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MicroRNA-671-3p inhibits the development of breast cancer:
A study based on in vitro experiments, in-house quantitative
polymerase chain reaction and bioinformatics analysis
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Abstract.MicroRNAs (miRNAs ormiRs) are highly conserved
small noncoding RNA molecules involved in gene regulation.
An increasing number of studies have demonstrated that
miRNAs act as oncogenes or antioncogenes in various types of
cancer, including breast cancer (BC). However, the exact role
of miR-671-3p in BC has not yet been reported. In the present
study, in vitro experiments were implemented to explore the
effects of miR-671-3p on the proliferation and apoptosis of BC
cells, and reverse transcription-quantitative polymerase chain
reaction was conducted using in-house clinical BC samples to
address the expression level and clinical value of miR-671-3p in
BC. Simultaneously, miR-671-3p target genes were collected,
and subsequent bioinformatics analyses were executed to probe
the potential signaling pathway through which miR-671-3p
influenced the occurrence and progression of BC. According
to the results, the expression level of miR-671-3p was lower
in BC tissues compared with that in adjacent non-tumorous
tissues (P=0.048), and the area under the curve was 0.697
(95% confidence interval=0.538-0.856), with a sensitivity and
specificity of 0.818 and 0.579, respectively. Forced miR-671-3p
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expression in the BC cell line MDA-MB-231 evidently arrested
cell proliferation and induced cell apoptosis. Furthermore,
in silico enrichment analyses suggested that miR-671-3p may
be involved in the initiation and progression of BC through
the targeting of genes associated with the Wnt signaling
pathway. In conclusion, the present study findings suggested
that miR-671-3p may function as a tumor suppressor in BC
by influencing the Wnt signaling cascade, which provides a
prospective molecular target for the therapy of BC.

Introduction

MicroRNAs (miRNAs or miRs) are a major type of small
noncoding RNA molecules involved in gene regulation via
binding to the 3' untranslated region of their target mRNAs,
and subsequently causing mRNA degradation or translation
inhibition (1-4). An increasing volume of research has provided
evidence that miRNAs act as oncogenes or tumor suppressors
in various malignant tumors by influencing tumor growth,
proliferation, apoptosis, invasion and metastasis (5-8). The
close association between miRNAs and breast cancer (BC)
has also been investigated. For instance, Ding et al (9) revealed
that miR-145 is a tumor suppressor in BC and performs its
anti-oncogenic role by inhibiting a cancer-associated gene,
transforming growth factor-p1. Xiao et al (10) observed
that miR-129 blocks BC regeneration by degrading estrogen
receptor | mRNA at the posttranscriptional level, inhib-
iting the subsequent estrogen-induced NOTCH cascade
and ultimately reducing the number of stem-like cells. A
recent study conducted by Lu et al/ (11) demonstrated that
miR-129-5p increases the sensitivity of human epidermal
growth factor receptor 2 (Her2)-positive BC to trastuzumab
by downregulating ribosomal protein S6. In addition, due to
the ease of detecting miRNAs in tumor biopsies and body
fluids, numerous researchers have highlighted the diagnostic
and prognostic roles of miRNAs in cancer, including in BC.
Jang et al (12) examined miR-9 and miR-155 expression
levels in triple-negative BC and found that they functioned as
biomarkers for prognosis prediction. Zhang et al (13) detected
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circulating miRNAs expression using a serum-direct multiplex
detection assay based on reverse transcription-polymerase
chain reaction (RT-PCR). The authors determined a 3-miRNA
signature (miR-424, miR-199a and miR-29c¢) that exhibited
the highest diagnostic accuracy for BC diagnosis (13). Our
research group has also identified a 9-miRNA signature
for BC diagnosis based on data from The Cancer Genome
Atlas (TCGA) (14). Therefore, the investigation of miRNAs in
cancer has provided promising results, and exploring miRNAs
involved in the occurrence and development of BC is condu-
cive to the diagnosis and treatment of patients with BC.
miR-671 precursors form two mature miRNAs, namely
miR-671-5p and miR-671-3p. A recent study conducted by
Tan et al (15) has demonstrated that miR-671-5p is an antion-
cogene in BC. The authors also observed that miR-671-5p was
downregulated in BC and that forced miR-671-5p expression in
the BC cell line MDA-MB-231 was able to inhibit cell prolif-
eration and invasion, and sensitize cells to chemotherapy (15).
Furthermore, Godfrey et al (16) compared global miRNA
expression in 205 BC patients and 205 healthy volunteers
using a microarray method, and observed a high expression of
miR-671-3p in the serum samples of BC patients. However, a
study concentrating on the biological function and molecular
mechanism of miR-671-3p in BC has yet to be reported.

