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Abstract
Melanoma is a malignant tumor of cutaneous melanocytes that is characterized by high grade malignancy,
rapid progression and high mortality. Thus far, its specific etiological mechanism has been unclear. In this
study, we discovered that Lyn kinase expression was up-regulated in melanoma tissues and cells. The
function of Lyn was determined by knocking down its expression with a lentivirus containing Lyn shRNA
and upregulating its expression with pcDNA3.1-Lyn in the melanoma cell lines M14 and A375. The results
showed that Lyn knockdown could significantly inhibit the proliferation, migration and invasiveness
through its inhibition of apoptosis and autophagy via the PI3K/Akt pathway in melanoma cell lines. This
was further confirmed by treatment with PI3K inhibitor BEZ235. Up-regulation of Lyn promoted the
expression of p-Akt and Cyclin D1. Additionally, we investigated the effects of Lyn inhibitor Bafetinib on
melanoma cells and the results were consistent with Lyn knockdown. Collectively, our results indicated
that Lyn plays a carcinogenic role in multiple cellular functions during melanoma development through
regulating apoptosis and autophagy via the PI3K/Akt pathway and may be a valuable potential target for
the clinical treatment of melanoma.
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Introduction
Melanoma is a malignant tumor that is derived
from the skin, mucous membrane, eye and central
nervous system. Most malignant melanomas originate
from melanocytes in normal skin. It is characterized
by high grade malignancy and rapid progression. In
the event of metastasis to the blood, melanoma cells
can easily spread to all organs of the body. The
prognosis once this occurs is poor, with a median
survival time of under 1 year and a 5-year survival
rate of less than 10 % [1]. Although skin melanoma
accounts for approximately 4% of all skin
malignancies, its mortality rate accounts for about
80% of all mortality from these malignant tumors [2].
Treatment varies depending on the stage of the
melanoma. At early stage, it can be treated by surgical

methods; however, when regional lymph nodes are
involved or in cases of recurrent melanoma, the
treatments include palliative surgery, radiotherapy,
chemotherapy and targeted therapy, but these
methods have limited effects [3].
To date, although studies have shown that the
PI3K/Akt [4], Ras/Raf/MEK/ERK [5] and
WNT/β-catenin [6] pathways participate in the
development and progression of melanoma, the
specific etiological mechanism of melanoma is still
unclear. Therefore, investigation of the molecular
mechanism of the pathogenesis of melanoma is a
current hotspot in research.
Lyn (v-yes-1 Yamaguchi sarcoma viral related
oncogene homolog) located on chromosome 20 at
http://www.jcancer.org
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locus 8q13 in humans [7] is a member of the SFKs.
SFKs are involved in the modulation and regulation
of different processes such as proliferation,
differentiation, migration, metabolism and apoptosis
[8]. It shares a similar functional homologous region
as well as other members of the SFKs [9] and has two
splice variants that result in the production of two
protein isoforms termed P53 kDa and P56 kDa [7].
Many studies have shown that Lyn is overexpressed
and plays a crucial role in many solid tumors, allergic
bronchial asthma [10], autoimmune disease [11],
Kaposi’s Sarcoma [12] and hepatic cirrhosis [13] as
well as BCR/ABL kinase inhibitor-resistant CML [14].
However, the role of Lyn in melanoma has not been
well-studied. Therefore, Lyn is valuable for analyzing
the developmental mechanism of melanoma.
A biochemical analysis of prophase revealed an
obvious increase in Lyn expression in 461 cases of
cutaneous melanoma compared with 558 normal skin
specimens. The results were verified in a melanoma
tissue microarray and in cell lines. In the present
study, we demonstrated that Lyn plays an oncogenic
role in melanoma by its contribution to the regulation
of cell proliferation, migration, invasion, apoptosis
and autophagy.

