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miR-4513 promotes breast cancer
progression through targeting TRIM3
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Abstract: The biological function of microRNA-4513 (miR-4513) in human cancers is emerging. However, it remains
unknown whether miR-4513 has a role in breast cancer (BC). In this study, we analyzed the expression of miR-4513
and tripartite motif containing 3 (TRIM3) in BC cell lines. The biological roles of miR-4513 and TRIM3 in BC were an-
alyzed by cell counting kit-8 assay, colony formation assay, wound healing assay, and transwell invasion assay. The
effects of miR-4513 or TRIM3 expression on the overall survival of BC patients were analyzed at Kaplan-Meier plot-
ter website. We found miR-4513 expression was upregulated, whereas TRIM3 expression was downregulated in BC
cell lines. Importantly, high miR-4513 or low TRIM3 expression was revealed as predictors for poorer overall survival
of BC patients. Luciferase activity assay and western blot assay revealed TRIM3 was a direct target of miR-4513.
Moreover, we showed miR-4513 was able to regulate BC cell proliferation, colony formation, cell migration, and cell
invasion through regulating TRIM3. Taken together, our results suggested miR-4513 functions as an oncogene in
the progression of BC and, therefore, miR-4513 may be validated as a potential therapeutic target in the future.
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Introduction

Breast cancer (BC) remains a huge threat to
women’s health to date [1]. Worldwide, it was
estimated there will be 2.1 million female BC
patients been diagnosed at 2018 [1]. Even
though significantly progresses on the treat-
ment measures of BC have been achieved,
however, the treatment of BC remains a chal-
lenge because of the lack of effective thera-
peutic targets [2, 3]. Therefore, it is essential to
investigate the potential mechanisms underly-
ing the progression of BC to identify novel diag-
nostic and therapeutic targets for BC.

microRNAs (miRNAs) are non-coding RNAs with
18-24 nucleotides in length [4]. miRNAs can
bind to the 3’-untranslated region (3-UTR) of
targeted genes and hence resulted in message
RNA degradation or protein translation inhibi-
tion [4]. Accumulating evidence has suggested
that miRNAs function as crucial roles in human
cancers [5]. Moreover, the importance of miR-
NAs in regulating human cancer progression
has been appreciated [6]. It was found miRNAs

could regulate cancer cell proliferation, cell
fate. And tumorigenesis [6]. Multiple miRNAs,
including miR-27a and miR-181 have been
reported to be upregulated in BC and thus play
an oncogenic role, while the miRNAs including
mMiR-196b-5p and miR-22 were found downreg-
ulated and function as tumor suppressive miR-
NAs [7-10].

miR-4513, a newly identified miRNA, whose
polymorphisms in the seed sequence are often
associated with human diseases [11, 12]. It
was found rs2168518: G>A, a genetic variant in
the seed region of miR-4513, was found to
have a dominant role on lipid and glucose
homeostasis, blood pressure, and coronary
artery disease [11]. Furthermore, the rs-
2168518: G>A genetic variant was also found
to be associated with age-related macular
degeneration [12]. Very recently, miR-4513 was
found to have a role in cancer as its expression
was closely associated with the prognosis of
lung adenocarcinoma after treatment with tyro-
sine kinase inhibitors targeting epidermal
growth factor receptors [13]. However, little is
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known regarding the expression and molecular
mechanism of miR-4513 in BC.

In this study, we investigated the expression
patterns of miR-4513 in human BC cell lines,
followed by functional analyses in BC cell lines.
Our data revealed that miR-4513 was upregu-
lated in BC cell lines. High expression of miR-
4513 predicts poor overall survival of BC
patients. Moreover, our results clearly suggest-
ed that miR-4513 promoted cell growth, colony
formation, migration, and invasion in BC cell
lines via down-regulating tripartite motif con-
taining 3 (TRIM3) expression, further support-
ing miR-4513 as a potential therapeutic target
in BC.

Materials and methods
Cell lines

Human BC cell lines (MCF-7, T-47D), and the
breast epithelial cell line (MCF-10A) were pur-
chased from the Type Culture Collection of the
Chinese Academy of Sciences (Shanghai,
China).

Cell culture and cell transfection

The above-mentioned cell lines were cultured
in Dulbecco’s modified Eagle’s medium (DMEM,
Invitrogen, Carlsbad, CA, USA) supplemented
with 10% fetal bovine serum (FBS, Invitrogen)
at a 37°C humidified incubator containing 5%
of CO,.

