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Περίληψη  

Τα microRNAs (miRNAs) είναι μια πολυπληθής οικογένεια μικρών 

νουκλεοτιδίων που δεν κωδικοποιούν πρωτεΐνες, αλλά δρουν ως αρνητικοί 

ρυθμιστές γονιδίων και συμμετέχουν σε πληθώρα βιολογικών διεργασιών. 

Πρόσφατα δεδομένα συσχετίζουν την απορρύθμιση της έκφρασης διαφόρων 

miRNAs με την ανάπτυξη καρκίνου, λειτουργώντας είτε ως ογκογονίδια είτε ως 

ογκοκατασταλτικά γονίδια, αλλά ο ρόλος τους στην πρόγνωση των ασθενών με 

καρκίνο μαστού παραμένει ασαφής. Σκοπός της παρούσας μελέτης είναι η 

διερεύνηση της προγνωστικής αξίας των miRNAs στον καρκίνο του μαστού. 

Πραγματοποιήθηκε συστηματική ανασκόπηση στη βάση δεδομένων PubMed για να 

προσδιοριστούν οι κατάλληλες μελέτες. Μετά την έρευνα και την ανασκόπηση της 

βιβλιογραφίας εντοπίστηκαν 117 σχετικές μελέτες, με βάση τα κριτήρια εισαγωγής 

και σχετικότητας των ερευνών. Διαπιστώσαμε ότι 110 διαφορετικά microRNAs 

έχουν συσχετιστεί με την πρόγνωση στον καρκίνο του μαστού. Συμπερασματικά, τα 

miRNAs θα μπορούσαν να χρησιμεύσουν ως νέα προγνωστικά εργαλεία στον 

καρκίνο του μαστού, ενώ η κλινική εφαρμογή αυτών των ευρημάτων δεν έχει ακόμη 

επαληθευτεί. 

 

Λέξεις κλειδιά: καρκίνος μαστού, microRNAs, πρόγνωση, βιοδείκτες   
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Abstract 

Breast cancer is a heterogeneous disease that differs greatly among patients 

and even within each individual tumor. MicroRNAs (miRNAs) have been found to 

play an important role in the occurrence and development of human cancers, 

functioning either as potential oncogenes or tumor suppressor genes, but their role 

in the prognosis of breast cancer patients remains unclear. The aim of the present 

review study is to highlight recent preclinical and clinical studies performed on both 

circulating and tissue-specific miRNAs and their potential role as prognostic markers 

in breast cancer. We performed a systematic review to explore the prognostic value 

of miRNAs in breast cancer. We systematically searched the PubMed database to 

identify eligible studies. After performing the literature search and review, 117 

relevant studies were identified. We found that 110 aberrantly expressed miRNAs 

have been associated with prognosis in breast cancer. In conclusion, miRNAs could 

serve as novel prognostic tools in breast cancer, while the clinical application of 

these findings has yet to be verified. 

 

 

Keywords: breast cancer, microRNAs, prognosis, biomarkers 
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1. INTRODUCTION 

1.1 Breast cancer epidemiology 

Breast cancer is the most frequent cancer among women. An estimated 1.67 

million new cancer cases were diagnosed in 2012 (25% of all cancers) while 521,900 

deaths were reported the same year (Ferlay et al., 2015). Breast cancer incidence 

among different countries presents variations. The slight majority of cases is 

occurring in women from less developed countries, and this is considered to be 

associated with a number of reasons, including degree of organization of operational 

screening activities and differential distribution of pivotal risk factors, such as parity 

(Ferlay et al., 2018). 

Mortality from breast cancer is in part decreasing over the last decades; this may 

be due to a. the well-recognized improvements in diagnosis and treatment of the 

disease, b. to the constantly increasing breast cancer awareness leading to earlier 

detection and c. to a reported decrease in breast cancer incidence (Tarone 2017; 

Siegel et al., 2017). In total, European breast cancer mortality rates declined from 

17.9 in 2002 to 15.2 per 100,000 in 2012 (15.3%) (Carioli et al., 2017). Carioli et al., 

predicted further appreciable declines in breast cancer mortality to 2020 across 

Europe, and an overall rate around 13.5/100,000 women in the EU as compared to 

over 20 in the early 1990's (Bosseti et al., 2013). Major risk factors for sporadic 

breast cancer are considered to be reproductive, menstrual, and nutritional (Winters 

et al., 2017); these factors do not seem to have an impact on these favorable trends. 

On the other hand, this trend most likely reflects the overall recent advancement in 

breast cancer management, although a single therapeutic breakthrough has not 

been presented (Cuzick et al., 2011; Negri et al., 2014; Cardoso et al., 2017).  

This is a major achievement that emphasizes the importance of improved 

diagnosis and various aspects of integrated and personalized treatment for a 

common cancer. The presence of a large number of subsequent therapeutic 

improvements has contributed to this major success in Europe (Davies et al., 2013).  

Trends differ in central and eastern Europe, where they are less favorable, and this 

finding is supporting a need to implement further interventions to improve breast 

cancer diagnosis and management in those countries (Carioli et al., 2017).  According 
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to the GLOBOCAN 2018 worldwide estimates of cancer incidence and mortality 

produced by the International Agency for Research on Cancer, in 2018, about 

2,088,849 new cases were diagnosed and approximately 626,679 women were 

predicted to die from the disease (Bray et al., 2018). These data further support the 

need to improve the existing treatment modalities and to develop better preventive, 

diagnostic, and prognostic strategies addressing breast cancer. 

1.2 Breast cancer prognosis 

Breast cancer is a distinctively heterogeneous disease characterized by 

distinguishing molecular and morphological traits that inform prognosis and 

determine the proper therapeutic approach. Firstly, identification of novel 

approaches is needed for the management of patients at earlier stages. To this day, 

the biological features that are routinely used for the diagnosis and prognosis of 

patients with breast cancer and for determining the therapy are histological grade 

(Rakha et al., 2008), lymph node status, hormone receptor status, and human 

epidermal growth factor receptor type 2 (HER2) status (Viale 2012). Some of these 

factors have been associated with the survival rate of patients and even with their 

clinical outcome after treatment (Singletary et al., 2002).  

Breast cancer is classified into five subtypes based on these distinct gene 

expression profiles: luminal A, luminal B, basal, human epidermal growth factor 

receptor 2 (HER2/ERBB2)-positive (+), and normal breast-like tumors (Perou et al., 

2000). The majority of tumors are classified as luminal (Cho, 2016) and express 

estrogen receptor (ER), progesterone receptor (PR), and the luminal cytokeratins 

(CK) 8 and 18. Luminal B tumors have higher Ki67 expression than the luminal A 

subtype (Cheang et al., 2009). Ki67 is a protein-histological marker associated with 

cellular proliferation, disease recurrence, and poor survival in breast cancer patients 

(Voduc et al., 2010). ER+ tumors are associated with smaller, low grade tumors and 

are often lymph node negative (Tao et al., 2015). HER2+, basal and ‘normal breast-

like’ tumors are ER/PR negative (ER-/PR-). HER2 is constitutively active and predicts 

reduced disease-free survival (Arteaga et al., 2011). Triple negative breast cancer 

(TNBC) is a highly diverse group of breast cancers with an overall poor prognosis 

(Judes et al., 2016). The HER2+, basal-like, and TNBC tumors are associated with a 
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more advanced stage at presentation and patients have reduced disease-free 

survival (DFS) (Bauer et al., 2007). However, some patients with a similar 

combination of breast cancer features, have been found to have different clinical 

outcomes. Thus, the role of these factors in determining diagnosis and prognosis and 

in predicting therapeutic outcomes in breast cancer still remains limited (Schnitt, 

2010).  

In an effort to provide accurate diagnostic and prognostic tools for the effective 

management of the disease, several tests have been developed for breast cancer 

detection and prognosis. Mammography overall remains the primary screening test 

for breast cancer detection. However, this important screening test is not 

recommended for women younger than 40 years of age, as they tend to have denser 

breast tissue (Checka et al., 2012). Aside to pain and discomfort that it might cause 

to patients, mammography is also associated with increased rates of false positives 

ranging from 12% to 65% and is correlated with over-diagnosis (Nassar et al., 2017). 

Additionally, various multi-gene expression-based tests are utilized for breast 

cancer diagnosis and prognosis such as MammaPrint, MapQuant Dx, Oncotype Dx, 

PAM50 Breast Cancer Intrinsic Subtype Classifier (Prosigna), and Theros Breast 

Cancer Index. For instance, MammaPrint measures the mRNA expression levels of 70 

different genes and categorizes ER+ cancer patients into low-risk or high-risk 

prognostic groups while it classifies all ER− cancers as high-risk (Tian et al., 2010). 

Another diagnostic test is Prosigna that quantifies the mRNA expression of 50 genes 

and predicts the risk of distant recurrence of ER+ breast cancer in postmenopausal 

women treated with adjuvant endocrine therapy (Wallden et al., 2015). A 21-gene 

assay called Oncotype DX is also used for computing a recurrence score for ER+ 

breast cancer (McVeigh, et al., 2017). However, all these tests mainly require 

formalin fixed paraffin embedded (FFPE) or fresh frozen tissue biopsies and are 

therefore invasive, while they are only useful for hormone receptor-positive or 

invasive breast cancer (Nassar et al., 2017). Furthermore, their use is limited by 

higher cost and its failure to predict recurrence beyond 5 years (Wen et al., 2017). 

None of these tests currently includes miRNAs. To date, there is one study 

correlating miRNA expression with recurrence scores (RS) from Oncotype DX on 23 
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human BC tumors (Emmadi et al., 2015). That study reported reduced expression of 

Let-7 family members in cases with high RS and high expression of miR-377-5p, miR-

663b and miR 3648 were associated with high RS scores. 

Moreover, circulating antigens such as carcinoembryonic antigen (CEA) and 

cancer antigen 153 (CA153), have been identified as prognostic tools for breast 

cancer since they were reported to be elevated in the serum of breast cancer 

patients, especially those with HER2+ and ER− subtypes respectively. However, the 

use of CEA and CA153 as prognostic serum markers still remains controversial due to 

conflicting results of different studies and their reported low sensitivity and 

specificity (Shao et al., 2015). 

Considering all the limitations of the currently available prognostic strategies, it is 

overall recognized that new affordable methods are needed to further help diagnosis 

and prognosis and to indicate which is the optimal treatment for patients with breast 

cancer on an individual basis. Still, it remains difficult to achieve these goals because 

of the absence of sensitive and specific biomarkers for early detection and for 

disease monitoring. 

The first evidence of a different from normal expression of miRNAs in human 

cancers was reported in B-cell chronic lymphocytic leukemia (Visone and Croce, 

2009), where chromosomal deletion of the 13q14 locus resulted in loss of expression 

of two miRNAs. This was an important discovery for the genomic profile of the 

disease and prompted research on expression of miRNAs in human tumors (Visone 

and Croce, 2009). Furthermore, more genomic alterations in miRNA loci have been 

found in 227 patients with cancers of the breast, ovaries and melanoma by Zhang et 

al (Zhang et al., 2006). 

Particularly in breast cancer, microRNAs (miRNAs or miRs) have been proposed 

as promising biomarkers because they can be readily detected in tumor biopsies 

(non-circulating miRNAs) and can also be identified in blood, plasma, serum, and 

saliva (circulating miRNAs) (Bertoli et al., 2015). Furthermore, circulating miRNAs are 

being bound to lipoproteins such as HDL, associated with Argonaute 2 (Ago2) 

protein, or packaged into exosome-like microparticles, micro-vesicles, and apoptotic 
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bodies (Arroyo et al., 2011). Therefore, they are protected from endogenous RNAase 

activity, and hence they are reliable. 

In conclusion miRNAs are increasingly recognized as promising biomarkers, given 

the fact that they are easy to isolate, and they maintain their structural stability 

under different conditions of sample processing and isolation. In a recent study, 

miRNA profiling has been found to improve breast cancer classification and to 

differentiate patients with breast cancer as responding or not responding to 

therapies (Cava et al., 2014). These results are promising and suggest that these 

diagnostic tools have the potential to be used as new diagnostic, prognostic, and 

predictive biomarkers for breast cancer, and eventually make a great impact on the 

clinical management of patients with breast cancer (Bertoli et al., 2015). 

1.3 Introduction to microRNAs 

Cancer is a complex process in the genomic level, as it results in multiple genomic 

alterations and progresses through proliferation, invasion and metastasis. The 

molecular pathways that are altered during cancer progression include both protein -

coding genes and noncoding genes, according to newer data. These noncoding RNAs 

include groups such as “small RNAs” and microRNAs (miRNAs or miRs), that 

subsequently regulate mRNA translation and post-transcriptionally control gene 

expression (Visone and Croce, 2009). 

MicroRNAs are a small class of endogenous, evolutionarily conserved, single-

stranded noncoding RNAs, with a length of approximately 19–24 nucleotides (Wang 

et al., 2014). Interaction between miRNAs and mRNAs, within the 3′untranslated 

region of the target genes, leads to the degradation or inhibition of mRNA 

translation (Yoruker et al., 2015). Their mechanism of action is through binding to 

the 3′ untranslated region (3′UTR) of mRNAs to repress translation and/or promote 

mRNA degradation (Iorio and Croce, 2012). The first report of free nucleic acids in 

the serum of patients with cancer was published in 1977 by Leon et al (Leon et al., 

1977).  

