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miR-30a regulates the proliferation and invasion
of breast cancer cells by targeting Snail
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Abstract. The present study aims to investigate the effect
of miR-30a on the proliferative and invasive abilities of
breast cancer cells, and to observe the role of miR-30a in the
pathogenesis of breast cancer. With the increase of patho-
logical grade and malignant degree of breast cancer cells,
the miR-30a expression level gradually decreased (P<0.01).
Transfection with miR-30a mimic significantly inhibited the
proliferative and invasive ability of SK-BR-3 cells (P<0.01),
while transfection with anti-miR-30a significantly improved
the proliferative and invasive ability of these cells (P<0.01).
It was revealed using bioinformatic methods that Snail was
the functional target gene of miR-30a, and this was verified
by the results of a luciferase reporter gene assay. The results
of analysis of Snail expression in breast cancer tissues and
breast cancer cells revealed that with the increase in patho-
logical grade and malignant degree of breast cancer cells,
Snail expression levels gradually increased (P<0.01). Western
blotting revealed that miR-30a significantly inhibited Snail
expression in SK-BR-3 cells, upregulated the expression of
EMT-associated E-cadherin, and downregulated the expres-
sion of EMT-associated N-cadherin and Vimentin. MiR-30a
was able to affect the proliferation and invasion of breast
cancer cells by regulating Snail expression, and therefore has a
regulatory effect on the occurrence and development of breast
cancer.

Introduction
The global incidence of breast cancer has been increasing since

the end of 1980s (1). According to the ‘Global Cancer Report
2014’ issued by the World Health Organization, there were
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1.677 million new cases of breast cancer in females globally in
2012, with China accounting for 11.2% of cases (2). At present,
breast cancer has the highest incidence rate in China of any
malignant tumor for women (3). The majority of patients with
breast cancer are the middle or late stages upon initial diag-
nosis, thus the curative effects are often unsatisfactory (4). The
primary cause of mortality for patients with breast cancer is
metastasis (5). However, the underlying molecular mechanism
of breast cancer metastasis remains unresolved. Therefore, it is
considered important to study and understand the underlying
molecular mechanism associated with breast cancer progres-
sion and metastasis, in order to provide a scientific basis for the
development of effective treatment strategies for breast cancer,
and to improve the survival rate of patients with breast cancer.

In recent years, a study revealed that the occurrence and
development of breast cancer is associated with the abnormal
expression of microRNA (miRNA) (6). miRNA is a class of
endogenous non-coding RNA. It widely exists in eukaryotic
cells and has a regulatory effect on cell proliferation, apop-
tosis, migration and invasion (7-9). It also serves an important
function in the occurrence and development of tumors (10-12).
A number of studies have revealed that miR-30a is down-
regulated in a variety of tumor tissues, including ovarian
cancer (13), lung cancer (14), hepatocellular carcinoma (15) and
gastric cancer (16). Sestito e al (13) reported that the expres-
sion level of miR-30a in ovarian cancer tissue was significantly
reduced, and overexpression of miR-30a in ovarian cancer
cells was able to decrease the activity of phosphoinositide
3-kinase/protein kinase B and reduce the activation of the
mitogen-activated protein kinase signaling pathway, thus
inhibiting the proliferation and invasion of ovarian cancer
cells, and downregulating the levels of epithelial-mesenchymal
transition (EMT)-associated markers in ovarian cancer cells.
Tang et al (14) revealed that miR-30a expression levels were
significantly decreased in lung cancer tissues and that miR-30a
expression level was closely associated with the development
and prognosis of lung cancer. Liu et al (17) revealed that in
hepatocellular carcinoma, miR-30a was able to regulate the
expression level of Snail, which was associated with EMT,
and inhibit the migration and invasion of hepatocellular
carcinoma. Liu er al (18) reported that miR-30a expression
was abnormal in gastric carcinoma tissue, and miR-30a was
able to alter Vimentin expression by regulating the expression
of runt-related transcription factor 3, which was associated


https://www.spandidos-publications.com/10.3892/ol.2018.9552
https://www.spandidos-publications.com/10.3892/ol.2018.9552
https://www.spandidos-publications.com/10.3892/ol.2018.9552

XIAO et al: EFFECT OF miR-30a ON PROLIFERATION AND INVASION OF BREAST CANCER CELLS

with EMT and therefore involved in the occurrence and
development of gastric cancer.

