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Abstract: Breast cancer is the most common cancer in women worldwide. Triple-negative breast cancer is one of 
the most aggressive types of breast cancer as it has the worst clinical outcome for patients. microRNAs are a type 
of small non-coding RNA and play an important role in breast cancer. The purpose of this study was to explore the 
potential function and mechanism of miR-143-3p in triple-negative breast cancer (TNBC). MTT and colony formation 
assays, the effect of miR-143-3p modulation on MDA-MB-231 cell proliferation, revealed that increased miR-143-3p 
expression inhibited the proliferation of MDA-MB-231 TNBC cells. Moreover, miR-143-3p overexpression inhibited 
the movement of MDA-MB-231 TNBC cells in wound healing and transwell assays. To identify a potential miR-143-
3p target, we investigated the effect of miR-143-3p modulation on LIMK1 expression level. Increased miR-143-3p 
expression caused a reduction in LIMK1 mRNA and protein, suggesting that LIMK1 is a target of miR-143-3p. In 
addition, dual-luciferase reporter assays showed that LIMK1 is a target gene of miR-143-3p. Flow cytometry analysis 
indicated that miR-143-3p arrested MDA-MB-231 TNBC cells at the G0/G1 phase. The TCGA (The Cancer Genome 
Atlas) database demonstrated that miR-143-3p was down-regulated in breast cancer tissues compared with normal 
breast tissues. These data demonstrated that miR-143-3p functioned as a suppressor gene in TNBC and that miR-
143 targeted therapy may be a new strategy for TNBC treatment.

Keywords: miR-143-3p, LIMK1, triple-negative breast cancer (TNBC), progression, cell cycle

Introduction 

Breast cancer currently represents approxi-
mately one-quarter of new cancer cases and is 
the most common malignant cancer in women 
worldwide [1]. Multiple molecular pathway are 
dysregulated, resulting in different strategies 
regarding prognosis, metastasis, treatment 
sensitivity and patient survival [2]. Breast can-
cer can be divided into different types based  
on molecular characterization of ER, PR, ki-67, 
and HER2. These molecular subtypes include 
Lumina A, Lumina B, Her-2 overexpression, 
basal-like tumors, and ‘normal-like’ breast 
tumors [3]. In addition, ‘triple negative breast 
cancer’ (TNBC) is defined as a tumor that is 
negative for ER, PR, and HER2 [3]. Because 
TNBC does not have any specific hormonal bio-
marker, effective treatment of this type of BC 
remains a challenge, and it lacks effective ther-
apies to improve patient survival outcomes [4]. 

Numerous studies have demonstrated that 
TNBC exhibits a higher histological grade [5-7]. 
The incidence of metastases to visceral organs 
in TNBC patients is considerably increased 
compared with other BC patient types during 
the first 5 years after diagnosis [7]. Therefore, 
determining the mechanism of triple-negative 
breast cancer tumorigenesis is very important.

LIM kinase-1 (LIMK1) and LIM kinase-2 (LIMK2) 
belong to a small subfamily with a unique com-
bination of 2 N-terminal LIM motifs and a 
C-terminal protein kinase domain. LIMK1 is a 
serine/threonine kinase that regulates actin 
polymerization via phosphorylation and inacti-
vation of the actin binding factor cofilin (CFL1) 
[8]. The actin cytoskeleton is a very important 
regulator in cell biological activities [9]. Cell 
movement and cell cycle regulation can be reg-
ulated through phosphorylation and inactiva-
tion of CFL1 [9, 10]. Activated LIMK1 can phos-
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phorylate CFL1 and is therefore involved in the 
regulation of biological processes in cancer 
tumorigenesis and metastasis [11]. LIMK1 is 
highly expressed in breast cancer tissues, and 
over-expression of LIMK1 increased prolifera-
tion and promoted breast cancer metastasis to 
liver and lung [12].

