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Breast cancer is the leading cause of death in women in North America.  The etiology
of breast cancer is complex, and genetic background and environmental factors are
believed to contribute to the complexities.  Over the past decades, a large body of
literature has demonstrated that gene expression profile may be a useful tool to define
the signature of cancer and predict the prognosis or response to treatment.  Recently,
microRNA (miRNA) expression profile calls a great attention to define various types of
cancers.  miRNAs are small non-coding RNAs that bind to the 3' untranslated region of
target mRNAs and down-regulate their translation to protein or degrade the mRNAs.
miRNAs play critical roles in many different cellular processes including metabolism,
apoptosis, differentiation, and development.  They are also linked to human diseases,
including cancer.  In this paper, we discuss the recent miRNA studies in breast cancer
and provide a summary of the literatures focusing on miRNA signalling pathways and
their potential involvement in breast cancer development.
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MicroRNAs (miRNAs2) are endogenous ∼21 nucleotide
small non-coding RNAs encoded in genomes, which regulate
protein-coding gene expression in a sequence-specific
manner for cleavage or translational repression [1-4].
miRNAs are processed sequentially from primary miRNA
transcripts to pre-miRNAs to mature miRNAs.  The primary
miRNA are transcribed by RNA polymerase II in nucleus, and
are usually several kilobases in length.  The primary miRNAs
processed by Drosa/DGCR8/Pasha “microprocessor” are
cleaved into ∼70 to 100 nucleotide hairpin pre-miRNAs,
which are rapidly exported into cytoplasma.  Subsequently,
pre-miRNAs are cleaved by cytoplasmic RNase III Dicer
enzyme into ∼21 nucleotide miRNA duplex.  One of the
strands serves as mature miRNA, which is guided by
miRNA-associated multiprotein RNA-Induced Silencing
Complex (RISC) to negatively regulate the mRNA [5].
Following the first miRNA lin-4 was discovered in the worm
C. elegans and was shown to control the development and
differentiation of cells [4], many other members of miRNAs
were identified in different species with conventional ex-
perimental methods or computational prediction.  Based on
miRBase release 10.0, 533 human miRNAs were registered
( http://microrna.sanger.ac.uk/cgi-bin/sequences/browse.pl )
and expected to increase up to 1000 [6].  miRNA expression
is highly specific for tissues and developmental stages, and
the functions of miRNAs have been appreciated in various
fundamental biological processes such as cell death [7], cell
proliferation [8], and stem cell division [9].  miRNAs can act
as oncogenes [10] and tumor suppressor genes [11].
Expression profiling in various cancer tissues have been
intensively studied [12,13].  Here we only discuss the associ-
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ation of miRNA research with breast cancer and the potential
targets for breast cancer treatment.

Aberrant expression of miRNAs in breast cancer

The association of miRNA with breast cancer pathogene-
sis is supported by the studies examining expression of
miRNAs in breast cancer cell lines and clinical samples
(Table 1).  The earliest study documenting abnormalities of
miRNA expression in MCF-7 and T47-D breast cancer cell
lines has reported that miR-143, miR-145, miR-16, and let-7a-
1 are down regulated in these cell lines [14], suggesting that
change of specific miRNA expression is associated with
malignant transformation.  In 2005, three studies published
in Nature further establish close correlations between
altered expression of specific miRNA and tumorigenesis
[10,11,15].  For example, Lu et al. [15] utilized a new bead-
based flow cytometric technique to obtain miRNA expres-
sion profiles.  Using this technique, the expressions of 217
miRNA in 332 tissue samples including breast cancer
tissues were analyzed.  The authors found that miRNA
profiles obtained are informative, reflecting the lineage and
differentiation status of the tumor, and overall miRNA
expression tended to be down regulated.  Similar to other
tumors, most miRNAs are expressed at lower levels in breast
tumors than normal tissues.  Moreover, miRNA level is lower
in poorly differentiated breast tumors with respect to well-
differentiated breast tumors.  Interestingly, the miRNA profile
is more accurately correlated with cell differentiation and
development status compared mRNA expression profile.
Subsequently, Iorio et al. [16] demonstrated the existence of
a breast cancer-specific miRNA signature with a genome-
wide miRNA expression profiling in a large set of normal and
tumor breast tissues, in which 29 miRNAs were differentially
expressed in breast cancer versus normal tissues.  Among
them, confirmed by Northern blot, miR-10b, miR-125b and
miR-145 were down-regulated; while miR-21 and miR-155
were up-regulated, suggesting that these miRNAs may
potentially act as tumor suppressor genes or oncogenes,
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  Table 1: Aberrant expression of miRNAs in breast cancer
Key miRNA changes  Authors (year)[Ref.] Samples used*         Method(s) used Up-regulated Down-regulated

