
Liu et al 

Trop J Pharm Res, June 2021; 20(6): 1125 
 

Tropical Journal of Pharmaceutical Research June 2021; 20 (6): 1125-1130 
ISSN: 1596-5996 (print); 1596-9827 (electronic) 

© Pharmacotherapy Group, Faculty of Pharmacy, University of Benin, Benin City, 300001 Nigeria.  
 

Available online at http://www.tjpr.org 
http://dx.doi.org/10.4314/tjpr.v20i6.4 

Original Research Article 
 
 

SPAG9 promotes the migration and invasion of melanoma 
cells by regulating the MAPK pathway 

 
Yongjun Liu1, Xuefeng Zhu1, Xiaoen You1, Runfang Kang2* 
1Department of Cosmetic and Plastic Surgery Burn Wound Repair, Lishui City People’s Hospital, 2Department of Dermatology, 
Lishui Second People's Hospital, Lishui, Zhejiang Province 323000, China 
 
*For correspondence: Email: kangrunfang10317@163.com; Tel: +86-0578-2298812 
 
Sent for review: 2 April 2021                     Revised accepted: 30 May 2021 
 

Abstract 

Purpose: To determine the regulatory role of sperm-associated antigen 9 (SPAG9) in melanoma cell 
growth. 
Methods: Immunohistochemical analysis was performed to investigate SPAG9 expression in 
melanoma tissues. Western blot was used to evaluate SPAG9 expression in melanoma tissues and 
cells. Melanoma cells were transfected with an siRNA targeting SPAG9 or a SPAG9 overexpression 
vector. Cell migration and invasion were examined by wound healing and transwell assays. The effects 
of SPAG9 on the epithelial-mesenchymal transition and mitogen-activated protein kinase (MAPK) 
pathway in melanoma cells were assessed by western blot. 
Results: SPAG9 expression was enhanced in melanoma tissues and cells. SiRNA-mediated silencing 
of SPAG9 repressed melanoma cell migration and invasion, and SPAG9 overexpression contributed to 
melanoma cell metastasis. In melanoma cells transfected with siRNA-SPAG9, E-cadherin expression 
decreased while vimentin and matrix metalloproteinase (MMP)-2/9 expression increased. However, 
ectopic expression of SPAG9 reversed this expression of E-cadherin, vimentin, and MMP-2/9. Silencing 
of SPAG9 decreased the phosphorylation of MAPKs, including p-p38, p-ERK and p-JNK, in melanoma 
cells. SPAG9 overexpression upregulated phosphorylation of MAPKs. 
Conclusion: SPAG9 promotes the migration and invasion of melanoma cells by activating the MAPK 
pathway. 
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INTRODUCTION 
 
Melanoma is a highly aggressive cancer that is 
caused by exposure to ultraviolet radiation [1,2]. 
Melanomas tend to metastasize into other 
organs, including the liver, lung, brain, and bone 
[3]. The 10-year survival rate for metastatic 
melanoma is only 10–15 % [4]; therefore, novel, 

effective, and safe therapeutic strategies are 
urgently needed to improve the diagnosis and 
prognosis of melanoma. 
 
Activation of mitogen-activated protein kinases 
(MAPKs) has been shown to contribute to the 
epithelial-mesenchymal transformation and 
extravasation of tumor cells and to promote 
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tumor cell migration and invasion capabilities [5]. 
An oncogenic MAPK pathway has been shown to 
be activated in melanoma cells [6], and blocking 
this MAPK pathway suppressed cell proliferation 
and invasion of melanoma [8]. Therefore, MAPKs 
have potential as therapeutic targets for the 
treatment of melanoma. 
 
Sperm-associated antigen 9 (SPAG9), a 
cancer/testis antigen, was found to be expressed 
abnormally in various human malignancies and 
to play a key role in tumor proliferation and 
invasion [9]. For example, overexpression of 
SPAG9 related positively with metastasis of 
hepatocarcinoma [10], and ectopic expression of 
SPAG9 in prostate cancer cells promoted cell 
proliferation, metastasis, and angiogenesis [11]. 
SPAG9 was also implicated in the metastasis of 
osteosarcoma [12]. Silencing of SPAG9 retarded 
triple-negative breast cancer cell growth and 
metastasis [13]. Previous studies have shown 
that SPAG9 binds to c-Jun N-terminal kinases 
(JNKs) [14] and plays an important regulatory 
role in several physiologic processes, such as 
cell survival and tumor development [15]. 
Therefore, this study investigated the hypothesis 
that SPAG9 contributes to melanoma cell 
metastasis through activation of MAPKs. 
 
