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1. Introduction
Malignant melanoma is a highly aggressive and metas-

tatic skin cancer arising from the malignant transformation 
of melanocytes [1]. Patient prognosis is typically poor, 
with a 5-year survival rate of less than 15% [2, 3]. Our un-
derstanding of the pathobiology and genetics of melanoma 
has increased in recent years. This has led to the develop-
ment of more effective clinical treatments, including targe-
ted therapies and immunotherapies, both of which contri-
bute to the regression of advanced disease. However, few 
treatments are effective in many patients [4]. The complex 
molecular mechanisms underlying the development and 
progression of malignant melanoma require further inves-
tigation. 

Melanoma-associated antigens (MAGEs) are mem-

bers of a gene family comprising more than 50 proteins. 
MAGEs can be classified into MAGE-I and MAGE-II 
based on their gene structure and tissue-specific expres-
sion patterns. MAGE-I family members (hereafter refer-
red to as MAGE) are encoded by 28 genes clustered on 
the X chromosome, including MAGE-A, -B, and -C, 
which are typically expressed in cancer cells of various 
origins but not in adult tissues, except in germline cells in 
the placenta, ovaries, and testes [5]. In contrast, MAGE-
II subgroups, including MAGE-D variants, do not show 
defined chromosomal clustering, are not cancer-specific, 
or are ubiquitously expressed in normal adult tissues and 
germline cells [6, 7]. MAGE proteins act as antitumor 
immune targets; therefore, these antigens are a focus of 
immunotherapy research for gastrointestinal carcinomas 
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accelerated cell proliferation. Conversely, the knockdown of hMAEGA2 reduced cell proliferation, colony 
formation, and migration significantly and induced arrest at the G2/M phase of the cell cycle. With respect to 
the molecular mechanism, the knockdown of hMAGEA2 decreased the phosphorylation of Akt, JNK, and p38 
MAPK. Additionally, hMAGEA2 knockdown reduced tumor formation significantly at the in vivo level. Col-
lectively, the robust correlation between hMAGEA2 and melanoma metastasis supports the potential utility of 
hMAGEA2 as both a diagnostic marker and novel therapeutic target for patients with melanoma metastasis.
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and other cancers. MAGE expression is an independent 
prognostic variable for metastasis and reflects the extent 
of relapse-free survival, comparable to Breslow thickness 
and ulceration in melanoma [8]. hMAGEA2 is overex-
pressed in various human cancers, and its overexpression 
has been correlated with a worse prognosis [9]. However, 
despite extensive research, the molecular mechanisms un-
derlying the roles of human MAGEA2 (hMAGEA2) in the 
development and progression of melanoma remain poorly 
understood.

In the present study, SK-MEL-5 and SK-MEL-28 cell 
lines were used to explore the contribution of MAGEA2 
to melanoma progression and invasiveness. These results 
suggest that hMAGEA2 is involved in the growth and in-
vasiveness of melanoma cells and that its overexpression 
is correlated with metastasis. Therefore, hMAGEA2 may 
contribute to the progression of melanoma in vivo and is a 
potential diagnostic and novel therapeutic target.

2. Materials and Methods
2.1. Construction of a tissue microarray and immuno-
histochemistry

Tissue microarrays (TMAs) were constructed with 1 
mm diameter cores punched from two or three distinct 
regions of each formalin-fixed paraffin-embedded tumor 
block. TMAs were assembled using a tissue arrayer (Bee-
cher Instruments, Silver Spring, MD, USA). One section 
from each TMA was stained with hematoxylin and eosin 
and reviewed to confirm the presence of representative tu-
mors. After deparaffinization, rehydration, and antigen re-
trieval, the hMAGEA2 protein was detected via immuno-
histochemistry using antibodies (sc-130164; Santa Cruz, 
Houston, TX, USA) and the Ultraview Universal DAB 
Detection Kit (Ventana, Tucson, AZ, USA). All sections 
were counterstained with hematoxylin. TMA sections 
were assessed for the intensity of staining and the percen-
tage of cells with nuclear, cytoplasmic, and cell membrane 
staining. Briefly, staining was considered positive when 
moderate or strong immune reactivity was detected at an 
appropriate location above the cutoff point. A total of 45 
malignant melanoma tissues, 20 normal skin tissues, and 
10 adjacent cancerous skin tissues were analyzed.

