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Abstract. Breast cancer (BC) is a leading cause of cancer-asso-
ciated mortality in females worldwide. MicroRNAs (miRNAs
or miRs), a type of non-coding RNA, have been reported to
be important in the regulation of BC onset and progression.
Several studies have implicated the role of miR-183 and
miR-494 in different types of cancer. However, the biological
functions of these miRNAs in BC remain largely unknown. In
the present study, the expression of both miRNAs was assessed
in the MDA-MB-231 and MDA-MB-468 BC cell lines. It was
hypothesized that miR-183 and miR-494 serve an important
role in regulating the expression of key genes associated with
the metastatic phenotype of BC cells. To further understand
their role, the expression of these miRNAs was restored in
selected BC cell lines. Functional assays revealed that overex-
pression of miR-183 or miR-494 modulated the proliferation
and migration of MDA-MB-231 and MDA-MB-468 cells
in vitro. Additionally, retinoblastoma 1 (RB1) was identified to
be a downstream target of both miRNAs by in silico analysis.
Western blotting revealed that upregulation of miR-183
was associated with downregulation of RBI protein in
MDA-MB-231 cells. In conclusion, the present results support
the hypothesis that miR-183 and miR-494 serve a pivotal role
in BC metastasis, and that miR-183 may act as an oncogene by
targeting RB1 protein in MDA-MB-231 cells.

Introduction

MicroRNAs (miRNAs or miRs) are small non-coding RNAs
(~22 nucleotides) that serve important roles in the regulation of
gene expression at the post-transcriptional level. The regulation
process can occur by degradation or inhibition of translation

Correspondence to: Dr Marcia M.C. Marques, Molecular
Oncology Research Center, Barretos Cancer Hospital, 1331 Rua
Antenor Duarte Vilela, Barretos, SP 14784-400, Brazil

E-mail: mmemsilveira@gmail.com

Key words: microRNAs, biomarkers, breast cancer, RB1 protein,
cancer cell line, functional assays, in vitro

of their target messenger RNAs through base pairing at 3' or
5'untranslated regions (1,2). miRNAs are involved in important
biological processes such as cell differentiation, prolifera-
tion and death (3). Furthermore, dysregulation of miRNA
expression is associated with multiple diseases, including
several types of cancer such as lymphoma, glioblastoma, and
colorectal, lung and breast cancer (BC) (4).

The importance of miRNAs in cancer is supported by
the fact that ~50% of miRNAs are located at fragile sites or
genomic regions associated with diseases (5-7), as well as by
their ability to act as tumor suppressors or oncogenes (8-10).
Additionally, miRNA expression signatures can be used to
clearly categorize different solid tumors (11). In BC, miRNA
signatures can help to discriminate between normal and
cancer tissues (12). Furthermore, miRNAs are involved in
cancer initiation and progression, consequently regulating
the processes of invasion and metastasis in several types of
cancer (13,14). miR-10b and miR-335 were the first miRNAs to
be described as promoters or inhibitors of metastasis, respec-
tively (15). In BC, certain miRNAs have been associated with
the invasion-metastasis cascade, including let-7, miR-10b,
miR-21, miR-34, miR-200 and miR-335 (16).

In a previous study, our group demonstrated that miR-183
and miR-494 are potential biomarkers of metastasis in BC (17).
miR-183 is located on chromosome 7q32 and is dysregulated
in several types of cancer, including BC, hepatic, colorectal
and lung cancer, as well as leukemia and osteosarcoma (18).
A recent study reported that miR-183 is downregulated in
retinoblastoma tumor tissues and cell lines compared with
its expression in their normal counterparts (19). Furthermore,
ectopic expression of miR-183 inhibited cell migration and
invasion in vitro (19). Similarly, miR-494 was observed to
be downregulated in human gastric carcinoma tissues and
cell lines, in which the restoration of miR-494 expression
decreased the cell proliferation rate (20). These findings
indicate that both miRNAs are implicated in the regulation
of biological processes that are important in cancer progres-
sion, thus demonstrating the requirement for further studies
to evaluate their involvement in other cancer types. Therefore,
the present study evaluated the expression and functional role
of miR-183 and miR-494 in BC cell lines, uncovering new
evidence of the involvement of both miRNAs in BC onset and
progression.
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Materials and methods

Cell culture. Seven BC cell lines (MCF-7, MCF-7/AZ, T47D,
BT-20, Hs578T, MDA-MB-231 and MDA-MB-468) were
evaluated in the present study. The cell lines, which were a
kind donated by Dr Rui M. Reis (Barretos Cancer Hospital,
Barretos, Brazil) in August 2012, were cultured in Dulbecco's
modified Eagle's medium (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) supplemented with 10% fetal bovine
serum (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) and 1% penicillin-streptomycin solution (Sigma-Aldrich;
Merck KGaA). Cells were maintained at 37°C in a humidified
5% CO, atmosphere.

