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Abstract 

Background. This article provides an overview of the application 
of omics sciences in melanoma research. The name omics sciences 
refers to the large-scale analysis of biological molecules like DNA, 
RNA, proteins, and metabolites. 

Methods. In the course of this review, we have adopted a focu-
sed research strategy, meticulously selecting the most pertinent and 
emblematic articles related to the topic. Our methodology included 
a systematic examination of the scientific literature to guarantee a 
thorough and precise synthesis of the existing sources.

Results. With the advent of high-throughput technologies, omics 
have become an essential tool for understanding the complexity of 
melanoma. In this article, we discuss the different omics approaches 
used in melanoma research, including genomics, transcriptomics, 
proteomics, and metabolomics. We also highlight the major findings 
and insights gained from these studies, including the identification 
of new therapeutic targets and the development of biomarkers for 
diagnosis and prognosis. Finally, we discuss the challenges and future 
directions in omics-based melanoma research, including the integration 
of multiple omics data and the development of personalized medicine 
approaches. 

Conclusions. Overall, this article emphasizes the importance of 
omics science in advancing our understanding of melanoma and its 

potential for improving patient outcomes. Clin Ter 2023; 174 Suppl. 
2 (6):29-36 doi: 10.7417/CT.2023.2469
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Introduction

During the past few decades, the incidence of cutaneous 
melanoma (CM) has increased, thus turning this disease from 
a very uncommon condition into a malignancy of increasing 
medical significance. Australia and New Zealand reported 
the greatest incidence rates, with 30 to 60 cases per 100,000 
inhabitants each year (1,2). In 2017, cuticle melanoma was 
the fifth most prevalent malignancy among men and the 
sixth most prevalent among women in the United States. 
Moreover, 72% of all skin cancer fatalities (excluding 
basal-cell and squamous-cell carcinoma of the epidermis) 
were attributed to cutaneous melanoma. In Europe, the 
5-year age-standardized relative survival for cutaneous 
melanoma diagnosed in 2000-2007 ranged from 74% in 
Eastern Europe to 87% in Western Europe (1). The Central 
Malignant Melanoma Registry (CMMR) has recorded over 
70,000 cases of CM in Germany. At age 80, the proportion 
of dense melanoma significantly increases, and reaches 20% 
in both sexes (2). 

To date, it is widely acknowledged that an individual’s 
melanoma risk is influenced by the interplay of genetic 
factors and UV exposure. Epidemiological studies have 
identified a history of sunburns and intermittent solar ex-
posure as risk factors for melanoma. Interestingly, eighty 
percent of melanomas develop in regions with intermittent 
sun exposure. The role of sunlight in melanoma development 
has been a topic of debate for decades, as its impact on the 
etiology of melanoma is significantly less obvious compared 
to nonmelanoma skin cancer (2,3). The strongest evidence 
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linking UV exposure to melanoma comes from xeroderma 
pigmentosum, a natural genetic experiment (4).

Invasion and metastasis are the two defining characteri-
stics of cancer, which serve as the foundation for pathologic 
diagnosis and staging of melanoma (4). Early detection of 
malignant melanoma is crucial for reducing the overall 
mortality associated with this disease. Large-scale screening 
programs, both in the United States and abroad, have proven 
useful in predicting high-risk patients (3).

Despite the identification of several markers and the deve-
lopment of algorithms for the rapid diagnosis of melanomas, 
tumors are often detected at an advanced stage, leading to a 
poor prognosis. It is widely recognized that the tumor micro-
environment plays a crucial role in providing biomarkers for 
cancer. By analyzing markers such as lymphocyte cytosolic 
protein 2, autophagy, beclin 1, regulator 1, and loricrin, new 
insights into the role of the tumor microenvironment in me-
lanoma progression have emerged. Furthermore, proteins like 
nicotinamide N-methyltransferase and TBC show promise as 
potential diagnostic markers for melanoma (5).

