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Abstract
MicroRNAs are small non-coding RNAs generated by a two-step complex process and are post transcriptional negative regulators of their target mRNAs. Dysregulation of many of these miRNAs has been associated with tumorigenesis in various cancers including breast cancer. Aberrantly high expression of specific miRNAs in breast cancer cells is demonstrated to be linked with inhibition of tumor suppressor genes and promote tumorigenesis. They are classified as oncogenic miRNAs. However, the tumor suppressor miRNAs are downregulated in breast cancer cells, since their major targets are oncogenic mRNAs. Understanding mechanism of action of specific miRNAs in breast cancer cells can be utilized to develop newer anti-cancer therapies. Recently, newer techniques are also developed to detect abundance of specific miRNA in the blood plasma samples and can be used in early diagnosis or prognosis in breast cancer. In this review article, we have discussed several miRNAs dysregulated in breast cancer and their therapeutic potential.
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Core tip: A comprehensive review about the functions and molecular mechanisms of dysregulated miRNAs in breast cancer and their implications in breast cancer diagnosis and treatment.
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INTRODUCTION
MicroRNAs (miRNAs) were discovered two decades ago while studying the development of C. elegans. They are conserved, endogenous non-coding RNAs, which are crucial in post transcriptional regulation of several genes involved with various biological functions, such as apoptosis, differentiation, proliferation, etc. Many of these miRNAs have been implicated to take part in various pathological conditions including cancer[1,2].
Mature miRNAs are 18-24 nucleotide long single-stranded RNA (ssRNAs) synthesized from precursor hairpin shaped double-stranded RNAs (dsRNAs)[3]. Biosynthesis of miRNAs is an extremely complex process. The majority of miRNAs are being transcribed by RNA Pol II into primary microRNA(pri-miRNA) with long stem loop structure[4]. These Pri-miRNAs are then cleaved into approximately 70 nt long precursor microRNA (pre-miRNA) by RNAse III endonuclease Drosha with DiGeorge syndrome critical region in gene 8 (DGCR8) in humans[5]. This Pre-microRNA is transported to the cytoplasm from nucleus by Exportin-5. Once in the cytoplasm, the Pre-miRNAs are cleaved into mature 18-24 nucleotide long microRNA by RNAse III type enzyme Dicer. Dicer is a highly specific enzyme which forms a complex with two other proteins TRBP and PACT to form miRNA induced silencing (RISC) complex. The RISC complex is responsible for the degradation of the complementary strand of miRNA and directs miRNA to its mRNA target[4,6]. This results in mRNA degradation or destabilization and subsequently translation inhibition[4,7]. This review summarizes the role of different miRNAs associated with breast cancer progression, breast cancer stem cells and their implications in cancer diagnosis, prognosis and treatment.

ROLE OF microRNAs IN BREAST TUMORIGENESIS
Breast cancer is a leading cause of mortality due to cancer among women. Despite a decrease in mortality due to the advancement of scientific research, it is estimated that approximately 1.3 million females develop breast cancer each year with around 465,000 expected to succumb to the disease[8,9]. Early detection and newer treatments are urgently required to inhibit the cancer progression in breast cancer patients. In 2005, a role of miRNA dysregulation in breast cancer was first demonstrated. Since then many studies have found out several different miRNAs which are being deregulated in breast cancer[10]. Some of these miRNAs act as oncogenic miRNAs by suppressing tumor suppressor genes. Whereas, some of the miRNAs exhibit tumor suppressor properties by down-regulating oncogenic genes[7].