METHODS 
 
Human specimens and immunohistochemical 
analysis 
 
Forty patients with melanoma were recruited 
from Lishui City People’s Hospital. Melanoma 
and adjacent normal tissues were collected from 
patients who signed informed consent forms. 
This study was approved by the Ethics 
Committee of Lishui City People’s Hospital 
(approval no. LLW-FO-403) and performed in 
accordance with the 1964 Helsinki Declaration 
and its later amendments for ethical research 
involving human subjects [16]. 
 
Formalin-fixed and paraffin-embedded 
melanoma tissues were cut into 4 µm thick 
sections. The sections were dewaxed, 
rehydrated, and endogenous peroxidase was 
blocked by treating the sections with 3% H2O2. 

After immersion in Tris-EDTA buffer for antigen 
retrieval, sections were incubated with 0.3% goat 
serum and 4% dry milk, incubated with a specific 
anti-SPAG9 antibody (1:100; Abcam, Cambridge, 
MA, USA), incubated with horseradish 
peroxidase-labeled anti-rabbit secondary 
antibody (Abcam), and then counterstained with 
hematoxylin before being viewed under the 
microscope (Olympus, Tokyo, Japan). 
 

Cell culture and transfection 
 
Melanoma cell lines A375, G361, SK-MEL-1, and 
A2058 and human epidermal keratinocyte line 
HACAT were acquired from Ningbo Mingzhou 
Biotechnology Company (Mingzhoubio, China). 
Cells were cultured in RPMI-1640 medium (Life 
Technologies, Carlsbad, CA, USA) containing 
10% fetal bovine serum (Beyotime, Beijing, 
China). 
 
SiRNAs to silence SPAG9 (si-SPAG9) and a 
control (si-NC) were synthesized by 
Genepharma (Suzhou, China). Full length 
SPAG9 was inserted into the pcDNA vector 
(Invitrogen, Carlsbad, CA, USA) to overexpress 
SPAG9. A375 cells were cultured in sterile 6-well 
plates for 24 h before transfection with si-
SPAG9, si-NC, pcDNA, or pcDNA-SPAG9 using 
Lipofectamine 2000 (Invitrogen). 
 
Wound healing and transwell assays 
 
Two days post-transfection, a pipette was used 
to scratch the middle of each well, and plates 
were incubated for another 24 h before the 
widths of the scratches were measured under the 
microscope. For the transwell assay, transfected 
A375 cells in 200 μL of RPMI-1640 medium were 
seeded into the upper chamber of Matrigel 
precoated wells (Corning, Tewksbury, MA, USA). 
To the lower chamber, 400 μL of RPMI-1640 
medium containing 20% fetal bovine serum was 
added. After 48 h, the cells that invaded the 
lower chamber were fixed with methanol, stained 
with crystal violet, and counted by microscopy. 
 
Western blot 
 
Melanoma tissues or A375 cells were lysed in 
radioimmunoprecipitation assay lysis buffer 
(Beyotime Institute of Biotechnology, Haimen, 
China), and the protein concentrations of the cell 
lysates were determined using the Bicinchoninic 
Acid protein assay kit (Beyotime Institute of 
Biotechnology). Lysates (30 µg) were separated 
by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis and then transferred to 
polyvinylidene fluoride membranes. The 
membranes were blocked with 5% milk and then 
probed at 4°C overnight with the following 
primary antibodies: anti-SPAG9, anti-E-cadherin, 
and anti-vimentin (1:2500, Bioworld Technology, 
St. Louis Park, MN, USA); anti-MMP2, anti-
MMP9, and anti-GAPDH (1:3500, Bioworld 
Technology); and anti-p38, anti-p-p38, anti-ERK, 
anti-p-ERK, anti-JNK, and anti-p-JNK (1:4500, 
Bioworld Technology). The membranes were 
then incubated with horseradish peroxidase-
labeled goat anti-rabbit IgG (1:5000, Bioworld 
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Technology) for 2 h, and immunoreactivity was 
assessed using enhanced chemiluminescence 
detection reagent (Beyotime Institute of 
Biotechnology) and ImageJ software. 
 
Statistical analysis 
 
Data were expressed as mean ± standard error 
of the mean (SEM) and were analyzed by one-
way analysis of variance or the student’s t test 
using GraphPad Prism software (5). P < 0.05 
was considered statistically significant. 
 
