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Background: Secreted frizzled-related protein 5 (SFRP5) plays a key role in the development 

and progression of multiple tumors. However, the role and underlying mechanisms of SFRP5 

in melanoma cells remain unknown.

Materials and methods: We used immunohistochemistry and Western blot analysis to detect 

the expression of SFRP5 in melanoma tissues and melanoma cells, respectively. Furthermore, 

both in vitro and in vivo assays were used to determine the effect of SFRP5 on malignant 

behavior in melanoma cells.

Results: We found that SFRP5 was markedly downregulated in melanoma tissues and cell lines. 

The SFRP5 overexpression exhibited no effect on the proliferation and apoptosis of melanoma 

cells but markedly suppressed the migration and invasion of melanoma cells in vitro. Regarding 

mechanisms, the SFRP5 overexpression inhibited the migration and invasion of melanoma 

cells by suppressing the epithelial–mesenchymal transition process and decreasing the matrix 

metalloproteinase-2/9 expression through the Wnt signaling pathway. Finally, in a xenograft 

animal model, we illustrated that the SFRP5 overexpression suppressed the tumor growth by 

decreasing angiogenesis and declined lung metastasis.

Conclusion: This study suggests that SFRP5 expression could be potentially useful in the inva-

sion and metastasis of melanoma and serve as a putative promising target for human melanoma 

therapy.
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Introduction
Melanoma is the most severe form of skin cancer that is highly invasive and metastatic.1 

It is the fifth and sixth leading cancer among males and females, respectively.2 In 2017, 

over 94,000 individuals were diagnosed with melanoma in the US.3 Despite remark-

able advancements in the treatment options, the prognosis of patients with malignant 

melanoma remains poor, thereby necessitating the investigation of additional thera-

peutic targets for managing this disease.

Wnt signaling is vital for the development of melanocytes in the neural crest and 

is associated with the transformed phenotype of melanoma cells.4 Wnt signaling com-

prises canonical and noncanonical pathways. In the canonical pathway, signal trans-

duction activates disheveled, which releases the adenomatous polyposis coli-glycogen 

synthase kinase 3 (GSK3) complex, resulting in the stabilization and accumulation of 

β-catenin in the cytoplasm.5 Although it is well established that β-catenin is critical in 

the early stages of the melanocyte transformation and melanomagenesis,6 contradic-

tory studies have been published on the role of β-catenin in melanoma metastasis.7 

The noncanonical signaling pathway, however, does not depend on β-catenin. Prior 

research has illustrated two noncanonical pathways, including the Wnt/Ca2+ pathway 
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and the Wnt polarity (PCP) pathway.8 In the Wnt/Ca2+ path-

way, the protein kinase C (PKC) is activated by calcium, 

and the PCP pathway is relying on the JNK activation.9 

Reportedly, the noncanonical signaling pathway correlates 

with the increased metastatic potential of melanoma cells 

and tumor grade.10,11

Secreted frizzled-related proteins (SFRPs), an evolu-

tionary conserved family of secreted proteins, have been 

recognized as extracellular regulators of the Wnt signaling 

pathway.12 To date, five human SFRPs have been identified, 

which, based on the sequence homology, are categorized 

into two subfamilies as follows: (a) SFRP1, 2, and 5 and (b) 

SFRP3 and 4.13 Reportedly, SFRP1 and SFRP2 are tumor 

suppressors or indicators of the poor prognosis in various 

human malignancies, including breast cancer, gastric cancer, 

colorectal cancer, hepatocellular carcinoma, and squamous 

cell carcinoma.14–17 Likewise, SFRP5, as one of the members 

of the SFRP family, has been reported to play a potential 

role in cancer. For example, in human breast cancer, the 

epigenetic inactivation of the SFRP5 gene correlates with 

the unfavorable prognosis.18 In addition, in human gastric 

cancer, SFRP5 inhibits the gastric epithelial cell migration 

induced by macrophage-derived Wnt5a.19 However, the 

biological function and underlying mechanism of SFRP5 in 

melanoma remain unclear.

Our early research has revealed that the SFRP5 expres-

sion was reduced in melanoma tissues. We hypothesized 

that SFRP5 plays a vital role in the melanoma progression. 