A relatively new database, the “primary repository for miRNA sequences and 

annotations”, miRBase (www.mirbase.org), launched in 2006 with just 218 miRNA 
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loci (Kozomara and Griffiths-Jones, 2014) and since then miRNA analysis has allowed 

the discovery of more than 38589 mature miRNAs. An estimated 2588 miRNAs are 

transcribed from intragenic or intergenic regions of the human genome (June 2014; 

http://www.mirbase.org) (Kozomara and Griffiths-Jones, 2014). Finally, the discovery 

of microRNAs had a profound impact on the understanding of many gene regulation 

processes in the past years, including regulation of cell proliferation, differentiation, 

angiogenesis, migration, and apoptosis (Bertoli et al., 2015). 

1.3.1 miRNA biogenesis and mechanisms of action 

Although many steps to the miRNA pathogenesis pathway and repressive 

mechanisms are not well defined, there are some key steps of the miRNA 

pathogenesis that are overall recognized (Fig. 1). The miRNA precursor molecules, 

called pri-miRNAs are formed as multiple “hairpin structures” (of -70 nucleotides) in 

the nucleus. Subsequently these precursors are exported to the cytoplasm by 

Exportin-5 The generated pre-miRNA is exported from the nucleus to the cytoplasm 

by Exportin 5 (a RanGTP-dependent dsRNA-binding protein (Bohnsack et al., 2004), 

and are cleaved by DICER, in union with transactivation-responsive RNA-binding 

protein 2 (TARBP2) and AGO2 (DICER complex). The process generates a double-

stranded miRNA-miRNA* duplex. The two strands are then separated: the mature 

miRNA is incorporated into the RNA-induced silencing (RISC) complex, whereas the 

passage miRNA* strand can be loaded in the RISC as well or usually degraded (Visone 

and Croce, 2009). Finally, miRNAs tether to the 3’ UTR of a mRNA target to repress 

protein synthesis. 
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Regarding the mechanisms of action of miRNAs, the major factor for miRNA 

binding to its target mRNA is a 6-8-nucleotide sequence at the 5′ end of the miRNA, 

the “seed” sequence. Of note, any sequence complementarity between the loaded 

miRNA and the seed region triggers a decrease in target mRNA expression levels. 

This “seed matches” can occur in any region of the mRNA but are more likely to be 

present in the 3′ UTR of a mRNA (Qin et al. 2010). miRNAs can also bind to other 

regions in the target mRNA (Lytle et al., 2007). Depending on the degree of 

homology to the 3′ UTR target sequence, miRNAs induces either the translational 

Figure 1 The biogenesis of microRNAs. (Esquela-Kerscher and Slack, 2006) 
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repression or the degradation of mRNAs. it is important that miRNA is also capable 

of regulating the expression of many genes, in other words each miRNA 

simultaneously regulates multiple cellular signaling pathways. 

The mechanism reported above is the so called “traditional” mechanism of action 

of miRNAs. There are other recently reported “non-canonical” mechanisms. there is 

some evidence that that miRNAs may a.  increase the translation of a target mRNA 

by recruiting protein complexes at the AU-rich region of the target mRNA or b. can 

indirectly increase target mRNA levels by interacting and modulating repressor 

proteins that block the translation of the target mRNA (Eiring et al. 2010). Finally, 

some research may suggest that miRNAs could enhance ribosome biogenesis, and 

therefore modulate protein synthesis, or skip cell cycle arrest and therefore activate 

target gene repression (Vasudevan et al., 2007; Orom et al., 2008). 

 

1.4 miRNAs and Breast Cancer 

Important evidence has shown that miRNAs play an important role in breast 

cancer via their regulatory function (Negrini and Calin, 2008). Particularly the use of 

novel technologies, such as microarray expression data, showed that aberrant 

miRNA expression is present in breast cancer (Andorfer et al., 2011). The miRNA 

molecule can increase the control over its target gene. If the target gene is an 

oncogene, the cancer is suppressed (tumor suppressor-miRs); if the target gene is a 

tumor suppressor, the cancer is developing (onco-miRs). Also, miRNA can reduce the 

control over its target gene. If the target gene is an oncogene, the cancer develops 

(onco-miRs); if the target gene is a tumor suppressor, the cancer is suppressed 

(tumor suppressor-miRs) (Fig. 2) (Esquela-Kerscher and Slack, 2006). 

Characteristically, Negrini et al. (2008), have mentioned in their paper three 

representative research teams that discussed the role of miRNAs in breast cancer 

metastasis in their functional and molecular studies, as well as the significance of 

abnormal expression of this miRNA in breast tumorigenesis: 1. The study by Ma and 

coworkers (2007) revealed that upregulation of miR-10b promotes invasion and 

metastasis in breast cancer, 2. Travazoie et al. (2008), found that miR-335, miR-126, 
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and miR-206 are metastasis-suppressor miRNAs, and 3. Huang and colleagues 

(2008), identified significant upregulation of miR-373 in samples from patients with 

metastatic breast cancer.  

 

 Figure 2 MicroRNAs can function as tumour suppressors and oncogenes. (Esquela-Kerscher and Slack, 2006).   
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1.4.1 Mechanisms altering miRNA expression levels 

Accumulating experimental evidence indicates that miRNAs play a pivotal role in 

many cellular functions via the regulation of gene expression. According to research, 

as has been presented above, their dysregulation has been shown in carcinogenesis 

(Iorio and Croce b, 2012). Important mechanisms that can alter miRNA expression 

levels have been reported in the literature and are the following: 

1. Epigenetic mechanisms: A large proportion of miRNA loci on the genome are 

associated with CpG islands, indicating regulation by methylation. Another 

epigenetic phenomenon altered in BC is histone acetylation. It has been shown that 

acetylated histones can diminish expression of anti-oncogenic miRNAs (Bertoli et al., 

2015). 

2. A genetic alteration as frameshift mutations resulting from microsatellite 

instability. It is important that half of the known miRNAs are located in cancer-

associated region, such as fragile sites, minimal regions of loss of heterozygosity, 

minimal regions of amplification, or common breakpoint regions (Bertoli et al., 

2015). 

3. miRNA biogenesis pathway defects, that could affect each step of miRNA 

biogenesis, making the cell suitable for and vulnerable to oncogenic changes. 

4. Transcriptional repression by other upstream proteins. Multiple factors can 

influence the expression levels of a single miRNA molecule. In fact, it seems that a. 

miRNAs and transcription factors work cooperatively, and b. miRNAs are involved in 

the functional feedback loop (where transcription factors influence miRNA 

expression levels and vice versa). Oncogenic miRNA expression changes could be due 

to the activity of tumor-related transcription factors, such as SMAD, p53 protein 

family, ataxia telangiectasia mutated (ATM) and Myc). We also know that BRCA1 

transcription factor and the epidermal growth factor receptor (EGFR/HER1) are able 

to inhibit miRNA maturation and enhance cell survival and invasiveness (Bertoli et 

al., 2015). 
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1.5 Methods for Detecting miRNAs 

Development of new miRNA detection methods has been one of the most 

popular research fields. miRNAs possess special characteristics: they are small in size, 

low content, and exhibit high sequence similarity, therefore accurate quantification 

of miRNAs is challenging. These are the methods and techniques that have been 

developed for miRNA detection. Each one of them has advantages and limitations 

(Hamam et al., 2017): 

1. Northern blotting is the golden standard method since the early miRNAs study 

(Lagos-Quintana et al., 2001). However, this is a complex procedure and has low 

sensitivity limits, therefore it is not considered appropriate for wide applications.  

2. Quantitative reverse transcriptase real-time (qRT-) PCR is widely used; it is a  

highly sensitive method that requires only small amounts of input RNA (Kroh et 

al., 2010) Major  limitation of  the qRT-PCR is that it is oftentimes used to 

quantify the levels of a defined set of miRNAs (usually <700);, and therefore it 

cannot be used for high-throughput profiling.  

3. Microarray platforms are an alternative method for detecting circulating miRNA. 

MicroRNA microarray analysis is usually performed by fixing the high density 

known sequence of DNA probes on the solid support such as glass or nylon 

membrane, subsequently interacting with the variety of miRNA target molecules 

based on nucleic acid hybridization between target miRNAs and their 

corresponding complementary probes. As a last step, the signal intensity of the 

hybridization probes is detected (Cheng et al., 2018). The method is 

advantageous since it allows to simultaneously detect large numbers of 

circulating miRNAs (Hamam et al., 2016). Its disadvantages include a low dynamic 

range and inability to detect novel (i.e., unannotated) miRNA species; the cost of 

production and detection of microarray is also high (Cheng et al., 2018). 

4. Most of miRNA detection methods require total RNA extracts that lack of spatial 

information of miRNA in cells and tissues, so development of methods to detect 

subcellular and tissue localization of miRNAs. This is essential for direct 

assessment of expression levels in tissue. In situ hybridization (ISH) is a powerful 
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tool that identifies the expression level and the co-localization information of 

specific miRNA within individual cells or in tissue.  

5. Next-generation sequencing is another technology for detecting miRNAs based 

on deep sequencing (Wu et al., 2012). Advantages of this method is its ability to 

detect both annotated and unannotated miRNAs. Disadvantages are that it 

requires large amounts of starting material and the amount of data that must be 

analyzed requires complex bioinformatics tools. 

6.  Direct quantification of circulating miRNAs in bodily fluids has become possible 

using the NanoString nCounter platform (Oikonomopoulos et al., 2016). This is 

based on a novel digital molecular barcoding technology that enables 

quantification of the exact copy number of miRNA species in a biological sample 

(Alajez et al., 2012). Major limitation of this platform is that it can only detect up 

to 800 human miRNAs per slide.  

Given the strengths and shortcomings of each detection approach, the choice 

will largely depend on availability, type of sample, and the research question being 

addressed. The increasing development of miRNA research, has initiated novel 

approaches, developed for the detection of miRNA with various levels of sensitivity, 

specificity, multiplicity, and imaging in situ. Particularly interesting are the nucleic 

acid amplification-based methods and many of detection techniques such as droplet 

digital PCR (ddPCR), electrochemiluminescence (ECL), surface-enhanced Raman 

spectroscopy (SERS), and mass spectrometry (MS) among the many methods used 

for highly sensitive detection of miRNA. Effective and timely miRNA detection may 

enhance the miRNA functional researches and may improve clinical diagnostics, 

since they have a great potential to be considered as diagnostic, predictive and 

prognostic biomarkers (Cheng et al., 2018). 
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1.6 Aim  

The aim of the present review study is to highlight recent preclinical and 

clinical studies performed on both circulating and tissue-specific miRNAs and their 

potential role as prognostic markers in breast cancer. 

In this study we will also discuss miRNA biogenesis and function and their 

involvement in malignancy, and particularly their putative role as oncogenes or 

tumor suppressors on breast cancer. We will particularly focus on the potential role 

of miRNAs in breast cancer prognosis, and on how miRNAs have the potential to 

answer actual clinical needs, such as identification of biomarkers for prognosis, in 

order to achieve the goal of individualized cancer treatment. 
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2. MATERIALS AND METHODS 

2.1 Methods of Search Strategy and Study Eligibility  

This systematic review was conducted in accordance with the PRISMA 

guidelines (Liberati et al., 2009) and in line with the a priori protocol agreed on and 

signed by EZ and FZ. Eligible studies were sought in PubMed without any restriction 

of publication language; end-of-search date was January 28, 2019. The following 

search algorithm was used: breast[ti] AND (carcinoma OR carcinomas OR cancer OR 

cancers OR neoplasm OR neoplasms) AND (microRNA[ti] OR miR[ti] OR miRNA[ti] OR 

microRNAs[ti] OR miRs[ti] OR miRNAs[ti]) AND (prognosis[ti] OR prognostic[ti] OR 

survival[ti] OR outcome[ti] OR mortality[ti]). Eligible articles included studies 

examining the prognostic role of microRNAs in breast cancer. Only prospective and 

retrospective studies as well as case reports were considered eligible. In instances 

where multiple (overlapping) publications stemming from the same study were 

identified, the larger size study and the one with longer follow-up was included, 

unless the reported outcomes were mutually exclusive. Authors working 

independently and blindly to each other in pairs (E.Z., F.Z.) performed the selection 

of eligible studies; in case of disagreement, consensus with the whole team was 

reached.  

2.2 Data Extraction 

The extraction of data comprised general information, including the name of 

the miRNA molecule, the breast cancer type in which its expression was determined, 

method of detection, the sample type that was used, its prognostic value in breast 

cancer, its function in cancer (onco-miR or tumor suppressor-miR) and the author-

year of publication. Data were independently extracted and analyzed by a pair of 

reviewers (E.Z. and F.Z.), with 1 reviewer being blinded to the other; if needed, final 

decision was reached by team consensus. 

Eligible literature met the following criteria: (1) measured miR expression levels in 

tumor or blood samples or human cell lines; and (2) only articles in English. 

Publications were excluded if they had one or more of the following criteria: (1) 

studies referring to the prognostic role of single nucleotide polymorphisms (SNPs) in 

miRNA genes affecting their function; (2) studies that refer to the prognostic role of 
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target miRNA molecules (molecules regulated by miRs); (3) studies based solely on a 

bioinformatics approach or a computational algorithm, with survival data originated 

from databases without subsequent biological validation and (4) review papers, 

meta-analyses, comments, letters or duplicate publications. 