RESULTS 
 
Enhanced SPAG9 expression in melanoma 
tissues and cell lines 
 
To investigate the role of SPAG9 in melanoma, 
SPAG9 expression in melanoma tissues was 
assessed by immunohistochemistry and western 
blot analysis, and higher SPAG9 expression was 
found in melanoma tissues than in adjacent 
normal tissues (Figure 1A, B). SPAG9 
expression was also upregulated in the 
melanoma cell lines A375, G361, SK-MEL-1, and 
A2058, compared to the human epidermal 
keratinocyte line HACAT (Figure 1C), suggesting 
that SPAG9 may participate in melanoma 
progression. 
 

 
 
Figure 1. Enhanced SPAG9 expression in melanoma. 
(A) Immunohistochemical analysis showed that 
SPAG9 expression was upregulated in melanoma 
tissues when compared with adjacent normal tissues. 
(B) Western blot analysis showed that SPAG9 was 
upregulated in melanoma tissues compared to 
adjacent normal tissues. (C) Western blot analysis 
showed that SPAG9 was upregulated in melanoma 
cell lines A375, G361, SK-MEL-1, and A2058 
compared to human epidermal keratinocyte line 
HACAT. vs. HACAT, *P < 0.05, **p < 0.01 
 
SPAG9 contributes to migration and invasion 
of melanoma cells 
 
A375 cells were transfected with si-SPAG9 or 
pcDNA-SPAG9 to evaluate whether SPAG9 
contributes to melanoma progression. Cells 
transfected with si-SPAG9 expressed less 
SPAG9 protein than cells transfected with siNC 

(Figure 2A), and cells transfected with pcDNA-
SPAG9 expressed more SPAG9 protein than 
cells transfected with pcDNA (Figure 2A). 
Functional assays showed that ectopic 
expression of SPAG9 in A375 cells promoted cell 
migration (Figure 2B, D) and invasion (Figure 2C, 
E), whereas silencing of SPAG9 in A375 cells 
suppressed cell migration (Figure 2B, D) and 
invasion (Figure 2C, E). These results 
demonstrated the oncogenic role of SPAG9 in 
melanoma. 
 

 
 
Figure 2. SPAG9 contributes to migration and 
invasion of melanoma cells. (A) A375 cells transfected 
with si-SPAG9 had lower SPAG9 protein expression 
than cells transfected with si-NC, and A375 cells 
transfected with pcDNA-SPAG9 had higher SPAG9 
protein expression than cells transfected with the 
pcDNA vector alone. (B) Ectopic expression of SPAG9 
promoted migration of A375 cells, and silencing of 
SPAG9 suppressed cell migration. (C) Ectopic 
expression of SPAG9 promoted invasion of A375 
cells, and silencing of SPAG9 suppressed invasion. 
(D) Wound widths were measured after 24 h. Ectopic 
expression of SPAG9 decreased the wound width, and 
silencing of SPAG9 decreased the wound width. (E) 
Quantification of cell invasion showed that ectopic 
expression of SPAG9 increased the number of 
invasive cells, and silencing of SPAG9 decreased the 
number of invasive cells. *, ** si-SPAG9 vs. siNC, p < 
0.05, p < 0.01. ## pcDNA3.1-SPAG9 vs. pcDNA3.1, p 
< 0.01 
 
SPAG9 contributes to the epithelial-
mesenchymal transformation of melanoma 
cells 
 
In addition to the effect on melanoma cell 
migration and invasion, the effect of SPAG9 on 
the epithelial-mesenchymal transformation was 
assessed. In A375 cells transfected with si-
SPAG9, E-cadherin protein expression 
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increased, whereas vimentin, matrix 
metalloproteinase 2 (MMP-2), and MMP-9 
protein expression decreased (Figure 3). 
Moreover, in A375 cells overexpressing SPAG9, 
E-cadherin protein expression decreased, 
whereas vimentin, MMP-2, and MMP-9 protein 
expression increased (Figure 3). These results 
show that SPAG9 contributes to melanoma cell 
metastasis. 
 

 
 
Figure 3. SPAG9 contributes to the epithelial-
mesenchymal transformation of melanoma cells. 
Ectopic expression of SPAG9 reduced E-cadherin 
protein expression and increased vimentin, MMP-2, 
and MMP-9 protein expression in A375 cells. Silencing 
of SPAG9 reversed these protein expression results. 
** si-SPAG9 vs. siNC, p < 0.01. #, ## pcDNA3.1-
SPAG9 vs. pcDNA3.1, p < 0.05, p < 0.01 
 
SPAG9 promotes activation of MAPKs in 
melanoma 
 
Transfection with si-SPAG9 or pcDNA-SPAG9 
had no significant effect on protein expression of 
the MAPKs p38, ERK, and JNK (Figure 4). 
However, phosphorylation of p38, ERK, and JNK 
was downregulated by silencing of SPAG9 
(Figure 4) and upregulated by overexpression of 
SPAG9 (Figure 4). These results suggest that 
SPAG9 promotes activation of MAPKs in 
melanoma to promote cell metastasis. 
 

