and new biomarkers with diagnosis and 
prognosis application.[56]

MICRORNAS AS CANCER‑CONTROLLING GENES

Various miRNAs have important roles in different stages 
of cancer [Figure 2].

Calin et al. found that half of known miRNAs are located 
in fragile or cancer‑related genomic regions, so the role of 
these biological molecules in cancer is reinforced.[57]

miRNAs can have either an oncogenic or a tumor 
suppressor role in cancer development and the role 
they play depends on the path they activate or suppress. 
miRNAs play role in different biological events, 
including cell proliferation, tumor development, and 
migration.[58]

Therefore, they regulate gene expression in the process 
of tumor development and metastasis. Even it has been 
hypothesized that miRNAs are useful tools for suppression 
of oncogenic‑miRNAs and for induction of miRNAs with 
tumor suppressor role.[11]

There are some documents verifying that miRNAs have role 
in embryogenesis and organogenesis in fetals.[59]

It has recently been demonstrated that miRNAs can 
suppress cell proliferation and induce apoptosis through 
their roles as a tumor suppressor.[60]

Table 1: microRNAs that have changed expression level in breast cancer
Changed miRs in breast cancer

Increased miRs References Decreased miRs References Increased or decreased miRs References
miR‑21
miR‑155
miR‑210

[20] miR‑125b
miR‑145

[20] miR‑31
miR‑130b

[21]

miR‑100 [22]
miR‑29c [23] let‑7a‑2 [24]
miR‑196a [25] miR‑205 [26]
miR‑213 [20] miR‑125b‑2 [21]
miR‑191 [27] miR‑497 [23]
miR‑93 [28] miR‑143 [29]
miR‑342‑5p [30] miR‑26a [31]
miR‑222
miR‑221

[32] miR‑133a [33]
miR‑7 [34]

miR‑374a [35] miR‑720 [36]
miR‑181a [37] miR‑19a‑3p [38]
miR‑506 [39] miR‑515‑5p [40]
miR‑10a [41] miR‑1258 [42]
miR‑9 [43] miR‑92a [44]

miR‑126 [45]
miR‑335 [46]
miR‑17‑5p [47]
miR‑27b [48]

miRs = microRNAs
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VHL  (Von Hippel–Lindau) through   which it leads to 
angiogenesis in tumor. This miRNA contributes to migration 
and cell invasiveness.[61,67]

miR‑9 plays a role as metastasis regulator through 
increasing tumor invasiveness and angiogenesis.[20]

In addition, some other oncogenic miRNAs are shown 
in Table  2. miRNAs are so necessary for the metastasis 
process that recently, the term “metasta miRNA” was 
coined to emphasize this role of miRNAs in migration, 
invasiveness, and their correlation with poor prognosis 
in cancer.[58]

TUMOR SUPPRESSOR MICRORNAS

Tumor suppressor miRNAs are all miRNAs which act 
against tumor cells through different pathways. Every 
tumor suppressor has its own spectrum of strategies.

miR‑205 acts as a tumor suppressor and is downregulated 
in triple‑negative breast cancer. This miRNA normally is 
upregulated by the PTEN gene.[107]

miR‑125b inhibits tumor growth, colony development, and 
proliferation.[108]

Upregulation of miR‑125a/b decreases HER‑2 in transcriptional 
and protein level and eventually leads to decreased cell 
mobility and invasiveness. miR‑125a inhibits cell growth and 
decreases migration and cell proliferation in healthy status. 
Altogether, miR‑125b has an antiproliferative role.[77,109]

As the expression level of miR‑125a/b and miR‑205 declines, 
the expression level of HER‑2 gene rises and leads to 
invasiveness.[77]

miR‑126 and miR‑126* suppress metastasis and angiogenesis 
in breast cancer, so this miRNA is downregulated in this 
common cancer.[51,52]

