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A B S T R A C T

Objectives: Aberrant Wnt signaling cascade is a hallmark of the triple-negative breast cancer (TNBC) that is linked
with the increased proliferation, invasion, and poor overall survival. many genes are post-transcriptionally
regulated by microRNAs (miRNAs) therefore; it is indisputable that the dysregulation of the miRNAs is an
explanation for the aberrant signaling cascades. Thus, the present study was conducted to find the putative
miRNA targeting the key players of Wnt/β -catenin cascade in the TNBC.
Methods: The miR-130a-3p was found as a potential regulator of the Wnt signaling cascade by applying several
bioinformatic algorithms. Quantitative real-time PCR (qRT-PCR) was used to analyze the expression levels of miR-
130a-3p and Wnt cascade genes in the TNBC cells. Afterward, TNBC cells were transiently transfected with the
miR-130a-3p to investigate its effects on the expression of Wnt cascade genes. Subsequently, MTT, soft agar
colony formation, scratch, transwell cell migration, and transwell cell invasion assays were used to determine the
behavior of the TNBC cells in response to miR-130a-3p restoration.
Results: Results of the qRT-PCR showed downregulation of miR-130a-3p and upregulation of the Wnt cascade
genes in the TNBC cells compared to the normal cells. Transient overexpression of miR-130a-3p decreased the
expression levels of Wnt cascade genes significantly in the TNBC cells. Moreover, following the miR-130a-3p
overexpression, the proliferation, anchorage-independent growth, and migration of the TNBC cells were reduced.
Conclusion: Overall, our findings provided an evidence for the significant role of miR-130a-3p in the regulation of
Wnt/β-catenin cascade, and also introduced the miR-130a-3p as a new therapeutic target for the patients with
TNBC.
1. Introduction

Breast cancer (BC) is the most common type of cancer among the
women accounting for 25% of the cancer diagnosed cases [1]. Patho-
physiology of BC is incredibly complex and therefore, it is divided into
various subtypes with different therapeutic outcomes [2].
Triple-negative breast cancer (TNBC) is an invasive molecular subtype of
BC widely overlapping with the basal-like phenotype [3]. TNBC tumor
cells do not express the estrogen receptor, progesterone receptor, and
human epidermal growth factor receptor 2 (HER2) hence, the novel
targeted drugs are unsuccessful, and therapeutic options are limited to
the chemotherapy to enhance the survival of the patients [4].
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Large-scale studies have pointed to the important role of Wnt/β-cat-
enin signaling cascade in the genesis and development of BC. Besides,
aberrant Wnt cascade is a hallmark of the TNBC that is linked with many
tumor characteristics, such as the increased proliferation and metastasis
[5, 6, 7]. The Wnt cascade is generally classified as canonical and
non-canonical depending on the involvement of β-catenin [8]. The ca-
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the cell including the ligands, receptors, co-receptors, cytoplasmic pro-
teins, and nuclear transcription factors. During the malignancy, onco-
genic Wnt ligands bind to the Frizzled (FZD) receptors and/or LRP6 or
LRP5 co-receptors (low-density lipoprotein receptor-related protein
5/6). Then, β-catenin, a key cytoplasmic protein, is separated from the
bmu.ac.ir (S. Mohammadi-Yeganeh).

ember 2020
rticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

mailto:rajabi_m@sbmu.ac.ir
mailto:s.mohammadiyeganeh@sbmu.ac.ir
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2020.e05434&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2020.e05434
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2020.e05434


J. Poodineh et al. Heliyon 6 (2020) e05434
β-catenin's “destruction complex”, relocates to the nucleus, and interacts
with the transcription factors to activate the expression of downstream
oncogenes associated with higher proliferation and metastasis [9, 10].
Despite having a significant role in the development of many types of
cancer, molecular alterations leading to the aberrant Wnt cascade have
not been well understood [11].

MicroRNAs (miRNAs) appear as the negative regulators of gene
expression, and are involved in the regulation of almost every signaling
pathway [12]. These small endogenous RNAs are capable of identifying
messenger RNAs (mRNAs) through the sequence-specific interactions,
which are common in the mRNA's 30-UTR (untranslated region), and
arrested protein synthesis by translational inhibition or mRNA cleavage
[13]. Numerous studies have already shown the abnormal expression of
miRNAs in the human cancers, where they can influence the character-
istics of the cancer cells as a tumor suppressor or oncogene [14]. Since,
eachmiRNA can target hundreds of mRNAs; it would be really interesting
to identify targets of the miRNAs and their biological functions. Mean-
while, transcriptomic, proteomic, and computer-based approaches have
provided valuable insights into the identification of miRNA targets [15,
16]. Among these approaches, computer-based methods are not only
very simple, time-saving, and cost-effective, but also are important as an
initial step in studying the miRNAs and target genes [17].