KNOWN ONCOGENIC MICRORNAS IN BREAST CANCER
Usually, miRNAs promote oncogenesis by either destabilizing or degrading tumor suppressor mRNAs in various types of human cancers[11]. The miRNAs affecting oncogenesis and/or metastasis are classified as oncogenic miRNAs. Several miRNAs have been identified in breast cancer to have such oncogenic potential. Different oncogenic miRNAs exhibit their oncogenic potential by inducing cell proliferation and tumorigenesis and/or metastasis, promoting angiogenesis or inducing epigenetic changes[12-16] .The Table 1 summarizes some of the most commonly deregulated oncogenic miRNA in breast cancer.
The miR-10b is shown to be upregulated in breast cancer cells and correlated with increased cell migration and metastasis[11]. Overexpression of miR-10b disrupts the homeobox D10 (HOXD10) mRNA, which leads to the increased expression of RhoC (a RAS family member) known to promote proliferation and metastasis[17,18]. Several studies have suggested that miR-155 is an oncogenic miR by demonstrating that, its upregulation results in inhibition of tumor suppressor genes in breast cancer cells[12,19-21]. The miR-155 exhibits its oncogenic ability by suppressing the expression of protein Suppressor of cytokine expression 1 (SOCS1) both in vitro and in vivo[21]. Inhibition of SOCS1 is inversely correlated to pro-tumorigenesis. The miR-155 also represses tumor suppressor FOXO3a expression in breast cancer[19,20]. Similarly, miR-21 is also demonstrated to be upregulated in breast cancer cells by multiple studies and also considered as oncogenic miRNA. Research thus far have shown that miR-21 inhibits the expression of various tumor suppressor proteins such as TIMP3, PDCD4 and TPM1[22-24]. Recently, miR-203 also has been shown to inhibit SOCS3 expression in breast cancer cells[25]. Inhibition of miR-203 leads to the activation of several tumor suppressor proteins including p53, Bax and p21[25].
Oncogenic miRNAs such as miR-520c, miR-373, miR-221 and 222, miR-9 and others are known to promote metastasis in breast cancer and are sometimes referred as MetastamiRs[11,26,27]. miRNAs 520c and 373 have been shown to increase migration and invasion both in vitro and in vivo by targeting the expression of CD44[26]. miR-221 and 222 induce metastasis by targeting TRPS1[28,29]. The miR-9 is also shown to be significantly upregulated in breast cancer, by targeting E-cadherin to promote metastasis[27]. A recent study has also revealed that miR-632 stimulates metastasis by down regulating the HSP40 family member: DNAJB6 in breast cancer[30].
Several oncogenic miRNAs are also known to deregulate angiogenesis. The expression of miR-126 has been seen to be upregulated in many breast cancer cells[31]. Recent studies suggests that miR-126 affects angiogenesis by inhibiting the protein synthesis of insulin-like growth factor binding protein 2 (IGFBP2), c-Mer tyrosine kinase (MERTK) and phosphatidylinositol transfer protein cytoplasmic 1 (PITPNC1). miRNAs 10b and 196b have also been shown to regulate angiogenesis targeting VEGF signaling through HOXD10[16].
Some miRNAs are known to inhibit tumor suppressor genes by affecting epigenetic changes. In breast cancer cells MDA-MB-231 and MCF-7 miRNAs miR-7 and miR-218 affects histone modification and DNA methylation by targeting HOXB3. This results in inhibition of RASSF1A and Claudin 6 expression[16].

KNOWN TUMOR SUPPRESSOR MICRORNAS IN BREAST CANCER
Tumor suppressor microRNAs target mRNAs of various oncogenes and their dysregulation is critical in carcinogenesis [11]. The most commonly deregulated tumor suppressor miRNAs in breast cancer are compiled in the Table 2. The Lethal-7 (let-7) family of miRNA due to their abundance was among first to be identified. This family of miRNA contains 12 members[32,33]. Various studies have shown that, expression of let-7 family members is downregulated in malignant breast cells, compared to the healthy tissues[1,33,34]. Oncogenes Rat Sarcoma (RAS) and High-Mobility Group AT-hook 2 (HMGA2) are found to be the direct targets of let-7[33]. Increased expression of let-7 reduces cell proliferation and mammosphere formation by breast cancer initiating cells and also decreases metastasis in vivo[33]. Another study revealed that let-7a directly binds to the 3”-UTR region of C-C chemokine receptor type-7 (CCR7) gene. Signaling of CCR7 and its ligand CCL21 has been demonstrated to play key role in cancer progression and metastasis[35]. It was shown that expression of let-7a inhibits CCR7 expression and suppresses migration and metastasis in Zebrafish[36].
In many breast cancer cell lines and breast cancer patient samples, the levels of miR-125a and miR-125b are often found to be greatly downregulated. miR-125b directly targets ETS: an oncogenic transcription factor and functions as a tumor suppressor miRNA[37]. Further, both miR-125a and miR-125b are shown to be downregulated in human epidermal growth factor receptor (HER2) overexpressing cells. Expression of miR-125 in SKBR3 cells lead to the suppression of HER2 transcripts, which eventually lead to the slower cell growth and decreased invasiveness [38]. Recently, several novel targets such as cyclin J (CCNJ) and multiple EGF-like-domains 9 (MEGF9) were found to be the direct targets of miR-125b[39]. Both CCNJ and MEGF9 are potential oncogenes and their roles in tumorigenesis are only recently emerging[39].
Another frequently down regulated tumor suppressor miRNA in breast cancer is miR-205, which is suggested to be the negative regulator of epithelial to mesenchymal transition (EMT) and metastasis[1]. The miR-205 like the miR-200 family members targets Zeb1 and Zeb2 to prevent cells from undergoing EMT. Even though miR-200 and miR-205 share similar functionality, their expression levels differ in normal mammary gland and breast cancer stem cells (BCSCs). The expression of miR-205 is found to be elevated, whereas expression of miR-200 family members is decreased in normal mammary gland stem cells and BCSCs[40]. This indicates the unique functionality of miR-205 in breast cancer.
The miR-335 act as a tumor suppressor miRNA in breast cancer cells because its expression suppressed the migration, invasion and metastasis[41]. It was discovered that miR-335 targets transcription factor SOX4 and matrix protein Tenascin-C (TNC) [42]. Both SOX4 and TNC were recently discovered to promote metastasis in pancreatic and liver cancers[42].
miR-31 also recently came into light when it was demonstrated that multiple genes involved in the metastatic pathway of breast cancer were being targeted by it, including radixin (RDX), RhoA and integrin-α-5 (ITGA5). When miR-31 is overexpressed expression of all three target genes is reduced and cells become less invasive and metastatic[43]. In another study it was also seen that the ectopic expression of miR-31 in MDA-MB-231 and SUM-159 cell lines both in vivo and in vitro suppressed invasion and metastatic ability[44] .
The anti-tumor activity of miR-519c is attributed to its ability in regulating angiogenesis. In a study miR-519c directly targeted the hypoxia inducible factor 1 (HIF-1α), which regulates the angiogenesis by activating vascular endothelial growth factor (VEGF), interlukin-8 (IL-8) and basic fibroblast growth factor. Ectopic expression of miR-519c significantly suppressed HIF1-α and reduced angiogenesis in a nude mouse model[45]. Also, miR-519a/b/c expression is reduced in ovarian, kidney and lung tumor samples as compared to the healthy samples. Expression of miR-519 is found to be inversely correlated to the RNA binding protein HuR expression [46].