Hence, this study aims to investigate the effect of SFRP5 

overexpression on the proliferation, apoptosis, migration, 

and invasion of human melanoma cells and to identify the 

underlying mechanism in vitro and in vivo.

Materials and methods
human tissue samples
Twenty normal skin and twenty-five melanoma tissues 

were tested from the First Affiliated Hospital of Chongqing 

Medical University (Chongqing, China). None of the patients 

had received radiotherapy or chemotherapy before surgery. 

Written informed consent was obtained from each patient 

at the time of surgery. All collections were approved by the 

Clinical Ethics Committee of the hospital and were subject 

to the Declaration of Helsinki.

immunohistochemistry
Melanoma tissues, normal skin tissues, and nude mouse 

xenograft melanoma tumors were embedded with paraffin 

and sectioned to 4 µm. Then, the sections were incubated with 

primary antibody at 4°C overnight after the antigen retrieval. 

Then, all sections were subjected to immunohistochemical 

(IHC) analysis using immunohistochemistry SP-9000 Kit 

(Beijing Zhongshan Golden Bridge Biotechnology, Co., 

Ltd., Beijing, China).

cell culture
The melanoma cell lines Mel-888, Mel-624, A375, B16 were 

kindly donated by Dr Tongchuan He (University of Chicago 

Medical Center, Chicago, IL, USA). The human melanoma 

GLL-19 cells were kindly donated by Dr Le Qu (China Medi-

cal University, China). The human epidermal melanocytes 

PIG1 were kindly donated by Dr Chunying Li (Xijing Hos-

pital, Xian, China). The use of all cell lines was approved by 

the Clinical Ethics Committee of the First Affiliated Hospital 

of Chongqing Medical University. The melanoma cell lines 

were cultured in the Dulbecco’s Modified Eagle’s Medium 

(DMEM; HyClone Laboratories, Inc., Logan, UT, USA) 

supplemented with 10% fetal bovine serum (FBS; Thermo 

Fisher Scientific, Waltham, MA, USA), 1% penicillin, and 

1% streptomycin. PIG1 cells were cultured in Medium 254 

(Cascade Biologics®; Thermo Fisher Scientific) supple-

mented with human melanocyte growth supplement (Cascade 

Biologics/Thermo Fisher Scientific), 5% FBS (Thermo Fisher 

Scientific), 1% penicillin, and 1% streptomycin. All cells 

were cultured at 37°C in a 5% CO
2
 incubator.

adenoviral transfections
Recombinant adenoviruses SFRP5 (AdSFRP5) and recombi-

nant adenoviruses red fluorescent protein (AdRFP, as control) 

were kindly donated by Dr Tongchuan He. AdSFRP5 or AdRFP 

was transfected into the A375 and GLL-19 cells with polybrene 

(Sigma-Aldrich Co., St Louis, MO, USA). After 8 hours of 

cultivation, the medium was replaced with a fresh medium. 

Then, the fluorescence was observed after 36 hours.

Western blot analysis
The protein was extracted from cells after 3-day culture and 

lysed in radio immunoprecipitation assay buffer (Beyotime 

Institute of Biotechnology, Shanghai, China). After being 

separated by 10% SDS-polyacrylamide gel electrophoresis 

and membrane transfer, the polyvinylidene fluoride mem-

branes were blocked with 5% bovine serum albumin (Beijing 

Solarbio Science and Technology, Co., Ltd., Beijing, China) 

in TBST at 37°C for 2 hours. Then, the membranes were 

incubated with primary antibodies against SFRP5 (1:1,000; 

GeneTex, Irvine, CA, USA), E-cadherin (1:5,000; Abcam, 

Cambridge, MA, USA), N-cadherin (1:1,000; Abcam), matrix 
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metalloproteinase-2 (MMP-2) (1:1,000; Abcam), MMP-9 

