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Molecular Pathogenesis of Breast Cancer

and the Role of MicroRNAs

Shadan Ali, Seema Sethi, Azfur S. Ali, Philip A. Philip, and Fazlul H. Sarkar

Abstract Breast cancer is a leading cause of cancer-associated death in women

worldwide. The therapy usually involves mastectomy or lumpectomy, followed by

chemotherapy and/or radiation therapy in addition to hormonal therapy when

indicated. While the area of research on the identification and potential use of

microRNAs (miRNAs) as either a diagnostic, prognostic, or predictive biomarker is

still in its early stages, there is increasing evidence that miRNAs are involved in

tumor progression, chemoresistance, and survival. The miRNAs have enormous

prospective in clinical research since they are detected in the serum, plasma, fresh

tissues, and formalin-fixed paraffin-embedded tissue samples. Hence, it may be

possible to develop novel therapeutic regimens of specific miRNAs as targets to

prevent or treat breast cancer (BC). The miRNA expression profiling is now used

extensively by many investigators to demonstrate specific miRNA signatures in

both the body fluids and in the tumor tissue, indicating that miRNAs may likely be

useful as diagnostic and prognostic tools in all cancers including BC. Numerous

investigators, including our laboratory, have used strategies to deregulate miRNAs

with either anti- and pre-miRNA molecular drugs or even natural compounds to

prevent or control tumor progression, which will be discussed in this chapter.

Moreover, the role of several natural and synthetic compounds as anticancer agents

will also be discussed in this chapter. Finally, the role of several miRNAs as targets

will be discussed especially because miRNA-based therapies are currently being

exploited for cancer therapy.
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Introduction

Breast adenocarcinoma (breast cancer, BC) is the most commonly diagnosed

cancer among women in the United States with an estimated 232,340 new cases

in 2013. Sadly, one in eight is diagnosed with breast cancer in their lifetime, yet it is

still a frequent cause of death in women [1]. Although research together with

progress in targeted therapies led to increased patient survival, there is still an

increased demand for the development of new diagnostic biomarkers and ground-

breaking therapeutic strategies for improving the overall survival in all patients

diagnosed with BC. Recent research suggests the involvement of deregulated genes

at the levels of DNA, protein, RNA, and microRNAs (miRNAs), and as such

miRNAs are becoming important players in the development, differentiation, and

regulation of gene expression in cancer biology [2, 3]. The miRNAs are small

noncoding endogenous single-stranded class of regulatory RNAs that posttranscrip-

tionally inhibit gene expression through targeting specific messenger RNAs

(mRNAs) [4]. Due to the smaller size, these miRNAs remain stable in body

specimens including plasma, serum, and both fresh-frozen and formalin-fixed

paraffin-embedded (FFPE) tissue samples and can serve as an excellent source of

early detection of various cancers, including BC [5, 6]. Emerging evidence suggests

that a single miRNA may target several mRNAs and vice versa and substantial

basic-science research on these miRNAs has led to the development of new

methodologies for cancer diagnosis, and this is now progressing to clinical research

arenas. Comparison of cancerous against normal human plasma or tissue samples

by miRNA microarray showed deregulation of several miRNAs in many cancers

such as lung, pancreas, prostate, and BC [5–10]. Among the many deregulated

miRNAs, several of them are common in most cancers and few are cancer specific

[11]. Research on antisense oligonucleotides (ASO) is also on the rise; use of this

technology in vivo has been successfully demonstrated by delivering ASO with

chemokines to inactivate a subset of immune cells [12] and in many other condi-

tions. In this book chapter, we review the current and developing methodologies of

extracting miRNA from body fluids and fresh-frozen and FFPE tissue samples and

will discuss few miRNAs and their use in the diagnosis and treatment of BC.

Detection of microRNAs in Clinical Specimens

The challenge that clinicians face is in the early detection of cancer to reduce

mortality rates. Significant research in the fields of molecular biology has led to the

development of newly identified miRNAs which has implications in the prevention
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of disease progression and therapeutic targets for designing molecular therapies for

the management of cancer patients. Many investigators including our own labora-

tory have shown miRNAs as suitable biomarkers for early detection of cancers

since they are stable and not degraded in plasma, serum or fresh-frozen and fine-

needle aspirates of FFPE tissue samples [5, 6]. The miRNA expression profiling has

been helpful in differentiating normal patients from cancer patients due to differ-

ential expression of various miRNAs. Several miRNAs such as miR-34a, miR-155,

and miR-10b have been shown to be deregulated in the serum of BC patients

compared to healthy controls [13]. Another study showed differences in circulating

miRNA level between Caucasian and African-American patients [14]. In addition,

specific miRNAs may also predict drug response that is essential for developing

precise molecular targeted therapy for each individual. Moreover, miRNAs can be

up- or downregulated in cancers due to the genes’ downstream signaling effect,

hence controlling the expression of cancers [15]. The miRNAs that are elevated in

cancer are oncogenic, and likewise, the miRNAs that have reduced expression

function as tumor suppressor [16–19].