MICRORNAS AND CANCER STEM CELLS
Around a decade ago a concept was proposed that a small subset of cancer cells with stem-like characteristics might be the key factor in tumor development and metastasis in various types of cancers[47]. Cancer stem cells (CSCs) gained more attention when its role was suggested in providing chemoresistance[48]. In breast cancer, CD44+/CD24-/low or high aldehyde dehydrogenase 1 (ALDH1) expression are typical characteristics of breast cancer stem cells (BCSCs). To enrich BCSCs, breast cancer cells are stained with fluorescently labelled antibodies for these markers and then sorted using Fluorescence-activated cell sorting (FACS)[49]. However, it should be noted that even after sorting, it is virtually impossible to get a pure cancer stem cell population. Recent researches have shown that the expression profile of specific miRNAs in BCSCs is distinct compared to the normal breast cells[33,50]. The dysregulation of microRNA might contribute to the self-renewal of BCSCs and cancer progression[33]. Here we have summarized the several miRNAs identified to be deregulated in BCSCs and their mechanism of action (Figure 1).

MICRORNAS DOWNREGULATED IN BCSCS
One of the first group of miRNAs discovered to be dysregualted in BCSCs were the let-7 family members. It was noticed that expression of let-7 miRNA was significantly downregulated in SKBR-3 tumor-initiating cells than non-self-renewing population[33]. These two population of cells were separated using CD44+ CD24-/low phenotype. let-7 miRNAs act as tumor suppressors mainly by targeting RAS oncogene as described earlier[33]. Upon induced expression of let-7 miRNAs led to the decreased BCSCs and decreased mammosphere formation[33]. Another study have shown that decreased expression of let-7 is attributed to the RNA binding protein Lin28[51]. It is also demonstrated that activation of STAT3 via inflammatory cytokines activates Lin28 expression and this results in let-7 downregulation. Consequently, target of let-7, HMGA2 is increased, which in turn enhances the EMT in CSCs.
The BCSCs can be enriched also by cultivating cancer cells as mammospheres. The 3D mammosphere is believed to be enriched with BCSCs. In a recent finding, miRNAs belong to miR-30 family are found to be downregulated in BCSCs enriched via mammosphere. The miR-30e downregulation increases the ubiquitin-conjugating enzyme 9 (Ubc9) and integrinb3 (ITGB3) expression. Increasing the expression of miR-30e reduced self-renewal ability of cancer stem cells and tumorigenesis[52]. Overexpression of miR-30a reduces total number of mammospheres in MCF-7 cells and its downregulation leads to the increase in the number of mammospheres[53].
miR-200 family members (miR-200a, miR-200b, miR-200c, miR-141 and miR-429) have been shown to regulate the BCSC population. The miRNAs belong to the miR-200 family are significantly downregulated in BCSCs (CD44+ CD24-/low) when compared to non-cancerous cells. Expression of tumor suppressor miR-200c decreased the self-renewal ability of BCSCs in vitro and tumor formation ability in vivo[40]. The decreased expression of miR-200b lead to the reduction of E-cadherin expression, which results in increase EMT[54]. Another group has also demonstrated that re-expressing the miR-200 family members reprograms BCSCs to a more non-stem like cells and also promotes mesenchymal to epithelial transition (MET)[55].
The miR-128 was also found to be downregulated in BCSCs (in both CD44+ CD24-/low and mammospheres) compared to the non-cancerous cells. The miR-128 targets polycomb ring finger oncogene (Bmi-1) and ATP binding cassette sub-family C member 5 (ABCC5). Both of these genes are known to induce chemoresistance in breast tumor initiating cells. Induced expression of miR-128 reduces the levels of both Bmi-1 and ABCC5 and increases the drug efficacy[56]. Also, similar to other miRNAs mentioned in this section, reduction in miR-128 expression results in the increase number of mammospheres[57].
Another miRNA recently shown to be downregulated in BCSCs (high ALDH1) is miR-93. Ectopic expression of miR-93 prevents tumor growth in xenografts. In this study it was demonstrated that miR-93 regulates BCSCs by reducing the expression of several stem cell regulatory genes such as SOX4, STAT3 AKT3[58].
BCSCs enriched from MCF-7 and SK-3rd (CD44+ CD24-/low) cells were found to have lower levels of miR-34c. Decreased expression of miR-34c promotes self-renewal and EMT. When re-expressed, miR-34c inhibited the expression of Notch4, reduced the number of mammospheres[59].
Another tumor suppressor miRNA often downregulated in BCSCs (enriched using mammosphere) is miR-16. It targets the oncogene Wip1 and ectopic expression of miR-16 inhibits Wip1 expression in MCF-7 cells and also increases the sensitivity to chemotherapeutic drugs [60].