(1:1,000; Cell Signaling Technology, Danvers, MA, USA), 

vimentin (1:1,000; Cell Signaling Technology), β-catenin 

(1:1,000; Cell Signaling Technology), GSK3β (1:1,000; Cell 

Signaling Technology), p-GSK3β (1:1,000; Cell Signaling 

Technology), LRP6 (1:1,000; Cell Signaling Technology), 

c-Myc (1:1,000; Cell Signaling Technology), cyclin D1 

(1:1,000; Cell Signaling Technology), JNK (1:1,000; Cell 

Signaling Technology), p-PKC-α/βII (1:1,000; Cell Signaling 

Technology), VEGFA (1:1,000; Cell Signaling Technology), 

VEGFR2 (1:1,000; Cell Signaling Technology), and β-actin 

(1:1,000; Cell Signaling Technology). Next, the membranes 

were washed with TBST three times and incubated with an 

appropriate secondary antibody (1:5,000; Beijing Zhongshan 

Golden Bridge Biotechnology, Co., Ltd.) for 1 hour at 37°C. 

Finally, the protein bands were visualized with SuperSignal 

West Pico Chemiluminescent Substrate Kit (EMD Millipore, 

Billerica, MA, USA).

rna extraction and quantitative real-time 
polymerase chain reaction (qrT-Pcr)
Cells were treated with AdSFRP5 in FBS-free DMEM for 

36 hours. The total RNA was isolated using TRIzol reagent 

(Thermo Fisher Scientific) in accordance with the RNA 

extraction protocol. Then, the total RNA (1.5 µg) was used 

for cDNA synthesis by reverse transcriptase polymerase 

chain reaction (PCR). The cDNA was amplified by a real-

time PCR (qPCR) system (Bio-Rad Laboratories Inc., 

Hercules, CA, USA) using SYBR-Green PCR Master Mix. 

β-actin was used as the endogenous control. The primers 

were designed and synthesized by Takara (Table 1).

3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay
Cell viability was detected by MTT assay. Then, 3,000 cells 

were seeded into each well of 96-well plates in quintuplicate 

and cultured for 1, 2, 3, and 4 days. At the indicated time, 

10 µL of MTT (5 mg/mL; Sigma-Aldrich Co.) was added 

into each well and then incubated for 4 hours at 37°C. Next, 

150 µL of dimethyl sulfoxide was added to the 96-well plates 

to dissolve the formazan product. Finally, the absorbance was 

measured at 492 nm with the use of a microplate reader.

colony-forming test
Log-phase cells were collected and 1,000 cells were plated 

into each well of a six-well plate. Then, the cells were cultured 

in 5% FBS medium after transfection. When clones were 

observed, the cells were fixed with 4% paraformaldehyde, 

washed two times with PBS, and stained with 0.1% crystal 

violet. The visible colonies were counted.

cellular apoptosis analysis
Cells were harvested and washed three times with cold PBS 

and resuspended in the binding buffer (10 mM HEPES, pH 7.4, 

140 mM NaCl, and 2.5 mM CaCl2) at a concentration of 

1×106 cells/mL. Then, we stained cells with Annexin V-FITC 

Table 1 Primers sequences

Targets Sequence

β-actin
Forward 5′-caccacaccTTcTacaaTgagc-3′
reverse 5′-gTgaTcTccTTcTgcaTccTgT-3′

sFrP5
Forward 5′-TgcccTTgcccacagTTaga-3′
reverse 5′-gagggaacagggaTaggagaaca-3′

e-cadherin
Forward 5′-TgaggagaTcggcacaTTcaT-3′
reverse 5′-aTagTcTTggTcgTTTccTgagc-3′

n-cadherin
Forward 5′-ccaTcaagccTgTgggaaTc-3′
reverse 5′-gccgcTTTaaggcccTcaT-3′

Vimentin
Forward 5′-TcTggaTTcacTcccTcTggTT-3′
reverse 5′-aTcgTgaTgcTgagaagTTTcgT-3′