Thus far, there are few studies on the change in miR-30a
expression in breast cancer or its association with the
development, proliferation and invasion of breast cancer.
Therefore, in the present study, miR-30a expression in breast
cancer tissue and breast cancer cell lines was detected using
reverse transcription-polymerase chain reaction (RT-PCR), and
miR-30a mimic and anti-miR-30a were transfected into the
breast cancer cell line SK-BR-3 to observe the effects of miR-30a
expression on the proliferation and invasion of SK-BR-3 cells.
Zinc finger protein Snai 1, the target gene of miR-30a, was
verified and the effect of miR-30a on the expression level of
Snail protein was detected in order to identify a possible novel
therapeutic target for the treatment of breast cancer.

Materials and methods

Clinical data. The tumor tissue and paracancerous tissue of
patients with breast cancer (n=43) who were treated in the
No. 254 Hospital of the People's Liberation Army, (Tianjin,
China) between June 2015 and February 2016 were collected.
These patients were aged between 19 and 58 years old, with an
mean age of 31.42+21.46 years. Tumor tissue specimens and
adjacent normal tissue specimens from patients were surgi-
cally collected. All specimens were verified as breast cancer
tissues by two pathologists at No. 254 Hospital of the People's
Liberation Army following surgery, while normal tissues were
confirmed to have no cancer invasion. The specimens were
stored in liquid nitrogen within 10 min of being obtained.
Tumor (T) staging was defined by the length of the tumor
according to the following criteria: T1<2 cm; 2 cm <T2<5 cm;
T3>5 cm. Tumors directly invading skins and chest walls
(costa, intercostal muscles, serratus anterior muscle) were
defined as T4, without regard to their size. In total, there were
16 cases of T1, 12 cases of T2, 9 cases of T3 and 6 cases of
T4. Written informed consent was obtained from all patients.
The present study was approved by the ethics committee of the
No. 254 Hospital of the People's Liberation Army.

Cells and reagents. Normal mammary epithelial MCF-10A
cells, low invasive breast cancer MCF-7 cells, moderate meta-
static and invasive breast cancer SK-BR-3 cells (19) and high
metastatic and invasive human breast cancer MDA-MB-231
cells were all purchased from the Preclinical Medicine Institute
of the Chinese Academy of Medical Sciences (Beijing, China).
These cells were cultured in Dulbecco's modified Eagle's
medium containing 10% fetal bovine serum (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA). Horseradish
peroxidase (HRP)-conjugated goat anti mouse immuno-
globulin G was purchased from OriGene Technologies, Inc.
(Rockville, MD, USA). The transfection reagents used were
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) and TRIzol® (Life Technologies; Thermo Fisher
Scientific, Inc.). Negative control (NC), miRNA-30a mimic,
anti-NC and anti-miRNA-30a were purchased from (Ambion;
Thermo Fisher Scientific, Inc.). Boyden chambers used in
the invasion assay were purchased from EMD Millipore
(Billerica, MA, USA). The RT-PCR primers were synthesized
by Sangon Biotech Co., Ltd. (Shanghai, China). A luciferase
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assay kit was purchased from Promega Corporation (Madison,
WI, USA). Antibodies against Snail, E-cadherin, N-cadherin
and Vimentin were purchased from Santa Cruz Biotechnology,
Inc. (Dallas, TX, USA).

RT-PCR. Total RNA were extracted from the tissue samples
using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.)
cDNAs were synthesized with the Prime-Script RT reagent
kit (Takara Bio, Inc., Otsu, Japan), SYBR-Green (Takara Bio,
Inc., Otsu, Japan) was used as the fluorophore, according to the
manufacturer's protocol. The thermocycling conditions were
as follows: 95°C for 5 min, 95°C for 10 sec, 60°C for 20 sec, for
a total of 40 cycles. Primer sequences were as follows: Snail
forward primer, 5'-GTGGGATGGCTGCCAGC-3'; reverse
primer, 5" TGCAGGACTCTAATCCAAGTTTAC-3'; forward
primer of internal control U6, 5-CTCGCTTCGGCAGCA
CA-3'; reverse primer, 5-~AACGCTTCACGAATTTGCGT-3"
The obtained cDNA were identified by standard agarose gel
electrophoresis.