Tavazoie et  al. demonstrated that induction of silenced 
metastasis‑related miRNAs in malignant cells can suppress 
metastasis to lungs and bones in metastatic breast cancer. 
miR‑126 and miR‑335 are downexpressed, and sometimes 
complete silencing of miR‑335 is reported in breast cancer. 
Induction of miR‑126 decreases the tumor proliferation 
rate and induction of miR‑335 leads to suppress migration, 
invasiveness, and metastasis. Therefore, these miRNAs are 
known as metastasis suppressors.[52,110]

miR‑200c has a role in the inhibition of cell proliferation, 
so this miRNA is known as a tumor suppressor.[111] 
Upregulation of miR‑200c sensitizes cells to radiotherapy 

through inhibition of cell proliferation, increase in apoptosis, 
and development of double‑strand DNA breakage.[112]

This miRNA decreases the metastasis rate by suppression 
of metastasis‑associated proteins.[69]

Reinforcement of miR‑200 family expression has resulted in 
the formation of “inhibition of metastasis” hypothesis.[113]

Another miR‑200 family function is containment of 
EMT (epithelial–mesenchymal transition),[51] and its proof 
is downregulation of miR‑200 family in EMT event in cell 
culture model.[114]

miRNAs can be inoculated in tumorous tissues, which prevents 
disease progression and even leads to tumor shrinkage.

miR‑127 is downregulated in 75% of cancer patients while 
this miRNA increases after treatment. Downregulation 
of this miRNA correlates to overexpression of a 
proto‑oncogene called BCL6. Thus, miR‑127 has a 
protective role in breast cancer and can be considered a 
new treatment strategy.[64,115]

Another tumor suppressor miRNA is miR‑206. This miRNA 
can prevent cell growth, migration, and invasiveness and is 
eventually able to inhibit metastasis. This miRNA also has 
role in apoptosis, and its downregulation leads to advanced 
stage of disease and shorter overall survival.[52]

miR‑497 is a tumor suppressor miRNA whose upregulation 
can decrease cell mobility and proliferation and restrain cell 
cycle progression in G1 phase.[60]

miR‑17‑5p is known as a possible tumor suppressor since 
this miRNA is downregulated in breast cancer. miR‑429 
and miR‑141 through suppression of metastasis‑associated 
proteins lead to a reduced metastasis rate.[47]

miR‑31 is downregulated in breast cancer and can limit 
metastasis through suppression of invasiveness and 
colonization. Recently, it has been reported that miR‑31 can 
induce apoptosis and sensitize cells to anticancer therapy 
through suppression of the BCL2 gene.

miR‑7 suppresses mobility and invasiveness and represses 
the potential of connection‑free growth in breast cancer cells. 
The ability of stem‑like cells in metastasis to the brain in the 
animal breast cancer model is suppressed by this miRNA. 
The expression of this miRNA was found to be reduced in 
brain metastasis.

miR‑15b/16 has an anti‑angiogenic effect.[10,52,77,109]
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Hormone receptors and epidermal growth factor receptors 
are known today as diagnostic indicators, and several 
miRNAs are recognized as their regulator.[47]

For example, Cui et al. demonstrated that miR‑133a may 
have a tumor suppressor role in breast cancer, since this 
miRNA, through targeting epidermal growth factor 
receptor, can regulate cell cycle and cell proliferation.[33]

Leivonen et al. found that miR‑342‑5p prevents the growth 
of HER‑2‑positive cells in vitro.[30]

Recently, it has been demonstrated that miR‑26 is 
downregulated in breast cancer and has a regulatory role 
in cell proliferation and apoptosis.[31]

Zhang et al. found that miR‑30a can interfere with migration 
and invasiveness in breast cancer, and the expression of 
this miRNA has an inverse relationship with metastasis to 
lymphatic nodes and lungs. As a result, loss of this miRNA 
can lead to the beginning of metastasis.[116]

Induction of miR‑720 noticeably causes suppression of 
invasiveness and migration of breast cancer cells in vitro and 
in vivo.[38] Several other miRNAs are also shown in Table 2.

miRNAs can be considered a promising treatment target 
in the near future for their roles as tumor suppressors. 
The treatment method of the expression level of tumor 
suppressor miRNAs is called “alternative miRNA 
therapy.”

