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Abstract 

Epithelial-mesenchymal transition (EMT), which involves the dramatic reorganization of the cytoskeleton, is a 
crucial initiating step in tumor invasion and metastasis. Protein 4.1B is a membrane-cytoskeleton cross-linker 
that plays an important role in tumor progression and metastasis; however, the functional roles of 4.1B in 
melanoma remain unclear. In this study, we aimed to investigate the effect and underlying mechanism of 4.1B on 
melanoma cells. Our results demonstrated that 4.1B expression was downregulated in murine B16 and 
B16-F10 melanoma cell lines. Ectopic 4.1B expression significantly inhibited the migration of melanoma cells and 
pulmonary metastasis. We further investigated the possible mechanism underlying the effect of 4.1B on EMT. 
The results showed that ectopic 4.1B expression altered the expression of representative EMT markers 
(E-cadherin, vimentin and N-cadherin), and inhibited the expression of three important transcription factors 
(Slug, Snail, and Twist) related to EMT in melanoma cells. Moreover, the expression of integrin α5, β3 and 
matrix metalloproteinase 9 (MMP-9), which is known to regulate cell adhesion, migration and invasion, were 
suppressed. In conclusion, our data indicate that 4.1B is an important regulator during EMT progression in 
melanoma cells, which may present a potential target for the prevention and treatment of melanoma. 
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Introduction 
Melanoma is the most lethal skin cancer, and it’s 

incidence has increased at a rate of approximately 
3–5% each year (1, 2). Innumerable therapeutic 
strategies have been designed to treat melanoma, 
however, no current treatments are able to 
substantially extended patient survival time (3, 4). 
Recently, the immunotherapy against melanoma have 
been gradually developed with the elucidation of the 
role of immune checkpoint molecules in tumor, such 
as anti-CTLA4 and anti-PD1 agents, nevertheless, 
many melanoma patients which treated with these 
agents do not have an objective response (5). The high 
mortality rate of melanoma is reported to be closely 
related to tumor metastasis, thus, dissecting the 
molecular mechanisms underlying melanoma inva-

sion and metastasis is urgent for developing novel 
and more effective therapeutic approaches for this 
malignancy. 

Growing evidences have demonstrated that 
epithelial–mesenchymal transition (EMT) promotes 
melanoma cell invasion and metastasis and involves 
the reorganization of the cytoskeleton (6). During 
EMT, proteins that interact with the cytoskeleton such 
as epithelial cadherin (E-cadherin) are downregulated 
and the expression of mesenchyme markers, includ-
ing vimentin and neural cadherin (N-cadherin) are 
upregulated (7-8). Moreover, in the last stage of EMT, 
the basement membrane and extracellular matrix 
(ECM) are degraded by the increased expression of 
proteases (9), such as the matrix metalloproteinases 
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(MMPs).  
Protein 4.1B is one member of membrane cytos-

keleton protein 4.1 family (10). Protein 4.1B located 
under the cell membrane connecting the plasma 
membrane and the cytoskeleton and participates in 
the organization of the cytoskeleton (11). Consequen-
tly, protein 4.1B is regarded as a functional adaptor 
molecule plays important roles in cell morphology, 
cell–cell adhesion, and cell migration. More and more 
studies indicated a tumor suppressor DAL-1, which 
deleted in adenocarcinoma of the lung, was proved to 
be a paralogue of 4.1B (EPB41L3) (12), and the 
important function of 4.1B in cancer progression is 
suggested by its frequent loss in a number of cancer 
(13-17). Moreover, it was demonstrated that protein 
4.1B associates with cell motility and adhesion 
contribute to the process of cancer metastasis by 
binding various cell adhesion molecules, such as 
CD44, TSLC-1, Caspr and Caspr2 (18-19). And, our 
previous study has proved the absent expression of 
4.1B in murine melanoma cells (20). However, studies 
on the biological effects of 4.1B on melanoma cells and 
the corresponding underlying mechanisms are still 
lacking. In this study, we aimed to investigate the 
effect of 4.1B on melanoma cells and EMT. Our results 
showed that the expression of 4.1B was downregu-
lated in melanoma cells. Furthermore, our findings 
implicated 4.1B as an EMT/metastasis suppressor. 

