Biomedical Research and Therapy 2024, 11(11):6912-6922

Open Access Full Text Article

Review Article

miRNAs in Melanoma: Diagnostic, prognostic, and therapeutic

strategies

Gulsah Evyapan'*", Berna Ozdem?", Gulsevinc Aksoy?

'Department of Medical Biology, Faculty

of Medicine, Van Yuzuncu Yil
University, Van, Turkey

*Department of Medical Biology and
Genetics, Faculty of Medicine, Inonii
University, Malatya, Turkey

*Department of Medical Biology, Faculty

of Medicine, Cukurova University,
Adana, Turkey

Correspondence

Gulsah Evyapan, Department of Medical

Biology, Faculty of Medicine, Van
Yuzuncu Yil University, Van, Turkey

Email: gulsahevyapan.ge@gmail.com
History
e Received: Sep 09, 2024

o Accepted: Nov 24, 2024
e Published Online: Nov 30, 2024

DOI : 10.15419/bmrat.v11i11.937
W) Check for updates

Copyright

© Biomedpress. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution 4.0 International license.

BioMedPress

The Open Access Publisher

ABSTRACT

Melanoma is a highly aggressive and deadly form of skin cancer, with its incidence and mortal-
ity rates increasing significantly worldwide. Recent research suggests that miRNA-based therapies
could help improve outcomes for melanoma patients by controlling gene expression at the post-
transcriptional level, which affects how the tumor grows and spreads. This review aims to examine
the role of microRNAs (miRNAs) in melanoma progression, highlighting their potential as therapeu-
tic targets and exploring how they may be utilized in diagnostic and prognostic processes.
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INTRODUCTION

Melanoma is a type of skin cancer resulting from the
malignant transformation of melanocytes in the top
layer of the skin (Figure 1)%2. It is characterized
by a combination of genetic changes leading to neo-
plastic transformation, an aggressive course, and the
potential for metastasis, and it has a high mortal-
ity rate. In 2020, researchers diagnosed more than
1.5 million cases of skin cancer worldwide and re-
ported more than 120,000 deaths related to the dis-

€ase 3.

Molecular biomarkers, such as microRNAs
(miRNAs), play an essential role in several biologi-
cal and pathological processes, including cell differ-
entiation, lipid metabolism, inflammation, and can-

cers such as melanoma?.

Researchers have shown
that miRNAs play an important role in controlling
genes that contribute to the growth and spread of
melanoma. Moreover, recent studies have highlighted
the diagnostic and prognostic potential of miRNAs
in melanoma. Circulating miRNAs such as miR-
21, miR-146a, miR-205-5p, miR-137, and miR-221
have been shown to be linked to melanoma progres-
sion and metastatic potential. The ability to detect
these miRNAs in patient serum makes them valuable
biomarkers for early diagnosis and monitoring of dis-
ease stages™®. These findings highlight the role of
miRNAs not only as molecular markers but also as
therapeutic targets, opening new avenues for person-
alized treatment strategies.

MiRNAs negatively regulate the expression of genes at
the mRNA level by binding to their target mRNAs and
causing the repression of translation or the degrada-
tion of the mRNA. A complex system of DNA-binding

proteins and enzymes synthesizes and processes miR-
NAs. MiRNAs follow a pathway from transcription
to post-transcriptional regulation and play a critical
role in gene regulation”>8. Our understanding of the
functions and effects of miRNAs has expanded con-
siderably in recent years, largely due to the discovery
of their interactions with additional regulatory mech-
anisms, including epigenetic changes and transcrip-
tion factors. This article aims to provide information
on the potential use of miRNAs in melanoma for di-

agnostic, prognostic, and therapeutic purposes.

MIRNA AND THEIR FUNCTIONS

Small non-coding RNA molecules, 20-22 nucleotides
(nt) long, called miRNAs, have been shown to mod-
ulate the activity of genes since their discovery in
1993. Research into the role of miRNAs intensified
after the discovery that the miRNAs lin-4 and let-7
control when stem cells in the nematode Caenorhab-
ditis divide and differentiate into different types”?.
In addition to being present in all eukaryotic cells,
scientists estimate that miRNAs control the activity
of about 30% of protein-coding genes in mammals.
Approximately 2200 miRNAs have been identified in
the mammalian genome, and more than 1000 have
been reported in the human genome!°. The biogen-
esis of miRNAs follows a pathway from transcription
to post-transcriptional regulation and plays a critical
role in gene regulation (Figure 2). Additionally, miR-
NAs regulate processes that contribute to tumor cell
proliferation, metastasis, and immune system eva-

sion, influencing key cancer-related pathways such as
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resistance to apoptosis, suppression of tumor suppres-
sor genes, unlimited cell proliferation, and angiogen-
esis (Figure 3 ) 1112,