Authentication of all BC-derived cell lines was performed
by short tandem repeat DNA typing according to the Interna-
tional Reference Standard for Authentication of Human Cell
Lines, as previously reported (21). All the cell lines had their
genotype confirmed.

Total RNA isolation. Total RNA was isolated using TRIzol
reagent (Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. RNA quantification was performed
using a NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies; Thermo Fisher Scientific, Inc., Wilmington, DE,
USA), and RNA quality was assessed using RNA 6000 Nano
chips (Agilent Technologies, Inc., Santa Clara, CA, USA) in a
2100 Bioanalyzer (Agilent Technologies, Inc.).

Reverse transcription-quantitative polymerase chain
reaction (RT-gPCR). miRNA expression was assessed by
RT-qPCR using TagMan® MicroRNA Assays (Thermo
Fisher Scientific, Inc.). Reverse transcription of primers to
the sequence of miR-183 (5'-UAUGGCACUGGUAGAAUU
CACU-3") and miR-494, (5'-"AGGUUGUCCGUGUUGUCU
UCUCU-3") and the complementary DNA synthesis was
performed with total RNA (10 ng) using TagMan® Small
RNA Assays (Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol.

The PCR with a final volume of 10 ul was performed at
95°C for 10 min, followed by 40 cycles of 95°C for 15 sec and
60°C for 1 min. All reactions were performed in triplicate
a 7900HT Fast Real-Time PCR System (Applied Biosys-
tems; Thermo Fisher Scientific, Inc.). The analyses were
performed using the R statistical computing environment
(https://www.r-project.org) according to the 242 method (22).
The small non-coding nucleolar RNA RNU48 provided in
the TagMan® Control MicroRNA Assay kit (Thermo Fisher
Scientific, Inc.) was used as a control for the analysis.

miRNA transfection. Homo sapiens (hsa)-miR-183 and
hsa-miR-494 Pre-miR™ miRNA Precursors (Ambion; Thermo
Fisher Scientific, Inc.) were transfected into MDA-MB-231 and
MDA-MB-468 BC cells using siPORT™ Amine Transfection
Agent (Thermo Fisher Scientific, Inc.) at a final concentration
of 20 nM, according to the manufacturer's protocol. Cells
transfected with the Pre-miR™ miRNA Precursor negative
control (Ambion; Thermo Fisher Scientific, Inc.) were used as
a control for the transfection. The efficiency of overexpression
of miR-183 and miR-494 was evaluated at 24,48 and 72 h after
transfection by RT-qPCR.
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Proliferation and migration assays. Proliferation and migra-
tion assays were carried out in the XCELLigence RTCA DP
Instrument (Roche Applied Science, Rotkreuz, Switzer-
land), using the E-Plate for measuring proliferation and the
CIM-Plate for measuring migration (both from Roche Applied
Science). The xCELLigence system transforms automati-
cally the impedance of electron flow caused by cells in a cell
index (CI) value according to the formula CI = (impedance
at time point n-impedance in the absence of cells) / nominal
impedance value (23). The experiments were performed
according to the manufacturer's protocol. For the proliferation
assay, concentrations of 6x10° and 8x10° MDA-MB-231 and
MDA-MB-468 cells, respectively, were used. For the migra-
tion assay, 2x10* cells were used for both BC cell lines. The CI
value was monitored for 72 h in the proliferation assay and for
24 h in the migration assay.

In silico target prediction of miR-183 and miR-494. Target
prediction was performed using the miRWalk2.0, Micro T4,
miRMap, PITA and RNAhybrid algorithms in the compara-
tive platform of miRWalk (http://www.umm.uni-heidelberg.
de/apps/zmf/mirwalk/micrornapredictedtarget.html). The
criteria for miRNA target gene selection was identification in
the above algorithms and presence in both miRNAs. The targets
were then filtered by Breast Neoplasm (code C2910) National
Cancer Institute disease term using the cancer gene index of
Reactome FI Cytoscape Plugin 4 (http:/wiki.reactome.org/index.
php/Reactome_FI_Cytoscape_Plugin). Finally, targets were
enriched by biological process using BINGO Cytoscape plugin
using a hypergeometric test with false discovery rate correction
(P<0.05) with the GoSlim Gene Ontology dataset (24).