MMP-9
Forward 5′-cccTTgTgcTcTTcccTgga-3′
reverse 5′-TcTgccacccgagTgTaacc-3′

MMP-2
Forward 5′-acaTcaagggcaTTcaggagc-3′
reverse 5′-cacagTccgccaaaTgaacc-3′

snail
Forward 5′-TccagcagcccTacgaccag-3′
reverse 5′-aggccgaggTggacgagaa-3′

ZeB1
Forward 5′-agcagTgaaagagaagggaaTgc-3′
reverse 5′-ggTccTccTcaggTgccTcag-3′

VegFa
Forward 5′-gagggcagaaTcaTcacgaagT-3′
reverse 5′-gcacacaggaTggcTTgaaga-3′

VegFr2
Forward 5′-aTTgTaTTgaaggaTgggaaccg-3′
reverse 5′-aaTcaccgccgTgccTacTag-3′

bFgF
Forward 5′-ggagaagagcgacccTcacaT-3′
reverse 5′-TTccTTcaTagccaggTaacgg-3′

PDgFa
Forward 5′-accaggacggTcaTTTacgaga-3′
reverse 5′-gagggcTggcacTTgacacTg-3′

Abbreviations: bFGF, basic fibroblast growth factor; MMP-2, matrix 
metalloproteinase-2; MMP-9, matrix metallo proteinase-9; PDgFa, platelet-derived 
growth factor alpha; sFrP5, secreted frizzled-related protein 5; VegFa, vascular 
endothelial growth factor a; VegFr2, vascular endothelial growth factor receptor 2; 
ZEB1, zincfinger ebox binding homeobox 1.
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and propidium iodide for 15 minutes in the dark before flow 

cytometry (Becton-Dickinson, San Jose, CA, USA).

Wound-healing test
The cells were seeded into a six-well plate and it grew by 

90% after transfection. A wound was made with a 200-µL 

pipette tip and the cells were incubated for 24 hours. The 

specific wound area was photographed at time points of 0 

and 24 hours. The migration of cells was evaluated as the 

migration rate: (original scratch width − new scratch width)/

original scratch width × 100%.

Migration and invasion assays
Transwell chambers (24-well Transwell chambers, 8-µm 

pore size; Corning Incorporated, Corning, NY, USA) were 

utilized for migration and invasion assays. For the migration 

assay, 2×104/400 µL cells in serum-free media were seeded 

into the upper chambers after 48-hour infection. The lower 

chamber contained medium with 20% FBS. The cells were 

cultured for 24 hours and fixed with 4% paraformaldehyde 

and stained with 0.1% crystal violet. The Transwell invasion 

assay course was similar to the migration assay except that 

the Transwell membrane was coated with 1:5 diluted Matrigel 

beforehand. Each experiment was repeated three times.

Xenograft mouse experiment
The in vivo experiments were approved by the Animal 

Experiment Administration Committee of Chongqing 

Medical University Laboratory Animal Research. Briefly, 

approximately 5×106 AdRFP- or AdSFRP5-infected A375 

cells were suspended in 100 µL of serum-free media and 

injected subcutaneously into nude mice. Tumor dimen-

sions were recorded every week with vernier calipers, and 

the volumes were calculated using the following formula: 

length × width2 × 0.5. The mice were sacrificed by cervical 

vertebra dislocation after 4 weeks, and tumor tissues and lung 

tissues were collected, and embedded in paraffin for IHC and 

hematoxylin and eosin (H&E) analysis, respectively. All 

procedures related to animal handling, care, and treatment 

were performed in strict accordance with the recommenda-

tions of regulations on the management of experimental 

animals. Additionally, the protocol was approved by the 

Animal Ethics Committee of the First Affiliated Hospital of 

Chongqing Medical University.

statistical analysis
Data were presented as mean ± SD and GraphPad Prism 

(Prism 5.0; GraphPad Software, Inc., La Jolla, CA, USA) 

was used to analyze all values. The Student’s t-test was used 

to evaluate the differences between the two groups. P,0.05 

was considered statistically significant.

Results
sFrP5 is downregulated in human 
melanoma tissues and melanoma cells
We detected the endogenous SFRP5 expression in human 

normal skin and human melanoma tissues by IHC to 

investigate the role of SFRP5 in human melanoma. The 

findings revealed that the protein expression of SFRP5 was 

decreased in melanoma tissues compared with the normal 

skin (Figure 1A). Samples were scored on the basis of immu-

noreactivity scores, negative (1–4) and positive (5–12).20 

The positive SFRP5 expression rates were 75% (15/20) in 

the normal skin and 16% (4/25) in melanoma (Figure 1B). 

