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Abstract. Breast cancer is a major public health concern, due 
to its increasing incidence and limited effective treatment. The 
present study aimed to investigate the expression of microRNA 
(miR)‑194‑5p and its roles in breast cancer. The expression 
levels of miR‑194‑5p and SRY‑box 17 (SOX17) mRNA were 
detected in breast cancer tissues and cell lines by reverse tran-
scription‑quantitative polymerase chain reaction. The protein 
expression levels were determined by western blotting. In 
addition, MTT, colony formation, scratch and Transwell assays 
were use to evaluate the characteristics of MCF‑7 cells with 
miR‑194‑5p knockdown. The target verification of miR‑194‑5p 
was determined by luciferase reporter assay. Furthermore, 
tumor‑bearing nude mice with miR‑194‑5p knockdown were 
used to assess the effects of miR‑194‑5p on tumor activity. In 
breast cancer tissues, miR‑194‑5p was upregulated, whereas 
SOX17 was downregulated. In addition, the expression levels 
of SOX17 and phosphorylated (p)‑β‑catenin in the cytosol and 
nucleus were increased in the miR‑194‑5p inhibitor group. In 
addition, cell proliferation, migration and invasion were inhib-
ited in response to miR‑194‑5p knockdown. The luciferase 
reporter assay confirmed that SOX17 was a target gene of 
miR‑194‑5p. In the mouse studies, knockdown of miR‑194‑5p 
suppressed tumor growth and promoted SOX17 expression in 
nude mice with breast cancer. These findings suggested that 
knockdown of miR‑194‑5p may increase the expression of 
SOX17 and regulate the Wnt/β‑catenin signaling pathway in 
breast cancer cells; therefore, miR‑194‑5p may be considered a 
potential target for breast cancer prevention.

Introduction

It has been reported that the incidence of breast cancer is 
increasing, and it is predicted to increase further in the next 

20 years worldwide (1). Substantial evidence has suggested 
that risk factors, including genetic mutations, family inheri-
tance, chemicals, radiation and lifestyle factors, such as being 
overweight, excessive alcohol consumption and insufficient 
physical exercise, contribute to the high incidence of breast 
cancer (2). Breast cancer is a solid tumor, and the surrounding 
tumor microenvironment is particularly important for its devel-
opment (3). Furthermore, expression of the estrogen receptor, 
progesterone receptor or the human epidermal growth factor 
receptor 2 oncogene is a significant indicator for breast cancer 
classification (4). Recently, breast cancer treatment has mark-
edly improved due to advances in chemotherapy, including 
anthracyclines, alkylating agents and cytoskeletal disruptors; 
radiation therapy; hormonal blockade, including tamoxifen 
and aromatase inhibitors; and targeted biological therapies, 
including trastuzumab and lapatinib. However, the side effects 
of various therapies, including the risk of cardiovascular 
diseases and breast cancer recurrence remain complex issues 
that urgently need to be addressed (5).

MicroRNAs (miRNAs/miRs) are a class of non‑coding 
RNA molecules, 18‑24 nucleotides long, which regulate 
gene expression at the post‑transcriptional level by specifi-
cally binding to their targets (6). Various miRNAs, including 
miR‑206, miR‑221/222, miR‑22, let‑7 family, miR‑34 and 
miR‑194 serve regulatory roles in breast cancer progres-
sion  (7). Furthermore, miR‑194 is a vertebrate‑specific 
miRNA, which has pivotal roles in energy production, inflam-
matory inhibition and malignancies, such as breast cancer, 
non‑small cell lung cancer (8), renal cell carcinoma (9), acute 
myeloid leukemia (10) and colorectal cancer (11). Furthermore, 
upregulation of miR‑194 is associated with the recurrence of 
breast cancer (12). However, the exact roles of miR‑194 in 
breast cancer remain to be elucidated.