2.2. Cell culture and transfection
The medium components for cell culture were pur-

chased from Thermo Fisher Scientific (Grand Island, 
NY, USA). The human melanoma cell lines SK-MEL-5 
and SK-MEL-28 were cultured in minimum essential 
medium (MEM) supplemented with 10% fetal bovine 
serum (FBS) and 1% penicillin/streptomycin (P/S). For 
stable expression of hMAGEA2 in melanoma cell lines, 
the cells were seeded into 100 mm dishes. After 24 h, 
the cells were transfected with the pcDNA3.1-mock or 
pcDNA3.1-hMAGEA2 vector using FuGENE HD trans-
fection reagent (Promega, Madison, WI, USA), following 
the manufacturer's instructions. To establish stable expres-
sion, the transfected melanoma cell lines were treated with 
G418 (1.5 mg/mL) for 7 days. The subcultures were trea-
ted with G418 every 3 days. All cell lines were maintained 
in an incubator at 37°C with 5% CO2.

2.3 Cell proliferation assay
Cell proliferation was estimated using the CCK-8 assay 

(Cell Counting Kit-8; Dojindo Molecular Technologies, 

Inc., Kumamoto, Japan). The cells were seeded into 96-
well plates (1 × 103 cells/well) and incubated for 0, 24, 48, 
72, or 96 h. In total, 10 μL of CCK-8 solution was added to 
each well and incubated for an additional 1 h at 37°C. The 
optical density (OD) of each well was measured at 450 nm 
using a spectrophotometer (BioTek, Winooski, VT, USA).

2.4 Anchorage-independent colony formation assay
The effect of hMAGEA2 on anchorage-independent 

growth was investigated in melanoma cell lines. Cells (8 × 
103 cells/mL), suspended in MEM supplemented with 10% 
FBS and 1% P/S, were added to the top layer of 0.3% agar 
over a base layer of 0.5% agar. The cultures were main-
tained at 37°C in a 5% CO2 incubator for 2–3 weeks, and 
then colonies were counted under a microscope (Leica, 
Wetzlar, Germany) using Image-Pro Plus (v.6.1).

2.5. Wound healing assay
Wound healing assays were performed to evaluate cell 

motility. Melanoma cells were cultured in 6-well dishes at 
a density of 1 × 106 cells/well. A single scratch was created 
by scraping a p10 micropipette tip across the surface of 
a plate containing confluent cells. The cells were washed 
thrice with PBS to remove cell debris, and the assay me-
dium was added. Images of the scratched area on each 
plate were obtained by light microscopy (Leica) at 10× 
magnification at 0, 12, and 24 h, and the distance between 
the gaps was evaluated using Image-Pro Plus (v.6.1).

2.6. Cell cycle analysis
Cells (1 × 105) were seeded in 60-mm dishes and cultu-

red for 48 h. The cells were harvested by trypsinization, 
fixed cell with 70% ethanol at -20℃ overnight, and re-sus-
pended with 250 μL of 0.6% Triton X-100 solution after 
washing with pre-cold PBS. Then, the cells were incuba-
ted with RNaseA (200 μg/mL) for 30 min at room tempe-
rature, and a cell cycle analysis was conducted using a BD 
FACSCalibur Flow Cytometer (BD Biosciences, San Jose, 
CA, USA).