 
 
Figure 4. SPAG9 promotes activation of MAPKs in 
melanoma. Ectopic expression of SPAG9 in A375 
cells increased protein expression of p-p38, p-JNK, 
and p-ERK, whereas silencing of SPAG9 reduced p-
p38, p-JNK, and p-ERK protein expression. *, ** si-
SPAG9 vs. siNC, p < 0.05, p < 0.01. #, ## pcDNA3.1-
SPAG9 vs. pcDNA3.1, p < 0.05, p < 0.01 
 

DISCUSSION 
 
Cancer/testis antigens, including SPAGs, are 
widely considered therapeutic targets for the 
prevention of tumors [17], especially melanoma 
[18]. Comprehensive expression pattern 
analyses of SPAGs in various cancerous tissues 
showed that SPAGs have potential as 
immunotherapeutic targets [19]. Because SPAG9 
was shown to be dysregulated in various tumors 
and to induce an immune response, it has been 
suggested as a potential target for cancer 
therapy [9]. In this study, the functional role of 
SPAG9 in melanoma cell growth and metastasis 
was investigated. 
 
In this study, we found that SPAG9 expression is 
upregulated in melanoma tissues and cells. In 
addition, statistical analysis has shown that 
SPAG9 expression is associated with breast 
cancer tumor stage, size, and lymph node 
metastasis [20]. These data indicate that the 
diagnostic and/or prognostic roles of SPAG9 in 
melanoma should be investigated further by 
analyzing the relationship between SPAG9 
expression and the clinicopathologic features of 
melanoma patients. In this study, functional 
assays showed that overexpression of SPAG9 
promoted melanoma cell migration and invasion 
and that silencing of SPAG9 suppressed tumor 
cell metastasis indicating that SPAG9 plays an 
oncogenic role in melanoma. In addition, a 
previous study implicated that SPAG9 plays a 
role in the cell cycle progression of tumor cells 
[9], thus the effect of SPAG9 on melanoma cell 
proliferation and apoptosis should be 
investigated. 
 
The epithelial-mesenchymal transformation, the 
loss of epithelial character and the gain of 
mesenchymal morphology, is critical for 
promoting cancer progression by inducing 
melanoma cell migration and invasion [21]. 
Downregulation of the epithelial protein E-
cadherin and upregulation of mesenchymal 
proteins, including N-cadherin and vimentin, are 
markers of the epithelial-mesenchymal 
transformation [22]. In this study, overexpression 
of SPAG9 reduced E-cadherin protein 
expression and increased vimentin protein 
expression in melanoma cells, thus promoting 
the epithelial-mesenchymal transformation. 
Moreover, MMPs, such as MMP-2 and MMP-9, 
play key roles in the proteolytic degradation of 
the extracellular matrix surrounding primary 
tumor tissues, which is required for cancer cell 
migration and invasion [11]. SPAG9 was shown 
to promote prostate cancer cell migration and 
invasion through increases in MMP-2 and MMP-
9 expression [11]. In this study, silencing of 
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SPAG9 reduced MMP-2 and MMP-9 expression 
and repressed melanoma cell metastasis. 
 
The MAPK pathway is an oncogenic signaling 
pathway in melanoma patients; phosphorylation 
of MAPKs promote tumor development and 
inhibitors of MAPKs have led to major advances 
in melanoma prevention [23]. SPAG9 functions 
as a scaffolding protein to modulate the MAPK 
pathway through interaction with JNKs, thus 
SPAG9 participates in tumor growth and 
metastasis [9]. SPAG9 promoted 
phosphorylation of p38, JNK, and ERK and 
enhanced proliferation and metastasis of 
prostate cancer [24]. The SPAG9/p38 axis was 
validated as a potential target for the treatment of 
liver cancer [25]. In this study, protein expression 
of p-p38, p-JNK, and p-ERK were reduced by 
silencing of SPAG9 and enhanced by 
overexpression of SPAG9 in melanoma cells 
indicating that the MAPK pathway is involved in 
SPAG9-mediated melanoma cell metastasis. 
 
CONCLUSION 
 
SPAG9 promotes tumor metastasis and the 
epithelial-mesenchymal transformation through 
activation of the MAPK pathway. Thus, silencing 
of SPAG9 may be a novel strategy for the 
management of melanoma, but this needs to be 
further investigated in an in vivo xenograft tumor 
model. 
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