Previously, studies have demonstrated that inhibiting
the miR-200b/a/429 IncRNA promotes increased cell
growth, migration, and invasion in individuals with

13

melanoma . ILF3-AS1 (an oncogenic long non-

coding RNA involved in the regulation of gene expres-
sion) has also been implicated in these processes 4.
Another study found higher levels of miR-7 (in-
volved in cell proliferation and migration), miR-
19b-3p (associated with cancer progression), miR-21
(a well-known oncogenic miRNA that promotes tu-
mor growth), miR-126 (associated with angiogene-
sis and tumor development), and miR-149 (which
may regulate apoptosis and metastasis) in people with
metastatic melanoma (Figure 4). In addition, stud-
ies have shown that the miRNA Let-7b targets parts
of the cell cycle and stops the growth of malignant
melanoma cells that are not anchored 1°. The process
of forming metastatic melanoma from melanocytes
to primary cancer cells and then from primary cells
has been determined to upregulate miR-133a, miR-
199b, miR-453, miR-520f, MIR-521, and miR-551b.
Moreover, the expression of miR-126, miR-29¢, miR-
506, miR-507, and miR-520d was shown to be in-
creased in the early stages of melanoma and decreased
in the later metastatic stages. Furthermore, a panel of
miR-150-5p, miR-15b-5p, and miR-16-5p miRNAs,
together with miR-374b-3p miRNAs, suggested that
we could predict the expression levels of these miR-
NAs and the likelihood of melanoma tumors metas-
tasizing to the brain 16,17 1n this context, these find-
ings provide evidence for the role of miRNAs in the
development and progression of melanoma. On the
other hand, miR-181a/b was found to be associated
with drug resistance in melanoma and may act as a
biostimulant to predict responses to targeted therapy,
demonstrating it as a potential target for melanoma
treatment. Melanoma miRNA profiling can reveal
additional molecular pathways, new bio-enhancers,
and therapeutic targets, enabling the development of
treatments that specifically target these pathways 8.
However, further research is needed to fully under-
stand the mechanisms of miRNAs in melanoma and
their therapeutic applications.

BIOMARKERS AND THE ROLE OF
MIRNAS IN MELANOMA DIAGNOSIS
AND PROGNOSIS

miRNAs are important biomarkers for the diagno-
sis and prognosis of melanoma. Their expression in

melanoma cells, serum, and tissues provides insight
into the molecular mechanisms of melanoma progres-
sion. These miRNAs help in the early detection of can-
cer and act as indicators of the prognosis of the disease
and the response to treatment?.

Diagnostic Biomarkers

Certain miRNAs are reliable diagnostic markers
because of the role they play in transforming
melanocytes and growing tumors. Some of these
miRNAs, as outlined below, are highly expressed in
melanoma tissue and play crucial roles in tumor pro-
gression.

miR-21, miR-221, and miR-222: Overexpressed
in melanoma tissue and detectable in the blood-
stream, these miRNAs correlate with melanoma ag-
gressiveness, making them valuable for early diagno-
sis?%30. miR-21 functions as an oncogenic miRNA
in several cancer types, including melanoma. This
miRNA promotes cell proliferation, invasion, and
metastasis by suppressing the expression of the tu-
mor suppressor gene Phosphatase and Tensin Ho-
molog (PTEN). Therefore, the relationship between
miR-21 and PTEN is emerging as an important ther-
apeutic target in melanoma treatment.
such as High-Intensity Focused Ultrasound (HIFU)

can reduce miR-21 expression, increase PTEN levels,

Therapies

and subsequently inhibit the migration and metastatic
potential of melanoma cells3!. The promyelocytic
leukemia zinc finger (PLZF)-miRNA-221/-222 path-
way significantly influences melanoma progression
by regulating various oncogenic mechanisms. miR-
221 and miR-222 promote cell proliferation, migra-
tion, and invasion by targeting tumor suppressors
like p27XiP! and PTEN32. This interaction promotes
melanoma cell survival and metastasis by activat-
ing key signaling pathways such as PI3K/AKT and
MAPK. The PLZF-miR-221/-222 axis is therefore a
critical target for potential therapeutic and diagnos-

tic intervention 33.