In addition, the mRNA level of SFRP5 was markedly down-

regulated in melanoma clinical samples compared with that in 

the normal tissues, which was analyzed by the Gene Expres-

sion Profiling Interactive Analysis (GEPIA) online database 

(http://gepia.cancer-pku.cn/), a web server providing cus-

tomizable functions (Figure 1C).21 The samples of the GEPIA 

were derived from the Cancer Genome Atlas (TCGA) and 

the Genotype-Tissue Expression (GTEx) projects. For fur-

ther validating the role of SFRP5 in melanoma, we detected 

SFRP5 expression in human epidermal melanocytes PIG1 

and five melanoma cell lines (Mel-888, A375, B16, GLL-19, 

and Mel-624) by Western blot analysis. PIG1 exhibited higher 

SFRP5 expression; however, melanoma cell lines exhibited 

lower expression, especially A375 and GLL-19 cells (Figure 

1D). Hence, we used A375 and GLL-19 cells as models to 

assess the biological effects of SFRP5 on melanoma.

sFrP5 overexpression does not alter cell 
proliferation or survival but inhibits the 
invasion and migration of melanoma cells
We transfected A375 and GLL-19 cells with AdSFRP5 and 

AdRFP (as control). The Western blot analysis revealed 

that AdSFRP5 was successfully transfected into A375 and 

GLL-19 cells (Figure 2A). The MTT assay revealed that 

the cell proliferation was not markedly different between 

AdSFRP5-infected and control cells (Figure 2B). In 

addition, the colony formation after 8 days in culture was 

not altered by SFRP5 overexpression (Figure 2C). More-

over, flow cytometry revealed that apoptosis was not altered 

by SFRP5 overexpression (Figure 2D). Subsequently, we 

measured cell migration by the wound-healing test and the 

Transwell migration assay. Cell invasion was tested by the 

Transwell invasion assay. Notably, AdSFRP5-infected cells 
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displayed a statistically significant lower rate of migration 

and invasion than controls for both A375 and GLL-19 cells 

(Figure 2E and G).

Tumor-suppressing effects of sFrP5 
overexpression through both canonical 
and noncanonical Wnt signaling
We measured Wnt-related proteins by Western blot analysis 

to detect the regulation of SFRP5 on the Wnt signaling 

pathway in melanoma cells. In the canonical Wnt signaling 

pathway, SFRP5 overexpression substantially decreased 

the expression of LRP6, p-GSK3β, total β-catenin, nuclear 

β-catenin, c-Myc, and cyclin D1, whereas it increased the 

GSK3β expression in A375 and GLL-19 cells compared with 

control groups (Figure 3A and B). Then, we investigated 

the effect of SFRP5 on the noncanonical Wnt signaling 

pathway. In addition, the JNK levels were downregulated 

in the PCP pathway, and the p-PKC-α/βII expression was 

decreased in the Wnt/Ca2+ pathway (Figure 3A and B). 

The findings indicated that the SFRP5 function could be a 

negative regulator of the Wnt signaling pathway in mela-

noma cells.

sFrP5 overexpression inhibits epithelial–
mesenchymal transition (eMT) and 
reduces the expression levels of MMP-2/9
The EMT is a vital step in the early stage of metastasis. There-

fore, we detected EMT markers and related transcription 

factors by qRT-PCR and Western blot analysis to determine 

whether SFRP5 overexpression inhibited the invasion and 

Figure 1 sFrP5 expression is downregulated in melanoma tissues and melanoma cell lines.
Notes: (A) representative immunohistochemical staining of sFrP5 in normal skin (n=20) and melanoma tissue (n=25) paraffin sections. (B) The percentage of sFrP5-
negative and -positive staining scores in normal skin and melanoma tissues. (C) sFrP5 expression in normal skin (n=558) and skin cutaneous melanoma (n=461) in the gePia 
database. *P,0.05. (D) sFrP5 expression in human epidermal melanocytes Pig1 cell line and melanoma cell lines was measured by Western blot analysis. Data are shown 
as mean ± sD. ***P,0.001.
Abbreviations: GEPIA, Gene Expression Profiling Interactive Analysis; SFRP5, secreted frizzled-related protein 5.