Materials and methods
Immunohistochemistry and evaluation of Lyn
staining
The paraffin-embedded tissue microarray was
deparaffinized and rehydrated prior to antigen
retrieval. Then, the slide was immersed in the antigen
retrieval buffer and heated in the microwave. Soon
afterwards, the buffer was allowed to cool to room
temperature and was then washed with PBS. Blocking
solution was applied to the sections, which were
incubated for 1 hour. A primary antibody against Lyn
(1:50, Thermo Fisher, USA) was added to the sections
prior to incubation at 4°C overnight. The second day,
the sections were washed three times with PBS for 5
minutes each. An HRP-conjugated secondary
antibody was added to the slide, which was further
incubated for 2 hours. A diaminobenzidine (DAB;
Beyotime, China) kit was used to observe antibody
binding. The microarray was first washed and then
stained with hematoxylin, and slides were imaged
under a microscope (B-150 OPTIKA, Italy). Cases
were scored based on the immunostaining intensity
(0, no staining; 1, weak staining; 2, moderate staining;
3, strong staining) and percentage of positive cells (0,
< 5%; 1, 5%–25%; 2, 25%–50%; 3, 50%–75%; 4,
75%–100%). The final score was calculated by
multiplying the above two scores so that the final
score ranged from 0 to 12. We defined final scores of
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0–4 as “no or low expression” and 5–12 as “high
expression”.

Cell lines, reagents and transfection
The human normal epidermal melanocyte cell
line HEM and the human melanoma cell lines M14,
A375, and UACC257 were obtained from the Type
Culture Collection of the Chinese Academy of
Sciences. HEM, M14, A375 and UACC257 cells were
cultured in Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 10% fetal bovine serum
(FBS), penicillin (100 units/ml), and streptomycin
(100 Ag/ml; Invitrogen Corp.) at 37°C in a humidified
atmosphere with 5% CO2. The lentivirus containing
Lyn shRNA, pcDNA3.1-Lyn vector and pcDNA3.1
vector were purchased from Genechem (Shanghai,
China); Bafetinib was purchased from MCE
(Monmouth Junction, NJ, USA); and PI3K inhibitor
BEZ235 was purchased from Selleckchem (Shanghai,
China). The cells were plated in six-well plates and
transfection was conducted at 70–80% confluence.

Western-blot and Antibodies
The primary antibodies used for the immunoblot
analysis were against Lyn (1:500, Thermo Fisher,
USA), Akt (1:1000, Cell Signaling Technology, USA),
p-Akt (1:1000, Cell Signaling Technology, USA),
Cyclin D1 (1:1000, Proteintech, USA), Bcl-2 (1:1000,
Proteintech,
USA),
cleaved-Caspase3
(1:1000,
Proteintech, USA), Caspase9 (1:1000, Proteintech,
USA), LC3 (1:500, Proteintech, USA), P62 (1:1000,
Proteintech, USA), E-cad (1:1000, Proteintech, USA),
N-cad (1:1000, Proteintech, USA) and GAPDH (1:3000,
Proteintech, USA). The secondary antibodies were
anti-rabbit IgG and anti-mouse IgG (1:5000,
Proteintech, USA).
M14 and A375 cells were collected and lysed in
RIPA buffer (140 mm NaCl, 10 mm Tris·Cl, 1% Triton
X-100, 0.1% sodium deoxycholate, 0.1% SDS, 1 mM
PMSF, plus protease inhibitor mixture, pH 8.0). Every
cell lysate sample was normalized to the total amount
of protein (30 μg) and was subjected to SDS-PAGE
(10% acrylamide). After SDS-PAGE, the proteins were
transferred to PVDF membranes. Membranes were
blocked with TBS containing 5% nonfat milk and 0.1%
Tween-20 for 1 hour at room temperature.
Membranes were incubated with the primary
antibodies for 2 hours at room temperature, which
was followed by three washes in 1X TBS. The
membranes were then incubated with the
corresponding secondary antibodies for 1 hour at
room temperature, followed by three washes in TBS.
The subsequent immunoblot analysis was performed
using enhanced chemiluminescence (ECL). The
densitometry was measured using ImageJ software,
http://www.jcancer.org
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and the protein levels were normalized to GAPDH.
The assay was repeated three times.

Cell viability and CCK8 proliferation assay
Melanoma cells were trypsinized and counted to
create the suspension. Approximately 2,000 cells were
seeded into each well of 96-well plates. Cells were
then treated with different concentrations of Bafetinib,
and 0.1% DMSO was used as the control. 24 hours
later, cell vitality was detected by adding 10 μl of
CCK-8 solution (Solarbio, China). After incubation at
37°C for 2 hours, the optical density (OD) value of
excitation light was detected using a microplate
reader (Synergy 2 Multi-Mode Microplate Reader;
BioTek, Winooski, VT, USA). Using this information,
a suitable concentration was selected for the next
study. Every 24 hours for the next three days, 10 μl of
CCK8 solution was added to each well, and after the
cells were cultured for 2 hours, the OD values were
measured. The assay was repeated three times.