Prognostic Biomarkers

miR-137: Low levels of miR-137 are associated with
poor prognosis, particularly in advanced melanoma,
as it targets genes involved in cell proliferation and
metastasis. miR-137 acts as a tumor suppressor in
prolactinomas by targeting MITF, a key gene involved
in cell proliferation. It also modulates the Wnt sig-
naling pathway, reducing tumor growth and invasive-
ness. These effects highlight the potential of miR-137
as a prognostic target for the treatment of prolacti-

noma 34.
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Table 1: Roles of miRNAs in Melanoma. MicroRNAs (miRNAs) are critical regulators of gene expression and have
been shown to play significant roles in melanoma development and progression

miRNA Role in Melanoma Mechanism of Action In Reference
Vivo/In
Vitro
miR-137 Tumor suppressor; downregu-  Targets c-MET, YB1, EZH2; induces G1 ~ Both ©
lates MITF and CDK6 cell cycle arrest, decreases cell growth
miR-148 Negatively regulates MITF Binds to MITFs 3'UTR; influences Both 20
melanoma cell behavior
miR-182 Promotes migration and survival ~ Downregulates MITF and FOXO3; en-  In Vitro Al
hances proliferation and invasion in
melanoma cells
miR-211 Inhibits migration; regulates  Lower levels in invasive melanoma; in-  In Vitro z2
NUAKI and POU3F2 (BRN2) fluences cell adhesion and metastatic po-
tential
miR-221/222  Targets cell cycle regulators like =~ Downregulates c-Kit, affecting MITF  Both 23
P27 and tyrosinase expression; involved in
melanoma progression
miR-205 Reduces proliferation and inva- ~ Targets E2F1, influencing cell cycle reg-  Both 2
sion ulation; affects AKT signaling pathways
miR-625 Associated with metastasis Targets SOX-2, stimulating proliferation ~ Both 23
and invasion when downregulated
miR-514a Enhances melanoma growth; Modulates sensitivity to BRAF-targeted  In Vitro 2
regulates NF1 therapy
miR-200c Correlates with resistance to  Low levels associated with drug resis-  In Vitro 2
BRAFi tance
miR-155 Downregulated in melanoma;  Induces apoptosis when overexpressed  In Vitro &

potential therapeutic target

in melanoma cell lines

miR-182: Overexpression of miR-182 promotes tu-
mor growth and metastasis, indicating melanoma
aggressiveness and guiding personalized treatment
plans33.

miR-150-5p: Predicts brain metastasis, assisting in
early intervention decisions!®. Recent studies have
identified miR-205-5p, miR-145-5p, and miR-203-
3p as important biomarkers for the prognosis of
melanoma. Lower levels of miR-205-5p are associ-
ated with distant metastases, while reduced expres-
sion of miR-145-5p and miR-203-3p is associated with
increased tumor aggressiveness. These findings sug-
gest their potential utility in assessing melanoma pro-
gression and metastatic risk 3.

Circulating miRNAs as Non-Invasive

Biomarkers
Circulating miRNAs, as discussed below, provide a

non-invasive method for monitoring melanoma, aid-
ing in early detection and progression tracking.

miR-34a, miR-100, and miR-125b: Elevated expres-
sion levels of these miRNAs in resistant cells and pa-
tient blood samples indicate drug resistance and help
clinicians tailor treatment 7.

miR-99b and let-7e: These miRNAs associated with
myeloid-derived suppressor cells (MDSCs) suggest a
more aggressive disease phenotype and a worse prog-
nosis, providing guidance for immunotherapy strate-

gies!5.

