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BRCA1 and MicroRNAs: Emerging Networks and
Potential Therapeutic Targets
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BRCA1 is a well-known tumor suppressor implicated in
familial breast and ovarian cancer. Since its cloning in
1994, numerous studies have established BRCA1’s role in
diverse cellular and biochemical processes, such as DNA
damage repair, cell cycle control, and transcriptional regu-
lation as well as ubiquitination. In addition, a number of
recent studies have functionally linked this tumor sup-
pressor to another important cellular regulator, microR-
NAs, which are short (19-22 nt) RNAs that were discovered
in the nematode in 1993. Soon their presence and function
were validated in mammals, and since then, the role of
microRNAs has been actively investigated in almost all
biological processes, including cancer. In this review, we
will describe recent progress in the understanding of the
BRCA1 function through microRNAs and the role of mi-
croRNAs in regulating BRCA1, with emphasis on the im-
plication of these processes on the development and pro-
gression of cancer. We will also discuss the therapeutic
potential of microRNA mimics or inhibitors of microRNAs
to affect BRCA1 function.

INTRODUCTION

In United States, one in eight women will develop breast cancer
in her lifetime. Worldwide, breast cancer accounts for almost
23% of all cancers in women, excluding non-melanoma skin
cancers (Jones and Buzdar, 2004). Breast cancer not only
affects the lives of the women who have it, but it also changes
forever the lives of their family members. Moreover, because of
its high incidence and the associated, rapidly increasing cost of
treatment, breast cancer has a broad-reaching impact on soci-
ety as a whole. In this regard, preventing or eliminating this
disease represents a significant and urgent challenge.

The breast cancer-associated 1 (BRCAT) gene is one of the
well-characterized cancer susceptibility genes associated with
hereditary breast and ovarian cancer (Fackenthal and Olopade,
2007; Ramus and Gayther, 2009). A mutation in BRCA1 in-
creases the lifetime risk of developing the disease by up to 54%
over the risk found in the general population (Easton et al.,
1995). Many aspects of this multifunctional protein have been
revealed since its cloning in 1994 (Miki et al., 1994), including

its essential role in DNA damage repair, E3 ubiquitin ligase
activity, and transcriptional activation/repression of downstream
genes (Huen et al., 2010). We have recently discovered a
novel function of BRCA1 in the epigenetic control of an onco-
genic microRNA (miRNA), miR-155 (Chang et al., 2011). MiRNAs
are small RNAs (19-22 nt) that are generated by a series of
enzymatic processes in the nucleus and as well as in the cyto-
plasm (Murchison and Hannon, 2004). Approximately 1,400
miRNAs are thought to exist in humans; about 1,100 miRNAs
have already been identified (http://www.microrna.org). Recent
studies have revealed an intricate relationship between BRCA1
and miRNAs: BRCAT1 regulates the expression of miRNAs,
which may in turn regulate the expression of BRCAT. In this
review, we describe the complex regulatory network of BRCA1
and its associated miRNAs. We also discuss the implication of
this network in BRCA1-mediated tumorigenesis as well as in
the development of novel therapeutic tools.

MIRNAS TARGETING THE BRCA1 UTR

It is estimated that more than 60% of cellular mRNAs are under
the control of miRNAs (Friedman et al., 2009; Lewis et al.,
2005). BRCAT1 is no exception, as several recent studies have
shown it to be regulated by miRNAs (summarized in Table 1).
The human BRCA717 mRNA has a 1.5-kb 3'UTR that is pre-
dicted to bind to 20-100 miRNAs (Griffiths-Jones et al., 2008;
John et al., 2004). To date, seven of these miRNAs have been
identified and shown to regulate BRCA1 (Fig. 1). Because
miRNAs are known to down-regulate the level of the target
protein by degrading mRNA or inhibiting its translation (Nelson
et al.,, 2003), the binding of miIRNA to the BRCA1 mRNA can
have the same effect as a loss-of-function mutation in BRCA1.
Indeed, a recent study revealed that the Argonate/miR-182
complex is selectively enriched for the BRCAT mRNA. More-
over, the overexpression of miR-182 reduces the level of
BRCA1 (Moskwa et al., 2011), resulting in hypersensitivity of
the cells to y-irradiation (IR) and defects in homologous recom-
bination, which are the hallmarks of BRCA1 loss. In addition,
the authors found that treatment with Poly (ADP-ribose) poly-
merase 1 (PARP1) inhibitors affects the growth of miR-182-
expressing tumors in mice. These results suggest that combin-
ing miR-182 with PARP1 inhibitors confers a therapeutic
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advantage. Currently, PARP1 inhibitors are being used in clini-
cal trials to treat BRCA1- and BRCA2-deficient tumors that are
defective in homologous recombination (Fong et al., 2009;
Gelmon et al., 2011).

