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Abstract

Identification of putative genetic and signaling pathways linked to various diseases,
particularly cancers like melanoma, has been made possible through the widespread
application of bioinformatics analysis of biological data. Melanocytic tumor is abnormal growth
of melanocytes that responsible for production of melanin. Although less than 5% of all skin
cancers identified are melanoma, over 75% of all skin cancer deaths are melanoma-related.
Many studies have employed bioinformatics techniques to forecast prognosis and risk stratify
in cases of cutaneous melanoma, as well as to better understand the genetic origins of
melanoma. This study aimed to screen the core genes and molecular mechanisms related to
melanoma and recent applications of bioinformatics in identifying more effective preventive
and therapeutic targets of melanoma patients. We found that the top 10 regulated hub genes
were ERBB3, DCN, NRG1, UBC, HBEGF, EGF, and EREG, PTGS2, ERBB2, and EGFR. The most
implicated pathways were cell adhesion molecules and antigen processing and presentation
and hsa-mir-124-3r is the most microRNA that regulate most important DEGs.
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Introduction:

Cutaneous melanoma is a frequent malignant tumor of the skin with the greatest death rates. It is well known
for its high aggressiveness and poor prognosis (Rastrelli et al., 2014). Cutaneous melanoma originates from
melanocytes which has been increasingly common in recent years and is seriously harming public health (Bray
et al., 2018). Prognosis of the majority of patients diagnosed with melanoma in early-stage is generally good.

On the other hand, patients with stage IV (distant) disease, have generally had poor outcomes, with a five-year
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survival rate of about 10% (Balch et al., 2009). Furthermore, concerning are recent estimates indicating that

until 2030, the incidence of melanoma would rise. The yearly cost of treating newly diagnosed melanomas is
predicted to triple by 2030, while the number of newly diagnosed cases is predicted to more than double (Guy
Jretal., 2015).

The melanomas were categorized according to their mutational signatures, anatomic site, and epidemiology,
into those that are etiologically related to sun exposure and those that are not. Melanomas on sun-exposed skin
were classified into low and high CSD categories based on the histopathologic degree of cumulative solar
damage (CSD) of the surrounding skin, in addition to the degree of concomitant solar elastosis (Bobos, 2021).
Melanomas with low CSD are superficial spreading melanomas, while those with high CSD include
desmoplastic and lentigo maligna melanomas. Acral melanomas, certain melanomas in congenital nevi,
melanomas in blue nevi, Spitz melanomas, mucosal melanomas, and uveal melanomas are all classified as
"nonsolar” melanomas (Elder et al., 2020).

Though melanoma has been found to have a complex molecular process and a landscape of genetic mutations,
the biology underpinning the spread of this cancer has not yet been fully understood. Therefore, in order to
improve existing therapy and lower the mortality rate of melanoma patients, a deeper understanding of the
metastatic melanoma process is desperately needed (Owens, 2014).

One of the newest areas of biological research is bioinformatics, which is widely defined as the processing and
analysis of biological data using mathematical, statistical, and computer techniques (Tao et al., 2017). Next-
generation sequencing's bioinformatics discoveries have been crucial in understanding the biology of melanoma,
its resistance to treatment, and the development of new therapeutic options. Recent years have seen a widespread
use of high-throughput sequencing and microarray technologies, which identify the expression levels of tens of
millions of human genes, to identify possible targets for melanoma treatment (Marchione et al., 2015).
Redefining the molecular classification of melanoma, identifying unique genetic abnormalities that characterize
clinical subgroups of melanoma, and revealing the varied heterogeneity that exists within a single tumor are all
the results of whole-genome, whole-exome, and RNA sequencing (Cheng, 2018).

This study aimed to screen the core genes and molecular mechanisms related to melanoma metastasis. A gene
expression profile, GSE8401 was downloaded from the Gene Expression Omnibus (GEO) database. The
differentially expressed genes (DEGs) between melanoma and primary normal tissue were screened using

GEO2R tool.

2- Material and method
1.1 Microarray data

The gene expression dataset was examined to identify DEGs (GSE237385) After being downloaded from the
Gene Expression Omnibus (GEO) database.
Data involved two distinct groups control group (N=4 Homo sapiens) and melanoma group (N=4 Homo
sapiens). The metrics that are commonly used to identify genes that are differentially expressed (DEGs) include
fold change (log2 FC 2) and P-value < 0.05.
1.2 Gene ontology and Enrichment Analyses pathways
Based on predetermined parameters, Gene Ontology (GO), a widely used in silico method, provides
comprehensive information about the gene function of specific genomic products. This analysis is divided into

three parts: molecular functions (MF), cellular components (CC), and biological processes (BP).
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Biological processes and instruments is determined by the Kyoto Encyclopaedia of Genes and Genomes

(KEGG) database. Researchers can analyze and comprehend the biological significance of specific gene lists
with the help of a variety of functional annotation tools offered by the DAVID database
(heeps://david.nciferf.gov/), the online software ShinnyGo 0.8 (http://bioinformatics.sdstate.edu/go80/), and
the Cytoscape plugin application CLueGo. we examine GO and KEGG analyses for DEGs with a false
discovery rate (FDR) less than 0.05.