MICRORNAS UPREGULATED IN BCSCS
In the mammospheres of human breast cancer cell lines MDA361, MCF-7 and BT474, miR-181 levels are found to be elevated compared to non-cancerous cells. Potential target of miR-181 seems to be the tumor suppressor gene: Ataxia telangiectasia mutated (ATM). ATM levels are usually reduced in mammospheres treated with TGF-β.
Another miR-found to be significantly upregulated in BCSCs is miR-495. The miR-495 is found to be upregulated in two distinct subpopulations of BCSCs based on two surface markers: (1) commonly used CD44+ CD24-/low; and (2) novel surface marker PROCR+/ESA+ (PROCR stands for protein C receptor). Also, overexpression of miR-495 increased tumor formation in vivo. Moreover, expression of E-cadherin was lowered with overexpression of miR-495 which enhances the stem like phenotype in BCSCs[61].

MicroRNAs implicated to promote resistance against chemotherapy
So far it has been established that, miRNAs play critical role in regulation of several genes associated with various cancers including breast cancer [4,11,62]. Many recent studies have implicated that several miRNAs can confer resistance against common chemotherapeutic drugs in breast cancer [63,64]. The proposed mechanisms to explain this drug resistance in breast cancer are (1) intracellular drug depletion via transporters and enzymes; (2) impairing cellular functions through cell cycle arrest, DNA damage or apoptosis; (3) Inducing signaling cascade which promote transformation; and (4) Inducing epigenetic changes such as DNA methylation[63-65].
The miR-7, miR-27, miR-326, miR-328, miR-451, miR-489 confer resistance to chemotherapeutic drugs such as Doxorubicin, Cisplatin or taxol via drug depletion by targeting transporters and enzymes in breast cancer cells[63,66]. Some of these miRNAs target the ABC drug transporters and affect drug availability in the cell. The decrease in miR-451 leads to the increase in its target P-glycoprotein (P-gp), a member of the ABC transporter family[67]. Another family of genes associated with the drug resistance is multidrug resistance associated proteins (MRP-1). Various independent studies have revealed that miR-7 and miR-345 directly bind at the 3”UTR region of MRP-1 mRNA and decrease their expression levels correlated with resistance to Cisplatin in MCF-7 cells[64]. Similarly, miR-489 targets MRP-2 and affects the drug efflux in breast cancer cells[63].
Dysregulation of tumor suppressor MicroRNAs miR-342 and miR-15a/16 are related to the tamoxifen resistance in HER2 overexpressing tumors. HER2 overexpression is found in approximately 30% of breast cancers and is one of the major factors responsible for the chemoresistance[11]. A new study revealed that a splice variant of HER2, HER2Δ16 is linked to metastatic breast cancer and chemoresistance[68]. It was demonstrated that decreased levels of miR-342 and miR-15a/16 expression contribute to tamoxifen resistance by increasing anti-apoptotic protein BCL-2 expression in cell lines overexpressing HER2Δ16[68].
Similarly, expression of miR-34a is also found to be downregulated in breast cancer. It is suggested that the miR-34a is regulated by p53. Breast cancer cell line MDA-MB-231 with low levels of miR-34a was more resistant to radiation therapy compared to cells with elevated levels of miR-34a[69]. In a separate report, miR-34a was found to be downregulated in multiple breast cancer cell lines. Here it was shown that miR-34a suppresses proliferation and migration by inhibiting B-cell lymphoma 2(Bcl-2) and sirtuin (SIRT1)[70].
Several chemotherapeutic drugs used in the treatment of breast cancer interfere with cellular functions such as DNA repair, cell cycle and apoptosis. Over activation of DNA repair pathways are associated with resistance to chemotherapy[71]. miR-373 down regulation is shown to increase DNA repair efficiency and resistance to drugs[72]. Similarly, miR-21 and miR-141 are also associated with drug resistance, which target the mismatch repair pathway[73,74]. One of the most studied genes in breast cancer, BRCA1 also achieves drug resistance by inducing repair in double strand DNA breaks generated by anticancer drugs[75]. The miR--17, miR-182, miR-146 and miR-28 have a potential binding site at the 3” UTR of BRCA1 transcript[63,76,77]. Another, miRNA affecting dsDNA repair is miR-302. The expression of miR-302 is associated with radioresistant breast cancer cells. The miR-302 directly inhibits the expression of RAD52 and AKT that are known to provide radioresistance in many cancers including breast cancer[78] to provide radioresistance in many cancers including breast cancer. The PI3K/AKT is found to be one of the major pathways in various mechanisms to confer radioresistance in breast cancer. RAD52 is important in dsDNA repair mechanism and its activation leads to radioresistance upon down regulation of miR-302[79].
As mentioned above, miRNA dysregulation can trigger several signaling pathways to alter the levels of various receptors or hormones. The estrogen receptor (ER) is expressed in the vast majority of breast cancers and induces cell proliferation. Anticancer drugs like Tamoxifen inhibit the expression of steroid receptors to prevent ER-driven cell proliferation. Increased expression of miR-221/222 and miR-101 decreases the sensitivity to Tamoxifen in ER-positive tumors[65]. Overexpression of human epidermal growth factor receptor 2 (ERBB2 or HER2) is found in approximately 30% of malignant breast cancer patients and known for poor prognosis[80]. The downregulation of miR-125 and miR-331 is suggested to be responsible for reduced efficacy of HER2 targeted therapy such as trastuzumab. Both miR-125 and miR-331 can decrease the expression of HER2[63] .
Several genes responsible for induction of breast cancer can be regulated epigenetically, and several of them are known to induce drug resistance in breast cancer cells. Abnormal DNA methylation is one of the major characteristic of cancer cells. DNA methyl transfrases DNMT1, 2 and 3 are crucial for DNA methylation. Often levels of DNMTs have been found to be elevated in breast cancer cells. Several recent studies have suggested that miR-148, miR-152, miR-29, miR-194 and miR-143 regulate the expression of various DNMTs in breast cancer, thereby inducing drug resistance[81-84]. Moreover, it is shown that upregulation of DNMTs leads to the hypermethylation of miRNAs such as miR-148 and represses their expression. Increasing the miR-148 expression resulted in decreased tumor growth and metastasis[85]. Recent studies clearly demonstrated that miR-143 is downregulated in breast cancer cells and regulates the expression of DNMT3A. Restoring the expression of miR-143 can decrease the PTEN hypermethylation[81]. Other than DNA methylation, aberrant change in chromatin structure can induce drugresistance in cancer cells[86]. The miR-101 and miR-221/222 upregulation leads to aberrant histone H3 modification and is associated with chemoresistance[87,88]. Similarly, miR-342 downregulation affects histone demethylation and is associated with Cisplatin resistance[64].

