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Abstract. – OBJECTIVE: Malignant melano-
ma (MM), the deadliest form of skin malignancy, 
is a highly aggressive and malignant tumor with 
an increasing incidence rate in recent years. In-
creasing evidence suggested that dysfunctions 
of microRNAs (miRNAs) may play an import-
ant role in human tumors. However, the effect 
of miR-155 on malignant melanoma cell migra-
tion and invasion remains largely elusive. This 
research was designed to evaluate the potential 
function of miR-155 and CBL (Casitas B-lineage 
lymphoma) in malignant melanoma.

PATIENTS AND METHODS: Quantitative Re-
al-time polymerase chain reaction (qRT-PCR) 
was utilized to detect miR-155 and CBL expres-
sion in malignant melanoma tissues and cell 
lines. 3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphe-
nyl-2-H-tetrazolium bromide (MTT) assay was 
performed to examine the regulation of miR-155 
in melanoma proliferation. Transwell assay was 
carried out to detect the effect of miR-155 on the 
MM cell migration and invasion. Luciferase as-
say and biological analysis were used to predict 
and determine the target gene of miR-155.

RESULTS: miR-155 was down-regulated in ma-
lignant melanoma tissues and cell lines. Ecto-
pic expression of miR-155 could inhibit migra-
tion and invasion in malignant melanoma cells. 
What’s more, we found that CBL was a new tar-
get of miR-155. Additionally, CBL was negative-
ly associated with miR-155 in malignant mela-
noma and overexpression of CBL attenuated 
miR-155-mediated inhibition on MM cell migra-
tion and invasion.

CONCLUSIONS: miR-155 inhibited malignant 
melanoma proliferation, migration and invasion. 
And high CBL expression was observed in MM 
tissues. This newly identified miR-155/CBL axis 
may provide new insight into the pathogenesis 
of malignant melanoma.
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Introduction

Malignant melanoma (MM), as the deadliest 
form of skin malignancy, is the seventh most com-
mon cancer in females and the fifth most common 
malignancy in males worldwide1. Malignant mel-
anoma developing through the malignant transfor-
mation of melanocytes has shown obviously clini-
copathological characteristics, such as aggressive 
invasion, poor prognosis, and resistance to che-
motherapy or radiotherapy2,3. Despite remarkable 
advances in chemotherapy and immunotherapy 
have been achieved for the treatment of tumors4, 
the availably therapeutic options for malignant 
melanoma are limited, and the prognosis of meta-
static melanoma remains still unsatisfied5. The un-
derlying causes of the unsatisfactory outcome are 
that there are insufficient basic knowledge about 
the biology mechanisms, which correlated with 
malignant melanoma carcinogenesis and progres-
sion. Therefore, it is urgently needed to identify 
molecular mechanisms underlying tumorigenesis 
and progression of malignant melanoma to offer 
effective therapeutic strategies for malignant mel-
anoma. Emerged as a class of highly conserved 
and small non-coding RNAs (ranging in approx-
imately 18-25 nucleotides), microRNAs (miR-
NAs) can negatively modulate the transcription 
and translation of genes through interacting with 
specific sequences in the 3’-untranslated region 
(3’-UTR)6. MiRNAs seem to play crucial role 
in various regulatory pathways such as differen-
tiation, proliferation, apoptosis, and fat storage7, 
many of these biological processes are altered in 
tumors. Accumulated evidence has revealed that 
aberrant expression of miRNAs have been asso-
ciated with the development or metastasis of var-
ious types of tumors8, including human malignant 
melanoma9. The host gene of miR-155 is B cell 
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integration cluster, which is located in chromo-
some 21q21. The miRNAs function as oncogene 
or tumor suppressors in human cancers through 
targeting different genes10, studies have suggest-
ed that miR-155 could act as all of the suppres-
sor and promoter, and it can be considered quite 
contradictory11-14. Previous studies have indicated 
that miR-155 was downregulated in various types 
of cancers, such as human melanoma14, hepato-
cellular carcinoma13, and familial adenomatous 
polyposis15. And on the contrary, miR-155 was 
up-regulated in other tumors, for example acute 
pancreatitis16, human colonic cancer17. Further-
more, miR-155 has been reported to be associated 
with the proliferation, invasion, apoptosis and cell 
cycle of tumor cells in vivo and in vitro11. Howev-
er, the effect of miR-155 in mediating malignant 
melanoma cells migration and invasion remains 
largely elusive. Multiple studies18,19 have shown 
that Receptor tyrosine kinases (RTKs) are asso-
ciated with the cell cycle, proliferation, and dif-
ferentiation of tumors cell. Therefore, targeting 
RTKs may be a new strategy for inhibiting tumor 
development. Casitas Blineage lymphoma (CBL) 
is an E3 ubiquitin ligase, which mediates the ubiq-
uitinated degradation of activated RTKs, resulting 
in a halt in RTKmediated signaling20,21. Moreover, 
CBL is associated with the proliferation, invasion, 
migration and prognosis and is linked to the pro-
gression of tumors22-25. However, its underlying 
molecular mechanisms and the biological func-
tions for its oncogenic roles in malignant mela-
noma remain unknown. We indicated that miR-
155 was frequently down-regulated in malignant 
melanoma tissues and cell lines. MiR-155 ectopic 
expression could inhibit malignant melanoma cell 
proliferation, migration and invasion. CBL is a 
novel target gene of miR155 in malignant mel-
anoma cells. Additionally, miR155 protein level 
was increased in malignant melanoma tissues, and 
CBL was negatively associated with miR-155 in 
malignant melanoma tissues. Moreover, over-ex-
pression of CBL ablated the inhibitory effects of 
miR-155. Therefore, our results illustrated that 
miR-155 functioned as oncogene in malignant 
melanoma and miR-155/CBL may be the novel 
therapeutic strategies in malignant melanoma.