As a type of small non-coding RNA of approxi-
mately 22 nucleotides, microRNAs (miRNAs) 
negatively regulate the expression of target 
genes. Although the miRNA group is composed 
of a few members compared with the enor-
mous number of genes, one miRNA can inter-
act with multiple target gene mRNAs. In addi-
tion, one target gene can be regulated by 
several miRNAs simultaneously [13]. The cellu-
lar processes regulated by miRNAs are highly 
tissue-specific and are tightly controlled during 
developmental stages, exerting a regulatory 
effect on a myriad of cellular physiological func-
tions, including cell development, differentia-
tion, proliferation and apoptosis [14]. In BC, 
several miRNAs function as courier messen-
gers involved in BC tumorigenesis and metasta-
sis [15].

Several studies reported that the expression of 
miR-143-3p was reduced in breast cancer tis-
sues [16-19] and that over-expression of miR-
143-3p suppresses proliferation by targeting 
ERBB3 [20] and CD44 [19]. Whether miR-143-
3p has other target genes to function as a sup-
pressor remains unknown. Here, in our study, 
we found that miR-143-3p suppresses the 
LIMK1/CFL1 pathway to suppress the prolifera-
tion and movement of TNBC. This information 
could help us better understand the mecha-
nism of breast cancer and could be useful for 
target therapy for breast cancer.

Methods and materials

Cell culture and transfection

Triple-negative breast cancer cells MDA-
MB-231 and HCC 1937 cells [21] were pur-
chased from Chinese Scientific Institute 
(Shanghai, China). HEK 293T cell was a gift 
from the department of laboratory, Shanghai 
Tenth Hospital. All cells were cultured with 
Dulbecco’s modified Eagle’s medium (DMEM; 
Gibco, USA) supplemented with 10% fetal 
bovine serum (FBS; Gibco, USA) and penicillin-
streptomycin (Enpromise, China) in incubator at 
37°C in 5% CO2. 

The miR-143-3p mimics and negative-control 
mimics were purchased from IBS Biology 
Company (Ibsbio, Shanghai, China). Before 
mimics were transfected into cells, the cells 
were cultured in six-well plates (Corning, USA) 
at a concentration of 3*105 cells/well. When 
40-50% cell density was achieved, the mimics 
were transfected with lipofectamine 2000 
(lipo-2000, Invitrogen, USA) according to the 
manufacturer’s instruction. The concentration 
of mimics was 100 nm/l, and the ratio of mim-
ics to lipo-2000 was 1.25:1 (volume). The miR-
143-3p mimic sequence was sense: 5’-UGAG- 
AUGAAGCACUGUAGCUC-3’ and anti-sense: 
5’-GCUACAGUGCUUCAUCUCAUU-3’. The negati- 
ve-control (NC) mimics sequence was sen- 
se: 5’-UCACAACCUCCUAGAAAGAGUAGA-3’ and 
anti-sense: 5’-UACUCUUUCUAGGAGGUUGUGA- 
UU-3’.

Cell proliferation assays (clone formation as-
say and 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphe 
nyltetrazolium bromide (MTT) assay)

MDA-MB-231 breast cancer cells were first 
seeded in six-well plate at 50,000/well. After 
40-50% confluence was achieved, the cells 
were treated with 100 nM miR-143-3p and NC 
mimics. Then, the treated cells were suspend-
ed in a single-cell suspension and then seeded 
in twelve-well plates (Corning, USA) at 600 
cells/well. The medium was changed every 
three days. After two weeks, the clone-forma-
tion plate was washed by PBS twice and then 
treated with 4% polyformaldehyde for 10 min-
utes at room temperature (r.t.). MDA-MB-BC 
cells were then stained with 0.1% Crystal violet 
for 10 minutes at r.t. and then washed with 
DDH2O thrice. Pictures were obtained as soon 
as the plate dried. 

For the proliferation assay, the mimic-treated 
MDA-MB-231 BC cells were seeded in ninety-
six well plates (Corning, USA) at 3000 cells/
well. The proliferation rate was measured by 
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphe nyltetra-
zolium bromide (MTT) assay at 24, 48, and 72 
h according to the manufacturer’s instructions. 
The absorbance at 490 nm of each sample was 
measured by a microplate spectrophotometer 
(BioTek, Vermont USA). 

Cell migration and invasion assay

Wound healing and transwell assays were used 
to evaluate cell migration and invasion of mim-
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ic-treated MDA-MB-231 BC cells. MDA-MB-231 
cells were treated by miR-143-3p or NC mimics 
in six-well plates. 