In addition to miR-182, miR-146a and miR-146-5p have been
shown to bind to the 3' UTR of BRCAT (Garcia et al., 2011a;
Shen et al., 2008). The reduction in the BRCA1 level caused by
these two miRNAs resulted in increased cell proliferation and a
reduction in homologous recombination. Moreover, the authors
showed that the two miRNAs are up-regulated in the basal-like
tumor cell lines and triple-negative breast tumors, suggesting
that the up-regulation of these two miRNAs may be the driving
force for the basal-like sporadic cancers caused by a reduction
in BRCA1 expression. On the other hand, miR-15a and miR-16
are identified as BRCA 1-targeting miRNAs in nasopharyngeal
carcinoma (NPC) (Zhu et al., 2009). It was reported that six out
of eight NPCs exhibited a loss of BRCA1 expression, suggest-
ing the involvement of BRCA1 in Epstein-Barr virus-mediated
induction of NPC. Lastly, Li et al. (2012) showed that BRCA1 is
also targeted by miR-638, which is induced in human bronchial
epithelial cells by benzo(a)pyrene (BaP). As BaP is a known
carcinogen, this finding suggests that induced miR-638 might
down-regulate BRCA1, impairing DNA damage repair and
causing cancer.

Polymorphism in the miRNA genes may affect BRCA1
expression

It is possible that a mutation in a gene encoding a miRNA can
alter its sequence such that gene(s) that may not normally be
targeted by this miRNA may become a potential target. Such
mutations can have serious consequences especially if the
target gene(s) are functionally important, as is the case with
BRCA1. This prediction is supported by Shen et al. (2008) who
found that a G-to-C polymorphism (rs2910164) in the miR-146a
precursor resulted in increased production of mature miR-146a.
In addition, the authors found that the C allele miR-146a binds
significantly more tightly to the BRCA1 UTR than the common
G allele. They also revealed that carriers of this polymorphism
have an earlier breast cancer diagnosis, suggesting the down-
regulation of BRCA1 by the polymorphic miR-146a has a clini-
cal impact. This finding is further confirmed by a recent study
conducted in a European population (Lian et al., 2012). How-
ever, Garcia et al. (2011b) found no association between the
miR-146a SNP and breast cancer risk in a large-scale analysis
of breast cancer samples. Clearly, further studies are needed to
establish the possible role of a miR-146a polymorphism on
BRCA1 regulation. In another study, Shen et al. (2009) found
that a rare variant in the miR-17 gene resulted in altered ex-
pression of mature miR-17, which could bind to the BRCAT1
UTR. These results suggest that the variation in the miRNA
gene is one of the mechanisms for the miRNA-mediated down-
regulation of BRCAT1.

Mutation in the BRCA1 UTR may affect miRNA binding

In addition to the polymorphisms in miRNAs, variations in the
UTR of BRCA1 may alter the miRNA regulation on BRCAA1.
Notably, if the mutation creates or enhances a specific miRNA
interaction, the effect can be similar to a complete loss of func-
tion mutation in BRCA1. Indeed, Nicoloso et al. (2010) reported
that the rs799917-BRCA1 SNP is associated with a higher risk
of breast cancer and showed that this SNP is more susceptible
to regulation by miR-638. In keeping with this finding, we identi-
fied, through bioinformatics analysis of BRCA1 UTRs, several
SNPs that can potentially generate miRNA binding sites. A num-
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Fig. 1. BRCA1-related miRNA network. miRNAs that regulate BRCA1
by interacting with its 3UTR are shown in the upper part (dotted
box). In the lower part, the miRNAs that are up- or down-regulated
by BRCAT1 are shown in green or gray boxes, respectively. Some of
the known targets (or effect) of each miRNA are indicated in italics.
A possible feedback loop for the miR-146a is indicated by a dotted
line with an arrowhead.

ber of other reports have also identified BRCA1 UTR variations
associated with breast cancer risk. For example, two polymor-
phic alleles, ¢.5711+421 (G or T) and the ¢.5711+1286(C or T),
showed a significant association with cancer (Pongsavee et al.,
2009). Likewise, rs8176318 on the BRCA1 3'UTR is also
shown to be associated with breast cancer risk (Pelletier et al.,
2011). Identifying miRNAs that potentially control these UTR
variations will provide a better understanding of the clinical
impact of these variants.