2.3 Definition of oncogenic miRNAs and tumor suppressor miRNAs 

According to previous publications (Liu et al., 2017), miRNAs were considered 

as tumor suppressive or protective when they were down-regulated compared with 

normal counterpart, meaning that these miRNAs were associated with a hazard ratio 

value larger than one, otherwise, they were called oncogenic miRNAs or onco-miRs 

or risky miRNAs. 
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3. RESULTS 

The search strategy retrieved 192 articles. Of these articles, 42 were irrelevant, 

11 were reviews, eight (8) were meta-analyses, six (6) were retracted articles, three 

(3) were not in English, three (3) were duplicates, two (2) were comments and 117 

were eligible. The aforementioned steps concerning the selection of studies are 

illustrated in detail in Fig. 3. Therefore, a total of 117 articles were eligible for this 

systematic review and the prognostic role of 110 miRNA molecules is described 

(Table 1). Furthermore, from our search we retrieved five studies, in which authors 

have identified six distinct microRNA signatures with prognostic value in breast 

cancer (Table 2). In the following sections (3.1 and 3.2), all the identified microRNAs 

and miRNA signatures and their potential prognostic role are presented in detail. 

 

Figure 3 Flow diagram of the study selection process 
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3.1 miRNAs with a prognostic role in breast cancer: our search results 

According to our results we have identified numerous miRNAs reported by 

various authors. All the identified microRNAs and their potential prognostic role are 

presented below (see Table 1): 

miR-1ab/206/613 family member miR-1 up-regulation has been associated with 

distant metastasis, in a study comparing stage IV breast carcinoma tissues to stage I-

III cases (Minemura et al., 2015). In fact, in the same study, abnormal miR-1 

expression was associated with an aggressive breast cancer phenotype and miR-1 

status was characterized as a potent prognostic factor in human breast cancer 

patients. miR-206 has be found to have a lower basal expression level in breast 

cancer cell lines than in normal breast cells, suggesting that up-regulation of miR-206 

expression attenuates cell survival and promotes cell apoptosis (Hesari et al., 2018). 

According to an earlier study by Li et al. (2013), miR-206 has been downregulated in 

119 (93%) tumor tissues, while decreased miR-206 has been reported to be an 

unfavorable prognostic factor for OS in breast cancer, significantly associated with 

advanced clinical stage and lymph node metastasis. On the contrary, Quan et al. 

(2018), have recently stated that miR-206 expression is higher in tumor tissues than 

in para-cancerous tissues. The same research group has reported that the 3-year 

survival rates of miR-206 high expression group were lower than that of miR-206 low 

expression group in a total of 372 cases, which may potentially have an impact on 

the prognosis of patients (Quan et al., 2018). 

miR-124, which belongs to the miR-124/124ab/506 family, exerts a tumor 

suppressor effect by targeting cyclin-dependent kinase 6, and epigenetic silencing of 

miR-124 leads to CDK6 activation and Rb phosphorylation (Oltra et al., 2018). Our 

search revealed that decreased expression of miR-124 has been correlated with 

tumor progression and poor prognosis in 133 breast cancer patients, using qRT-PCR 

(Dong et al., 2015). The correlation between miR-124 levels and the 

clinicopathological factors of the patients was also analyzed by the same authors, 

revealing an association of decreased expression with advanced TNM stage, lymph 

node metastasis and poorer pathological differentiation (Dong et al., 2015). 

Furthermore, it has been reported that miR-124-gene-hypomethylation, which leads 
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to higher miRNA expression, presents significantly better survival rates for older 

patients with breast cancers (>50 years old), identifying it as a potential specific 

survival biomarker in that specific age group (Oltra et al., 2018). 

miR-588 has been reported as downregulated in fresh frozen breast tissue 

specimens and its aberrant expression has been closely associated with patients' 

poor prognosis and overall survival, thus suggesting a potential prognostic biomarker 

role (Yu 2017). 

miR-711 aberrant overexpression has been associated with poor OS and DFS times, 

in 30 paired breast cancer and non-cancerous FFPE tissue samples (Hu 2016). 

Additionally, in vitro experiments have demonstrated that overexpression of miR-

711 promotes proliferation, colony formation, migration and invasion of breast 

cancer cells. Considering the collective data, Hu et al. (2016) have characterized miR-

711 as an independent prognostic factor in patients with breast cancer. 

The let-7 family members are often cited as the model tumor- suppressing miRNAs, 

since they negatively regulate the expression of the RAS oncogene, an oncogene that 

contributes to the pathogenesis of several types of human tumors (Elghoroury et al., 

2017). Our search revealed a study performed on 125 serum samples of patients 

with breast cancer, reporting that levels of miRNA let-7 expression negatively 

correlate with metastases (Elghoroury et al., 2017). The authors state that there is a 

probable association between decreased levels of miRNA let-7 and metastases risk, 

implying a noteworthy role of miRNA let-7 in breast cancer progression and 

prognosis. let-7b expression has been associated with the luminal subtype in a 

thorough analysis performed on 2919 formalin-fixed paraffin-embedded (FFPE) 

archival breast tumors, while according to Quesne et al (2012), it is an independent 

positive prognostic factor in this particular group (Quesne et al., 2012). let-7c/miR-

99a/miR-125b cluster has been identified as a group of miRNAs that regulate HER2 

protein expression and when lost may lead to worse outcome for patients in the 

luminal A subset (Bailey et al., 2015). Bailey at al. (2015), have discussed that 

patients with luminal A tumors, who express higher levels of these miRNAs, have 

significantly better survival than those expressing lower levels. miR-125b expression 
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has been reported as significantly increased in 221 breast cancer tissues compared 

to 49 non-cancerous tissues, and high miR-125b expression has been implicated in 

poor breast cancer prognosis (Luo et al., 2017). In addition, high miR-125b 

expression has been significantly correlated with tumor size and TNM stage in the 

HER2-positive patients, along with a poor prognosis (Luo et al., 2017). Notably, 

targeting miR-125b in Res-Let cells has been associated with a reduction in letrozole 

resistance (Vilquin et al., 2015). In serum, altered expression of miR-125b has also 

been associated with chemotherapy response and disease-free survival (DFS) (Liu et 

al., 2017). miR-99a downregulation has been associated with poor prognosis, in an 

analysis of serum collected from 72 patients with breast cancer and 40 healthy 

volunteers, suggesting a tumor suppressive role in breast cancer (Li et al., 2016). 

miR-205 has been associated with tumors of ductal morphology in a large cohort of 

FFPE tissue samples and therefore is of significant positive prognostic value within 

these tumors (Quesne et al., 2012). Another analysis performed on tissues from 84 

early breast cancer patients and a long follow-up, has revealed that downregulation 

of miR-205 is significantly associated with reduced DFI and OS in early breast cancer, 

and therefore miR-205 has been named an independent prognostic factor associated 

with early disease relapse (Markou et al., 2014). 

miR-21 expression has been found to be elevated in sera of cancer patients 

compared to healthy controls, in multiple studies (Toraih et al., 2015; Usmani et al., 

2015). Higher levels of serum miR-21 have been correlated with high grade tumors, 

extensive nodal involvement, distal metastasis, advanced clinical stages and 

poor survival of breast cancer patients (Toraih et al., 2015, Yadav et al., 2016). 

Interestingly, Usmani et al., showed higher expression of serum miR-21 in the 

daughters of stage III invasive ductal carcinoma patients compared to healthy 

controls, indicating disease inheritability (Usmani et al., 2015). Serum miR-21 has 

also been reported as a potential prognostic factor for trastuzumab therapy in HER2-

positive metastatic breast cancer patients. (Badr et al., 2018). Lastly, miR-21 

decreased serum expression has been linked to improved chemotherapy response 

and DFS, following a survival analysis of 118 breast cancer serum samples (Liu et al., 

2017). In breast cancer tissue, high level expression of miR-21 has been significantly 
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correlated with features of aggressive disease, including advanced clinical stage, 

lymph node metastasis, and reduced overall survival (Yan et al., 2008, Qian et al. 

2009, Lee et al., 2011). An analysis performed on FFPE breast tissue samples from 84 

patients with early breast cancer, has demonstrated that miR-21 is an independent 

factor associated with early DFS (Markou et al., 2014), which is in accordance with 

other studies (Qian et al., 2009). Additionally, miR-21 expression has been found to 

be up-regulated in TNBC tissue specimens, posing a correlation with poor prognosis 

in TNBC as well (Dong et al., 2014; Medimegh et al., 2014). Further results, derived 

from cell lines, have demonstrated that the upregulated miR-21 promotes tumor 

proliferation and inhibits cell apoptosis in vitro (Dong et al., 2014), while miR-21 

knockdown suppresses cell growth, migration and invasion (Yan et al., 2016). 

Collectively, the aforementioned findings emphasize the oncogenic role of miR-21 

and indicate that its high expression may serve as a molecular prognostic marker for 

breast cancer. 

miR-29b has been shown to act as a suppressive microRNA in breast cancer and as a 

marker for recurrence and metastasis of the disease (Shinden et al., 2015). 

Specifically, miR-29b decreased expression in 94 primary breast tumors has been 

significantly associated with poorer DFS and multivariate analysis has indicated that 

miR-29b expression is an independent prognostic factor for OS (Shinden et al., 2015). 

Similarly, elevated miR-29b levels have been correlated with significantly longer DFS 

and a lower risk to relapse in 121 malignant and 56 benign breast tissue samples 

(Papachristopoulou et al., 2018). Consequently, miR-29b levels constitute a 

promising biomarker of prognosis for patients with invasive lobular and ductal breast 

carcinoma. 

miR-155 levels are related to clinical features of breast cancer, although reports are 

contradictory. An analysis of all 231 patients’ tissues demonstrated a statistically 

significant negative correlation between OS and miR-155 expression level, while 

elevated miR-155 was significantly associated with late stage (stage III/IV) and high-

grade tumors, lymph node metastasis and triple-negative breast cancer (Kong 2014). 

On the other hand, Jang et al. showed that high level of miR-155 expression was 

associated with better DMFS, in 190 formalin-fixed paraffin-embedded TNBC 
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specimens (Jang et al., 2017), possibly due to a different functional involvement in 

this molecular subset. 

miR-9 has been suggested as a prognostic marker in TNBC; high level of miR-9 

expression has shown significant association with poor DFS and distant metastasis-

free survival (DMFS) in the triple-negative subtype (Jang et al., 2017). These results 

are confirmed by a later study, reporting that increased levels of miR-9 in breast 

tissue portended a significantly elevated risk of progression to malignancy with 

respect to a lower OS and shorter DFS. Subsequent experiments on breast cancer cell 

lines have shown that miR-9 can enhance the generation of cancer stem cells to yield 

an invasive phenotype (Cheng 2018). 

miR-221 belongs to the miR-221/222/222ab/1928 family, and its overexpression has 

been reported on breast tumor cells (Cheng et al., 2018); increased expression of 

miR-221 in 206 breast tissue samples has been prognostic of shorter OS and DFS 

associated with larger tumor size, poor differentiation, late-stage evolution, and 

lymph-node metastasis (Cheng et al., 2018). In another study, high miR-221 

expression has been presented as an independent poor prognostic factor in 76 

breast tissue specimens, where the RFS of patients with positive miR-221 was 

significantly shorter than of those with negative miR-221 (Eissa 2015). In vitro, miR-

221 overexpression strongly increased cell proliferation and invasion (Falkenberg et 

al., 2013). Downregulation of miR-221-3p, deriving from the 3’ prime end of the 

hairpin, likely contributes to the poor outcome of TNBC patients, through inhibition 

of PARP1, thus affecting the prognosis of TNBC patients (Deng et al., 2017). miR-222 

has been associated with the occurrence of distant metastases in tumor tissues. In 

particular, high levels of miR-222 strongly increased cell proliferation and invasion in 

vitro (Falkenberg et al., 2013). Of note, overexpression of miR-222-3p has also been 

reported as an independent prognostic factor for shorter DFS, when quantified in the 

serum of patients postoperatively (Wang et al., 2018). 

miR-200 family miRNAs (miR-141, miR-200a, miR-200b, miR-200c, miR429, miR-203 

and miR-375) expression levels have been associated with survival and metastasis in 

a number of studies. miR-200a has been identified as a potential prognostic factor 
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for OS and PFS, associated with circulating tumor cells status (Madhavan et al., 2012) 

and with a potential to detect the onset of metastasis in the plasma of patients, as 

early as 2 years prior to clinical diagnosis (Madahavan et al., 2016). miR-200b has 

been found to be elevated in plasma samples (Madahavan et al., 2012; Madahavan 

et al., 2016); however, reports have shown a tumor suppressive role as well, since it 

has exhibited significant down-regulation in both breast cancer tissues and cell lines, 

and its low expression has been correlated with poor outcome, late TNM stage, ER- 

and HER-2+ status, indicating that it may act as an independent prognostic predictor 

for breast cancer patients (Ye 2014, Yao et al., 2015). miR-200c high expression has 

been associated with shortened relapse-free survival in PR-negative tissues, with 

increased recurrence and more frequent distant metastasis, providing a refined 

predictor of outcome (Tuomarila et al., 2014). miR-200c/141 cluster overexpression 

in TNBC has been found to promote metastasis and has been deemed as a poor 

prognostic factor in TNBC, after a series of experiments on paraffin tissues, cell lines 

and xenograft animal models (Jin et al., 2017). miR-203 has been reported as a 

potential prognostic factor for OS and PFS (Madhavan et al., 2012; Madhavan et al., 