Colony formation assay
M14 and A375 cells in the experimental group
and the negative control group were seeded into 100
mm cell culture dishes at a density of 500 cells/well
and were cultured for 10 days at 37°C. Then, the
cloned cells were fixed in methanol and stained with
0.5% crystal violet (in methanol: water, 1:1). The
number of colonies containing at least 50 cells was
then counted. The data are presented as the mean ±
SD. The assay was repeated three times.
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Results
Lyn expression is up-regulated in human
melanoma
Along with the development of modern gene
sequencing technology, an increasing amount of
cancer genomics data has been generated, and
genome-wide individual genetic analysis is now
possible. Here, we assessed Lyn expression using a
Gene Expression Profiling Interactive Analysis
(GEPIA) [15], which was specifically designed to
explore gene expression profiles and to perform
interactive analyses using the databases resourced
from Genotype-Tissue Expression (GTEx) and the
Cancer Genome Atlas (TCGA) [16, 17]. For the
expression analysis, the |Log2FC| cutoff was 1, and
the log2 (TPM + 1) was used as the log-scale. For the
prognostic analysis, the group cutoff was the median,
and the hazard ratio was calculated based on the Cox
PH Model (Figure 1). From the plot, we observed that
the expression of Lyn was significantly upregulated in
human skin cutaneous melanoma (SKCM) samples
compared with that in normal skin tissues.

Transwell migration and invasion assays
The Transwell assay was performed to evaluate
cell migration and invasion in a Transwell chamber
(Millipore, USA) according to the manufacturer’s
instructions. First, cells in the different groups were
seeded in a chamber at a density of 1×104 cells/well
and were incubated at 37°C. After 48 hours, the cells
migrated to the lower chamber, at which time they
were washed with PBS and stained with crystal violet
for 10 min. Finally, the number of cells that had
invaded through the membrane was counted and
captured by microscopy. The assay was repeated
three times.

Statistical analyses
The data in this study are expressed as the mean
± SD and were analyzed with SPSS v17.0 (SPSS Inc.,
Chicago, IL, USA). The Student’s t-test was used to
determine the significance for all pairwise
comparisons of interest.
P values < 0.05 were considered statistically
significant.

Figure 1: Lyn expression is upregulated in human malignant melanoma.
The expression of Lyn was assessed using the GEPIA online database. Lyn expression
was significantly increased in SKCM tumor tissues (n=461, red box) compared with
normal skin tissue (n=558, gray box). *P < 0.05 by Student's t-test.

http://www.jcancer.org
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Figure 2: Lyn expression is remarkably increased in melanoma tissues and cells. (A) Immunohistochemical staining for Lyn in melanocytic nevus and melanoma tissues
was obtained using an antibody against Lyn (×400). (B) Western blot results revealed that the protein levels of Lyn vary in normal skin cells and different melanoma cell lines. (C)
Quantification assay of the intensity of the Lyn bands. Error bars indicate ± SD. *P < 0.05; **P < 0.01 by Student's t-test. All assays were repeated three times.

Lyn expression is remarkably increased in
melanoma tissues and cell lines
To further confirm the abnormal expression of
Lyn in melanoma, we performed immunohistochemistry and Western blot analysis in a tissue
microarray and in three cell lines, respectively. The
tissue microarray, which contained 8 cases of
melanocytic nevus tissue and 40 cases of melanoma
tissue, were immunohistochemically stained for the
Lyn protein. Compared with melanocytic nevus
tissues, strong immunohistochemical staining for Lyn
was observed in melanoma tissues, whereas Lyn
expression was significantly decreased in melanocytic
nevus tissue (Figure 2A).
As shown in Table 1, the expression rate of Lyn
in melanoma tissues reached 77.5% (31/40), which is
obviously higher than that in normal melanocytes and
melanocytic nevus tissues (25%) (2/8) (P < 0.05). In
addition, in the analysis of the relationships between
Lyn expression and the clinicopathological
characteristics of melanoma patients, we found that
Lyn expression was significantly correlated with
TNM stage and tumor invasion (P < 0.05) (Table 2).
However, no significant correlation was found
between Lyn expression and age or sex.
Next, we examined the expression of Lyn in
melanoma cell lines (UACC257, A375, M14) and a
normal skin cell line (Human Epidermal Melanocyte,