Materials and Methods 
Cell culture 

The mouse melanoma cell lines B16 and B16-F10, 
as well as mouse embryonic fibroblasts (MEFs), were 
obtained from the Shanghai Cell Bank of the Chinese 
Academy of Sciences (SCAS; Shanghai, China). B16 is 
the primary cell line and the B16-F1 cell line was 
produced from the mouse model of pulmonary 
metastasis with intravenous injection of B16 cells, 
eventually, the B16-F10 cell line was selected repeate-
dly ten times. Cells were cultured in Dulbecco's 
modified eagle's medium (DMEM) (Gibco, Grand 
Island, NY, USA) supplemented with 10% fetal 
bovine serum (FBS), 1% glutamine, and 1% 
penicillin–streptomycin at 37°C with 5% CO2. 

Plasmids and transfection 
The plasmid pEGFP-N1-4.1B, containing the 

full-length 4.1B coding region, was constructed by our 
laboratory. The plasmid sequence was verified by the 
Suzhou Genewiz Biological Technology Co., Ltd 
(Suzhou, China). The control vector pEGFP-N1 was 
purchased from Invitrogen (Carlsbad, CA, USA). 
5×105 cells/well were seeded in a 6-well plate and 
cultured for 20 h until they reached 70–90% conflu-
ence, then the cells were transfected with 3.5 μg/well 

of plasmid along with 12 μl/well Lipofectamine 2000 
Transfection Reagent (Invitrogen Life Technologies, 
Carlsbad, CA, USA) . 

RNA extraction and quantitative real-time 
(qRT)-PCR 

Total RNA was extracted from melanoma cells 
using TRIzol reagent (CWBIO, Beijing, China) accord-
ing to the manufacturer’s instructions. First-strand 
cDNA was synthesized from 1 μg of total RNA using 
a PrimeScript™ RT reagent kit with gDNA Eraser 
(Perfect Real Time, Takara Bio Inc., Tokyo, Japan). The 
25-μl reaction mixture included 2 μl cDNA (50 μg/μl), 
1 μl of each primer (Genewiz Biological Technology 
Co., Ltd), 12.5 μl 2× UltraSYBR Mixture (CWBIO), and 
8.5 μl ddH2O. PCR was performed according to the 
manufacturer's instructions using the Rotor Gene 3000 
real-time system (Corbett Robotics Inc., San Francisco, 
CA, USA) with the following cycling conditions: 95°C 
for 10 min, followed by 40 cycles of 95°C for 5 sec and 
60°C for 1 min. GAPDH was used as an internal 
control. Relative quantification wasperformed using 
the 2-ΔΔCt method. Primer sequences for the target 
genes are listed in Table I. 

 

Table I. Primers used in qRT-PCR. 

Target gene Forward primer Reverse primer 
Snail  5'-ACCACTATGCCGCGCTC

TT-3'  
5'-GGTCGTAGGGCTGCTGG
AA-3' 

Slug  5'-TCAGCTCAGGAGCAGAC
AGC-3'  

5'-ATCCGGAAAGAGGAGA
GAGG-3' 

Twist 2  5'-TCAGCTAGCCGTGTTTTC
-3'  

5'-TATTGTTCCTGGGTGTGG
-3' 

TGF-β1  5'-GCTAATGGTGGACCGCA
ACAAC-3'  

5'-GCACTGCTTCCCGAATG
TCTG-3' 

TGF-β2  5'-CTTCGACGTGACAGACG
CT-3'  

5'-GCAGGGGCAGTGTAAAC
TTATT-3' 

TGF-β3  5'-CCTGGCCCTGCTGAACT
TG-3'  

5'-TTGATGTGGCCGAAGTC
CAAC-3' 

Integrin β1 5'-TCCCAGCCAGTCCCAAG
TGCCATG-3’ 

5'-TGCCTCCCAACACGCCC
CTCATTG-3' 

GAPDH 5'-TTCACCACCATGGAGAA
GGC-3' 

5'-GGCATGGACTGTGGTCA
TGA-3' 

 

Wound-healing assay 
A nick was made by scraping the middle of the 

cells with a sterilized tip, when the cells reached 80% 
confluence in 6-well plate, and photomicrographs 
were taken after 24 h. The wound widths in the micr-
oscopic images were measured by Image J (National 
Institutes of Health, Bethesda, MD, USA). This 
experiment performed in culture media without FBS. 