Accordingly, in the present study, some of the most precise miRNA
target prediction algorithms were used to find the putative miRNAs
targeting the key players of canonical Wnt cascade at multiple points
including the ligands, receptors, cytoplasmic proteins, and nuclear
transcription factors with major emphasis on Wnt2B, FZD6, LRP6,
CTNNB1, and ZEB1 genes. Consequently, miR-130a-3p was predicted as
a potential regulator of Wnt cascade. Then, it was transfected into the
highly aggressive human triple-negative breast cancer cell lines, namely
MDA-MB-468 and MDA-MB-231 to assess the effects of miR-130a-3p
overexpression on (i) the expression of target genes by applying the
quantitative real-time polymerase chain reaction (qRT-PCR) (ii) cell
proliferation and anchorage-independent growth by performing the MTT
and soft agar colony formation assays, respectively, and (iii) cell migra-
tion by performing the scratch, transwell cell migration, and transwell
cell invasion assays.

2. Material and methods

2.1. In silico analysis

Figure 1 shows the schematic overview of the computational methods
used for identification of the miRNA targeting the Wnt cascade genes.
Prior to the analysis, a list of Wnt/β-catenin cascade genes over-expressed
in the human cancers was prepared as reported by the previous studies
Figure 1. Schematic overview of bioinformatic software and

2

and the Kyoto encyclopedia of the genes and genomes (KEGG) pathway
enrichment analysis (http://www.genome.jp/kegg/). Then, the key
genes with therapeutic potential were selected. The ultimate list of genes
included the Wnt2B, FZD6, LRP6, CTNNB1, and ZEB1. Then, the
following search direction was used to predict the miRNAs targeting the
above-mentioned genes: (i) Gene IDs were imported into the miRvesti-
gator algorithm to precisely associate the 30-UTR patterns of the genes
with the complementary region of miRNA based on the hidden Markov
model (HMM). The resulting miRNAs are potentially capable of targeting
the co-expressed genes. (ii) Predicted miRNAs were explored in the
miRBase and national center for biotechnology information (NCBI) da-
tabases to obtain the basic information and to assess the novelty of the
study. (iii) TargetScan, miRanda, miRDB, and RNAhybrid were applied
as the prediction tools to predict the targets of miRNAs based on some
combination of base pairing, conservation of interspecies, and thermo-
dynamic behaviors. (iiii) miRTarBase, miRWalk and DIANA-TarBase
databases were applied to obtain the experimentally validated data.

2.2. Cell lines and culture

MDA-MB-468, MDA-MB-231 (human TNBC cell lines), and MCF-10A
(normal breast epithelial cells) were purchased from the National Cell
Bank of Iran (NCBI, Tehran, Iran). The cells were authenticated through
appropriate Short-tandem repeat (STR) profiling, supplied by the NCBI,
and verified to be mycoplasma-free using the PCR test. Dulbecco's
Modified Eagle Medium (DMEM)-high glucose combined with 10% fetal
bovine serum (FBS-Gibco, USA) and 1% antibiotic solution (100 IU/mL
penicillin and 100 μg/mL streptomycin) was used for culturing TNBC cell
lines. MCF-10A cell line was grown in the same way as other cell lines,
except that it was supplemented with 10% horse serum (HS-Gibco, USA)
instead of FBS. The cultured cells were maintained at 37 �C, 95% air, 5%
CO2 and 100% humidity. Prior to performing any experiment, the
number of cells and their viability were determined using trypan blue
dye. Cell viability was higher than 90% in all experiments.

2.3. Transient transfection

Introduction of the miR-130a-3p miRNA Mimic or scrambled miRNA
(Exiqon-Qiagen, Germany) into the TNBC cells was conducted using the
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) as detailed in the
manufacturer's protocol. Cells from passages 3–5 were seeded in the 24-
well plates and were grown to 90% of confluency at 37 �C in 5% CO2 to
improve the transfection efficiency. After 24 h, the cells were transfected
by addition of 5nM mimetic or scrambled miRNA solution, which were
prepared in combination with the Lipofectamine. The medium was pre-
pared to be FBS-free in this step. Non-transfected cells were used as the
programs used for predicting miRNA and target genes.

http://www.genome.jp/kegg/
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controls (blank). Cells were incubated for 6–12 h, followed by replacing
the transfection medium with fresh medium containing 10% FBS and
antibiotics. Transfection efficiency was evaluated by the fluorescence
microscope (Nikon TE2000) and qRT-PCR analysis (Figure 5(a-c)). All
the transfection tests were done three times.

2.4. RNA extraction

The cellular RNA enriched for miRNAs was isolated from cells using
hybrid-R™ RNA extraction kit (GeneAll, Korea) as detailed in the man-
ufacturer's protocol. Briefly, 1ml of RiboEx™ lysis buffer was directly
added to the culture flask, and mixed thoroughly by pipetting for 5 min.
The mixtures were then transferred to the microtubes and 0.2 ml of
chloroformwas added to each tube. Mixtures were vigorously shaken and
centrifuged for 15min at 12 000� g. The supernatantwas transferred to a
mini spin column and centrifuged for 30 s at around 10 000� g. Next, the
passed-throughwas discarded, and the spin columnwashed out two times
withwash solutions. PurifiedRNAwas then elutedwithRNase-freewater.
Total RNA isolated from MCF-10A cells was utilized as a corresponding
control sample. The concentration of purified RNAs were determined
using Nanodrop (Aosheng, China). The integrity of RNAs was assessed by
performing denaturing agarose gel electrophoresis. For long term storage,
purified RNAs were aliquoted and maintained at -80 �C.

