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Abstract: Breast cancer is the second leading cause of cancer mortality in women worldwide. 

Molecular therapy is needed to improve the outcome in patients with breast cancer. miR-203 

participates in cancer cell proliferation, transformation, and apoptosis. This study showed that 

miR-203 was upregulated in breast cancer tissues and the MCF-7 cell line. miR-203 knockdown 

suppressed colony formation and transformation and also limited migration in MCF-7 cells. 

Fibroblast growth factor 2 (FGF2) was confirmed as a novel target of miR-203, as miR-203 

knockdown induced an enhanced expression of FGF2 in MCF-7 cells. Moreover, FGF2 can 

reverse transforming growth factor-β signal pathway to suppress breast cancer. These findings 

provide new insights with potential therapeutic applications for the treatment of breast cancer.

Keywords: breast cancer, miR-203, FGF2

Introduction
As the second leading cause of cancer mortality in women, breast cancer is a serious 

public health problem worldwide, and the age of onset tends to be younger in recent 

years.1 According to the International Agency for Research on Cancer, ∼1.7 million 

women were diagnosed with breast cancer in 2012, and breast cancer incidence has 

increased by .20% since 2008.2 Although early diagnosis and more effective treatment 

can decline the incidence of breast cancer, morbidity and mortality remain high and 

the prognosis is poor.3 Therefore, there is a growing need to understand the molecular 

pathogenesis of breast cancer. Fortunately, molecular cancer biology has led to an 

increased understanding of factors that contribute to breast cancer pathogenesis and 

progression in recent years.4

MicroRNAs (miRNAs) are a kind of small noncoding single-stranded RNAs from 

the endogenous chromosome, which are highly conservative in evolution. miRNAs 

mediate posttranslational regulation via base pairing with target messenger RNAs,5 

thereby playing an important role in the control of cancer cell growth.6–8 A number 

of studies have demonstrated that the expression levels of miRNAs are significantly 

changed in at least one tumor type, and the regulation of miRNAs is closely related 

to the proliferation and transformation of cancer cells.9 For instance, miR-15a and 

miR-16-1 were shown to be downregulated in patients with B-cell chronic lympho-

cytic leukemia, while miR-21 was found to be upregulated in human non-small cell 

lung cancer.10,11 As the first skin-specific miRNA reported recently, miR-203 not only 

involved in regulating embryonic epidermal differentiation, building the protective 

layer of skin as well as skin diseases such as psoriasis but also participated in cancer 
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cell proliferation, transformation, and apoptosis by cooper-

ating with target gene as suppressor or carcinogen factor.12 

To explore the action mechanism of miR-203, ~588 target 

sites of miR-203 were predicted by TargetScan and miRanda 

bioinformatics software.13 As a well-known tumor suppres-

sor, the downregulated expression of miR-203 has been 

described in several types of cancer, such as human esopha-

geal squamous cell carcinoma,14 lung cancer,15 pancreatic 

cancer,16 colon cancer,17 bladder cancer,18 and hepatocellular 

carcinomas.19 On the contrary, further research has shown 

that miR-203 is highly expressed in breast cancer tissue com-

pared with the adjacent noncancer breast tissue.20,21 However, 

the functional role and mechanistic action of miR-203 in 

breast cancer are still unclear.

In this study, we demonstrate the biological function, 

molecular mechanisms, and target gene of miR-203 in breast 

cancer.

Patients and methods
Patients
A total of ten patients with breast cancer were enrolled in 

our study, who were recruited from Qianfoshan Hospital 

Affiliated to Shandong University. A total of ten patient-

matched noncancerous tissues were obtained from patients 

with breast cancer undergoing surgery. The diagnosis 

of breast cancer was established using the World Health 

Organization’s morphological criteria.22 A written form of 

informed consent was obtained from all patients participating 

in the study. The study was approved by the Medical Ethics 

Committee of Qianfoshan Hospital Affiliated to Shandong 

University.