Michael et al. (2003)[14] MCF-7, T47D breast cancer cell
line

Northern blot
  
        miR-143
            miR-145
            miR-16
            let-7a-1

Lu et al. (2005)[15] Breast cancer tumor tissues (6)
vs. normal tissues (5)
MCF-7 cell line

Bead-based flow cytometry
Northern blot

  
        miR-21

 
        let-7

Iorio et al. (2005)[16] Breast cancer tumor tissues (76)
vs. normal tissues (30)
Breast cancer cell lines

miRNA microarray
Northern blot

 
        miR-21
            miR-155
            miR-206
            miR-122a
            miR-210

  
        let-7
            miR-10b
            miR-125a
            miR-125b
            miR-145

Volinia et al. (2006)[17] Breast cancer tumor tissues (79)
vs. normal tissues (6)

miRNA microarray
   
        miR-21
            miR-155
            miR-206
            miR-122a
            miR-210

   
        let-7
            miR-10b
            miR-125a
            miR-125b
            miR-145

Si et al. (2006)[29] Breast cancer tumor tissues (5)
vs. normal tissues (5)
MCF-7 cell line

TaqMan RT-PCR
  
        miR-21

  *The number in parentheses at the 2nd column represents how many samples were used in the study.

respectively.  The same group further examined the miRNA
expression signature of human solid tumors including
breast cancer.  The authors identified that 27 miRNAs were
differentially expressed in breast cancer versus adjacent
normal tissues, i.e., 15 miRNAs were up-regulated and 12
miRNAs were down-regulated in breast cancer versus
normal tissues [17].  However, when comparing these two
dataset, only one third of identified miRNAs are reproducible.
The common changed miRNAs are list in Figure 1.  During
the preparation of this paper, Blenkiron et al. [18] reported
that miRNA expression in 22 breast cancer cell lines were
largely deregulated over breast tissues, but unlike previous
reports, the authors did not observe the perfect separation
of miRNA expression between the normal breast and tumor
samples.  In contrast, a subset of miRNAs was differentially
expressed among five molecular breast tumor subtypes
(luminal A, luminal B, basal-like, HER2+, and normal-like)
with clinical implications [18].  The discrepancy of these
studies may reflect the application of the different miRNA
platforms, the various techniques, the targets of detection
such as pre-miRNAs versus mature miRNAs, and the ana-
lytical tools.  Nevertheless, these findings from diverse
aspects provide new insight into the molecular mechanisms
of breast cancer initiation, progression and metastasis.

Aberrant miRNA expression as biomarkers for
breast cancer

ErbB2, estrogen receptor (ER) and progesterone receptor
(PR) represent the clinically important breast cancer sub-
types and guide the choice of treatment.  ErbB2-positive and
ER-positive breast cancers have been shown to exhibit
significantly different gene expression profiles [19].  As we
mentioned above, the miRNA profile is more accurately
correlated with cell differentiation and development status
when compared with mRNA expression profile, it is therefore
of great interest for researchers to explore how miRNA
expression is linked to known breast cancer markers.
Interestingly, a subset of miRNA expression was correlated
with specific breast cancer biopathologic features, such as
ER and PR expression, tumor stage, vascular invasion and