The Wnt/β‑catenin pathway is a complex signaling cascade, 
which serves significant biological roles in embryonic devel-
opment, cellular polarity, cell proliferation, differentiation 
and apoptosis (13). Wnt ligands are able to interact with the 
Frizzled family of seven‑pass transmembrane receptors, and/or 
co‑receptors, such as lipoprotein receptor‑related protein 5/6, 
receptor tyrosine kinase like orphan receptor 2 and receptor‑like 
tyrosine kinase. Subsequently, activation of the Wnt pathway 
leads to the accumulation of β‑catenin in the nucleus. The 
binding reaction of β‑catenin to T  cell factor/lymphoid 
enhancer factor (LEF) gives rise to gene expression (14). The 

Knockdown of miR-194-5p inhibits cell proliferation, 
migration and invasion in breast cancer by regulating 

the Wnt/β-catenin signaling pathway
FEIBIAO YANG,  ZHANGSHENG XIAO  and  SONGZE ZHANG

Department of Thyroid and Breast Surgery, Yinzhou People's Hospital of Ningbo City, Ningbo, Zhejiang 315040, P.R. China

Received January 5, 2018;  Accepted September 17, 2018

DOI: 10.3892/ijmm.2018.3897

Correspondence to: Mr. Feibiao Yang, Department of Thyroid 
and Breast Surgery, Yinzhou People's Hospital of Ningbo City, 
251 Baizhang East Road, Ningbo, Zhejiang 315040, P.R. China
E-mail: yangfb670@yeah.net

Key words: breast cancer, SOX17, miR‑194‑5p, Wnt/β‑catenin, 
migration, invasion



YANG et al:  miR‑194‑5p REGULATES CELL PROLIFERATION, MIGRATION AND INVASION IN BREAST CANCER3356

Wnt/β‑catenin signaling pathway is associated with regulation 
of a wide range of biological effects, due to its ability to up‑ or 
downregulate downstream gene expression, thus resulting in 
the alteration of other signaling pathways (15). SRY‑box 17 
(SOX17) belongs to the high‑mobility group‑box transcription 
factor family. It has been reported that SOX17 gene methylation 
in breast cancer may promote the degradation of β‑catenin in 
the Wnt singling pathway (16). However, the roles of SOX17 in 
breast cancer remain to be determined.

The present study aimed to investigate the expression of 
miR‑194‑5p and its roles in breast cancer. To verify that SOX17 
is a direct target gene of miR‑194‑5p, bioinformatics analysis 
using TargetScan (http://www.targetscan.org/vert_71/) indi-
cated that SOX17 is a direct target of miR‑194‑5p. Therefore, the 
present study investigated the correlation between miR‑194‑5p 
and SOX17, and the biological effects of miR‑194‑5p knock-
down on the Wnt/β‑catenin signaling pathway in breast cancer.

Materials and methods

Tissues and cells. The human studies were approved by the 
ethics committee of Yinzhou People's Hospital of Ningbo City 
(Ningbo, China). Written informed consent was obtained from 
all patients. A total of 30 pairs of breast cancer and paracarci-
noma tissues (≥5 cm away from the tumor edge) were obtained 
from patients with breast cancer that had not undergone 
radiotherapy and chemotherapy (age range, 25‑55 years old). 
The patients were admitted to the Yinzhou People's Hospital 
of Ningbo City between January 2015 and March 2017. After 
tissue collection, the specimens were fixed at 4˚C overnight 
in 10% formalin for storage. The normal breast epithelial 
cell line MCF‑10A, and the breast cancer cell lines, MCF‑7, 
T47D and MDA‑MB‑231, were obtained from the American 
Type Culture Collection (Manassas, VA, USA). All cells were 
cultured in Roswell Park Memorial Institute‑1640 medium 
supplemented with 10% fetal bovine serum (FBS) (both from 
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). RT‑qPCR was performed to investigate the corre-
lation between miR‑194‑5p and SOX17 in breast cancer. Once 
cells reached 60% confluence, TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) was applied for RNA extraction. 
The same method was used for RNA extraction from tissues. 
RNA concentration was determined using a NanoDrop 2000 
instrument (NanoDrop Technologies; Thermo Fisher Scientific, 
Inc., Wilmington, DE, USA). M‑MLV RT (cat no. 28025‑013; 
Invitrogen; Thermo Fisher Scientific, Inc.) and GoTaq® DNA 
Polymerase (cat no. M3005; Promega Corporation, Madison, 
WI, USA) were used for cDNA synthesis and PCR, respectively. 
cDNA synthesis was conducted at 95˚C for 12 min, and the 
PCR thermocycling conditions were as follows: 97˚C for 5 min, 
followed by 35 cycles at 95˚C for 30 sec, 65˚C for 30 sec and 
73˚C for 1 min, and a final step at 73˚C for 10 min, after which 
samples were maintained at 4˚C until use. The miR‑194‑5p and 
SOX17 PCR primer sequences were as follows: miR‑194‑5p, 
forward, 5'-ACA​CTC​CAG​CTG​GGT​GTA​ACA​GCA​ACT​
CC-3' and reverse, 5'-TGG​TGT​CGT​GGA​GTC​G-3'; and SOX17, 
forward, 5'-GTG​GAC​CGC​ACG​GAA​TTT​G-3' and reverse, 
5'-GGA​GAT​TCA​CAC​CGG​AGT​CA-3'. The expression levels 

