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Abstract

Purpose Despite advances that have been made in systemic
chemotherapy, the prognosis of advanced triple-negative
breast cancer (TNBC) patients is still poor. The identification
of key factors governing TNBC development is considered
imperative for the development of novel effective therapeutic
approaches. Previously, it has been reported that microRNA
(miR)-761 may act as either a tumor suppressor or as an on-
cogene in different types of cancer. Here, we aimed at
assessing the biological role of this miRNA in TNBC.
Methods First, we measured the expression of miR-761 in
primary breast cancer tissues and breast cancer-derived cell
lines using qRT-PCR. Subsequently, over-expression and si-
lencing experiments were performed to determine the role of
miR-761 in TNBC cell proliferation, colony formation, mi-
gration and invasion in vitro. The in vivo role of miR-761 in
TNBC growth and metastasis was determined in mouse
models. Bioinformatics analyses, dual-luciferase reporter as-
says, Western blot analyses and rescue experiments were per-
formed to identify miR-761 target gene(s).

Results We found that miR-761 was up-regulated in primary
breast cancer tissues and its derived cell lines and, particularly,
in TNBC tissues and cell lines. We also found that exogenous
miR-761 over-expression augmented in vitro TNBC cell pro-
liferation, colony formation, migration and invasion, whereas
miR-761 down-regulation impaired these features. In vivo, we
found that miR-761 over-expression facilitated TNBC growth
and lung metastasis. Mechanistically, miR-761 was found to
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negatively regulate the expression of tripartite motif-
containing 29 (TRIM29) in TNBC cells by binding to the 3'-
untranslated region of its mRNA. In conformity with these
results, a significant negative correlation between miR-761
expression and TRIM29 protein expression was noted in pri-
mary TNBC tissues (r = —0.452, p = 0.0126). We also found
that exogenous TRIM29 over-expression reversed the prolif-
erative and invasive capacities of TNBC cells.

Conclusions Our data indicate that miR-761 acts as an onco-
gene in TNBC. This mode of action can, at least partially, be
ascribed to the down-regulation of its target TRIM29. We
suggest that miR-761 may serve as a promising therapeutic
target for TNBC.

Keywords Triple-negative breast cancer - Metastasis -
miR-761 - TRIM29 - Therapeutic target

1 Introduction

World-wide, breast cancer is the most common type of cancer
and a leading cause of cancer-related death among women [1].
Triple-negative breast cancer (TNBC) constitutes a heteroge-
neous subgroup of breast cancers, accounting for 15-20% of
all cases [2—5]. TNBC:s are associated with a rapid growth and
early metastasis [6]. Although systemic chemotherapy is com-
monly used to treat advanced breast cancer [7], the prognosis
of TNBC patients is still poor. The identification of key genes
governing TNBC growth and metastasis is considered
imperative for the development of novel effective therapeutic
approaches.

microRNAs (miRNAs) constitute a group of endogenous,
small, non-protein coding RNAs that are implicated in various
physiological and pathological processes such as growth, differ-
entiation, inflammation and tumorigenesis [8]. It has amply been
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shown that miRNAs can regulate gene expression at the post-
transcriptional level by directly binding to specific sites within
the 3’-untranslated regions (3-UTR) of target mRNAs [9-11].
So far, several miRNAs have been found to be involved in the
biology of TNBCs [12, 13]. It has, for example, been reported
that miR-200a may suppress TNBC cell migration [12].
Another less well characterized miRNA, miR-761, has previ-
ously been linked to tumor progression, in particular in non-
small cell lung cancer and miR-761 down-regulation has been
found to suppress hepatocellular carcinoma growth and metas-
tasis both in vivo and in vitro [14-16]. In ovarian carcinoma
cells, however, miR-761 over-expression has been found to lead
to proliferation and invasion inhibition [15]. These results sug-
gest that miR-761 may act either as an oncogene (oncomir) or as
a tumor suppressor depending on the cellular context.

Here, we aimed to assess the expression level and biolog-
ical role of miR-761 in TNBC and to identify the direct target
gene(s) that mediate the activity of this miRNA in TNBC.