Patients and Methods

Clinical Specimens
Sixty pairs of malignant melanoma tissues and 

the adjacent normal tissues were collected at Peo-

ple’s Hospital of Rizhao (Rizhao, China), from 
January 2015 to March 2017. Neither radiother-
apy nor chemotherapy was used in any patients 
before surgery. The Ethic Committee of People’s 
Hospital of Rizhao approved this study. All tis-
sues obtained from biopsy or surgery were frozen 
at -80°C.

Cell Culture and Transfection
The malignant melanoma cell lines (A375, SK-

MEL-28 and A2058) and Human epidermal mela-
nocytes (HEMs) were purchased from the Amer-
ican Type Culture Collection (ATCC) (Manassas, 
VA, USA). The Roswell Park Memorial Institute- 
1640 (RPMI-1640) (Gibco, Rockville, MD, USA), 
which contained 15% of fetal bovine serum (FBS) 
(Gibco, Rockville, MD, USA) and 1% of penicil-
lin-streptomycin (Sigma-Aldrich, St. Louis, MO, 
USA) was used for culturing the cells under the 
condition of 37°C with 5% CO2. MiR-155 mimics 
(5’-UUA AUG CUA AUC GUG AUA GGG GU-
3’) and inhibitor (5’-AAU UAC GAU UAG CAC 
UAU CCC CA-3’) or their corresponding nega-
tive controls (NC) were purchased from RiBoBio 
(Guangzhou, China). After the cells adhered, the 
transfection of the miR-155 mimic/inhibitor/neg-
ative control (NC) were performed with Lipofect-
amine™ 2000 (Invitrogen, Carlsbad, CA, USA), 
which could achieve the ectopic expression of 
miRNA. 