2.5. cDNA synthesis and qRT-PCR

Reverse transcription was conducted for mRNAs or miRNA using
RevertAid® RT enzyme (Thermo Scientific, USA). The RT stem loop
primers, specific for miR-130a-3p and SNORD47 (U47, as internal con-
trol), were designed according to our previously published protocol [18].
Random hexamer primers were used for reverse transcription of the
genes and glyceraldehyde 3-phosphate dehydrogenase (GAPDH), as an
internal control. qRT-PCR was conducted using the SYBR GreenI detec-
tion system by a StepOne plus™ thermal cycler (ABI, USA). The cycling
conditions were set at 10 min of 95 �C for first denaturation, followed by
40 rounds of a three-step temperature (95 �C 15 s- 60 �C 40 s- 72 �C 50 s).
Melting curves were also analyzed at the end of the reaction. The
expression data for genes and miR-130a-3p were normalized with
respective internal controls (GAPDH and U47, respectively), and repre-
sented as relative expression using 2–ΔΔCt method. The entire experiment
was repeated twice for biological replicates, and the measurements were
carried out in triplicate as technical replicates. The sequences of qRT-PCR
primers are listed in Table1.

2.6. Proliferation assay

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
assay was performed for evaluating cell proliferation. In brief, cells (3 �
103) were seeded in 96-well plate and placed in 37 �C and 5% CO2
incubator. After 24 h incubation, miR-130a-3p miRNA mimic or scram-
bled miRNA were transfected into cells and cell proliferation was fol-
lowed for 24, 48, and 72 h. Then after, cells were rinsed twice with PBS,
Table 1. Primers used for qRT-PCR.

Gene Sense

Wnt2B TCAGAAGTAGCCGAGAGG

FZD6 GGAGTGAAGGAAGGATTAG

LRP6 TCAACCCAGAGCTATTGCCT

CTNNB1 CAACTAAACAGGAAGGGAT

ZEB1 TTACCAGGGAGGAGCAGTG

GAPDH CTCTGACTTCAACAGCGAC

miR-130a-3p GACCCAGTGCAATGTTAAAA

SNORD47 ATCACTGTAAAACCGTTCCA

3

exposed to the MTT solution (0.5mg/ml in PBS) and incubated for 3h at
37 �C in a humidified atmosphere with 5% CO2. The medium was sub-
sequently aspirated and formazan crystals were thoroughly resolved by
adding 150 μl of dimethyl sulfoxide (DMSO) per well. After 5–10 min
shaking, the absorbance was measured at 570 nm using Microplate
Reader (Bio-Rad, Hercules, CA, USA). Non-transfected cells were
considered as the controls (blank).

2.7. Soft agar colony formation assay

Anchorage-independent growth ability of cells was determined by
performing the soft agar colony formation assay as reported by Borowicz
et al. [19] with slight modifications. In brief, the synthetic sequences of
miR-130a-3p or scramble-miRNA were transfected into the TNBC cells
prior to performing the experiment. The 6-well plate was used to form
two layers of agar with different concentrations. To do so, 1.5 ml of a mix
of 0.8% noble agar and 2X DMEMmedium (containing 10% FBS and 1%
penicillin/streptomycin solution) were added to each well to form the
bottom layer of agar. Then, the plates were covered and agar mixture was
allowed to be solidified at 25 �C in the cell culture hood. The upper layer
of agar containing cells was prepared by mixing cells solution (5 � 103

cells per well) with 0.5% noble agar in a 1:1 ratio, and adding 1.5 ml of
the mixture into each well. The plate was then covered and allowed agar
mixture to solidify before transferring it into a 37 �C and 5% CO2 incu-
bator. After 21 days, the cells were stained by adding 200 μl of nitroblue
tetrazolium chloride solution (Sigma, Germany) per well, and incubated
for 24 h. Subsequently, colonies with a diameter greater than 50μmwere
counted. The experiment was repeated in three independent assays.
Non-transfected cells were considered as the controls (blank).