Clone formation test. A total of 1x10* SK-BR-3 cells were
seeded into each well of 6-well plate, and incubated over-
night at 37°C, then transfected with NC, miR-30a mimic,
anti-NC and anti-miR-30a at a concentration of 200 nmol/l.
Lipofectamine 2000 or Oligofectamine (Invitrogen; Thermo
Fisher Scientific, Inc.) was used for transfection according to
the manufacturer's protocol. At 48 h following transfection,
cells were used for further experiments. Primer sequences
were as follows: NC sense, 5'-UUCUCCGAACGUGUCACG
UTT-3" and antisense, 5"~ ACGUGACACGUUCGGAGA
ATT-3"; miR-30a mimic sense, 5-UGUAAACAUCCUCGA
CUGGAAG-3' and antisense, 5'-UCCAGUCGAGGAUGU
UUACAUU-3"; anti-NC, 5'-CAGUACUUUUGUGUAGUA
CAA-3"; anti-miR-30a, 5-CUUCCAGUCGAGGAUGUUUAC
A-3'. The mimic was purchased from Guangzhou RiboBio Co.,
Ltd. (Guangzhou, China). Cells were inoculated in six-well
plates at a density of 5x10° cells per well, and cultured for 72 h.
The formed clones were fixed with 70% methanol at 4°C over-
night, and stained with 20% methanol containing 0.1% crystal
violet for 30 min at 37°C. Colonies that contained >50 cells
were counted under a light microscope (magnification, x100;
Eclipse TiU, Nikon Corporation., Tokyo, Japan).

Invasion test. The invasive ability of cells was detected using
Boyden chambers. The cells used in this experiment were
stained with 0.1% trypan blue (Beijing Solarbio Science
and Technology Co., Ltd., Beijing, China) for 5 min at room
temperature counted under the a light microscope (magnifica-
tion, x200) (Eclipse TiU; Nikon Corporation) in 5 randomly
selected fields, and then suspended. A total of 1x10° cells
were placed in the upper chamber. Matrigel (5-10 ug in
50 ul per well) was pre-coated in a 24-well plate, and dried
overnight in a laminar airflow hood and serum-free medium
(StemPro®MSC SFM; Invitrogen: Thermo Fisher Scientific,
Inc.) was added up to 300 pl. A total of 500 ul serum-free
medium (StemPro®MSC SFM; Invitrogen: Thermo Fisher
Scientific, Inc.) supplemented with 10% fetal bovine serum
(Thermo Fisher Scientific Inc.) was added to the lower
chamber. After 12 h of incubation, the non-invasive cells
were removed from the upper chamber with a cotton swab.



Bz SPANDIDOS
-.fa‘_,‘ PUBLICATIONS

A

Normal T1 T2 T3 T4

* %
*¥
ok
ek
0
T T2 3 T4

= Lh (=
i i 3

—_— (=]
i N

Relative miR-30a expression
Ll

Normal

ONCOLOGY LETTERS 17: 406-413, 2019

B MCF-10A MCF-7 SK-BR-32 MDA-MB-231
§ 59
S
-
s
a4
>
:h]
]

34
% *%
o
E 2_
L * %
=
g
[:F]
& 0

MCF40A  MCF-7 SK-BR3  MDA-MB-231

Figure 1. The expression of miR-30a mRNA in breast cancer tissues and cells. (A) miR-30a mRNA expression in breast cancer tissues: 1, Paracancerous
tissue; 2, T1; 3, T2; 4, T3; 5, T4; (B) miR-30a expression in breast cancer cells, 1, MCF-10A cells; 2, MCF-7 cells; 3, SK-BR-3 cells; 4, MDA-MB-231 cells;

“P<0.01 vs. negative control. miRNA, microRNA.

