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Abstract

Background: Melanoma has the highest mortality rate of all skin tumors, and metastases are the major cause of
death from it. The molecular mechanism leading to melanoma metastasis is currently unclear.

Methods: With the goal of revealing the underlying mechanism, three data sets with accession numbers GSE8401,
GSE46517 and GSE7956 were downloaded from the Gene Expression Omnibus (GEO) database. After identifying the
differentially expressed gene (DEG) of primary melanoma and metastatic melanoma, three kinds of analyses were
performed, namely functional annotation, protein-protein interaction (PPI) network and module construction, and
co-expression and drug-gene interaction prediction analysis.

Results: A total of 41 up-regulated genes and 79 down-regulated genes was selected for subsequent analyses.
Results of pathway enrichment analysis showed that extracellular matrix organization and proteoglycans in cancer
are closely related to melanoma metastasis. In addition, seven pivotal genes were identified from PPI network,
including CXCL8, THBS1, COL3AT, TIMP3, KIT, DCN, and IGFBP5, which have all been verified in the TCGA database
and clinical specimens, but only CXCL8, THBS1 and KIT had significant differences in expression.

Conclusions: To conclude, CXCL8, THBST and KIT may be the hub genes in the metastasis of melanoma and thus
may be regarded as therapeutic targets in the future.
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Background

Skin melanoma accounts for only 2% of skin cancers.
However, due to its high malignancy and aggressiveness,
it caused more than 72% of cutaneous carcinoma deaths
[1]. In recent years, it has been found that some genes
are closely related to the metastasis of melanoma. Previ-
ous study confirmed NEDD9 as a bona fide melanoma
metastasis gene, which enhances invasion in vitro and
metastasis in vivo of both normal and transformed mela-
nocytes and interacts with focal adhesion kinase and
modulated focal contact formation, showing more fre-
quent positive overexpression in metastatic melanoma
than in primary melanoma [2]. In addition, studies have
shown that BRAF and NRAS mutant melanomas have
similar metastasis rates and they are slightly more likely
to metastasize than BRAF and NRAS wild-type melano-
mas [3, 4]. According to other studies, up to 85% of
TERT promoter mutations have been found in meta-
static melanoma, while 30-40% of TERT promoter mu-
tations have been found in primary melanoma [5].
However, the exact molecular mechanisms that promote
melanoma metastasis remain less clear.

Gene chip or gene profile is a gene detection tech-
nique that has been used for more than a decade. Using
gene chips can quickly detect the expression information
of all the genes within the same sample time-point,
which is well suited for screening differentially expressed
genes [6]. However, it is difficult to achieve reliable re-
sults due to the high false positive rate of independent
chip analysis. Therefore, in this study, three mRNA
microarray data sets were downloaded from the Gene
Expression Omnibus (GEO) for identifying differentially
expressed gene (DEG) which promotes melanoma me-
tastasis. Then, gene ontology and pathway enrichment
analysis and protein-protein interaction (PPI) network
analysis were performed to help us understand the mo-
lecular mechanisms of melanoma metastasis. In conclu-
sion, a total of 120 DEGs and three hub genes, which
might play an important role in the metastasis of melan-
oma, were identified.

Methods

Data collection

GEO (http://www.ncbi.nlm.nih.gov/geo) [7] is a gene ex-
pression database created by NCBI, which contains
high-throughput gene expression data submitted by re-
search institutes worldwide. Three microarray datasets
(GSE8401, GSE46517, and GSE7956) were downloaded
from it (Affymetrix GPL96 platform, Affymetrix [HG-
U133A] Affymetrix Human Genome U133A Array). The
GSE8401 dataset includes 31 primary melanoma samples
and 52 metastatic melanoma samples. GSE46517 con-
sists of 31 primary melanoma samples and 73 metastatic
melanoma samples. GSE7956 contains 10 poorly
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metastatic melanoma samples and 29 highly metastatic
melanoma samples.

Identification of DEGs

The DEGs between metastatic melanoma and primary
melanoma samples were screened via GEO2R (http://
www.ncbi.nlm.nih.gov/geo/geo2r). GEO2R is a web-
based tool where users can compare two or more data-
sets in a GEO series in order to identify DEGs across ex-
perimental conditions [8]. The adjusted P-value (adj. P-
value) using Benjamini and Hochberg false discovery
rate were applied to discover statistically significant
genes while false-positive results corrected. Probe sets
with no corresponding gene symbols or genes with more
than one probe set were removed or averaged, respect-
ively. LogFC (fold change) > 0.5 and adj. P-value <0.05
was considered statistically significant.