BRCA1 CONTROLS THE EXPRESSION OF MIRNAS

BRCA1 down-regulates miRNAs

In addition to the DNA damage repair function, BRCA1 exerts
its effect on diverse cellular processes such as cell cycle pro-
gression, chromatin remodeling, and transcriptional regulation
(Huen et al., 2010; Ohta et al., 2011). Because of its role as a
transcriptional regulator, BRCA1 has been predicted to regulate
the expression of miRNAs. This prediction is supported by the
identification of a number of miRNAs that are regulated by
BRCA1 (Table 1). Recently, we discovered a novel role of
BRCAT1 in regulating the expression of an oncogenic miRNA,
miR-155 (Chang et al., 2011). Using a miRNA array-based
expression analysis in differentiating mouse embryonic stems
cells with BRCA 1 mutation, we identified miR-155 as one of the
up-regulated miRNAs. Further investigation revealed that BRCA1
suppresses the miR-155 promoter epigenetically via its interac-
tion with the HDAC2 complex (Fig. 2). This finding represents
an example of how BRCA1 can exert its tumor suppression
function through miRNA regulation. We also found miR-652 to
be up-regulated in BRCA1 mutant cells. At present, it is not
clear whether, like miR-155, miR-652 is directly repressed by
BRCAA1. Considering that BRCA1 functions as a transcription
co-repressor for several genes (Aiyar et al., 2007; Wang et al.,
1998; Yu et al., 1998), it will be meaningful to find other onco-
genic miRNAs that are directly regulated by BRCA1. Of note, a
recent report showed that DNMT1, which encodes a methyla-
tion maintenance enzyme, is a transcriptional target of BRCA1
(Shukla et al., 2010). The authors also showed that the loss of
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Sub group miRNA Related pathways References
Upstream signals
Targeting miR-182 Repressed by IR Moskwa et al. (2011)
BRCA1 miR-146a, miR146-5p Diflourinated-curcumin (CDF) / EZH2 Garcia et al. (2011); Shen et al. (2008)
miR-15a, miR-16 Induced by circumin Zhu et al. (2009)
miR-638 Induced by benzo(a)pyrene (BaP) Lietal. (2012).
miR-17 Myc, Cyclin D1 Shen et al. (2009)
Downstream signals
Targeted by miR-155 Immune response, anti-apototic Rodriguez et al. (2007); Thai et al. (2007)
BRCA1 (PU.1, p53INP1...)

miR-148, miR-152
cancer (EC)

miR-205
miR-99b
miR-146a

Tumor-suppressor in endometrial

EMT, invasion (ZEB1, ZEB2, CK-epsilon)
NF-xB, MAPK pathway (TRAF2)
NF-kB, MAPK pathway (TRAF2)

Tsuruta et al. (2011)

Gregory et al. (2008)
Tanic et al. (2011); Zilahi et al. (2012)
Tanic et al. (2011); Zilahi et al. (2012)

Functional BRCA1 is present Functional BRCA1 is absent

miR-155 Promoter TATA miR-155 Promoter TATA [l

NO recruitment of HDAC2
complex to miR-155
promoter

BRCA1 recruits HDAC2
complex to miR-155
promoter

1

Hi are not

tylated Histones are acetylated

Promoter is repressed Promoter is de-repressed

Expression of miR-155 is low Expression of miR-155 is high

Fig. 2. BRCA1-dependent epigenetic regulation of miR-155 pro-
moter. In the BRCA1 wild-type cells (on left), there is an association
of the HDAC2 complex on the miR-155 promoter, mediated by
BRCA1. The HDAC2 complex deacetylates H2A and H3, thereby
epigenetically repressing the miR-155 promoter. In the BRCA1
mutant cells (on right), the HDAC2 association on the miR-155
promoter is disrupted. As a result, there is more H2A and H3 acety-
lation, which in turn activates the miR-155 promoter epigenetically.