2.8. Scratch/wound healing assay

The migratory capacity of whole-cell masses was assessed by per-
forming scratch or wound closure assay according to Grada et al. protocol
[20]. Briefly, 1.2 � 105 cells were seeded in 24-well plate, and grown
within to reach a 90% confluent cell monolayer. Then, the cells were
transfected as described above, and a vertical scratch was generated by a
pipette tip through the cell monolayer. The medium along with detached
cells was removed, wells were washed twice with PBS, and fresh culture
medium containing 0.2–0.5% FBS was added to each well. Following
wound formation and observing under inverted microscope, an initial
image of the representative area was taken. The next images (in exactly
the same area) were captured at multiple time points up to 48h to follow
subsequent scratch closure. Non transfected cells were considered as the
controls (blank), and the experiment was repeated three times. To
analyze scratch closure, snapshots were imported into the ImageJ v1.8.0
(NIH, USA) program, and the scratch width was quantified. The migra-
tion area was calculated using the following formula:

Migration Area ¼ A(t¼0)�A(t¼Δh)

A(t¼0h) is the area of the wound measured immediately after
scratching (t ¼ 0h).
Anti-sense

ACCGTAGTGGATGTTGTC

TC CAAGCAGAGATGTGGAACC

T TAACCACTGCCTGCCGATTT

GG ACAGTACGCACAAGAGCC

A CCTTCCTTTCCTGTGTCATCCT

CGTTGTCATACCAGGAAATGAG

GG GAGCAGGGTCCGAGGT

GAGCAGGGTCCGAGGT
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A(t¼Δh) is the area of the wound measured hours after the scratch is
performed.

2.9. Transwell migration assay

The migratory behavior of cells was further assessed using 8μm
transwell inserts (SPL, Life Bioscience, Korea). At first, the synthetic
sequence of miR-130a-3p or scramble miRNA was transfected into the
TNBC cells. After transfection, on top of the filter membrane in transwell
insert, 200 μl of cell solution (~5 � 104 cells per well in FBS-free me-
dium) was added, and then incubated for 10 min with the purpose of
settling the cells. 700 μl of the medium containing 10% FBS was added
into the bottom of the lower chamber as a chemoattractant. After 24 h
incubation at 37 �C and 5% CO2, using a cotton-tipped applicator, non-
migrated cells were manually removed from the upper surface of the
membrane filter, while migrated cells on the lower surface were fixed
with 70% ethanol (Sigma, Germany). The fixed cells were then stained
with 0.05% crystal violet (Merck-Darmstadt, Germany), and enumerated
as cells per field of view (5 random fields) under an inverted microscope
to calculate an average number of the cells. Non transfected cells were
considered as the controls (blank).

2.10. Transwell invasion assay

Transwell cell invasion assay was conducted by adding of 100 μl of
diluted Matrigel (Corning, USA) into the upper chamber of transwell
membranes, and incubation for 2 h at 37 �C for gelling. Afterward,
transfected or non-transfected cells (~5 � 104 cells/well, in FBS-free
medium) were inoculated into the upper chamber, while 700 μl of
DMEM medium containing 10% FBS was added into the lower chamber
of the transwell. After 24 h incubation at 37 �C, non-migrated cells were
manually removed from the upper surface of the membrane filter, while
the invasive cells on the lower surface were fixed, stained, and counted as
described in the transwell migration assay.

2.11. Statistical analysis

All data were analyzed with GraphPad Prism version 8.0.1 (Graph-
Pad, La Jolla, CA) using ANOVA followed by Tukey or Bonferroni post
Figure 2. Screenshots of the result page of miRvestigator, TargetScan, and RNAhybr
ology.net). (b) The complementary sequences of miR-130a-3p and Wnt cascade ge
complementary sequences of miR-130a-3p and 30-UTR mRNA of CTNNB1 is present
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hoc tests for multiple comparisons. Results were represented as mean �
SD for three independent experiments, and were considered significant if
two-tailed-P- value < 0.05.

3. Results

3.1. In silico analysis showed that hsa-miR-130a-3p targets Wnt signaling
cascade

Different miRNA-target prediction tools were used to find a precise
miRNA involved in the Wnt/β-catenin signaling cascade. The miRvesti-
gator algorithm has been developed to predict the candidate miRNAs
targeting the over-represented sequence pattern of the genes of interest.
The gene IDs were submitted into the miRvestigator framework and a list
of miRNAs that could potentially target the Wnt signaling cascade were
predicted. Then, the predicted miRNAs were explored for more detail in
the miRBase database. The predicted miRNAs were also scrutinized by
reviewing the previously published papers in the NCBI. Subsequently,
hsa-miR-130a-3p was chosen for further computational analyses. As
shown in Figure 2(a), hsa-miR-130a-3p could target the Wnt cascade
genes with a 7mer-m8 seed model and low P-value based on the miR-
vestigator results. In the further analysis, the results of miRNA-target
prediction tools including TargetScan (Figure 2(b)), RNAhybrid
(Figure 2(c)), miRanda (Figure 3(a)), and miRDB (Figure 3(b)) indicated
that the miR-130a-3p has at least one matching site in the 30-UTRs of
target genes. Experimentally validated data were also collected from the
miRWalk, DIANA-TarBase, and miRTarBase databases, which confirmed
that the genes are novel candidates for miR-130a-3p, apart from the
FZD6, which is validated to be a target gene for miR-130a-3p based on
the next generation sequencing (NGS) studies.