Western blot assay. Cells transfected with each miRNA
were lysed directly on ice using lysis buffer (50 mM Tris
pH 7.6-8.0, 150 mM NaCl, 5 mM EDTA, 1 mM Na;VO,,
10 mM NaF, 10 mM sodium pyrophosphate and 1% NP-40)
supplemented with a protease inhibitor cocktail (1 mM
dithiothreitol, 1 pg/ml leupeptin hemisulfate, 1 pg/ml apro-
tinin, 1 mM phenylmethylsulfonyl fluoride and 1 mM EDTA).
The lysates were centrifuged at 10,000 x g for 15 min at 5°C
and the supernatant was stored at -80°C. The soluble proteins
were quantitated using Bradford Reagent (Sigma-Aldrich;
Merck KGaA) according to the manufacturer's protocol.
Total protein (20 ug) was separated by SDS-PAGE (10% gel)
and transferred onto a Hybond-C-supported nitrocellulose
membrane (GE Healthcare Life Sciences, Chalfont, UK)
using a Mini-PROTEAN Trans-Blot® Turbo Transfer System
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) at 100 V
for 30 min. Membranes were blocked using TBS with 0.1%
Tween-20 and 5% powdered milk at room temperature for
1 h, and then incubated at 5°C overnight in a 1:500-dilution
of anti-RB1 mouse polyclonal antibody (#sc-102, Santa Cruz
Biotechnology, Inc. MA, USA) in blocking buffer. Upon
washing with TBS-T (0.1%), the membranes were probed
using an anti-mouse anti-rabbit secondary antibody (#7076,
Cell Signaling Technology, Inc., Danvers, MA, USA) at
dilution 1:5,000 for 2 h at room temperature. Subsequently,
specific binding was detected with enhanced chemilumi-
nescence (GE Healthcare Life Sciences). The detection
of the chemiluminescent signal was performed in the gel
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Figure 1. The expression of (A) miR-183 and (B) miR-494 was evaluated by reverse transcription-quantitative polymerase chain reaction in a panel of breast

cancer cell lines. miR, microRNA.
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Figure 2. Expression of miR-183 and miR-494 by reverse transcription-quantitative polymerase chain reaction at 24 h post-transfection. (A) miR-183 and
(B) miR-494 were overexpressed in MDA-MB-231 cells compared with their expression levels in control cells. Data are displayed as mean values + standard
error of 23 independent experiments. Differences were evaluated with the Student's #-test. "P<0.05. miR, microRNA.

documentation system ImageQuant LAS 4000 Mini (GE
Healthcare Life Sciences). Subsequently, the labeled bands
were analyzed and quantified using ImageJ software (version
1.49v; NIH-Scion Corporation, Bethesda, MD, USA) and bar
graphs represent densitometric analysis of each band that
were plotted using the gplots R package (https://cran.r-project.
org/web/packages/gplots/index.html) (25,26). Normalization
was performed using B-tubulin as the endogenous control
(#3873, Cell Signaling Technology, Inc.) at dilution 1:5,000
for 2 h at room temperature.

Statistical analysis. Statistical analysis was performed using
the R statistical computing environment (https://www.r-project.
org). Data are displayed as mean values + standard error of =3
independent experiments. Differences were evaluated with the
Student's #-test. P<0.05 was considered to indicate a significant
difference.

Results

Overexpression and functional analysis of mir-183 in BC
cell lines. The expression of miR-183 was assessed in the

aforementioned seven BC cell lines in order to select those
with the lowest levels of miR-183 to further evaluate its role in
gain-of-function assays (Fig. 1A). MDA-MB-231 cells exhib-
ited the lowest basal level of miR-183; considering that this cell
line represents a model of the basal-like molecular subtype
(more aggressive) of BC, it was selected for the functional
approach. Among the cell lines that displayed the second lowest
level of expression (Hs578T, MCF-7/AZ and MDA-MB-468),
MDA-MB-468 was selected due to its low expression level of
miR-494 (Fig. 1B).

The restoration of miR-183 expression in the selected two
BC cell lines was confirmed 24 h after Pre-miR™ miRNA
Precursor transfection (Fig. 2A). A mean 15-fold increase in
the expression of miR-183 was observed in transfected cell
lines compared with that in parental cell lines.