Methodology and Clinical Associations

Although new technologies have advanced cancer research from bench to bedside,

it remains a common medical problem worldwide in all cancers leading to signif-

icant mortality, morbidity, and rising healthcare costs. This emphasizes the urgent

need for novel molecular technologies both in the laboratory and in the clinic to

identify high-risk patients. Small molecules, such as miRNAs, have enormous

potential in the clinic since a single miRNA can target multiple genes, indicating

that modulating one miRNA will have effects on multiple genes which is opening

new doors for innovative therapies especially to target heterogeneous populations

of cancer cells within a tumor mass. The discovery of noninvasive biomarkers for

most cancer types has been a valuable tool to differentiate tumors from normal

tissue with minimal discomfort and risk to the cancer patients. Their most important

benefit is the ease of access and possibility of repeated testing in a noninvasive

manner. Emerging evidence suggests that the expression level of miRNAs varies in

various cancers and also changes as the disease progresses. Some miRNAs are

tumor specific both in human and in mouse models [20], while others are common

in many tumor types [21, 22].
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Isolation of microRNAs, Reverse Transcription,

and Polymerase Chain Reaction (RT-PCR) from Plasma

Samples

A number of independent researchers studied the potential role of miRNAs in the

plasma as early detection biomarkers of cancers including BC [5, 7, 11, 13]. The

miRNAs have been found to be stable in many body fluids including plasma and

serum which is believed to be important for their potential as disease biomarkers.

The assay requires a very small amount of RNA as low as 10 ng which can be easily

isolated from either plasma or serum for real-time PCR quantitative analysis. The

detailed methodology of isolation of miRNAs from plasma has been described

earlier [15]. Here we will highlight few important points and techniques. The total

RNA including miRNAs is isolated from as low as 250 μl of plasma sample using

QIAGEN kit (QIAGEN, Valencia, CA) and eluted in 25 μl of water. Although RNA
obtained from plasma is low, and it cannot be quantified using single-drop

NanoDrop technology, similar volume can be used together with housekeeping

miRNAs as controls. Nonetheless, the reverse-transcription (RT) reaction can be

carried out using the template mature miRNA by using Exiqon-Universal cDNA

synthesis kit available from Exiqon. The RT reaction contains 4 μl of 5X RT buffer,

2 μl of enzyme, 4 μl of either plasma miRNA or 250 nM of standard miRNA, and

10 μl of water incubated for 1 h at 42 �C and 5 min at 95 �C.
The cDNA obtained from above is subjected to real-time polymerase chain

reaction (PCR) using multiple housekeeping genes for data normalization. The

analysis is performed by the standard Ct method for quantification using

StepOnePlus Real-Time PCR (Applied Biosystems, Foster City, CA) which also

serves as control for variability in sample loading. The miRNA standard cDNA and

the plasma cDNA is diluted in water, and the reaction is set up using SYBR Green

(Applied Biosystems) and PCR primer mix as described earlier [15].

MicroRNA Methodology Utilizing Archived Formalin-Fixed

Paraffin-Embedded Tissues

The total RNA containing miRNA is isolated from FFPE tissue using RNeasy Kit

(QIAGEN) following manufacturer’s protocol using four 10-μm thick and approx-

imately 0.5–1 cm in diameter tissue curls as described previously [15]. The total

RNA containing miRNA is then eluted with RNase-free water and measured and

quantified using NanoDrop 2000 (Thermo Scientific, Pittsburgh, PA). The RT

reaction is performed with SYBR Green miRNA-based assay using Exiqon-

Universal cDNA synthesis kit (Exiqon, Woburn, MA) using 10 ng of total RNA.

PCR reactions are performed in triplicate using StepOnePlus Real-Time PCR

(Applied Biosystems), and expression levels of miRNAs are analyzed using Ct

method.
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Developments Made in Differentiating Normal and Disease

State Using miRNA Profiling

We have described RNA extraction methods both from plasma and FFPE tissues

previously [15], and few additional points are also discussed in this chapter. The

ultimate challenge or concern to miRNA extraction from plasma is the low level of

circulating miRNAs which are below the detection limit of spectrophotometry.