Enrichment analyses of DEGs

DAVID 6.8 (https://david.ncifcrf.gov/) [9] was used for
enrichment analyses to investigate DEGs at the molecu-
lar and functional level. DAVID is a comprehensive bio-
informatics analysis tool, providing a set of functional
annotation tools for researchers to analyze the biological
functions of massive genes. In addition, FunRich [10], an
open-access software enabling functional enrichment
analysis and interaction network analysis of genes and
proteins, was used to analyze the biological pathways of
DEGs. Further evaluation of the pathway enrichment
analyses of DEGs was implemented by KOBAS 3.0
(http://kobas.cbi.pku.edu.cn) [11], which annotates the
input gene set with putative pathways by mapping to
genes with known annotations from 5 pathway databases
(KEGG PATHWAY, PID, BioCyc, Reactome and Pan-
ther). P-value < 0.05 was considered significant.

PPI network construction and hub genes selection and
analyses

Search Tool for the Retrieval of Interacting Genes (STRI
NG; http://string-db.org) (version 10.0) [12], an online
database of known and predicted protein interactions,
was applied to predict the PPI network of DEGs. Inter-
actions with a combined score over 0.4 were considered
statistically significant. Cytoscape (http://www.cytoscape.
org) (version 3.6.1) was applied to visualize the molecu-
lar interaction networks [13], by using its plug-in
CytoNCA to analyze the topology characteristics of
nodes in the PPI network with the parameters set as un-
weighted [14]. Important nodes in protein interactions
within the network were obtained by ranking each node
according to its score. Considering most networks were
scale-free, the hub genes were selected with degrees >10.
The enrichment analysis of biological processes was
through Metascape (https://metascape.org) [15], which
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is an online platform specialized in comprehensive gene
annotation and analysis resource. The pathway enrich-
ment analyses for the genes were conducted by KOBAS
3.0. Besides, a network of genes and their co-expression
genes was analyzed via GeneMANIA (http://www.gene-
mania.org/) [16], which is a convenient web portal for
analyzing gene lists and predicting gene function. Finally,
Drug-Gene Interaction database (DGIdb) 3.0 (http://
www.dgidb.org/) [17], which helps to predict drug-gene
interaction networks, was adopted here to predict drugs
based on the module genes, with the parameters set as
following: preset filters: FDA approved; antineoplastic;
all the default. After the prediction of drug-gene pairs
associated with the module genes, the network map was
then formed by Cytoscape.

Validation of hub genes expression in TCGA databases
The mRNA expression of identified hub genes was veri-
fied using TCGA data which contains 102 primary mela-
nomas and 369 metastatic melanomas (https://tcga-data.
nci.nih.gov/tcga/). The comparison between the two sets
of data was performed with the T-test. P-value <0.05
was considered significant.

Patients and ethical approval

From March 2016 to June 2020, a total of 72 patients
from the Department of Plastic Surgery of the Second
Affiliated Hospital of Soochow University obtained 36
primary cutaneous melanomas and 36 metastatic mela-
nomas. No radiotherapy or chemotherapy was received
before surgery. Intraoperative specimens of primary skin
melanoma and metastatic melanoma were collected and
fixed with 4% paraformaldehyde. Clinical data can be ob-
tained from hospital records. The informed consent of
all patients has been obtained before the operation, and
the procedures for organizing collection have been ap-
proved by the Ethics Committee of the Second Affiliated
Hospital of Soochow University, China. All procedures
comply with the guidelines and ethical principles out-
lined in the Helsinki Declaration.

Immunohistochemistry (IHC)