Subcutaneous tumor and pulmonary 
metastasis animal model 

Five- to six-week-old female C57BL/6 mice were 
purchased from Vital River (Beijing, China). Mice 
were bred under specific pathogen-free conditions, 
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provided sterilized food and water, and housed in a 
barrier facility with a 12-h light/dark cycle. Mice were 
randomly divided into three groups, which were 
pEGFP-N1, pEGFP-N1-4.1B, or control B16. 1×106 
cells along with 200 μl phosphate-buffered saline 
(PBS) were injected into the subcutaneous right 
forelimb armpit of each mouse to establish the 
subcutaneous tumor model. The length and width of 
the tumor were gauged with vernier caliper every two 
days and the volume of the tumor was calculated as 
follows: V = 0.5 × a × b2, where a is the length and b is 
the width). On day 14, mice were sacrificed and 
tumors were carefully taken out. The tumors weight 
was recorded and tumor growth inhibition rates (IRs) 
were calculated as follows: IR = (1 – Average tumor 
weight of experimental group/Average tumor weight 
of control group) × 100%. To establish the pulmonary 
metastasis model, a total of 2×105 cells along with 200 
μl PBS were injected into each mouse via tail vein. On 
day 14, mice were sacrificed, and the pulmonary 
melanoma nodules were measured. 

Western blot analysis 
Proteins were extracted from MEF, B16, and 

B16-F10 cells using RIPA lysis buffer containing 
protease inhibitors (LEYBOLD Cable, Beijing, China). 
The protein concentration was measured with a BCA 
kit (LEYBOLD Cable). A total of 20 μg proteins were 
loaded in each lane and then were carried out with 
10% sodium dodecyl sulfate (SDS)-polyacrylamide 
gel electrophoresis and electroblotting. And then the 
proteins were blocked with 5% nonfat milk at room 
temperature for 2 h and then incubated with primary 
antibodies overnight at 4°C. The antibodies used were 
as follows: anti-4.1B from the New York Blood Center 
(New York, NY, USA) and anti-EGFP, anti-E-cadher-
in, anti-vimentin, anti-N-cadherin, antib-MMP2, anti- 
MMP9, anti-integrin α5 and anti-integrin β3 and 
anti-GAPDH from Bogoo Biotechnology (Shanghai, 
China). Subsequently, the blots were incubated with 
horseradish peroxidase (HRP)-conjugated secondary 
antibody (Bogoo Biotechnology) diluted (1:4000) in 
blocking buffer for 1 h at room temperature. Proteins 
were visualized using an electrochemiluminescence 
(ECL) detection system (Thermo Fisher Scientific, 
Rockford, IL, USA). 

Flow cytometric analysis 
 Cells were isolated by 0.05% trypsin (LEYBOLD 

Cable, Beijing, China) and washed twice in 0.5% 
bovine serum albumin (BSA). Next, 1×106 cells were 
suspended in 100 μl 0.5% BSA and incubated with 2 μl 
rat anti-mouse CD29 antibody or 1.5 μl integrin β1 
antibody followed by incubation with 2 μl 
PE-conjugated anti-rat IgG secondary antibody (30 

min each at 4°C ). Cells were examined by 
LSRFortessa Cell Analyzer (BD Biosciences, Franklin 
Lakes, NJ, USA), and the data were analyzed with 
FlowJo software (TreeStar, Ashland, OR, USA). 

Statistical analysis 
Each experiment was performed in triplicate. 

Statistical analyses were conducted using GraphPad 
Prism 5.0 for Windows. The statistical significance of 
differences was analyzed using an analysis of varian-
ce (ANOVA) and Dunnett’s post hoc test. A value of 
P<0.05 was considered to indicate statistical 
significance. 

Results 
4.1B expression is downregulated in 
melanoma cell lines 

Earlier studies indicated that 4.1B is 
downregulated or silenced in many cancer cell lines. 
To investigate the physiological functions of 4.1B in 
melanoma, we analyzed its expression in two 
immortalized mouse melanoma cell lines, B16 and 
B16-F10. In conformity with the previous results, our 
results showed there was no protein expression of 
4.1B in B16 and B16-F10 melanoma cells (Figure 1A). 
Moreover, we demonstrated the absent expression of 
4.1B in mRNA level in three human melanoma cell 
lines. (Supplementary Figure 1) To examine the 
possible roles of 4.1B in melanoma cells, we 
overexpressed protein 4.1B by transfecting melanoma 
cells with the recombinant plasmid pEGFP-N1-4.1B, 
using pEGFP-N1 as a negative control plasmid. 
Observations of transfected B16 and B16-F10 cells 
under a fluorescence microscope (Figure 1B) and 
western blotting analyses revealed that pEGFP- 
N1-4.1B treatment successfully upregulated protein 
4.1B expression (Figure 1C) in both cell lines.  