For the wound healing assay, when cells were 
90% confluent, a scratch was generated using 
a 200-μl-pipette tip. Pictures were obtained at 
0 and 24 h in the same position to compare cell 
movement. Cell migration and invasion ability 
were also evaluated by transwell assay (with 
Matrigel for invasion and without Matrigel for 
migration). The transwell cups were placed in 
24-well plate (Corning, USA). After treatment 
with miR-143-3p and NC mimics, 5*104 cells/
well was placed in the upper chamber with 200 
μl of DMEM with 0.1% BSA (Sigma, USA). The 
lower chamber was filled with 600 μl of 10% 
FBS DMEM. The cells were cultured for 12 to 
16 h. Then, the outer surface of the cup was 

washed thrice, fixed with 4% polyformaldehyde, 
and stained with 0.1% Crystal violet for 10 min-
utes r.t. Pictures were obtained as soon as the 
cups dried.

Quantitative reverse-transcription polymerase 
chain reaction (qRT-PCR)

MDA-MB-231 and HCC-1937 breast cancer 
cells were treated with miR-143-3p and NC 
mimics in six-well plates. After a 36-h incuba-
tion, TRIzol reagent (Invitrogen, USA) was used 
to isolate total RNA according to the manufac-
turer’s instructions, and the RT-PCR kit (Takara, 
Shiga, Japan) was used to generate the cDNA. 
QRT-PCR was performed on a 7900HT Fast 
RT-PCR instrument (Applied Biosystems, Sin- 
gapore). The amplification procedure followed  
a previous method: 5 min at 95°C followed by 

Figure 1. miR-143-3p suppressed the proliferation of TNBC cells. A and B: Clone formation assay and MTT assay 
showed that miR-143-3p inhibited MDA-MB-231 TNBC cell proliferation (student t-test and ANOVA test, *P<0.05); 
C and D: miR-143-3p inhibited PCNA protein expression in MDA-MB-231 and HCC-1937 TNBC cells (student t-test, 
**P<0.01;***P<0.001).
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40 cycles at 95°C for 30 s and 65°C for 45 s. 
Expression of mRNA was assessed by eval- 
uating threshold cycle (CT) values. The CT val-
ues of LIMK1 were normalized with GAPDH 
expression. The primer sequences were as fol-
lows: LIMK1-F: 5’-CAAGGGACTGGTTATGGTG- 
GC-3’; LIMK1-R: 5’-CCCCGTCACCGATAAAGG- 
TC-3’; GAPDH-F: 5’-CATGAGAAGTATGACAACAG- 
CCT-3’; GAPDH-R: 5’-AGTCCTTCCACGATACCAA- 
AGT-3’. The qRT-PCR results were analyzed with 
the method 2-ΔΔt [22].

Western blot analysis

After 72 h of treatment of MDA-MB-231 and 
HCC-1937 breast cancer cells, protein was col-
lected with Ripa (Beyotime Biotechnology, 

Shanghai, China), and the concentration was 
measured with BCA Protein Assay Kit (Beyotime 
biotechnology, Shanghai, China) according to 
the manufacturer’s instructions.

Protein samples (60 μg) were denatured with 
6× sodium dodecyl sulfate (SDS) loading buffer 
(100 mmol/L Tri-HCl pH 6.8, 4% SDS, 0.2% bro-
mophenol blue, 20% glycerin, 200 mmol/L 
β-mercaptoethanol) at 95°C for 5 min. Protein 
samples were separated by 10% SDS polyacryl-
amide gel electrophoresis and transferred onto 
0.45-μm nitrocellulose membranes (Beyotime 
biotechnology, Shanghai, China). Following 60 
min of blocking with 5% fat-free milk, mem-
branes were incubated with the primary anti-
body overnight at 4°C. Blots were washed and 