MicroRNA as new diagnostic and prognostic markers
Chances of survival of a breast cancer patient is significantly more when detected at an early stage over late detection[89]. Moreover, biomarkers which can predict the treatment outcome are also very important in managing breast cancer therapy. Various approaches have been used to identify different biomarkers to diagnose breast cancer at an early stage. In recent years miRNAs have emerged as important diagnostic and prognostic tool in breast cancer research.

Dysregulation of microRNA in breast cancer cells as novel prognostic biomarkers
Other than early detection of breast cancer, prediction of treatment response is also very critical in better outcome of the treatment and patient survival. It was hypothesized that dysregulation of specific miRNAs in breast tumors can be used in determining prognosis of drug treatment in breast cancer patients. Data from various findings with breast tumor samples have supported this hypothesis. In this section role of different miRNAs in breast cancer prognosis is briefly discussed.
A recent study showed that expression levels of miR-10B, miR-21, and miR-335 were higher in 112 breast tumor samples compared to the healthy tissues and directly correlated with disease free survival[13]. Also, upregulation of miR-21 can be used as prognostic tool for the lung metastasis of breast cancer[90]. In this study it was also reported that down regulation of tumor suppressor miR-205 correlates with disease free interval and overall survival[13]. Recent computational analysis indicated that association of miR-330-3p with MAF mRNA directly correlates with lower survival rates of breast cancer patients[91]. Further validation of these miRNAs can be useful in identifying reliable prognostic biomarker of breast cancer.
Among all breast cancer patients around 30% patients are HER2 positive and found to have poor prognosis than PR+ or ER+[92]. Moreover, around 10% breast cancer patients acquire triple negative (PR-/ER-/HER2-) phenotype with worse prognosis[77,92]. Finding a better prognostic marker is urgently required for these types of breast cancers. In a study RNA samples of 49 HER2 positive and 48 triple negative breast (TNBC) cancer patients were subjected to the deep sequencing to identify potential prognostic markers of these relatively resistant breast cancers to chemotherapy. This study revealed that patients who developed metastasis, had increased levels of miR-184 and decreased levels of miR-375 and miR-423 [10]. This data suggest that these miRNAs can be used as prognostic markers for HER2+ or TNBC breast cancer. Further, research is required to confirm these findings with bigger sample size.