Variations in specific genes, influencing both the skin’s 
protective response to UV light and the risk of melanoma, 
control how exposure to UV light affects us. Particularly, 
MITF amplification is more common in tumors with a poor 
prognosis and is connected to chemoresistant behavior. 
Mutant BRAF protein induces cell senescence in human 
melanocytes by increasing the expression of the cell-cycle 
inhibitor of kinase 4A (INK4A) (6).

In this article, we will discuss the epidemiology, genetic 
factors, and the use of omics sciences in refining diagnosis 
and treatment based on recent research and studies.

Genetics & Genomics

Having a family history of malignancy is linked to a 
higher risk of developing melanoma, as approximately 
10% of melanoma cases have reported a relative with the 
disease. While most genetic changes related to melanoma 
development are somatic, the prevalence of heritable mela-
noma risk genes remains a critical factor in the occurrence 
of the disease (7-10).

High penetrance melanoma predisposition genes known 
to date include CDKN2A, CDK4, BAP1, POT1, ACD, TER-
F2IP, and TERT. Although these mutations are associated 
with approximately 50% of familial melanoma cases, the 
genetic basis for the remaining high-density melanoma fami-
lies remains unidentified. The most extensively documented 
correlation is between CDKN2A germ line mutations and 
pancreatic cancer, whereas BAP1 germ line mutations have 
been linked to a cancer syndrome involving cutaneous me-
lanoma, uveal melanoma, and mesothelioma. Other mela-
noma susceptibility genes with moderate to high penetrance 
have also been associated with renal cell carcinoma (MITF, 
BAP1) and glioma (POT1) (7,9-12).

Common gene mutations associated with melanoma

Numerous gene mutations have been linked to the 
development and progression of melanoma. These genes 
are involved in numerous signaling pathways, such as the 

receptor tyrosine kinase (RTK), phosphotidylinositol-3-
kinase (PI(3)K), retinoblastoma (RB), p53, Wnt, and NFkB 
pathways (8,13). 

BRAF, a serine-threonine kinase, is located in the MAP 
kinase signaling pathway downstream of RAS. BRAF 
mutations are found in approximately 60% of melanomas, 
and are particularly prevalent in melanomas that originate in 
locations with intermittent UV exposure. BRAF’s oncogenic 
potential derives from its ability to phosphorylate MEK, 
which activates ERK and promotes cell proliferation. Due 
to their shared pathway membership, NRAS and BRAF mu-
tations as well as NRAS and PTEN mutations are mutually 
exclusive in melanoma, whereas BRAF and PTEN mutations 
coexist in up to 20% of melanomas (8,11,13,14).

NRAS, a gene that encodes a member of the RAS family 
of small GTP-binding proteins, was among the first genes 
found to be specifically mutated in melanoma. The recur-
rence and high transforming potential of oncogenic NRAS 
mutations in human melanomas highlight the crucial role 
of this gene and its downstream effector mechanisms in 
melanoma development. NRAS mutations are the second 
most prevalent, affecting 20-30% of CM cases. The nodular 
subtype of melanoma is frequently associated with NRAS 
mutations that arise on the chronically UV-damaged skin 
of elderly patients. Additionally, NRAS-mutant melano-
mas tend to exhibit greater aggressiveness compared to 
BRAF-mutant melanomas, as evident from higher Breslow 
thickness and mitotic rate. (8,11,13,14).

MITF represents a novel category of lineage-survival 
oncogenes. Unlike oncogenic NRAS and BRAF, which 
gain novel and tumor-specific cellular functions through 
nucleotide mutations, MITF becomes oncogenic through 
deregulation, influencing survival mechanisms that are 
also present in the normal melanocyte lineage. It is widely 
accepted that wild-type MITF is crucial for lineage survival, 
and the absence (or loss) of melanocytes during development 
occurs in the absence of MITF (8,13). 

Table 1. Common genetic mutations in melanoma.