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)

Total RNA was extracted from malignant mela-
noma culture cells or tissues by using the TRIzol re-
agents (Invitrogen, Carlsbad, CA, USA). The RNA 
was reverse-transcribed and the levels of miR-155 
were detected by qRT-PCR (SYBR Green method) 
with a miR-155 detection kit (Biomics Biotech; 
catalog number, BK3100). The CBL level was 
normalized relative to glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) and miR-155 level was 
normalized relative to U6 endogenous control by 
using the 2−∆∆CT method. The primers were used 
as followed: miR-155 forward, 5′-ACACTC-
CAGCTGTAAACATCCTACACTCT-3′, re-
verse, 5′-CTCAACTGGTGTCGTGGA-3′; U6 
forward, 5′-CTCGCTTCGGCAGCACA-3′, 
and reverse, 5′-AACGCTTCACGAATTTGC-
GT-3′. CBL forward, 5’GGACCAGTGAGTTG-
GGAGTTATTACT3’ and reverse, CBL, 5’GG-
CAAGACTTCACTGTGAAGTCA3’; GAPDH 
forward, 5’AAGGTCGGA GTCACCGGATT3’, 
and reverse, 5’GCCATCACGCCACAGTTTC3’.
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Cell Proliferation Assay In Vitro
Cell proliferative activity was determined us-

ing the 3-(4, 5-dimethyl-2-thazolyl)-2, 5-diphe-
nyl-2-H-tetrazolium bromide (MTT) method (Be-
yotime Shanghai, China). A375 and SK-MEL-28 
cells, transiently transfected with the miR-155 
mimic, miR-155 inhibitor, negative control for 24 
h, were seeded in 96-well plates at a density of 
5×103 cells per well in 100 µL of growth medi-
um and cultured for another 0 h, 24 h, 48 h, 72 h, 
96 h, respectively. Subsequently, 10 µL of MTT 
solution (5 mg/mL) was added to each well. After 
4 h incubation at 37°C, the cells were disrupted in 
200 µL of dimethyl sulfoxide (DMSO, Sigma-Al-
drich, St. Louis, MO, USA), and the absorbance 
was measured at 490 nm on a microplate reader 
(BioTek, Winooski, VT, USA).

Transwell Assays
A transwell chamber (8 µm, 6.5 mm, Millipore, 

Billerica, MA, USA) was used to examine cell mi-
gration and invasion coating without (migration) 
or with (invasion) Matrigel (BD Biosciences, 
Franklin Lakes, NJ, USA). A375 and SK-MEL-28 
were seeded into 6-well plates with different 
transfection treatments. Cell transwell assays was 
conducted using chambers (Costar, Coppell, TX, 
USA) with or without 2 mg/mL Matrigel (Clon-
tech, Laboratories, Mountain, View, CA, USA). 
Next, cells placed into the upper chambers, and 
lower chambers were filled with medium which 
containing 10% fetal bovine serum (FBS) as a 
chemo attractant. Cells were stained by Giemsa 
(JRDUN), and then used 1×phosphate-buffered 
saline (PBS) washing three times. Finally, stained 
cells were counted using the microscope.

Western Blot
Cultured cells were collected and lysed with ra-

dioimmunoprecipitation assay (RIPA) lysis Buffer 
(Beyotime, Shanghai, China). The concentration 
of protein was detected by using Pierce® bicin-
choninic acid (BCA) Protein Assay Kit (Thermo 
Fisher Scientific, Waltham, MA, USA). Protein 
samples (50 μg) were then transferred to poly-
vinylidene difluoride (PVDF) membrane (Milli-
pore, Billerica, MA, USA). After blocking with 
5% skimmed milk for 1 h at 37°C, the membranes 
were incubated in primary antibodies against CBL 
(1:1,000 dilution; Santa Cruz Biotechnology, Inc., 
Santa Cruz, CA, USA; Catalog No., sc-170,), 
β-actin (1:2,000 dilution; Santa Cruz Biotechnol-
ogy, Inc.; Dallas, TX, USA; Catalog No., 4970), 
E-cadherin (1:1000 dilution; Santa Cruz Biotech-