β
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migration of A375 and GLL-19 cells through the EMT. The 

findings revealed that the protein expression of E-cadherin 

was markedly increased, whereas that of N-cadherin, vimen-

tin, Snail, and ZEB1 were remarkably decreased (Figure 4A 

and B). In addition, the RNA expression exhibited the same 

results (Figure 4C). Furthermore, we determined the inva-

sion-related indicators MMP-2 and MMP-9 post-transfection. 

The SFRP5 overexpression markedly decreased the MMP-2 

and MMP-9 expression at both protein levels and mRNA 

(Figure 4A and C).

Figure 2 (Continued)

β
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Figure 3 The expression levels of Wnt-related proteins.
Notes: (A) Western blot analysis of the protein expression levels of lrP6, gsK3β, p-gsK3β, total β-catenin, nuclear β-catenin, c-Myc, and cyclin D1, JnK, and p-PKc-α/
βii. (B) relative expression of each protein to β-actin in a375 and gll-19 cells. compared with the control group, lrP6, p-gsK3β, total β-catenin, nuclear β-catenin, c-Myc, 
and cyclin D1, JnK, and p-PKc-α/βii were downregulated, whereas gsK3β was upregulated. Data are shown as mean ± sD. *P,0.05, **P,0.01, ***P,0.001.
Abbreviations: adsFrP5, recombinant adenoviruses secreted frizzled-related protein 5; gsK3β, glycogen synthase kinase 3 beta; JnK, c-Jun n-terminal kinase; lrP6, low-
density lipoprotein receptor-related protein 6; p-PKc/α/βii, phosphor-protein kinase c-alpha/beta ii.

Figure 2 sFrP5 overexpression does not alter cell proliferation or survival but inhibits the invasion and migration of melanoma cells. 
Notes: (A) Western blot analysis of the expression levels of sFrP5 in adsFrP5-infected a375 and gll-19 cells. (B) cell viability was measured by MTT assay in a375 and 
gll-19 cells. (C) images of colony formation (a) and the colony formation rates (b) are exhibited. (D) Apoptosis of A375 and GLL-19 cells was tested by flow cytometry. 
(E) The representative images (a, magnifcation ×200) and  percentages of cell migration (b). (F) The representative images (a, magnifcation ×200) and  number of migrated 
cells (b). (G) The representative images (a, magnifcation ×200) and  number of invaded cells (b). Data are shown as mean ± sD. *P,0.05, **P,0.01, ***P,0.001.
Abbreviations: adsFrP5, recombinant adenoviruses secreted frizzled-related protein 5; MTT, (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide); sFrP5, 
secreted frizzled-related protein 5.
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sFrP5 suppressed tumor growth and 
lung metastases of a375 cells in vivo
We established a xenograft model in nude mice to investi-

gate the effect of SFRP5 on A375 cells in vivo. The tumor 

volume was measured once a week. Surprisingly, the tumor 

volume was markedly decreased in the AdSFRP5 group 

compared with that in the control group (Figure 5A and B). 

Considering angiogenesis is essential for tumor growth, we 

assessed angiogenesis-related markers. Immunohistochem-

istry showed that the CD31 and VEGF expression were 

decreased in the AdSFRP5 group (Figure 5C). In addition, 

the Western blot analysis revealed that the VEGFA and 

VEGFR2 expressions in the AdSFRP5 group were less 

than that in the control group (Figure 5D). Furthermore, 

the mRNA expression levels of VEGF, VEGFR2, PDGFA, 

and basic fibroblast growth factor were declined in the 

β

Figure 4 The expression of eMT markers and MMP-2/9 in a375 and gll-19 cells.
Notes: (A) Western blot analysis of protein expression levels of e-cadherin, n-cadherin, vimentin, MMP-9, MMP-2, snail, and ZeB1. (B) relative expression of each protein 
to β-actin in a375 and gll-19 cells. (C) qrT-Pcr analysis of the mrna expression levels of e-cadherin, n-cadherin, vimentin, MMP-9, MMP-2, snail, and ZeB1. Data are 
shown as mean ± sD. *P,0.05, **P,0.01.
Abbreviations: adsFrP5, recombinant adenoviruses secreted frizzled-related protein 5; eMT, epithelial–mesenchymal transition; MMP-9, matrix metalloproteinase-9; 
MMP-2, matrix metalloproteinase-2; qRT-PCR, quantitative real-time reverse transcription polymerase chain reaction; ZEB1, zinc finger ebox binding homeobox 1.
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AdSFRP5 group (Figure 5E). The data revealed that SFRP5 

