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Abstract: Breast cancer is a matter of great concern as it is the most common life-threatening diseases for
women.Non-coding RNAs has a pivotal role in breast cancer. These non-coding RNAs, for example microRNAs
and long non-coding RNAs are vital regulatory molecules which play critical role in breast cancer. In this
review, we discuss about the interaction between IncRNA and miRNAs in breast cancer. Apart from this, we
discuss exosomal miRNAs involved in breast cancer. These exosomal miRNAs are known for their use as
biomarkers. They can also be used as agents for delivering antitumor drugs. This revew compiles all the data
related to INCRNA:miRNA interaction and exosomal miRNAs involved in breast cancer which can be exploited
as therapeutic mechanism as well as to modulate the tumor microenvironment for breast cancer diagnosis and
treatment.
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1. INTRODUCTION

Breast cancer is known to be the most frequently occuring malignant disease among females. At the
same time, it ranks second for mortality among all cancers in women [1]. In recent past, there is more
survival rate while treating breast cancer patients [2], but completely understanding the molecular
mechanism in treating a breast cancer is still a major challenge ahead of us. Thus it is the urge of time
to concentrate on molecular mechanisms for putting a final check on breast cancer.

The earlier point of view regarding gene expression pattern has completely changed after ‘non coding
revolution’. Recent researches are concentrating to exploit this non coding revolution for treating
many cancers including breast cancer. It has been shown that non-coding RNAs (ncRNASs) including
small (< 200 kb) and long (IncRNAs) (> 200 kb), are involved in both tumor suppressive and
oncogenic pathways [3-6]. Among these NcRNAS, miRNA and IncRNA play an important role in
regulating gene expression in many cancers. miRNAs are known to be short regulatory RNAs,
approximately 19-24 nucleotides in length and regulate gene expression at the post-transcriptional
level. These are transcribed mainly by RNA polymerase 11 or 111 as pri-miRNAs, which are processed
and further cleaved into pre-miRNASs in the nucleus by Drosha-DGCRS8J[7, 8]. Then the cleaved
portion of the hairpin (premicroRNA) is exported to the cytoplasm to complete its processing by the
cytoplasmic RNAse 111 enzyme Dicer[9]. The mature miRNA modulates gene expression by binding
to partially complementary sequences in the 3’UTRs or 5’UTRs of target mRNAs leading to
translational inhibition or degradation of the target mMRNA[10]. miRNAs are known to play crucial
roles in the development of tumor and are known to be differentially expressed in different molecular
subtypes of tumors. The classification of tumor malignancies by individual miRNAs is based on their
expression profiles [11, 12]. The amplification of oncogenic miRNAs containing chromosomal
regions is linked to cancer development and their upregulation silences the tumor suppressor
genes[13]. Whereas when we look at the tumor-suppressive miRNAs, they are often located in
chromosomal fragile sites; and loss of their expression and finally upregulation of their target
oncogenes takes place due to deletion or mutation of these regions [14]. Several miRNAs have been
identified in breast cancer with their role as tumor suppressors or oncogenes and known to be
regulators of tumor initiation, metastasis and chemoresistance[15].

Long ncRNAs are defined as any RNA molecule or transcript with no coding potential and a size
greater than 200 nucleotides [16-18]. The biogenesis of IncRNAs are similar to those of mMRNAs
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employing the same transcriptional machinery (Pol I1), and involving almost same types of epigenetic
regulation such as histone-modification profiles and splicing signals[17, 19, 20]. Atleast 50% of
IncRNAs are also capped and polyadenylated. The expression of IncRNA is highly cell-type specific,
but to a lesser extent as compared to protein-coding genes[21-23].

2. INTERACTION BETWEEN MIRNAS AND INCRNAS

Recently it has been found that long non-coding RNA (IncRNA) transcribed from an ultraconserved
region mediates the post-transcriptional control of microRNAs at the level of Drosha processing
[24].IncRNAs have an intrinsic ability to interact with DNA, RNA andproteins. They act as guides,
tethers, decoys and scaffolds and this explain their ability to regulate gene expression [25, 26].
Moreover, many recent studies have shown connections between microRNAs and IncRNA. A new
concept of competing endogenous RNAs (ceRNAs) was proposed in order to explain a novel
regulatory mechanism of RNA. This new concept states that RNAs cancross-talk with each other
imposing different level of post-transcriptional regulation [27]. This mechanism was first of all seen
in breast cancer. Many studies have shown that some IncRNAs are under the regulation of
microRNAs to reducetheir stability . It is the ability of numerous INCRNA transcripts to compete for
microRNA binding, thereby alleviating the negative effect of microRNAs on their respective mRNA
targets[28]. One of the way through which most IncRNA communicate with miRNA is microRNA
Response Elements (MRES).