The present study focused on the expression level, biological
function and potential molecular mechanism of miR-671-3p
in BC. In vitro experiments were conducted to determine the
biological effects of miR-671-3p on BC cells, and miR-671-3p
expression was detected using RT-quantitative PCR
(RT-gPCR). Simultaneously, all available microarray datasets
were combined from the Gene Expression Omnibus (GEO)
and ArrayExpress databases to verify the expression of
miR-671-3p in BC. Furthermore, the predicted targets of
miR-671-3p were examined, Gene Ontology (GO) annotation
and Kyoto Encyclopedia of Genes and Genomes (KEGQG)
pathway analyses were conducted, and a protein-protein inter-
action (PPI) network was constructed to gain insight into the
underlying molecular mechanism of miR-671-3p in BC.

Materials and methods

Patients and samples. A total of 38 pairs of BC and adja-
cent non-tumorous tissues were obtained from patients who
were pathologically diagnosed with BC (17). To ensure
that the RT-qPCR results were not affected by the size of
paraffin-embedded tissues, samples with a surface area that
was too small or large were excluded. Finally, 38 BC tissues
and 11 adjacent non-tumorous tissues with a surface area of
~1.5 cm? were selected. All patients underwent initial surgery
at the First Affiliated Hospital of Guangxi Medical University
(Nanning, China) between January 2012 and December 2013,
and had not received any preoperative radiotherapy or chemo-
therapy. Adjacent non-tumorous tissues were collected at>5 cm
away from the tumorous node. Following excision, tissues
were cryopreserved in liquid nitrogen and stored at -80°C
prior to RNA extraction. All participants provided informed
consent prior to sample collection. The Ethics Committee of
the First Affiliated Hospital of Guangxi Medical University
approved this investigation. The workflow of the present study
is exhibited in Fig. 1.
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Cell culture and transfection with miR-671-3p mimic. The
human BC-derived cell line MDA-MB-231 was provided by
the American Type Culture Collection (Manassas, VA, USA)
and cultured as described in previous studies (18,19). For
transfection, MDA-MB-231 cells were seeded in a 96-well
plate (2.5x10° cells per well), and subsequently incubated at
37°C for 24 h. Next, miR-671-3p mimic and negative mimic
control (Ambion; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) were transfected into the cells at a concentration
of 200 nmol/l with a CombiMag Magnetofection transfec-
tion kit (OZ Biosciences, Marseille, France) according to the
manufacturer's protocol. A blank control was set with nothing
transfected into cells. Following transfection, cell samples
were collected at 0, 24, 48, 72 and 96 h for further analyses.
All in vitro experiments were conducted in triplicate.

RT-gPCR. Total RNA was isolated using the miRNeasy FFPE
kit (Qiagen, Duesseldorf, German) following the manufac-
turer's protocol. The measurement of total RNA quality was
conducted on NanoDrop-2000 Ultra Micro Spectrophotometer
(Thermo Fisher Scientific, Inc.), and an RNA concentration
>45 ng/ul was required based on the calculation by the instruc-
tions of miScript II RT kit and miScript SYBR-Green PCR
kit. Then, total RNA was reversed into cDNA with miScript 11
RT kit (Qiagen). Subsequently, RT-qPCR was conducted with
7900HT Fast Real-Time PCR System (Applied Biosystems;
Thermo Fisher Scientific, Inc.) in accordance with the manu-
facturer's protocol. The thermal cycling conditions are shown
in Table I. RNU44 was used as a reference gene for the normal-
ization of miR-671-3p abundance. The primers for miR-671-3p
(cat. no. 1000066; CCGGUUCUCAGGGCUCCACC) and
RNU44 (cat. no. MS00033855) were synthesized by Qiagen.
All the samples were examined in triplicate, and the mean of
the three well values were used as the Cq value. The relative
expression level of miR-671-3p was determined according to
the 22¢¢ method (ACq = Cqyig 671.3p-Crnuas)» as previously
described (20,21).