2.7. Lentiviral production and infection
Lentiviral hMAGEA2 shRNA vectors (sh-hMAGEA2 

sequence: 5′-GATAATCGTCCTGGCCATAAT-3′) for the 
knockdown of hMAGEA2 were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Oligonucleotides were 
cloned into the pLKO.1 lentiviral vector. HEK293T cells 
were co-transfected with pLKO.1-scramble or pLKO.1-
shMAGEA2 and pMDLg/pRRE, pMD2.G, or pRSV-Rev 
using FuGENE HD transfection reagent (Promega). SK-
MEL-5 and SK-MEL-28 cells were infected with lentivi-
ruses encoding shRNA using 8 μg/mL protamine sulfate 
(Sigma). After 48 h, cells were selected with puromycin 
(1 μg/mL) for 4 days to establish the stable knockdown of 
hMAGEA2 in the SK-MEL-5 and SK-MEL-28 cell lines. 

2.8. Western blotting
Cell lysates were prepared using a lysis buffer (150 mM 

NaCl, 1% NP-40, 50 mM Tris-HCl, 1 mM PMSF, protease 
inhibitor, and dephosphorylated inhibitor tablet mixture). 
After centrifugation, the supernatant was extracted as total 
cellular protein, and the concentration was measured us-
ing a BCA Quantification Kit (Thermo Fisher Scientific). 
Proteins were separated via SDS-PAGE and transferred 
onto a polyvinylidene difluoride membrane (Millipore, 
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MEL-28 cells in which hMAGEA2 was suppressed using 
lentiviral infection. An immunoblot analysis of sh-hMA-
GEA2-infected melanoma cells revealed that the expres-
sion of endogenous hMAGEA2 was lower than that in the 
cells expressing sh-mock (Fig. 1F). The results of a CCK-
8 proliferation assay indicated that the knockdown of 
hMAGEA2 decreased the proliferation of SK-MEL-5 and 
SK-MEL-28 cells significantly (Fig. 1G). Overall, these 
data demonstrated that hMAGEA2 plays an important role 
in melanoma cell proliferation. 

3.3. Knockdown of hMAGEA2 inhibits the migration 
of melanoma cells

An analysis of clinical pathology data indicated that 
hMAGEA2 is involved in tumor metastasis. To confirm 
whether hMAGEA2 is involved in the migration of SK-
MEL-5 and SK-MEL-28 cells, a wound-healing assay was 
performed. First, we constructed hMAGEA2 knockdown 
SK-MEL-5 and 28 cells and measured the serum-induced 
migration of metastatic SK-MEL-5 and 28 cells. sh-hMA-
GEA2 decreased serum-induced cancer cell migration 
(Fig. 2A). SK-MEL-5 and 28 sh-hMAGEA2 cell migration 
was significantly lower than that in SK-MEL-5 and -28 sh-
MOCK cells (Fig. 2B and C). These results suggested that 
hMAGEA2 plays a key role in melanoma metastasis.

3.4. Knockdown of hMAGEA2 suppresses anchorage-
independent colony formation of melanoma cells

The effect of hMAGEA2 suppression on the ability of 

Billerica, MA, USA). The membranes were blocked with 
5% milk in 1× TBST for 1 h and then incubated with pri-
mary antibodies overnight at 4°C. The membranes were 
then incubated with the corresponding secondary anti-
bodies after washing with 1× TBST. Protein bands were 
visualized using an enhanced chemiluminescence (ECL) 
detection reagent (GE Healthcare Life Sciences, Chicago, 
IL, USA), and protein expression was visualized using Da 
Vinci software. 

2.9. Xenograft mouse model
All experimental protocols were approved by the Ani-

mal Care and Use Committee of the Kyungpook Natio-
nal University. Athymic nude mice (6 weeks; mean body 
weight, 18 g) were obtained from Orient (Seoul, Korea). 
Animals were acclimated to the facility for one week be-
fore the study and had free access to food and water. Tu-
mor volume was calculated from two measurements of the 
diameter of the tumor base using the following formula: 
tumor volume (mm3) = (length × width × height × 0.5). 
Mice were monitored until the tumors reached 1 cm3 in 
total volume and were euthanized for further studies.