Gene Mutation Frequency (%)

BRAF V600E/K 40-50

NRAS Q61R/K 15-20

NF1 Loss of function 10-15

KIT L576P, K642E 2-3

TP53 Missense, truncating 1-2

CDKN2A Loss of function 10-15

PTEN Loss of function 5-10

Syndromes associated with melanoma

BAP1 tumor predisposition syndrome (BAP1-TPDS) is 
linked to an elevated risk for a particular cutaneous lesion 
and BAP1-inactivated melanocytic tumors. BAP1-TPDS is 
inherited autosomally and dominantly; currently, the ma-
jority of BAP1-TPDS patients have affected parents. First 
associated with BAP1-TPDS in 2011, CM is now recogni-
zed as the third most prevalent malignancy in BAP1-TPDS 
patients (15).
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Multiple skin tumors—including cylindromas, spirade-
nomas, trichoepitheliomas, and (infrequently) membranous 
basal cell adenoma of the salivary gland—typically appe-
ar in the second or third decade in patients with CYLD 
cutaneous syndrome (CCS). Overall, women have more 
malignancies than men. Germline pathogenic variants of 
CYLD are autosomal dominantly inherited; the majority 
of people with CYLD cutaneous syndrome inherit it from 
their parents (16).

POT1 tumor predisposition (POT1-TPD), an autosomal 
dominant inheritance, is distinguished by an increased life-
time risk for multiple cutaneous melanomas, among other 
cancers. Currently, the majority of POT1-TPD patients have 
affected parents (17).

Multiple café au lait macules, intertriginous freckling, 
and multiple cutaneous neurofibromas characterize Neu-
rofibromatosis 1 (NF1), a multisystem disorder. NF1 is an 
autosomal dominant inherited disorder, but approximately 
half of the affected individuals having NF1 due to de novo 
NF1 disease-causing variant. NF1-mutant tumours are 
aggressive and have a poor prognosis for survival; they are 
also prevalent in elderly patients with sun-exposed skin. NF1 
mutations have been reported in roughly 14% of melanomas. 
Currently, there are no treatments on the market that target 
mutant NF1 cancers exclusively (14,18). 

Proteomics, Metabolomics & Microbiomics

In the past decade, innovative molecular and proteomic 
analysis tools have revolutionized the discovery of cancer 
biomarkers. Proteomic strategies can be categorized into two 
groups: Those that characterize the entire protein comple-
ment of the cells or tissue of interest and those that analyze 
only the proteins present in specific specimens (typically 
blood, but also other fluids like saliva or urine) (19). More 
than 51,100 biomarkers have been identified and studied for 
melanoma. These biomarkers encompass tissue-based tumor 
cell and tumor microenvironment biomarkers, along with 
circulating tumor DNA (cf-DNA), mir-RNA, proteins, and 
metabolites. These biomarkers offer invaluable insights for 
diagnosing, prognosing, and predicting treatment response 
(20).

Biomarkers are used for screening (to determine who is 
more prone to developing multiple myeloma), diagnostics (to 

equip clinicians with the ability to accurately diagnose multi-
ple myeloma), and staging (to determine the total melanoma 
burden present in a patient at any given time). In addition, 
they are used to provide information on mechanisms for 
combating metastatic disease and the development of novel 
treatments, as well as to predict and clarify the likelihood of 
disease progression and treatment response (20).

The comprehensive analysis of gene expression has 
significantly enhanced the understanding of tumorigenesis, 
invasion, and metastasis. Recently, gene expression assays 
have played a crucial role in guiding therapeutic decision-
making. However, the current staging system for melanoma, 
which relies on Breslow thickness, ulceration, and mitotic 
count, proves inadequate. The varied progression rate and 
the presence of regional and distal metastases categorize 
patients into heterogeneous groups with diverse outcomes 
and therapeutic responses. Consequently, more aggressive 
surgical and adjuvant therapies are applied to large popu-
lations, leading to a diluted therapeutic effect and exposing 
more patients to potential toxicity (19). 