2016) associated with EMT in cell lines (Fisher et al., 2015), although this miRNA has 

also been found to be significantly higher in triple positive breast tissues, suggesting 

a potentially tumor suppressive effect on cancer progression of ER positive breast 

cancers (Yu et al., 2012). miR-203a downregulation may be a potential prognostic 

marker associated with increased stage in invasive lobular carcinomas (Gomes et al., 

2016). Elevated miR-203-5p expression has been significantly associated with 

decreased OS for TNBC, in a next generation sequencing study (Turashvili et al., 

2018). miRNA-375 expression has been found to be significantly higher in the serum 

of patients with pre/postmenopausal breast cancer and benign tumors, associated 

with receptors used for the prognosis of breast cancer (Ali et al., 2018). On the other 

hand, in a de novo analysis, miR-375 prevalence in circulation has appeared to 

reflect better clinical outcome, including NCT response and relapse with metastatic 

disease (Wu et al., 2012).  

miR-548c-5p has been emphasized as a new independent prognostic factor in TNBC, 

since a combination of the tumoral expression of miR-548c and three other known 
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prognostic parameters (tumor size, lymph node invasion and CK 5/6 expression 

status) allowed for relapse prediction (Boukerroucha et al., 2015) 

miR-320a low expression levels have been correlated with shorter OS time, with 

analysis performed on 145 FFPE breast tissue samples revealing that miR-320a is a 

potential independent prognostic biomarker for invasive breast cancer (Yang et al., 

2014). 

miR-199b-5p down-regulation in breast cancer patients has been associated with 

malignant clinical characteristics. Analysis results on 131 snap frozen tissue samples 

and cell lines have shown that breast cancer patients with high levels of miR-199b-5p 

had a better OS than those with low levels, considering miR-199b-5p as a 

potential prognostic biomarker for breast cancer (Fang et al., 2016). 

miR-22 elevated expression levels have been associated with poor OS, while it has 

been associated with epithelial-mesenchymal transition (EMT), a key alteration in 

progression of cancer cells, after functional experiments on breast cancer cell lines 

(Pandey et al., 2015). In contrast, miR-22 has been reported to function as a tumor 

suppressor in 122 FFPE tissue specimens, and as such, it has been significantly 

correlated with TNM stage, local relapse, distant metastasis, and survival of breast 

cancer patients (Chen et al., 2016). 

miR-218 elevated expression has been observed in clinical breast cancer specimens 

compared to normal tissues; however, after stratifying of patients according to their 

clinicopathological features in the same study, lower expression was associated with 

lymph node metastases, higher grades, and poorer prognosis of patients 

(Ahmadinejad et al., 2017). 

miR-127 has been found to be significantly downregulated in 110 breast cancer 

tissues, and low miR-127 expression has been significantly correlated with lymph 

node metastasis, advanced clinical stage and poorer overall survival. Additional 

functional analyses in the same study showed that upregulation of miR-127 

significantly inhibited growth, enhanced apoptosis, and reduced migration and 

invasion in breast cancer cells (Wang et al., 2014). 
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miR-644a expression and its gene signature have been implicated in tumor 

progression and distant metastasis-free survival. In fact, according to Raza et al., 

breast cancer patients with high miR-644a signature have significantly longer distant-

metastasis-free survival, suggesting miR-644a as a novel tumor suppressor involved 

in progression and metastasis of breast cancer (Raza et al., 2016). 

miR-361-5p overexpression has been involved in a significantly better 

clinical outcome and DFS, holding an important prognostic value, especially for 

patients with TNBC. These findings from 375 female patients may therefore highlight 

the prognostic value of miR-361-5p expression in breast cancer. (Cao et al., 2016) 

miR-183 family includes miR-183, miR-96, and miR-182; aberrant expression of the 

miR-183/-96/-182 cluster in breast cancer tissues has been associated with 

aggressiveness in multiple cancers, including breast cancer, since an increased miR-

183/182/96 cluster level has been correlated with local relapse, distant metastasis 

and poor clinical outcomes (Song et al., 2016). miRNA 182 expression has been 

found to be higher in the serum of patients with pre/postmenopausal breast cancer 

and benign tumors, significantly associated with receptors used for the prognosis of 

breast cancer (Ali et al., 2018). miR-182 has also been reported to be significantly 

over expressed in TNBC, associated with lymph node metastases occurrence and 

strongly correlated with patients' genico-obstetric history in non TNBC, in a study 

performed on 60 triple-negative and non-TNBC cases, along with corresponding 

healthy samples from adjacent tissues (Medimegh et al., 2014). miR- 96 has been 

reported as a potential prognostic factor for OS, associated with the key EMT 

phenomenon and with the regulation of growth factors involved in G1- to S-phase 

transition (Fisher et al., 2015). 

miR-145 loss of expression has been related to the development of breast cancer 

and Liu et al. (2016), has shown on 257 female patients, that low miR-145 expression 

might be an adverse prognostic factor. These results are confirmed by Quan et al. 

(2018), who have recently reported that the 3-year survival rates of miR-145 low 

expression group are lower compared to those exhibiting high miR-145 expression. 
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miR-493 high expression has been correlated with better disease-free survival and 

further analysis has revealed that miR-493 expression levels have been significantly 

prognostic in 382 TNBC patients (Yao et al., 2018).  

miR-30 family members (miR-30abcdef/30abe-5p/384-5p) seem to hold a prognostic 

value, according to our search results. miR-30a decreased levels have been 

associated with breast cancer progression in a survival analysis (Cheng et al., 2012), 

where overexpression suppressed the migration and invasiveness phenotypes of 

breast cancer cell lines. Moreover, reduced tumor expression of miR-30a in breast 

cancer patients have been associated with an unfavorable outcome, including late 

tumor stage, lymph node metastasis, and worse progression (mortality and 

recurrence) (Cheng et al., 2012). Additionally, low expression of miR-30a has been 

suggested as an independent predictor of decreased OS and RFS in TNBC (Turashvili 

et al., 2018). Low miR-30a-3p, and miR-30a-5p expression, have been significantly 

associated with decreased overall survival (OS) and with shorter relapse-free survival 

(RFS) in TNBC (Turashvili et al., 2018). miR-30c-5p has also been suggested as a 

prognostic factor for RFS in TNBC, following validation by qRT-PCR in 51 tissue 

samples (Turashvili et al., 2018). miR-30e* expression has been identified as a 

protective prognostic marker in breast cancer, mainly in the ESR1+/ERBB2− subtype 

(D'Aiuto et al., 2015). 

miR-4653-3p high tissue expression level has been presented as a potential predictor 

for favorable DFS, in 400 HR+ breast cancer patients receiving tamoxifen adjuvant 

therapy (Zhong et al., 2016) 

miR-148a low expression has been linked to diagnosis of high-grade primary tumors 

and poor prognosis of breast cancer patients, particularly for patients with Basal and 

Luminal B subtypes. Importantly, reduced miR-148a expression has been detected in 

higher-grade tumor samples and correlated with increased likelihood to develop 

metastases and poor prognosis in subsets of breast cancer patients, particularly 

those with TNBC. Therefore, low expression of miR-148a has been significantly 

associated with worse overall survival in patients classified as triple negative. (Xu et 

al., 2016) 
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miR-10b has been presented as a potential biomarker that could play a predictive 

role in lymph node metastases occurrence across TNBC and in the incidence of high-

grade tumors in non-TNBC cases (Medimegh et al., 2014). Eleveted expression 

of miR-10b in 108 pairs of tumor and non-tumor breast tissue samples has been 

associated with adverse outcome, which is further supported from data derived from 

in vitro studies (Chang et al., 2014). miR-10b expression has also been associated 

with clinical outcome in a prospective cohort of paired breast tumor and normal 

specimens (n=150). Finally, a survival analysis of 230 breast tissue samples has 

shown that high levels of miR-10b result to a short relapse free survival (RFS) of 

breast cancer, acting as an independent prognostic factor of RFS (Eissa et al., 2015). 

miR-34a/b/c expression has been examined in plasma collected from 173 TNBC 

patients and from 75 age-matched healthy women, revealing that reduced miR-34a 

and miR-34c expression is highly associated with tumor progression and indicates 

worse prognosis (Zeng et al., 2017). miR-34a expression activation has also been 

proposed as a marker for a lower risk of recurrence or death from breast cancer, in a 

study performed on a large cohort of breast tumors (n=1,172) on TMAs (Peurala et 

al., 2011). However, there is a study stating that the overexpression of miR-34a in 

FFPE tissue samples of breast cancer patients is linked to poor responses (Chen et al., 

2016). miR-34c, has also been presented as an independent risk factor for OS in 

TNBC patients (Zeng et al., 2017). Expression levels of miR-34b have been shown to 

negatively correlate with disease free survival (DFS) and (OS) of 39 TNBC patients. 

(Zvoboda et al., 2012). 

miR-601 has been found to be significantly down-regulated in breast cancer tissues 

compared with matched adjacent non-cancerous breast tissues (30 pairs). Moreover, 

it has been demonstrated, in a larger cohort (n=150), that down-regulation of miR-

601 has been closely associated with distant metastasis and poor distant metastasis-

free survival in breast cancer, with miR-601 levels inversely correlated with 

metastatic potential of human breast cancer cell lines. (Hu et al., 2016) 

miR-638 decreased expression has been significantly correlated with lymph node 

metastasis TNM stage, and shorter overall survival, after analysis of tissues collected 
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from 125 breast cancer patients (Li et al., 2018). Notably, in cell lines, 

downregulation of miR-638 has been capable of promoting cell proliferation, 

migration, and invasion (Li et al., 2018). Additionally, in TNBC, high levels of miR-638 

and abnormal BRCA1 detection have been significantly associated with a better 

overall survival (Zavala et al., 2016) 

miR-146a high levels and abnormal BRCA1 detection in TNBC have been significantly 

associated with a better overall survival for patients with BRCA1-deficient TNBC 

tumors (Zavala et al., 2016). 

miR-374a levels have been found to be lower in breast cancer tissues than in normal 

tissues and miR-374a to be differentially distributed in breast cancer, leading to a 

distinct variation in breast cancer prognosis (Li et al., 2013). It has been suggested 

that miR‐374a may function as a tumor oncogene and contribute to breast cancer 

development, from data obtained from a pan‐cancer tissue microarray (Zhang et al., 

2018). 

miR-409-3p expression in breast cancer specimens has been observed to be 

decreased compared with matched normal breast tissues. Results obtained from 190 

pairs of BC tissues and adjacent nontumor tissues, have revealed that miR-409-3p 

may be related to the prognosis of patients with breast cancer and might be a 

promising predictor of recurrence (Cao et al., 2016). 

miR-125a-5p low expression has been associated with lower survival rates and 

expression of miR-125a-5p has been found to be relatively lower in patients with 

shorter survival compared to long-term survivors. It has been shown that miR-125a-

5p exerts a tumor suppressive function, both in vitro and in vivo and it has been 

proposed as a useful prognostic biomarker in breast cancer (Hsieh et al., 2015).  

miR-874 expression has been found to be downregulated in 47 pairs of breast cancer 

tissues. Zhang et al. have suggested that miR-874 expression may be a prognostic 

biomarker of OS in breast cancer patients, mediated through DNA methylation. 