nology, Inc.; Dallas, TX, USA; Catalog No., sc-
71007), N-cadherin (1:1000 dilution; Santa Cruz 
Biotechnology, Santa Cruz, CA, USA Catalog 
No., sc-59987) at 4°C overnight. After washing 
with Tris-buffered saline containing Tween-20 
(TBST), the membranes were incubated with 
horseradish peroxidase (HRP)-labeled secondary 
antibodies (1:5,000 dilution; Beyotime Institute 
of Biotechnology; Shanghai, China, Catalog No.: 
A0208) at room temperature for 60 min. 

Luciferase Reporter 
The bioinformatics analysis software Targer-

Scan and miRanda were chosen for predicting the 
target gene of miR-155. We amplified the bind-
ing sites of miR-155 on 3’-UTR sequence of CBL 
by PCR. The binding region of CBL was inserted 
into the pMIR-REPORT luciferase vector named 
pMIR-CBL-wild type. Mutated the binding site 
of CBL in 3’-UTR and cloned into the plasmid, 
named pMIR-CBL-mutant. MiR-155 mimics and 
luciferase plasmid pMIR-CBL (wild-type/mutant, 
WT/MT) were transfected into A375 cells by us-
ing Lipofectamine 3000 (Invitrogen, Carlsbad, 
CA, USA). After cultivated 48 h, the cells were 
harvested and lysed. Next, we used Dual-Lucifer-
ase Reporter Assay System (Promega, Madison, 
WI, USA) for measuring the reporter activities. 

Statistical Analysis
Independent experiments were performed at 

least three times. Statistical results were ana-
lyzed by Statistical Product and Service Solutions 
(SPSS) 16.0 statistics software package (SPSS 
Inc., Chicago, IL, USA). The results are present-
ed as the mean ± SD (Standard Deviation). The 
differences were analyzed by the Student’s t-test. 
Correlation between mRNA and miRNA was es-
timated using the Spearman’s correlation method. 
It was considered to be statistically significant 
when p-value of <0.05.

Results

MiR-155 Expression is Down-Regulated 
in Malignant Melanoma and Inversely
Correlates with CBL Expression 

To investigate whether the miR-155 expression 
was altered in malignant melanoma tissues and 
paracancerous tissues, qRT-PCR was performed 
in 60 pairs of malignant melanoma tissues. The 
results suggested that the miR-155 level was ob-
servably lower in malignant melanoma tissues vs. 
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paracancerous tissues (Figure 1A). Furthermore, 
the expression of CBL in the malignant melanoma 
tissues and the adjacent normal tissues was also 
assessed by qRT-PCR. The CBL relative level 
was increased in the malignant melanoma tissues 
compared to paracancerous tissues as shown in 
Figure 1B. And then we used statistical analysis 
to further investigate the relationship between 
CBL and miR-155 expression in malignant mel-
anoma tissues. Interestingly, statistical analysis 
showed that miR-155 was negatively associated 
with CBL mRNA in malignant melanoma tis-
sues (Figure 1C). We then measured miR-155 
and CBL expression in malignant melanoma cell 
lines (A375, SK-MEL-28 and A2058) compared 
to the human epidermal melanocytes (HEMs). 
The results showed that the miR-155 expression 
in A375, SK-MEL-28 and A2058 was significant-
ly reduced relative to that in the HEMs (Figure 
1D). The expression of CBL was up-regulated in 

these three malignant melanoma cell lines (A375, 
SK-MEL-28 and A2058) compared to the human 
epidermal melanocytes (HEMs) (Figure 1E). 