Figure 2. miR-143-3p suppressed TNBC cell migration and invasion. A and B: Wound healing and transwell assays 
showed that miR-143-3p suppressed MDA-MB-231 TNBC cell motility; C and D: miR-143-3p inhibited MMP2 and 
MMP9 protein expression in MDA-MB-231 and HCC-1937 TNBC cells (student t-test, ***P<0.001).
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incubated for 1 h with the anti-rabbit/mouse 
secondary antibody (1:2000, Santa, USA). After 
three washes with PBST, immunoreactive pro-
tein bands were detected with an Odyssey 
Scanning system (Li-Cor, USA). The following 
primary antibodies were used:

PCNA (1:2000, CST, USA), MMP2 (1:1000, 
Arigo, Taiwan, China), MMP9 (1:1000, Arigo, 
Taiwan, China), LIMK1 (1:500, Arigo, Taiwan, 
China), CFL1 (1:500, Arigo, Taiwan, China), 
Phos-CFL1 (1:500, Arigo, Taiwan, China), CDK2 
(1:2000, Bioworld, Shanghai, China), CDK4 
(1:2000, Abcam, USA), CDK6 (1:2000, Abcam, 
USA), Cyclin D1 (1:10000, Abcam, USA), Cyclin 
E1 (1:2000, Abcam, USA), and β-actin (1:2000, 
Santa, USA).

Cell cycle assay

MDA-MB-231 breast cancer cells were treated 
with miR-143-3p and NC mimics. After 36 h, 
the cells were collected, washed and suspend-
ed with PBS, and fixed in cold 70% ethanol 
overnight at 4°C overnight. After a 30-min 
digestion in RNase (0.1 g/l), a total of 300 μL 
(0.05 g/l) propidium iodide (PI) staining solu-
tion was added to each sample, which was then 
incubated for 30 min at room temperature in 
the dark. Cell cycles were then analyzed by flow 
cytometry.

Dual-luciferase reporter assay

HEK 293T cells were seeded in 48-well plates 
and cultured until the cells reached 70% conflu-
ence. psiCHECK-2/LIMK1 3’-UTR and psi-
CHECK-2/LIMK1 3’-UTR mutant reporter plas-
mids were purchased from Ibsbio (Shanghai, 
China). HEK 293T cells were transiently co-
transfected with 0.2 µg psiCHECK-2/LIMK1 
3’-UTR or psiCHECK-2/LIMK1 3’-UTR mutant 
reporter plasmids and together with 100 nmol/l 
miR-143-3p or miR-NC using LipofectamineTM 
per the manufacturer’s instructions. After 72 h, 
firefly and renilla luciferase activities were mea-
sured using a Dual Luciferase Assay (Beyotime 
biotechnology, Shanghai, China). Firefly lucifer-
ase values were normalized to Renilla, and the 
ratio of firefly and renilla luciferase was 
presented.

Statistical analysis

Data from at least three separate experiments 
are presented as the mean ± standard (mean ± 
SD). The two tailed t-test and student t test 
were used for comparisons between groups. 
Differences were considered significant for 
p-values less than 0.05. GraphPad Prism ver-
sion 6.0 (GraphPad, San Diego, CA, USA) was 
used for all statistical analyses.

Results

miR-143-3p suppresses breast cancer cell 
proliferation

MDA-MB-231 breast cancer cell proliferation 
was measured by clone formation and MTT 
assays. As shown in Figure 1A, clone formation 
was decreased by over-expression of miR-143-
3p. MTT assays showed that miR-143-3p has a 
significant inhibitory effect compared with the 
NC group (Figure 1B). PCNA protein levels, 
which represent the level of proliferation, were 
also decreased by over-expression miR-143-3p 
in MDA-MB-231 cells and further confirmed in 
HCC-1937 cells (Figure 1C and 1D). The data 
suggested that miR-143-3p suppresses breast 
cancer proliferation.

miR-143-3p suppresses migration and inva-
sion of breast cancer cells

MDA-MB-231 breast cancer cell migration and 
invasion was measured using the wound heal-