Quantitative real-time polymerase 
chain reaction
Total RNA was extracted from breast cancer tissues or cul-

tured MCF-7 cells using the Trizol reagent (Thermo Fisher 

Scientific, Waltham, MA, USA). cDNA was synthesized from 

1 μg of total RNA using One Step RT-PCR Kit (TaKaRa). 

The expression level of miR-203 was measured using a 

TaqMan miRNA assay (Thermo Fisher Scientific) according 

to the provided protocol and using U6 small nuclear RNA as 

an internal control. The expression of miR-203 was detected 

using Power SYBR Green Kit (Thermo Fisher Scientific). 

All experiments were performed in triplicate.

miRNAs transfection
MCF-7 cells were seeded in six-well plates at a concentra-

tion of 1×105 and cultured in medium without antibiotics 

for ∼24  hours before transfection. Cells were transiently 

transfected with miRNA inhibitor negative control and anti-

miR-203 (Thermo Fisher Scientific) at a final concentration 

of 200 nM.

Cell proliferation, transformation, and 
migration assay
Cloning formation assay
MCF-anti-miR-203 and MCF-control (cont) cells were 

seeded into a 10  cm cell culture plate and incubated for 

10 days at 37°C after treatment. Then, cells were washed 

twice with phosphate-buffered saline, fixed with cold metha-

nol, and then counted and analyzed by Wright’s stain.

Wound healing assay
According to the provided protocol, 70 μL of MCF-anti-

miR-203 and MCF-cont suspended cells were seeded into 

Culture-Inserts (Ibidi) each well and incubated for 24 hours 

at 37°C and 5% CO
2
. After appropriate cell attachment, the 

culture inserts were gently removed using sterile tweezers. 

The situation of wound healing was observed by measuring 

the wound width over time.

Transwell assay
MCF-anti-miR-203 and MCF-cont cells were serum starved 

overnight and resuspended in serum-free medium. According 

to the provided protocol, 400 µL cell suspension was placed 

in the upper transwell of Matrigel (BD Biosciences, San Jose, 

CA, USA). The chambers were placed in 24-well plates and 

cultured in 600 µL RPMI medium with 20% fetal bovine 

serum for 24  hours at 37°C to allow the cells to migrate 

through the porous membrane. The migration capacity was 

evaluated as the total number of cells on the lower surface 

of the membrane counted by microscopy.

Luciferase assay
The miR-203 putative conserved binding sites from 3′ 
untranslated region (UTR) fibroblast growth factor 2 (FGF2) 

was cloned into the reporter luciferase vector (Ambion, 

Austin, TX, USA). Mutant FGF2 3′UTRs bearing a substitu-

tion of three nucleotides in the miR-203 target sequence were 

generated using a Site-Directed Mutagenesis Kit (Agilent 

Technologies, Santa Clara, CA, USA). Then, miR-203 inhibi-

tor or control miRNA was cotransfected with wild-type or 

mutant luciferase reporter plasmid DNAs into MCF-7 cells in 

24-well plates using Lipofectamine 2000. Luciferase activity 

was measured after 48 hours.
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Western blot
MCF-7 cells were transduced with replication-deficient 

lentivirus expressing anti-miR-203 or control miRNA. Cells 

were selected with puromycin to establish a stable cell line 

and then lysed with radioimmunoprecipitation assay buffer 

supplied with the mixture of protease inhibitors (Thermo 

Fisher Scientific). Equal amounts of protein of cells were 

resolved by 10% sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis. After blotting on polyvinylidene difluoride 

membranes, the membrane was blocked with 3% fat-free 

milk for 2 hours, which were probed with primary antibody 

for FGF2, p-extracellular signal-regulated kinase (ERK), 

transforming growth factor (TGF)-β, p-Smad, E-cadherin, 

and glyceraldehyde 3-phosphate dehydrogenase (Santa Cruz 

Biotechnology Inc., Dallas, TX, USA) at 4°C overnight. 