proliferation index [16].  Moreover, miRNA profiles were able
to clearly discriminate ErbB2-positive/ER positive and
ErbB2-positive/ER-negative breast cancers [20].  In contrast,
a more recent study reported the miRNA expression profiling
in 193 primary breast cancer tissues, and did not find
specific miRNAs were strongly associated with tumor stage,
vascular invasion, and ErbB2 status [18].  In terms of the
miRNAs and ErbB2 status, these three studies do not
support each other due to multiple reasons as we mentioned
before.  Of note, all three studies have identified a subset of
miRNAs is associated with ER status regardless the experi-
mental conditions [16,18,20].  The link of hormones and
miRNA has been reported previously in Drosophila [21] and
plants [22].  In Drosophila, the up-regulation of three miRNAs
(miR-100, miR-125, and let-7) and the down-regulation of
miR-34 require the hormone ecdysone (Ecd) and the activity
of Ecd-inducible Broad-Complex gene [21].  The plant
hormone auxin is regulated by miRNAs in plant Arabidopsis
thaliana [22].  More recently, Adams et al. [23] have provided
the first evidence that estrogen can enhance miR-206
expression and in turn miR-206 binds to 3’UTR of ERα
mRNA and represses translation of ERα protein.  This
reveals a very important function of miRNAs in nuclear
hormone biochemical circuits.  Taken together, specific
miRNA expression associated with biopathologic features
such as ER and PR status may be identified which, upon
further evaluation, can serve as important diagnostic or
prognostic biomarkers for breast cancer.

Genomic change of miRNA in breast cancer

It has been reported that miRNA genes are frequently
located in the chromosomal regions characterized by
nonrandom aberrations in human cancer, suggesting that
resident miRNA expression might be affected by these
genetic abnormalities [24].  The mechanism for aberrant
expression of miRNAs in breast cancer tissues is, in part,
resulted from genomic changes.  miR-125b, which is down
regulated in breast cancer, is located at chromosome 11q23-
24, one of the regions most frequently deleted in breast
tumors [25].  miR-33 and miR-320 expression was found to
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Figure 1: Loss- or gain-of-function of
specific miRNAs contributes to breast
epithelial cellular transformation and tumori-
genesis.  Simplified model of breast cancer
development from normal breast epithelial
cells to cancerous cells through multiple
genetic changes such as BRCA1/2 mutations,
gain/loss of miRNA functions.  A subset of
miRNAs differentially expressed in breast
tumors compared to normal breast tissues
has been identified, such as the expression
levels of let-7a, miR-10b, miR-125a, miR-125b
and miR-145 are higher in normal epithelial
cells relative to breast tumors; whereas, miR-
21, miR-155, miR-206, miR-122a, and miR-210
are higher in breast tumors against normal
tissues.

be strongly associated with the genomic alteration [18].  The
alteration of DNA copy number may be a critical factor
affecting expression of miRNA in breast cancer.  A high-
resolution CGH data shows that 72.8% of miRNA genes are
located in regions that exhibit DNA copy number abnormali-
ties in breast cancer [26].  Moreover, if comparing the breast
cancer CGH data with independent miRNA expression by
miRNA microarrays, 81.8% miRNAs demonstrated increased
expression level and high DNA copy number, but 60%
miRNAs exhibited decreased expression level with loss of
DNA copy number [16].  Therefore, changes of DNA copy
display good correlation with miRNA transcript expression
in breast cancer.  In addition, chromatin remodeling may
also account for the frequent miRNA dysregulation in breast
cancer.  When breast cancer cell line SK-Br-3 was treated
with histone deacetylase inhibitor LAQ824, within 5 h of
exposure to a proapoptotic dose of LAQ824, significant
changes were measured in 40% of the > 60 different miRNA
species expressed in SK-Br-3 cells with 22 miRNA species
down-regulated and 5 miRNAs up-regulated [27].  It is
speculated that methylation and dymethylation of miRNA
promoter regions during cancer development may be
responsible for the changes of miRNA expression level as
well.  There is no report that whether mutation of miRNA
exists in breast cancer, which may also affect the detection
of expression.  In sum, genomic instability, epigenetic
change and mutation of miRNA all cause miRNA dysregula-
tion in breast cancer.  We expect to understand more about
miRnome in breast cancer in the nearest future.