Sections were deparaffinized in xylene for 15 min and
then rehydrated in graded alcohols and water. Endogen-
ous peroxidase activity was blocked by treatment with
3% Hy0,-methanol for 30 min at room temperature.
After blocking nonspecific binding with serum for 40
min at 37 °C, sections were incubated with rabbit anti-
CXCLS8 polyclonal antibody (1:500; 27,095-1-AP), anti-
THBS1 antibody (1:500; 18,304—1-AP) and anti-KIT
antibody (1:500; 18,696—1-AP) in a humid chamber at
4°C overnight. After three washes with PBS, sections
were incubated with biotinylated secondary antibodies
(SA00004-1, Proteintech) for 30 min. Then, they were
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washed three times in PBS and incubated with
streptavidin-conjugated peroxidase (ab7403, Abcam) for
30 min. Slides were rinsed in PBS, exposed to diaminoben-
zidine (SK4100, Vector Laboratories) and counterstained
with Mayer’s hematoxylin (ab128990, Abcam; negative
control = omission of the primary antibody). The digital
images of the specimens were scanned and obtained by
the digital pathology slice scanner (DMC-10-Pro; Dmax
Corporation, Suzhou, China). The percentages of cells that
express CXCL8, THBSI or KIT were assessed by quantita-
tive histomorphometry (Olympus X71-F22PH; Olympus
Corporation, Tokyo, Japan). Two experienced pathologists
independently assessed the positive or negative staining of
a protein in one FFPE slide and were supervised by a clin-
ician. Based on the level of staining intensity (no staining,
weak staining, medium staining and strong staining), the
score ranged from O to 3. Based on the coverage of immu-
noreactive tumor cell (0%, 1-25%, 26—-50%, 51-75%, 76—
100%), the score was given from 0 to 4 respectively. IHC
results were assigned by multiplying the score for staining
intensity and the score for tumor cell area, ranging from 0
to 12 (0 to 4, negative staining; 5 to 12, positive staining).

Results

Identification of DEGs

After standardizing the microarray results, DEGs (4139
in GSE8401, 2821 in GSE46517 and 350 in GSE7956)
were identified. A total of 120 genes overlapped among
the three datasets as shown in the Venn diagram
(Fig. 1a), consisting of 79 downregulated genes and 41
upregulated genes.

Analysis of the functional characteristics of DEGs

To determine the biological functions of the above men-
tioned DEGs, GO enrichment analysis was performed.
Results were divided into three functional categories, in-
cluding biological processes (BP), cell component (CC),
and molecular function (MF) (Fig. 2). For BP, DEGs
were mainly enriched in cellular calcium ion homeosta-
sis (P=2.63x 10" %), response to wounding (P =2.67 x
10" %), cell adhesion (P =2.88 x 10" *) and biological ad-
hesion (P =2.92 x 10~ ). In terms of CC, the genes were
mainly enriched in extracellular region part (P =9.52 x
10 8), extracellular region (P=9.66 x 10~ 7), extracellular
space (P=2.58x10" %) and extracellular matrix (P=
6.86 x 10~ °). In the MF group, DEGs were significantly
enriched in peptidase inhibitor activity (P=3.8x 10" %)
and calcium ion binding (P =8.73 x 10™?). Funrich ana-
lysis of enriched biological pathway for DEGs metasta-
sizing in melanoma showed that the DEGs were mainly
enriched in the epithelial-to-mesenchymal transition
(EMT), as shown in Fig. 3a. According to the pathway
analysis results from online database KOBAS 3.0, path-
ways with the top five P-values were extracellular matrix
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GSE7956

Fig. 1 Venn diagram, PPl network and the most significant module of DEGs. a DEGs were selected with a fold change > 0.5 and P-value < 0.05
among the mRNA expression profiling sets GSE8401, GSE46517 and GSE7956. The 3 datasets showed an overlap of 120 genes. b The PPI network
of DEGs was constructed using Cytoscape. ¢ The most important module composed of seven hub genes. Upregulated genes are marked in light
red; downregulated genes are marked in light blue
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organization (P=1.11x10""%), immune system (P=
1.22 x 10~ 1?), collagen degradation (P=1.54x10" 10),
degradation of the extracellular matrix (P=9.22 x 10~ %)
and hemostasis (P=7.92 x 10™°) (Fig. 3b). These results
indicate that EMT and extracellular matrix organization
play an important role in the metastasis of melanoma.

PPI network construction and hub genes selection and
analysis

The PPI network of DEGs with combined scores greater
than 0.4 was generated by Cytoscape, which contained
68 nodes and 127 interaction pairs (Fig. 1b). A total of
seven genes with degrees >10 was identified as hub
genes. Detailed information on hub genes, including

Table 1 Details of seven hub genes

gene symbols, degrees, full names and gene function,
was shown in Table 1. As expected, functional annota-
tion obtained from Metascape suggested that hub genes
were mainly enriched in peptide cross-linking, response
to mechanical stimulus and regulation of vasculature de-
velopment (Fig. 4a). The pathway analyses of the hub
genes were conducted using KOBAS 3.0 and pathways
with the top three P-value were proteoglycans in cancer
(P=1.67 x 10~ °), extracellular matrix organization (P =
52x107% and syndecan interactions (P=5.36 x 10~ %)
(Fig. 4b). Similarly, these results emphasize the import-
ant role of proteoglycans and extracellular matrix
organization in the metastasis of melanoma. Besides, a
network of the hub genes and their co-expression genes

Gene Degrees Full names Gene function

symbols

CXCL8 17 C-X-C motif chemokine This chemokine is a potent angiogenic factor.

ligand 8

THBS1 13 thrombospondin 1 This protein has been shown to play roles in platelet aggregation, angiogenesis, and
tumorigenesis.