were normalized to U6 or GAPDH, the primer sequences were 
as follows: U6, forward, 5'-AGTA​AGC​CCT​TGC​TGT​CAG​
TG-3' and reverse, 5'-CCT​GGG​TCT​GAT​AAT​GCT​GGG-3'; 
and GAPDH, forward, 5'-ACA​ACT​TTG​GTA​TCG​TGG​AAG​
G-3' and reverse, 5'-GCC​ATC​ACG​CCA​CAG​TTT​C-3'. The 
2‑ΔΔCq method was used for relative quantification (17).

Cell transfection. MCF‑7 cells (1x105) were seeded into 24‑well 
plates, and the miR‑194‑5p inhibitor (miR20000460‑1‑5) and 
miR‑194‑5p overexpression plasmids (miR10000460‑1‑5) were 
obtained from Guangzhou RiboBio Biotechnology Co., Ltd. 
(Guangzhou, China). The overexpression plasmid was used for 
luciferase reporter assays. Briefly, 500 ng plasmids were trans-
fected into cells using 1 µl Lipo6000™ Transfection Reagent 
(Beyotime Institute of Biotechnology, Shanghai, China); the 
cells were incubated at 37˚C in an atmosphere containing 
5% CO2 for 6 h. Subsequently, the transfected cells were incu-
bated for a further 72 h. The empty vector was transfected into 
cells in the overexpression negative control (NC) groups. The 
following sequences were transfected for miR‑194‑5p overex-
pression: Forward, 5'‑CAG​GAG​TTG​TAA​ATC​CGA​GCC​G‑3' 
and reverse, 5'‑TTC​ATA​GGT​CAG​AGC​CCT​GTG​CA‑3'.

MTT assay. After 72  h incubation, the MTT assay was 
performed for cell proliferation analysis. Briefly, MCF‑7 cells 
(5x105 cells/well) were placed into 96‑well plates and the cell 
proliferation rate was determined at various time points (24, 48 
and 72 h). Briefly, 20 µl MTT reagent (Sigma‑Aldrich; Merck 
KGaA, Darmstadt, Germany) was added to cells and incu-
bated for 4 h at 37˚C. Subsequently, formazan crystals were 
dissolved in dimethyl sulfoxide and the optical density (OD) 
value was detected at 490 nm using a microplate reader.

Colony formation assay. The colony formation assay was 
performed after transfection and 72  h incubation. Cells 
(1,500 cells/well) were plated into 12‑well plates and cultured 
for 10 days to form colonies. The cells were then fixed with 
methanol for 15 min at 4˚C and stained with Giemsa dye solu-
tion for 30 min at room temperature to visualize cell colonies. 
Images were captured under a light microscope.