(Zhang et al., 2017) 
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The miR-15abc/16/16abc/195/322/424/497/1907 family consists of multiple miRs. 

miR-15a low expression in primary tumors has been significantly correlated with 

shorter disease-free survival and overall survival compared to the high miR-15a 

expression in TNBC cases, with low miR-15a expression acting as an independent 

prognostic factor for overall survival (Shinden et al., 2015). miR-16 overexpression 

has been shown to remarkably inhibitE2 induced cell proliferation of breast cancer 

cells, while further studies have shown that this miRNA is significantly higher in triple 

positive compared with triple negative breast tissues (Yu et al., 2012). miR-497 

expression levels have been significantly lower in HER2-positive and TNBC tissues, 

while patients with a higher miR-497 expression had a relatively better 5-year 

survival rate (Liu et al., 2016). In addition, low miR-497 expression has been 

correlated with poor prognosis of breast cancer patients in a recent study (Zhong et 

al., 2018). 

miR-129-5p down-regulation has been correlated with advanced clinical stage and 

poor prognosis in 200 tissue specimens from patients with breast cancer. The same 

researchers have also noted that miR-129-5p down-regulation fosters EMT 

in breast cancer, after a series of experiments in cell lines (Yu et al., 2015). 

miR-370 high levels of expression have been related with lymph node metastasis, 

advanced stage, and frequent perineural invasion in 60 primary breast cancer 

tissues. Moreover, patients with high miR-370 expression have presented poor 

disease-free survival compared to the low-expression group. Therefore, upregulation 

of miR-370 in breast cancer has correlated with breast cancer progression. (Sim et 

al., 2015)  

miR-301a belongs to the miR-130ac/301ab/301b/301b-3p/454/721/4295/3666 

family and has been upregulated in cancer tissues compared with adjacent 

noncancerous tissues (Yu et al., 2014). Furthermore, high miR-301a expression has 

been significantly associated with larger tumor size and LNM (Yu et al., 2014) and a 

decreased OS (Zheng et al., 2018). Analyzing miR-301a expression in breast tissue 

biopsies at the time of diagnosis could potentially identify candidates for active 

surveillance, acting as an independent prognostic factor for the survival of patients 
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with breast cancer (Zheng et al., 2018, Yu et al., 2014). miR-454 high expression has 

been indicative of worse disease-free survival (DFS) in 534 stage I-III breast cancer 

FFPE tissues from female patients (Cao et al., 2016). In addition, miR-454 was 

positively correlated with worse clinical outcome in the TNBC subtype in the same 

study. Interestingly, patients in the low miR-454 expression cohort had better 

response to anthracycline compared to non-anthracycline chemotherapy, suggesting 

that miR-454 may act as a potential predictor of prognosis and chemotherapy 

response in TNBC (Cao et al., 2016). miR-454-3p has been identified as a potential 

prognostic marker for DFS, in tumor interstitial fluid of breast tumors (Halvorsen et 

al., 2016). 

miR-24-3p has been upregulated in patients with metastases, both in plasma and in 

breast cancer tissues (Khodadadi-Jamaryan et al., 2018). Furthermore, patients 

whose primary tumors expressed high levels of miR-24-3p have had a significantly 

lower survival rates, in results obtained through an in-silico analysis (Khodadadi-

Jamaryan et al., 2018). miR-24-2* has been associated with tumor suppressive 

activity, since according to Martin et al. (2014), overexpression results in suppression 

of cell survival. Of note, a similar biological change has been observed in vivo (Martin 

et al., 2014). 

miR-940 downregulation has been detected in breast cancer patients compared with 

healthy controls, while decreased miR-940 expression has also been found in 128 

TNBC serum samples, suggesting that serum downregulated miR-940 may serve as a 

prognostic biomarker in breast cancer patients. (Liu et al., 2018) 

miR-329 down-regulation has been proposed as an effective diagnostic and 

prognostic biomarker through analysis of 134 breast cancer tissues and 70 healthy 

volunteers, while in silico analysis confirmed the initial results obtained from 

biological experiments (Li et al., 2017).  

miR-1247-5p low expression in breast cancer tissues has been significantly 

associated with the advanced TNM stage, lymph node metastasis, poorer 

pathological differentiation and molecular subtype (Zhang et al., 2018). Patients in 

the low miR-1247-5p group have presented shorter disease-free survival and overall 
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survival than those in the high miR-1247-5p group, highlighting its potential role as a 

tumor suppressor (Zhang et al., 2018). Moreover, functional studies have shown that 

overexpression of miR-1247-5p inhibits proliferation and induces apoptosis in breast 

cancer cells (Zeng et al., 2018). In silico analysis, including 839 breast cancer patients 

has further demonstrated that miR-1247-5p is an independent prognostic indicator 

for overall survival and recurrence-free survival (Zeng et al., 2018).  

miR-204 (miR-204/204b/211 family) low expression has been significantly associated 

in 129 breast tissue samples with TNM stage, metastasis and a poorer overall 

survival and disease-free survival time than those with high miR-204, while it has 

been also correlated with chemotherapeutic resistance (Li et al., 2014). 

miR-494 has exhibited prognostic value for patients with invasive breast carcinoma. 

Specifically, among node-negative disease, reduced levels of miRNA-494 have 

predicted 8.5-fold risk of breast cancer death (Gurvits et al., 2018). 

miR-27a high expression has been associated with poor overall survival in 102 

patients with breast cancer (Tang et al., 2012). miR-27a promotes tumor growth and 

metastasis which suggests that miR-27a could be a valuable marker 

of breast cancer progression (Tang et al., 2012). miR-27b-3p has been characterized 

as an independent predictor of poor prognosis for TNBC, according to a prediction 

model developed based on independent clinicopathological and miRNA covariates 

(Shen et al., 2014). 

miR-133a reduced expression has been observed in cancerous tissues and in cell 

lines, and has been associated with lymph nodes metastasis, high clinical stages, and 

shorter relapse-free survivals of patients with breast cancer (Wu et al., 2012). 

Furthermore, in cell lines, transfection of miR-133a oligonucleotides significantly 

decreased migration and invasion capacity of breast cancer cells, while knockdown 

of miR-133a expression induced breast cancer cell migration and invasion (Wu et al., 

2012). 

miR-19a high serum levels have been associated with inflammatory breast cancer 

(IBC), since patients with metastatic IBC have exhibited significantly higher serum 
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miR-19a median levels than patients with metastatic non-IBC (Anfossi et al., 2014). 

Finally, high serum miR-19a levels have been associated with longer progression-free 

survival time and longer overall survival time in patients with metastatic HER2(+) IBC 

(Anfossi et al., 2014). Upregulated miR-19b expression has been observed in breast 

cancer tissues and cells compared to controls and it has been associated with distant 

metastasis, poor overall survival and TNM stage, as an independent prognostic factor 

(Li et al., 2018). 

miR-339-5p reduced expression has been associated with an increase in metastasis 

and with high-stage, while patients with miR-339-5p expression have showed better 

OS and relapse-free survivals compared with those without miR-339-5p expression 

(Wu et al., 2010). 

 miR-143 has been found to be significantly higher in triple positive breast tissues, 

suggesting a potentially tumor suppressive effect on cancer progression of ER 

positive breast cancers (Yu et al., 2012). A functional analysis performed using cell 

lines, has shown that miR-143 inhibits breast cancer cell proliferation (Yu et al., 

2012). 

miR-187 expression in breast cancer has been found to lead to a more aggressive, 

invasive phenotype and act as an independent predictor of outcome. Utilizing a 

comprehensive bioinformatics approach, Mulrane et al. have discovered that miR-

187 is associated with poor outcome in two independent breast cancer cohorts. 

(Mulrane et al., 2012). 

miR-597 low expression has been observed to be closely associated with positive 

lymph node metastasis, higher TNM stage, poorer pathological differentiation and a 

shorter overall survival time. Therefore, miR-597 has been presented as an 

independent prognostic indicator of overall survival, with decreased miR-597 

expression suggesting unfavorable prognosis for breast cancer patients (Zhang et al., 

2018). 

miR-210 expression has been associated with tumor proliferation and 

differentiation. Furthermore, miR-210 has been associated with poor clinical 
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outcome in ER-positive, tamoxifen-treated breast cancer patients (Rothé et al., 

2011). miR-210 expression in TNBC has been found to be significantly higher than in 

estrogen receptor-positive/HER2-negative breast cancers, whereas patients that 

showed low miR-210 expression experienced significantly better disease-free and 

overall survival than those with high miR-210 expression (Toyama et al., 2012). 

Functional analyses in breast cancer cell lines have revealed that miR-210 

involvement in cell proliferation, migration and invasion (Rothé et al., 2011), and its 

high prognostic power for DFS when transferred into the clinical setting of primary 

breast cancer (Bleckmann et al., 2015). Notably, one of the earliest studies states 

that, miR-210 overexpression is induced by hypoxia and its expression levels in 

breast cancer samples are an independent prognostic factor (Camps et al., 2008). 

miR-210-3p expression levels have also been associated with a better prognosis in 

terms of overall survival, through EMT regulation (Fisher et al., 2015)  

miR-1179 expression has been found to be downregulated in breast cancer tissues 

and cell lines, with low miR-1179 expression correlated with lymph node metastasis, 

advanced clinical stage and shorter overall survival (Li et al., 2018). miR-1179 has 

been presented as a tumor suppressor and an independent prognostic factor of 

overall survival in breast cancer patients (Li et al., 2018). 

miR-7 expression has been associated with tumor size, tumor grade, ER and PR 

status and according to Uhr et al. (2018), it appears to be associated with a generally 

more aggressive tumor type; miR-7 expression has also been related to prognosis in 

ER-positive tumors, associated with more aggressive features (Uhr et al., 2018). 

miR-574 overexpression in FFPE tissue samples of breast cancer patients with poor 

responses has suggested that this specific miRNA could serve as a potential 

candidate used for detection and optimal chemotherapeutic choices for breast 

cancer patients (Chen et al., 2016). miR-574-3p has also been identified as a 

potential novel prognostic marker for breast cancer, with miR-574-3p being down-

regulated in tumor samples. Independent validation of signatures (for OS) further 

strengthened the study findings (Krishnan et al., 2015). 
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miR‐590‐3p overexpression has significantly induced apoptosis in breast cancer cell 

lines; on the contrary, knockdown of miR‐590‐3p in these cells has led to a 

significantly higher viability (Abdolvahabi et al., 2018). 

miR-330-3p expression level has been significantly higher in 233 breast cancer 

specimens than that in corresponding noncancerous tissues and high levels of miR-

330-3p have been correlated with shorter 5-year overall survival of breast cancer 

patients. miR-330-3p upregulation may be associated with prognosis in patients with 

breast cancer. (Wang b et al., 2018) 

miR-451 overexpression has been linked to an increase in apoptosis, and, 

importantly, restoration of the growth-inhibitory effectiveness of SERMs in 

endocrine-resistant cells. Opposite effects have been reported by miR-451 

knockdown (Bergamaschi et al., 2012). 

miR-122, member of the miR-122/122a/1352 family, has exhibited strong 

correlations with clinical outcomes. Higher levels of circulating miR-122 specifically 

predicted metastatic recurrence in stage II-III breast cancer patients, while it has 

been reported that miR-122 prevalence in the circulation predicts BC metastasis in 

early-stage patients (Wu et al., 2012). 

 

3.2 miRNA signatures with a prognostic role in breast cancer: our search results 

According to our search, we retrieved five studies, in which authors have 

identified six distinct microRNA signatures with prognostic value in breast cancer, 

based on miRNA expression levels in tissue or serum samples (see Table 2): 

1. A 10-miRNA classifier incorporating miR-21, miR-30c, miR-181a, miR-181c, miR-

125b, miR-7, miR-200a, miR-135b, miR-22 and miR-200c has been developed in 

order to predict distant relapse free survival (DRFS). With this classifier, 

HR+HER2- patients are scored and classified into high-risk and low-risk disease 

recurrence, which is significantly associated with 5-year DRFS of the patient. The 

patients with high-risk recurrence determined by this classifier benefit more from 

chemotherapy. (Gong et al., 2016) 
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2. Four miRNAs have been used to construct a miRNA signature, after analysis of 

159 breast cancer tissue samples. According to the analysis, miR-191-5p 

increases, whereas miR-214-3p, miR-451a, and miR-489 inhibits cell proliferation, 

migration, and invasion abilities. Risk scores derived from the 4-miRNA signature 

are calculated to stratify the patients into high- or low-risk groups. Patients with 

high-risk scores have poorer overall survival and disease-free survival. The miRNA 

signature has been presented as an independent prognostic factor. (Chen et al., 

2018) 

3. A 4-miRNA signature has been identified given by miR-155, miR-493, miR-30e 

and miR-27a expression levels, that allows subdivision of TNBCs into high risk and 

low risk groups. This signature has both diagnostic and prognostic value, 

predicting outcomes of patient treatment with the two most commonly used 

chemotherapy regimens in TNBC. (Gasparini et al., 2014) 

4. Two miRNA signatures predictive of overall survival and distant-disease free 

survival for patients 50 yrs of age or younger have been identified. In particular, 

the expression levels of three “risk-associated” (miR-125b, 655, 421) and four 

“protective” miRNAs (miR-16, 374a/b, 497) are being used. (Cascione et al., 

2013) 

5. A tissue microRNA (miRNA) signature has been identified, that predicts prognosis 

in young breast cancer patients. Three candidate miRNAs (miR-183-5p, miR-194-

5p, and miR-1285-5p) have been detected, that could be used as prognostic 

biomarkers in young breast cancer patients (Hironaka-Mitsuhashi et al., 2017) 
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4. DISCUSSION 

In the past few years, miRNAs have attracted considerable attention in the 

cancer research field, due to their regulatory actions in multiple levels. Specifically, 

according to numerous studies, miRNAs are involved in the regulation of key 

biological processes implicated in breast cancer initiation, progression and 

metastasis, including cell proliferation, cell death, apoptosis, immune response, cell 

cycle energetics, metabolism, replicative immortality, senescence, invasion (McGuire 

et al., 2015), and in angiogenesis (Goh et al., 2016). 

Several lines of evidence have proven that in breast cancer, alterations in the 

expression levels of miRNAs are due to a number of mechanisms, such as epigenetic 

control, transcription factors, or the effect of mutated proteins. miRNAs are 

emerging as novel prognostic biomarkers for breast cancer (Bertoli et al., 2015). This 

is due to the immense need for early determination of breast prognosis, which is 

essential for defining the proper treatment regimen of patients. Depending on the 

target gene that they regulate, miRNAs can either serve as “tumor suppressor miRs” 

by repressing oncogenes or as “onco-miRs” by targeting tumor suppressor genes. 

However, a number of miRNAs play both tumor suppressor and onco-miR roles 

depending on the cellular context and tumor type (Muluhngwi et al., 2017).  

In this context, miRNAs can serve as prognostic biomarkers in breast cancer. 