Then, the membranes were incubated with horseradish 

peroxidase-conjugated secondary antibodies for 2 hours at 

room temperature. Signals were detected using enhanced 

chemiluminescence reagents (Thermo Fisher Scientific).

Statistical analysis
Student’s t-test was performed to compare the differences 

between two groups. The analysis of more than two groups 

was performed with a two-way ANOVA. P#0.05 was con-

sidered statistically significant.

Results
miR-203 is upregulated in breast cancer
To determine the role of miR-203 in breast cancer, quantitative 

real-time polymerase chain reaction was performed on RNA 

extracted from ten pairs of breast cancer tissues and patient-

matched noncancerous tissues. Figure 1A shows that miR-203 

expression level is higher in breast tumor tissues (seven of ten) 

than in patient-matched noncancerous tissues, and Figure 1B 

shows that the average value of ten samples reveals remarkable 

miR-203 upregulated expression in tumor tissues compared 

with normal breast tissues, which is consistent with recent 

reports.20,21 Next, we measured the miR-203 expression level 

in breast cell line, MCF-7, and primary human mammary 

Figure 1 miR-203 is upregulated in breast cancer.
Notes: (A) miR-203 expression in clinical breast cancer specimens and patient-matched noncancerous breast tissues. (B) Comparison of miR-203 level in normal (non
cancerous tissues; n=10) and breast tumor tissues (n=10). (C) miR-203 expression in primary HMECs and breast cancer cells (MCF-7). The results are presented from three 
independent experiments (*P,0.05, **P,0.01).
Abbreviation: HMECs, human mammary epithelial cells.
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epithelial cells. Figure 1C shows an enhanced expression level 

of miR-203 in breast cancer cells, MCF-7, compared with 

human mammary epithelial cells. Based on the findings from 

miRNA array, we considered that miR-203 was overexpressed 

in breast cancer, and focused on miR-203 for further studies 

to evaluate its role in breast cancer pathogenesis.

Anti-miR-203 inhibits the proliferation, 
transformation, and migration capacities 
of MCF-7 cells
The significant upregulation of miR-203 expression in breast 

cancer tissues suggested possible biological significance in 

tumorigenesis. To explore the potential biological effect of 

unusually high expression of miR-203 on breast cancer, we 

transfected miRNA-cont and anti-miR-203 into the MCF-7 

breast cancer cell line. Cloning formation assay was utilized 

to evaluate cell proliferation capacity, and the results showed 

that miR-203 knockdown could repress the cell growth of 

MCF-7 cells (Figure 2A). Then, wound healing assay was 

performed to assess cell transformation activity, and the 

results revealed that the healing degree was significantly 

inferior in anti-miR-203 MCF-7 cells compared with control 

(Figure 2B). Finally, transwell assay was used to estimate 

cell migration capacity, and the result demonstrated that few 

cells moved on the lower membrane surface by counting with 

microcopy (Figure 2C). Moreover, cell proliferation, trans-

formation, and migration capacities were obviously lower in 

MCF-7 cells when miR-203 was knocked down.

miR-203 targets FGF2 via binding 
to its 3′UTR
To ascertain the underlying mechanisms of how knockdown 

of miR-203 inhibits the growth of MCF-7 cells, potential 

miR-203 target genes were searched by TargetScan and 

Figure 2 Effect of miR-203 knockdown on the ability of MCF-7 cell proliferation, transformation, and migration was assayed by (A) cloning formation assay (B) wound healing 
assay, and (C) transwell assay (*P,0.05).
Abbreviations: FGF2, fibroblast growth factor 2; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; UTR, untranslated region; WT, wild type; MT, mutant.
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miRanda computer prediction methods. We found a putative 

miR-203 target site in FGF2 3′UTR (Figure 3A). The puta-

tive binding site retains perfect conservation in FGF2 3′UTR. 

FGF2 plays an important role in regulating cell proliferation, 

differentiation, and apoptosis. FGF2 induces cell proliferation 

in various types of cancer.23 Luciferase assay was investigated 

to find the interaction between miR-203 and 3′UTR of FGF2. 