Figure 3. LIMK1 is a target gene of miR-143-3p. A: 
Wild-type and mutant binding site of miR-143-3p 
with LIMK1; B: Dual-luciferase reporter assay re-
vealed that miR-143-3p reduced the luciferase activ-
ity of LIMK1, indicating that LIMK1 is a target gene of 
miR-143-3p (student’s t-test, **P<0.01).
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ing test and transwell assay. As shown in Figure 
2A, the scratch in the NC mimics group healed 
more rapidly compared with the miR-143-3p-
treated group at 24 h, suggesting that miR-
143-3p could suppress the movement ability  
of MDA-MB-231 breast cancer cells. The tran-
swell assay also confirmed the result (Figure 
2B). We then detected MMP2 and MMP9 pro-
tein levels as these proteins are involved in 
migration and invasion. As shown in Figure 2C 
and 2D, MMP2 and MMP9 expression was sig-
nificantly decreased in MDA-MB-231 and HCC-
1937 breast cancer cells. These data suggest-

ed that miR-143-3p suppresses the migration 
and invasion of breast cancer cells.

miR-143-3p suppresses LIMK1 expression

Several databases, such as TargetScan, PicTar 
and miRwalk, indicated that LIMK1 may be a 
potential target of miR-143-3p. We constructed 
two types of plasmids that contained the wild-
type and mutant binding site of miR-143-3p 
with LIMK1 (Figure 3A). As shown in Figure 3B, 
miR-143-3p significantly reduces luciferase 
activity in the wild-type group compared with 

Figure 4. miR-143-3p inhibited the expression of the LIMK1/CFL1 signaling pathway. A and B: miR-143-3p reduced 
LIMK1 mRNA levels in MDA-MB-231 and HCC-1937 TNBC cells (student t-test, *P<0.05, ***P<0.001); C and D: 
miR-143-3p decreased LIMK1 protein levels and suppressed phosphorylation of CFL1 (student t-test, **P<0.01, 
***P<0.001).
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the NC group. The data suggested that LIMK1 
is a target gene of miR-143-3p. As shown in 
Figure 4A and 4B, miR-143-3p significantly 
inhibited LIMK1 mRNA levels. miR-143-3p also 
inhibited LIMK1 protein levels and furthermore 
inhibited the CFL1 expression in MDA-MB-231 
and HCC-1937 breast cancer cells (Figure 4C 
and 4D). These data indicated that miR-143-3p 
targets the LIMK1 gene, inhibits its expression 
at both the mRNA and protein level and further-
more affects CFL1 expression.

miR-143-3p arrested MDA-MB-231 cells at the 
G0/G1 cell phase

After treatment with miR-143-3p and NC mim-
ics, cells were collected for flow cytometry anal-
ysis. Flow cytometry analysis results showed 

that miR-143-3p arrests MDA-MB-231 cells at 
the G0/G1 cell phase. In addition, the propor-
tion of S phase cells decreased compared with 
the NC group (Figure 5A). Furthermore, we 
explored potential proteins that could affect 
the cell cycle. Expression of CDK4, 6/Cyclin D1 
and CDK2/Cyclin E1 were also reduced by miR-
143-3p in MDA-MB-231 and HCC-1937 breast 
cancer cells (Figure 5B and 5C). These data 
indicated that miR-143-3p arrest cells in the 
G0/G1 cell phase.

miR-143-3p expression is decreased in breast 
cancer tissues

Furthermore, miRNA-seq data of miR-143-3P 
were retrieved from TCGA. In the TCGA data-

Figure 5. Overexpression of miR-143-3p arrested MDA-MB-231 TNBC cells in the G0/G1 cell phase. A: The flow 
cytometry analysis indicated that miR-143-3p arrested MDA-MB-231 TNBC cells in the G0/G1 phase (student t-test, 
*P<0.05, **P<0.01); B and C: miR-143-3p suppressed the protein levels of potential regulated pathway compo-
nents: CDK4, 6/Cyclin D1 and CDK2/Cyclin E1 (student t-test, **P<0.01, ***P<0.001).
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base, we found that miR-143-3p expression 
was significantly decreased in breast cancer 
tissues compared with normal breast tissues 
(Figure 6).

Discussion

According to several studies, TNBC accounts 
for approximately 15% of all breast cancer 
cases, and TNBC typically corresponds to a 
more aggressive clinical phenotype. The metas-
tasis rate is 35% after 6-year follow-up [23]. To 
date, no specific therapy is available for TNBC, 
which typically exhibited a worse outcome than 
other types of breast cancers [24]. 