1.3 Protein-protein interaction (PPI) network building and hub gene analysis

DEGs were uploaded to the Search Tool (STRING, https://string-db.org/) to determine interacting genes.

STRING is a database applied to investigate the connections and relationships between the proteins that the
identified DEGs encode. The lowest possible interaction rating of 0.4 was obtained by using Cytoscape to
produce the data. Additionally, hub genes were found in the PPI network by utilizing the maximal clique
centrality (MCC) method and CytoHubba.

1.4 Detection of the most contributed gene for all pathways in melanoma

The majority of the contributing gene that developed melanoma was determined by Network Analyst
(heeps://www.networkanalyst.ca/), In order to complete this step, the acquired hub genes were uploaded
together with the fold change that was discovered by GEO2R analysis for the DEGs.

1.5 Detection of the expected microRNA contributes to melanoma.

ShinnyGo 8.0 program(http://bioinformatics.sdstate.edu/go80/) is used to validate KEGG pathways,
enrichment analysis, and gene ontology (BP, CC, and MF) by uploading top 250 differentially expressed genes.
This program may be used also to determine microRNA - the molecular processes involved in the interaction
between DEGs - and pinpoint the chromosomal locations of DEGs.

1.6 Detection of the DEGs and disease interaction

In order to determine the range of potential disease linked to the acquired DEGs, ShinnyGo 8.0 online software
was utilized. PPI string analysis (http://bioinformatics.sdstate.edu/go80/) was then performed to confirm the
part that the DEGs played in the development of melanoma and its related disease.

3-Result

3.1 Differentially expressed genes (DEGs).

Following a comparison between control and melanoma GEO2R analyses, we identify the top 250 differentially
expressed genes. (Fig. 1).
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(Fig. 1) GEO2R reveal DEG with adjusted P-value < 0.05 and fold change (log2 FC > 2). A. up and down
expressed genes, B. samples (melanoma, control), c. significant genes, D. Distribution of the samples, E.

adjusted p-value for the obtained genes.
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3.2 Functional Enrichment Analysis of DEGs

The KEGG pathways analysis revealed phagosomes, cell adhesion molecules, Antigen processing and
presentation, Hematopoietic cell lineage, Thland Th2 cell differentiation, Th17 cell differentiation, intestinal
immune network for IgA production, Typeldiabetesmellitus and Toxoplasmosis (Fig. 2A). In addition, The
GO result for BP are antigen processing and presentation of peptide or polysaccharide antigen via MHC class
11, antigen processing and presentation of exogenous antigen, antigen processing and presentation of peptide
antigen, antigen processing and presentation of peptide antigen via MHC class II, MHC protein complex
assembly, MHC class 1I protein complex assembly (Fig. 2B). GO analysis for molecular function (MF)
mentioned as immune receptor activity, MHC class II receptor activity, MHC protein complex binding,
peptide antigen binding and , MHC protein complex binding. (Fig. 2C). Finally, GO analysis for cellular
components (CC) include antigen processing and presentation of peptide or polysaccharide antigen via MHC
class II, antigen processing and presentation of exogenous antigen, antigen processing and presentation of
peptide antigen, antigen processing and presentation of peptide antigen via MHC class II, MHC protein
complex assembly, MHC class II protein complex assembly (Fig. 2B).
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Fig. 2 GO and KEGG database identify functional enrichment analysis of DEGs (A. - D.). A. KEGG pathways
include phagosomes, cell adhesion molecules, Antigen processing and presentation, Hematopoietic cell lineage,
Thland Th2 cell differentiation, Th17 cell differentiation, intestinal immune network for IgA production,
Typeldiabetesmellitus and Toxoplasmosis, B. BP include antigen processing and presentation of peptide or
polysaccharide antigen via MHC class II, antigen processing and presentation of exogenous antigen, antigen

processing and presentation of peptide antigen, antigen processing and presentation of peptide antigen via
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MHC dlass II, MHC protein complex assembly, MHC class II protein complex assembly, C.MF include

mentioned as immune receptor activity, MHC class II receptor activity, MHC protein complex binding,
peptide antigen binding and , MHC protein complex binding, D. cellular components (CC) include antigen
processing and presentation of peptide or polysaccharide antigen via MHC class II, antigen processing and
presentation of exogenous antigen, antigen processing and presentation of peptide antigen, antigen processing
and presentation of peptide antigen via MHC class II, MHC protein complex assembly, MHC class II protein
complex assembly.