Scratch and Transwell assays. Post‑transfection, the migra-
tion and invasion of MCF‑7 cells was evaluated by scratch and 
Transwell assays. For the scratch assay, MCF‑7 cells in log 
phase were seeded into 96‑well plates to obtain a monolayer 
cell culture. Across the center of the well, the cell monolayer 
was scratched using a fresh 1‑ml pipette tip; the width of the 
scratch was equal to the outer diameter of the tip. Subsequently, 
the cells were incubated at 37˚C in an atmosphere containing 
5% CO2 for 72 h. Images of the migrated cells were captured 
after 24 h under an inverted microscope (CKX41; Olympus 
Corporation, Tokyo, Japan) and were analyzed using 
ImageJ v1.8.0 (National Institutes of Health, Bethesda, MD, 
USA). For the Transwell assay, Transwell culture inserts (pore 
size, 8 mm; Falcon; BD Biosciences, Franklin Lakes, NJ, 
USA) were placed into the wells of 96‑well plates, thus leading 
to separated upper and lower chambers. The upper side of the 
membrane was precoated with Matrigel (BD Biosciences) 
and incubated at 37˚C for 1 h for gel formation. FBS was 
used to hydrate the membrane 2 h prior to use. Subsequently, 
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Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher 
Scientific, Inc.; 600 µl) containing 10% FBS was added to the 
lower chamber, whereas 1x105 cells/well were added to the 
upper chamber. After 72 h at 37˚C, the number of invading 
cells was counted using a counting chamber under an inverted 
microscope (CKX41; Olympus Corporation).

Western blotting. Western blot analysis was conducted after 
72  h incubation. Proteins were isolated from transfected 
MCF‑7 cells using radioimmunoprecipitation assay lysis buffer 
(Beyotime Institute of Biotechnology) and protein concentra-
tion was measured using a bicinchoninic acid kit (Beyotime 
Institute of Biotechnology). Cytosolic protein was extracted 
using the Cytosol Protein Extraction kit (#P0033; Beyotime 
Institute of Biotechnology). Nuclear protein was extracted 
using the Nucleoprotein Extraction kit (#C500009‑0050; 
Sangon Biotech Co., Ltd., Shanghai, China). Subsequently, 
the protein samples (20  µg/per lane) were separated by 
15% SDS‑PAGE. Polyvinylidene fluoride (PVDF) membranes 
(EMD Millipore, Billerica, MA, USA) were used for protein 
transfer. Subsequently, the PVDF membranes were blocked 
with 5% skimmed milk for 2 h at room temperature, and were 
incubated with the following primary antibodies: Anti‑SOX17 
(#81778, 1:2,000), anti‑Wnt (#2915, 1:2,000), anti‑β‑catenin 
(#8480, 1:500), anti‑phosphorylated (p)‑β‑catenin (#9567, 
1:500) and anti‑GAPDH (#5174, 1:2,000) (Cell Signaling 
Technology, Inc., Danvers, MA, USA) for 1 h at room tempera-
ture, followed by incubation with secondary antibodies 
(sc‑2004, 1:1,000; Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA) for 45 min at room temperature. An enhanced chemilu-
minescence kit (#32209; Pierce; Thermo Fisher Scientific, Inc.) 
was applied for visualization and the images were analyzed 
using ImageJ v1.8.0 (National Institutes of Health).

Bioinformatics analysis and luciferase reporter assays. 
Bioinformatics analysis with TargetScan, and luciferase 
reporter assays were conducted to verify that SOX17 was a 
direct target gene of miR‑194‑5p. For luciferase reporter 
assays, MCF‑7 cells were seeded into 96‑well plates at 
a density of 2x105  cells/well and grown to 70% conflu-
ence. Following the implementation of site‑directed 
mutagenesis using the QuikChange Lightning Site‑Directed 
Mutagenesis kit (Guangzhou RiboBio Biotechnology Co., 
Ltd.), cells were co‑transfected with miR‑194‑5p mimic or 
miR‑194‑5p NC for 48 h at 37˚C (50 ng; Guangzhou RiboBio 
Biotechnology Co., Ltd.), and SOX17‑3' untranslated region 

(UTR)‑wild‑type  (WT) (50  ng) or SOX17‑3'UTR‑mutant 
(MUT) (50 ng) plasmids (Guangzhou RiboBio Biotechnology 
Co., Ltd.) using Lipo6000™ Transfection Reagent (0.2 µl). 
Furthermore, transfection efficiency was normalized to a 
Renilla luciferase vector (pRL‑CMV; Promega Corporation). 
The luciferase assay kit (BioLux® Gaussia; New England 
Biolabs, Inc., Ipswich, MA, USA) was used to evaluate lucif-
erase activity according to the manufacturer's protocol.