Protein 4.1B suppresses migration of B16 and 
B16-F10 cells 

As cell migration is considered a critical step in 
metastasis, a wound-healing assay was used to 
examine the effect of protein 4.1B expression on cell 
migration in vitro. We observed that the edges of 
wounds in B16 (Figure 2A) and B16-F10 (Figure 2B) 
cells transfected with 4.1B were markedly closer than 
those in control cells. 

Protein 4.1B suppresses melanoma tumor 
growth and pulmonary metastasis 

Our previous study showed that protein 4.1B 
inhibits the proliferation of B16 and B16-F10 cells. To 
confirm the effect of protein 4.1B on tumor growth, 
B16 cells transfected with pEGFP-N1-4.1B and 
pEGFP-N1, and non-transfected B16 cells were 
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subcutaneously injected into the right forelimb 
armpits of experimental mice. Tumor size was 
measured and recorded every two days. As showed in 
Figure 3A, the volumes of tumors in mice injected 
with pEGFP-N1-4.1B B16 cells were much lower than 
those in mice injected with pEGFP-N1 B16 or 
non-transfected B16 cells. The average tumor volume 
in mice in the pEGFP-N1-4.1B group was 500 mm3 at 

13 days, while that in the pEGFP-N1 group was 2000 
mm3. Moreover, compared with the two control 
groups, tumor weight was significantly lower in mice 
injected with pEGFP-N1-4.1B B16 cells (Figure 3B). 
The tumor inhibition rate was 74.67% in the pEGFP- 
N1-4.1B group and only 3.49% in the pEGFP-N1 
group (Figure 3C).  

 

 
Figure 1. Efficiency of pEGFP-N1-4.1B transfection in B16 and B16-F10 cells. (A) Expression of protein 4.1B in B16 and B16-F10 cells, as analyzed by western blotting. 
(B) Representative images of B16 and B16-F10 cells transfected with pEGFP-N1 or pEGFP-N1-4.1B. Scale bar: 100 μm. (C) Expression of 4.1B in B16 and B16-F10 
cells transfected with pEGFP-N1-4.1B, as analyzed by western blotting. 

 

 
Figure 2. Protein 4.1B suppresses the migration of melanoma cells in vitro. Wound-healing assay in B16 (A) and B16-F10 (B) cells transfected with pEGFP-N1 and 
pEGFP-N1-4.1B; photographs were obtained at the indicated time points after the scratch was generated (magnification 10×). Quantification is shown on the right in 
each panel. Values are expressed as mean ± SEM. *P < 0.05, **P < 0.01, pEGFP-N1-4.1B vs. pEGFP-N1; #P < 0.05, ###P < 0.001, pEGFP-N1-4.1B vs. control. 
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Figure 3. Protein 4.1B attenuates melanoma cell growth and metastasis in vivo. B16, B16-pEGFP-N1 and B16-pEGFP-N1-4.1B cells were used to inoculate the right 
forelimb by subcutaneous injection. B16-F10-pEGFP-N1 and B16-F10-pEGFP-N1-4.1B cells were injected into the tail vein. Tumor volume (A), tumor weight (B), 
tumor inhibition rate (C), number of lung nodules (E). (D) Representative images of the tumors in each group. 

 
 In addition, a model of pulmonary metastasis 

was established through the tail vein injection of 
pEGFP-N1-4.1B or pEGFP-N1 B16-F10 cells into mice. 
All mice were sacrificed 14 days after injection. As 
shown in Figure 3E, more metastatic nodules were 
found in the lungs of the mice injected with 
pEGFP-N1-4.1B-transfected cells than in the lungs of 
those injected with pEGFP-N1-transfected cells. This 
suggests that protein 4.1B inhibits the pulmonary 
metastasis of melanoma. Combined with the above 
findings, we conclude that protein 4.1B suppresses 
melanoma tumor growth and metastasis. 