Metabolite phenotyping facilitates the development of 
novel therapies and improves the understanding of complex 
metabolic diseases, such as melanoma (21,22). Single-cell 
omics methods have revolutionized biology by unraveling 
the heterogeneity that underlies population averages. One 
potential application is pharmaco-omics, wherein the genetic 
or functional makeup of diseased tissues is used to guide the 
implementation of personalized therapeutic strategies for 
patients. An example of this is Raman spectro-microscopy, 
which involves spatial mapping of metabolites within 
individual cells, aiming to identify druggable metabolic 
susceptibilities in a series of patient-derived melanoma cell 
lines (23).

Regardless of the genetic driver mutation, different 
ceramide and phosphatidylcholine species were observed 
among melanoma subtypes. Additionally, beta-alanine me-
tabolism showed variations among melanoma subtypes and 
exhibited significantly higher levels in the plasma of mice 
with melanoma compared to healthy mice. Furthermore, 
beta-alanine, p-cresol sulfate, sarcosine, tiglylcarnitine, 
two dihexosylceramides, and phosphatidylcholine were 
identified as potential plasma biomarkers for melanoma 
(22).

Currently, immune checkpoint inhibitors (ICIs), espe-
cially antibodies targeting the cytotoxic T-lymphocyte-

Table 2. Syndromes associated with Melanoma.

Syndrome Gene Inheritance Associated Cancers Other Clinical Features

BAP1 Tumor Predisposition 
Syndrome

BAP1 Autosomal dominant Uveal melanoma, cutaneous melano-
ma, mesothelioma, renal cell carcino-
ma

Atypical melanocytic lesions, 
ocular melanocytosis

CYLD Cutaneous Syndrome CYLD Autosomal dominant Cylindromas, spiradenomas, trichoepi-
theliomas

Brooke-Spiegler syndrome

POT1 Tumor Predisposition POT1 Autosomal dominant Cutaneous melanoma, glioma, chronic 
lymphocytic leukemia

Familial melanoma

Neurofibromatosis 1 NF1 Autosomal dominant Neurofibromas, optic pathway gliomas, 
malignant peripheral nerve sheath tu-
mors

Café-au-lait spots, Lisch no-
dules, neurofibromas
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associated protein 4 (CTLA-4) or the programmed death 1 
(PD1) immune checkpoints, are considered the mainstay of 
melanoma immunotherapy. However, approximately 50% 
of patients do not respond to treatment (24, 25). Immuno-
therapies often face primary resistance, and despite initial 
remarkable responses to MAPK signaling inhibitors, acqui-
red drug resistance eventually develops (26). Adoptive cell 
transfer (ACT) of tumor-infiltrating lymphocytes (TILs) is an 
alternative immunotherapeutic approach that demonstrates 
high efficacy in melanoma treatment (25).

Those involved in melanoma treatment are in desperate 
need of improved prognostic and predictive markers, but 
so far, these markers have remained elusive. Several tissue 
markers, such as S100, MART-1, and gp100/HMB45, 
are utilized to differentiate melanoma from other types 
of malignancies. Lactate dehydrogenase (LDH), which 
correlates with advanced-stage tumor development, stands 
as the most robust independent prognostic factor in stage 
IV melanoma and serves as the strongest prognostic serum 
biomarker (19). 

Despite the widespread use of immunohistochemical 
markers, S-100 remains the most sensitive marker for me-
lanocytic lesions, while markers like HMB-45, MART-1/
Melan-A, tyrosinase, and MITF demonstrate relatively ex-
cellent specificity but not as high sensitivity as S-100. Ki67 
remains the most effective adjunct for distinguishing benign 
melanocytic tumors from malignant ones (27).