As one type of important epigenetic regulator, 
miRNAs play a key role in tumorigenesis and 
progression of BC [15]. The development of 
miRNA-based therapies has been one of the 
proposed strategies for BC treatment [25]. 
Indeed, several miRNAs has been reported to 
be involved in BC tumorigenesis and metasta-
sis [15]. The inhibition of oncogenic miRNAs 

1937 cells, over-expression of miR-143-3p 
mimic caused a decrease in MMP2 and MMP9 
protein expression. Our results confirm that 
miR-143-3p could be considered a tumor sup-
pressor miRNA for TNBC, which is consistent 
with other findings [19, 20, 28]. Based on 
TargetScanPicTar and miRwalk database pre-
dictions, we found that LIMK1 may be a poten-
tial target gene for miR-143-3p. LIMK1 has only 
one known physiological substrate, CFL1, a 
small protein that is required for tumor cell 
movement [29]. During mitosis and/or meiosis, 
the LIMKs-CFL1 pathway may function as an 
important regulator of actin cytoskeletal rear-
rangements, chromosome segregation, and 
cytokinesis (REF). In addition, this pathway is 
involved in cell cycle regulation [9]. 

The plasmids containing the 3’-UTR of human 
LIMK1 with wild-type binding sites and/or 
mutant binding sites for miR-143-3p were bo- 
ught from the IBS Biology Company (Shanghai, 
China). The plasmids were co-transferred into 
HEK293T cells together with mimic miR-143-

Figure 6. The TCGA database demonstrated that miR-143-3p expression was 
down-regulated in breast cancer tissues compared with normal breast tis-
sues (student t-test, P=1.77636e-15; fold change =0.423152).

could be an innovative thera-
peutic approach for BC treat-
ment [17, 26, 27].

Several studies reported re- 
duced miR-143-3p expres-
sion in BC tissues [16-19].  
In this study, we found that 
over-expression of miR-143-
3p could significantly sup-
pressed the proliferation of 
MDA-MB-231 BC cells. Given 
that PCNA protein typically 
reflects the trend of prolifera-
tion and is used as a clinical 
and experimental marker, we 
analyzed PCNA protein expre- 
ssion levels. In both MDA-
MB-231 and HCC-1937 TNBC 
cancer cells, PCNA was signifi-
cantly reduced upon treat-
ment with the miR-143-3p 
mimic. In addition, we ex- 
plored whether miR-143-3p 
inhibits TNBC cell migration 
and invasion. Wound healing 
and transwell assays showed 
that over-expression of miR-
143-3p suppresses cell motil-
ity. In MDA-MB-231 and HCC-
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3p. The luciferase activity assay showed that 
LIMK1 is a direct target gene of miR-143-3p. In 
the literature, it was reported that miR-143-3p 
targeted LIMK1 to inhibit the progression of 
lung cancer and prostate cancer [30-32]. In our 
study, we found that miR-143-3p inhibits the 
expression of LIMK1 at both the mRNA and pro-
tein level. Furthermore, miR-143-3p could 
inhibit the expression and phosphorylation of 
CFL1, which is the only known substrate of 
LIMK1. Flow cytometry analysis showed that 
miR-143-3p overexpression arrests MDA-
MB-231 cells at the G0/G1 phase. We analyzed 
potential proteins that regulate this process in 
both MDA-MB-231 and HCC-1937 TNBC cells. 
The results showed that the expression of the 
CDK4, 6/Cyclin D1 complex and the CDK2/
Cyclin E1 complex were suppressed by over-
expression of miR-143-3p compared with the 
NC group. Our findings suggest that miR-143-
3p inhibits TNBC cell proliferation through the 
control of CDK4, 6/Cyclin D1 and CDK2/Cyclin 
E and decreases the invasion ability of TNBC 
cells through the LIMK1/CFL1 pathway. 

In conclusion, our findings suggest that miR-
143-3p could act as a tumor suppressor miRNA 
by reducing the progression of TNBC cancer 
cells through partial regulation of the LIMK1/
CFL1 pathway. Further work must be performed 
to clarify the role of this miRNA in in vivo animal 
models of TNBC. 
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