2.10. Statistical analysis
All quantitative results are expressed as mean values ± 

SD. Mean values in different groups were compared using 
a two-tailed independent samples t-test, and P-values of 
<0.05 were considered significant.

3. Results
3.1. Tissue microarray analysis

To investigate whether hMAGEA2 was overexpressed 
in human melanoma tissues and whether MAGE expres-
sion increased with metastasis, we measured the expres-
sion levels of hMAGEA2 in human melanoma tissues 
using TMAs. The expression levels of hMAGEA2 were 
significantly higher in human melanoma cancer tissues 
than in adjacent cancer and normal tissues (P < 0.01) 
(Fig. 1A, 1B). Additionally, hMAGEA2 expression was 
significantly higher in melanoma with metastasis than in 
melanoma without metastasis (P < 0.01) (Fig. 1C). These 
findings suggested that hMAGEA2 is associated with me-
lanoma metastasis and tumorigenesis.

3.2. Cell proliferation was affected by hMAGEA2 in me-
lanoma cell lines with overexpression and knockdown

To investigate the functions of hMAGEA2 in mela-
noma, we established SK-MEL-5 and SK-MEL-28 cell 
lines transfected with a plasmid vector that did not express 
hMAGEA2 (mock vector) or a vector that drove the ex-
pression of hMAGEA2. An immunoblot analysis showed 
that the expression of hMAGEA2 was significantly higher 
in SK-MEL-5 and SK-MEL-28 cell lines with transfection 
than in mock-transfected cell lines (Fig. 1D). Cell prolif-
eration was measured using the CCK-8 proliferation as-
say. Proliferation was measured at 0, 24, 48, 72, and 96 
h in stably transfected SK-MEL-5 and SK-MEL-28 cell 
lines. Proliferation was higher in cell lines overexpress-
ing hMAGEA2 than in control cells (Fig. 1E). Our results 
demonstrated that the overexpression of hMAGEA2 in 
SK-MEL-5 and SK-MEL-28 cells increased cell prolifera-
tion. 

Furthermore, to investigate the effects of hMAGEA2 
downregulation, we established SK-MEL-5 and SK-

Fig. 1. hMAGEA2 is highly expressed in human melanoma tis-
sues, hMAGEA2 overexpression increases proliferation, and 
hMAGEA2 knockdown decreases proliferation of SK-MEL-5 and 
SK-MEL-28 cell lines. (A) Expression of hMAGEA2 in human me-
lanoma tissues. (B) Immunostaining of hMAGEA2 in human mela-
noma tissues. (C) Expression of hMAGEA2 in melanoma with or wit-
hout metastasis. (D) Stable hMAGEA2 overexpression in SK-MEL-5 
and SK-MEL-28 cell lines; β-actin was used as a loading control. (E) 
Proliferation was higher in melanoma cells that overexpress hMA-
GEA2 relative than in the control. (F) hMAGEA2 protein expression 
in SK-MEL-5 and SK-MEL-28 cell lines in the presence of mock 
or short hairpin RNA translation inhibitors. β-actin was used as a 
loading control. (G) Proliferation was suppressed in cells containing 
short hairpin RNAs specific for hMAGEA2 inhibition relative to that 
in cells containing nonspecific RNAs (mock). Data are expressed as 
means ± SD; *P < 0.05, **P < 0.01, ***P < 0.001, relative to control.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5514895/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5514895/figure/F1/
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melanoma cells to form colonies on soft agar was also mea-
sured. Colony formation was decreased in sh-hMAGEA2 
melanoma cells relative to that in sh-MOCK control cells 
(Fig. 2C). In the SK-MEL-5 and SK-MEL-28 cell lines, 
the number of colonies formed was significantly decreased 
by the knockdown of hMAGEA2 (Fig. 2D). Our results 
demonstrated that the knockdown of hMAGEA2 sup-
pressed colony formation on soft agar. Overall, these data 
demonstrated that hMAGEA2 is crucial for the anchorage-
independent growth of melanoma cells.