The cells in the lower chamber were fixed with 5% glutaral-
dehyde for 5 min at 4°C and stained with 0.1% crystal violet
for 30 min at 37°C. The number of invaded cells was counted
under the microscope (x200 magnification) (Eclipse TiU,
Nikon Corporation) in 5 randomly selected fields.

Forecasting possible target genes of miR-30a using
bioinformatics methods. According to Sequence complemen-
tarity (the 706-713 site in the 3'untranslated region (3'UTR) of
Snail mRNA was a possible site of action of miR-30a), Snail
was selected as the target gene of miR-30a using the target
gene prediction software TargetScans (http:/www.targetscan.
org/vert_71/).

Verification of target gene by luciferase reporter gene test.
The renilla luciferase gene with the 3'UTR was PCR-amplified
from the pRL-SV40 plasmid (Promega Corporation) and
inserted into the 3'UTR site of pMIR-REPORT. Luciferase
expression constructs were generated by cloning of the
3'UTRs of Snail into the modified pMIR vector (pMIR-RL).
Amplified 3' UTR were cloned downstream of the firefly
luciferase coding region in the pMIR-REPORTTM (Ambion;
Thermo Fisher Scientific, Inc.). The pMIR-luciferase reporter
vectors (100 ng) were transfected into SK-BR-3 cells in 6-well
plates together with miR-30a oligonucleotides (100 nM) by
using Lipofectamine 2000. After 72 h of culture, luciferase
activity was detected with Dual-Luciferase Reporter assay
system (Promega Corporation) according to the manufac-
turer's protocol. Firefly luciferase activity was normalized to
that of Renilla luciferase.

Western blot analysis. The protein concentration was deter-
mined by one method of quantification (LI-COR Biosciences,
Lincoln, NE, USA), a total of 50 pug protein was loaded in

to each well and were separated on 8% SDS-PAGE and
5% concentrated gel, then transferred to polyvinylidene
difluoride membranes in a half-dry state and blocked at room
temperature for 2 h with Tris-Buffered Saline and Tween-20
(TBST) containing 5% bovine serum albumin (BSA, Abcam,
Cambridge, UK). The primary antibody (1:800; rabbit poly-
clonal anti-iNOS, sc-650; Santa Cruz Biotechnology) was
added and incubated at 4°C overnight with agitation. The
membrane was washed with 0.1% TBST three times, for 5 min
each time. HRP-conjugated secondary antibody (1:10,000;
goat anti-rabbit IgG (H+L)-HRP conjugate, cat. no. 170-6515,
Bio-Rad Laboratories, Inc.) was added and incubated at room
temperature for 1 h. Following a wash with 0.1% TBST, the
bands on the membrane were colored with Supersignal West
Femto HRP-sensitive chemiluminescence substrate (Pierce;
Thermo Fisher Scientific, Inc.). Actin was used as an internal
control. All the experiments were repeated at least three times.
The immunoreactive proteins were detected using the ECL Plus
Western Blotting Detection system (GE Healthcare, Chicago,
IL, USA), visualized by Molecular Imager® VersaDoc™ MP
Imaging systems (Bio-Rad Laboratories, Hercules, CA, USA)
and the densitometry were measured by the professional
image analysis software, ImagePro Plus 6.0 (IPP6.0, Media
Cybernetics, Bethesda, USA).

Statistical analysis. Statistical analysis was conducted using
SPSS software (version 17.0; SPSS, Inc., Chicago, IL, USA).
Measurement data are expressed as mean + standard devia-
tion. Comparisons between data in two groups were conducted
using Student's t-test. Multi-group comparisons were conducted
using univariate analysis of variance. Inter-group comparisons
were conducted using Student-Newman-Keuls (SNK) method.
P<0.05 was considered to indicate a statistically significant
difference.
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Figure 2. Effect of miR-30a on the proliferation of breast cancer cells detected by clone formation test “P<0.01 vs. negative control. miR, microRNA; NC,

negative control.

