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Abstract. – OBJECTIVE: The aim of this 
study was to explore the expression and biolog-
ical functions of micro ribonucleic acid (miR)-
548b-3p in breast cancer (BC), and to investi-
gate its potential molecular mechanism.

PATIENTS AND METHODS: The expression 
level of miR-548b-3p in BC tissues and cells 
was detected by quantitative Reverse Transcrip-
tion-Polymerase Chain Reaction (qRT-PCR). Sub-
sequently, the impacts of miR-548b-3p on the pro-
liferation, apoptosis, and cycle, as well as migra-
tion and invasion of BC cells, were explored us-
ing colony formation assay and 5-ethynyl-2’-de-
oxyuridine (EdU) staining, flow cytometry, and 
transwell assay, respectively. The possible down-
stream target genes of miR-548b-3p were pre-
dicted via bioinformatics and verified through 
qRT-PCR and Western blotting. Furthermore, Du-
al-Luciferase reporter gene assay was employed 
to confirm whether miR-548b-3p could directly 
bind to murine double minute 2 (MDM2).

RESULTS: QRT-PCR results showed that miR-
548b-3p expression was significantly downreg-
ulated in 37 out of 43 BC tissues. Subsequent 
in-vitro experiments indicated that the overex-
pression of miR-548b-3p significantly inhibited 
the proliferation and metastasis, whereas pro-
moted the apoptosis of BC cells. Bioinformatics 
predicted that MDM2 was the downstream target 
gene of miR-548b-3p. After overexpression of 
miR-548b-3p, qRT-PCR, and Western blotting re-
sults revealed that the expression of MDM2 was 
remarkably downregulated. Dual-Luciferase re-
porter gene assay further confirmed that miR-
548b-3p could directly bind to MDM2.

CONCLUSIONS: MiR-548b-3p expression was 
significantly downregulated in BC. In addition, 
lowly expressed miR-548b-3p repressed the 
proliferation and metastasis of BC cells through 
targeted regulation of MDM2.
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Introduction

Breast cancer (BC) is the most common malig-
nant tumor in women, which is also the second ma-
jor cause of tumor-related deaths in females around 
the world1,2. The mortality rate of BC patients has 
been significantly reduced due to the improvement 
in its early diagnosis and treatment strategies. Al-
though most BC patients have favorable therapeutic 
effect at first, some may progress into more ag-
gressive forms of tumor after a period of time and 
produce resistance to radiotherapy and chemother-
apy at the same time3. Therefore, it is of important 
significance to seek for molecular biomarkers for 
the prevention, diagnosis, and treatment of BC.

Micro ribonucleic acids (miRNAs) are a cat-
egory of small non-coding RNAs with about 
22 nucleotides in length. They can bind to the 
3’-untranslated region (3’-UTR) of their messen-
ger RNAs (mRNAs) to trigger the degradation 
or post-transcriptional translational repression 
of mRNAs, thus regulating the target gene ex-
pression. A bioinformatics study4 has illustrated 
that miRNAs may control more than 30% pro-
tein-coding genes. MiRNAs participate in reg-
ulating multiple factors of tumor progression, 
including growth and metastasis5,6. Meanwhile, 
they play vital roles in the occurrence and de-
velopment of malignancies as anti-oncogenes or 
oncogenes. Currently, the expression profiles of 
miRNAs are becoming potential diagnostic and 
prognostic markers, which can facilitate individ-
ualized treatment and disease management7.

The miR-548 family is a fairly big primate-spe-
cific miRNA family, with greater nucleotide dif-
ference and lower conservation than other big 
miRNA families8. As a member of the miR-548 
family, miR-548b-3p exhibits dysregulated ex-
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pression in a variety of tumors. Based on liter-
ature9, miR-548b-3p suppresses the proliferation 
of hepatocellular carcinoma (HCC) cells by tar-
geting CIP2A. In NSCLC, miR-548b-3p serves 
as an anti-oncogene by controlling the PI3K/
AKT signaling pathway10. In this research, in 
vitro experiments showed that the expression of 
miR-548b-3p was downregulated in BC tissues 
and cells. Moreover, overexpressed miR-548b-3p 
repressed the proliferation and metastasis of BC 
cells.