3.2. miR-130a-3p is downregulated, while Wnt cascade genes are
upregulated in the TNBC cell lines

For obtaining more evidence on the role of miR-130a-3p in the
pathogenesis of TNBC, its expression level was determined in the MDA-
MB-468 and MDA-MB-231 cells compared to the normal cells. As
shown in Figure 4(a), the expression level of miR-130a-3p in the MDA-
MB-468 and MDA-MB-231 cells was 45 and 13 fold lower than that of
id. (a) The result page of the miRvestigator framework (mirvestigator.systemsbi
nes are presented according to the TargetScan (www.targetscan.org). (c) The
ed according to the RNAhybrid (bibiserv.cebitec.uni-bielefeld.de/rnahybrid).
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Figure 3. Screenshots of the result page of miRanda and miRDB (a) The complementary sequences of miR-130a-3p and Wnt cascade genes are presented according to
the miRanda (www.mirna.org). (b) The complementary sequences of miR-130a-3p and Wnt cascade genes are presented according to the miRDB (www.mirdb.org).

J. Poodineh et al. Heliyon 6 (2020) e05434
the MCF-10A as the normal cells, respectively. These findings support the
possible role of miR-130a-3p in the pathogenesis of the breast epithelial
cells. In addition, the expression levels of the components of the Wnt
signaling cascade listed above were analyzed in the TNBC cell lines. As
shown in Figure 4(b), the expression levels of Wnt2B, FZD6, LRP6,
CTNNB1, and ZEB1 were higher in the MDA-MB-468 cells than those of
the MCF-10A cells (p-value ˂ 0.01). The expression levels ofWnt2B, FZD6,
LRP6, CTNNB1, and ZEB1 were also higher in the MDA-MB-231 cell line
than those of the normal breast epithelial cells (p-value ˂ 0.05). The re-
sults provided an evidence for irregular activation of the Wnt signaling
cascade in the TNBC cells.

3.3. Transient transfection of miR-130a-3p downregulates Wnt cascade
genes in the TNBC cell lines

For further analysis of the bioinformatic findings, the synthetic se-
quences of miR-130a-3p or scramble miRNA were transfected into the
MDA-MB-468 and MDA-MB-231cells. Then, the transfection efficiency of
miR-130a-3p was determined by fluorescent microscope and qRT-PCR.
As shown in Figure 5(a-c), miR-130a-3p was highly expressed in the
Figure 4. The expression level of miR-130a-3p and Wnt cascade genes determined b
MDA-MB-231 cells. (b–c) The relative expression of Wnt cascade genes in the TNBC
presented as mean � SD for three independent experiments (*p < 0.05, **P � 0.01
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MDA-MB-468 and MDA-MB-231 cells compared to non-transfected cells.
Furthermore, our results showed that the expression levels of the target
genes were decreased markedly when the miR-130a-3p was overex-
pressed in the MDA-MB-468 cells compared to the non-transfected MDA-
MB-468 cells (Figure 5(d)). Additionally, MDA-MB-231 cells transfected
with miR-130a-3p showed significant decrease in the expression of
Wnt2B, FZD6, LRP6, CTNNB1 and, ZEB1 compared to non-transfected
cells (Figure 5(e)). In both cell lines, there was no significant difference
between the scramble-transfected cells and non-transfected cells (p-value
˃ 0.05).

3.4. High expression level of miR-130a-3p reduces the proliferation and
anchorage-independent growth of the TNBC cells

The MTT and colony formation assays were performed to assess the
impact of miR-130a-3p overexpression on the proliferation and
anchorage-independent growth of the MDA-MB-468 and MDA-MB-231
cells. In the MTT test, the absorbance values were considered for com-
parisons. As shown in Figure 6(a), after 48 and 72 h, the proliferation of
the MDA-MB-468 cells transfected with the miR-130a-3p decreased
y qRT-PCR. (a) The relative expression of miR-130a-3p in the MDA-MB-468 and
cell lines, (b) MDA-MB-468 cell line; (c) MDA-MB-231 cell line. The data are
compared to MCF-10A cell line).

http://www.mirna.org
http://www.mirdb.org


Figure 5. The expression level of miR-130a-3p and Wnt cascade genes after transfection. (a–b) The transfection efficiency of miR-130a-3p under fluorescence mi-
croscope in the TNBC cell lines, (a) MDA-MB-468 cell line; (b) MDA-MB-231 cell line. (c) The relative expression of miR-130a-3p in the TNBC cells after transfection
with miR-130a-3p determined by qRT-PCR. (d–e) The relative expression of Wnt cascade genes in the TNBC cell lines determined by qRT-PCR, (d) MDA-MB-468 cell
line; (e) MDA-MB-231 cell line. miR-130a-3p: cells transfected with miR-130a-3p miRNA Mimic; Scramble: cells transfected with scramble miRNA; Blank: non-
transfected cells; The data are presented as mean � SD for three independent experiments (*p < 0.05, **P � 0.01, ***P � 0.001 compared to blank).