Animals. The animal studies were approved by the laboratory 
animal management and welfare ethical review committee 
of Yinzhou People's Hospital of Ningbo City. A total of 
18 female BALB/c‑nu/nu nude mice (age, 4‑5 weeks; weight, 
18‑25 g) were obtained from Zhejiang Experimental Animal 
Center. The mice were housed in a specific pathogen‑free 
laboratory and were maintained under the following condi-
tions: Constant temperature, 22‑26˚C; humidity, 40‑70%; 12‑h 
light/dark cycle; free access to food and water). Briefly, the 
mice were randomly divided into groups A and B; mice in 
group A were used for tumor weight and volume analysis, 
whereas mice in group B were used for immunohistochemical 
analysis. Briefly, 500 ng miR‑194‑5p inhibitor and negative 
control (NC) were transfected into MCF‑7 cells with 1 µl 
Lipo6000™ Transfection Reagent at 37˚C with 5% CO2 for 
6 h. Subsequently, 1x107/0.3 ml MCF‑7 cells in the log phase 
were inoculated into the left side of the breast to generate a 
murine model of breast cancer. After 20  days ad  libitum 

Figure 2. Upregulation of miR‑194‑5p in various breast cancer cell lines. 
The expression levels of miR‑194‑5p in the normal breast epithelial 
cell line MCF‑10A and the breast cancer cell lines were determined by 
reverse transcription‑quantitative polymerase chain reaction. **P<0.01, 
***P<0.01 vs. MCF‑10A cells. miR‑194‑5p, microRNA‑194‑5p.

Figure 1. Expression of miR‑194‑5p and SOX17 in breast cancer tissues, and correlation analysis. The expression levels of (A) miR‑194‑5p and (B) SOX17 
were determined by reverse transcription‑quantitative polymerase chain reaction. (C) Pearson's correlation coefficient was employed for correlation analysis. 
***P<0.01. miR‑194‑5p, microRNA‑194‑5p; SOX17, SRY‑box 17.



YANG et al:  miR‑194‑5p REGULATES CELL PROLIFERATION, MIGRATION AND INVASION IN BREAST CANCER3358

feeding, the tumor‑burdened nude mice exhibited tumors 
~0.5 cm in diameter. Mice were divided into the control, NC 
and miR‑194‑5p inhibitor groups.

Tumor weight and size. Tumor weight was measured using an 
electric scale and tumor volume was recorded using a vernier 
caliper 20 days after MCF‑7 cell inoculation.

Immunohistochemistry (IHC). After 20 days ad libitum feeding, 
the mice were anesthetized and sacrificed. Subsequently, the 
tumor tissues were obtained and fixed in 10% formalin at 4˚C 
overnight. Sections were incubated with anti‑SOX17 primary 
antibodies (#81778S, 1:1,000; Cell Signaling Technology, Inc.) 
for 1 h at room temperature, after which they were incubated 
with secondary antibodies (#7074, 1:2,000; Cell Signaling 
Technology, Inc.) for 10 min at room temperature. Images of 
staining were captured under an inverted microscope (CKX41; 
Olympus Corporation) and were analyzed using Image‑Pro 
Plus 6.0 (Media Cybernetics, Inc., Rockville, MD, USA).

Statistical analysis. Each experiment was repeated in triplicate 
and all data are presented as the means ± standard deviation. 
Additionally, Student's t‑test was used for two group compari-
sons, whereas one‑way analysis of variance followed by the 
Dunnett's post hoc test was used for multiple group compari-
sons, and the Pearson's correlation coefficient was employed 
for correlation analysis. Data were analyzed using SPSS 14.0 
(SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to 
indicate a statistically significant difference.

Results

Expression levels of miR‑194‑5p and SOX17 in breast cancer 
tissues, and correlation analysis. In order to investigate the 

correlation between miR‑194‑5p and SOX17 in breast cancer, 
the expression levels of miR‑194‑5p and SOX17 were deter-
mined by RT‑qPCR. As shown in Fig. 1A and B, miR‑194‑5p 
was significantly upregulated, whereas SOX17 was markedly 
downregulated in breast cancer tissues compared with in normal 
tissues. In addition, a negative correlation was detected between 
miR‑194‑5p and SOX17 (r2=0.8907; Fig. 1C), thus indicating 
that the expression of miR‑194‑5p was negatively correlated 
with SOX17 in breast cancer. It is of great significance to further 
elucidate the correlation between miR‑194‑5p and SOX17, and 
the regulatory relationship of the Wnt signaling pathway.