Patients and Methods

Tissue Specimens
Tissue specimens were collected from 43 pa-

tients receiving radical mastectomy in Shandong 
Provincial Third Hospital from January 2017 to 
June 2018. No patient received radiotherapy, che-
motherapy, endocrine therapy, targeted therapy, 
or other treatments before operation. The types of 
tissue specimens were defined pathologically. All 
collected tissues were immediately stored in liq-
uid nitrogen at -180°C for use. This research was 
approved by the Ethics Committee of Shandong 
Provincial Third Hospital.

Cell Lines
Human BC cell lines (MDA-MB-231, MDA-

MB-435, MCF-7, and ZR-75-1) and normal 
mammary epithelial cell line (MCF-10A) were 
purchased from the Shanghai Institutes for Bi-
ological Sciences, CAS (Shanghai, China). All 
cells were incubated in Roswell Park Memorial 
Institute-1640 (RPMI)-1640 medium (HyClone; 
South Logan, UT, USA) containing 10% fetal bo-
vine serum (FBS; Gibco, Rockville, MD, USA) 
in an incubator with 5% CO2 at 37°C.

Reagents
The reagents used were: TRIzol reagent, re-

verse transcription (RT) kit, and SYBR® Green 
Mix (Vazyme Biotech Co., Ltd., Nanjing, China); 
miR-548b-3p mimics (Shanghai GenePharma, 
Shanghai, China); LipofectamineTM 2000 (Invit-
rogen, Carlsbad, CA, USA); 5-ethynyl-2’-deoxy-
uridine (EdU) staining kit (Shanghai Beyotime 
Biotechnology Co., Ltd. , Shanghai, China); 
transwell chambers, 6-well plate, and 96-well 
plate (Corning, Corning, NY, USA); rabbit an-
ti-glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) and murine double minute 2 (MDM2) 

antibodies (Cell Signaling Technology, Danvers, 
MA, USA). 

Quantitative RT-Polymerase Chain 
Reaction (qRT-PCR)

Total RNAs were extracted from BC tissues 
and cells using TRIzol reagent. RNA concen-
tration and quality were determined via a mi-
cro-plate reader. Next, extracted RNAs were re-
versely transcribed into complementary deoxy-
ribonucleic acid (cDNAs). The amplification was 
performed using a real-time fluorescence qPCR 
instrument, with U6 as an internal reference. 
PCR procedures were as follows: pre-denatur-
ation at 95°C for 3 min, denaturation at 95°C 
for 15 s, and annealing at 62°C for 10 s, for a 
total of 40 cycles. The primer sequences used 
in this study were as follows: U6 F 5’-GT-
GCTCGCTTCGGCAGCATA-3’, R 5’-GGAAC-
GCTTCACAATTTGCGTGTC-3’; miR-548b-
3p F 5’-TACTCAAAATGGGGGCGCTT-3’, R 
5’-GGGACACCCCAAAATCGAAG-3’; MDM2 
F 5’-GCGGAGTGATCGTCAATAACA-3’, R 
5’-GACCCGGTAAGGGGTAAGGT-3’. GAPDH 
F: 5’-TGACTTCAACAGCGACACCCA-3’, R: 
5’-GGAGTGTTGGAGAAGTCATATTAC-3’

Colony Formation Assay
BC cells (8×102) in the experimental group 

and control group were first cultured in 6 cm 
culture dishes. 14 d later, the culture medium 
was discarded. Then, the cells were rinsed with 
phosphate-buffered saline (PBS), fixed in 20% 
methanol, and stained with crystal violet. Next, 
the cells on the surface of the upper membrane 
were discarded. Finally, formed colonies were 
observed under a microscope, and the number of 
colonies was counted.