Cell function detection. Cell viability and proliferation
were examined by fluorometric detection with resorufin
(CellTiter-Blue Cell Viability Assay; cat. no. G8080; Promega
Corportation, Madison, WI, USA) and a colorimetric tetrazo-
lium (MTS) assay (CellTiter96 AQUEOUS One Solution Cell
Proliferation Assay; cat. no. G3580; Promega Corporation),
respectively. Furthermore, cell apoptosis was assessed by
Hoechst 33342 and propidium iodide (PI; both purchased
from Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
double-fluorescent chromatin staining. Caspase-3/7 activity
was also examined with a synthetic rhodamine-labeled
caspase-3/7 substrate (Apo-ONE Homogeneous Caspase-3/7
Assay; cat. no. G7790; Promega Corporation). The proto-
cols of these assays were performed as reported in previous
studies (18,19,21-23).

Studies on GEO and ArrayExpress databases. To verify the
expression level of miR-671-3p in BC, a meta-analysis was
conducted based on data obtained from the GEO (www.ncbi.
nlm.nih.gov/geo) and ArrayExpress (www.ebi.ac.uk/array-
express) databases. Relevant records were retrieved with the
following keywords: (cancer OR carcinoma OR tumor OR



bﬁ SPANDIDOS
Z‘ PUBLICATIONS

INTERNATIONAL JOURNAL OF ONCOLOGY 52: 1801-1814, 2018

1803

[ In vitro experiments ]

3
L Target genes collection J

In-house GEO,
RT-gPCR ArrayExpress h
L
| | ( -
\ : GO ﬂ KEGG
Cell
proliferation o S
- Expression Clinical
level value ; ~ /

MiRNA-gene J

{ PPI network J‘
\

.. W
Targets

expression

Figure 1. Workflow of the present study. miR, microRNA; BC, breast cancer; RT-qPCR, reverse transcription-quantitative polymerase chain reaction;
GEO, Gene Expression Omnibus; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; PPI, protein-protein interaction.

Table I. Thermal cycling conditions of RT-qPCR.

Step Time Temperature ("C) Cycle
Pre-denaturation 15 min 95 1
Three steps of one cycle 45
Denaturation 15 sec 94

Annealing 30 sec 55

Elongation 30 sec 70

min, minute; sec, second.

neoplas* OR malignan*) AND (breast OR mammary OR
mastocarcinoma) AND (miRNA OR microRNA OR miR OR
‘non-coding RNA’ OR ncRNA). The last update time was
October 25th, 2017. Datasets were included once they met the
following inclusion criteria: i) The records provided expression
data of miR-671-3p in BC; ii) the number of samples in each
dataset in the cancerous and non-tumorous groups was >3;
and iii) the subjects involved in the study were humans. The
following datasets were excluded: i) Studies not associated
with BC; ii) records with insufficient data to calculate the
expression level of miR-671-3p; and iii) animal studies.

Two trained investigators independently screened all avail-
able datasets and extracted the following characteristics from
all the enrolled studies: First author, publication year, country,
data source, platform, sample size, and expression values of
miR-671-3p in cancer and normal groups. Any disagreement
was resolved through discussion with a third researcher.

The standard mean difference (SMD) with the 95% confi-
dence interval (CI) was calculated to appraise miR-671-3p
expression in BC. SMD <0 indicated that miR-671-3p was
downregulated, and the result was consider as statistically
significant if the corresponding 95% CI of SMD did not
overlap zero. Heterogeneity among studies was evaluated by
the y*-based Q test and I” statistic. If a statistically significant
heterogeneity existed (I* >50% or P<0.05), a random-effects
model was applied. Otherwise, a fixed-effects model was
selected (24). Furthermore, sensitivity analysis was conducted
to evaluate whether the pooled result was stable. Begg's funnel
plot and Egger's test were also used to determine the possible
publication bias, with P>0.05 suggesting no publication bias.
All the aforementioned calculations were performed with Stata
software, version 12.0 (Stata Corporation, College Station,
TX, USA).

Target prediction and bioinformatics analyses. The predicted
target genes of miR-671-3p were determined using the miRWalk
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Figure 2. miR-671-3p mimic inhibited the proliferation and viability of MDA-MB-231 cells. (A) Transfection efficiency of miR-671-3p. Effect of miR-671-3p
mimic on (B) cell proliferation determined by MTS Assay, and (C) cell viability determined by CellTiter-Blue Cell Viability Assay. "P<0.05, “P<0.01 and

“*P<0.001 vs. negative control at 0 h. miR, microRNA.