For cell transfection, cells were seeded at the
density of 6 x 10* cells/well and incubated for
24 h. Then, cells were transfected with miR-
4513 inhibitor (5-AUGGGCCUCCAGCCGUCAG-
UCU-3’), inhibitor negative control (NC-inhibitor,
5-GCUCCGGCUUGCGGUAUCACAC-3’), small-in-
terfering RNA targeting TRIM3 (si-TRIM3, 5-
GCUCACUGUCACUACCAAATT-3’), or NC-siRNA
(5-UUCUCCGAACGUGUCACGUTT-3’, all purch-
ased from GenePharma, Shanghai, China) at
the final concentration of 100 nmol/l using
Lipofectamine 2000 (Invitrogen) according to
the supplier’s instruction. After transfection for
48 h, cells were collected for following ana-
lyses.

RNA isolation and real-time quantitative PCR
(QRT-PCR)

Total RNA was isolated using TRIzol reagent
(Invitrogen) according to the manufacturers’
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protocols. The PrimeScript™ RT-PCR kit (Takara,
Dalian, Liaoning, China) was used to synthe-
sized the first-strand complementary DNA
(cDNA). SYBR Green Mater Mix Kit (Applied
Biosystems, Foster City, CA, USA) was used for
qRT-PCR at the Applied Biosystems 7300 sys-
tem. U6 small nuclear RNA (U6 snRNA) was
used as internal control and the relative miR-
4513 expression levels were analyzed using
the 222¢t method. The primers were as follows:
miR-4513: forward, 5-ACACTCCAGCTGGGA-
GACTGACGGCTGGAG-3', reverse, 5'-CTCAACTG-
GTGTCGTGGAGTCGGCAATTCAGTTGAGATGG-
GC-3’; U6 snRNA: forward, 5-CTCGCTTCG-
GCAGCACA-3, reverse, 5-ACGCTTCACGAATTTG-
CGT-3. Experiments were conducted in tri-
plicates.

Protein isolation and western blot

Total protein was extracted from cell lines using
RIPA lysis buffer (Beyotime, Haimen, Jiangsu,
China) according to the manufacturer’s instruc-
tions. 25 pg protein samples were isolated
using 10% sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE) and
then transferred to polyvinylidene fluoride (PV-
DF) membranes (Beyotime). After blocked with
5% fat-free milk, membranes were incubated
with the primary antibodies (rabbit anti-TRIM3:
ab111840, rabbit anti-GAPDH: ab181602; Ab-
cam, Cambridge, MA, USA) for over-night at
4°C, followed by HRP-conjugated secondary
antibody (ab6721, Abcam) for 3 h at room tem-
perature. Western blot bands were visualized
using BeyoECL kit (Beyotime) and quantified
with Image J 1.42 software (NIH, Bethesda,
MD, USA). Experiments were conducted in
triplicates.

Dual luciferase reporter assay

The potential miR-4513 binding site in the
3’-UTR of TRIM3 was predicted by TargetScan.
TRIM3 3-UTR sequence was amplified from
genome and cloned into psiCHECK-2 luciferase
vector (Promega, Madison, WI, USA) to gener-
ate TRIM3-wt. Site-direct mutagenesis kit (Ta-
kara) was used to produce TRIM3-mt. For dual
luciferase reporter assay, cells were co-trans-
fected with TRIM3-wt or TRIM3-mt and miR-
4513 inhibitor or NC-inhibitor using Lipo-
fectamine 2000 according to the manufactur-
er's protocols. After 48 h of transfection, Firefly
and Renilla luciferase activities were detected
using Dual Luciferase Reporter Assay System
(Promega).
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Cell counting kit-8 (CCK-8) assay

Cells were seeded at the density of 5 x 103
cells/well and allow to growth for 24 h. Then,
CCK-8 solution (Beyotime) was added to the
medium at indicated time (0, 24, 48 and 72 h)
and further incubation for 2 h. Optical density
at 450 nm was measured by a microplate read-
er (Bio-Rad, Hercules, CA, USA). Experiments
were conducted in triplicates.

Colony formation assay

Cells were seeded at the density of 3 x 103
cells/well) and cultured for 14 days at the
above-mentioned conditions. Subsequently,
cells were fixed with methanol and stained with
0.1% crystal violet (Beyotime). Colony numbers
were counted under a light microscope (Eclipse
TS100; Nikon, Tokyo, Japan). Experiments were
conducted in triplicates.

Wound healing assay

Cells were seeded at density of 6 x 10* cells/
well and incubated to 75% confluence. Wounds
were created with 10 pl pipette tips at the cell
surface. Then, cells were washed with PBS to
remove debris and incubated at the above-
mentioned conditions. Cell movements in the
scratch were observed and photographed at O
and 48 h. The width of the scratch was detect-
ed with Image J 1.42 software (NIH). Experi-
ments were conducted in triplicates.