EdU Staining
The cells in the logarithmic growth phase were 

collected and seeded into a 24-well plate (400 μL/
well) at a density of 8×105 cells/mL. Then, the 
cells were cultured in an incubator for plating. 
After adherence, DS intervention was applied 
in the experimental group. Meanwhile, an equal 
volume of PBS was added into the control group. 
At 24 h after intervention, EdU staining was con-
ducted according to the kit instructions.

Cell Apoptosis
The grouping and steps of transfection were as 

above. 48 h after transfection, the digested cells 
were harvested and centrifuged to remove the 
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supernatant. Then, the cells were washed with 
pre-cooled PBS at 4°C twice, followed by centrif-
ugation and collection. Later, cell concentration 
was adjusted to 1×106 cells/mL using l × Annexin 
V binding buffer. After that, each sample was 
mixed with 5 μL of PE Annexin V and 5 μL of 
7-ADD, separately. After incubation in the dark 
at room temperature for 10-15 min, 400 μL of 1 × 
binding buffer was added. Finally, cell apoptosis 
was detected using a flow cytometer (Partec AG, 
Arlesheim, Switzerland).

Cell Cycle
Digested cells at 48 h after transfection were 

collected, and the supernatant was discarded af-
ter centrifugation. Subsequently, the cells were 
washed with pre-cooled PBS at 4°C twice, cen-
trifuged, harvested, and re-suspended in 500 μL 
of PBS. Next, the cells were quickly added with 5 
mL of ice-cold 70% ethanol at -20°C. After fixa-
tion at 4°C overnight, the cells were centrifuged 
to discard the supernatant and washed with PBS 
for 3 times to remove the fixative. Next, 500 μL 
of propidium iodide/RNase staining solution was 
added for water bath in the dark at 4°C for 30 
min. Finally, cell cycle distribution in each group 
was examined using the flow cytometer.

Transwell Assay
Matrigel (8-12 mg/mL) (Corning, Corning, 

NY, USA) was diluted 30-40 times to 200-300 
μg/mL. 0.1 mL of diluted Matrigel was carefully 
injected into transwell chambers using a yellow 
pipette for 2 h of incubation at 37°C. Next, partial 
supernatant was absorbed carefully, and the cells 
were diluted by serum-free medium into cell 
suspension (2×105/mL). 100 μL of serum-free cell 
suspension was added into the upper chamber. 
Meanwhile, 800 μL of 10% FBS + RPMI-1640 
medium was added into the lower chamber. Then, 
the cells were incubated in an incubator at 37°C 
for 24 h. Next, transwell plates were taken out, 
washed with PBS twice, fixed in methanol for 30 
min, and stained with crystal violet for 30 min. 
The cells on the upper surface were wiped out 
using cotton balls, and the migrating cells were 
observed under a microscope.

Western Blotting
The cells in the experimental group and 

control group were harvested and washed in 
PBS twice to remove the supernatant. The total 
proteins were extracted and extracted protein 

concentration was measured via a bicinchonin-
ic acid kit. Every 100 μL of protein sample 
was added with 25 μL of loading buffer for 
5× SDS-polyacrylamide gel electrophoresis 
(PAGE), followed by denaturation at 100°C 
for 5-10 min. Later, the protein samples were 
subjected to PAGE and wet transferred onto 
polyvinylidene difluoride (PVDF) membranes 
(Millipore, Billerica, MA, USA) and soaked in 
methanol previously. The membranes were then 
sealed in 50 g/L skimmed milk powder for 1.5 
h and washed with Tris-Buffered Saline-Tween 
20 (TBST) for 3 times (10 min for each). Next, 
the membranes were incubated with primary 
antibodies (1:1000) on a shaking table at 4°C 
overnight. On the next day, the membranes 
were washed with TBST for 3 times (10 min/
time), and incubated with the corresponding 
secondary antibodies (1:2000) at room tem-
perature for 1.5 h. Immuno-reactive bands were 
finally exposed via enhanced chemilumines-
cence (ECL) method (Thermo Fisher Scientific, 
Waltham, MA, USA).