Figure 6. Overexpression of miR-130a-3p
decreases the proliferation and anchorage
independent growth in the TNBC cells. (a)
MTT test in the TNBC cells transfected with
miR-130a-3p, scramble, or non-transfected
cells. Data are presented as mean � SD for
three independent experiments; One-way
ANOVA followed by Tukey's post-hoc test
was used for comparison between groups;
(*p < 0.05, and **P ˂ 0.01 against blank). (b)
The soft agar colony formation assay in the
TNBC cells transfected with miR-130a-3p,
scramble-miRNA, and non-transfected cells.
Data are presented as mean � SD for three
independent experiments (*p < 0.05, **P �
0.01, ***P � 0.001). miR-130a-3p: cells
transfected with miR-130a-3p miRNA
Mimic; Scramble: cells transfected with
scramble miRNA; Blank: non-transfected
cells.
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substantially as compared with non-transfected cells (p-value ˂ 0.05).
Moreover, while the influence of miR-130a-3p on the 24 h and 48 h
proliferation of the MDA-MB-231 cells was not significant, the absor-
bance values were decreased significantly 72h after transfection with the
miR-130a-3p in comparison with the non-transfected cells (p-value ˂
0.05). In both cell lines, there was no significant difference between the
scramble-transfected cells and non-transfected cells (p-value ˃ 0.05).

The effect of miR-130a-3p overexpression on the anchorage-
independent growth ability of the cells was evaluated by the soft agar
colony formation assay. As shown in Figure 6(b), the formation of soft
agar colonies was decreased markedly in the MDA-MB-468 cells trans-
fected with the miR-130a-3p compared with scramble-transfected cells
and non-transfected cells (p-value ˂ 0.0001). In line with MDA-MB-468
results, the number of soft agar colonies in MDA-MB-231 cells trans-
fected with miR-130a-3p was decreased significantly compared to the
scramble-transfected cells and non-transfected cells (p-value ˂ 0.05).

3.5. High expression level of miR-130a-3p inhibits the migration of TNBC
cells

Migration is a feature of the metastatic cells, in which the cells can
detach from the primary tumors and move to the surrounding area. The
influence of miR-130a-3p on the cell migration was assessed by per-
forming the scratch, transwell cell migration, and transwell cell invasion
assays. Scratch or wound-healing assay is based on rendering a wound in
a 90% confluent cell monolayer, and then, capturing the images at
Figure 7. Cell migration determined by the scratch assay. Wound healing assay a
transfected with miR-130a-3p, scramble, and non-transfected cells after 24 h and 48
cells transfected with scramble miRNA; Blank: non-transfected cells. Migrating and
presented as the mean � SD for three independent experiments (**P � 0.01, ***P �
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regular time points to track the wound closure. Quantification of the
wound closure using the ImageJ software showed that in both cell lines,
wound closure was decreased significantly within 24h and 48h after the
restoration of miR-130a-3p expression in comparison with the scramble-
transfected cells or non-transfected cells (Figure 7, p-value ˂ 0.0001 for
MDA-MB-468 and p-value ˂ 0.001 for MDA-MB-231).

The effects of miR-130a-3p overexpression on the migration of the
TNBC cells was further elucidated by the transwell cell migration and
invasion assays. As indicated in Figure 8, high expression level of miR-
130a-3p reduced the number of cells migrating through the transwell
membrane in the MDA-MB-468 cells compared to the scramble-
transfected cells, and non-transfected cells (p-value ˂ 0.01). Similar re-
sults were observed in the MDA-MB-231 cells, where the miR-130a-3p
overexpression induced a significant decrease in the number of
migrating cells compared to the scramble-transfected cells, and non-
transfected cells (p-value ˂ 0.01). Regarding transwell invasion assay,
the number of cells invasive through the transwell membrane, in both
cell lines, decreased significantly after transfection with the miR-130a-3p
compared to scramble-transfected cells or non-transfected cells (p-value ˂
0.05).

4. Discussion

The lack of effective treatments and poor prognosis of the patients
with TNBC have prompted the significant attempts to find the reliable
molecular targets in order to improve the patients’ survival [21]. Wnt
nd quantification of migration area (magnification, X 100) in the TNBC cells
h. miR-130a-3p: cells transfected with miR-130a-3p miRNA Mimic; Scramble:

invasive cells were counted in �5 microscopic fields. Data in the bar charts are
0.001).