HEM) as a control by Western blot. Our results
showed that the expression level of Lyn was
significantly higher in melanoma cells than in HEM
cell (P < 0.05) (Figure 2B and 2C).
Table 1: The expression of Lyn in melanocytic nevus and
melanoma samples
Samples
Melanocytic nevus
Melanoma

Case (n) Lyn expression
No or Low N (n%)
8
6 (75%)
40
9 (22.5%)

P
High N (n%)
2 (25%)
31 (77.5%)

Table 2: Association of Lyn expression
clinicopathological characteristics of melanoma
Parameters

Age (years)
≤60
>60
Gender
Male
Female
Tumor invasion
(AJCC)
TI-T3
T4
Lymph node
metastasis
Yes
No
TNM
Ⅰ~Ⅱ
Ⅲ~Ⅳ

0.0035**

with

the

Cases Lyn expression Lyn
P-value
(n)
high
expression No
or low
26
14

18(69.23%)
13(92.85%)

8(30.77%)
1(7.14%)

0.08

22
18

17(77.27%)
14(77.78%)

5(22.73%)
4(22.22%)

0.97

19
21

12 (63.16%)
19(90.47%)

7(36.84%)
2(9.53%)

0.03*

12
28

11 (91.67%)
20 (71.43%)

1(8.33%)
8(28.57%)

0.16

14
26

8 (57.14%)
23 (88.46%)

6(42.86%)
3(11.54%)

0.021*

http://www.jcancer.org
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Detection of Lyn knockdown efficiency after
lentiviral infection of melanoma cell lines

contribute to the inhibition of proliferation of
melanoma cells in vitro.

The melanoma cell lines M14 and A375 were
infected with a Lyn knockdown lentivirus, and stable
low-expressing cell lines (Lyn-KD) were screened.
Analysis of GFP showed that the expression of green
fluorescence was clearly increased in Lyn-KD cells
compared with negative control cells (NC) for both
the M14 and A375 cell lines (Figure 3A and 3B). We
further analyzed the different expression levels of Lyn
in Lyn-KD and NC cells by Western blot. The results
consistently showed that the Lyn knockdown
lentivirus could effectively reduce Lyn expression.
The differences between the Lyn-KD groups and the
NC groups were statistically significant (P < 0.05)
(Figure 3C).

Lyn knockdown inhibits melanoma cell
migration and invasiveness

Lyn knockdown inhibits melanoma cell
proliferation
To investigate the biological functions of Lyn in
melanoma progression, the effect of Lyn knockdown
on the proliferation of melanoma cell lines was
evaluated by CCK8 assay and colony formation assay.
From the results of the CCK8 assays, the OD value of
Lyn-KD was significantly decreased compared with
that in NC cells on days 3 and 4 in M14 and A375 cells
(P < 0.05) (Figure 4A). Colony formation assays also
confirmed that the number of cell clones was
decreased significantly in Lyn-KD cells for both M14
and A375 cells (P < 0.05) (Figure 4B). These results
suggested that decreased Lyn expression could

To discover more specific effects of Lyn in
melanoma cells, Transwell assays were performed to
estimate the migration and invasion ability of M14
and A375 cells. Transwell assays ± Matrigel
demonstrated that the number of migrating and
invading cells in the Lyn-KD group was significantly
less than that in the NC group for both M14 and A375
cells (Figure 5A and 5B). In addition, since epithelial
mesenchymal transition (EMT) plays a key role in cell
invasion and migration, we further detected the effect
of Lyn on the expression of the EMT markers E-cad
and N-cad by Western blot. The result showed that
E-cad expression was upregulated while N-cad
expression was downregulated after infection of M14
and A375 cells with the Lyn knockdown lentivirus (P
< 0.05) (Figure 5C). These results demonstrated that
the low expression of Lyn inhibited melanoma cell
migration and invasion in vitro.

Analysis of the signaling pathway by which Lyn
inhibits apoptosis and autophagy in melanoma
cells
The PI3K/Akt signaling pathway is implicated
in a variety of cellular processes, ranging from
proliferation to apoptosis and autophagy. To identify
the possible underlying mechanism of Lyn’s activity

Figure 3: Detection of the transfection efficiency of the lentivirus with Lyn shRNA in melanoma cell lines. (A and B) Fluorescence and bright-field images of M14
and A375 cells after lentiviral transduction (Original magnification: ×40). (C) Lyn expression detected by Western blot. Error bars indicate ± SD. *P < 0.05 by Student's t-test.
All assays were repeated three times.