2.0 database (zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2),
which contains 12 online tools, namely Targetscan, RNAhybrid,
RNA22, PITA, Pictar2, miRWalk, Microt4, miRNAMap,
miRDB, mirbridge, miRanda and miRMap. Targets predicted
by >3 algorithms were selected for GO functional annotation
and KEGG pathway analyses using the DAVID online tool
(david.ncifcrf.gov). Subsequently, the enriched results were
visualized with the R package ‘ggplot2’ (cran.r-project.org/
web/packages/ggplot2/index.html). To better understand the
molecular mechanism of miR-671-3p in BC, target genes
enriched in cancer-associated pathways were uploaded to the
STRING database (string-db.org) for PPI network construc-
tion. Meanwhile, the regulatory network of the miRNA-gene
was constructed and visualized with Cytoscape version 3.4.0
software (25). Furthermore, the expression of these target
mRNAs was validated using data from TCGA (cancergenome.
nih.gov). A heatmap was drawn with the R package ‘pheatmap’
(cran.r-project.org/web/packages/pheatmap/index.html), and a
box-scatter plot was generated with GraphPad Prism 5 software
(GraphPad Software, Inc., La Jolla, CA, USA).

Statistical analysis. Values are represented as the mean + stan-
dard deviation. Mann-Whitney U test and Student's t-test
were applied for comparison between continuous variables.
Fisher's exact test was also conducted to evaluate the correla-
tion between miR-671-3p expression and clinicopathological
parameters of age, histological grade (26), T stage, N stage,
M stage, TNM stage (27), molecular subtype, ER/PR status
and Her?2 status. A receiver operating characteristic (ROC)
curve was generated to determine the ability of miR-671-3p

to distinguish BC from non-tumorous breast tissues. A
Kaplan-Meier survival curve with log-rank test was utilized
to estimate the prognostic power of miR-671-3p in BC. All
these analyses were conducted using SPSS version 22.0
software (IBM Corp., Armonk, NY, USA), and P<0.05 was
considered to indicate a difference that was statistical signifi-
cance.

Results

miR-671-3p mimic arrests the proliferation and induces the
apoptosis of BC cells in vitro. The transfection efficiency is
shown in Fig. 2A. miR-671-3p was significantly upregulated
in the miR-671-3p mimic group at 48 h (P<0.0001), 72 h
(P<0.0001) and 96 h (P<0.0001) compared with the negative
mimic control group. An unregulated miR-671-3p decreased
cell viability and proliferation, as determined by the fluoro-
metric resorufin and MTS assays, respectively (Fig. 2B and C).
Furthermore, to explore the effects of the miR-671-3p mimic
on cell apoptosis, CellTiter-Blue and fluorescent caspase-3/7
assays were conducted. The results indicated that the
caspase-3/7 activity and apoptosis of cells transfected with
miR-671-3p mimic increased compared the caspase-3/7
activity and apoptosis of cells in the blank and negative mimic
control groups (Fig. 3A and B). In addition, viable and apop-
totic cells were observed under a microscope subsequent to
Hoechst 33342/PI double-fluorescent chromatin staining at
96 h. The results revealed that miR-671-3p overexpression
evidently inhibited the viability and boosted the apoptosis of
MDA-MB-231 cells in vitro (Fig. 3C).
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Figure 3. miR-671-3p mimic accelerated the apoptosis of MDA-MB-231 cells. (A) Effect of miR-671-3p mimic on cell apoptosis in terms of the caspase-3/7
activity, as determined by an Apo-ONE Homogeneous Caspase-3/7 assay. (B) Effect of miR-671-3p mimic on cell apoptosis, determined by fluorescence
microscopy following Hoechst 33342/PI double-fluorescent chromatin staining. (C) Viable and apoptotic cells were observed under a microscope following
Hoechst 33342/P1 staining (magnification, x200) at 96 h. Viable cells exhibited Hoechst 33342-positive and PI-negative staining; early apoptotic cells exhibited
Hoechst 33342-positive and PI-negative staining, with blue fragmentation in the cells; late apoptotic cells exhibited Hoechst 33342-positive and PI-positive
staining, with red fragmentation in the cells; and necrotic cells exhibited PI-positive staining with debris signals. "P<0.05 and “"P<0.01 vs. negative control at

0 h. miR, microRNA; PI, propidium iodide.