Figure 8. Cell migration determined by the transwell assays. Transwell cell migration and invasion assays, and quantification of migrating cells (magnification, X 200)
in the TNBC cells transfected with miR-130a-3p, scramble, and non-transfected cells. miR-130a-3p: cells transfected with miR-130a-3p miRNA Mimic; Scramble: cells
transfected with scramble miRNA; Blank: non-transfected cells. Migrating and invasive cells were counted in �5 microscopic fields. Data in the bar charts are pre-
sented as the mean � SD for three independent experiments (*p < 0.05, **P � 0.01).
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signaling cascade is an example of such molecular targets that is dysre-
gulated in more than half of the breast tumors, and is linked with poor
overall survival of the patients [22]. MiRNAs are the main regulators of
the gene expression and signaling pathways that are differentially
expressed in the cancer cells and play a significant role in the develop-
ment of cancer; thereby emerging as the potential therapeutic agents [23,
24]. Herein, we focused on the miRNA-based therapeutic intervention of
breast cancer by applying the bioinformatic approaches. The results of
bioinformatic analysis showed that the miR-130a-3p can block theWnt/β
-catenin cascade at multiple points with major emphasis on the Wnt2B,
FZD6, LRP6, CTNNB1, and ZEB1 genes. Then, the role of miR-130a-3p
was determined in the proliferation, anchorage-independent growth,
and migration of the TNBC cells.

The biological significance of each miRNA depends on its targets
however, the role of many of them has not been determined yet. Mean-
while, a wide range of computational methods has been developed to
recognize the targets of miRNAs [25]. While these methods are important
as an initial step to study the miRNAs and target genes, their outcomes
are variable [17]. Hence, there is a need for the credible approaches to
identify the targets of miRNA with admissible accuracy and sensitivity.
Therefore, in this study, a direct, simple, and effective approach of bio-
informatic analyses was used to find the miRNA targeting the Wnt/β
-catenin signaling cascade. Using the miRvestigator algorithm as a first
step to find the candidate miRNA is noticeable, because the purpose of
this study is finding the miRNAs targeting the co-expressed genes. The
results of bioinformatic prediction led us to select the miR-130a-3p as a
potential regulator of the Wnt cascade. We also focused on the key
players of the pathway under study, in whichWnt2B, LRP6, and CTNNB1
were novel candidate targets for the miR-130a-3p. Although, CTNNB1
was not listed as a target gene for the miR-130a-3p in most databases, the
results of RNAhybrid indicated that the miR-130a-3p has a comple-
mentary site in the 30-UTR of CTNNB1. Similar finding was observed with
regards to another gene and miRNA in our previous study as the RNA-
hybrid predicted the target gene, and the experiments confirmed this
interaction hence, the RNAhybrid is suggested as a precise miRNA-target
prediction tool [26].

The previous studies have indicated that the miR-130a is involved in
the development of different types of cancer, such as liver, cervical,
ovarian, glioma, and prostate cancers [27]. In the current study, the
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expression level of miR-130a-3p was lower in the TNBC cells than the
normal cells, suggesting that it is a tumor suppressor miRNA. The results
are in agreement with the study by Pan et al. [28] in which the expression
level of miR-130a was lower in the BC tissues and cell lines (MCF-7 and
MDA-MB-435). In addition, the restoration of miR-130a expression in
these cell lines reduced the cell proliferation, migration, and invasion by
blocking the RAB5A. The results of another study revealed that over-
expression of the miR-130a decreased the viability and colony numbers
of doxorubicin-resistant MCF-7 cell line; and consequently, it was
concluded that the miR-130a can decrease the drug resistance of human
BC cells [29]. No more studies were found concerning the role of
miR-130a-3p in the pathogenesis of breast cancer. However, our results
were obtained from the TNBC cell lines, and, to the best of our knowl-
edge, this study is the first report in this context.

Wnt ligands are differentially expressed in the BC tissues and cell lines
[30]. Previous studies have indicated that the Wnt2B is overexpressed in
the non-small cell lung cancer and polycystic ovarian syndrome and its
inhibition by the miRNAs decreases the proliferation and invasion of
cancer cells [31, 32]. Other studies have indicated that the suppression of
Wnt2B decreases the resistance against the chemotherapeutic drugs in
the ovarian and nasopharyngeal cancers [33, 34]. Such studies have
demonstrated the role of Wnt2B in the development of human cancers
however; the role of Wnt2B in the pathogenesis of BC remains as an open
question. In the present study, it was shown that the Wnt2B is upregu-
lated in the TNBC cells. Several bioinformatic prediction tools indicated
that the Wnt2B is a target for miR-130a-3p. Accordingly, overexpression
of miR-130a-3p significantly reduced the expression of Wnt2B in the
TNBC cells compared to the control cells.

It has been demonstrated that the FZD6 is involved in both canonical
and non-canonical Wnt signaling cascade. However, most studies have
suggested an important role for the non-canonical cascade [35]. In the
present study, the expression level of FZD6 was shown to be upregulated
in the TNBC cells compared to the normal cells. Ectopic expression of the
miR-130a-3p decreased the mRNA levels of FZD6 in both TNBC cell lines
compared to the control cells. Although, FZD6 has been previously
validated as a target for the miR-130a-3p based on the NGS studies that
are not a strong evidence but, our validated method was qRT-PCR, which
is a strong evidence. The roles of miR-130a-3p and FZD6 were also
investigated jointly in the proliferation and migration of the TNBC cells.
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In line with our results, Corda et al. [36] reported that among 10 human
FZD receptors altered in the breast tumors, FZD6 had the highest
expression level in the TNBC samples than the normal samples, and its
inhibition by the siRNA decreased the metastatic behavior of cancer cells
in-vitro and in-vivo. It is important to note that, the Vantictumab, as a
monoclonal antibody is produced to block 5 out of 10 FZD receptors. Its
efficiency and safety have been tested alone or in combination with the
chemotherapeutic drugs in some solid tumors, such as BC. However,
FZD6 is not among the targets of Vantictumab, while it has a strong
therapeutic potential in the patients with TNBC [22].