Circulating microRNA as a diagnostic and/or prognostic tool for breast cancer
Specific miRNAs are very stable in serum of various breast cancer patients, making them very valuable targets in early diagnosis of the disease. Recent advances in high-throughput techniques provided an instrumental platform to detect dysregulation of microRNA in serum samples of breast cancer patients. Various studies have identified several miRNA specifically deregulated in the blood plasma of breast cancer patients compared to a healthy individual[6,9,32]. Moreover, these findings also demonstrated that dysregulation of miRNA in plasma is attributed to the primary tumor site[6,9,32]. In this section, several of these miRNAs identified as biomarkers of breast cancer diagnosis are discussed.
A recent study has identified miR-571, miR-139-3p, miR-206, miR-193a, miR-526b, miR-519 to be more than 1.5 fold downregulated in breast cancer patients of age 50-53[9]. In the same study they also found elevated levels of miR--376c, miR-801, miR-148b, miR-424, miR-184, miR-409, miR-376a, miR-190 and miR-127-3p in the blood plasma of breast cancer patients[9]. It is important to determine that the dysregulation of miRNA found in the serum samples of patients is tumor-derived. To test this, Ng et al[93] developed a method, in which miRNA levels of serum samples of patients are compared with their tumor samples. During the profiling they found that 8 miRNAs (miR-16, miR-21, miR-27a, miR-150, miR-191, miR-200c, miR-210, miR-451) up-regulated and miR-145 down-regulated in both plasma and tumor tissues in breast cancer patients. Further it was demonstrated that miR-451, miR-21 and miR-16 levels were significantly elevated in the serum of breast cancer patients compared to the healthy individuals[93]. Interestingly miRNA levels measured in the postoperative samples were drastically lowered when compared with preoperative samples. These findings indicate that miRNAs from serum samples can be used as diagnostic tool in breast cancer[9,93].
Another recent study found that miR-18a, miR-181a and miR-222 showed the highest percentage difference in the serum samples of 205 women who eventually developed cancer and 205 women who remained cancer free[94]. This study shed light on detecting miRNAs which can predict increased risk of getting breast cancer. Together all these results clearly demonstrates that using the high-throughput methods, dysregulation of miRNA can be used as a diagnostic tool in various cancers including breast cancer to predict disease progression, risk of metastasis and/or treatment outcome[9,93,94] .
Few reports have suggested that a limited number of specific miRNAs detected in blood plasma can also be used as both diagnostic and prognostic marker of breast cancer. One study demonstrated that miR-155 levels are significantly higher in 81.9% breast cancer patient samples and is an excellent diagnostic marker. After surgical removal of breast tumor and four rounds of chemotherapy, 79% of patients exhibited reduced levels of miR-155 and sustained treatment response[95]. In the blood plasma elevated levels of miR-200a/b/c, miR-203 and miR-210 were also shown to have prognostic significance in breast cancer patients[96].

TARGETING MICRORNAS FOR BREAST CANCER TREATMENT
So far we established that several miRNAs are play critical role in breast cancer initiation, progression and metastasis, and thus become attractive targets for therapy [31,49,79]. Various research groups have demonstrated different approaches to regulate these target miRNA expression to improve therapy. Two distinct ways miRNA based therapy can be utilized as anticancer treatment: (1) by antagonizing oncogenic miRNA or (2) by enhancing expression of tumor suppressor miRNAs.