Expression level and clinical value of miR-671-3p in BC via
in-house RT-gPCR. According to the median expression of
miR-671-3p in 38 BC tissues and 11 adjacent non-tumorous
tissues, samples were divided into high- and low-miR-671-3p
group. A total of 17 tumor samples (44.7%) exhibited high
miR-671-3p expression, while 9 non-tumorous samples (81.8%)
presented high miR-671-3p expression (81.8%). The expression
pattern of miR-671-3p was visualized as a box-scatter plot and
ROC curve. According to the results, the miR-671-3p expression
was significantly lower in cancer tissues when compared with
that in adjacent non-tumorous tissues (P=0.048; Fig. 4A). The
area under the ROC curve was 0.697 (95% CI=0.538-0.856;
P=0.048; Fig. 4B), with a sensitivity and specificity of 0.818
and 0.579, respectively.

The association of miR-671-3p expression with the clini-
copathological characteristics of patients, including the age,
histological grade, T stage, N stage, M stage, TNM stage,
molecular subtype, ER/PR status and Her2 status, was
investigated. As shown in Table II, no statistically significant
differences were detected. Furthermore, the association
between miR-671-3p expression and prognosis was examined.
The patients were divided into high and low miR-671-3p
expression groups according to the median value of miR-671-3p
expression. Patients with highly expressed miR-671-3p had
a mean survival time of 31.429 months, while patients with
low miR-671-3p expression had a mean survival time of
30.818 months. However, no statistically significant difference
was observed between the two groups (P=0.461; Fig. 4C).

Results of meta-analyses based on GEO and ArrayExpress
databases. To further verify the expression level of miR-671-3p
in BC, a meta-analysis based on microarray datasets was

conducted. A total of 11 studies with 688 BC patients and
400 healthy subjects were included (16,28-36). The basic
characteristics of the 11 available datasets are displayed
in Table III. The combined SMD from a random-effects
model demonstrated that the expression of miR-671-3p in BC
samples was similar to that in normal controls (SMD: 0.15,
95% CI: -0.09 to 0.40, P=0.222; heterogeneity: 1°=54.2%,
P=0.016; Fig. 5A). Sensitivity analysis revealed that the pooled
result was stable (Fig. 5B). Begg's and Egger's tests indicated
that no publication bias was observed among the 11 records
(Begg's test, P=0.755; Egger's test, P=0.564; Fig. 5C).

Prospective molecular mechanism of miR-671-3p in BC, as
determined by enrichment analyses. The putative targets of
miR-671-3p were predicted in 12 online prediction databases
(Targetscan, RNAhybrid, RNA22, PITA, Pictar2, miRWalk,
Microt4, miRNAMap, miRDB, mirbridge, miRanda and
miRMap), and targets confirmed by >3 algorithms were
selected for further analyses. A total of 1,470 targets combined
were obtained by GO and KEGG analyses. The GO analyses
included three categories, namely biological process, molecular
function and cellular component. The top five GO annotations
are shown in Fig. 6, and the results suggested that the targets
of miR-671-3p were markedly enriched in the cell nucleus and
participated in transcription regulation. The top 10 KEGG
pathways are presented in Fig. 7, and it was observed that these
predicted targets may be involved in several tumor-associated
pathways, including pathways in cancer and the Wnt signaling
pathway.

Construction of PPI network and miRNA-gene regula-
tory network. To further delve into the potential molecular
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Table II. Association between miR-671-3p expression and clinicopathological parameters of patients (n=38).

miR-671-3p expression

Characteristic Group Count Low (%) High (%) P-value

Age (years) <50 18 11 (61.1) 7(38.9) 0.532
>50 20 10 (50) 10 (50)

Tumor size <2.5cm 11 7 (63.6) 4(364) 0.721
>2.5cm 27 14 (51.9) 13 (48.1)

Pathological grade IDCI 5 3 (60) 2 (40) 0.396
IDCII 24 15 (62.5) 9 (37.5)
IDC 111 9 3(33.3) 6 (66.7)

T stage T1-T2 30 17 (56.7) 13 (43.3) 1
T3-T4 8 4 (50) 4 (50)