2 Material and methods
2.1 Tissue samples

In this study we included 56 pairs of primary breast cancers
and adjacent noncancerous breast tissues from 19 TNBC and
37 non-TNBC patients. The clinicopathological characteris-
tics of the patients and tumors are listed in Table 1.
Concerning age, histological grade, T- and N-stage and

Table 1  Characteristics of patients and tumors
Characteristics TNBC Non-TNBC All patients
n=19) (n=37) (n=56)

Age (y)

<35 2 5 7

>35 17 32 49
Histological grade

I 3 8 11

I 6 10 16

1 10 19 29
T stage

Tl 11 22 33

T2 8 15 23
N stage

NO 13 27 40

N1 5 8 13

N2 1 2 3
Histological type

Ductal 16 32 48

Lobular 3 4 7

Other 0
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histological type, comparable baseline characteristics were
observed between the TNBC and non-TNBC samples.
Freshly obtained tissue samples were pathologically con-
firmed at the Department of Pathology of Zhengzhou
University (Zhengzhou, China) and snap-frozen until use.
None of the patients received any anticancer treatment before
sample collection. Written informed consent was obtained
from each participant. The study protocol was approved by
the Ethics Committee of Zhengzhou University.

2.2 Cell culture

The human TNBC cell lines MDA-MB-231, MDA-MB-453,
HCC1806 and MDA-MB-468, the non-TNBC cell lines
MCF-7 and T-47D, and the non-tumorigenic mammary epi-
thelial cell line MCF10A were obtained from the American
Type Culture Collection (Manassas, VA, USA). The 293T cell
line was obtained from the Shanghai Institutes for Biological
Sciences Cell Resource Center (Shanghai, China). All the
cells were cultured in Dulbecco modified Eagle medium
(DMEM) containing 10% fetal bovine serum (FBS; Sigma-
Aldrich, St. Louis, MO, USA) at 37 °C in a humidified incu-
bator with 5% COs,.

2.3 RNA extraction and quantification

Total RNA was extracted from tissues and cells using a
miRNA extraction kit (Tiangen, Beijing, China). The RNAs
were reverse transcribed to cDNA using a TagMan
microRNA Reverse Transcription Kit, according to the man-
ufacturer’s instructions (Applied Biosystems, Foster City, CA,
USA). Subsequent quantitative real-time PCR (qRT-PCR)
was performed using a TagMan Universal PCR Master Mix
(Applied Biosystems). Relative miR-761 levels were normal-
ized to U6 RNA and calculated using the 20AACY method
[17].

2.4 Plasmids and oligonucleotides

A fragment containing the miR-761 precursor and its flanking
sequences was obtained by PCR from human genomic DNA
and cloned into a pCMV vector (Origene, Nockville, MD,
USA). For stable down-regulation of miR-761, a lentivral
vector-based anti-miR-761 expression system (pmiRZIP-
761) was purchased from System Biosciences (Mountain
View, CA, USA). A tripartite motif-containing 29 (TRIM29)
expression vector was generated by cloning the human
TRIM29 open reading frame (Origene) into a pcDNA3.1(+)
vector (Invitrogen, Carlsbad, CA, USA). 3’-UTR reporter
constructs were generated by cloning the wild-type or mutated
TRIM29 3'-UTR downstream of the luciferase gene in a
pMIR-REPORT vector (Ambion, Carlsbad, CA, USA). In
the mutated reporter construct, a putative miR-761 target in
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the TRIM29 3'-UTR was disrupted using a QuickChange
Site-Directed Mutagenesis Kit (Stratagene, Heidelberg,
Germany). miR-761 mimic, anti-miR-761 inhibitor and neg-
ative controls were purchased from the Shanghai Gene-
Pharma Company (Shanghai, China).

2.5 Transfection, lentivirus production and infection

miR-761 mimic, anti-miR-761 inhibitor, and their respective
controls were transfected into breast cancer cells at a final
concentration of 50 nM, using Lipofectamine RNAiMax
(Invitrogen). For the establishment of stable miR-761
overexpressing clones, MDA-MB-231 cells were transfected
with pPCMV-miR-761 or an empty vector and selected in the
presence of G418 (800 pg/ml; Sigma-Aldrich) for 2 weeks. To
generate stable miR-761 knockdown clones, a lentiviral ex-
pression system was employed to deliver anti-miR-761 into
breast cancer cells. In brief, 293T cells were transfected
with 1 pg pmiRZIP-761 and 4 pg packaging vector using
Lipofectamine 2000 (Invitrogen). Next, lentivirus-containing
supernatants were collected 72 h after transfection and used to
infect MDA-MB-453 cells. Transduced MDA-MB-453 cells
were selected using puromycin (2 pg/ml; Sigma-Aldrich) for
2 weeks to establish stable cell lines. In order to test whether
TRIM29 over-expression can rescue miR-761-induced phe-
notypes, MDA-MB-231 cells were co-transfected with a
pcDNA3.1-TRIM29 plasmid or empty vector (1 pg) together
with miR-761 mimic (50 nM) and tested for gene expression,
proliferation and invasion 24 h after transfection.