Microbiome & Melanoma

Increasing evidence suggests that the gut microbiome is 
intimately associated with a variety of pathophysiological 
processes and plays crucial roles in antitumor immunothe-
rapy by shaping the systemic immune response (24,28,29). 
Short chain fatty acids (SCFAs) and other microbiome-
derived metabolites are currently recognized as mediators 
of tumor pathogenesis and immunotherapy. Icariside I, a 
novel anticancer agent isolated from Epimedium, inhibited 
B16F10 melanoma growth in vivo by modulating gastroin-
testinal microbiota and host immunity. Icariside I exhibited 
potent immunological anti-tumor activity, as indicated by 
the upregulation of multiple lymphocyte subsets, including 
CD4+ and CD8+ T cells as well as NK and NKT cells, in 
the peripheral blood of mice with tumors (24).

The studies presented evidence of fungi being present 
intratumorally and often spatially associated with cancer 
cells and macrophages. Comparison of intratumoral fungal 
communities with corresponding bacteriomes and immuno-
mes revealed co-occurring bi-domain ecologies, frequently 
characterized by permissive rather than competitive micro-
environments and distinct immune responses. Clinically 
focused evaluations suggested prognostic and diagnostic 
potential of tissue and plasma mycobiomes even in stage I 
malignancies, along with synergistic predictive performance 
when combined with bacteriomes (30).

Lipids & Melanoma

Among the most notable features of metabolic repro-
gramming is the heightened rate of lipid synthesis, which 
has emerged as a mediator influencing both traditional 
oncogenic signaling pathways and the progression of me-
lanoma. Various alterations in fatty acid metabolism have 
been reported to contribute to the aggressiveness of mela-
noma cells. Notably, a high level of the lipogenic enzyme 
fatty acid synthase is associated with tumor cell invasion 
and poor prognosis. Fatty acid assimilation from the sur-
rounding microenvironment, fatty acid oxidation, and fatty 
acid storage all appear to play a crucial role in tumor cell 
migration (31-33).

Pharmacogenomics

Genetic variation influences an individual’s response 
to pharmacological treatments. Understanding this varia-
tion has the potential to improve the safety and efficacy 
of therapy by guiding the selection and administration of 
medications for a specific patient. In the context of cancer, 
tumours may contain mutations that define the disease, but 
a patient’s germline genetic variation also influences drug 
response (both efficacy and toxicity) (34,35). In developed 
countries, adverse drug reactions (ADRs) are among the 
top 10 main causes of mortality and illness. ADRs exhibit 
distinct characteristics based on genotype, age, gender, 
race, pathology, drug class, route of administration, and 
drug-drug interactions. Pharmacogenomics (PGx) provi-
des the physician with useful information for optimizing 

Table 3. Melanoma Treatment and Biomarkers.

Melanoma Treatment and Prognostic Markers Summary

Mainstay of melanoma immunotherapy Immune checkpoint inhibitors (ICIs), particularly targeting CTLA-4 and PD-1

Treatment response Approximately 50% of patients do not respond to ICIs

Alternative immunotherapeutic approach Adoptive cell transfer (ACT) of tumor-infiltrating lymphocytes (TILs)

Resistance to treatment
Primary resistance to immunotherapies is common; acquired drug resistance can de-
velop with MAPK signaling inhibitors

Prognostic markers
Lactate dehydrogenase (LDH) is the strongest independent prognostic factor in stage 
IV melanoma; S100 is the most sensitive marker for melanocytic lesions

Additional tissue markers
MART-1, gp100/HMB45, HMB-45, tyrosinase, and MITF have high specificity, but lower 
sensitivity than S-100

Effective adjunct for distinguishing benign from 
malignant melanocytic tumors

Ki67
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drug efficacy and safety in the treatment of serious medical 
conditions (36,37).

Cancer subtypes may be driven by somatic mutations, 
or somatic mutations may merely be bystanders. When 
identifying somatic mutations in DNA-sequencing studies, 
tumour samples are a mixture of cancerous and normal cells, 
which must be accounted for. When investigating somatic 
mutations to identify a suitable targeted therapy, it is essen-
tial to consider the relevant pathways (35).