Characteristics of Malignant Melanoma 
Patients

Additionally, the relationship between miR-
155 expression and clinicopathological character-
istics in those malignant melanoma patients was 
analyzed. To investigate the potential associations 
between miR-155 expression and patients’ clini-
copathological variables, we divided the patients 
with melanoma into two groups based on mean 
value (0.763) of miR-155 expression: high ex-
pression group (>0.763, n=22), and low expres-
sion group (<0.763, n=38). Those results indicat-
ed that miR-155 was related to the progression of 
melanoma. As the results shown in Table I, the 
lower miR-155 expression level correlated with 
tumor thickness, TNM stage and lymph node 

Figure 1. MiR-155 was down-regulated in malignant melanoma and inversely correlates with CBL expression. A, miR-155 
expression was observed in 60 pairs of tissues samples. The miR-155 expression was detected by qRT-PCR using U6 as the 
internal control. B, Relative mRNA expression of CBL was observed in malignant melanoma tissues. C, Spearman correlation 
analysis of miR-155 and CBL level was obtained in malignant melanoma tissues (γ = -0.7105, p<0.001). D, miR-155 levels was 
identified in malignant melanoma cell lines (A375, SK-MEL-28 and A2058) compared to the human epidermal melanocytes 
(HEMs). E, CBL expression was examined in malignant melanoma cell lines (A375, SK-MEL-28 and A2058) compared to the 
human epidermal melanocytes (HEMs). ***p<0.001, **p<0.01, *p<0.05. 
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metastasis, whereas no statistical difference was 
found in the correlation of miR-155 expression 
with age and gender.

MiR-155 Inhibits Malignant Melanoma 
Cell Proliferation, Migration and Invasion 

We established cells transfected with miR-
155 mimic/inhibitor to investigate the effect 
of miR-155 on the progression of malignant 
melanoma in both A375 and SK-MEL-28 cells. 
MTT and transwell chambers were conducted 
to test the malignant melanoma cells prolifera-
tion, migration and invasion ability with differ-
ent transfection. The results demonstrated that 
over-expression of miR-155 inhibited malignant 
melanoma cell proliferation, and knockdown 
of miR-155 dramatically promoted prolifera-
tive abilities as detected by MTT assay (Figure 
2A, 2B). We quantitated the expression levels 
of the EMT markers by Western blot analysis 
in A375 cells dysregulation miR-155. Com-
pared with the mimic-NC group, the protein 
levels of N-cadherin decreased significantly in 
miR-155-overexpressing cells. Inversely, the 
expression level of E-cadherin increased. Addi-
tionally, compared with the inhibitor-NC group, 
the protein levels of N-cadherin increased sig-
nificantly in miR-155 down-regulated cells. 
Inversely, the expression level of E-cadherin 
reduced (Figure 2C). Over-expression of miR-
155 through transfected miR-155 mimics sig-
nificantly suppressed A375 and SK-MEL-28 

cell migration, whereas inhibiting miR-155 ex-
pression promoted A375 and SK-MEL-28 cell 
migration (Figure 2D). In the cell invasion as-
say, ectopic expression of miR-155 dramatically 
decreased A375 and SK-MEL-28 cell invasion, 
whereas inhibition of miR-155 expression sig-
nificantly enhanced malignant melanoma cell 
invasion (Figure 2E). These results suggested 
miR-155 could inhibit migratory and invasive 
ability of malignant melanoma cells.

CBL is a Novel Target Gene of miR155
in A375 Cells

Bioinformatics analysis software TargetS-
can and miRanda were chosen for predicting 
the miR-155 targets. We found one target gene 
for miR-155 was CBL, one putative binding 
site was found at 7711-7718 and this is highly 
conserved across species (Figure 3A). The lu-
ciferase assay was applied to confirm this pred-
ication. To further observe whether the 3’-UTR 
of CBL can be directly targeted by miR-155, 
WT pMIR-UTR or MT pMIR-UTR of CBL 
3’-UTR vector was co-transfected into A375 
cells with either miR-155 mimic/inhibitor or 
NC, then following by the measurement of lu-
ciferase reporter assays. Decreased expression 
of CBL was observed after transfecting with 
miR-155 mimic. However, miR-155 inhibitor 
can enhance CBL expression (Figure 3B). Fur-
thermore, the CBL mRNA and protein expres-
sion were also increased by miR-155 inhibitor, 