BRCA1 resulted in global DNA hypomethylation, suggesting
that some miRNAs are indirectly repressed by BRCA1 through
the promoter hypomethylation.

BRCAT1 up-regulates miRNAs

It is well known that BRCA1 is a component of the RNA Pol |l
holoenzyme complex (Anderson et al., 1998; Scully et al., 1997)
and induces a set of target genes, including p21, Gadd45a
(Harkin et al., 1999; Somasundaram et al., 1997). A recent
genome-wide study identified 44 gene promoters associated
with BRCA1 (Gorski et al., 2011). Consistent with these findings,
BRCA1 has been found to be involved in the transcriptional
activation of miRNAs, as shown in Fig. 1. Tanic et al. showed
that miR-146a, miR-99b, and miR-205 are induced in BRCA1-
deficient HCC1937 cells after they were reconstituted with

http://molcells.org

BRCA1 (Tanic et al., 2011). Interestingly, miR-146a has also
been shown to regulate BRCA1 (Garcia et al., 2011a), suggest-
ing a possible negative feedback loop. Our study also showed
that several miRNAs, including miR-148, miR-152, and miR-
744 (Chang et al., 2011), are down-regulated in mutant BRCA1
cells. Interestingly, miR-152 is identified as a tumor-suppressor
miRNA in endometrial cancer (Tsuruta et al., 2011). Thus, it is
possible that BRCA1 exerts its tumor-suppressor function by
up-regulating tumor-suppressor miRNAs. Furthermore, hyper-
methylation was shown in the promoters of mir-148 and mir-
152 in 34-86% of 71 primary human breast cancer specimens
(Lehmann et al., 2007), suggesting the functional impact of the
repression of these miRNAs. At this point, it is not clear whether
these miRNAs are regulated directly or indirectly by BRCA1.
Further studies, including the examination of methylation control
of the promoters of the miRNA genes and the identification of
transcriptional activators, will reveal the role of BRCA1 in the
control of these miRNAs.

SIGNALING PATHWAYS AFFECTING THE MIRNAS
THAT TARGET BRCA1

miR-146a

A recent report revealed that diflourinated-curcumin (CDF)
treatment on pancreatic cancer cells reduces EZH2 expression
(Bao et al., 2012). Several tumor-suppressor miRNAs are in-
duced by EZH2, including let-7a, b, c, d, miR-26a, miR-101,
miR-146a, and miR-200b and c. Because EZH2 is a histone
methyltransferase involved in epigenetic regulation of many
genes (Simon and Lange, 2008), the effect of EZH2 on miR-
146a expression suggests an epigenetic regulation of this
miRNA. Once CDF reduces the EZH2 level, the induction of
miR-146a will be compromised by the increase in methylated
histones on the promoter. Conversely, the increased level of
EZH2 is likely to result in more miR-146a, which in turn will
down-regulate BRCA1. Consistent with this expectation, knock-
down of EZH2 was shown to increase BRCA1 (Gonzalez et al.,
2009). Interestingly, a report showed EZH2 is up-regulated in
BRCA1-deficient tumors and tumor cell lines (Puppe et al.,
2009), suggesting a positive feedback loop that down-regulates
BRCAT1 by the EZH2-miR-146a pathway.
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Table 2. Therapeutic Potential of BRCA1 related miRNAs

miRNA Type Disease models References
miR-182 AntagomiR Melanoma -Liver metastasis Segura et al. (2009)
AntagomiR Helper T cell mediated immune response Stittrich et al. (2010)
miR-146a Mimic Rheumatoid arthritis Nakasa et al. (2011)
miR-15a / miR-16a AntagomiR Prostate Cancer Bandi et al. (2009)
miR-17 AntagomiR Pulmonary hypertension Pullamsetti et al. (2012)
miR-155 Mimic Tumor associated dendritic cell-Ovarian cancer Cubillos-Ruiz et al. (2012)
miR-205 Mimic Renal cancer Maijid et al. (2011)
Mimic Breast cancer (Targeting HER3) lorio et al. (2009)
miR-99a/99b AntagomiR Breast Cancer (EMT) Turcatel et al. (2012).