http://www.jcancer.org
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in melanoma cells, we analyzed the activity of the
PI3K/Akt pathway, as well as the expression of its
downstream proteins. Our results revealed that in
comparison with NC groups, decreased expression of
Lyn resulted in downregulated expression of p-Akt,
Cyclin D1, caspase9, Bcl-2 and P62 yet upregulated
expression of the cleaved-Caspase3 and LC3-II/I in
M14 and A375 cells (P < 0.05) (Figure 6A and B). These
results indicated that knockdown of Lyn could
promote apoptosis and autophagy in melanoma cells
in vitro.
BEZ235 is a PI3K inhibitor that reduces the
kinase activity of PI3K by competitively binding to its
ATP-binding cleft [18]. BEZ235 was used to interfere
with the NC and Lyn-KD cells to further validate
Lyn’s involvement in the PI3K/Akt pathway in
melanoma cells. Western blot analysis showed that
BEZ235 treatment significantly decreased expression
of p-Akt, Cyclin D1, Caspase9, Bcl-2 and P62, but
increased expression of cleaved-Caspase3 and
LC3-II/I in both NC and Lyn-KD groups of M14 and
A375 cells (P < 0.05) (Figure 7A and B). The results
demonstrated that BEZ235 further increased
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apoptosis and autophagy which was induced by the
knockdown of Lyn in melanoma cells. These findings
are consistent with previous reports regarding
BEZ235 causing apoptosis and autophagy in some cell
lines [19, 20]. However, there was no significant
difference in expression of the related proteins
between the NC and Lyn-KD groups after BEZ235
treatment (P > 0.05) (Figure 7A and B), suggesting that
PI3K/Akt pathway activity in melanoma cells was
completely blocked. All together, these results
indicated that downregulation of Lyn can induce
apoptosis and autophagy through the PI3K/Akt
signaling pathway in M14 and A375 cells in vitro.

Upregulation of Lyn promotes Cyclin D1 via
PI3K/Akt signaling pathway for proliferation
To prove the specificity of shRNA-mediated
knockdown of Lyn, the Lyn-KD M14 and A375 cells
were both transfected with pcDNA3.1-Lyn (resistant
to shRNA) and the expression levels of p-Akt and
Cyclin D1 were detected by Western blot. The data
demonstrated that the pcDNA3.1-Lyn vector restored
the expression of Lyn which were downregulated by

Figure 4: Lyn knockdown significantly inhibits melanoma cell proliferation. (A) Time course curve of the CCK8 assay results show the changes in the viability of M14
and A375 cells. (B) The number of colony-forming cells was evaluated by colony formation assay. Error bars indicate ± SD. *P < 0.05 by Student's t-test. All assays were repeated
three times.

http://www.jcancer.org
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lentivirus containing Lyn shRNA and the expression
levels of p-Akt and Cyclin D1 were increased (P <
0.05) (Figure 8A). In addition, M14 and A375 cells
were also transfected with pcDNA3.1-Lyn, and
pcDNA3.1 was used as a negative control. The data
revealed simultaneous increased expression of Lyn,
p-Akt and Cyclin D1 in pcDNA3.1-Lyn transfected
cells compared with the NC cells (P < 0.05) (Figure
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8B), further demonstrating that overexpression of Lyn
can increase the expression of Cyclin D1. Moreover,
CCK8 assays showed that transfection of pcDNA-Lyn
caused a higher rate of proliferation than the NC
group in M14 and A375 cells (P < 0.05) (Figure 8C). All
together, these results confirmed that Lyn promoted
cell proliferation through activation of the PI3K/Akt
pathway in vitro.

Figure 5: Lyn knockdown significantly inhibits melanoma cell migration and invasion. (A and B) Transwell assays ± Matrigel were performed in M14 and A375 cells.
(C) The effect of Lyn downregulation on the expression of E-cad and N-cad was examined by Western blot. Error bars indicate ± SD. *P < 0.05; **P < 0.01 by Student's t-test.
All assays were repeated three times.
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Figure 6: Analysis of the signaling pathway by which Lyn inhibits apoptosis and autophagy in melanoma cells. (Figure 6 A and B) Western blot results showed the
changes of Lyn down-regulation in expression of Akt, p-Akt, Cyclin D1, cleaved-Caspase3, Caspase9, Bcl-2, LC3II/I and P62. (Figure 7 A and B) The expression changes of Lyn,
Akt, p-Akt, Cyclin D1, cleaved-Caspase3, Caspase9, Bcl-2, LC3II/I and P62 in Lyn-KD and NC groups for melanoma cell lines M14 and A375 after treatment with PI3K inhibitor
BEZ1235 (1μM) determined by Western blot. Error bars indicate ± SD. *P < 0.05, N.S. P > 0.05 by Student's t-test. All assays were repeated three times.