Next, the effect of ectopic expression of miR-183 on the
proliferative and migratory capacities of MDA-MB-231 cells
was evaluated, as shown in Fig. 3. Overexpression of miR-183
induced a significant increase in proliferative capacity in vitro
at 12 h; however, a higher proliferative rate at 24 and 48 h was
also observed, even though these findings were not significant
(Fig. 3A). Regarding the migratory ability in vitro, the present
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Figure 3. Functional assays following miR-183 overexpression.
(A) Proliferation was evaluated in the MDA-MB-231 cell line. (B) A migration
assay was conducted in the MDA-MB-231 cell line. (C) A proliferation assay
was performed in the MDA-MB-468 cell line. (D) Migration was assessed
in the MDA-MB-468 cell line. Data are displayed as mean values + standard
error of =3 independent experiments. Differences were evaluated with the
Student's #-test. “P<0.05. miR, microRNA.
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Figure 4. Functional assays following miR-494 overexpression.
(A) Proliferation and (B) migration assays were conducted in the
MDA-MB-231. (C) Proliferation and (D) migration assays were conducted
in the MDA-MB-468 cell line. Data are displayed as mean values + standard
error of at =3 independent experiments. Differences were evaluated with the
Student's #-test. "P<0.05. miR, microRNA.

results demonstrated that the overexpression of miR-183
significantly increased the migratory ability from 6 to 24 h
post-transfection (Fig. 3B).
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By contrast, overexpression of miR-183 significantly
reduced cell proliferation at 48 and 72 h in the MDA-MB-468
cell line (Fig. 3C). Similarly, the present results demonstrated
that overexpression of miR-183 also significantly inhibited cell
migration at 12 and 18 h post-transfection (Fig. 3D). These
results suggest that the overexpression of miR-183 significantly
increased the proliferative and migratory abilities of both cell
lines, which suggests the potential role of this miRNA in BC
cellular behavior.

Overexpression and functional analysis of miR-494 in the
MDA-MB-231 BC-derived cell line. The aforementioned
seven BC cell lines were used to evaluate the basal expres-
sion of miR-494. The results indicated that the MDA-MB-231
and MDA-MB-468 cell lines had the lowest basal levels of
miR-494; therefore, these lines were selected for the functional
evaluation of this miRNA (Fig. 1B).

The restoration of miR-494 expression in both cell lines
was confirmed at 24 h after Pre-miR™ miRNA Precursor
transfection (Fig. 2B). A mean increase of ~10-fold in miR-183
expression was observed compared with that in the parental
cell lines.

Despite the higher CI value, the ectopic expression of
miR-494 did not result in a significant difference in the cell
proliferative ability of MDA-MB-231 cells (Fig. 4A). However,
overexpression of miR-494 significantly increased the cell
migratory capacity of MDA-MB-231 cells, but only at 12 h
after in vitro transfection (Fig. 4B).

The results for the MDA-MB-468 cell line demonstrated
that cell proliferation was significantly increased 12 h after
overexpression of miR-494 (Fig. 4C). However, no significant
impact on cell migratory ability was observed in this cell line
(Fig. 4D).

These results suggest that the overexpression of miR-494
does not necessarily control the ability of the cells to migrate,
but appears to be involved in the significant inhibition of cell
proliferative ability in the MDA-MB-231 cell line.

Identification and evaluation of RBI protein expression by
western blotting. In silico analysis highlighted several targets
of miR-183 and miR-494, as shown in Fig. 5. RB1 was selected
for western blot validation due to its involvement in enriched
biological processes associated with BC, including cell differ-
entiation (P=4.09x107), cell cycle (P=3.58x107) and DNA
binding (P=2.65x10). Among these three processes, RBI was
the only target identified to be involved in cell differentiation
and cell cycle progression.

It was observed that transfection of miR-183 resulted in a
significant reduction in RB1 protein levels in MDA-MB-231
cells (Fig. 6A). By contrast, miR-494 transfection did not
produce an effect on RBI1 protein levels (Fig. 6B). These
results suggest that miR-183 may act as a potential regulator of
RBI protein, at least in a subset of BC cell lines.