The result demonstrated that miR-203 repressed wild-type 

FGF2 3′UTR directly, but mutant 3′UTR of FGF2 luciferase 

activity was unaffected by miR-203 (Figure 3B). To examine 

whether miR-203 knockdown enhances the expression of 

FGF2, we implemented Western blot analysis in MCF-7 cells 

with anti-miR-203 or miR-cont. Along with the decrease in 

miR-203 in MCF-7 cells (Figure 3C), the expression level 

of FGF2 significantly increased compared with glyceralde-

hyde 3-phosphate dehydrogenase (Figure 3D), which was 

consistent with the earlier luciferase assay result. Overall, 

all the experiments suggested that FGF2 was a novel direct 

target of miR-203.

Mitogen-activated protein kinase/ERK  
and TGF-β pathway are involved in  
FGF2 effect
FGF2 participates in valve interstitial cell growth through 

TGF-β signal pathway24 and increases the liquidity of lung 

epithelial cancer cells by reversing epithelial–mesenchymal 

transition (EMT) via mitogen-activated protein kinase 

(MAPK)/ERK pathway.25 To investigate the effect of FGF2 

on MAPK/ERK and TGF-β pathways in breast cancer, 

we generated an MCF-7 cell line overexpressing FGF2 by 

knocking down miR-203. Then, Western blot was utilized 

to examine the expression level of p-ERK, TGF-β, p-Smad, 

and E-cadherin, which are the key proteins in EMT. Finally, 

the increased expression of p-ERK and E-cadherin and the 

decreased expression of TGF-β and p-Smad were observed 

(Figure 4A and B), which was consistent with homologous 

miRNA expression (Figure 4C). The results suggested that 

FGF2 can reverse TGF-β signal pathway via activated 

MAPK/ERK pathway.

Discussion
In this study, we identified that miR-203 was markedly 

upregulated in breast cancer cell line and clinical specimens. 

Then, we demonstrated that the abnormal increased expres-

sion of miR-203 played an important role in carcinogenesis 

and progression of breast cancer, since miR-203 knockdown 

inhibited the proliferation, transformation, and migration of 

the MCF-7 breast cancer cell line. Interestingly, we proved 

that FGF2 was a novel direct target of miR-203 by luciferase 

assay. By Western blot, we discovered that FGF2 could 

′ ′

′

′

′

Figure 3 miR-203 targets FGF2.
Notes: (A) Computational analysis of the FGF2 3′UTR revealed a putative conserved miR-203-binding site. (B) Luciferase assays showed decreased luciferase activity 
after cotransfection of FGF2 3′UTR with miR-203 in MCF-7 cells. The results are presented as mean ± standard error from three independent experiments. (C) miR-203 
expression in MCF-7 cells transfected with anti-miR-203 or control inhibitor. (D) FGF2 protein expression in MCF-7 cells transfected with anti-miR-203 or control inhibitor. 
The results are presented from three independent experiments (*P,0.05, **P,0.01).
Abbreviations: CFU, colony-forming unit; FGF2, fibroblast growth factor 2; UTR, untranslated region.
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activate MAPK/ERK pathway to inhibit TGF-β pathway. 

Our study demonstrated that miR-203 acts as a carcinogen 

factor by targeting FGF2 in breast cancer.