N stage NO 18 10 (55.6) 8(44.4) 1
NI1-N3 20 11 (55) 9 (45)

M stage MO 38 21(55.3) 17 (44.7) -
Ml 0 - -

TNM stage I 4 (66.7) 2 (33.3) 091
II 19 10 (52.6) 9474)
11 13 7(46.2) 6 (53.8)

Molecular subtype Luminal 10 6 (60) 4 (40) 0.315
Her2-positive 18 7 (38.9) 11 (61.1)
Triple negative 10 7 (70) 3 (30)

ER/PR Negative 28 15 (53.6) 13 (46.4) 1
Positive 10 6 (60) 4 (40)

Her2 Negative 20 14 (70) 6 (30) 0.101
Positive 18 7 (38.9) 11 (61.1)

miR, microRNA; IDC, invasive ductal carcinoma; ER/PR, estrogen receptors/progesterone receptors; Her2, human epidermal growth factor

receptor 2.

Table III. Main characteristics of the 11 included microarray datasets obtained from the GEO and ArrayExpress databases.

miR-671-3p expression®

Sample
First author (year) Country Data source Platform  size (T/N) T N Ref.
Fassan et al (2009) Italy GEO: GSE17155 GPL8871 33/5 798095 8.17+0.32 (28)
Zhao et al (2010) USA GEO: GSE22981 GPL8179 20/20 9.39+1.95 9.00+1.75 (29)
Romero-Cordoba ef al (2012) Mexico GEO: GSE35412 GPL9731 34/6 441+030 4.13x042 (30)
Gravgaard et al (2012) Sweden GEO: GSE37407 GPL13703 50/5 6.23+0.03 6.27+0.01 3D
Biagioni et al (2012) Israel GEO: GSE40525 GPL8227 61/59 245+033 2.42+0.33 (32)
Schrauder et al (2012) Germany GEO: GSE31309 GPL14132 48/57 5.81+0.79 5.55+0.69 33)
Godfrey (2013) USA GEO: GSE44281 GPL14613  205/205  2.24+0.70 2.17+0.59 (16)
Tanic (2013) Spain GEO: GSE32922 GPL7723 22/16 6.08+0.09 6.09+0.09  No ref.
available
Yan (2015) Australia  GEO: GSE61438 GPL8179 44/13 7.96+0.68 7.43+0.97 (34)
Feliciano (2013) Spain GEO: GSE44124 GPL14767 50/3 542+0.09 5.31+0.07 35)
Matamala (2015) Spain GEO: GSE58606 GPL18838  121/11 643+0.71 6.51+£0.04 (36)

“Represented as the mean =+ standard deviation. T, breast tumor; N, normal control; GEO, Gene Expression Omnibus.




Bzl SPANDIDOS
7] .§, PUBLICATIONS

INTERNATIONAL JOURNAL OF ONCOLOGY 52: 1801-1814, 2018

1807

A 0.02{p=0.048 B 10
[=%
@ < oe 0.8+
~ -
it 2
pE_: é 0.64
s 0.014 o 2
4, -
. ‘e 3 0.4
E .l AUC=0.697 (0.538-0.856)
° | T 0.2 P=0.048
'ﬁ -8 Sensitivity=0.818
& h 0.0 : Sr.:eclflc:|t5:=0,579 ;
0.00- | | 0.0 0.2 0.4 0.6 0.8 1.0
ANT BC 1 - Specificity
C 100p—+ SR [ miR-671-3p low expression
= =~ miR-671-3p high expression
g 904
Z SR T T
A
T 804
2 P=0.461
c . L
70 T T 1
0 10 30 40
Months

Figure 4. Expression level and clinical value of miR-671-3p in BC based on in-house reverse transcription-quantitative polymerase chain reaction. (A) Expression
levels of miR-671-3p in ANT and BC tissues. (B) Receiver operating characteristic curve and (C) prognostic value of miR-671-3p in BC. miR, microRNA;
BC, breast cancer; ANT, adjacent non-tumorous tissues; AUC, area under the curve.

mechanism of miR-671-3p in BC, targets enriched in the Wnt
signaling pathway were selected for PPI network construction.
The following 13 genes were selected: WNT5A, WNT7B,
WNT3A, PLCB3, CCND1, CCND2, VANGLI, SFRPI,
PRICKLE2, PPP3R2, FRAT2, FZD5 and FZD4. As shown
in Fig. 8A, a total of 13 nodes and 29 edges were involved
in the PPI network. Simultaneously, the miRNA-gene regu-
latory network was formed based on the 13 miRNA-gene
pairs (Fig. 8B).