Dual-Luciferase Reporter Gene Assay
Target genes were predicted by means of on-

line web TargetScan (http://www.targetscan.org/
vert_72). Finally, MDM2 was screened as a pos-
sible target molecule. BC cells in the logarithmic 
growth phase were inoculated into 6-well plates 
and conventionally cultured for 24 h. Then, the 
cells were transfected with pmirGLO-MDM2-
wild-type (WT) + miR-548b-3p mimics, pmir-
GLO-MDM2-WT + negative control (NC), pmir-
GLO-MDM2-mutant-type (Mut) + miR-548b-3p 
mimics and pmirGLO-MDM2-Mut + NC, re-
spectively. At 24 h after transfection, the fluores-
cence intensity of MDM2 promoter was detected 
in accordance with Dual-Luciferase assay kit 
(Promega, Madison, WI, USA).

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 19.0 software (SPSS Inc., Chicago, IL, 
USA) was utilized for all statistical analysis. 
The measurement data were expressed as mean 
± standard deviation (x– ± s). The t-test was ad-
opted to compare the differences between the 
two groups. One-way analysis of variance was 
applied to compare the differences among mul-
tiple groups, followed by post-hoc test (Least 
Significant Difference). p<0.05 was considered 
statistically significant.
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Results

MiR-548b-3p Expression was 
Downregulated in BC Tissues and Cells

Total RNA was first extracted from 43 BC tissues 
and reversely transcribed into cDNA. QRT-PCR 
assay showed that compared with para-carcinoma 
tissues, miR-548b-3p expression was significantly 
downregulated in 37 of 43 BC tissues (Figure 1A). 
Total RNA in BC cells was extracted using the 
same method. Subsequent qRT-PCR results indicat-
ed that the expression of miR-548b-3p significantly 
decreased in BC cells (Figure 1B). To investigate 
the function of miR-548b-3p in BC cells, its overex-
pressed mimics were designed and transfected into 
BC cells. Transfection efficiency was verified by 
qRT-PCR 48 h later (Figure 1C and 1D).

MiR-548b-3p Inhibited Proliferation 
of BC Cells

After miR-548b-3p overexpression in BC cells, 
colony formation assay, and EdU staining results 

manifested that the proliferation of BC cells was 
remarkably repressed (Figure 2A-2D). 

MiR-548b-3p Promoted Apoptosis and 
Cycle Arrest and Inhibited Metastasis 
of BC Cells

To further explore the biological function 
of miR-548b-3p in vitro, miR-548b-3p mimics 
were transfected into BC cells. The changes 
in the apoptosis and cycle distribution of BC 
cells were detected via flow cytometry. The 
results displayed that the apoptosis rate of BC 
cells was significantly upregulated after over-
expression of miR-548b-3p (Figure 3A and 3B). 
Meanwhile, cell cycle was distributed at G1/G0 
phase (Figure 3C and 3D). Subsequently, the 
influences of miR-548b-3p on the migratory 
and invasive abilities of BC cells were ex-
plored by transwell assay. The results exhibited 
significantly repressed migratory and invasive 
abilities of BC cells after miR-548b-3p overex-
pression (Figure 3E and 3F).