2.6 Cell proliferation assay

Transiently transfected cells were harvested 24 h after trans-
fection and seeded at a density of 4 x 10® cells/well into 96-
well plates and cultured for 48 or 72 h. Next, cell viabilities
were determined using a CellTiter 96 AQueous One Solution
Cell Proliferation Assay (Promega, Madison, WI, USA) ac-
cording to the instructions of the manufacturer.

2.7 Colony formation assay

In order to determine their colony forming capacity, cells were
seeded into 6-well plates at a density of 600 cells per well.
After a culture period of 14 days, the cells were fixed with
methanol and stained with 0.1% crystal violet (Sigma-
Aldrich). Colonies consisting of >50 cells were counted using
bright field microscopy.

2.8 Transwell migration and invasion assays
The migration and invasion capacities of the cells were eval-

uated using Transwell chambers (Millipore, Billerica, MA,
USA). For the migration assay, transfected cells were re-

suspended in DMEM supplemented with 0.1% FBS and seed-
ed into the upper Transwell chambers (24-well), and fresh
medium with 10% FBS was placed in the lower chambers.
For the invasion assay, transfected cells were seeded into the
upper Transwell chambers pre-coated with 0.5 mg/ml
Matrigel (BD Biosciences, Bedford, MA, USA). After incu-
bation for 48 h, the insert membranes were fixed. The cells
that had migrated or invaded through the chamber membrane
were stained with 0.5% crystal violet and counted under an
inverted microscope.

2.9 Xenograft studies

Female BALB/c nude mice (46 weeks old) were used for
xenografting. MDA-MB-231 cells stably expressing miR-
761 or containing an empty vector (1 x 10° cells per mouse)
were subcutaneously injected into the flanks of mice (4 mice
per group). Tumor volumes were measured every week and
4 weeks after xenografting the mice were sacrificed and the
tumors were weighed.

For assessing lung metastasis, miR-761-overexpressing or
control MDA-MB-231 cells (4 x 10°) were injected intrave-
nously into the tail vein. At4 weeks after inoculation, the mice
were sacrificed and the lungs were removed and subjected to
pathological analysis using hematoxylin and eosin (H&E)
staining. All animal experiments were performed in accor-
dance with the protocols approved by the Institutional
Review Board of Zhengzhou University.

2.10 Dual-luciferase reporter assay

293T cells were transfected with 0.2 pg of the respective 3'-
UTR reporter constructs, 0.02 pg pRL-TK (Promega) and
50 nM miR-761 mimic or control miRNA. The pRL-TK vec-
tor, expressing Renilla luciferase, was used as internal control
for luciferase activity. At 24 h after transfection the cells were
lysed and luciferase activities were measured using a dual
luciferase assay kit (Promega). Firefly luciferase activity was
normalized to Renilla luciferase activity.

2.11 Western blotting

Protein samples from primary tissues and cell lines were pre-
pared using a radioimmunoprecipitation assay (RIPA) buffer
(Beyotime, Shanghai, China) according to the manufacturer’s
instructions. Total proteins were resolved by sodium dodecyl-
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to nitrocellulose membranes. These membranes
were probed with a rabbit anti-TRIM29 polyclonal antibody
(1:500; ab22207, Abcam, Cambridge, MA, USA) or a mouse
anti-f3-actin monoclonal antibody (1:3000; Santa Cruz
Biotechnology, Santa Cruz, CA, USA) overnight at 4 °C,
followed by suitable horseradish peroxidase (HRP)-
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conjugated secondary antibodies (Sigma-Aldrich). Finally,
protein bands were visualized using a chemiluminescent sys-
tem (Cell Signaling Technology, Danvers, MA, USA)
and quantified using the Quantity One software tool (Bio-
Rad Laboratories, Hercules, CA, USA).

2.12 Statistical analyses

Data are presented as mean = SEM and analyzed by
Student’s ¢ test, Mann-Whitney U test, or one-way anal-
ysis of variance (ANOVA). A Pearson correlation anal-
ysis was carried out to assess correlations between miR-
761 and TRIM29 expression. A p value < 0.05 was considered
statistically significant.