Table 2: Tumor suppressor microRNAs and oncogenic microRNAs and an excerpt of their roles in breast cancer
Tumor suppressor and oncogenic miRs

Tumor suppressor Oncogene
miRs Some of roles References miRs Some of roles References
miR‑205 Negative regulation of EMT, inhibition of 

cell proliferation
[68] miR‑22 EMT [58]

miR‑200 family Inhibition of EMT [26,69] miR‑103
miR‑107

Metasta miR [70]
miR‑146a/b [26]
miR‑206 Suppress breast cancer cell migration [71,72] miR‑373

miR‑520c
Promote cell migration 
and invasion

[73,74]
miR‑335 Suppress metastasis and cell migration [52]
miR‑31 Inhibition of metastasis [75] miR‑21 Increase invasion [76]
miR‑125a/b Suppress cell growth, reduction of cell 

migration and proliferation
[77] miR‑143 [78]

miR‑145 Inhibition of tumor cell growth [79] miR‑182 Metasta miR [80]
miR‑7 Inhibition of the motility and 

invasiveness
[34] miR‑183 Cell migration [81]

miR‑661 Blocking EMT [26] miR‑9 Metasta miR [82]
miR‑126 Reduction of tumor growth and 

proliferation
[52] miR‑132 Metasta miR [83]

miR‑15b Blocking EMT [26] miR‑27a Inducing breast cancer
cell proliferation

[84]

miR‑16 Cell cycle arrest [85] miR‑96 Inducing cell proliferation [86]
miR‑17‑5 Decrease proliferation [47] miR‑92 Malignant transformation [61]
miR‑27b Inhibition of tumor growth [48] miR‑106a
miR‑30e Reduction of tumorigenesis [87] miR‑106b

miR‑93
miR‑25

[88]
miR‑34 Cell cycle arrest in the G1 [89,90]
miR‑193 [91]
miR‑224 [92] miR‑127a Increase cell progression

through S phase
[61,93]

miR‑448 Inhibition of EMT [94] miR‑155 Induce chemoresistance [95]
Let‑7 Inducing cell cycle exit and terminal 

differentiation
[96] miR‑181

family
Maintaining stem cell‑like 
phenotype in breast cancer

[97]

miR‑10b* Inhibition of cell cycle [49] miR‑191 Promote cell proliferation
and migration

[98]

miR‑148a Inhibition of proliferation [99] miR‑196a Promote cell proliferation [25]
miR‑195 Suppress breast cancer cell proliferation [100] miR‑210 Metasta miR [20]
miR‑300, miR‑382, miR‑494, 
miR‑495, miR‑539, miR‑543, miR‑544

Inhibition of EMT [51] miR‑221
miR‑222

Increase cell migration 
and invasion

[101]

miR‑98 Inhibition of angiogenesis [102]
miR‑152 Inhibition of angiogenesis [99] miR‑17‑92 [103,104]
miR‑542‑3p Inhibition of angiogenesis [105] miR‑10a [106]

miR‑374a Cancer metastasis [35]
EMT = Epithelial‑mesenchymal transition; miRs = microRNAs
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3. Triple negative (ER, PR, and HER‑2 negative).

However, using the micro array method for determining 
miRNAs profile, this subgrouping is extended to more 
precise one, including:
1. Luminal A (ER positive with low grade)
2. Luminal B (ER positive with high grade)
3. HER‑2 positive
4. Basal like (is almost equal to triple‑negative status).[4]

There are several miRNAs that are used for breast cancer 
subgrouping, as shown in Table 3.
• miRNAs can be used even as diagnostic tools to check

whether a tumor is metastatic
• miR‑21 and miR‑155 increased in metastatic tumors
• miR‑200 family decreased in metastatic tumors[118]

•	 miR‑21 has also been seen, especially in invasive breast cancer.[64]

Furthermore, Li et al. found that miR‑720 downregulation 
is seen in breast cancer, and this decrease is especially seen 
in metastatic cells in this common cancer among women.[36]

There is an inverse relationship between miR‑206 and 
ER alpha in ER‑negative breast cancer and this miRNA 
upregulates in this form of breast cancer. Two binding 
sites for this miRNA have been found within 3’UTR of ER 
alpha gene, which can be one of the mechanisms leading 
to ER alpha gene silencing. On the other hand, inoculation 
of ER alpha agonist leads to miR‑206 reduction. However, 
64 other binding sites have been found in ER alpha gene for 
a variety of miRNAs, so each of these miRNAs can regulate 
this gene.[71]

The ability of miRNAs profiling in breast tumor subgrouping 
can be used currently. Therefore, this ability can help select 
cancer patients to receive adjuvant therapies. miRNA 
profiling can also be useful in discovering the molecular 
basis of breast cancer subgroups, and can therefore be 
effective in determining new therapy targets.