2-Hydroxyoleic acid-inserted liposomes

The inclusion of 2OHOA in liposomes notably enhan-
ced the concentration of hydrophobic model pharmaceu-
ticals like mitoxantrone, paclitaxel, and all-trans retinoic 
acid (ATRA). In vitro, the anticancer activity of liposomes 
incorporating ATRA and 2OHOA was significantly supe-
rior to that of conventional liposomes containing ATRA 
alone. In a syngeneic mouse model of B16-F10 melanoma, 
mice treated with ATRA-incorporated/2OHOA-inserted 
liposomes exhibited a significantly slower tumor growth 
rate compared to the control group. Immunohistochemical 
analyses suggested that the increased antitumor activity 
of ATRA-incorporated/2OHOA-inserted liposomes was 
at least partially due to an increase in apoptosis induction 
(38). 

Vemurafenib

Considering the involvement of polymorphic enzymes 
and drug transporters in vemurafenib pharmacokinetics, 
genotype-based administration could prove to be an 
effective approach for reducing interpatient variation 
and optimizing patient care. The study results indicate 
that patients carrying variants in ABCB1 (3435C>T) or 
CYP3A4*22 have an elevated risk of experiencing severe 
vemurafenib-related toxicities. The functional effects of 
these polymorphisms suggest that increased systemic 
exposure to vemurafenib may be responsible for the 
observed toxicities (39). 

Polyphenols

Both cancer cells and healthy cells are substantially im-
pacted by anticancer medications. Numerous polyphenolic 
extracts, when taken in conjunction with standard anti-tumor 
medications, can contribute to the anti-proliferative effect of 
the drugs and substantially reduce the adverse effects. Stu-
dies have shown the protective effects of polyphenols from 
Vaccinium, Citrus, Olea, and Cynara against the adverse 
effects of four well-known chemotherapy agents, which are 
Cisplatin, Doxorubicin, Tamoxifen, and Paclitaxel (40).

Inhibitors

Melanoma development was inhibited by signal inhibitor 
to phospholipase, protein kinase C, Ca2+ release, calmo-

dulin, and mitogen-activated protein kinase kinase 1/2. 
However, once melanoma had developed, only the inhibitor 
to mitogen-activated protein kinase kinase 1/2 significantly 
inhibited the proliferation of melanoma, with partial inhi-
bition by inhibitors to protein kinase C and phospholipase 
C. The expression of phosphorylated extracellular signal-
regulated kinase 1/2 and Ki-67 was highly correlated with 
the inhibition of melanoma proliferation. These findings 
indicate that activation of each mGluR1 signaling pathway 
is required for melanoma development. However, the ex-
tracellular signal-regulated kinase pathway is essential for 
melanoma proliferation (41).

Sodium dichloroacetate (DCA)

In recent decades, metabolism has become a defining 
characteristic of malignancy. It was specifically linked to 
immunotherapy resistance in melanoma. High glucose 
utilization and lactate production are shared characteristics 
of melanoma. Lactate significantly contributes to the acidi-
fication of the tumor microenvironment (TME) and imparts 
an immunosuppressive TME, which inhibits immunotherapy 
responses. Sodium dichloroacetate (DCA) redirects the 
precursor of lactate to mitochondrial metabolism, thereby 
preventing excessive lactate production (42). The use of oral 
sodium dichloroacetate (DCA) in patients with metastatic 
melanoma results in tumor reduction and long-term disea-
se stability. It has been demonstrated in vitro and in vivo 
that DCA can serve as a cytostatic agent, without inducing 
apoptosis (43).

It is essential to recognize that the implementation of 
DCA as a standard in melanoma therapy faces numerous 
obstacles. Among these obstacles is the unmet need for 
instruments and markers to monitor and predict the re-
sponse of melanoma metabolism to DCA, and to ascertain 
how patient-specific metabolic phenotypes influence this 
response (42).

Diagnosis, Treatment & Personalized Medicine

In the past decade, the field of melanoma has witnessed 
an unprecedented number of clinical advancements. Mo-
dern therapeutic strategies based on disease mechanisms 
have facilitated the transformation of disease management. 
Targeted approaches that predominantly inhibit the BRAF 
oncoprotein pathway have a high predictability of efficacy, 
but less than optimal response depth or duration. Immuno-
therapy is predominantly founded on the inhibition of one 
or two immune checkpoints and has a reduced predictability 
of response, but a higher proportion of long-lasting remis-
sions (44-47).