miRNA signaling pathways in breast cancer
development

The available evidence clearly demonstrates that miRNAs
are intertwined with cellular pathways regulated by classical
oncoproteins and tumor suppressors such as ErbB2, Akt,
NF-κB, Myc, Ras, pTEN, p53, and Rb.  Incorporation of
miRNA regulation into current models of molecular cancer
pathogenesis will be essential to achieve a complete under-
standing of breast cancer development.  miRNAs with pro-
proliferative and anti-apoptotic activity would likely promote
oncogenesis and thus may be over-expressed in cancer
cells.  Likewise, miRNAs with anti-proliferative and pro-
apoptotic activity are likely to function as tumor suppressor
genes and thus may be under-expressed in cancer cells [28].
Based on current literature, breast cancer-related miRNAs
and their targets/pathways are listed in Figure 2.

miR-21 is consistently overexpressed in breast cancer
[16,17,29], and has been shown to promote cell survival and
inhibit the apoptotic caspase activities [30].  Importantly,

anti-miR-21 oligonucleotides suppress both breast cancer
cell growth in vitro and tumor growth in vivo, which is
associated with increased apoptosis and down-regulation of
the anti-apoptotic protein Bcl-2 [29].  Recently, tropomyosin
1 (TPM1) has been identified as a potential miR-21 target in
tumors and experimentally confirmed in breast cancer cell
line [31].  TPM1 exhibits an anti-oncogenic function through
binding microfilament and regulating cytoskeleton [32,33].
Similar to tumor suppressor pTEN, down-regulation of TPM1
is a consistent biochemical change observed in transformed
breast epithelial cells.  The interaction with miRNAs such as
miR-19a::pTEN and miR21::TPM1 was found to be an crucial
silencing effect.  Loss of pTEN function contributes to
uncontrolled cell growth [34].  Inhibition of TPM1 function
under miR-21 overexpression results in progressive cell
migration and invasion [31].  Akin to miR-21 effect, the level
of miR-10b expression in primary breast carcinoma corre-
lates with clinical progression, and miR-10b induced by
transcription factor Twist proceeds to inhibit translation of
the mRNA encoding homeobox D10, resulting in increased
expression of pro-metastatic gene, RHOC, leading to tumor
cell invasion and metastasis [35].  The TGF-β gene has been
predicted as a potential target of miR-21 by multiple methods
[16].  TGF-β signaling is a well-studied inhibitory signaling
pathway [36], which induces cell-cycle arrest in part through
direct suppression of c-Myc-mediated gene expression, and
ectopic expression of c-Myc abrogates TGF-β-mediated
growth inhibition [37].  We then hypothesize that overex-
pression of miR-21 inhibits TGF-β gene, diminishes the
inhibitory effect of TGF-β signaling, enhances cell growth,
and promotes breast cancer development.  The experiments
are underway to prove this signaling pathway.

The expression of various let-7 miRNAs is down-regulated
in breast cancer samples with either lymph node metastasis
or higher proliferation index, suggesting that a reduced let-7
expression could be associated with a poor prognosis [16].
An association between let-7 down-regulation and poor
prognosis was previously reported in human lung cancer
[38,39].  The finding that the let-7 family of miRNAs regulates
expression of the ras oncogene family provides a potential
explanation for the role of let-7 miRNAs in human cancer [40].