MICRORNAS AND ASSORTMENT OF PATIENTS 
BASED ON RESPONSE TO TWO CURRENT 
THERAPIES

One of the most important applications of miRNAs is 
patients’ assortment based on response to therapies.

There is a mutual relevance between miRNAs and anticancer 
agents. miRNAs can regulate the amount of sensitivity to 
therapy agents in cancer cells. Furthermore, anticancer 
agents can have an effect on miRNA expression levels.[119]

Thus, miRNAs seem to be appropriate tools for selecting a 
cancer treatment method.

MICRORNAS AS PROGNOSTIC AND DIAGNOSTIC 
TOOLS

miRNAs are also recognized as predictors for disease 
development and progression.[9]

Using miRNAs as such predictors seems beneficial because 
this method has the advantage of being noninvasive. miRNAs 
could be biological markers in cancer for the following reasons:
1. The expression of these molecules changes in cancer
2. The expression of these molecules is tissue specific
3. These molecules are stable in formalin‑fixed

paraffin‑embedded tissues.[15,117]

MICRORNAS AND BREAST CANCER SUBGROUPING

There are three major subgroups in breast cancer:
1. ER and PR positive
2. HER‑2 positive

Table 3: microRNAs that are used for breast cancer 
subgrouping[74]

Changes in miRs in different breast cancer subgroups
Breast cancer 
subgroup

Changes

HER‑2 positive Upregulation of miR‑150, miR‑142‑3p, 
miR‑142‑5p, miR‑148a, miR‑106b, miR‑93, 
miR‑155, miR‑25, miR‑187

Luminal A Overexpression of miR‑126, miR‑136, miR‑100, 
miR‑99a, miR‑145, miR‑10a, miR‑199a/b, 
miR‑130a, miR‑30a‑3p, miR‑30a‑5p, miR‑224, 
miR‑214, let‑7a/b/c/f, miR‑342

Luminal B Overexpression of miR‑106a/b, miR‑93, miR‑25, 
miR‑10a, miR‑30a‑3p, miR‑30a‑5p, miR‑224, 
let‑7b/c/f, miR‑342c

HER‑2 = Human epidermal growth factor receptor 2; miRs = microRNAs

Figure 2: Assortment of miRNAs based on their functions and different roles 
in breast tumors: MicroRNAs can be divided into two general groups as tumor 
suppressor and oncogenic miRNAs. Each of these groups act with their specific 
effects on different pathways in cell as shown in the figure. Alterations in the 
amount of these miRNAs constitute a specific profile as microRNA profile, which 
is changed after resection of tumor, chemotherapy and hormonetherapy
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RESPONSE TO CHEMOTHERAPY

Chemotherapy is the current therapeutic method that is 
being used for breast cancer, especially for triple‑negative 
form, but the patients do not usually receive a desirable 
outcome. miRNAs can suggest a new alternative therapeutic 
method for yielding better breast cancer chemotherapy 
outcome.

Studies have shown that the expression level of miRNAs can 
relate to patients’ response to chemotherapy. For example, 
upregulation of miR‑663 occurs in breast cancer and relates 
to chemoresistance.[120]

miRNAs can have a role in drug resistance. MiR‑326 causes 
a reduction of drug resistance and is downregulated in 
progressed breast cancer.

Suppression of miR‑21 leads to sensitize cancer cells to 
chemotherapy, and upregulation of this miRNA increases 
resistance to treatment with Taxol in breast cancer.

miR‑125b causes increased drug resistance through 
suppression of a pro‑apoptotic protein. miR‑27 and 
transfection of doxorubicin‑treated breast cancer cells with 
miR‑451 lead to increased sensitivity to this drug. This is a 
good example for amending breast cancer patients’ responses 
to treatment through miRNA expression control. Hence, 
miR‑451 and miR‑27 lead to doxorubicin resistance while 
miR‑200b and miR‑200c increase sensitivity to doxorubicin. 
Thus, miR‑200c relates to increased doxorubicin sensitivity 
and miR‑326 regulates MRP1  (multidrug‑resistant 
associated protein 1).[93,121,122]