A prognostic biomarker should indicate a patient’s outcome, for example, disease 

recurrence or disease progression, independent of the treatment regimen that was 

followed. The aim of the present review has been to highlight recent preclinical and 

clinical studies performed on circulating and tissue-specific miRNAs and therefore 

identify their potential role as prognostic markers in breast cancer. We have 

identified several studies that investigate the potential correlation between miRNA 

profile expression in breast cancer tissue, in the circulation and in breast cancer cell 

lines and their possible use as prognostic factors. Although various miRNAs were 

found to be associated with prognosis in breast cancer, most of these miRNAs were 

assessed in only a single study. Six miRs (miR-10b, miR-200b, miR-21, miR-203, miR-

373, and miR-210) were evaluated in at least 4 studies.  
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MiR-21 is one of the most extensively studied cancer-related miRNAs and its 

aberrant expression and deregulation may play an pivotal role in the majority of 

cancers (Pfeffer et al., 2015) miR-21 may serve as a key regulator of oncogenic 

processes, including tumor growth, migration, and invasion (Selcuklu et al., 2009), 

through targeting the pro-apoptotic phosphatase and tensin homolog (PTEN) and 

promoting tumor cell proliferation (Dong et al., 2014). According to our initial search 

results, we retrieved 12 studies (Table 1) and four meta-analyses (Pan et al., 2014; 

Wang et al., 2015; Tang et al., 2015; Jinling et al., 2017) focusing on the prognostic 

value of miR-21, which collectively provide robust evidence that miR-21 up-

regulation is associated with poor outcomes in cancer patients.  

Mir-210 has multiple functions in cancer cells and is involved in angiogenesis, 

cell cycle regulation, DNA damage repair, mitochondrial metabolism, and immune 

response (Qin et al., 2014). According to our search results, including 7 studies 

(Camps et al., 2008; Rothé et al., 2011; Toyama et al., 2012; Madhavan et al., 2012; 

Bleckmann et al, 2015; Boukerroucha et al., 2015, Madhavan et al., 2016), high 

expression of miR-210 has been significantly associated with poor survival in patients 

with breast cancer. Notably, single miR-210 assay has been proposed as an 

independent prognostic factor in this disease.  

Concerning miR-10b, our findings, further elaborated in section 3.1., 

emphasize the oncogenic role of miR-10b and indicate that its high expression may 

be correlated with poor survival in breast cancer, while a metanalysis derived from 

our initial search further strengthens our findings (Wang et al., 2016).  

miR-200b and miR-203 have both been characterized as tumor suppressors in 

multiple tumor types (Liu et al., 2017). However, there seems to be an inconsistency 

in the existing literature, since we retrieved two studies that have found that higher 

expression of circulating miR-200b and miR-203 is associated with worse outcome 

(Madhavan et al., 2012; Madhavan et al., 2016). However, other studies on tissue 

samples and cell lies presented inverse results (Ye et al., 2014; Yao et al., 2015; Yu et 

al., 2014), potentially highlighting the diverse regulatory roles of miRNA molecules 

depending on the cellular context and biological sample (blood VS tissue).  
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In addition, our search retrieved five studies that have found six miRNA 

signatures to be useful for predicting the outcome of breast cancer (Cascione et al., 

2013; Gasparini et al., 2014; Gong et al., 2016; Hironaka-Mitsuhashi et al., 2017; 

Chen et al., 2018). Coordinated regulation of multiple miRNAs of potential prognostic 

value, has helped researchers identify panels of prognostic microRNAs for breast 

cancer. The discovery of microRNA expression signatures shows considerable 

promise for determining the prognosis of individuals with breast cancer. Similar 

miRNA signatures have been identified in a variety of other cancers, including acute 

myeloid leukemia, chronic lymphocytic leukemia, colon cancer, pancreatic cancer, 

and non-small cell lung cancer (Grady et al., 2010). These reports highlight that this 

class of RNA molecules is showing substantial potential to be used as prognostic 

biomarkers for cancer. 

Among the limitations of this effort, it should be stressed that this process 

was essentially driven by the search algorithm, which focused mainly on titles of the 

published literature, in an effort to provide more relevant results. Furthermore, clear 

heterogeneity was observed in our results, due to differences in patient 

characteristics (ethnicity, age, tumor stage, and grade) and the use of different 

isolation and detection methods, cut-off values for miRNA expression levels, sample 

preparation methods and sample types (i.e., paraffin-fixed, formalin-fixed, freshly 

frozen tumors, plasma or serum).  

Conclusions and future perspectives 

Based on the results of this systematic review, we believe that miRNA 

detection may be a useful tool in the prognosis of breast cancer. Prognosis plays a 

vital role for medical oncologists in patient management and in making clinical 

decisions that are aligned with their patients’ needs and goals of care. Prognostic 

studies can address important questions that are relevant to patient outcomes, 

though they must be rigorously and carefully designed to ensure that we obtain 

reliable results (Halabi and Owzar, 2010). The thorough validation of prognostic 

factors is a necessary and unavoidable process in order to minimize uncertainty in 

predicting outcome in future breast cancer patients. Therefore, extensive validation 
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studies focusing on particular miRNAs or miRNA panels should be performed to 

relate baseline clinical and experimental covariables to outcome. Eventually, all the 

reviewed molecular studies may help in bringing prognostic miRNAs closer to clinical 

practice. 
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6. TABLES 

Table 1 List of prognostic microRNAs in breast cancer 

PROGNOSTIC 

microRNA 

BREAST 

CANCER 

TYPE 

DETECTION 

METHOD 

PROGNOSTIC VALUE ROLE BIOLOGICAL SAMPLE REFERENCES 

let-7 breast 

cancer not 

classified 

qRT-PCR potential prognostic biomarker as 

altered levels of miR-let-7 are 

associated with metastases risk 

tumor 
suppressor 

serum Elghoroury et al., 2017 

let-7-3p TNBC NGS, qRT-

PCR 

independent prognostic factor for OS, 

DFS 

onco-miR FFPE Turashvili et al., 2018 

let-7b luminal 

subtype 

qRT-PCR, 

LNA-ISH, 

TMAs 

independent prognostic factor for OS 

associated with luminal tumors 

tumor 
suppressor 

FFPE Quesne et al.,  2012 

let-7c/miR-

99a/miR-125b 

cluster 

estrogen-

dependen

t human 

breast 

cancer cell 

line 

Nanostring, 

qRT-PCR, 

luciferase 

report assay 

potential prognostic factor for OS in 

the luminal A subtype 

tumor 
suppressor 

cell lines Bailey et al., 2015 

miR-1 ER‐

positive, 

stage IV 

breast 

microRNA 

PCR array, 

microarray, 

ISH, IHC 

independent worse prognostic factor 

of DFS and breast cancer‐specific 

survival associated with stage, lymph 

node metastasis, distant metastasis, 

onco-miR FFPE Minemura et al., 2015 
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cancer histological grade, ER status, PR status 

and Ki‐67 

miR-10b breast 

cancer not 

classified, 

TNBC 

(Medimeg

h et al., 

2014) 

qRT-PCR independent prognostic factor for DFS 

associated with distant metastasis, 

occurrence in TNBC, associated with 

genico-obstetric history  

onco-miR FFPE, fresh frozen tissue, 

cell lines 

Parrella et al., 2014; Chang et 

al., 2014; Medimegh et al., 

2014; Eissa et al., 2015 

miR-122 breast 

cancer not 

classified 

(stage II-

III) 

qRT-PCR, 

NGS 

potential prognostic factor for disease 

relapse, predictor of metastasis 

onco-miR serum Wu et al., 2012 

miR-124 breast 

cancer not 

classified, 

(>50 years 

old) 

qRT-PCR prognostic factor for OS associated 

with advanced TNM stage, lymph 

node metastasis and poorer 

pathological differentiation, 

associated with age at diagnosis (>50 

years old) 

tumor 
suppressor 

FFPE, fresh frozen tissue Dong et al., 2015; Oltra et al., 

2018 

miR-1247-5p breast 

cancer not 

classified 

qRT-PCR independent prognostic indicator for 

DFS, OS 

tumor 
suppressor 

FFPE, fresh frozen tissue, 

cell lines 

Zeng et al., 2018; Zhang et al., 

2018 
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miR-125a-5p breast 

cancer not 

classified 

microarray, 

qRT-PCR, 

luciferase 

assay, ISH, 

IHC 

potential prognostic factor for OS, 

progression-free survival (PRS) 

tumor 
suppressor 

serum, cell lines Hsieh et al., 2015 

miR-125b HER2 

positive 

breast 

cancer 

(Luo et al., 

2017), 

stage II/III 

breast 

cancer 

(Liu et al., 

2017) 

qRT-PCR, 

ISH 

prognostic factor for OS, DFS, 

associated with aromatase inhibitor 

esistant breast cancers 

onco-miR FFPE, serum, cell lines Vilquin et al., 2015; Luo et al., 

2017; Liu et al., 2017 

miR-1260 breast 

cancer not 

classified 

microRNA 

arrays, qRT-

PCR 

potential prognostic factor for OS onco-miR plasma Madhavan et al., 2016 

miR‐126‐5p breast 

cancer not 

classified 

microRNA 

arrays 

potential prognostic factor for DFS onco-miR FFPE, 

interstitial breast tumor 

fluids, serum 

Halvorsen et al., 2016 

miR-127 breast 

cancer not 

qRT-PCR prognostic factor of OS tumor 
suppressor 

fresh frozen tissue, cell 

lines 

Wang et al., 2014 
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classified 

miR-1274a breast 

cancer not 

classified 

microRNA 

arrays, qRT-

PCR 

potential prognostic factor for OS, PFS onco-miR Plasma Madhavan et al., 2016 

miR‐1274b breast 

cancer not 

classified 

microRNA 

arrays 

potential prognostic factor for DFS onco-miR FFPE, 

interstitial breast tumor 

fluids, serum 

Halvorsen et al., 2016 

miR-128-3p TNBC qRT-PCR prognostic factor for RFS tumor 
suppressor 

FFPE Turashvili et al., 2018 

miR-129-5p breast 

cancer not 

classified 

qRT-PCR, 

luciferase 

report assay 

potential prognostic factor for OS, 

DFS, associated with EMT 

tumor 
suppressor 

FFPE, fresh frozen tissue, 

cell lines 

Yu et al., 2015 

miR-133a breast 

cancer not 

classified 

qRT-PCR, 

TMA, ISH, 

Luciferase 

assay 

potential prognostic factor for DFS 

associated with migration and 

invasion 

tumor 
suppressor 

FFPE, fresh frozen tissue, 

cell lines 

Wu et al., 2012 

miR-140 breast 

cancer not 

classified 

qRT-PCR, 

microarray 

asocciated with poor response and 

chemotherapy resistance 

onco-miR FFPE, cell lines Chen et al., 2016 

miR-141 breast 

cancer not 

classified 

microRNA 

arrays, qRT-

PCR 

potential prognostic factor for OS, PFS 

associated with circulating tumor cells 

status 

onco-miR plasma Madhavan et al., 2012; 

Madhavan et al., 2016 

miR-143 triple 

possitive 

breast 

qRT-PCR, 

Western 

blot, 

potentially tumor suppressive effect 

on cancer progression of ER positive 

breast cancers, impairment of cell 

tumor 
suppressor 

FFPE Yu et al., 2012 
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cancer luciferase 

report 

assay, MTS 

assay 

proliferation 

miR-144 breast 

cancer not 

classified 

microRNA 

arrays, qRT-

PCR 

potential prognostic factor for OS, PFS miR-144 
tumor 
suppressor 

PLASMA Madhavan et al., 2016 

miR-145 breast 

cancer not 

classified 

qRT-PCR potential prognostic factor for DFS, OS 

(3-year survival rate) 

tumor 
suppressor 

fresh frozen tissue Liu et al., 2016; Quan et al., 

2018 

miR-146a BRCA1-

deficient 

TNBC 

tumors 

qRT-PCR potential prognostic factor for OS tumor 
suppressor 

FFPE, cell lines Zavala et al., 2016 

miR-148a TNBC qRT-PCR, 

microarray 

potential prognostic factor for OS 

associated with metastasis 

tumor 
suppressor 

Cell lines, mouse models Xu et al., 2016 

miR-155 TNBC, 

breast 

cancer not 

classified 

qRT-PCR, 

microarray, 

luciferase 

report assay 

prognostic factor of DMFS, associated 

with lymph node metastasis 

tumour 
suppressor 
(Jang 2017), 
onco-miR 
(Kong 2014) 