3.5. Overexpression and knockdown of hMAGEA2 af-
fect cell cycle progression in melanoma cells lines

The effect of hMAGEA2 on cell cycle progression 
was analyzed using flow cytometry. The results suggested 
that the overexpression of hMAGEA2 induced G1 phase 
distribution in the two cell lines (Fig. 3A and C). The 
knockdown of hMAGEA2 resulted in G2/M phase arrest 
in these two cell lines (Fig. 3B and D). Together, these 
findings indicate that hMAGEA2 is associated with cell 
cycle progression.

3.6. Knockdown of hMAGEA2 reduces the phospho-
rylation of AKT, JNK and p38 MAPK in melanoma 
cell lines

The MAPK and PI3K/AKT signaling pathways are 
targets for the effective treatment of advanced-stage me-
lanoma [10-12]. To explore the molecular mechanism of 
action of hMAGEA2 in melanoma, western blotting was 
performed using the SK-MEL-5 cell line with hMAGEA2 
knockdown. In previous study, we have demonstrated that 
hMAGEA2 regulates cell proliferation through the AKT 

and ERK1/2 pathways in breast cancer [13]. Therefore, we 
hypothesized that hMAGEA2 affects the growth of mela-
noma cell lines via these pathways. As expected, phospho-
AKT was significantly downregulated and phospho-JNK 
and phospho-p38 were decreased following hMAGEA2 
knockdown in SK-MEL-5 cells. However, phospho-ERK 
expression remained unchanged, in contrast to our pre-
vious results (Fig. 4).

3.7. Knockdown of hMAGEA2 decreases xenograft 
tumor formation in vivo

Finally, to investigate growth rates in vivo, we perfor-
med a xenograft tumor formation assay. The rate of growth 
in tumors derived from the SK-MEL-5 cell line with 
hMAGEA2 knockdown was substantially lower than that 
in mock-transfected cells  (Fig. 5A, B, C). These findings 
suggest that the knockdown of hMAGEA2 suppresses tu-
mor formation in vivo.Fig. 2. Knockdown of hMAGEA2 inhibits motility and anchorage-

independent colony formation in melanoma cell lines. (A) Motility 
of SK-MEL-5 sh-MOCK cells and SK-MEL-5 sh-hMAGEA2 cell 
lines was evaluated using wound-healing assays. Cells were plated in 
complete medium at a confluent density and scratched with a micro-
pipette tip. Average rates of wound closure were calculated from three 
independent experiments. Bar, 300 μm. (B) Graphs of relative wound 
width after 48 h in the SK-MEL-5 cell line (upper panel) and relative 
wound width after 48 h in the SK-MEL-28 cell line (lower panel) in a 
wound healing assay. (C) Images of colonies formed by the indicated 
cell lines transfected with the indicated knockdown vectors. (D) Rela-
tive colony numbers in the indicated two cell lines transfected with 
the indicated knockdown vectors. Data are expressed as means ± SD; 
*P < 0.05, **P < 0.01.

Fig. 4. Knockdown of hMAGEA2 reduces the phosphorylation of 
AKT, JNK, and p38 significantly. (A) Effects of the knockdown of 
hMAGEA2 in SK-MEL-5 cells on signaling pathways were assessed 
using a western blot analysis followed by densitometric quantifica-
tion. Data are presented as means ± SD; *P < 0.05, **P < 0.01.