3.3- Hub genes and transcription factor regulation

Top ten hub genes are ERBB3, DCN, NRG1, UBC, HBEGF, EGF, and EREG, PTGS2, ERBB2, and EGFR
(Fig. 3A), transcription factors that regulated it (Fig.3 C), and hub gene-miRNA interaction (Fig.3 B).
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Fig. 3 top ten hub genes and the transcription factors regulate their function (A. — C.). A. Top ten hub genes,
B. hub genes-miRNA interaction, and C. top ten hub genes-transcription factor interaction.

3.4 PPI network analysis

PPI reveal that number of nodes are 6, number of edges are 87 and expected number of edges are 60, so
increasing number of edges greater than expected indicate that hub genes are highly correlated and most
grouped in one biological value.
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protein — protein interaction network (PPI) and PPI-miRNA interaction.

4-Discussion

Melanoma is one of skin cancer that threatens life of most people this is due to its high tenderness of
malignancy. There is little information about molecular pathway and key genes that contributing in melanoma
occurrence Therefore, understanding of the melanoma biological process is urgently needed, with the aim to
carly diagnosis of disease, develop specific therapies and reducing the mortality of melanoma patients.
Several molecular pathways were implicated in the occurrence and metastasis of melanoma, however the exact
molecular pathways still unknown, thus this study was designed to illustrate DEGs, hub genes, transcription
factor and hub miRNA that contributed in melanoma occurrence and metastasis. The differentially expressed
genes (DEGs) between melanoma tissue and normal tissue were screened using GEO2R tool. The
(GSE237385) profile involved two distinct groups melanoma group (N=4 Homo sapiens) and normal group
(N=4 Homo sapiens). The standard parameters for detecting differentially expressed genes (DEGs) are P-value
< 0.05 and fold change (log2 FC > 1.5), about 250 DEGs were obtained and the Top ten hub genes are ERBB3,
DCN, NRGI1, UBC, HBEGF, EGF, and EREG, PTGS2, ERBB2 and EGFR. Prior research has discovered a
strong correlation between the frequency of EGFR gene oncogenic mutations and the incidence of melanoma
(Bobos et al., 2017).
The result of current in silico study reveal that the most important KEEG pathways that involved in the
development of NE are phagosomes, cell adhesion molecules, Antigen processing and presentation,
Hematopoietic cell lineage, Thland Th2 cell differentiation, Th17 cell differendiation, intestinal immune
network for IgA production, Typeldiabetesmellitus and Toxoplasmosis. BP that regulated by DEGs are antigen
processing and presentation of peptide or polysaccharide antigen via MHC class II, antigen processing and
presentation of exogenous antigen, antigen processing and presentation of peptide antigen, antigen processing
and presentation of peptide antigen via MHC class II, MHC protein complex assembly, MHC class II protein
complex assembly. Furthermore, GO analysis for molecular function (MF) mentioned as immune receptor
activity, MHC class II receptor activity, MHC protein complex binding, peptide antigen binding and MHC
protein complex binding. Finally, GO analysis for cellular components (CC) include luminal side of

membrane, MHC protein complex, MHC class II protein complex, transport vesicle membrane, trans-Golgi
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network membrane, endocytic vesicle membrane, late endosome membrane and coated vesicle membrane. This

result corresponded with (Han, 2020).

The result of Cytoscape plugin tool revealed that the most involved transcription factors that regulate expression
of melanoma related hub genes are FOSL2, FOSL1, SP1, CEBPB, JUND and EP300. Lastly, we propose that
the primary hub miRNA regulating DEGs is has-mir-124-3r. This disagree with previous study that indicate
miRNA-15b has recently been suggested to be a prognostic marker for melanoma progression (Satzger et al.,
2010).

Conclusion:

Our bioinformatics study revealed that cell adhesion molecules and antigen processing and presentation were
the most often identified pathways in the pathogenesis of melanoma. Additionally, we discovered a signature
consisting of ten hub genes; these hub genes may be important as diagnostic markers. we found that the most
miRNA regulating DEGs is has-mir-124-3r and this also will help in developing specific therapies and reducing
the mortality of melanoma patients. However, more studies are needed to confirm these results and more
research are required to determine the biological significance of these hub genes in the occurrence and

progression of melanoma.
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