Antagonizing oncogenic microRNA in breast cancer
There are various approaches being utilized to inhibit oncogenic and metastatic functions of miRNA. One of the most obvious strategies is to silence these oncogenic miRNAs using an anti-microRNA oligonucleotide (AMO) to prevent interaction with their target proteins. The AMO competes with the target mRNA of oncogenic miRNAs and inhibits their function[17]. These anti-sense miRNAs are chemically modified to increase their stability in the system. These chemical modifications also make them more stable in the hybridization state[7].
Use of anti-sense RNA of miR-10b in mouse reduced mammary tumor metastasis[17]. It was clearly observed that upon treatment with AMO against miR-10b decreased the levels of miR-10b significantly and by simultaneously increased the levels of its target, HoxD10. Also, it was observed that anti-sense miR-10b did not reduce the size of primary tumor but prevented lung metastasis. These results suggest that anti-miR-10b can be a good candidate as an anti-metastatic agent but might not be useful in reducing primary tumor burden in breast cancer[17].
Another strategy used in miR-therapeutics is modification of 2”-hydroxyl to 2”O-methyl in ribonucleotide. This chemical modification also prevents the degradation of these miRNAs and improves their stability. The anti-sense of oncogenic miR-21 is used in the xenograft carcinoma model using MCF7 breast cancer cells. It was observed that mice treated with anti-miR-21 had half the size of tumors when compared to the control group[97]. The miR-is an oncogenic microRNA and known to induce cell proliferation by targeting PTEN. Using 2”-O-methyl antisense oligonucleotide only destabilizes the mRNA and does not degrade them. Therefore, any change in their levels can be measured only by measuring the levels of their targets [98].
Another novel method to inhibit miRNAs was introduced as an alternative to the chemically modified AMO. Here, miRNA-inhibitors are directly expressed in cells under the strong promoter which contains multiple sites complementary to the target miRNA and are known as “microRNA sponges”[99]. Utilizing this novel approach a very recent investigation have revealed that inhibition of miR-22 by providing complementary binding site via reporter gene in 3”UTR reduced the cell migration and metastatic phenotype of breast cancer cell line LM2. Oncogenic miR-22 is known to increase breast cancer metastasis and stemness. Moreover, using same approach inhibition of miR-22 also led to the inhibition of breast cancer metastasis in vivo[100].
Several studies have made it apparent that dysregulation of multiple miRNAs seems to be responsible for oncogenesis and/or metastasis. Thus targeting single miRNA might not be sufficient to achieve the optimal result in inhibiting cancer progression. To address this issue, a novel method has been proposed where AMO is designed to target more than one miRNA. In a study it was shown that a longer multiple target AMO (MTg-AMO21/155/17) decreased the cell viability of MCF-7 cancer cells to 18% at 10nM concentration. To achieve the similar levels of cell death by individual AMOs against miR-21, miR-155 or miR-17 required 10 times higher concentration of AMOs. These results indicated that targeting multiple miRNAs by longer AMOs can be a better approach to inhibit the disease progression[101].
Recently, libraries of active clinical small molecule compounds have been tested for their ability to inhibit specific miRNA of interest[102,103] . A recent finding demonstrated that levels of miR-21 were effectively reduced by the small molecule inhibitor “azobenzene”[102]. Similarly, another study identified two small molecule inhibitors polylysine (PLL) and trypaflavine (TPF) as effective inhibitors of various oncogenic miRNAs and attenuation of tumorigenesis [103].
Another novel approach in miRNA antagonism is by using peptide nucleic acid (PNA) as a miRNA inhibitor. Chemically in PNA the sugar-phosphate backbone is replaced by N-(2-aminoethyl) glycine, which makes them efficient hybridization agent resistant to DNAses and proteases. In aggressive breast cancer cells PNAs targeting miR-221 and miR-210 reduced the levels of miR-221 and miR-210 respectively. Also, inhibition of these miRNAs resulted in the elevated levels of a major apoptosis player p27Kip1[104]. Treatment with PNA targeting miR-21 showed inhibition of tumorigenesis of MCF-7 breast cancer cells in female nude mice compared to the control group of mice[105].

Restoration of tumor suppressor miRNAs
Several tumor suppressor miRNAs are shown to be downregulated in various types of cancers. It is proposed that restoring their levels should be beneficial in inhibiting cancer progression. One approach to restore the tumor suppressor miRNA in cancer cells is by using the miRNA mimics. A study demonstrated that in aggressive breast cancer cell MDA-MB-231 restoring the levels of miR-200c using the miR-200c mimic results in reduced cell proliferation, invasion and migration[106]. Similarly, in breast cancer cells increasing the levels of let-7 miRNA by let-7-lentivirus infection reduced the cell proliferation and mammospheres formation[33].

CONCLUSION
Accumulating evidences supports that dysregulation of specific miRNAs is crucial in breast cancer progression. Targeting these miRNAs can have tremendous potential in breast cancer diagnosis and treatment. This review summarizes the impact of various deregulated miRNAs in breast cancer progression, metastasis and angiogenesis. Understanding the molecular mechanisms of these miRNAs with their target genes is critical in utilizing them as a therapeutic tool. To manage more aggressive types of breast cancers, other than development of novel therapies, early diagnosis and prognosis markers are urgently required. Recently, various online databases of miRNA targets are made available to predict the role of specific miRNA in regulating biological pathways. Better use of these databases can save a lot of time and efforts for clinical research in finding better target miRNA for cancer therapeutics or diagnosis. Also, for future a better collaboration among clinicians and researchers is required to develop novel miRNA based anti-cancer therapies.
Several publications have indicated that differences in specific miRNA levels among blood plasma samples of breast cancer patients compare to the healthy individuals can be used as diagnostic markers of breast cancer. However, it is not fully understood that, what is the source of these miRNAs? And how are they released in the blood stream? Future research is necessary to find this mechanism to develop better diagnostic tools using miRNAs.
Despite of all the advances, miRNA based therapy faces some stiff challenges. One of them is specificity. Also, therapeutic miRNAs are subjected to degradation. This results in inefficient treatment in cancer cells. Further research is required to address these issues to improve their specificity and enhancing efficiency of treatment. Moreover, future research warranted to improve delivery of these miRNA to prevent their degradation[1,80].
Studying the function of various miRNAs in different biological pathways have improved our understanding of their role in cancer development. Also, several studies have shown very encouraging data in breast cancer treatment using miRNA both in vitro and in vivo. Despite of these successes it is believed that, it will take several years for miRNA based therapy to enter clinics to treat human cancers because of the limitations we discussed above[1,107].
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Figure 1 General mechanism of microRNA biosynthesis.