3 Results

3.1 miR-761 expression is up-regulated in primary TNBC
tissues and TNBC-derived cell lines

Using qRT-PCR, we found that miR-761 was up-regulated in
primary breast cancer tissues compared to its corresponding
normal breast tissues (p = 0.0098; Fig. la). Specifically, we

found that miR-761 expression was significantly up-regulated
in TNBC tissues compared to non-TNBC tissues (p = 0.0136;
Fig. 1b). We also assessed the expression of miR-761 in
a panel of breast cancer-derived cell lines. Compared to
non-malignant MCF10A mammary epithelial cells, a
significant (p < 0.05) increase in miR-761 expression
was observed in the breast cancer-derived cells, particu-
larly in the TNBC-derived MDA-MB-453 and MDA-
MB-468 cells (Fig. 1c). These cells showed significantly
(p < 0.05) higher miR-761 expression levels than the
non-TNBC cells MCF-7 and T-47D. Together, these da-
ta indicate that miR-761 is up-regulated in TNBC tissues and
cells.

3.2 miR-761 enhances TNBC cell proliferation and colony
formation

Next, we set out to investigate the role of miR-761 in TNBC
cell proliferation and growth. We found that exogenous
over-expression of miR-761 enhanced both the prolifer-
ation (Fig. 2a) and colony formation (Fig. 2b) capacities
of MDA-MB-231 cells compared to untransfected con-
trol cells. In contrast, we found that miR-761 expression
knockdown resulted in a significant decline in the
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proliferation (Fig. 2c) and colony formation (Fig. 2d)
capacities of MDA-MB-231 cells. Very similar results were
obtained with MDA-MB-453 cells (data not shown).
These results suggest a growth-promoting role of miR-761
in TNBC cells.

3.3 miR-761 enhances TNBC cell migration and invasion

We also assessed the ability of miR-761 to regulate
TNBC cell migration and invasion. By using Transwell
migration and invasion assays, we found that exogenous
miR-761 expression significantly (p < 0.05) increased
the migration and invasion capacities of MDA-MB-453
cells, whereas miR-761 expression knockdown led to a
significant inhibition of the migration and invasion capacities
of these cells (Fig. 3a and b). Very similar results were obtain-
ed with MDA-MB-231 cells (Fig. 3c and d). These results
suggest that miR-761 exerts a pro-invasive activity in
TNBC cells.

3.4 miR-761 over-expression enhances TNBC growth
and metastasis in vivo

Next, we explored the effect of miR-761 over-expression on
TNBC growth and metastasis in vivo. To this end, MDA-MB-
231 cells stably transfected with a miR-761 expression vector
or an empty vector were injected subcutaneously into the
flanks of nude mice after which tumor growth was monitored.
We found that the miR-761 over-expressing MDA-MB-231
xenografts yielded significantly (p < 0.05) higher tumor vol-
umes than the control (empty vector) xenografts (Fig. 4a). The
average tumor weight in the miR-761 over-expression group
was found to be increased by 85% 4 weeks after inoculation
compared to the control group (p = 0.0241; Fig. 4b).
Subsequent Western blot analysis revealed that the miR-761
over-expression group exhibited significantly lower TRIM29
levels (see below) than the control group (p = 0.0163; Fig. 4c).

We also injected miR-761 over-expression and empty
vector-transfected MDA-MB-231 cells into the tail vein of
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Fig. 3 miR-761 enhances TNBC cell migration and invasion. a and b
MDA-MB-453 cells and ¢ and d MDA-MB-231 cells were transfected
with miR-761, anti-miR-761 or its corresponding controls and subjected

nude mice and assessed the occurrence of metastatic lesions in
the lungs 5 weeks after inoculation. We found that the number
of lung metastatic nodules was significantly increased in the
miR-761 over-expression group compared to the control emp-
ty vector group (p = 0.0019) (Fig. 4d and e). These results
indicate that miR-761 enhances both the tumorigenicity and
metastatic spread of TNBC cells in vivo.