Table I. Relationship between miR-155 expression and their clinic-pathological characteristics of melanoma patients.

 miR-155 

Characteristics Cases High (n=22) Low (n=38) p-value 

Age (years)    0.592
 ≥ 60 30 10 20 
 <60 30 12 18 
Gender    0.319
 Male 35 11 24 
 Female 25 11 14 
Tumor thickness    0.016*
 < 1 cm 26 14 12 
 ≥ 1 cm 34 8 26 
TNM stage    0.038*
 I-II 24 5 19 
 III-IV 36 17 19 
Lymph node metastasis    0.011*
 No 20 4 16 
 Yes 40 18 22

Statistical analyses were performed by the χ2 test. *p<0.05 was considered significant.
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and miR-155 mimic played an opposing role on 
CBL expression (Figure 3C-3D). 

Over-Expression of CBL Ablated the 
Inhibitory Effects of miR-155 

Evidence have indicated that CBL was the direct 
target of miR-155 in the A375 cell, CBL might take 
part in miR-155-mediated inhibition of malignant 
melanoma cells migration and invasion. To detect 
whether over-expression of CBL would simulate 
miR-155-mediated effect, CBL vector was trans-
fected into A375 cells to enhance its expression. 
The results of qRT-PCR and Western blot assays 
suggested that both the CBL mRNA levels and 
protein level were reduced by miR-155 mimic, and 
the levels were restored after con-transfected CBL 

vector and miR-155 mimic (Figure 4A-B). And 
then we calculated the functions of CBL over-ex-
pressing on the inhibition of miR-155 in A375 cell 
migration and invasion. Over-expressing of CBL 
reversed the inhibitory effects of miR-155 on ma-
lignant melanoma cell migration (Figure 4C) as 
well as invasion (Figure 4D). 

Discussion

Changes of miRNAs expression frequently 
occur in cancer cells and are usually associated 
with tumorigenesis and the development of can-
cer26,27. Due to the important roles of miRNAs in 
the progression and development of tumors, more 

Figure 2. MiR-155 inhibited malignant melanoma proliferation, invasion and migration. A-B, MTT assay results showed that 
miR-155 suppressed viability of two cells lines after transfection of miR-155 mimic/inhibitor/NC. C, miR-155 leads to EMT 
associated markers dysregulation in A375 cells. E-cadherin and N-cadherin expression was analyzed by Western blotting in 
A375 cells transfected with miR-155 mimic/inhibitor/NC. D, Ectopic miR-155 expression significantly suppressed A375 and 
SK-MEL-28 cells migration, whereas low miR-155 expression promoted melanoma cells migration (magnification: 40×). E, 
miR-155 over-expression dramatically inhibited A375 and SK-MEL-28 cell invasion, whereas inhibition of miR-155 expression 
significantly promoted cell invasion (magnification: 40×). ***p<0.001, **p<0.01. 
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and more researchers pay attention to miRNAs6. 
Accumulating evidence suggested that miR-155 
could function as tumor suppressor or oncogene 
in multiple cancers. For example, Li et al28 report-
ed that miR-155 regulates lymphoma cell prolif-
eration and apoptosis through targeting SOCS3/
JAK-STAT3 signaling pathway. Wei et al29 indi-
cated that miR-155 affects renal carcinoma cell 
proliferation, invasion and apoptosis through reg-
ulating GSK-3beta/beta-catenin signaling path-
way. On the contrary, miR-155 was down-regu-
lated in human cardiomyocyte progenitor cells 
and it affected renal carcinoma cell prolifera-
tion, invasion and apoptosis through regulating 
GSK-3beta/beta-catenin signaling pathway30. 
However, the biological function of miR-155 in 
malignant melanoma proliferation, migration and 
invasion remains unclear. We firstly measured 
miR-155 expression in 60 pairs of malignant 
melanoma tissues and in malignant melanoma 
cell lines (A375, SK-MEL-28 and A2058). We 
found that miR-155 expression was down-reg-