Table 1 List of major oncogenic microRNAs in breast cancer
	miRNA
	Known target mRNA
	Function
	References

	miR-10b
	HOXD10
	Promotes cell proliferation, metastasis and angiogenesis
	[108]

	miR-126
	IGFBP2, MERTK, PITPNC1
	Promotes angiogenesis
	[18]

	miR-155
	SOCS1, TP53INP1, FOXO3, RhoA
	Promotes cell proliferation
	[12,20,21,62]

	miR-21
	PTEN, TPM1,PDCD4, Maspin
	Promotes cell proliferation
	[23,24,109] [22]

	miR-375
	RASD1
	Epigenetic modification of tumor suppressor genes
	[110,111]

	miR-221/222
	TRPS1
	Induce metastasis
	[28,29,65]

	miR-373
	CD-44
	Induce metastasis
	[14,26]

	miR-520c
	CD-44
	Induce metastasis
	[14,26]

	miR-9
	SOCS5, E-cadherin
	Induce metastasis
	[27,112,113]

	miR-632
	DNAJB6
	Induce metastasis
	[30]

	miR-196b
	HOXD10 (indirect)
	Promotes angiogenesis
	[15]

	miR-7
	HOXB3
	Epigenetic modification of tumor suppressor genes
	[16]

	mIR-218
	HOXB3
	Epigenetic modification of tumor suppressor genes
	[16]

	miR-203
	SOCS3
	Promotes cell proliferation
	[25]


HOXD10: Homeobox D10; IGFBP2: Insulin-like growth factor binding protein 2; MERTK: C-mer proto-oncogene tyrosine kinase; PITPNC1: Phosphatidylinositol transfer protein, cytoplasmic 1; SOCS1: Suppressor of cytokine signaling 1; TP53INP1: Tumor protein p53 inducible nuclear protein 1; FOXO3: Forkhead box O3; RhoA: Ras homolog family member A; PTEN: Phosphatase and tensin homolog; TPM1: Tropomyosin 1 (alpha); PDCD4: Programmed cell death 4; RASD1: RAS, dexamethasone-induced 1; TRPS1: Trichorhinophalangeal syndrome I; SOCS5: Suppressor of cytokine signaling 5; DNAJB6: DnaJ (Hsp40) homolog, subfamily B, member 6; HOXB3: Homeobox B3; SOCS3: Suppressor of cytokine signaling 3.

Table 2 List of major tumor suppressor microRNAs in breast cancer
	miRNA
	Known target mRNA
	Function
	References

	Let-7 family
	RAS, HMGA2
	Inhibit cell proliferation and mammosphere formation
	[11,114]

	miR-125
	HuR, Her2
ETS1, Cyclin J , MEGF9
	Inhibit cell proliferation and invasion
	[38,39,115,116]

	miR-205
	Zeb1 and Zeb2
	Reduces EMT and metastasis
	[1,40]

	miR-200 family
	ZEB1/2
	Reduces EMT and metastasis
	[117]

	miR-206
	Cyclin D2
	Inhibits Cyclin D2 in MCF-7 cells
	[118]

	miR-34a
	Bcl2, SIRT1
	Inhibits migration, invasion and metastasis
	[69]

	miR-335
	SOX-4, TNC
	Inhibits metastasis
	[41,42]

	miR-342
	HER2
	Increases cell proliferation
	[119]

	miR-15a/16
	HER2
	Increases cell proliferation
	[68]

	miR-302
	RAD52 and AKT1
	Affects DNA repair
	[78]

	miR-31
	RhoA, ITGA5, RDX
	Reduces invasion and metastasis
	[44]

	miR-519c
	HIF1-α
	Inhibits angiogenesis
	[45]


HMGA2: High mobility group AT-hook 2; HuR: ELAV like RNA binding protein 1; ETS1: V-ets avian erythroblastosis virus E26 oncogene homolog 1; MEGF9: Multiple EGF-like-domains 9; ZEB1/2: Zinc finger E-box binding homeobox 1/2; Bcl2: B-cell CLL/lymphoma 2; SIRT1: Sirtuin 1; SOX-4: SRY (sex determining region Y)-box 4; TNC: Tenascin C; HER2: V-erb-b2 avian erythroblastic leukemia viral oncogene homolog 2; RAD52: RAD52 homolog (S. cerevisiae); AKT1: V-akt murine thymoma viral oncogene homolog 1; RhoA: Ras homolog family member A; ITGA5: Integrin, alpha 5 (fibronectin receptor, alpha polypeptide); RDX: Radixin; HIF1-α: Hypoxia inducible factor 1, alpha subunit.
	
	










32