3.5 miR-761 directly targets the 3'-UTR of TRIM29

In order to uncover the molecular mechanism underlying the
tumor-promoting activity of miR-761 in TNBC cells, we
sought to identify its direct target genes. Bioinformatic analy-
sis using the miRDB software tool (http://mirdb.org/miRDB/)
revealed that TRIM29 may serve as a potential target of miR-
761, since the 3'-UTR of its mRNA contains a putative target
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to Transwell migration (a and ¢) and invasion (b and d) assays. Bar
graphs represent quantitative data from three independent experiments.
"p < 0.05 versus control

site for miR-761 (Fig. 5a). Subsequently, we noticed
that in TNBC tissues, there is a significant negative
correlation between miR-761 and TRIM29 expression
(r = —0.452, P = 0.0126; Fig. 5b). In order to confirm that
miR-761 can negatively regulate TRIM29 expression by bind-
ing to its 3'-UTR, we cloned both a wild-type and mutated
TRIM29 3'-UTR downstream to the luciferase reporter gene
and performed luciferase reporter assays. By doing so, we
found that exogenous miR-761 expression significantly
(p < 0.05) decreased the activity of the reporter harboring the
wild-type TRIM29 3'-UTR (Fig. 5c), whereas the activity of
the reporter harboring the mutated TRIM29 3’-UTR was not
altered by exogenous miR-761 expression. Consistent with the
reporter assay, we found that the endogenous TRIM29 expres-
sion in MDA-MB-231 cells was significantly reduced after
miR-761 mimic delivery (Fig. 5d), whereas transfection with
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Fig. 4 miR-761 over-expression
enhances TNBC cell growth and
metastasis in vivo. MDA-MB-
231 cells stably transfected with a
miR-761 expression plasmid or
an empty vector were injected
subcutaneously into nude mice. a
Xenograft tumor growth curves
based on tumor volumes. b
Tumors removed, photographed
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metastatic lesions were assessed
5 weeks after inoculation. d
Representative tissue sections of
lungs with metastatic lesions
(arrows). Scale bar: 100 um. e
Significant increase in the number
of metastatic lesions in the miR-
761 over-expression group
compared to the control group.

“p < 0.05 versus control

Control

anti-miR-761 significantly increased the expression of
TRIM29. Taken together, we conclude that miR-761 has an
adverse impact on the expression of TRIM29 in TNBC cells.

3.6 TRIM29 over-expression attenuates miR-761-induced
proliferation and invasion of TNBC cells

Based on previous reports indicating that TRIM29 may act as a
tumor suppressor in breast cancer [18, 19], we asked whether
TRIM29 down-regulation may account for the miR-761-
mediated aggressive phenotype of TNBC cells. To address this
issue, we performed rescue experiments with a TRIM29 variant
lacking the 3'-UTR. We found that when this plasmid was co-
transfected into MDA-MB-231 cells together with miR-761
mimic, the miR-761-mediated down-regulation of TRIM29
was fully abolished (Fig. 6a). Most interestingly, we found that
TRIM29 over-expression impaired the proliferation (Fig. 6b) and
invasion (Fig. 6¢) of MDA-MB-231 cells induced by miR-761
mimic. These data suggest that TRIM29 down-regulation may
underlie the tumor-promoting effect of miR-761 in TNBC cells.

4

TRIM29 tet s Guup S St s o S

Actin s S aamr s S - - —

1 2 3 4

TRIM29 protein

Control miR-761

15

10

Number of lung nodules ®

Control miR-761

4 Discussion

Previously, it has been reported that a vast number of miRNAs
is differentially expressed between breast cancer tissues and
normal breast tissues [20—22]. Only a minority of them has,
however, been functionally characterized. Here, we show that
miR-761 expression is significantly up-regulated in breast
cancer tissues and to a greater extent TNBC tissues. This
expression trend could be confirmed in breast cancer-derived
cell lines. Up-regulation of miR-761 has also been observed in
several other cancer types, including non-small cell lung can-
cer [14] and hepatocellular carcinoma [16]. To validate the
biological relevance of miR-761 up-regulation in TNBC cells,
we performed expression modulation studies. We found that
exogenous miR-761 expression enhanced the proliferation,
colony formation, migration and invasion capacities of
MDA-MB-231 cells, whereas miR-761 expression knock-
down significantly suppressed these capacities. Subsequent
in vivo studies showed that miR-761 over-expression signifi-
cantly promotes the growth and metastasis of MDA-MB-231
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Fig. 5 miR-761 directly targets
the 3'-UTR of TRIM29. a
Bioinformatic analysis revealing
a putative miR-761 binding site
within the 3'-UTR of TRIM29.
Disruption of the predicted miR-
761 binding site was performed
by site-directed mutagenesis (mu-
tant). b Spearman correlation
analysis of miR-761 and TRIM29
expression levels in 19 primary
TNBC specimens. ¢ 293T cells
were co-transfected with reporter
constructs and a miR-761 mimic
or control miRNA. Firefly
luciferase activity was normalized
to that of Renilla luciferase. d
Western blot analysis of TRIM29
in MDA-MB-231 cells
transfected with miR-761, anti-
miR-761 and its corresponding
controls. Bar graphs represent
quantitative data from three
independent experiments.