miR-15a and miR-16

miR-15a has been proposed to be a tumor-suppressor miRNA
because it induces apoptosis and reduces tumorigenicity in
chronic lymphocytic leukemia through the regulation of anti-
apoptotic Bcl-2 expression (Cimmino et al., 2005). This sugges-
tion is further supported by Yang et al., who showed curcumin,
an anti-cancer agent, up-regulates miR-15a and miR-16, which
can down-regulate Bcl-2 in MCF7 cells (Yang et al.,, 2010).
Since miR-15a and miR-16 were shown to target BRCA1, these
miRNAs appear to have a dual role. Further studies will reveal
how these two functions are regulated in different cellular con-
texts. Interestingly, Cittelly et al. (2010) showed that the HER2A16,
which is an oncogenic isoform of HER2, suppresses miR-15a
and miR-16. This study also showed that decreased miR-15a
and miR-16 confer tamoxifen resistance in ER-a. positive cells
by up-regulating Bcl-2. It is not clear whether the increased miR-
15a and miR-16 can target Bcl-2 in NPC, where BRCA1 was
identified as a target of these miRNAs. Further studies are
needed to understand the effect of oncogenic HER2A 16 on the
regulation of BRCA1 through miR-15a and miR-16.

miR-182

miR-182 was recently identified as a miRNA that is down-
regulated in response to IR in undifferentiated, proliferating pro-
genitor K562 cells (Moskwa et al., 2011). It was reasoned that
decreased expression of miRNA may allow more production of
the DNA damage repair proteins that will be used to repair the
IR-induced DNA damage in undifferentiated cells than in termi-
nally differentiated cells. As mentioned above, miR-182 was
shown to regulate the expression of BRCA1. A recent study
showed miR-182 to be regulated by RNA helicase DDX5 in
basal breast cancer cells (Wang et al., 2012). Interestingly,
another study found that p53 interacts with the Drosha process-
ing complex through its association with DDX5, which facilitates
the processing of primary miRNAs, including miR-16-1 and
miR-143 (Suzuki et al., 2009). Therefore, it will be interesting to
examine whether the DDX5/p53/Drosha complex can also
control the processing of miR-182, especially after IR.

miR-17

miR-17 is transcribed from a miRNA cluster gene, miR-17-92. A
study by Castellano et al. (2009) revealed that the miR-17-92 is
transactivated by Myc in an ER-alpha-dependent manner. Be-
cause miR-17 targets BRCAT1, this regulation suggests a mecha-
nism by which the oncogene Myc may repress tumor-sup-
pressor BRCA1. On the other hand, a study by Yu et al. (2008)
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showed that Cyclin D1 induces miR-17-92, and miR-17/20a
represses Cyclin D1 levels, forming a negative feedback loop.
Because BRCA1 is dynamically regulated during cell cycle
progression, the feedback loop suggests a possible mechanism
of cell cycle-associated change in the BRCA1 level.

TARGET MRNAS AND SIGNALING PATHWAYS
AFFECTED BY THE BRCA1-DEPENDENT MIRNAS

miR-155

The role of miR-155 has been extensively studied in the im-
mune system. The importance of miR-155 in the immune sys-
tem was evident by the phenotype of the miR-155 knockout
mice (Rodriguez et al., 2007; Thai et al., 2007; Tili et al., 2009),
which were immunodeficient (Turner and Vigorito, 2008). Mice
lacking miR-155 are viable and fertile but are deficient in lym-
phocyte development and generation of B- and T-cell re-
sponses after B-cell receptor or T-cell receptor activation. Also,
dendritic cells in miR-155-deficient mice have been shown to
have an impaired antigen-presenting function (Martinez-Nunez
et al., 2009), supporting the importance of miR-155 in the im-
mune cells. Many known targets of miR-155 (more than 40 so
far), such as PU.1 (Martinez-Nunez et al., 2009), c-MAF (Thai
et al., 2007), SHIP-1 (Kurowska-Stolarska et al., 2011), and
SOCS-1, have been shown to affect cell differentiation and
function (Tili et al., 2009). Interestingly, SOCS-1 is also reported
to be a target of miR-155 in breast cancer cells (Jiang et al.,
2010). Jiang et al. showed that SOCS-1 knockdown has a pro-
liferation effect similar to that of the miR-155 expression, where-
as restoration of SOCS-1 expression can block the oncogenic
potential of miR-155 in MDA-MB-231 cells. On the other hand,
FOXO3a, which affects cell survival and chemosensitivity, is
also reported to be a target of miR-155 (Kong et al., 2010).
Lastly, a SILAC analysis to identify the targets of miR-155 re-
vealed 46 putative miR-155 target proteins in HEK293 cells
(Lossner et al., 2011). The authors identified CKAP5 as a novel
target of miR-155 and suggested the role of miR-155 in the cell
cycle regulation. These results suggest that the repression of
multiple targets by miR-155 may contribute to breast tumor
formation.