Subsequently, the expression levels of the 13 genes were
verified using data from TCGA. Due to the expression of genes
WNT3A and PPP3R2 being zero in >10% of samples, those
genes were removed from the expression analysis (37). As
shown in Table IV, the results identified 10 differently expressed
target genes in BC, including 5 upregulated genes (WNT7B,
PLCB3,CCNDI, VANGLI1 and FRAT?2) and 5 downregulated
genes (CCND2, SFRP1, PRICKLE2, FZD5 and FZD4). The
expression patterns of the 10 differently expressed genes were
visualized as a heatmap (Fig. 9) and box-scatter plots (Fig. 10).

Discussion

BC is an aggressive cancer that threatens the health of
women. It is the most prevalent tumor and the main cause
of oncogenic mortality in women worldwide, with an
estimated 1,676,600 newly diagnosed cases and 521,900 asso-
ciated mortalities annually (38). Although specific molecular
biomarkers for optimizing clinical management have been
explored (39-41), their clinical application remains limited due
to the heterogeneity and complexity of BC. Therefore, probing
effective biomarkers to better understand the molecular mech-
anism of BC and to provide appropriate target treatments for

BC patients is essential. The aim of the present study was to
address the expression level, clinical value, biological function
and molecular mechanism of miR-671-3p in BC and, further,
to explore the potential clinical usability of miR-671-3p for
therapeutic decisions in BC.

In the present study, in vitro experiments were conducted
to examine the biological effects of miR-671-3p on the prolif-
eration and apoptosis of BC cells by transfecting a miR-671-3p
mimic into MDA-MB-231 cells. The results revealed that
the miR-671-3p mimic evidently attenuated cell proliferation
and induced cell apoptosis, indicating that miR-671-3p was a
tumor suppressor in BC.

Only one previous study conducted by Godfrey et al (16)
has reported the expression pattern of miR-671-3p in BC. The
authors detected miRNA expression in serum of BC patients
and healthy participants using array Affymetrix arrays and
demonstrated that 16 miRNAs, including miR-671-3p, were
overexpressed in the serum of BC patients. The authors
validated the expression levels of the three miRNAs with the
highest expression using RT-qPCR; however, no statistically
significant differences were detected. Given the low accuracy
of gene chip technology, large-scale studies based on RT-qPCR
are imperative for verifying the serum level of miR-671-3p in
BC patients. In the present study, miR-671-3p expression was
examined in BC and non-tumorous tissues using RT-qPCR,
and the results indicated that miR-671-3p was downregulated
in cancer tissues. All available relevant microarray datasets
were also collected in order to further confirm the expres-
sion level of miR-671-3p in BC. However, the result revealed
that the expression of miR-671-3p in BC tissues was similar
to that in the normal controls, which was not consistent with
the results of RT-qPCR. Differences in sample sources and
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Figure 5. Expression level of miR-671-3p in BC based on data obtained from the GEO and ArrayExpress databases. (A) Forest plot of the 11 datasets evaluating
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detection methods may explain this inconsistency in the find-
ings. For instance, the expression of miR-671-3p may vary
across individuals. In addition, the accuracy of RT-qPCR is

higher compared with that of microarray analysis. Although
a total of 11 microarray datasets were included to assess the
expression level of miR-671-3p in BC and the pooled result was
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Table IV. Expression levels of the 11 target genes of miR-671-3p based on data obtained from TCGA.

miR-671-3p expression® t-test

Gene Sample size (T/N) Tumor Normal t-value P-value
WNT5A 1109/113 10.03+1.62 10.16x1.03 1.234 0.219

WNT7B 1109/108 9.64+1.79 7.61+2.66 7.975 <0.0001
PLCB3 1109/113 11.35+0.72 10.71+0.47 12.995 <0.0001
CCND1 1109/113 14.36+1.62 13.63+0.84 7.832 <0.0001
VANGLI1 1109/113 11.49+0.89 10.62+0.54 15.203 <0.0001
FRAT?2 1109/113 10.09+0.75 9.29+0.79 10.238 <0.0001
CCND2 1109/113 10.81+1.06 12.10+0.67 18.331 <0.0001
SFRP1 1109/113 10.89+2.96 15.66+1.13 34.327 <0.0001
PRICKLE2 1109/113 10.16x1.17 11.48+0.67 18.326 <0.0001
FZD5 1109/113 8.55+1.08 9.76+0.74 15.64 <0.0001
FZD4 1109/113 11.11+1.06 13.45+1.34 17.961 <0.0001