Compared to microarray profiling, qRT-PCR have shown superiority in sensitivity

[23], and hence these methodologies are often used to validate abnormal expression

of miRNAs. To avoid unfair measurement of miRNAs, endogenous genes are used

as internal controls for data normalization [6]. Initial research on human breast

tumors identified the variation in gene expression using RNA from 42 patients with

complimentary DNA microarrays that showed great variation in gene expression,

yet it also showed specific gene expression relating to tumor types [24]. In addition,

gene expression profiling of hereditary BC patients discovered exclusive expression

patterns that were dependent on the BRCA1 and BRCA2 mutation status

[25]. Although gene expression profiling was the standard for defining molecular

subtypes, immunohistochemical analysis was also used for expression of hormone

receptors and lack of HER2/neu overexpression and luminal cytokeratin [26]. Sev-

eral developing technologies are looking outside of gene expression profiling such

as toward the level of protein expression or gene methylation to understand the

differences associated between normal tissue and cancer [27]. Finally, the proba-

bility of using miRNA expression profiling in clinical samples by microarray or by

quantitative RT-PCR emerged in several studies as diagnostic and prognostic

marker [27, 28]. The miRNA research has made a substantial impact on efficient

profiling of deregulated miRNAs in plasma, serum, FFPE, and many other sample

types because of their stability, serving as a potentially reliable biomarker [5–7, 11,

13, 14]. Expression analysis of miRNAs not only determines several miRNAs but

also fully discriminates between normal healthy and diseased state. There are a

number of miRNAs that are substantially upregulated in one type of cancer; for

instance, miR-205 is overexpressed in the lung, pancreas, and bladder cancer [13,

29–31] and found to be decreased in breast, prostate, and esophageal cancer [32–

34], suggesting that some miRNAs act as both oncogenic and tumor suppressor

depending on the tumor type and expression pattern. Therefore, the field of miRNA

research is highly complex and requires critical insights with respect to the function

of a specific miRNA in a specific context.

Altered miRNA Expression in Breast Cancer

Despite substantial improvements in the field of cancer biology, the progress of

validated biomarkers for BC has remained an overwhelming task. Numerous

studies have been published identifying deregulated miRNAs in BC using
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microarray profiling and subsequent validation of selected miRNAs by real-time

PCR. The results of miRNA profiling suggest that many miRNAs are altered in all

types of cancer and may provide a useful biomarker for detection of cancer.

Overexpression of miRNAs in human BC is often a result of molecular genomic

abnormalities, called OncomiRs. Inhibition of these OncomiRs can inhibit cell

proliferation as well as tumor growth. Patients with triple negative BC (TNBC)

have poor prognosis due to aggressive proliferation, migration, and invasion. One

study with MDA-MB-231 parental cells and MDA-MB-231 cells stably expressing

miR-221-ZIP or scramble-ZIP showed knockdown of miR-221 which inhibited

tumor growth by altering the expression of E-cadherin, snail, and slug both in vivo

and in TNBC cell lines in vitro [35]. In the subsequent section, we will discuss few

miRNAs that are OncomiRs and tumor suppressors in BC.

miR-21

One well-described OncomiR globally found in many tumors including BC is

miR-21. The important target of miR-21 is phosphatase and tensin homolog

(PTEN) and PDCD4 [36]. Loss of PTEN has been found to be indirectly associated

with miR-21 expression in the breast, pancreas, and colon cancer [36–39]. Iorio

et al. reported aberrant expression of 29 miRNAs in breast cancer tissues using

microarray analysis compared to normal tissues [7]. The miR-21 was also recog-

nized as overexpressed miRNA in a large-scale miRNome analysis on 540 samples

that included the lung, breast, stomach, prostate, colon, and pancreatic tumors

[40]. By TaqMan real-time PCR methodology, miR-21 was proven to be

upregulated in breast tumors compared to the normal breast tissue samples among

157 miRNAs analyzed [41]. A recent study demonstrated overexpression of

miR-21 in FFPE tissue samples of atypical ductal hyperplasia, ductal carcinoma

in situ, and invasive ductal carcinoma compared to normal tissue samples,

suggesting its oncogenic role in all types of cancer including BC [42].