4.1B overexpression alters the expression of 
EMT markers in B16 and B16-F10 cells 

It has been shown that EMT is closely associated 
with tumor invasion and metastasis. Therefore, we 
next investigated the effect of 4.1B on the EMT 
phenotype in B16 and B16-F10 cells. Western blotting 
results showed that, compared with transfection with 
empty vector, transfection with 4.1B markedly 
upregulated the expression of E-cadherin and 
downregulated the expression of N-cadherin and 
vimentin in B16 and B16-F10 cells (Figure 4A). In 
addition, the expression of the EMT-related 
transcription factors Snail, Slug, and Twist2 was 
significantly downregulated at the mRNA level in B16 
and B16-F10 cells transfected with 4.1B (Figure 4B, 
4C). Transforming growth factor-β (TGF-β) family 

proteins paly predominant role in the induction of 
EMT. To determine whether 4.1B is associated with 
the TGF-β signaling pathway in melanoma, we used 
fluorescent quantitative PCR to detect the expression 
of TGF-β1, TGF-β2, and TGF-β3 in B16 and B16-F10 
cells transfected with 4.1B. As shown in Figure 5D and 
5E, the expression of TGF-β1 and TGF-β2 was not 
significantly affected by 4.1B expression. However, 
the expression of TGF-β3 was downregulated in 
4.1B-transfected B16 and B16-F10 cells compared with 
levels in control cells. These results suggest that 
protein 4.1B suppresses EMT in B16 and B16-F10 cells, 
likely by affecting the TGF-β3 signaling pathway. 

Protein 4.1B alters the expression of integrins 
and matrix metalloproteinases in B16 and 
B16-F10 cells 

Recent studies have suggested that the 
expression of certain integrins is closely related with 
cell invasion and migration, and many integrins with 
low expression in normal epithelial tissues are 
up-regulated during EMT. Thus, we explored the 
effect of protein 4.1B on integrin β1, β3 and α5 
expression. As showed in Figure 5A-C, there was no 
difference in the expression of total integrin β1 or 
active integrin β1 between 4.1B-transfected and 
control plasmid-transfected B16 and B16-F10 cells 
(Figure 5A-B), nevertheless, overexpression of 4.1B 
suppressed the expression of integrin β3 and α5 
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(Figure 5C). Matrix metalloproteinases (MMPs) 
degrade the basement membrane and ECM to 
regulate cell migration and invasion. To further 
confirm the mechanism by which cell migration is 
inhibited following the overexpression of 4.1B, 
MMP-9 and MMP-2 expression was detected in B16 
and B16-F10 cells. The mRNA expression levels of 

MMP9 and MMP2 were downregulated in B16 and 
B16-F10 cells transfected with pEGFP-N1-4.1B. At the 
protein level, MMP-9 expression was downregulated, 
while MMP-2 expression was not altered in B16 and 
B16-F10 cells transfected with pEGFP-N1-4.1B 
compared to levels in control cells (Figure 5D–F).  

 

 
Figure 4. Protein 4.1B expression alters the expression of EMT markers. (A) Protein expression of N-cadherin, E-cadherin and vimentin, as determined by western 
blotting. mRNA expression levels of EMT-related transcription factors in B16 (B) and B16-F10 (C) cells stably expressing control (pEGFP-N1) or 4.1B 
(pEGFP-N1-4.1B) plasmids, as determined by qRT-PCR. mRNA expression levels of TGF-β family members in B16 (D) and B16-F10 (E) cells stably expressing control 
(pEGFP-N1) or 4.1B (pEGFP-N1-4.1B) plasmids, as determined by qRT-PCR. 

 

 
Figure 5. Protein 4.1B downregulated integrins and MMP9 expression. The expression of integrin β1 in B16 (A) and B16-F10 (B) cells was determined by qRT-PCR 
and flow cytometry. (C) The expression of integrin α5 and β3 in B16 and B16-F10 cells was determined by western blotting. The mRNA expression levels of MMP9 
and MMP2 in B16 (D) and B16-F10 (E) cells stably expressing control (pEGFP-N1) or 4.1B (pEGFP-N1-4.1B) plasmids, as determined by qRT-PCR. (F) Protein 
expression of MMP-9 and MMP-2, as determined by western blotting.  
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Discussion 
As an important component of the membrane- 

associated cytoskeleton, protein 4.1B was originally 
identified in cell–cell junctions. The SABD and FERM 
domains of 4.1B lead this protein to function as a 
scaffold by binding to the cell membrane and 
connecting to the cytoskeleton (21). This specific 
structure is essential for the maintenance of cell 
polarity and cell–cell adhesions. Moreover, 4.1B was 
originally considered a tumor suppressor gene based 
on its frequent downregulation in several cancers, 
including cervical cancer, laryngeal squamous cell 
carcinoma, and breast cancer (22, 23). These findings 
are in agreement with our primary result that 4.1B 
expression was absent in melanoma cell lines. Thus, 
based on this result, we speculate that 4.1B may 
inhibit the progression of melanoma. As expected, 
ectopic 4.1B inhibited the cell growth and the 
metastatic capacity of melanoma cell lines in vivo and 
in vitro. These results suggest that 4.1B acts as an 
anti-oncoprotein by suppressing the progression of 
melanoma. 