As miRNAs and IncRNAs are in abundance, miRNA:IncRNAs interaction should be universal and
functionally vital. In many cases IncRNAs harbor the recognition site for functional miRNAs titrating
the miRNAs from their mRNA targets. INCRNAs themselves could be targeted by miRNAs.IncRNAs
also compete with miRNAs for binding the same mRNAs, the competition would block the
recognition of miRNAs and thus increase mMRNA translation [29]. This interaction is seen in many
cancers. Their interaction in breast cancer has very important role in deciding the prospect of breast
cancer.

Similarly, IncRNA LOC554202 could encode miR-31, and promoter methylation of IncRNA
LOC554202 leads to decreased miR-31 and thus contributes to breast cancer invasion and metastasis
[30]. In a recent study, Hou et al. showed interaction between linc-RoR and miR-205. Linc-RoR
functions as a microRNA sponge for miR-205. Eventually, downregulation of miR-205 target genes
such as ZEB2 is prevented by linc-RoR, that results in EMT and metastasis in breast cancer[31]. In
another study, direct interaction between IncRNA Urothelial Carcinoma Associated 1(UCAL) and
miR-143 in breast cancer is shown. Infact UCA1 down regulates miR-143 and modulates breast
cancer cell growth and apoptosis [32]. There is another interesting study that shows that INcRNA ATB
competitively binds to miR-200c due to three putative bindig regions for miR-200 family and then
increases trastuzumab resistance and invasion-metastasis cascade in breast cancer which finally leads
to upregulation of ZEB1 and ZNF-217 inducing EMT [33, 34]. LincRNA HOTAIR inhibits miR-7
indirectly in breast cancer stem cells which directly inhibits SETDB1 and reverses the EMT of breast
cancer stem cells by downregulating the STAT3 pathway[35]. A negative correlation between miR-21
and GAS5 has also been found in breast tumor specimens.GASS is downregulated and miR-21 is
upregulated in the breast tumors[36].

3. EXOSOMAL mMiRNAS INVOLVED IN BREAST CANCER

Exosomes are nanovesicles secreted into the extracellular environment upon internal vesicle fusion
with the plasma membrane. Exosomes are gaining importance as one of the key players in the cross-
talk between cancer and its microenvironment. Evidences suggest that exosomes may be used as
biomarkers for the diagnosis and prognosis of malignant tumors[37]. miRNAs are found to be
secreted in the exosomes and can modulate the function of receptor cells.Exosomal miRNAs are
known to be implicated in several aspects of breast tumor development[38, 39].Exosome-derived
miRNA are known to mediate intercellular communication between tumor-associated macrophages
and breast cancer cells. In a study, it has been demonstrated that miR-223 containing exosomes
released from macrophages, enter breast cancer cells and promote cell migration and invasion [39].
miR-122 secreted extracellular vesicles within breast cancer and was shown to dysregulate nutrient
metabolism by downregulating pyruvate kinase [40]. Exosomes released from mesenchymal stem
cells contained miR-16, resulting in a decrease in VEGF expression in breast cancer cells
[41].Another exosomal miRNAs from bone marrow mesenchymal stem cells like miR-23b promotes
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dormancy in metastatic breast cancer cells [42]. miR-21 and 34a are other examples of bone marrow
derived exosomes which move to breast cancer cells and has pro-tumor and anti-apoptotic effects [43-
45]. There are other exosomal miRNAs like miR-127, miR-197, miR-222 and miR-223 originating
from bone marrow stroma inhibiting breast cancer cell proliferation by targeting CXCL12 chemokine
gene [38]. Zhou et al.showed that miR-105is a potent regulator of migration targeting the tight
junction protein ZO-1 and thus promoting the metastasis of breast cancer[46]. In a recent study, Chen
et al. Showed that exosomal miRNAs like miR-17, miR-30a, miR-100, and miR-222 which are
released from drug-resistant breast cancer cells may spread resistance capacity to sensitive ones[47].
In an another study, it is shown that breast tumor cells can release exosomes containing miR-221/222,
which play an important role in resistance to tamoxifen, an estrogen receptor antagonist used against
particular types of breast tumor [48].

4. CONCLUSION

In this review, we focus on the interplay between INcRNAs and microRNAs in breast cancer. Here we
try to summarize various examples in order to describe IncRNA:microRNA interactions in breast
cancer. These two types of ncRNAs act in a synchronised manner to regulate the gene expression.
This study will help in better understanding the interaction between miRNA and IncRNA in breast
cancer in a concised way. Besides the InCRNA:miRNA interaction in breast cancer, exosomal
miRNASs involved in breast cancer is also discussed. These exosomal miRNAs have their use as
biomarkers in breast cancer. They may also be used as agents for delivering antitumor drugs. These
compiled data can be exploited as therapeutic mechanism and also to modulate the tumor
microenvironment for breast cancer diagnosis and treatment.
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