miR-146a and miR-99b

miR-146a and -99b negatively regulate NF-kappa B activity
through the TRAF6 and IRAK1 (Tanic et al., 2011; Zilahi et al.,
2012). It has been reported that miR-146a can inhibit the inva-
sion and migration potential of highly metastatic human breast
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Fig. 3. Schematic diagram showing the concept of the BRCA1-
associated miRNA network. There are oncogenic and tumor-su-
ppressive signals that control the level of BRCA1-targeting miRNAs.
The BRCAT1, on the other hand, exerts its function by up-regulating
tumor-suppressive miRNAs (right barrel) or down-regulating onco-
genic miRNAs (left barrel). Additionally, these BRCA1-dependent
miRNAs can alter oncogenic or tumor-suppressive signaling
through their target regulation (Table 1). The integrated output of
this miRNA-BRCA1 network determines the tumorigenic potential of
a cell (box at the bottom).

cancer cell line MDA-MB-231 (Bhaumik et al., 2008). Likewise,
a study in androgen-independent cell lines revealed that miR-
146a inhibits cell proliferation and migration as well as in vivo
tumor growth and angiogenesis by repressing EGFR and
MMP2 (Xu et al., 2011). Additionally, a recent report showed
miR-146a also controls SMAD4 (Liu et al., 2012; Xiao et al.,
2012). These data demonstrate the tumor-suppressive role of
miR-146a. Because miR-146a not only represses BRCA1, but
it can also be up-regulated by BRCA1, suggesting that this
feedback loop may contribute to fine tuning the level of expres-
sion of BRCA1 and/or miR-146a (Fig. 1). Importantly, another
study using a knockout mouse model confirmed IRAK1 and
TRAF6 to be targets of miR-146a (Zhao et al., 2011). These
are key molecules in proinflammatory responses and adap-
tor/scaffold proteins in the IL-1 as well as in the Toll-like recep-
tor signaling pathway. These pathways are known to positively
regulate NF-kappa B activity (Andreakos et al., 2005). Collec-
tively, these studies suggest that miR-146a negatively regulates
NF-kappa B signaling and plays tumor-suppressive as well as
anti-inflammatory roles.

miR-205

Along with the miR-200 family, the miR-205 was shown to con-
trol the expression of E-cadherin transcriptional repressors ZEB1
(also known as deltaEF1) and SIP1 (also known as ZEB?2)
(Gregory et al., 2008). Gregory et al. found that these miRNAs
are down-regulated during epithelial-mesenchymal transition
(EMT) and subsequently confirmed this finding in invasive can-
cer cell lines with a mesenchymal phenotype. Moreover, Wu et
al. (2009) showed suppression of cell growth and invasion
caused by the ectopic expression of miR-205. They further
showed that Protein Kinase C-epsilon is the target of miR-205
in this process. These data demonstrate that miR-205 has a
tumor-suppression function, which may be enhanced by its up-
regulation via BRCA1.

http://molcells.org
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MIRNAS IN BRCA1-MEDIATED TUMOR SUPPRESSION

miR-335

Overexpression of miR-335 has been shown to up-regulate
BRCA1 through activators such as ERa, IGF1R, and SP1
(Heyn et al., 2011), resulting in decreased cell viability and in-
creased apoptosis. It has been reported that miR-335 acts as a
metastasis suppressor in human breast cancer (Tavazoie et al.,
2008), suggesting that this miRNA has a tumor-suppressive
function by up-regulating BRCA1 expression.