“Represented as the mean + standard deviation. miR, microRNA; TCGA, The Cancer Genome Atlas.
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Figure 6. Top 5 enriched GO annotations of the putative target genes of miR-671-3p. The top 5 enriched (A) biological processes, (B) molecular functions, and
(C) cellular components are shown. miR, microRNA; GO, Gene Ontology.

stable, the results should be interpreted with caution, since these ~ diverse RNA detection platforms may also limit the validity of
datasets were obtained from different platforms, resulting in a  the present meta-analysis results. Thus, further and larger-scale
significant heterogeneity in the current study. Additionally, the =~ RT-qPCR-based investigations will be indispensable in deci-
confounders induced by different RNA extraction methods and  phering the exact expression of miR-671-3p in BC.
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The association of miR-671-3p expression with the clini-
copathological parameters and overall survival of patients was
also analyzed to determine whether miR-671-3p can func-
tion as a predictive indicator in BC. However, no association
between miR-671-3p expression and the clinicopathological
factors was detected. Patients with high miR-671-3p expres-
sion survived longer in comparison with patients with low
miR-671-3p expression, however, no statistically significant
difference was observed. Considering the relatively small
sample size of 38 cases in the present study, further investi-
gation including more samples is required to determine the
prognostic value of miR-671-3p in patients with BC.

Finally, the in silico GO and KEGG analyses in the
present study revealed the potential molecular mechanism of
miR-6713p in the tumorigenesis of BC. It was observed that
the predicted targets of miR-671-3p were involved in several
tumor-associated pathways, including the Wnt signaling
pathway. The Wnt signaling pathway is known to be closely
linked with the initiation and progression of various malignant
tumors, including BC, by driving of the epithelial-mesen-
chymal transition and metastasis of tumor cells (42-47).
Accumulating evidence has suggested that the Wnt signaling
cascade is regulated by miRNAs (46,48-51). A study performed
by Cai et al (46) indicated that miR-374a activates the Wnt
signaling pathway in BC by inhibiting negative modulators
of the Wnt signaling cascade, including WNTSA, WIF1 and
PTEN. A study conducted by Yi et al (51) demonstrated that
miR-214 negatively regulates the Wnt signaling cascade and,
consequently, inhibits cell proliferation in BC. However, the
regulatory effects of miR-671-3p on the Wnt signaling pathway
have yet to be determined. In the current study, it was observed
that 13 target genes (WNT5A, WNT7B, WNT3A, PLCB3,
CCND1, CCND2, VANGLI, SFRPI1, PRICKLE2, PPP3R2,
FRAT2, FZD5 and FZD4) of miR-671-3p were significantly
enriched in the Wnt signaling pathway. To further determine
the roles of the 13 genes in BC, their expression patterns were

investigated using data from TCGA. The results revealed that
the genes WNT7B, PLCB3, CCNDI, VANGLI1 and FRAT2
were evidently upregulated in BC, indicating that they may act
as oncogenes, while WNT3A, CCND2, SFRP1, PRICKLE2,
FZDS5 and FZD4 were markedly downregulated in BC,
suggesting that they may function as tumor suppressor genes
in this tumor. Furthermore, it is inferred that miR-671-3p
may suppress the tumorigenesis and development of BC by
interacting with these genes, and further inhibiting the Wnt
signaling pathway. However, further rigorous investigation
is requited to confirm the targeting effects of miR-671-3p on
these genes.

In conclusion, the present study provided evidence that
miR-671-3p functions as a tumor suppressor to inhibit the
initiation and development of BC by influencing the Wnt
signaling pathway, as observed by in vitro experiments,
in-house RT-qPCR, microarray datasets and bioinformatics
analyses. The findings also demonstrated a possible molecular
mechanism of miR-671-3p in BC, indicating that miR-671-3p
may be a prospective molecular target for the therapy of BC.
Further investigation is required to verify these conclusions.
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