Transwell invasion assay

Cell invasion ability was analyzed by transwell
invasion assay. Cells were seeded into the
upper chamber and supplemented with DMEM.
The lower chamber was supplemented with
DMEM supplemented with FBS. The membrane
was pre-coated with Matrigel (Franklin Lakes,
NJ, USA). The cells were incubated for 48 h and
the invasion cells were fixed with 4% parafor-
maldehyde and stained with 0.1% crystal violet
solution (Beyotime). Invasion numbers were
counted under microscope. Experiments were
conducted in triplicates.

Kaplan-Meier survival analysis
Kaplan-Meier plotter (www.kmplot.com) was

used to assess the effect of miR-4513 or
TRIM3 expression on the overall survival of BC.

2433

Cut-off value was auto-selected in the algo-
rithm. Log-rank test was used to calculate the
difference between low or high expression
groups.

Statistical analysis

Data were presented as mean + standard devi-
ation (SD) and analyzed using SPSS 21.0 (IBM,
Armonk, NY, USA). The differences were asse-
ssed using a two-tailed Student’s t-test or one-
way ANOVA and Tukey post-hoc test for two or
above groups, respectively. P<0.05 was consid-
ered to indicate a statistically significant.

Results
Upregulate expression of miR-4513 in BC

The expression of miR-4513 in BC cell lines
was analyzed using qRT-PCR. As shown in
Figure 1A, miR-4513 expression was signifi-
cantly increased in BC cell lines (MCF-7 and
T-47D) investigated compared with breast epi-
thelial cell line (MCF-10A). Moreover, the analy-
sis of overall survival data obtained from 1061
BC patients in the KM plotter website showed
high miR-4513 predicts worse overall survival
of BC patients (Figure 1B).

Downregulate expression of TRIM3 in BC

The expression of TRIM3 in BC cell lines was
analyzed using western blot. As displayed in
Figure 2A, TRIM3 expression was dramatically
decreased in MCF-7 and T-47D cell lines com-
pared to MCF-10A cell line. The overall survival
analysis on 3951 BC patients showed that low
TRIM3 was correlated with poor overall survival
od BC patients (Figure 2B).

TRIM3 was a direct target of miR-4513

Considering the importance of miR-4513 and
TRIM3, we are interested to investigate the
relationship of them. The TargetScan prediction
algorithm showed that TRIM3 contains a bind-
ing site for miR-4513 in its 3'-UTR (Figure 3A).
Luciferase activity reporter assay showed that
miR-4513 inhibitor transfection increased the
luciferase activity in cells transfected with
TRIM3-wt, while it did not have significance
influence on the luciferase activity of cells
transfected with TRIM3-mt (Figure 3B).
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Figure 1. Overexpression of miR-4513 in BC. A. qRT-PCR to analyze miR-4513 in BC cell lines (MCF-7 and T-47D)
and breast epithelial cell line (MCF-10A). B. Effects of miR-4513 expression on the overall survival of BC patients.
(***P<0.001) gRT-PCR: real-time quantitative PCR; BC: breast cancer; miR-4513: microRNA-4513.
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miR-4513 regulates BC cell proliferation, colo-
ny formation, cell migration, and cell invasion
through targeting TRIM3

The above results have illustrated the impor-
tance of miR-4513 and TRIM3 in BC, we then
interested to investigate the biological roles of
miR-4513 and TRIM3. The transfection of miR-
4513 inhibitor significantly decreased the
expression of miR-4513 (Figure 4A). In the
meantime, the transfection of si-TRIM3 signifi-
cantly decreased the expression of TRIM3
(Figure 4B). Meanwhile, the stimulation effects
of miR-4513 inhibitor on TRIM3 expression can
be reversed by si-TRIM3 (Figure 4B). CCK-8
assay showed that cell proliferation was inhib-
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ited by miR-4513 inhibitor but promoted by si-
TRIM3 (Figure 4C). Colony formation assay con-
firmed the results of CCK-8 assay, which
showed colony humbers were increased in si-
TRIM3 group but decreased in miR-4513 group
(Figure 4D). Wound-healing assay revealed that
cell migration can be repressed by miR-4513
inhibitor but enhanced by si-TRIM3 (Figure 4E).
Transwell invasion assay showed that cell inva-
sion was inhibited by miR-4513 inhibitor but
promoted by si-TRIM3 (Figure 4F). Furthermore,
si-TRIM3 transfection could partially reversed
the inhibitory effects of miR-4513 inhibitor on
BC cell proliferation, colony formation, cell
migration, and cell invasion in vitro (Figure
4C-F).
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As a type of potential regula-
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the progression of BC [7-10].
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Figure 3. TRIM3 was a direct target of miR-4513. A. Binding site between
miR-4513 and the 3’-UTR of TRIM3. B. Luciferase activity reporter assay
to measure luciferase activity in cells transfected with TRIM3-wt or TRIM3-
mt and miR-4513 inhibitor or NC-inhibitor. (ns not significant, **P<0.01)
BC: breast cancer; TRIM3: tripartite motif containing 3; miR-4513: microR-
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negative control for miR-4513 inhibitor.