miR-155

The miR-155 has been shown to be upregulated in different tumor types, including

BC [7, 43–45]. It directly inhibits RhoA expression, a gene that regulates cell

adhesion, motility, and polarity [7]. It is also linked with cancer invasiveness in

human BC [44]. Inhibition of miR-155 induced apoptosis and improved chemosen-

sitivity in BC cell lines by targeting FOXO3a [43]. Inhibition of miR-155 with

antisense oligonucleotide (ASO-miR-155) in MDA-MB-157 breast cancer cell line

inhibited cell viability, induced apoptosis, and most importantly inhibited tumor

growth in mouse model which was in part mediated via capase-3 upregulation [45].
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miR-10b

The miR-10b is greatly expressed in hepatocellular, glioblastoma, pancreatic, and

breast tumors [29, 46–48]. Chan et al. studied the expression of circulating miRNAs

from Asian Chinese to compare miRNA expression from serum samples obtained

from BC patients and healthy individuals using microarrays or locked nucleic acid

real-time PCR panels. Among the significantly expressed miRNAs, miR-10b was

significantly upregulated in serum of BC patients compared to serum obtained from

healthy controls, suggesting the noninvasive diagnostic strategy could be a prom-

ising tool for clinical studies, although further validation in different subtypes of

breast cancer is warranted [49]. Overexpression of miR-10b in metastatic BC cells

regulated cell migration and invasion through the transcription factor Twist which,

in turn, inhibited homeobox D10, resulting in increased expression of RHOC

[47]. Higher expression of miR-10b in primary breast carcinomas was associated

with clinical progression [47]. In addition, miR-10b overexpression was also

observed in metastasis-positive patients compared to metastasis-free patients in

hepatocellular carcinoma [48].

miR-34a

Overexpression of miR-34a decreases Akt signaling pathway and increases estro-

gen receptor-alpha (ERα)-phosphorylation status [50]. The expression of miR-34a

is typically decreased in cancer causing activated signaling such as through Akt

pathway. A recent article by Guo et al. stated upregulation of miR-34a with

curcumin and its combination with another natural compound, emodin, led to the

downregulation of Bcl-2 and Bmi-1 in breast cancer cells, indicating the involve-

ment of both apoptosis regulator and self-renewal of adult stem cells [51]. Sensiti-

zation of MCF-7 cells to Adriamycin was also observed with ectopic

overexpression of miR-34a, suggesting that deregulation of miR-34a plays a key

role in acquired Adriamycin resistance of BC, to some extent by targeting Notch-1,

another target of miR-34a [52]. Some miRNAs are differentially expressed in the

blood of breast and colorectal cancer patients compared to controls. The analysis of

the relative quantification of the miRNAs showed significantly reduced levels of

expression of miR-34a both in breast and in colorectal cancer patients compared to

controls, suggesting that miR-34a is not tissue specific and may be used in the

future as a circulating biomarker for multiple cancers [53].
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miR-125a,b

HDAC inhibitor entinostat inhibited erbB2/erbB3 protein translation through

upregulation of miR-125a, miR-125b, and miR-205 via targeting erbB2 and/or

erbB3 in BC cells [54]. Similarly, one investigator report using SKBR3 cells, a

breast cancer cell line, as a model for ERBB2/ERBB3 dependence, showed through

infection of cells with retroviral constructs expressing miR-125a or 125b which

resulted in the inhibition of ERBB2/ERBB3, suggesting the possibility of using

miRNAs as a beneficial strategy for therapeutic target [55]. Another report dem-

onstrated that the expression of miR-125a was related with the expression of stress-

induced RNA binding protein HuR, which is high in many cancers including

BC. Restoration of miR-125a expression reduced HuR protein level and repressed

cell growth in breast cancer cells, suggesting that miR-125a may play a role as a

tumor suppressor in BC [56].

miR-200 Family

Several investigators have demonstrated the key role of miR-200 family in regu-

lating epithelial-to-mesenchymal transition (EMT) via inhibition of the E-cadherin

transcriptional repressors ZEB1/ZEB2 [57–61]. A recent study also demonstrated

in a mouse model of BC metastasis that ectopic expression of the miR-200b/200c/

429 limits tumor-cell invasion and metastasis [62]. Furthermore, moesin was found

to be directly targeted by miR-200b, and thus restoration of miR-200b expression in

cells alleviated metastatic suppression, suggesting the existence of a moesin-

dependent pathway which is different from the ZEB1/ZEB2 pathway [62]. Micro-

environmental signals including TGFβ can direct tumor metastasis by varying

miR-200 expression [58]. The role of miR-200 as tumor suppressor was also

studied by Manavalan et al. in BC cell line model of advancing endocrine/tamox-

ifen resistance. The study showed that overexpression of miR-200b or 200c in

endocrine therapy (tamoxifen)-resistant cells changed morphology to epithelial

appearance, inhibited cell growth and migration, and were sensitized to tamoxifen