THERAPEUTIC POTENTIAL OF TARGETING THE
BRCA1-RELATED MIRNAS

Along with the rigorous research to reveal the role of miRNA in
human diseases, the therapeutic potential of anti-miRNAs or
miRNA mimics has also been tested extensively. So far, the
only miRNA-targeting agent in clinical trials is anti-miR-122,
which was shown to regulate hepatitis C virus (HCV) (Sarasin-
Filipo-wicz et al., 2009). However, many other miRNA-targeting
agents (antagomir or mimic) have been tested in various mouse
models and shown to have therapeutic potential. Some of the
BRCA1-associated miRNAs were also targeted, and the results
are summarized in Table 2. Interestingly, many of these an-
tagomirs or miRNA mimics have been tested in the treatment of
various diseases or conditions other than cancer, providing the
potential for using the same agent for the treatment of BRCA1-
associated breast cancer. For example, anti-miR-182 was suc-
cessfully used to inhibit helper T-lymphocyte expansion (Stittrich
et al., 2010), and the introduction of double-stranded miR-146a
resulted in the suppression of cartilage and bone destruction
(Nakasa et al., 2011). Likewise, the inhibition of miR-17 was
shown to improve heart and lung function in pulmonary hyper-
tension (Pullamsetti et al.,, 2012). All of these miRNAs were
shown to target BRCA1 mRNA, as described above. Therefore,
the inhibition of these miRNAs may increase the expression of
BRCAA1, leading to an enhanced tumor-suppressive network.

A study by Bandi et al. (2009) revealed that the expression of
miR-16 and miR-15a induced growth arrest and apoptosis that
resulted in the inhibition of prostate tumor proliferation in xeno-
grafts. On the other hand, inhibition of miR-182 was shown to
impede the metastasis of melanoma cells (Segura et al., 2009).
Also, lorio et al. showed that miR-205 targets HER3, which
inhibits downstream Akt in breast cancer cells (lorio et al., 2009).
Additionally, the expression of miR-205 was recently shown to
inhibit renal tumor cell growth in vivo (Majid et al., 2011), sug-
gesting that the same miRNA mimic has a tumor-suppressive
effect in other types of cancer. A recent report provided a good
example of how to take advantage of the spontaneous, en-
hanced endocytic activity of ovarian cancer-associated dendritic
cells (Cubillos-Ruiz et al., 2012). The authors used an immune
stimulatory miR-155 mimic to successfully activate dendritic
cells that abrogated the progression of ovarian cancer. Lastly,
the inhibition of miR-99a and -99b was recently shown to induce
the EMT of breast epithelial cells (Turcatel et al., 2012). Since
miR-99b is positively regulated by BRCA1, the use of a miR-
99b mimic might have the potential to inhibit the metastasis of
BRCA1-deficient tumors.

CONCLUSIONS
As summarized in Table 1, the number of miRNAs either

shown to regulate the expression of BRCA1 or identified as a
transcriptional target of BRCAT1 is rapidly increasing. Consider-
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ing the tumor-suppressive role of BRCA1, any perturbation in
these regulatory functions is likely to have an effect on BRCA1-
mediated tumorigenesis. For example, up-regulation of BRCA1-
targeting miRNAs may result in a reduction in levels of BRCAT,
which will cause genomic instability due to defects in DNA
damage repair. On the other hand, loss of BRCA1 can up-regu-
late oncogenic miRNAs, such as miR-155, or down-regulate
tumor-suppressive miRNAs, such as miR-205. It is important to
note that the change in the expression of these miRNAs will
affect the protein level of multiple target proteins, which, in turn,
triggers changes in downstream signaling and thereby perturb-
ing diverse cellular processes (Fig. 3). Similarly, there are up-
stream signaling pathways that affect the level of miRNAs that
regulate BRCAT1. Integrating these signaling pathways and
understanding their interactions is challenging, but will certainly
be useful for the development of therapeutic agents targeting
these networks. For example, the use of miRNA agents, such
as a miR-155 antagomir or a miRNA mimic of miR-205, in
BRCA1-associated breast cancer would be of great interest.
Finally, combining these miRNA agents with other therapeutic
drugs might be a useful strategy for treating BRCA1-associated
human cancers.
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