miR-203 not only regulates cell differentiation, prolifera-

tion, and apoptosis but also participates in tumor invasion, 

angiogenesis, and transformation. The relationship between 

miRNA and cancers has been explored using various tech-

niques from different views, such as polymorphism, epige-

netic phenomenon, and target gene.26 miR-203 was proved 

to act as a tumor-suppressive miRNA, and its expression 

was downregulated in laryngeal squamous cell carcinoma.27 

A related report showed that miR-203 leads to G1 phase 

cell cycle arrest in laryngeal carcinoma cells by directly 

targeting survival.28 Boll et al29 reported that miR-203 was 

downregulated in prostate carcinoma and had an effect on 

tumor growth. Moreover, miR-203 was considered a tumor 

suppressor in ER (−), PgR (−), and HER2 (−) breast cancer 

with the low expression.30 As an antitumor, miR-203 was 

downregulated in prostatic cancer and mediated the LIM 

and SH3 domain protein 1 overexpression in progression 

and metastasis of tumor cell.31 Nevertheless, miR-203 was 

upregulated in oxaliplatin-insensitive colorectal cancer cells, 

which induced oxaliplatin resistance in colorectal cancer 

cells.32 Unlike the earlier study, we found that the expression 

of miR-203 enhanced abnormally in breast cancer tissues 

compared with patient-matched noncancerous tissues by 

quantitative real-time polymerase chain reaction (Figure 1). 

Proliferation, transformation, and migration activities were 

inhibited when miR-203 was knocked down in the MCF-7 

breast cancer cell line; Figure 2). Based on the different 

findings, it is possible that miR-203 is not only a complete 

suppressor in cancer, but it may also play a different role to 

suppress or promote cell growth in different tumor tissues. 

In addition, miR-203 was expressed several 100-fold higher 

in less-invasive breast cancer cell lines as compared with the 

highly invasive breast cancer cell lines. Restoring miR-203 

expression in highly invasive breast cancer cell lines inhib-

its tumor cell invasion.33,34 Due to the several mechanisms 

involved in tumor initiation and progression, we consider that 

miR-203’s two-sided influence on cancer cells is existent, 

and the overexpression of miR-203 in breast cancer is taken 

for an oncogene.

β

β

β

Figure 4 Effects of miR-203 knockdown on MAPK/ERK and TGF-β pathway in MCF-7 cells.
Notes: (A and B) The expression level of relative proteins after miR-203 knockdown in MCF-7 cells. The blot was reprobed with GAPDH antibody to compare protein 
load. (C) The expression level of miRNA of relative proteins after miR-203 knockdown in MCF-7 cells by RT-PCR. The results are presented from three independent 
experiments (*P,0.05).
Abbreviations: ERK, extracellular signal-regulated kinase; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; MAPK, mitogen-activated protein kinase; miRNA, 
microRNA; RT-PCR, real-time polymerase chain reaction; TGF-β, transforming growth factor β.
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However, the molecular mechanism of tumor is still not 

clear enough. Only a small portion of the biological function 

of miR-203 target genes is identified, and little is known 

about the corresponding specific regulating mechanism of 

target genes. In the current study, luciferase assay revealed an 

inverse correlation between FGF2 and miR-203 expression. 

As shown in Figure 3, FGF2 was confirmed to be a novel 

target of miR-203. FGF2 can induce the proliferation, dif-

ferentiation, and motility of various types of cancer cells. An 

earlier study had proposed that MAPK-induced phosphoryla-

tion of the Smad2/3 linker region activated TGF-β-induced 

Smad2/3, which is suppressed by oncogenic Ras.35 FGF2-

induced MAPK signal pathway suppressed TGF-β signaling 

through phosphorylation of Smad2 in lymphatic endothelial 

cells.36 In addition, with the reduction of E-cadherin expres-

sion, epithelial cells change into migrational mesenchymal 

cells in EMT, which is the first step of tumor transformation 

and migration.37 Thus, we demonstrate that FGF2 inhibits 

the expression of TGF-β by activating MAPK/ERK signal 

pathway, while TGF-β facilitates tumor cell growth, migra-

tion, and transformation via Smad phosphorylation. The 

identification of FGF2 as a miR-203 target gene may explain, 

at least in part, the molecular mechanism of carcinogen factor 

by miR-203.

Conclusion
miR-203 may present a potential therapeutic target for breast 

cancer, and validating its clinical treatment value in large 

cohorts of breast cancer samples for improving treatment 

efficiencies is needed.
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