The Human Genome Project and Human Proteome 
Project initiatives have substantially improved our compre-
hension of human health and disease, playing a crucial role 
in the ongoing move toward personalized medicine. These 
advancements are attributed to improved screening methods, 
novel therapeutic strategies, and a deeper understanding 
of the underlying biology of cancer. Nevertheless, cancer 
remains a complex and heterogeneous disease, subject to 
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modulation over time by various factors, including genetic, 
molecular, cellular, tissue, population, environmental, and 
socioeconomic influences (48). 

Furthermore, genetic analysis is now playing an increa-
singly significant role in guiding patient care. As new genes 
are discovered and key molecular pathways in melanoma 
progression are elucidated, therapeutic interventions targe-
ting these pathways are becoming accessible (49, 50). The 
advent of next-generation sequencing (NGS) technologies 
has made it possible to sequence multiple cancer-driving 
genes in a single assay, with enhanced sensitivity for mu-
tation detection (51).

Mass spectrometry remains the principal platform for 
proteomics analysis, with shotgun proteomics or bottom-up 
being the most frequently used approach. Recently, chroma-
tographic methods have gained widespread recognition as 
methodologies worthy of consideration due to their distinct 
advantages, particularly in sample manipulation, recovery, 
and automation. Multidimensional purification has been 
found to be particularly effective, resulting in high purifi-
cation factors and reducing sample complexity before MS 
analysis, thus facilitating a more comprehensive exploration 
of the proteome (48).

The existing therapeutic approaches for melanoma inclu-
de surgical resection, chemotherapy, photodynamic therapy, 
immunotherapy, biochemotherapy, and targeted therapy. 
Depending on the patient’s health and tumor characteristics, 
treatment strategies may involve single agents or combi-
nations of therapies. However, the effectiveness of these 
treatments may be reduced due to the emergence of various 
resistance mechanisms. Studies focusing on the genetic pro-
file of melanocytes and the identification of molecular factors 
involved in the development of malignant transformation 
have revealed novel therapeutic targets (52,53).

Caution should be exercised when administering radia-
tion therapy, as the combination of BRAF inhibitors and 
radiation therapy has been linked to increased toxicity. Pa-
tients with stage 4 melanoma, whether untreated or treated 
with BRAF inhibitors and MEK inhibitors, exhibit a median 
overall survival of 22 to 25 months, with a 3 to 5-year overall 
survival rate reaching 40 percent. Favorable prognostic fac-
tors include normal lactate dehydrogenase concentrations, 
fewer than three metastatic sites, and satisfactory Eastern 
Cooperative Oncology Group performance. However, a 
significant drawback of targeted therapy is the development 
of resistance during treatment (1,54).

In the context of treating metastatic melanoma, nume-
rous novel medications have been developed in the last 
decade, substantially improving the prognosis for patients 
with this condition. However, the majority of patients do 
not demonstrate a long-lasting response to these treatments. 
As a result, new biomarkers and drug targets are needed 
to enhance the diagnostic and therapeutic accuracy of 
melanoma (55).

Conclusion

In conclusion, “omics” science has emerged as a po-
werful tool in the study of melanoma. The integration of 
genomics, proteomics, and metabolomics has allowed for 

a more comprehensive understanding of the molecular 
mechanisms involved in the development and progression 
of this deadly disease. “Omics” approaches have identified 
numerous potential biomarkers for early detection, progno-
sis, and treatment response, which could greatly improve 
patient outcomes. However, further research is needed to 
validate these biomarkers and translate them into clinical 
practice. The application of “omics” technologies in mela-
noma research is a promising path for the development of 
personalized and targeted therapies, ultimately leading to 
better outcomes for patients.
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