Transcriptional co-activators play a critical role in breast
cancer development.  AIB1 (Amplified in Breast Cancer-1
protein) is a member of p160/SRC family of co-activators and
acts as an oncogene product [41].  A recent study has
shown that miR-17-5p does not only negatively regulate
E2F1, but also bind to 3’UTR of AIB1 mRNA, inhibiting its
trans-activation function.  Furthermore, miR-17-5p expres-
sion level decreases while AIB1 increases in a series of
breast cancer cell lines, and the discrepancy regarding miR-
17-5p expression changes in various conditions has been
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Figure 2: A model of miRNA involvement in breast cancer by modulating the expression of tumor suppressor genes and oncogenes.  Overex-
pression of miRNAs by amplification of the miRNA-encoding locus leads to decreased expression of targets.  Under expression of miRNAs by
deletion or methylation of the miRNA locus results in increased expression of targets.  miR-21 and miR-10b overexpressed in breast cancer
interact with TPM1 and homeobox D10, respectively, resulting in progressive cell invasion and metastasis; miR-19a may inhibit tumor suppressor
pTEN and thus activate PI-3K/Akt signaling pathway; deficiency of let-7 and miR-125a,b, which inhibit Ras and ErbB2/3, correspondingly, triggers
Ras/Raf/ERK signaling pathway.  Down-regulation of miR-206 and miR-17-5p, which block ER and AIB1, respectively, simultaneously magnify the
ER signaling pathway.

explained by Hossain et al. [42].  Interestingly, miR-17-5p
suppresses estrogen-dependent and independent breast
cancer cell proliferation by targeting AIB1 [42].  The levels of
miR-125a,b are down-regulated in breast cancer [16,17].
ErbB2 and ErbB3 have been recently identified as the targets
of miR-125a,b, and enforced expression of miR-125a,b
suppresses ErbB2 and ErbB3 at transcription and protein
levels in SKBR3 breast cancer cell line, with the downstream
signaling molecule ERK1/2 and Akt activities diminished.
This results in impairment of breast cancer cell growth and
invasion [43].  The miR-206 interacting with estrogen and
ERα has been discussed above.  It is of great interest to us
that the global downstream gene changes of miRNA-
mediated ER signaling would be further explored with ChIP
on chip assay.  Taken together, the available evidence has

demonstrated that miRNAs are involved in modulating
multiple signaling pathways during breast cancer develop-
ment and may serve as potential targets for breast cancer
therapy.

Concluding remarks

Over past decades, scientists have put many efforts to
study the protein-coding genes to elucidate the molecular
mechanisms of breast cancer.  DNA microarrays have been
widely used to identify potential signature genes as bio-
markers for breast cancer diagnosis or prognosis [44].  The
successful example is that HER2/Neu/ErbB2 is used as a
biomarker, the specific antibody targeting ErbB2 (trastuzu-
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mab; Herceptin®) has been developed for treatment.  Now
researchers take advantage of miRNA to target HER2/Neu in
ovarian cancer cells overexpressing HER2/Neu protein [45].
The emerging view from studies discussed above is that
miRNAs are involved in breast cancer development, and
these findings highlight the potential utility of miRNA
profiling for diagnostic and prognostic application.  Due to
the various miRNA microarray methods (from preparation of
miRNA, hybridization to data mining) utilized by different
investigators, the reliability of miRNAs identified in breast
cancer tissues is still at unsatisfactory level.  The golden
standard of miRNA microarray technology remains to be
developed.  However, the miRNAs such as miR-21 as the
promising molecular targets for breast cancer treatment
have been arisen, at least in mouse model [29].  We are still
at an early stage in our understanding for the roles of
miRNAs in breast cancer development.  There are many
biological questions which need to be addressed such as
how miRNA expression is involved in the normal mammary
gland development, and how miRNAs participate in fine
tuning of breast cancer stem cell maintenance.  Indeed, the
differential miRNA expression profiling on mouse mammary
gland at different stages (virgin, pregnancy, lactation, and
involution) has been reported [46], this provide valuable
information on mammary gland biology.  Undoubtedly,
continued efforts to delineate miRNA function in mammary
physiological and pathophysiological conditions will reveal
novel insights into normal cellular and breast cancer biology,
and eventually provide a new molecular target for alternative
therapy.
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