Figure 1. MiR-548b-3p expression is down-regulated in BC tissues and cells. A, Relative expression of miR-548b-3p in 43 
cases of BC tissues detected via qRT-PCR. MiR-548b-3p expression is downregulated in 37 cases of BC tissues. B, Relative 
expression of miR-548b-3p in BC cells measured by qRT-PCR assay. C, and D, Overexpression efficiency determined through 
qRT-PCR after overexpression of miR-548b-3p.
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MiR-548b-3p Targeted Regulation of 
MDM2 Expression

Target genes that could probably bind to miR-
548b-3p were predicted via bioinformatics (Figure 
4A). According to qRT-PCR results, the mRNA ex-
pression level of MDM2 was significantly downreg-
ulated after overexpression of miR-548b-3p (Figure 
4B). Western blotting results indicated that the pro-
tein level of MDM2 decreased as well (Figure 4C). 
Dual-Luciferase reporter gene assay confirmed that 
miR-548b-3p was able to directly bind to MDM2 
(Figure 4D). These findings suggested that miR-
548b-3p was downregulated in BC and remarkably 
repressed the proliferation and metastasis of BC 
cells through targeted regulation of MDM2.

Discussion

BC, with an incidence rate of about 29% and 
death rate of 14%, ranks the first among malig-
nant tumors in women. It seriously threatens the 

safety and quality of life in females worldwide11. 
According to relevant investigations, the malig-
nant proliferation and metastasis of BC are the 
leading causes of death. Meanwhile, exploring 
the molecular biology, genetics, etiology, and 
cell origin of BC exhibits crucial effects in 
modifying treatment protocol and identifying 
prognosis12,13.

MiRNAs are endogenous, non-coding, sin-
gle-stranded RNAs capable of regulating gene 
expressions at the post-transcriptional level. Their 
aberrant expression involves such tumor process-
es as growth, invasion, and apoptosis14,15. Sun et 
al16 and Mai et al17 have found that miRNAs are 
abnormally expressed in various tumors, includ-
ing lung cancer, colorectal cancer, and gastric 
cancer, serving as anti-oncogenes or oncogenes. 
Min et al18 have indicated that miR-214 inhibits 
epithelial-mesenchymal transition by downregu-
lating RNF8 expression in BC. Zhao et al19 have 
reported that miR-665 accelerates BC metastasis 
through targeted regulation of NR4A3 expression. 

Figure 2. MiR-548b-3p inhibits proliferation of BC cells. A, and B, Changes in proliferative capacity of BC cells detected 
via colony formation assay after overexpressing miR-548b-3p (×20). C, and D, Changes in proliferative capacity of BC cells 
detected by EdU staining after overexpressing miR-548b-3p (×40).
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However, there has been no report about the role 
of miR-548b-3p in BC yet. Therefore, our study 
investigated the role of miR-548b-3p in BC and 
found that miR-548b-3p was lowly expressed in 
BC cells and overexpression miR-548b-3p could 

inhibited proliferation and metastasis of BC cells 
via promoting apoptosis and cycle arrest.

The oncogene MDM2 was initially detected in 
spontaneously transformed 3T3DM cells contain-
ing DMs. It is located in chromosome 12q13-14, 

Figure 3. MiR-548b-3p promotes apoptosis and cycle arrest and inhibits metastasis of BC cells. A, and B, Apoptosis rate of BC 
cells determined via flow cytometry after overexpressing miR-548b-3p. C, and D, Cycle distribution of BC cells determined by 
flow cytometry after miR-548b-3p overexpression. E, and F, Changes in migratory and invasive abilities of BC cells detected 
through transwell assay after overexpression of miR-548b-3p (×40).
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with a full length of approximately 2.372 kb and 
a relative molecular weight of 90 kD. MDM2 
protein products can form complexes with p53 
protein, so as to reduce the expression and even 
inactivate p53, thereby inducing malignant tu-
mors20. Based on a literature report21, miR-339-
5p promotes the occurrence and development 
of colorectal cancer by modulating the MDM2 
pathway. In this research, functional assays con-
firmed that miR-548b-3p repressed the prolif-
eration and metastasis of BC cells by directly 
binding to MDM2.

Conclusions

MiR-548b-3p expression was significantly 
downregulated in BC. Moreover, lowly expressed 
miR-548b-3p repressed the proliferation and me-
tastasis of BC cells through targeted regulation 
of MDM2.
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