ulated in malignant melanoma tissues and cell 
lines compared with the paracancerous tissues 
and the human epidermal melanocytes (HEMs). 
Recently, large numbers of researches indicated 
miRNAs play critical roles in various cancers 
and participated in many biological processes. 
Authors29,31 reported miR-155 was took part in 
development and metastasis in tumors. This re-
search firstly demonstrated the synthesized anal-
ysis of miR-155 effects on malignant melanoma. 
MiR-155 was dramatically down-regulated in 
malignant melanoma cell lines and tissues. Fur-
ther studies identified that miR-155 inhibited ma-
lignant melanoma cells proliferation, migration 
and invasion. These results together demonstrat-
ed that miR-155 could be a powerful anti-malig-
nant melanoma candidate. To investigate the pe-
culiar regulatory mechanism of miR-155 on the 
development of melanoma, we retrieved two im-
portant databases, TargetScan 7.0 and miRanda, 
and found CBL may be an important downstream 
targeting gene, and we confirmed that the CBL 

Figure 3. CBL is the direct target of miR-155. A, MiR-155 has the binding sites of CBL. B, Luciferase reporter assay with the 
pMIR-CBL-3ʹ-UTR-WT or pMIR-CBL-3ʹ-UTR-MT were co-transfected with miR-155 mimic/inhibitor/NC into A375 cells. 
C-D, CBL expression level in A375 cells transfected with miR-155 mimic/inhibitor/NC was examined by qRT-PCR and Western 
blotting. ***p<0.001, **p<0.01. 
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protein level was significantly inversely correlat-
ed with the miR-155 level in melanoma tissues. 
In this study, CBL was identified as a direct target 
of miR-155 using qRT-PCR, luciferase reporter 
assay and Western blot analysis as previous study 
demonstrate11. CBL is an E3 ubiquitin ligase, 
which plays important roles in the tumor migra-
tion and adhesion32. Cells deficient of CBL was 
reported to have severe defects on cell migration, 
suggesting that CBL has an important part in cell 
migration. Increasing CBL expression resulted in 
decreased cell growth, increased cell apoptosis 
and inhibition of tumor development in a mouse 

model33. In addition, CBL was found to function 
as a tumor promoter role in malignant melanoma 
cells34, which was opposite to the effects of miR-
155. We determined CBL as the target of miR-
155 in malignant melanoma, a significantly high 
expression of CBL was observed after transfec-
tion with miR-155 inhibitor. However, the CBL 
expression was inhibited by miR-155 mimic in 
malignant melanoma cells. Furthermore, for the 
first time, over-expression of CBL ablated the in-
hibitory effects of miR-155, suggesting that the 
interaction between miR-155 and CBL may have 
a fundamental biological role.

Figure 4. Over-expression of CBL ablated the miR-155 inhibitory effects. A-B, CBL expression was identified in A375 cells. C-D, 
Transwell assay was performed in A375 cells after transfecting with miR-155 mimic or CBL vector (magnification: 40×). ***p<0.001, 
**p<0.01, *p<0.05. 
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Conclusions

miR-155 was dramatically down-regulated in 
malignant melanoma cells and tissues. MiR-155 
over-expression can inhibit the proliferation, mi-
gration and invasion in malignant melanoma in 
vitro. In addition, CBL were detected as a direct 
and functional target of miR-155, and it can me-
diate the effect of miR-155 on malignant mela-
noma cell proliferation, migration and invasion. 
Collectively, we believed that miR-155 played an 
essential role in the progression of human mela-
noma and might represent as a therapeutic target 
for human melanoma.
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