Previous studies have reported that EMT occurs 
during epithelial tumor progression to increase the 
motility and invasiveness of cancer cells (24, 25). The 
cell junctions are destructed to initiate an EMT and 
the proteins associated with cell-cell junctions are 
degraded, such as E-cadherin at the plasma membr-
ane is cleaved and degraded. The downregulation of 
cell junction proteins is accompanied by the increased 
expression of the mesenchymal proteins. Specifically, 
the repression of E-cadherin is balanced by the 
upregulation of N-cadherin, which leads to a 
‘cadherin switch’ that breaks down the epithelial cell 
junctions (26). As 4.1B is associated with cytoskeletal 
molecules and regulates the cellular functions 
involved in migration under physiological conditions, 
we speculated that 4.1B might suppress metastasis by 
inhibiting EMT. In the present study, we observed 
that the ectopic expression of 4.1B upregulated the 
expression of E-cadherin and downregulated the 
expression levels of N-cadherin in melanoma cells. In 
addition, 4.1B expression decreased expression of 
vimentin, which altered the completeness of 
cytoskeleton and then also suppressed the EMT in 
melanoma cells. The alteration that the repression of 
the epithelial characteristic and activation of the 
mesenchymal phenotype is mediated by multiple 
transcription factors, including Snail, Slug and Twist2 
(27). Our results demonstrated that ectopic expression 
of 4.1B inhibited the expression of Snail, Slug and 
Twist2, which supported that ectopic expression of 
4.1B altered the expression of E-cadherin, N-cadherin 
and vimentin in melanoma cells. 

Upon the progression of EMT, the ECM is 

remodelled and cell-ECM interactions are changed. 
Integrins are the transmembrane heterodimeric 
extracellular matrix receptors that provide the linkage 
between the ECM proteins and intracellular skeleton 
proteins. During the progress of EMT, the cells 
interact with a different ECM, thus, the expressions of 
some epithelial integrins are suppressed, but the 
others are activated. It has been proved that increased 
integrin β1, β3 and α5 expression during EMT 
increases cell adhesion to fibronectin, which is also 
upregulated and promotes cell invasion and 
migration in melanoma cell (28, 29). Moreover, 
changes of the integrins expression trigger the 
increased expression of proteases during EMT, such 
as MMP2 and MMP9, thus promoting ECM proteins 
degradation and the cells invasion (30). Here, we 
found that ectopic expression of 4.1B suppressed the 
expression of integrin α5, β3 and MMP-9, however, no 
effect on integrin β1 and MMP2. Together those 
results suggest that protein 4.1B suppresses tumor 
metastasis by regulating epithelial–mesenchymal 
transition progression in melanoma cells.  

According to EMT-based studies, more and 
more evidence has indicated that multiple signaling 
pathways are involved in the progress of EMT, 
including the Wnt, Notch, TGF-β, fibroblast growth 
factor pathways and epidermal growth factor (31). 
Among these, TGF-β signal plays a predominant role 
in the induction of EMT. TGF-β regulates the expre-
ssion of three important EMT-related transcription 
factors (Snail, ZEB1/2, and Twist) through initiating 
Smad signaling (32). And then Snail indirectly effects 
on other transcription factors, such as Sp-1 and Ets-1, 
which are considered to be partially responsible for 
the activation of MMP-9 (33). In this study, we found 
that the expression of TGFβ3 was significantly 
downregulated at the mRNA level in melanoma cells 
transfected with 4.1B. This suggests that protein 4.1B 
suppresses the progression of EMT in melanoma cells, 
probably through the TGF-β signaling pathway. 

In conclusion, this is the first report demonstr-
ating that the overexpression of 4.1B inhibits cell 
proliferation, migration, and EMT in melanoma cells. 
Thus, 4.1B may represent a novel molecular target for 
the prevention and treatment of melanoma. 
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