Results

RT-PCR.MiR-30aexpression levels in breast cancer tissues and
cell lines are demonstrated by the RT-PCR results (Fig. 1A).
The relative expression level of miR-30a was 5.43+0.51 in
normal tissues; 4.06+0.69 in stage T1 breast cancer tissues;
3.11+0.33 in stage T2 breast cancer tissues; 1.32+0.39 in stage
T3 breast cancer tissues; and 0.71+0.23 in stage T4 breast
cancer tissues. With the increase of pathological grade of
breast cancer, miR-30a expression level gradually decreased
(F=223.806, P<0.001). As presented in Fig. 1B, the results of
RT-PCR revealed that the relative expression level of miR-30a
was 4.22+0.41 in normal mammary epithelial cell MCF-10A,;
3.07+0.39 in the low invasive breast cancer cell line MCF-7;
2.16+0.31 in the moderately metastatic and invasive breast
cancer cell line SK-BR-3; and 1.08+0.19 in highly metastatic
and invasive human breast cancer cell line MDA-MB-231.
With the increase of the malignant degree of breast cancer
cells, expression level of miR-30a decreased (F=47.260,
P<0.001).

Effect of miR-30a on the proliferation of breast cancer cells.
The effect of miR-30a on the proliferation of SK-BR-3 breast
cancer cells was detected using a clone formation test. The
results (Fig. 2) revealed that the number of clones of SK-BR-3
cells was 415.63+69.22 in the NC group; 189.74+31.37 in the
miR-30a mimic group; 393.68+57.16 in the anti-NC group;
and 725.82+89.57 in the anti-miR-30a group. Transfection
with miR-30a mimic significantly inhibited the prolifera-
tion of SK-BR-3 cells (t=5.148, P=0.003), while transfection
with anti-miR-30a significantly increased the proliferation of
SK-BR-3 cells (t=5.414, P=0.003). This suggests that, miR-30a
was able to inhibit the proliferation of SK-BR-3 breast cancer

cells. It was also identified that, transfection with miR-30a
inhibited the proliferation of MDA-MB-231 human breast
cancer cells which exhibit high invasive and metastatic abili-
ties. Inhibiting miR-30a expression was observed to promote
the proliferation of breast cancer MCF-7 cells which exhibit a
low invasive ability (data not shown).

Effect of miR-30a on the invasive ability of breast cancer
cells. As presented in Fig. 3, the results of the cell invasion
assay revealed that the quantity of invaded SK-BR-3 cells was
102.6+ 28.5 in the NC group, 55.7+13.6 in the miR-30a mimic
group, 105.5+25.9 in the anti-NC group and 171.2+27.2 in the
anti-miR-30a group. Transfection with miR-30a mimic signifi-
cantly inhibited the invasive ability of SK-BR-3 cells (t=2.572,
P=0.031), while transfection with anti-miR-30a significantly
increased the invasive ability of SK-BR-3 cells (t=2.989,
P<0.020). This suggests that miR-30a was able to inhibit the
invasion of SK-BR-3 cells. The results of the present study
suggest that transfecting miR-30a may inhibit the invasiveness
of MDA-MB-231 cells which exhibit high invasive and meta-
static abilities. Furthermore, inhibition of miR-30a expression
promoted the invasion of breast cancer MCF-7 cells which
exhibit low invasive ability (data not shown).

Forecasting miR-30a target gene by TargetScan software. The
target gene prediction software TargetScans indicated that Snail
may be the target gene of miR-30a. The predicted binding site
of miR-30a, Snail 3'-UTR, is presented in Fig. 4A. The results
of a luciferase reporter gene assay revealed that following
co-transfection with wild-type pMIR-Snail 3'-UTR vector
and miR-30a, luciferase activity was significantly reduced
(t=10.337, P<0.001), however, following co-transfection with
mutant pMIR-Snail 3'-UTR vector and miR-30a, luciferase
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Figure 3. Effect of miR-30a on the invasion of breast cancer cells “P<0.01 vs. negative control. miR, microRNA; NC, negative control.
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Figure 4. Forecasting miR-30a target gene using the target gene prediction
software TargetScans. (A) Predicted miR-30a binding target site of Snail
3'-UTR. (B) Verification of the interaction between miR-30a and Snail
“P<0.01 vs. negative control. miR, microRNA; NC, negative control.

activity did not change significantly. The luciferase activity did
not significantly change (P>0.05) following co-transfection of
wild type pMIR- Snail 3'-UTR vector and miR-30b, miR-30c,
miR-30d and miR-30e. This suggests that there is a direct
interaction between miR-30a and Snail (Fig. 4B).