[63]. Tamoxifen effect was also observed in endometrial cancer cells, which was in

part through upregulation of snail and downregulation of E-cadherin and miR-200

expression, contributing to tamoxifen-induced EMT through c-Myc [64]. Lim

et al. in a recent study suggested that cancer stemlike cells show loss of miR-200

expression, and restoration of its expression decreased stemlike characteristics and

further stimulated epithelial phenotype in BC cells [65]. Studies in other cancers

also showed upregulation of E-cadherin caused by ectopic expression of miR-200

family, suggesting miR-200 as a marker of the epithelial phenotype [61]. Many

investigators reported anticancer properties of natural and synthetic compounds,

such as reduction in proliferation [37, 60, 66] and cancer cell-specific induction of

apoptosis in BC cells mediated through deregulation of several signaling pathways
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[66, 67]. In this chapter we will discuss few natural and synthetic anticancer

compounds and their attributes as modulators of miRNAs.

Natural and Synthetic Anticancer Compounds

Garcinol

Anticancer properties of edible fruit Garcinia indica-derived garcinol are opening

new doors for chemotherapy or chemoprevention of many cancers, including BC

[67–71]. It was demonstrated earlier by our group that garcinol-induced apoptosis

in the breast, prostate, and pancreatic cancer cells is mediated through the

downregulation of NF-κB signaling pathway [67, 68]. Another recent report by

our group showed the important role of garcinol in the reversal of EMT, as observed

in aggressive triple negative MDA-MB-231 and BT-549 breast cancer cells which

was mediated through the upregulation of epithelial marker E-cadherin and the

expression of miR-200 and let-7 family miRNAs [69]. Another study investigated

the effect of garcinol on a human hepatocellular cancer cell line Hep3B that lacks

functional p53. Garcinol activated the mitochondrial apoptotic pathways along with

the ER stress modulator GADD153, indicating a potential therapeutic role of

garcinol in p53-independent apoptosis in cancer [71]. In addition, garcinol inhibited

cell proliferation in nicotine-induced human BC, MDA-MB-231 cells, through the

downregulation of α9-nAChR and cyclin D3 expression, suggesting that cyclin D3

would be a suitable molecular target for assessing the activity of chemotherapeutics

and/or garcinol could be a powerful chemopreventive agent in BC patients in the

clinical setting [70].

Plumbagin

Many investigators reported potent anticancer activity of a plant metabolite

plumbagin, a naturally occurring naphthaquinone (5-hydroxy-2-methyl-1,

4-naphthoquinone) [66, 72–74]. Plumbagin has been shown to inhibit cancer cell

migration and invasion and suppressed the expression of osteoclast-activating

factors [66]. It also inhibited breast tumor-bone metastasis and osteolysis by

controlling the tumor-bone microenvironment in a mouse model, suggesting that

plumbagin may serve as an innovative agent for the treatment of tumor-bone

metastasis [66]. Plumbagin can induce estrogen-dependent cell signaling and apo-

ptosis in BRCA1-blocked ovarian cancer cells. It was observed to be the most

effective anticancer agent when compared to other structurally related compounds

and indicated to enhance numerous pathways of apoptosis and cell cycle arrest in

BRCA1-blocked cells compared to unblocked cells [72]. Another investigator
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observed the potential role of plumbagin toward the expression of CXCR4 and its

function in various tumor cells. It was observed that plumbagin downregulated

CXCR4 expression in BC cells regardless of their HER2 status and was not cell

type specific. For example, inhibition with plumbagin also occurred in the gastric,

lung, renal, oral, and hepatocellular cancer cell lines [74]; however, no specific

miRNA has been found to be associated with the biological activity of plumbagin.