COL3AT 12 collagen type Ill alpha 1 Mutations in this gene are associated with Ehlers-Danlos syndrome types IV, and with aortic and

chain arterial aneurysms.

TIMP3 11 TIMP metallopeptidase The proteins encoded by this gene family are inhibitors of the matrix metalloproteinases, a

inhibitor 3 group of peptidases involved in degradation of the extracellular matrix (ECM).

KIT 11 KIT proto-oncogene receptor Mutations in this gene are associated with gastrointestinal stromal tumors, mast cell disease,

tyrosine kinase acute myelogenous lukemia and piebaldism.

DCN 10 decorin Binding of this protein to multiple cell surface receptors mediates its role in tumor suppression,
including a stimulatory effect on autophagy and inflammation and an inhibitory effect on
angiogenesis and tumorigenesis.

IGFBP5 10 insulin like growth factor IGF-binding proteins prolong the half-life of the IGFs and have been shown to either inhibit or

binding protein 5

stimulate the growth promoting effects of the IGFs on cell culture.
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was analyzed by GeneMANIA online platform. The
seven genes showed the complex PPI network with
the Co-expression of 44.42%, Physical interactions of
40.75%, Co-localization of 13.43%, Shared protein
domains of 1.31% and Predicted of 0.09% (Fig. 4c).
Finally, based on the DGIdb predictions of the hub

genes, we obtained 32 drug-gene interaction pairs,
including four upregulated genes (CXCL8, THBSI,
KIT and DCN) and 30 drugs (FDA-listed + antitu-
mor drugs), as shown in Fig. 5. These results may
reveal the therapeutic targets related to metastatic
melanoma.
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Validation of hub genes expression in TCGA database

In order to prove the reliability and accuracy of the re-
sults of bioinformatics analysis, we checked the tran-
scription level of the hub genes in the TCGA database, a
platform for obtaining various cancer data. The results
of independence testing analysis showed that genes of
CXCL8 and THBS1 had a significant increase of gene
expression in metastatic melanoma, but a significant
downregulation of KIT expression (Fig. 6).

Immunohistochemistry (IHC)

In order to further explore the protein levels of the cor-
responding genes, we used the data obtained from clin-
ical specimens to analyze the protein expression pattern
of the hub genes in melanoma. IHC was used to verify
the protein expression levels of the three hub genes.
Consistent with mRNA expression, we found that the
expression of CXCL8 and THBS1 protein in metastatic
melanoma was significantly higher than that of primary
melanoma, while the expression level of KIT was lower.
The results and graphs of the IHC score are shown in
Fig. 7.

Discussion

In this study, a total of 41 up-regulated genes and 79
down-regulated genes were identified from three micro-
array data sets and thoroughly analyzed. Pathway ana-
lysis showed that these genes are mainly involved in
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extracellular matrix organization and proteoglycans in
cancer. Several hub genes, CXCL8, THBS1, KIT, and
DCN, were found in the PPI network, and interestingly,
also found in the predicted drug-gene interactions. How-
ever, according to the independent test results of the
TCGA database, the difference of CXCL8, THBS1 and
KIT in mRNA expression changes was significant. In
addition, it was verified in clinical samples that the ex-
pression level of the three genes was consistent with the
mRNA expression pattern.

The extracellular matrix (ECM) performs many func-
tions in addition to its structural role; as a major compo-
nent of the cellular microenvironment it influences cell
behaviors such as proliferation, adhesion and migration,
and regulates cell differentiation and death [18]. Abnor-
mal ECM dynamics can lead to deregulated cell prolifer-
ation and invasion, failure of cell death, and loss of cell
differentiation, resulting in congenital defects and patho-
logical processes including tissue fibrosis and cancer.
Proteoglycans, as ECM constituents, is lost in aged fibro-
blasts, resulting in a more aligned ECM that promoted
metastasis of melanoma cells [19].