Upregulation of miR‑194‑5p in various breast cancer cell 
lines. The expression levels of miR‑194‑5p were also detected 
in numerous breast cancer cell lines, in order to select an 
appropriate cell line for subsequent experiments. As shown 
in Fig. 2, miR‑194‑5p was significantly increased in MCF‑7, 
T47D and MDA‑MB‑231 cells compared with in MCF‑10A 
cells. Furthermore, miR‑194‑5p was most upregulated in 
MCF‑7 cells; therefore, MCF‑7 was chosen as the target cell 
line in the present study.

Knockdown of miR‑194‑5p promotes SOX17 and Wnt expres‑
sion in MCF‑7 cells. The expression levels of miR‑194‑5p 
were measured by RT‑qPCR, and the protein expression 
levels of SOX17 and Wnt in transfected MCF‑7 cells were 
determined by western blotting. As shown in Fig. 3A, the 
expression levels of miR‑194‑5p were markedly decreased in 
the miR‑194‑5p inhibitor group compared with in the control 
groups. Furthermore, the expression levels of SOX17 and Wnt 
were upregulated in the miR‑194‑5p inhibitor‑transfected 
group compared with in the control groups (Fig. 3B and C). 
Therefore, knockdown of miR‑194‑5p in MCF‑7 cells may 
promote the expression of SOX17.

Figure 3. Knockdown of miR‑194‑5p promotes SOX17 and Wnt expression in MCF‑7 cells. (A) Expression levels of miR‑194‑5p in untransfected or transfected 
MCF‑7 cells were determined by reverse transcription‑quantitative polymerase chain reaction. (B) Western blot analysis of SOX17 and Wnt. (C) Semi‑quantitative 
analysis of SOX17 and Wnt. **P<0.01, compared with the NC group. miR‑194‑5p, microRNA‑194‑5p; NC, negative control; SOX17, SRY‑box 17.
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Knockdown of miR‑194‑5p upregulates the expression of 
p‑β‑catenin in the cytosol and nucleus of MCF‑7 cells. The 
cytosolic and nuclear protein expression levels of p‑β‑catenin and 
β‑catenin were also evaluated by western blotting. The results 
demonstrated that p‑β‑catenin was significantly upregulated 
in the cytosol and nucleus in the miR‑194‑5p inhibitor group 
compared with in the control groups. However, there was no 
difference in the expression levels of β‑catenin in the cytosol 
and nucleus between the miR‑194‑5p inhibitor group and the 
control groups (Fig. 4). Therefore, knockdown of miR‑194‑5p 

in MCF‑7 cells might facilitate the expression of p‑β‑catenin in 
the cytosol and nucleus, with no effects on β‑catenin expression.

Knockdown of miR‑194‑5p suppresses the proliferation 
of MCF‑7 cells. The MTT assay was performed to assess 
proliferation of miR‑194‑5p inhibitor‑transfected MCF‑7 
cells. The proliferation rate was determined by OD values. As 
shown in Fig. 5A, proliferation was significantly decreased in 
the miR‑194‑5p inhibitor group compared with in the control 
groups. As presented in Fig. 5B and C, the proliferation rate 

Figure 4. Knockdown of miR‑194‑5p upregulates the cytosolic and nuclear protein expression of p‑β‑catenin in MCF‑7 cells. (A) Western blot analysis of 
p‑β‑catenin and β‑catenin in the cytosol. (B) Semi‑quantitative analysis of p‑β‑catenin and β‑catenin in the cytosol. (C) Western blot analysis of p‑β‑catenin 
and β‑catenin in the nucleus. (D) Semi‑quantitative analysis of p‑β‑catenin and β‑catenin in the nucleus. **P<0.01, compared with the NC group; ##P<0.001, 
compared with the control group. miR‑194‑5p, microRNA‑194‑5p; NC, negative control; p‑β‑catenin, phosphorylated‑β‑catenin.