Discussion

TRIM3 located at chromosome 11p15.5, a
region that has been reported to contain multi-
ple cancer-related genes [14, 15]. Current stud-
ies have demonstrated that TRIM3 expression
was reduced in several human cancers includ-
ing liver cancer, gastric cancer, cervical cancer,
and colorectal cancer [16-19]. TRIM3 was also
revealed to regulate cell behaviors including
cell proliferation, metastasis, cell migration,
and cell invasion [16-19]. Upregulation of
TRIM3 expression inhibited these cell malig-
nancy behaviors, while the downregulation of
TRIM3 promoted cell malignancy [16-19].
Importantly, TRIM3 was reported to function as
tumor suppressor through regulating p21
(WAF1/CIP1) to prevent the accumulation of
cyclin D1-cdk4 [20].

In this study, we found TRIM3 expression was
significantly reduced in BC cell lines compared
with the normal cell line. Then, we are interest-
ed to discovery the clinical significance of
TRIM3 in BC and therefore we analyzed the
overall survival data from 3951 BC patients.
Notably, we found low TRIM3 expression was
closely associated with poor overall survival of
BC patients. These results illustrated that
TRIM3 also functions as tumor suppressor in
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BC cell lines. Kaplan-Meier
curve showed that high miR-
4513 expression was corre-
lated poorer overall survival of
BC patients. Theseresults sho-
wed miR-4513 might has an
oncogenic role in the progres-
sion of BC. Then, functional
assays were conducted to investigate the role
of miR-4513 in BC. It was found downregula-
tion of miR-4513 inhibits BC cell proliferation,
colony formation, cell migration, and cell
invasion.

Then, software algorithms were performed to
search for the possible connection between
miR-4513 and TRIM3. Importantly, TargetScan
analysis showed that miR-4513 can directly
bind to the 3'-UTR of TRIM3. Luciferase activity
reporter assay and western blot assay con-
firmed TRIM3 was a direct target of miR-4513.
Recue experiments showed that downregula-
tion of TRIM3 partially reversed the inhibitory
effects of miR-4513 inhibitor on BC cell behav-
iors, which demonstrated that TRIM3 was a
functional target of miR-4513 in BC. We also
searched the targets of miR-4513 in miRTar-
Base, a database contains the experimentally
validated miRNA targets, and we found TRIM3
was not validated as target of miR-4513 to
date. Therefore, the current study provided an
experimental validated novel target of miR-
4513, which will help us to understand the
function of miR-4513 in human cancers. The
limitation of this study was that we analyzed
the effects of miR-4513 and TRIM3 on the
overall survival of BC patients but we did not
analyze the associations of miR-4513 and
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Figure 4. miR-4513 regulates BC cell proliferation, colony formation, and cell migration through targeting TRIM3. (A)
gRT-PCR to analyze miR-4513 expression in cells after miR-4513 inhibitor or NC-inhibitor transfection. (B) TRIM3
expression, (C) Cell proliferation, (D) Colony formation, (E) Cell migration, and (F) Cell invasion in cells transfected
with si-TRIM3, NC-siRNA, miR-4513 inhibitor, NC-inhibitor, or miR-4513 inhibitor and si-TRIM3 co-transfection. (ns
not significant, *P<0.05, **P<0.01, ***P<0.001) BC: breast cancer; TRIM3: tripartite motif containing 3; miR-
4513: microRNA-4513; qRT-PCR: real-time quantitative PCR; NC-inhibitor: negative control for miR-4513 inhibitor;

NC-siRNA: negative control small interfering RNA.

TRIM3 expression with clinicopathological
parameters. We will continue this work by
recruiting BC patients to validate the value of
miR-4513 and TRIM3 expression on the overall
survival of BC patients in our local cohort.
Moreover, the biological roles of miR-4513 and
TRIM3 should be investigated in animal model
in our following work.

Conclusion

In conclusion, the present study demonstrated
that miR-4513 acted as an oncogenic role,
whereas TRIM3 functions as a tumor suppres-
sive role in BC cells. miR-4513 downregulation
suppressed cell proliferation, colony formation,
cell migration, and cell invasion through target-
ing TRIM3. Therefore, miR-4513 or TRIM3 may
be potential novel therapeutic targets for BC.
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