Curcumin

Curcumin [1,7-bis-(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione] is a

polyphenolic compound found in the spice turmeric and is considered as a pleio-

tropic molecule which interacts with a variety of molecular targets and has

antitumor, anti-inflammatory, and various other biological activities [75]. Curcumin

inhibited the growth of BC cell lines, and increased the percentage of cells in

sub-G0 phase, representing the apoptotic cell population, which was further con-

firmed by PARP-1 cleavage [75]. In vivo antitumor activity of both early and in an

advanced stage of mammary carcinogenesis induced tumor-free survival and a

reduction in tumor multiplicity with the administration of safe curcumin

[75]. Curcumin was observed to stabilize p27 levels in BC with concomitant

decrease in Skp2, Her2, Cyclin E, and CDK kinases expression in MDA-MB-

231/Her2 cells, suggesting the potential role of curcumin as a chemopreventive

agent in BC [76]. Curcumin is not only considered as chemopreventive/chemother-

apeutic drug but is also associated with obesity-related cancers. It modifies several

molecular targets by reversing insulin resistance to prevent obesity-related cancers

[77]. Demethoxycurcumin, an active compound of curcuminoids originated in

turmeric powder, showed reduced levels of ECM degradation-associated proteins

such as matrix metalloproteinase-9 (MMP-9), membrane type-1 matrix

metalloproteinase (MT1-MMP), urokinase plasminogen activator (uPA), and uPA

receptor (uPAR) curcumin-treated in MDA-MB-231 cells [78].

Although in vitro and some limited preclinical model study showed promising

results with curcumin, human clinical trial has been disappointing which was partly

attributed to the target tissue bioavailability of curcumin. The low bioavailability of

curcumin prompted the synthesis of many analogs of curcumin. One such example

is CDF, a difluorinated synthetic analog of curcumin with greater bioavailability

[38]. Although the effect of CDF has not been demonstrated in BC yet, it has been

proven to be more effective than curcumin in both pancreatic and colon cancer [37,

38, 79]. In order to ensure that the efficiency of CDF was similar to that of

curcumin, tests were conducted in pancreatic cancer cell lines comparing the two

in terms of their ability to inhibit cell growth both in vitro and in vivo [37]. CDF

also reduced the presence of cancer stem cell markers in chemoresistant colon

cancer cells compared to curcumin [79]. The above two reports confirmed that CDF

was more effective than curcumin, and the biological activity was in part mediated

through deregulation of miRNAs [38].
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Conclusion

For the past decade or more, numerous studies have shown an intricate relationship

between the expression of miRNA and human malignancies including BC. The

miRNAs are important regulators of numerous biological processes and are impli-

cated in the pathogenesis of not only cancers but also other human diseases. Recent

studies have shown the stability of miRNAs in serum, plasma, and in both fresh and

FFPE tissue samples. Microarray expression profiling of miRNAs provides a high-

throughput molecular resource to classify countless number of diseases including

BC associated with deregulated expression of miRNAs, which is also concurrently

cost-effective. Therefore, the expression of miRNAs plays a significant role in

differentiating cancer from normal, suggesting its role as a future diagnostic,

prognostic, and predictive biomarker for cancer therapy. Since a single miRNA

can regulate the expression of multiple target genes, it has a substantial potential for

therapeutic use. Forced overexpression of pre-miRNA or inhibition of miRNA

expression by antisense miRNA as demonstrated in mouse models could reduce

tumor growth [80, 81]. These antisense miRNAs are now being tested in the clinical

setting [82]. However, the use of natural agents or their synthetic analogs appears to

have a great promise toward cancer prevention and therapy which indeed could be

attributed to its function as the deregulators of miRNAs. Thus the use of natural

agents or their derivatives as a single agent or in combination with conventional

therapeutics will become a better strategy for prevention and/or treatment of human

malignancies including BC. Although the understanding of miRNA function and

regulation has increased in recent years, we are still in need of new ideas and

techniques involving miRNA-based research especially for miRNA-targeted cancer

therapy. Nevertheless, the future looks brighter for developing miRNA-targeted

therapy for all human cancers including BC (Table 2.1).

Table 2.1 The list of up- and downregulated microRNAs and their Targets

miRNAs Up- or downregulated Target genes References

miR-221 Upregulated E-cadherin, snail, slug [35]

miR-21 Upregulated PTEN, PDCD4 [36–40]

miR-155 Upregulated RhoA, FOXO3a, Caspase-3 [7, 43, 45]

miR-10b Upregulated Twist, RHOC [47]

miR-34a Downregulated Akt, Bcl2, Bmi-1, Notch1 [50–52]

miR-125a,b Downregulated erbB2, erbB3, HUR [54–56]

miR-200 family Downregulated E-cadherin, ZEB1, ZEB2, c-Myc [57–61, 64]
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