Figure 7: Analysis of the signaling pathway by which Lyn inhibits apoptosis and autophagy in melanoma cells. (Figure 7 A and B) The expression changes of Lyn,
Akt, p-Akt, Cyclin D1, cleaved-Caspase3, Caspase9, Bcl-2, LC3II/I and P62 in Lyn-KD and NC groups for melanoma cell lines M14 and A375 after treatment with PI3K inhibitor
BEZ1235 (1μM) determined by Western blot. Error bars indicate ± SD. *P < 0.05, N.S. P > 0.05 by Student's t-test. All assays were repeated three times.

http://www.jcancer.org
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Figure 8: Lyn promotes proliferation of CyclinD1 via the PI3k/AKT signaling pathway. (A) Western blot results showed expression changes of Akt, p-Akt and Cyclin
D1 transfected with pcDNA3.1-Lyn vector in Lyn-KD cells. (B) The effect of Lyn up-regulation on the expression of Akt, p-Akt and Cyclin D1 was examined by Western blot.
(C) Time course curve of the CCK8 assay results show the changes in viability of M14 and A375 cells. Error bars indicate ± SD. *P < 0.05 by Student's t-test. All assays were
repeated three times.

Bafetinib inhibits viability, proliferation,
migration and invasiveness, while also
promoting apoptosis and autophagy in
melanoma cells
Bafetinib, which inhibits Lyn, was added to
melanoma cell lines M14 and A375 to observe
whether Lyn could be downregulated, thereby
affecting cell function changes. We first detected the
dose-dependent effects of Bafetinib on melanoma
cells. Our results showed that Bafetinib had no effect
on cell viability of M14 cells at a concentration lower
than 1 μM. At a concentration of 10μM or higher,
Bafetinib had a significant inhibitory effect on the
viability of M14 cells compared with the NC cells.
Meanwhile, Bafetinib demonstrated a significant
inhibitory effect on viability of A375 cells at a
concentration of 20μM or higher (Figure 9A).
Therefore, we used a concentration of 10μM and
20μM in the rest of the experiments in M14 and A375
cells, respectively.

The effects of Bafetinib on the proliferation of
M14 and A375 cells were detected by CCK8 assay. The
OD value of excitation light was significantly
decreased in both M14 and A375 cells, which were
treated with 10μM and 20μM for 24 hours,
respectively, compared with the NC cells (P < 0.05)
(Figure 9B). The clone formation assays showed a
much lower number of clones on the Bafetinib treated
dishes in both M14 and A375 cells compared to NC
cells (P < 0.05) (Figure 9C). Transwell assays were
used to determine migration and invasion in M14 and
A375 cells. The results showed that cell migration and
invasion in the Bafetinib-treated groups decreased
significantly in both M14 and A375 cells compared to
the NC cells (P < 0.05) (Figure 9D). Moreover, Western
blot showed that Bafetinib treatment decreased the
expression of p-Akt, Cyclin D1, cleaved-Caspase3,
Bcl-2 and P62, while it simultaneously increased
expression of Caspase9 and LC3-II/I in both M14 and
A375 cells (P < 0.05) (Figure 9E and F). These results,
which were consistent with the effects of Lyn
http://www.jcancer.org
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Figure 9: Bafetinib inhibits viability, proliferation, migration and invasiveness while also promoting apoptosis and autophagy in melanoma. (A) The
dose-dependent effect of Bafetinib on M14 and A375 cells. Bafetinib has an inhibitory effect on the viability of M14 or A375 cells at both 10μM and 20μM. (B) CCK 8 assay showed
the time course effect of Bafetinib on the viability of M14 and A375 cells. (C) Colony formation assay showed Bafetinib decreased colony formation efficiency of M14 and A375 cells.
(D) Transwell assays demonstrated that Bafetinib treatment decreased cell migration and invasion in M14 and A375 cells. (E and F) Western blot showed the effects of Bafetinib
on expression of Akt, p-Akt, Cyclin D1, cleaved-Caspase3, Caspase9, Bcl-2, LC3II/I, P62 and Lyn. Error bars indicate ± SD. *P < 0.05 by Student's t-test. All assays were repeated
three times.

knockdown, demonstrated that Bafetinib inhibited the
viability, proliferation, migration and invasion while
it also promoted apoptosis and autophagy via the
PI3K/Akt pathway of melanoma cells in vitro.