might inhibit tumor growth by decreasing angiogenesis. Our 

previously mentioned results revealed that SFRP5 overex-

pression inhibited the invasion and migration of melanoma 

cells in vitro. To validate these results in vivo, we next 

collected the lung tissues for H&E staining. The findings 

revealed that the AdSFRP5 group exhibited fewer compact 

tumor cell islands in the alveoli tissues compared with the 

control group (Figure 5F). Corroborating prior observations, 

immunohistochemistry showed that the staining of vimentin, 

N-cadherin, and MMP-2/9 was decreased, whereas that of 

E-cadherin was enhanced (Figure 5G).

Discussion
Globally, the incidence and mortality rates of melanoma 

are escalating,22 accounting for a majority of skin 

β

Figure 5 sFrP5 overexpression suppressed tumor growth and lung metastases of a375 cells in vivo.
Notes: (A) Representative images of primary implanted tumors and tumor mass sacrificed at 4 weeks. (B) Tumor growth curve. (C) immunohistochemical staining of 
cD31 and VegF. (D) Western blot analysis of the expression levels of VegFa and VegFr2. (E) qrT-Pcr analysis of the expression levels of VegFa, VegFr2, PDgFa, and 
bFgF. (F) representative hematoxylin and eosin images of lungs. Black arrow indicates metastatic lung nodule. (G) immunohistochemical staining of e-cadherin, n-cadherin, 
vimentin, MMP-9, and MMP-2. Data are shown as mean ± sD. *P,0.05, **P,0.01.
Abbreviations: AdSFRP5, recombinant adenoviruses secreted frizzled-related protein 5; bFGF, basic fibroblast growth factor; MMP, matrix metalloproteinase; PDGFA, 
platelet-derived growth factor alpha; qrT-Pcr, quantitative real-time reverse transcription polymerase chain reaction; VegF, vascular endothelial growth factor; VegFa, 
vascular endothelial growth factor a; VegFr2, vascular endothelial growth factor receptor 2.
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cancer-related deaths.23 Wnt signaling plays a vital role in 

melanoma initiation and invasion.24 Lately, SFRPs, regulators 

of Wnt signaling, have garnered considerable attention for 

their role in tumors. As one of the SFRP family members, 

SFRP5 has been reported as a suppressor gene in various 

human cancer types,18,19 indicating that it might be a potential 

new approach to anticancer treatment.

This study first determined SFRP5 expression by immu-

nohistochemistry in normal skin and melanoma tissues, 

indicating that SFRP5 was markedly decreased in melanoma 

tissues. Consistently, the data derived from TCGA and the 

GTEx projects by the online GEPIA database validated that 

SFRP5 expression was downregulated in melanoma tissues 

and might play a crucial role in the melanoma progression. 

Hence, we enforced SFRP5 expression by recombinant ade-

novirus and, then, explicitly focused on the direct biological 

effects of SFRP5 on melanoma cells. The results showed that 

overexpression of SFRP5 did not alter the proliferation and 

apoptosis of A375 and GLL-19 cells. However, the wound-

healing, Transwell migration, and Matrigel invasion assays 

revealed that the migration and invasion of A375 and GLL-19 

cells were markedly suppressed by SFRP5 overexpression.