Discussion

Several miRNAs have been associated with BC progression (12).
However, the mechanism involved in miRNA-controlled
metastasis is not completely understood yet (16). Evidence
from a previous study by our group (17) and from studies about
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Figure 5. Network interactions of the common targets of miR-183 and miR-494. RB1 was observed to be involved in cancer-associated biological processes.

miR, microRNA; RBI, retinoblastoma 1; hsa, Homo sapiens.
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Figure 6. RB1 protein expression analysis by western blotting following overexpression of (A) miR-183 and (B) miR-494 in the MDA-MB-231 cell line. Two
western blot experiments were performed and the bar graphs demonstrate the average of the two density results.

the roles of miR-183 and miR-494 in other cancer types (18-20)
suggests that these miRNAs are dysregulated in BC.
Considering the expression of these two miRNAs in a
panel of BC cell lines, MDA-MB-231 and MDA-MB-468 were
selected for functional ectopic overexpression assays due to
the low levels of expression of both miRNAs in these two cell
lines. According to Subik er al (27), the MDA-MB-231 cell
line is characterized as a triple-negative/basal B mammary

carcinoma. Haga and Phinney (28) evaluated the expression
of miR-494 in MDA-MB-231 cells by qPCR and revealed a
low expression level, thus corroborating the findings of the
present study. Additionally, Lowery et al (29) also performed
in vitro overexpression of miR-183 but in the T47D cell line.
According to the present findings, the T47D cell line was not
the best model for the study, compared with the other BC cell
lines tested. Indeed, the authors observed that overexpression
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of miR-183 in the T47-D cell line resulted in an increase in
migration, but without a significant difference when compared
with that exhibited by the negative control (29).

For the functional assays, the xCELLigence System was
selected in the present study. Limame et al (30) performed a
comparative analysis between the xCELLigence System and
conventional functional cellular assays, showing a strong corre-
lation (>90%) between the two methods. The present results
demonstrated that the ectopic overexpression of miR-183
affected the behavior of the MDA-MB-231 and MDA-MB-468
cell lines in a contradictory manner. Overexpression of miR-183
resulted in an increase in the proliferative and migratory
capacities of the cells over time (proliferation was significantly
increased only at 12 h). By contrast, in MDA-MB-468 cells, the
overexpression of miR-183 inhibited cell proliferation after 48
and 72 h, and cell migration after 12 and 18 h compared with
the control (scramble miRNA). Similarly, Zhao er al showed
that the overexpression of miR-183 in an osteosarcoma cell line
with a high invasive capacity (FSM2) led to the inhibition of
cell migration and invasion, which is partly in agreement with
the results obtained in MDA-MB-468 cells (18). Overexpres-
sion of miR-494 had no significant effect on cell proliferation
in the MDA-MB-231 cell line; however, an increase in cell
migratory ability was observed after 12 h of overexpression
in vitro. The overexpression of miR-494 increased the cell
proliferative capacity of MDA-MB-468 cells after 12 h, but
did not affect their migration. Accordingly, the results obtained
with overexpression of miR-494 in the MDA-MB-231 cells
were similar to those of a recent study, which noticed that the
ectopic expression of this miRNA inhibited cell proliferation in
a lung cancer cell line (A549) (31).

The differences in proliferative and migratory behavior
between the two cell lines evaluated in the present study can
be explained on the basis of their molecular subtype, since the
MDA-MB-231 cell line is an invasive ductal carcinoma, while
the MDA-MB-468 cell line is a metastatic basal-like adeno-
carcinoma (32). Consequently, these cell lines have different
genotypes with specific mutations in genes that control the
mechanisms of cell proliferation and apoptosis, including
cyclin-dependent kinase (CDK) inhibitor 2A, BRAF, KRAS,
tumor protein P53, phosphatase and tensin homolog, neurofi-
bromin 2, RB1 and SMAD family member 4 (33,34). It has
been widely reported that various MDA-MB-468 clones have
a homozygous deletion of RB1, which can explain such differ-
ences in cellular behavior (35) but this finding has no influence
on the results of the present study.

Among the genes evaluated in the present study, miR-183
and miR-494 possibly regulated the expression of RBI, a
tumor suppressor that negatively regulates the cell cycle.
Cell cycle control by RBI involves other factors, including
CDKs-cyclins, which phosphorylate the RB1 protein, thus
rendering it inactive. Inactive RB1 subsequently releases E2
factor, a transcription factor that activates the transcription of
several genes that promote the cell cycle transition from G1 to
S phase or activate cell proliferation (36). In the present study,
RBI protein expression was negatively regulated at 72 h after
overexpression of miR-183 and miR-494 in the MDA-MB-231
cell line. Thus, the inhibition of proliferation induced by
miR-183 in MDA-MB-231 cells may be modulated via the
downregulation of RBI.
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In conclusion, the present study provided evidence that
miR-183 and miR-494 may be associated with the progression
of BC. Furthermore, the present results suggest a new perspec-
tive for future research on the potential role of these miRNAs
in the regulation of key metastatic biological processes during
BC progression.
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