CXCL8(interleukin-8) is considered to be a typical
chemokine belonging to the CXC family, responsible for
the recruitment and activation of neutrophils and granu-
locytes at the site of inflammation. Its role in the pro-
gression of melanoma mainly depends on its interaction
with specific cell surface G protein coupled receptor
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Fig. 6 The mRNA expression level of hub genes in primary melanomas and metastatic melanomas was verified in TCGA database. The
comparison between the two sets of data uses the mean T test. P-value < 0.05 was considered statistically significant
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(GPCR), C-X-C chemokine receptor type 1 (CXCR1)
and C-X-C chemokine receptor type 2 (CXCR2) [20—
22]. Varney et al. examined the expression of CXCLS, its
receptors, CXCR1 and CXCR2, and vessel density in hu-
man melanoma by immunohistochemical analysis of tu-
mors from different Clark levels, depths and thicknesses,
and found that the expression of CXCL8 and CXCR2
was lower in Clark level I and II specimens than in level
III through V specimens and metastases [23]. It indicates
that the expression of CXCL8 and CXCR2 contributes
to the aggressive growth and metastasis of human malig-
nant melanoma. Three years later, a live mouse study
demonstrated that CXCR2 plays a key role in melanoma
lung metastasis through a gene knockout model [24]. In
addition, Wu et al. evaluated the role of CXCLS8 in the
growth and progression of melanoma by regulating its
expression in melanoma cell lines expressing different
levels of CXCL8, and found that the expression of
CXCLS8 is a key in regulating multiple cell phenotypes

associated with melanoma growth and metastasis [25]. It
shows that CXCL8 is an important biomarker in the
process of melanoma metastasis.

As a matricellular glycoprotein, THBS1 regulates cel-
lular phenotype and extracellular structure during tissue
genesis and remodeling, and has been shown to regulate
tumor progression and metastasis [26, 27]. There is in-
creasing evidence that the acquisition of invasive and
metastatic features of melanoma cells involves the reacti-
vation of a developmental EMT-like program [28-30].
More importantly, the results of the biological pathway
enrichment of DEGs in the study also confirmed this
conclusion. As the main physiological activator of trans-
forming growth factor-p (TGEF-B), THBS1 may activate
the latent TGF-B1 in the progress of melanoma to pro-
mote EMT of melanoma [31-33]. Another study also
validated that increased expression of THBS1 is associ-
ated with an invasive and metastatic phenotype of mel-
anoma, as part of a Slug-independent motility program
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that includes the melanoma-related VEGF/VEGFR-1 and
FGF-2 pathways [34]. In addition, THBS1 has been
shown to promote cell invasion of breast cancer, thyroid
cancer, colon cancer and prostate cancer. Therefore, we
can draw a clear conclusion that THBS1 promotes the
invasion and metastasis of melanoma, which is expected
to become a target for future treatment.

KIT, a tyrosine kinase receptor encoding stem cell
factor, plays an important role in the development,
migration and proliferation of melanocytes [35, 36].
Although KIT is expressed in some melanomas, as
the disease progresses from the superficial stage to in-
filtration and then to the metastasis stage, the loss of
KIT expression indicates that KIT has tumor suppres-
sive function [37-39]. A recent study also found that
in patients without lymph node metastasis at the ini-
tial diagnosis, the expression of KIT was significantly
higher than that of patients with lymph node metasta-
sis, indicating that melanoma with missing KIT ex-
pression is more likely to progress and metastasize
[40]. In addition, KIT is the target of several small
molecule inhibitors such as imatinib and nilotinib.
These drugs have been used clinically and can signifi-
cantly extend the lifespan of patients with metastatic
melanoma carrying KIT mutations [41, 42]. Therefore,
we believe that it mediates the metastasis of melan-
oma and can be used as a target for the treatment of
metastatic melanoma [43].

In this study, we highlighted the potential role of
CXCLS8, THBS1 and KIT in melanoma metastasis. How-
ever, we acknowledged that the study has some certain
limitations. Although we have verified the differences in
mRNA and protein expression levels of these genes in
TCGA databases and clinical specimens, in our future
studies, the biological function of these genes in melan-
oma needs further study.

Conclusions

In summary, the purpose of this study was to identify
DEGs that may be associated with melanoma metastasis.
A total of three hub genes have been identified, which
can be used as a biomarker for metastatic melanoma or
as a drug therapy target.
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