Then, we examined the protein expression levels of the 

Wnt signaling pathway by Western blot analysis in A375 

and GLL-19 cells to investigate the anti-invasion and anti-

migratory mechanisms of SFRP5. A prior study reported that 

SFRP5 antagonized both canonical and noncanonical Wnt 

signaling in the foregut epithelium.25 Corroborating this study, 

we determined that SFRP5 overexpression downregulated the 

protein expression of key factors within the Wnt/β-catenin, 

Wnt/Ca2+, and Wnt PCP pathways, indicating that SFRP5 

inhibited canonical Wnt signaling, as well as noncanonical 

Wnt signaling in melanoma cells. Nevertheless, which Wnt 

signaling is primarily regulated by SFRP5 and the specific 

correlation between SFRP5 and Wnt signaling in melanoma 

warrant further investigation in future studies.

In carcinogenesis, the EMT process transforms melanoma 

in situ to invasive, motile melanoma.26 The loss of 

E-cadherin is a critical step in the EMT. Along with this, 

the concurrent increased expression of mesenchymal pro-

teins promotes invasive character, including the increased 

expression of N-cadherin, vimentin, fibronectin, and MMPs.27 

Reportedly, the Wnt pathway plays a vital role in regulat-

ing the tumor cell EMT behavior.28 There is increasing 

research that Wnt/β-catenin contributes to invasion, EMT, 

and metastatic phenotypes of melanoma.29,30 In addition, the 

upregulation of noncanonical Wnt ligand and activation of 

noncanonical Wnt components, including PKC and JNK, 

have also been observed during EMT.31–33 Aberrant activation 

of the Wnt/PCP signaling pathway in human cancer, includ-

ing melanoma, leads to more malignant phenotypes, such 

as abnormal tissue polarity, invasion, and metastasis.34 This 

study established that SFRP5 overexpression induced the 

downregulation of N-cadherin, vimentin, Snail, ZEB1, and 

MMP-2/9 but upregulated E-cadherin. These findings sug-

gested that SFRP5 might suppress the EMT processes by 

attenuating the Wnt signaling pathway, resulting in the inhibi-

tion of invasion and migration in A375 and GLL-19 cells.

Finally, this study assessed the efficacy of the SFRP5 

overexpression on A375 cells in vivo. Remarkably, the 

subcutaneously transplanted tumor test revealed that SFRP5 

markedly inhibited tumor growth. Considering SFRP5 over-

expression did not alter cell proliferation in vitro, we decided 

to investigate how SFRP5 affects tumor growth in vivo. As it 

is known, angiogenesis is a key step in tumor growth and 

metastasis.35 The loss or gain of function of Wnt pathway 

components results in abnormal vascular development and 

angiogenesis.36 SFRP2, another modulator of Wnt signaling, 

has been reported to stimulate the angiogenesis in breast 

tumors.37 A study reported that DKK1 and DKK2, known as 

Wnt antagonists, affect B16F10 melanoma growth by modu-

lating tumor angiogenesis with no direct action on tumor 

cell proliferation.38 This study determined that angiogenic 

molecules were decreased by SFRP5, indicating that SFRP5 

suppressed angiogenesis in vivo. Furthermore, the number of 

lung metastases decreased in the SFRP5-treated group, and 

the immunohistochemistry of EMT markers of the xenograft 

tumor corroborated the previous experiments.

In recent years, tumor immunotherapy has drawn a great 

attention because of its success in cancer treatment.39 As a 

strategy among numerous immunotherapies, the delivery 

of immune checkpoint inhibitors holds great promise in 

melanoma treatment.40 Despite remarkable progress, not all 

melanoma patients benefit from immune checkpoint blockade 

therapy, which is partially due to the activation of the Wnt/β-

catenin signaling pathway.41 Aberrant Wnt signaling may 

subvert cancer immunosurveillance and thereby promote 

immunoevasion and resistance to immune checkpoint 

blockade therapy.42 Therefore, a combination of SFRP5 and 

immunotherapy may provide a method to improve the treat-

ment of melanoma patients. However, more experimental 

models and further validation in patient samples are required 

to translate them to clinical application.

Conclusion
This study illustrates that SFRP5 can inhibit the migration and 

invasion of melanoma cells by suppressing the EMT process 

and by decreasing the expression of MMP-2/9 through the 
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Wnt signaling pathway in vitro and exhibits antiangiogenesis 

and antimetastatic activity in vivo, suggesting that SFRP5 

could be an effective strategy for melanoma therapy.
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