Figure 5. Knockdown of miR‑194‑5p suppresses the proliferation of MCF‑7 cells, as determined by MTT and colony formation assays. (A) MTT and (B) colony 
formation assays were performed to measure cell proliferation. (C) Colony formation assay was quantitatively analyzed. *P<0.05, **P<0.01, ***P<0.01, compared 
with the NC group. miR‑194‑5p, microRNA‑194‑5p; NC, negative control; OD, optical density.
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was further determined by colony formation assay. The results 
indicated that proliferation was significantly decreased in 
the miR‑194‑5p inhibitor group. These results suggested that 
knockdown of miR‑194‑5p may suppress the proliferation of 
MCF‑7 cells.

Knockdown of miR‑194‑5p inhibits the migration and inva‑
sion of MCF‑7 cells. The migration and invasion of transfected 
MCF‑7 cells were measured by scratch and Transwell assays, 
respectively. As shown in Fig. 6A and B, cell migration and 
invasion were significantly inhibited in the miR‑194‑5p inhib-

itor group compared with in the control groups. Therefore, 
knockdown of miR‑194‑5p in MCF‑7 cells might inhibit cell 
migration and invasion.

Luciferase reporter assay for target verification. The results 
of a TargetScan analysis suggested that SOX17 was a target 
gene of miR‑194‑5p, due to a complementary binding region 
in its 3'UTR. A luciferase reporter assay was performed to 
verify this prediction. As shown in Fig. 7, luciferase activity 
was decreased in the SOX17 3'UTR WT group transfected 
with miR‑194‑5p mimics, thus suggesting that SOX17 may be 
a direct target gene of miR‑194‑5p.

Knockdown of miR‑194‑5p inhibits tumor growth in nude 
mice. A total of 20 days after injection with miR‑194‑5p inhib-
itor‑transfected cells, tumor growth was measured according 
to tumor volume and weight. As shown in Fig. 8, tumor volume 
and weight were significantly decreased in the miR‑194‑5p 
inhibitor group compared within the control groups. These 
findings indicated that knockdown of miR‑194‑5p may 
contribute to tumor growth suppression in breast cancer.

Knockdown of miR‑194‑5p promotes SOX17 expression. 
SOX17 expression was measured by IHC after injection with 
miR‑194‑5p inhibitor‑transfected cells for 20 days. The results 
indicated that the expression levels of SOX17 were mark-
edly increased in the miR‑194‑5p inhibitor group compared 
with in the control groups (Fig. 9). Therefore, knockdown of 
miR‑194‑5p may give rise to the upregulation of SOX17 in 
breast cancer tissues.

Figure 7. SOX17 is a target gene of miR‑194‑5p. (A) SOX17 was predicted 
as the target gene of miR‑194‑5p by TargetScan. (B) Luciferase reporter 
assay was performed to verify that SOX17 was a target gene of miR‑194‑5p. 
*P<0.05, compared with the UTR‑MUT miR‑194‑5p group.  miR‑194‑5p, 
microRNA‑194‑5p; MUT, mutant; NC, negative control; SOX17, SRY‑box 17; 
UTR, untranslated region; WT, wild-type.

Figure 6. Knockdown of miR‑194‑5p inhibits the migration and invasion of MCF‑7 cells, as determined by scratch and Transwell assays. (A) Migration of 
MCF‑7 cells was detected by scratch assay. (B) Invasion of MCF‑7 cells was detected by Transwell assay. Magnification, x200. ***P<0.01, compared with the 
NC group; ###P<0.001, compared with the control group. miR‑194‑5p, microRNA‑194‑5p; NC, negative control.
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Figure 9. Knockdown of miR‑194‑5p promotes SOX17 expression, as determined by IHC. (A)  IHC was performed to measure SOX17 expression. 
Magnification, x100. (B) Semi‑quantitative analysis of SOX17 expression. *P<0.01, compared with the NC group; #P<0.01, compared with the control group. 
IHC, immunohistochemistry; miR‑194‑5p, microRNA‑194‑5p; NC, negative control; SOX17, SRY‑box 17.