FFPE, fresh frozen tissue, 

cell lines 

Kong et al., 2014; Jang et al., 

2017 

miR-15a TNBC qRT-PCR prognostic factor for OS, DFS tumor 
suppressor 

fresh frozen tissue Shinden et al., 2015 

miR-16 triple 

possitive 

breast 

qRT-PCR, 

Western 

blot, 

potentially tumor suppressive effect 

on cancer progression of ER positive 

breast cancers, impairment of cell 

tumor 
suppressor 

FFPE Yu et al., 2012 
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cancer luciferase 

report 

assay, MTS 

assay 

proliferation 

miR-182 breast 

cancer not 

classified 

(premeno

pausal, 

postmeno

pausal, 

benign), 

TNBC 

qRT-PCR potential prognostic factor to predict 

lymph node metastases occurrence in 

TNBC, associated with genico-

obstetric history, related with 

hormonal receptors 

onco-miR FFPE, serum Medimegh et al., 2014; Ali et 

al., 2018 

miR‐1825 breast 

cancer not 

classified 

microRNA 

arrays 

potential prognostic factor for DFS onco-miR FFPE, 

interstitial breast tumor 

fluids, serum 

Halvorsen et al., 2016 

miR-

183/182/96 

cluster 

breast 

cancer not 

classified 

qRT-PCR, 

ISH 

potential prognostic factor for OS, DFS onco-miR breast tissues not 

classified, cell lines 

Song et al., 2016 

miR-187 breast 

cancer not 

classified 

TMA, ISH independent prognostic factor FOR 

breast cancer–specific survival (BCSS) 

onco-miR FFPE, cell lines Mulrane et al., 2012 

miR-193b breast 

cancer not 

microRNA 

arrays, qRT-

potential prognostic factor for OS, PFS onco-miR PLASMA Madhavan et al., 2016 
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classified PCR 

miR‐195‐5p breast 

cancer not 

classified 

microRNA 

arrays 

potential prognostic factor for DFS onco-miR FFPE, 

interstitial breast tumor 

fluids, serum 

Halvorsen et al., 2016 

miR-199a-5p TNBC NGS prognostic factor for OS tumor 
suppressor 

FFPE Turashvili et al., 2018 

miR-199b-5p breast 

cancer not 

classified 

(TNM I-II 

stage) 

qRT-PCR, 

assays in 

vitro 

potential prognostic factor for OS 

associated with TNM stage and lymph 

node metastasis 

tumor 
suppressor 

fresh frozen tissue and cell 

lines 

Fang et al., 2016 

miR-19a  newly 

diagnosed 

IBC stage 

III, IBC 

stage IV, 

non-IBC 

stage II-IV 

and 

HER2+ 

breast 

cancer 

qRT-PCR potential prognostic factor for OS, DFS 

in patients with metastatic HER2(+) 

IBC. 

tumor 
suppressor 

serum, cell lines Anfossi et al., 2014 

miR-19b breast 

cancer not 

classified 

qRT-PCR prognostic factor for OS associated 

with distant metastasis and TNM 

stage 

onco-miR fresh frozen tissue, cell 

lines 

Li et al., 2018 
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miR-200a breast 

cancer not 

classified 

microRNA 

arrays, qRT-

PCR 

potential prognostic factor for OS, 

PFS, associated with circulating tumor 

cells status, potential to detect the 

onset of metastasis 

onco-miR Plasma Madhavan et al., 2016, 

Madhavan et al., 2012 

miR-200b 
 

breast 

cancer not 

classified 

qRT-PCR, 

microRNA 

arrays, ISH, 

TMA, 

luciferase 

report assay 

potential prognostic factor for OS 

(independent), PFS associated with 

advanced clinical stage, metastasis, 

cell proliferation, apoptosis, cell cycle 

distribution and circulating tumor 

cells status,  potential to detect the 

onset of metastasis 

tumor 
suppressor, 
onco-miR 
(Madhavan 
2012, 
Madhavan 
2016) 

FFPE, plasma, cell lines Madhavan et al., 2012; Ye et 

al., 2014; Yao et al., 2015; 

Madhavan et al., 2016 

miR-200c breast 

cancer not 

classified 

qRT-PCR, 

microRNA 

arrays 

prognostic factor of OS, DFS, potential 

to detect the onset of metastasis, 

associated with circulating tumor cells 

status 

onco-miR fresh frozen tissue, plasma Madhavan et al., 2012; 

Tuomarila et al., 2014; 

Madhavan et al., 2016 

miR-200c/141 

cluster 

breast 

cancer not 

classified, 

TNBC 

qRT-PCR, 

CAT 

reporter 

assay, siRNA 

transfection

Western 

blot 

poor prognostic factor in TNBC, 

promoting metastasis 

onco-miR FFPE, cell lines, xenograft 

animal model 

Jin et al., 2017 

miR-203 breast 

cancer not 

microRNA 

arrays, qRT-

potential prognostic factor for OS, PFS 

associated with EMT and circulating 

onco-miR, 
tumor 
suppressor 

FFPE, plasma, cell lines Yu et al., 2012; Madhavan et 

al., 2012; Fisher et al., 2015; 
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classified, 

ER 

positive 

breast 

cancer (Yu 

et al., 

2012) 

PCR, 

Western 

blot, 

luciferase 

report 

assay, MTS 

assay 

tumor cells status (Yu et al., 
2014) 

Madhavan et al., 2016 

miR-203-5p TNBC NGS prognostic factor for OS onco-miR FFPE Turashvili et al., 2018 

miR-203a ductal in 

situ, 

invasive 

ductal and 

lobular 

carcinoma 

qRT-PCR potential prognostic marker 

associated with increased stage in 

invasive lobular carcinomas 

tumor 
suppressor 

FFPE Gomes et al., 2016 

miR-204 breast 

cancer not 

classified 

qRT-PCR potential prognostic factor for OS, 

DFS, correlated with 

chemotherapeutic resistance 

tumor 
suppressor 

FFPE Li et al., 2014 

miR-205 breast 

cancer not 

classified 

qRT-PCR, 

LNA-ISH, 

TMAs, IHC 

potential prognostic factor for OS 

associated with tumours of ductal 

morphology, for OS and DFS in early 

breast cancer 

tumor 
suppressor 

FFPE Quesne et al., 2013; Markou 

et al., 2014 

miR-206 breast 

cancer not 

classified 

qRT-PCR, 

luciferase 

report assay 

potential prognostic factor for OS onco-miR 
(Quan et al., 
2018), 
tumor 
supressor (Li 

fresh frozen tissue, cell 

lines 

Li et al., 2013; Hesari et al., 

2018; Quan et al., 2018 



78 
 

et al., 2013, 
Hesari 2018) 

miR‐20b‐5p breast 

cancer not 

classified 

microRNA 

arrays 

potential prognostic factor for DFS, 

correlated with the presence of breast 

tumor interstitial fluid 

onco-miR FFPE, 

interstitial breast tumor 

fluids, serum 

Halvorsen et al., 2016 

miR-21 stage II/III 

breast 

cancer 

HER2 

positive 

(Liu et al., 

2017), 

TNBC 

(Dong et 

al., 2014; 

Medimeg

h et al., 

2014) 

qRT-PCR, 

microarray, 

luciferase 

report assay 

independent prognostic factor of OS, 

DFS, prognostic biomarker for 

resistance to trastuzumab, to predict 

lymph node metastases occurrence in 

TNBC, to predict high grade in non 

TNBC possible, prognostic factor in 

daughter of patients, associated with 

genico-obstetric history  

onco-miR FFPE, serum, fresh frozen 

tissue, cell lines 

Yan et al., 2008; Qian et al., 

2009; Lee et al., 2011; Dong et 

al., 2014; Markou et al., 2014; 

Medimegh et al., 2014; Toraih 

et al., 2015; Usmani et al., 

2015; Yan et al., 2016; Liu et 

al., 2017; Badr et al., 2019; 

Yadav et al., 2016; 

miR-210 early first 

primary 

breast 

cancer, 

TNBC 

qRT-PCR, 

microarrays 

independent prognostic factor for OS, 

DFS, associated with poor clinical 

outcome in ER-positive, tamoxifen-

treated BC patients, involved in cell 

proliferation, migration and invasion, 

Potential to detect the onset of 

metastasis prior to clinical diagnosis, 

onco-miR FFPE, fresh frozen tissue, 

plasma, cell lines (Breast 

cancer and tumor‐

educated macrophages) 

Camps et al., 2008; Rothé et 

al., 2011; Toyama et al., 2012; 

Madhavan et al., 2012; 

Bleckmann et al, 2015; 

Boukerroucha et al., 2015, 

Madhavan et al., 2016 
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associated with circulating tumor cells 

status 

miR-210-3p breast 

cancer cell 

lines 

qRT-PCR potential prognostic factor for OS 

associated with EMT and regulation of 

growth factors involved in G1- to S-

phase transition 

onco-miR cell lines Fisher et al., 2015 

miR-215 breast 

cancer not 

classified 

microRNA 

arrays, qRT-

PCR 

potential prognostic factor for OS, 

PFS, Potential to detect the onset of 

metastasis prior to clinical diagnosis 

miR-215 
tumor 
suppressor 

plasma samples Madhavan et al., 2016 

miR-218 breast 

cancer not 

classified 

qRT-PCR prognostic factor for OS associated 

with lymph node metastases, higher 

grades, 

tumor 
suppressor, 
increased 
expression 
leads to 
prognosis  

fresh frozen tissue Ahmadinejad et al., 2017 

miR-22 breast 

cancer not 

classified 

qRT-PCR, 

ISH, 

luciferase 

report assay 

potential prognostic factor for OS, 

DFS, associated with EMT/metastasis 

onco-miR 
(Pandley et 
al., 2015), 
tumor 
suppressor 
(Chen et al., 
2016) 

FFPE, cell lines Pandey et al., 2015; Chen et 

al., 2016 

miR-221 breast 

cancer not 

classified 

qRT-PCR prognostic factor for DFS, OS, RFS onco-miR FFPE (Falkenberg et al., 

2013), fresh frozen tissue 

(Cheng et al., 2018, Eissa 

et al., 2015), cell lines 

Falkenberg et al., 2013; Eissa 

et al., 2015; Cheng et al., 2018  
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(Cheng et al., 2018) 

miR-221-3p TNBC qRT-PCR prognostic factor for DFS tumour 
suppressor 

FFPE, cell lines Deng et al., 2017 

miR-222 breast 

cancer not 

classified 

qRT-PCR, 

TMA 

potential prognostic factor related to 

lymph node metastasis, down-

regulation of the estrogen receptor, 

EMT, tumor progression, poor 

response and chemotherapy 

resistance 

onco-miR FFPE, fresh frozen tissue, 

cell lines 

Falkenberg et al., 2013; Chen 

et al., 2016 

miR-222-3p breast 

cancer not 

classified 

(pre/posto

peratively) 

qRT-PCR, 

microarray 

independent prognostic factor for DFS 

postoperatively 

onco-miR Serum Wang et al., 2018 

miR-24-2*. breast 

cancer cell 

lines 

qRT-PCR associated with tumor suppressive 

activity through the suppression of 

cellular survival 

tumor 
suppressor 

cell lines, fresh frozen 

mouse tissue 

Martin et al., 2014 

mir-24-3p stage I-III 

breast 

cancer 

Nanostring 

technology 

potential prognostic biomarker of 

occult metastasis 

onco-miR plasma Khodadadi-Jamaryan et al., 

2018 

miR-27a breast 

cancer not 

classified 

ISH, IHC independent prognostic factor for OS, 

DFS 

onco-miR FFPE Tang et al., 2012 

miR-27b-3p TNBC qRT-PCR independent prognostic factor for OS, onco-miR FFPE Shen et al., 2014 
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DMF survival 

miR-29a breast 

cancer not 

classified 

qRT-PCR, 

microarray 

asocciated with poor response and 

chemotherapy resistance 

onco-miR FFPE, cell lines Chen et al., 2016 

miR-29b lobular 

and ductal 

subtypes 

of breast 

cancer 

qRT-PCR prognostic factor for OS 

(Papachristopoulou 2018, Shinden 

2015) , DFS (Shinden 2015) 

tumor 
suppressor 

fresh frozen tissue Shinden et al., 2015; 

Papachristopoulou et al., 2018 

miR-301a breast 

cancer not 

classified 

(Zheng 

2018), 

TNBC (Yu 

2014) 

qRT-PCR, 

microarray, 

ISH 

prognostic factor for DFS, OS onco-miR FFPE Zheng et al., 2018, Yu et al., 

2014 

miR-30a TNBC NGS, qRT-

PCR, 

microarray, 

luciferase 

report assay 

independent prognostic factor for OS, 

DFS 

tumor 
suppressor 

FFPE, cell lines Turashvili et al., 2018, Cheng 

et al., 2012 

miR-30a-3p TNBC qRT-PCR prognostic factor for OS, RFS tumor 
suppressor 

FFPE Turashvili et al., 2018 

miR-30a-5p TNBC NGS prognostic factor for OS, RFS tumor 
suppressor 

FFPE Turashvili et al., 2018 
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miR-30c-5p TNBC qRT-PCR prognostic factor for RFS tumor 
suppressor 

FFPE Turashvili et al., 2018 

miR-30e* ESR1-

/ERBB2- 

tumours 

miRNA 

microarrays 

hybridisatio

n 

prognostic factor for DFS tumor 
suppressor 

fresh frozen tissue D'Aiuto et al., 2015 

miR-3178 breast 

cancer not 

classified 

qRT-PCR, 

microarray 

asocciated with poor response and 

chemotherapy resistance 

onco-miR FFPE, cell lines Chen et al., 2016 

miR-320a breast 

cancer not 

classified 

chromogeni

c in 

situ hybridiz

ation 

potential prognostic factor for OS for 

invasive breast cancer  

tumor 
suppressor 

FFPE Yang et al., 2014 

miR-324-5p TNBC NGS prognostic factor for OS onco-miR FFPE Turashvili et al., 2018 

miR-329 breast 

cancer not 

classified 

qRT-PCR independent prognostic factor for OS tumor-
suppressor 

serum, fresh frozen tissue, 

cell lines 

Li et al., 2017 

miR-330-3p breast 

cancer not 

classified 

qRT-PCR potential prognostic factor for OS onco-miR fresh frozen tissue Wang et al., 2018 

miR-339-5p breast 

cancer not 

classified 

qRT-PCR, 

TMA, ISH 

independent prognostic factor for OS, 

DFS 

tumor 
suppressor 

FFPE, cell lines Wu et al., 2010 

miR-34a breast 

cancer not 

qRT-PCR, 

TMAs 

prognostic factor for OS, asocciated 

with response and chemotherapy 

tumor 
suppressor, 
onco-miR 

 FFPE, plasma, cell lines Peurala et al., 2011; Chen et 

al., 2016; Zeng et al., 2017 
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classified 