Discussion
Lyn was the first kinase of the Src family
discovered to have dual regulation of signal
transduction; it is expressed by most cells in the
hematopoietic system, liver, nervous tissue and

adipose tissue [21]. Many studies have discovered
upregulation of Lyn in numerous tumors and that its
activity was closely related to the occurrence and
development of tumors, such as colorectal cancer,
gastric cancer, renal cell carcinoma, lung cancer,
breast cancer, prostate cancer and chronic leukemia
[22-27]. A correlation between Lyn expression and
drug resistance has also been reported [28, 29].
However, the specific function and precise
mechanism of Lyn in tumorigenesis of melanoma
http://www.jcancer.org
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have not been investigated.
In our present study, we observed that Lyn was
significantly overexpressed in melanoma samples
compared
with
melanocytic
nevus
tissue.
Furthermore, we found that the expression of Lyn
was associated with TNM stage and tumor invasion
of melanoma patients. Western blot showed that Lyn
expression was significantly higher in melanoma cells
than in HEM cells. These results suggest that Lyn may
serve a carcinogenic role in melanoma. The in vitro
study showed that Lyn knockdown inhibited the
proliferation, migration and invasiveness of
melanoma cell lines M14 and A375, further
supporting that Lyn is an oncogene in melanoma.
Many studies have shown that several signaling
pathways are constitutively activated in melanoma
cells. Among them, the PI3K/Akt signaling pathway
is activated through multiple mechanisms and plays
an important role in melanoma progression [4]. It has
also been reported that excessive Lyn activation
endowed the invasive power of eosinophils by
activating the PI3K/Akt pathway in CEL [30]. Our
results showed that knockdown of Lyn inhibited
activity of p-Akt as well as the expression of its
downstream proteins Cyclin D1, Caspase9, Bcl-2 and
P62. Furthermore, Lyn knockdown promoted
cleaved-Caspase3 and LC3-II/I in M14 and A375 cells.
These findings indicated that knockdown of Lyn
could induce apoptosis and autophagy by inhibiting
the PI3K/Akt signaling pathway in melanoma cells in
vitro; this was further confirmed by treatment with
PI3K inhibitor BEZ235.
In the rescue experiments, transfection with
pcDNA3.1-Lyn restored the Lyn expression in
Lyn-KD cells, and the expression of p-Akt and Cyclin
D1 was also increased at the same time. Furthermore,
transfection with pcDNA3.1-Lyn was observed to
upregulate the expression of Lyn, p-Akt and Cyclin
D1 and to promote proliferation both in M14 and
A375 cells. Cyclin D1 which is highly expressed in
many cancers including melanoma is one of the
downstream components of PI3K/Akt signaling
pathway and regulates cell cycle transition from G1 to
S phase [31]. Therefore, we can conclude that
upregulation of Lyn promotes Cyclin D1 via the
PI3k/AKT signaling pathway for proliferation.
Bafetinib is a potent and selective Lyn inhibitor.
Previous research has suggested that it could induce
programmed
cell
death
through
both
Caspase-mediated
and
Caspase-independent
pathways in CML cell lines [32]. Morever, Bafetinib
directly prevents cell movement, proliferation, and
viability induced by chemokines in purified activated
stellate cells in vitro [33]. As expected, the effects of
Bafetinib treatment with M14 and A375 cells were
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similar to those of Lyn knockdown, which confirmed
that downregulation of Lyn inhibited proliferation,
migration and invasion by inducing apoptosis and
autophagy through blocking the PI3K/Akt signaling
pathway in melanoma cells in vitro.
In conclusion, our biochemical analyses revealed
a significant increase in Lyn expression in human
melanoma
samples,
and
we
demonstrated
overexpression of Lyn in melanoma tissues and cells.
The knockdown of Lyn and its inhibitor Bafetinib
both inhibited proliferation, migration and invasion
but also induced autophagy and promoted apoptosis
in human melanoma cells via the inhibition of the
PI3K/Akt signaling pathway in vitro. Notably, these
findings have important preclinical implications and
provide a potential target for the clinical treatment of
human melanoma.
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