Snail expression in breast cancer tissues and cell lines. The
results of western blotting (Fig. 5A) revealed that the relative

expression level of Snail was 1.00+0.08 in normal tissues,
1.65+0.19 in stage T1 breast cancer tissues, 2.13+0.33 in stage
T2 breast cancer tissues, 2.71+0.29 in stage T3 breast cancer
tissues and 3.30+0.18 in stage T4 breast cancer tissues. An
increase in the expression level of Snail was associated with
increased tumor grade (F=372.022, P<0.001). The results of
western blotting (Fig. 5B) revealed that the relative expression
level of Snail was 1.00+0.13 in normal mammary epithelial
cells MCF-10A, 1.82+0.21 in low invasive breast cancer cells
MCF-7,2.61+0.19 in moderately metastatic and invasive breast
cancer cells SK-BR-3 and 3.25+0.35 in highly metastatic and
invasive human breast cancer cells MDA-MB-231. Snail
expression levels were associated with increased levels of
malignancy (F=51.938, P<0.001).

Effects ofmiR-30aonthe expressionlevels of Snail, E-cadherin,
N-cadherin and Vimentin proteins in breast cancer cells. As
presented in Fig. 6, miR-30a was able to significantly inhibit
Snail expression in SK-BR-3 cells, upregulate the expression
of EMT-associated E-cadherin, and downregulate the expres-
sion of EMT-associated N-cadherin and Vimentin.

Discussion

Previous studies revealed that a variety of miRNAs, including
miR-224, miR-21 and miR-320, were abnormally expressed
in breast cancer (20-22). The expression levels of miR-224
in breast cancer tissues and breast cancer cell lines were
decreased, and their decreased level was associated with the
degree of malignancy of the breast cancer. miR-224 has been
demonstrated to regulate the proliferative, migratory and
invasive abilities of breast cancer cells by directly targeting
fizzled 5 (20). The expression level of miR-21 in breast cancer
tissue was observed to be abnormal (23). Following overexpres-
sion of miR-21, the proliferative and invasive abilities of breast
cancer cells significantly increased (24). Furthermore, a study
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Figure 6. Effects of miR-30a on the expression levels of Snail, E-cadherin, N-cadherin and vimentin proteins in breast cancer cells. ™
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confirmed that miR-21-3p functioned primarily by targeting
multiple downstream target genes, including programed cell
death protein 4, Fas Ligand, phosphatase and tensin homolog,
Ras homolog family member B, Maspin, tissue inhibitor of
metalloproteinases 3 and reversion inducing cysteine rich
protein with kazal motifs (21). MiR-320 was able to regulate the
invasive ability of breast cancer cells by regulating the expres-
sion of the downstream target gene metadherin and inhibiting
breast cancer (22). In summary, a number of miRNAs may
affect the occurrence, development, invasion and metastasis
of breast cancer via targeted regulation of downstream genes.
A number of studies revealed that miR-30a has a regulatory
effect in ovarian cancer, lung cancer, liver cancer and other
tumors (12-14,17,18). Therefore, the present study analyzed
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the expression of miR-30a in breast cancer and explored the
potential molecular mechanism by which it regulates the
proliferation and invasion of breast cancer cells.