Figure 8. Knockdown of miR‑194‑5p inhibits tumor growth in nude mice. General conditions of (A) nude mice and (B) tumors in the three groups. (C) Tumor 
volume and (D) weight of nude mice in the three groups. **P<0.01, compared with the NC group. miR‑194‑5p, microRNA‑194‑5p; NC, negative control.
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Discussion

The present study investigated the effects of miR‑194‑5p 
knockdown on SOX17 and the Wnt/β‑catenin signaling 
pathway in breast cancer. The results demonstrated that 
miR‑194‑5p was upregulated in breast cancer, which is 
consistent with the previous findings by Huo et al (18). In a 
previous study, the SOX family was confirmed as a target 
of miR‑194, and it was revealed that the expression of SOX 
is regulated by miR‑194 (19). In the present study, SOX17 
was identified as a target gene of miR‑194‑5p. Subsequently, 
knockdown of miR‑194‑5p resulted in the upregulation of 
SOX17. The present study demonstrated that miR‑194‑5p 
knockdown upregulated the expression levels of Wnt and 
p‑β‑catenin in MCF7 cells. An increase in p‑β‑catenin by 
miR‑194‑5p knockdown may result in reduced activation of 
the Wnt/β‑catenin pathway. Furthermore, miR‑194‑5p knock-
down increased the expression of SOX17, which may have led 
to inhibition of the Wnt/β‑catenin signaling pathway; however, 
increased Wnt expression indicated that  this inhibition may 
involve regulation of other factors. Therefore, knockdown of 
miR‑194‑5p may have multiple effects on the Wnt/β‑catenin 
pathway.

Numerous studies have reported that SOX17 is an impor-
tant tumor suppressor in various types of cancer, which can 
modulate the Wnt/β‑catenin signaling pathway by binding to 
LEF (20‑23). In addition, the interaction between SOX17 and 
LEF leads to the reduced combination of SOX17 to β‑catenin, 
which further results in suppression of the Wnt/β‑catenin 
signaling pathway. The Wnt/β‑catenin signaling pathway 
is closely associated with numerous types of cancer due to 
overactivated Wnt/β‑catenin  (24,25). Furthermore, it has 
been reported that blockade of the Wnt/β‑catenin signaling 
pathway could effectively suppress breast cancer metastasis, 
invasion and cell proliferation  (26‑29). The present study 
revealed that knockdown of miR‑194‑5p inhibited cell prolif-
eration, migration and invasion of MCF‑7 cells, which is in 
concordance with these previous findings. Although the direct 
regulatory mechanism of miR‑194‑5p knockdown on the 
Wnt/β‑catenin pathway has not been confirmed, it does seem 
to affect the activity of the signaling pathway and therefore 
may have an effect on the Wnt/β‑catenin pathway. In addi-
tion, reduced tumor weight and volume in the miR‑194‑5p 
inhibitor group of mice with breast cancer indicated that 
miR‑194‑5p knockdown might suppress tumor growth. The 
results of IHC demonstrated that knockdown of miR‑194‑5p 
was able to promote the expression of SOX17 in mice with 
breast cancer. The results of the present mouse studies were 
in line with the results of experiments in cells, thus suggesting 
that miR‑194‑5p knockdown may be an effective potential 
therapeutic strategy for breast cancer.

However, the expression of SOX17 and the Wnt/β‑catenin 
signaling pathway is complex; therefore, we cannot completely 
eliminate other forms of the interference, including methyla-
tion of SOX17 and the effects of other miRNAs. It has been 
reported that SOX17 promoter methylation leads to poor 
survival in breast cancer (30). Additionally, other miRNAs, 
such as the miR‑200 family, miR‑141 and miR‑26 (31‑34), 
are associated with SOX17 expression and the Wnt/β‑catenin 
signaling pathway. Therefore, further experiments should 

be performed to deeply investigate the association among 
miR‑194‑5p, SOX17 and the Wnt/β‑catenin signaling pathway.

In conclusion, the present results indicated that miR‑194‑5p 
inhibitor‑induced regulation of SOX17 expression and the 
Wnt/β‑catenin signaling pathway suppressed cell prolif-
eration, migration and invasion in breast cancer. Although the 
exact roles of miR‑194‑5p and SOX17 in the Wnt/β‑catenin 
signaling pathway remain to be elucidated, they may be 
considered targets for the inhibition and treatment of breast 
cancer progression.
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