"p < 0.05 versus control

xenograft tumors, thereby confirming the oncogenic role of

miR-761 in TNBC.

A previous study has shown that miR-761 can augment
hepatocellular carcinoma cell proliferation and invasion by

Fig. 6 Exogenous TRIM29 over-
expression attenuates miR-761-
induced TNBC growth and
invasion. a Western blot analysis
of TRIM29 in MDA-MB-231
cells transfected with a miR-761
mimic, or together with a
TRIM29 expression plasmid or
an empty vector. b MDA-MB-
231 cells transfected with the
indicated constructs were cultured
for 48 or 72 h and assessed for
their proliferative capacity. ¢
MDA-MB-231 cells transfected
with the indicated constructs were
subjected to Transwell invasion
assays. Bar graphs represent
quantitative data from three
independent experiments.

“p <0.05 versus control; *p < 0.05
versus miR-761 transfected cells
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cancer samples that we tested (data not shown). Therefore,
this miRNA may exert its effects on breast cancer cells via a
mitofusin-2-independent mechanism.

We identified TRIM29 as a potential target of miR-761
using bioinformatics and luciferase reporter assays. This no-
tion was substantiated by our finding that exogenous miR-761
expression resulted in a significant reduction in endogenous
TRIM29 expression, while miR-761 silencing significantly
promoted TRIM29 expression in MDA-MB-231 cells.
These results strongly indicate that TRIM29 acts as a genuine
target of miR-761. TRIM29 has been found to exhibit tumor-
promoting activities in several types of cancer, such as pan-
creatic cancer [24], nasopharyngeal carcinoma [25] and gas-
tric cancer [26]. Several lines of evidence indicate that there
are links between TRIM29 expression and miRNA regulation
[26, 27]. In gastric cancer cells, for example, TRIM29 has
been found to act as a functional target of miR-185 [26],
whereas TRIM29 over-expression has been found to promote
the invasive growth in bladder cancer cells by suppressing
miR-29 [27]. Compelling evidence indicates that TRIM29
plays a suppressive role in breast cancer [18, 19]. It has e.g.
been reported that TRIM29 silencing causes malignant trans-
formation of MCF10A human epithelial breast cancer cells,
facilitating their proliferation, anchorage-independent growth
and invasion [19]. Another study has reported that expression
knockdown of TRIM29 promotes breast cancer cell migration
and invasion through induction of TWIST expression and
epithelial-mesenchymal transition [18]. These studies suggest
that TRIM29 repression may account for the miR-761-
mediated induction of aggressive phenotypes in TNBC cells.
In support of this hypothesis, we found that TRIM29 over-
expression impaired the proliferation and invasion of MDA-
MB-231 cells induced by miR-761. Subsequent xenograft
studies confirmed that miR-761 over-expression, and its con-
comitant down-regulation of TRIM29, impaired the growth
and metastasis of MDA-MB-231 tumors. Additional primary
clinical TNBC data also revealed a significant negative corre-
lation between miR-761 expression and TRIM29 expression.
Taken together, these results suggest that miR-761 exerts its
oncogenic activity in TNBC cells through targeting TRIM29.

It needs to be mentioned, however, that miR-761 may also
target other tumor suppressors such as ING4 and TIMP2 [14],
and it has been found that TIMP2 is capable of inhibiting
breast cancer cell migration and invasion [28] and that adeno-
viral delivery of ING4 can lead to the suppression of breast
cancer growth in vitro and in vivo [29]. Therefore, additional
studies are required to test whether the oncogenic activity of
miR-761 should be ascribed to the modulation of multiple
tumor suppressors.

In summary, we provide evidence that miR-761 can pro-
mote the proliferation, migration and invasion of TNBC cells
in vitro and accelerate the growth and metastasis of TNBC
cells in vivo. Mechanistically, we found that TRIM29 down-

regulation may account, at least partially, for the miR-761-
induced aggressive phenotype of TNBC cells. Our data sug-
gest that miR-761 may serve as a potential therapeutic target
for TNBC.
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