TNBC  

resistance (Chen 2016) 

miR-34b TNBC qRT-PCR prognostic factor for OS, DFS onco-miR FFPE Svoboda et al., 2012 

miR-34c TNBC qRT-PCR independent risk factor for OS tumor 
suppressor 

Plasma Zeng et al., 2017 

miR-361-5p breast 

cancer not 

classified, 

TNBC 

TMAs, ISH prognostic factor for DFS tumor 
suppressor 

FFPE Cao et al., 2016 

miR-365 breast 

cancer not 

classified 

microRNA 

arrays, qRT-

PCR 

potential prognostic factor for OS miR-365, 
onco-miR 

Plasma Madhavan et al., 2016 

miR-370  breast 

cancer not 

classified 

qRT-PCR, 

TMA 

potential prognostic factor for DFS onco-miR FFPE Sim et al., 2015 

miR-374a breast 

cancer not 

classified 

(Zhang 

2018), 

invasive 

ductal 

carcinoma 

stage II (Li 

2013) 

qRT-PCR, 

TMAs, 

Luciferase 

activity 

assay, MTT 

assays, IHC 

potential prognostic factor for DFS, 

contributes to tumorigenicity and 

progression 

onco-miR FFPE, fresh frozen tissue, 

cell lines, xenograft mouse 

models 

 Li et al., 2013; Zhang et al., 

2018 
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miR-375 breast 

cancer not 

classified, 

stage II-III 

locally 

advanced 

and IBC 

patients 

(Wu et al., 

2016) 

qRT-PCR, 

microRNA 

arrays, NGS 

potential prognostic factor for OS, PFS 

associated with circulating tumor cells 

status, related to hormonal receptors 

onco-miR, 
tumor 
suppressor 
(Wu et al., 
2013) 

serum, plasma Madhavan et al., 2012; Wu et 

al., 2013; Madhavan et al., 

2016; Ali et al., 2018 

miR-409-3p breast 

cancer not 

classified 

qRT-PCR independent prognostic factor for OS 

associated with advanced TNM stage, 

lymph node metastasis, and poorer 

pathological differentiation 

tumor 
suppressor 

fresh frozen tissue Cao et al., 2016 

miR-423 breast 

cancer not 

classified 

qRT-PCR, 

microarray 

asocciated with poor response and 

chemotherapy resistance 

onco-miR FFPE, cell lines Chen et al., 2016 

miR-429 breast 

cancer not 

classified 

microRNA 

arrays, qRT-

PCR 

potential prognostic factor for OS, PFS miR-429 
onco-miR 

Plasma Madhavan et al., 2016 

miR-451 breast 

cancer cell 

lines 

qRT-PCR potential factor associated with cell 

survival and endocrine resistance 

tumor 
suppressor 

cell lines Bergamaschi et al., 2012 
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miR-454 breast 

cancer not 

classified 

(stage I-III) 

TMA, ISH potential prognostic factor for OS 

(especially in TNBC), DFS, associated 

with response to anthracycline 

onco-miR FFPE Cao et al., 2016 

miR‐454‐3p breast 

cancer not 

classified 

microRNA 

arrays 

potential prognostic factor for DFS onco-miR FFPE, 

interstitial breast tumor 

fluids, serum 

Halvorsen et al., 2016 

miR-4653-3p HR+ BC 

women 

(stage 

I~III) 

treated 

with 

adjuvant 

tamoxifen 

qRT-PCR potential prognostic biomarker for 

DFS 

tumor 
suppressor 

FFPE Zhong et al., 2016 

miR-486-5p breast 

cancer not 

classified 

microRNA 

arrays, qRT-

PCR 

potential prognostic factor for OS, 

Potential to detect the onset of 

metastasis prior to clinical diagnosis 

miR-486-5p 
tumor 
suppressor 

Plasma Madhavan et al., 2016 

miR-493 TNBC TMAs, in 

situ 

hybridizatio

n 

prognostic factor for DFS tumour 
suppressor 

FFPE Yao et al., 2018 

miR-494 node-

negative 

in situ 

hybridizatio

8.5-fold risk of breast cancer death 

(association trend-not clinical 

tumour 
suppressor 

fresh frozen tissue Gurvits et al., 2018 
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breast 

cancer 

n significance) 

miR-497 breast 

cancer not 

classified, 

TNBC 

qRT-PCR, 

luciferase 

report assay 

potential prognostic factor for OS tumor 
suppressor 

fresh frozen tissue, cell 

lines, orthotopic mouse 

models 

Liu et al., 2016; Zhong et al., 

2018 

miR-548c-5p  TNBC qRT-PCR, 

ISH 

independent prognostic factor for OS, 

DFS 

onco-miR FFPE Boukerroucha et al., 2015 

miR-574 breast 

cancer not 

classified 

qRT-PCR, 

microarray 

asocciated with poor response and 

chemotherapy resistance 

onco-miR FFPE, cell lines Chen et al., 2016 

miR-574-3p breast 

cancer not 

classified 

qRT-PCR, 

NGS 

potential prognostic factor for OS, DFS tumor 
suppressor 

FFPE Krishnan et al., 2015 

miR-588 breast 

cancer not 

classified 

qRT-PCR prognostic factor of OS tumour 
suppressor 

fresh frozen tissue, cell 

lines 

Yu et al., 2017 

miR-590-3p breast 

cancer cell 

lines 

qRT-PCR, 

luciferase 

report assay 

associated with breast cancer cells 

viability, growth and apoptosis 

tumor 
suppressor 

cell lines Abdolvahabi et al., 2018 

miR-597 breast 

cancer not 

classified 

qRT-PCR prognostic factor of OS tumor 
suppressor 

fresh tissue Zhang et al., 2018 

miR-601 breast qRT-PCR prognostic factor for DFS associated tumor 
suppressor 

FFPE, cell lines Hu et al., 2016 
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cancer-not 

classified 

with cell proliferation and metastasis 

miR-638 breast 

cancer not 

classified 

(Li et al., 

2018), 

BRCA1-

deficient 

TNBC 

tumors 

(Zavala et 

al., 2016) 

qRT-PCR independent prognostic factor for OS 

associated with lymph node 

metastasis and TNM stage 

tumor 
suppressor 

FFPE, fresh frozen, cell 

lines 

Zavala et al., 2016; Li et al., 

2018 

miR-644a breast 

cancer cell 

lines 

qRT-PCR, 

luciferase 

report assay 

associated with tumor progression 

and distant metastasis-free survival 

tumor 
suppressor 

cell lines Raza et al., 2016 

miR-660-5p breast 

cancer not 

classified 

qRT-PCR, 

NGS 

potential prognostic factor for OS, DFS onco-miR FFPE Krishnan et al., 2015 

miR-6780b breast 

cancer not 

classified 

qRT-PCR, 

microarray 

associated with poor response and 

chemotherapy resistance 

onco-miR FFPE, cell lines Chen et al., 2016 

miR-7 breast 

cancer not 

qRT-PCR potential prognostic factor for OS, DFS 

predictive of an adverse response to 

onco-miR fresh frozen tissue, cell 

lines 

Uhr et al., 2018 
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classified tamoxifen therapy 

miR-711 breast 

cancer not 

classified 

qRT-PCR independent prognostic factor for OS, 

DFS, associated with breast cancer 

cells’ proliferation, colony formation, 

invasion 

onco-miR FFPE, cell lines Hu et al., 2016 

miR-744 breast 

cancer not 

classified 

qRT-PCR, 

microarray 

associated with poor response and 

chemotherapy resistance 

onco-miR FFPE, cell lines Chen et al., 2016 

miR-801 breast 

cancer not 

classified 

microRNA 

arrays, qRT-

PCR 

potential prognostic factor for OS, PFS 

associated with circulating tumor cells 

status 

onco-miR plasma Madhavan et al., 2012; 

Madhavan et al., 2016 

miR-874 breast 

cancer not 

classified 

qRT-PCR prognostic factor for OS tumour 
suppressor 

fresh frozen tissue, cell 

lines 

Zhang et al., 2017 

miR-9 TNBC, 

breast 

cancer not 

classified 

qRT-PCR prognostic factor of DFS and DMFS, 

OS 

onco-miR FFPE, fresh frozen tissue, 

cell lines 

Jang et al., 2017; Cheng et al., 

2018 

miR‐93‐5p breast 

cancer not 

classified 

microRNA 

arrays 

potential prognostic factor for DFS, 

correlated with the presence of breast 

tumor interstitial fluid 

onco-miR FFPE, 

interstitial breast tumor 

fluids, serum 

Halvorsen et al., 2016 

miR-940 invasive 

ductal 

qRT-PCR prognostic factor for OS tumor 
suppressor 

Serum Liu et al., 2018 



89 
 

carcinoma

, TNBC 

miR-95-3p TNBC qRT-PCR prognostic factor for OS, RFS in 

patients treated with anthracycline-

based chemotherapy 

onco-miR FFPE Turashvili et al., 2018 

miR-96 breast 

cancer cell 

lines 

qRT-PCR potential prognostic factor for OS 

associated with EMT and regulation of 

growth factors involved in G1/S-phase 

transition 

onco-miR cell lines Fisher et al., 2015 

miR-99a breast 

cancer not 

classified 

qRT-PCR potential prognostic factor for OS, 

independent risk factor for breast 

cancer 

tumor 
suppressor 

Serum Li et al., 2016 

miR-1179 breast 

cancer not 

classified 

RT-PCR independent prognostic factor for OS tumor 
suppressor 

breast tissue not classified, 

cell lines 

Li et al., 2018 

Abbreviations: quantitative reverse transcriptase real-time polymerase chain reaction (qRT-PCR), In situ hybridization (ISH), locked 

nucleic acid probe in situ hybridization (LNA-ISH), Immunohistochemistry (IHC), epithelial-mesenchymal transition (EMT), formalin-fixed 

paraffin embedded (FFPE), Next Generation Sequencing (NGS), overall survival (OS), relapse free survival (RFS), disease free survival 

(DFS), progress free survival (PFS), triple negative breast cancer (TNBC), Inflammatory breast cancer (IBC), estrogen receptor (ER), 

progesterone receptor (PR), human epidermal growth factor receptor type 2 (HER2) 

 

 



90 
 

Table 2 List of prognostic microRNA signatures in breast cancer 

miRNA SIGNATURE BREAST CANCER TYPE DETECTION METHOD PROGNOSTI

C VALUE 

ROLE BIOLOGICAL 

SAMPLE 

REFERENCES 

miR-183-5p, miR-194-

5p, miR-1285-5p 

signature 

breast cancer not 

classified (age <35 years) 

microarrays, qRT-PCR potential 

prognostic 

factor for 

OS in young 

breast 

cancer 

patients.  

miR-183-5p onco-miR  

miR-194-5p onco-miR  

miR-1285-5p tumor 

suppressor 

FFPE Hironaka-

Mitsuhashi et 

al., 2017 

miR-21, miR-30c, miR-

181a, miR-181c, miR-

125b, miR-7, miR-

200a, miR-135b, miR-22 

and miR-200c signature 

 HR+HER2- patients qRT-PCR potential 

prognostic 

factor for 

DRFS 

10-miRNA-based classifier as a 

prognostic model 

FFPE Gong et al., 

2016 

miR-155, miR-493, miR-

30e and miR-27a 

signature 

TNBC qRT-PCR, IHC potential 

prognostic 

factor for 

OS 

associated 

with 

taxanes 

resistance 

miR-155 tumor suppressor 

miR-493 tumor suppressor 

miR-30e onco-miR 

miR-27a onco-miR 

FFPE Gasparini et 

al., 2014 

miR-16, 155, 125b, TNBC qRT-PCR potential miR-16 tumor suppressor FFPE Cascione et 
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374a signature prognostic 

factor for 

OS 

miR-155 tumor suppressor 

miR-125b onco-miR 

miR-374a tumor suppressor 

al., 2013 

miR-16, 125b, 374a, 

374b, 421, 655, 497 

signature 

TNBC qRT-PCR potential 

prognostic 

factor for 

DDFS 

miR-16 tumor suppressor 

miR-125b onco-miR 

miR-374a tumor suppressor 

miR-374b tumor suppressor 

miR-421 onco-miR 

miR-655 onco-miR 

miR-497 tumor suppressor 

FFPE Cascione et 

al., 2013 

miR-191-5p, miR-214-

3p, miR-451a, and miR-

489 signature 

breast cancer not 

classified 

qRT-PCR, microarray independen

t prognostic 

factor for 

OS, DFS 

miR-191-5p onco-miR 

miR-214-3p tumor suppressor 

miR-451a tumor suppressor 

miR-489 tumor suppressor  

FFPE, cell lines Chen et al., 

2018 

Abbreviations: quantitative reverse transcriptase real-time polymerase chain reaction (qRT-PCR), formalin-fixed paraffin embedded 

(FFPE), overall survival (OS), distant disease-free survival (DDFS), distant recurrence free survival (DRFS) 