Induction of miR‑30c causes sensitivity to doxorubicin 
in vitro and in vivo. It is assumed that this miRNA acts as a 
tumor suppressor in doxorubicin‑resistant breast tumors.[123]

miR‑222 and miR‑29a can contribute to docetaxel and 
adriamycin resistance development.[124]

miR‑21 has an oncogenic role in breast cancer, so suppression 
of this miRNA can postpone tumor growth. On the other 
hand, induction of miRNAs with tumor suppressor role 
can lead to tumor shrinkage or prevent tumor progression. 
By the same token, in a study performed by Si et al. using 
anti‑miR‑21, the amount of this miRNA was reduced, and 
through inhibition of cell proliferation and promotion of 
apoptosis, led to decreased cell growth.[64]

Therefore, anti‑miR‑21 in combination with chemotherapy 
can reduce tumor growth. Considering that this 
miRNA (miR‑21) has an oncogenic role, suppression of this 
molecule can sensitize tumor cells to anticancer therapies.

RESPONSE TO HORMONE THERAPY

By targeting a specific miRNA, there is a possibility of 
regulating different pathways involved in the development 
of hormone therapy resistance in breast cancer. In this 
process, the miRNAs that are silenced in breast cancer will 
be induced, and the miRNAs that are induced in breast 
cancer will also be suppressed.[14]

Tamoxifen is a drug used in ER‑positive breast cancer 
and plays a role as an estrogen antagonist in the signal 
transduction process. miR‑30c and miR‑30a‑3p have roles 
as predictors for tamoxifen efficacy in progressed breast 
cancer.[125,126]

miR‑222, miR‑221, and downregulation of miR‑301 confer 
tamoxifen resistance, while induction of miR‑15a and miR‑16 
can lead to sensitize cells to tamoxifen. Upregulation of 
miR‑30c and miR‑30a‑3p contribute to an increased response 
to hormone therapy and increased disease progression‑free 
survival. miR‑375, miR‑342, and miR‑451 develop tamoxifen 
sensitivity while miR‑210, miR‑181a, miR‑101, miR‑30c, and 
miR‑26a develop tamoxifen resistance.[127‑129]

Trastuzumab is a drug against HER‑2‑positive breast 
cancer. Several miRNAs can target the HER‑2 gene in 
HER‑2‑positive breast cancer patients. For example, 
miR‑125b binds to the HER‑2 gene 3’UTR through which 
prevents HER‑2 overexpression and eventually leads to an 
increased response to trastuzumab drug in these patients. 
This miRNA declines in HER‑2‑positive breast cancer. 
Therefore, induction of this miRNA can be useful for 
HER‑2‑positive breast cancer treatment.[20,61,77]

Upregulation of miR‑125b causes HER‑2 protein reduction 
through which reduces migration, invasiveness, and tumor 
growth in breast cancer. MiR‑331‑3p also suppresses 
HER‑2 expression and its downstream signal transduction. 
However, there are several other miRNAs that can regulate 
HER‑2 expression.[77,130]

miR‑221 and miR‑222 are expressed two times as often 
in HER‑2‑positive breast cancer than normal status. 
Upregulation of miR‑21 in HER‑2‑positive breast cancer 
patients causes trastuzumab resistance.[131]

CONCLUSION

miRNAs are tools with a wide scope of roles through affecting 
on genes with various applications. By manipulating these 
biological molecules, there is a possibility of influencing 
different processes involved in treatment, diagnosis, and 
prognosis of diseases. In particular, cancers have been 
mentioned as diseases in which miRNAs have many roles 
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in their development and treatment. Since one of the most 
common cancers among women is breast cancer, miRNAs can 
also exert improvements in breast cancer treatment. There are 
also some advantages in miRNA‑based therapy. Nowadays, 
we know that, using of miRNAs in different clinically grounds 
of cancers is simple and noninvasive, but the best thing is that, 
this technology does not have other methods’ side effects. 
So, in the near future, using of these smart and controller 
molecules would be turned into a dominant method to treat 
cancers, especially breast cancer, but it needs still researches 
to reach this goal and to be made applicable.
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