The aforementioned miRNAs are closely associated with
the occurrence and development of breast cancer. The present
study focused on the role of miR-30a in the proliferation and
invasion of breast cancer, and explored the mechanism by
which it regulates the proliferation and invasion of breast
cancer cells. In the present study, miR-30a expression
in breast cancer tissues and breast cancer cells was first
detected using RT-PCR. The results revealed that with as the
pathological grade and degree of malignancy of breast cancer
cells increased, the expression level of miR-30a decreased.
The effect of miR-30a on the proliferation and invasion of
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breast cancer cell lines was further evaluated. The results
revealed that transfection with miR-30a was able to signifi-
cantly decrease the colony formation and invasive ability of
SK-BR-3 cells, while transfection with anti-miR-30a signifi-
cantly increased the colony formation and invasive ability of
SK-BR-3 cells. This suggests that miR-30a may inhibit breast
cancer by inhibiting the proliferation and invasion of breast
cancer cells. Additional data gathered in the present study
identified that miR-30a was able to inhibit the proliferation
and invasion of MDA-MB-231 human breast cancer cells,
which have high invasive and metastatic abilities, while
inhibiting miR-30a expression promoted the proliferation
and invasion of MCF-7 breast cancer cells which have a low
invasive ability. RT-PCR revealed that the expression level of
miR-30a in breast cancer tissue was significantly decreased
compared with the normal control tissues. The authors
hypothesize that the decrease in miR-30a in breast cancer
tissue may increase the proliferative and invasive abilities
of breast cancer cells, thus leading to the occurrence and
development of breast cancer.

miRNAs serve a biological function by regulating down-
stream target genes. Different functions of downstream target
genes may lead to different functions of the same miRNA
in different tumor tissues (25). This study confirmed that
miR-30a had an inhibitiory effect on the occurrence of breast
cancer. In order to evaluate the downstream target genes of
miR-30a which are able to inhibit tumor development in breast
cancer tissue, the target gene of miR-30a was screened for
using the target gene prediction software TargetScans. Among
the numerous potential target genes, due to its function in the
development of human cancer (26-29), Snail was selected as
the target gene of interest. Snail is a regulatory factor in the
process of EMT in tumor cells (30). It promotes the occur-
rence of EMT in tumor cells by upregulating Vimentin and
downregulating the expression of E-cadherin. Its abnormal
expression is closely associated with the invasion, metastasis
and recurrence of tumor cells (31). In the present study, the
results of a luciferase reporter gene assay confirmed that
following cotransfection with wild-type pMIR-Snail13-UTR'
vector and miR-30a, the luciferase activity was signifi-
cantly reduced, while following cotransfection with mutant
pMIR-Snaill3-UTR' vector and miR-30a, luciferase activity
did not significantly change. The luciferase activity did not
significantly change (P>0.05) following cotransfection with
wild type pMIR-Snail 3'-UTR vector and miR-30b. The data
indicates a direct interaction between miR-30a and Snail. Snail
may be a target gene regulated by miR-30a. Therefore, miR-30a
may serve a function inhibiting breast cancer by regulating the
expression of Snail. Therefore further study was undertaken.
First, the expression of Snail in breast cancer tissues and breast
cancer cells was detected. The results revealed that with the
increase in pathological grade and malignant degree of breast
cancer cells, Snail protein expression level gradually increased
(P<0.01). The effects of miR-30a on the expression levels of
Snail, E-cadherin, N-cadherin and Vimentin proteins in breast
cancer cells were further evaluated. The results revealed
that miR-30a was able to significantly inhibit the expres-
sion of Snail in SK-BR-3 cells, upregulate the expression of
EMT-associated E-cadherin, and downregulate the expression
of EMT-associated N-cadherin and Vimentin. These results
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suggest that Snail is a downstream target gene of miR-30a,
and that miR-30a may inhibit breast cancer by regulating the
expression of Snail in breast cancer tissues.

In summary, the present study has revealed that the expres-
sion of miR-30a in breast cancer tissue was significantly
decreased, and was closely associated with the malignant
degree of breast cancer. miR-30a is able to inhibit the prolifera-
tion and invasion of breast cancer cells. A decrease in miR-30a
expression levels in breast cancer tissue may be associated with
the occurrence and development of breast cancer. Further study
revealed that miR-30a inhibited the proliferation and invasion
of breast cancer cells by regulating the expression of Snail,
E-cadherin, N-cadherin and Vimentin proteins.
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