The results of the current study showed that the LRP6, as an important
Wnt co-receptor is upregulated in the TNBC cells. In line with our results,
it has been reported that the LRP6 is not only upregulated in the tissues
and cell lines of BC, but also increases more significantly in the TNBC
samples than the other subtypes. Moreover, blocking the LRP6 with an
antagonist (a specialized chaperone) effectively prevents the tumor
growth in-vivo, indicating its importance as a drug target in the human
cancers [37, 38]. In the current study, bioinformatic analysis indicated
that the LRP6 is a target gene for the miR-130a-3p. Besides, qRT-PCR
results showed that themiR-130a-3p can suppress the expression of LRP6.

The β -catenin (CTNNB1 gene) is an important target gene of theWnt/
β -catenin signaling cascade. The expression of β -catenin in the BC is not
only high but also is correlated with the histological grade of the tumors,
and is negatively correlated with the survival of the patients [39]. As
previously indicated, in this study, the expression level of CTNNB1was
higher in the TNBC cells than the normal cells. In addition, in our pre-
vious study, it was shown that the suppression of the key genes of theWnt
signaling cascade, such as CTNNB1 with miR-381 decreases the invasion
of cancer cells, while improving the overall survival in a mouse model of
TNBC [40]. The high expression level of miR-130a-3p also decreased the
expression level of CTNNB1 in the current study. As a result,
miR-130a-3p can be considered as another regulator of CTNNB1.

Zinc finger E-box-binding homeobox 1 (ZEB1) is a major transcription
factor regulating the epithelial to mesenchymal transition (EMT), which
is a feature of the metastatic cells [41]. The abnormal expression of ZEB1
has been indicated in a number of human cancers, where it facilitates the
migration, invasion, and metastasis [42]. In the present study, the
expression level of ZEB1 was higher in the TNBC cells than the normal
cells. In line with our results, it has been reported that the patients with
TNBC express high levels of ZEB1mRNA and display the features of EMT
and metastasis [43]. The expression of ZEB1 and Snail1 in the lung cancer
has been reported to be regulated by theWnt/β -catenin cascade. Besides,
inhibition of β -catenin induces the downregulation of ZEB1 [44]. In the
study by Chi et al. [45] the results of the luciferase reporter assay,
qRT-PCR, and western blot analysis showed that the ZEB1 is a direct
target of miR-130a-3p in the cisplatin-resistant cervical cancer cells.
Therefore, it could be assumed that the expression of ZEB1 was directly
suppressed by the miR-130a-3p in the current study. In addition, inhi-
bition of the β -catenin may provide a further explanation for this effect.

For corroborating these results, MTT, soft agar colony formation,
scratch, transwell cell migration, and invasion assays were applied to
investigate the proliferation, anchorage-independent growth, and
migration capacity of the TNBC cells in response to miR-130a-3p resto-
ration. Cells can migrate in several migratory phenotypes; unicellular
form, as seen in mesenchymal or ameboid-like motion or by multicellular
form, namely whole-cell mass migration [46]. In the present study, both
whole-cell mass migration and single-cell migration were explored by
performing wound closure assay and transwell assays, respectively, and
the results showed that miR-130a-3p can decrease the migratory abilities
of the TNBC cells in both phenotypes. Suppression of the Wnt signaling
cascade by the miR-130a-3p could explain the resulting reduction in the
proliferation and migration of the cancerous cells. It could also be
assumed that this decrease in the cell migration may especially be
attributed to the direct influence of the miR-130a-3p on the expression of
ZEB1, FZD6, and LRP6, which has been reported to be involved in the
EMT and metastasis [36, 43, 47].
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5. Conclusion

This report puts a spotlight on deciphering the processes underlying
the proliferation and migration of the triple-negative breast cancer. Our
findings revealed that the miR-130a-3p can target up to five components
of the Wnt signaling cascade at the same time. The bioinformatic ap-
proaches proposed in the present study can be extended for studies with
similar purposes. Although there were some limitations to perform more
experiments especially the luciferase reporter assay or analysis of the
expression of the target genes at protein level, qRT-PCR assay, as a strong
evidence (based on the miRTarBase database), revealed that the selected
genes from Wnt/β -catenin cascade are the targets of the miR-130a-3p.
Taken as a whole, our findings can be of widespread importance, but
further scientific studies are required to confirm these data, which may
lead to the development of new therapeutic strategies for the patients
with triple-negative breast cancer.
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