Fig. 3. hMAGEA2 affects melanoma cell cycle progression. (A) 
and (C) Percentage of cells in G1 phase in the hMAGEA2 overexpres-
sion group was higher than that in the sh-MOCK group in the two cell 
lines. (B) and (D) Knockdown of hMAGEA2 increases the percentage 
of cells in G2/M phase in two cell lines. Data are presented as means 
± SD; *P < 0.05, **P < 0.01. 
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4. Discussion
MAGEA is an 11-member subfamily of the broader fa-

mily of MAGE proteins, which is characterized by a high 
MAGE homology domain [14]. Although the MAGEA 
cluster is activated in a wide range of cancers, including 
bladder, ovarian, and pancreatic cancer as well as mela-
noma, studies have focused on developing cancer vac-
cines based on immune targets. However, the exact role of 
MAGEA remains unclear. Recent evidence suggests that 
individual MAGE proteins function in specific pathways 
critical for tumor progression. Furthermore, compared 
with the MAGED to MAGEL gene clusters, the MAGEA 
to MAGEC clusters have been studied more extensively 
[14]. The expression of MAGEA3 stimulates cell cycle 
progression, migration, and invasion in thyroid cells in 
vitro, and these characteristics are associated with aggres-
sive tumor behavior [15]. Silencing of MAGEB in mu-
rine melanoma cells suppresses melanoma growth in vivo 
[16]. Moreover, complex formation by KAP1, MAGE-A, 
MAGE-B, and MAGE-C inhibits p53-dependent apop-
tosis in MAGE-positive cells [16]. In the present study, 
we selected MAGEA2 as a candidate gene for melanoma 
diagnosis and treatment. The suppression of MAGEA2 in 
lung cancer cells reduces their growth rate and survival 
substantially [17]. MAGEA2 overexpression is associated 
with poor prognosis in patients with glioma [18]. Glazer 
et al. reported that MAGEA2 could stimulate the growth 
of normal oral keratinocytes, whereas the knockdown of 
MAGEA2 in head and neck squamous cell carcinoma cells 
suppressed growth [19]. Thus, MAGEA2 is a potential 
target for cancer therapy. We found that hMAGEA2 was 
expressed in melanoma tissues (Fig. 1A, B) and that the 
expression of hMAGEA2 was associated with metastasis 
(Fig. 1C). Furthermore, hMAGEA2 knockdown affected 
cell proliferation, anchorage-independent colony forma-
tion, and migration (Figs. 2-3). These results suggested 
that hMAGEA2 is involved in cell growth. Mechanisti-
cally, the overexpression of hMAGEA2 triggered the cell 
cycle in the G1 phase, whereas the suppression of hMA-
GEA2 resulted in cell cycle arrest in the G2/M phase (Fig. 
3). In addition, the MAPK and AKT pathways are comple-
mentarily regulated in melanoma; although the AKT and 
ERK1/2 pathways play an important role in cell prolifera-
tion when hMAGEA2 is overexpressed [13], the activa-
tion of signaling pathways differs depending on the cell 
type. This is in agreement with our observation that the 
phosphorylation levels of AKT, JNK, and p38 decreased 
in response to hMAGEA2 knockdown (Fig. 4). Recently, 
MAGEA2 has been shown to silence downstream targets 
of p53 activation via the MAGEA2-p53 complex in mela-
noma [20]. MAGEA proteins can activate specific RING-

type ubiquitin E3 ligases [21, 22], thereby affecting ubi-
quitin signaling in cancer cells. Therefore, additional si-
gnaling pathways involving hMAGEA2 in cancer should 
be a focus of further research. CDX models can provide 
important information for translation from preclinical 
to clinical studies. The present study showed that hMA-
GEA2 knockdown reduced xenograft tumor formation in 
BALB/c nude mice (Fig. 5). Taken together, our results 
suggest that hMAGEA2 plays a key role in melanoma pro-
gression and metastasis and is a potential prognostic and 
therapeutic target in melanoma.

5. Conclusions
The results of this study show that hMAGEA2 plays 

a role in the growth and invasiveness of melanoma cells 
and is correlated with melanoma metastasis. In addition, 
the effects of hMAGEA2 in melanoma were mediated by 
the phosphorylation of AKT, JNK, and p38. Therefore, 
hMAGEA2 contributes to melanoma progression and may 
serve as a novel diagnostic and therapeutic target for trea-
ting metastatic melanoma.
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