MIRNA-BASED TREATMENT
METHODS

Synthetic miRNA Mimics

Synthetic miRNA mimics are designed to restore the
function of downregulated tumor suppressor miR-
NAs. In melanoma, these mimics are introduced to
simulate the function of natural miRNAs by target-
ing genes that regulate proliferation and metastasis 3.
The key advantage of using miRNA mimics is their
ability to specifically target multiple genes involved
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Figure 1: The figure illustrates the effects of UV radiation, miRNA influence, and melanoma infiltration in
skin layers. UV radiation is shown as yellow arrows penetrating the skin, indicating how sunlight can lead to DNA
damage and transform normal skin cells into melanoma cells. In the middle section, the role of miRNAs is high-
lighted: the red arrow represents the upregulation of miR-21, which promotes melanoma progression by targeting
pathways such as BRAF/MEK, thereby increasing cell proliferation. Conversely, the green arrow shows the down-
regulation of miR-137, which acts as a tumor suppressor by influencing the Bcl-2 pathway, enhancing apoptosis
and inhibiting melanoma growth. The bottom section displays a cross-section of the skin, with layers color-coded
for clarity: the epidermis (orange), the dermis (blue), and the subcutaneous fat (purple). The black arrow illustrates
melanoma infiltration as it spreads through these layers, beginning in the epidermis and progressing deeper into
the dermis and subcutaneous fat. This visual representation emphasizes the connection between UV exposure,
miRNA regulation, and melanoma development and progression within the skin.

in oncogenic pathways, thus providing a multi-target
approach. However, challenges remain, such as their
stability in vivo, as miRNAs are susceptible to degra-
dation by nucleases, limiting their therapeutic effi-
cacy if not protected (e.g., with chemical modifica-
A study showed that chemi-
cally modified synthetic miRNA-205 significantly in-

tions or carriers)>.

hibited melanoma growth by targeting genes such as
E2F1 and VEGE, which are critical for cell prolifera-
tion and angiogenesis, as well as suppressing the anti-

apoptotic gene BCL2, which promotes cell apopto-
.40
sis®Y.

Viral Vectors

Viral vectors such as lentivirus, adenovirus, and
adeno-associated virus (AAV) are increasingly being
used to deliver microRNAs (miRNAs) in the treat-
ment of melanoma due to their efficiency in gene de-
livery. These vectors can be engineered to deliver
miRNA mimics or antagonists directly to melanoma
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Figure 2: miRNA Biogenesis Pathway and Its Role in Gene Regulation. This figure illustrates the biogenesis of
miRNA from transcription to its role in post-transcriptional gene regulation. Initially, miRNA is transcribed by RNA
Polymerase I, forming pri-miRNA, which is then processed by DROSHA into pre-miRNA. Exportin 5 (XPO5) trans-
ports pre-miRNA from the nucleus to the cytoplasm, where it is further processed by DICER into mature miRNA.
The mature miRNA is incorporated into the RNA-induced silencing complex (RISC), guiding it to the target mRNA
for degradation or translational repression, thereby regulating gene expression.

cells, ensuring high levels of gene expression!.

Lentiviral Vectors

Lentiviral vectors are effective because they are able to
integrate the miRNA sequences into the host genome
and thus ensure the long-term expression of miRNAs.
Studies have shown that the use of lentiviral vectors
encoding miR-21 significantly improves expression
levels in various cell types, demonstrating its thera-

peutic potential in the treatment of melanoma 2.

Adenoviral Vectors

Helper-dependent adenoviral vectors (HD AdVs)
have been modified to delete all viral protein-coding
sequences, minimizing immunogenicity while in-
creasing transgene efficiency. Research has exhibited
that HD AdV’s are effective in the delivery of miRNA
mimics, leading to significant therapeutic effects in a
variety of cancer models*3.

AAV Vectors

Adeno-associated viruses (AAVs) are known for their
low immunogenicity and ability to provide long-

term expression without integrating into the host
genome. Recent studies have focused on optimiz-
ing AAVs for targeted delivery of miRNAs specifi-
cally to tumor cells, thereby increasing therapeutic
efficacy while reducing off-target effects. Research
on miR-21 indicates that its overexpression inhibits
melanoma cell growth and metastasis by specifically
targeting MKK3, a kinase involved in oncogenic sig-
naling pathways. By downregulating MKK3, miR-21
interferes with melanoma progression, suggesting its
role as a potential therapeutic target for controlling

tumor growth and metastasis in melanoma 4.

Risks Associated with Viral Vectors

Despite their advantages, viral vectors carry risks such
as insertional mutagenesis and potential toxicity. In-
tegration of viral DNA can disrupt essential genes,
leading to oncogenesis, while immune responses can

limit the effectiveness of repeat administrations*>.

Non-Viral Delivery Methods

Non-viral methods such as lipid nanoparticles, poly-
mers, and exosomes are increasingly being explored

6916



Biomedical Research and Therapy 2024, 11(11):6912-6922

Activating Replicative
immortality miR-137

Resistance to
Apoptosis
miR-16-1

. .‘._3 Evading

Ce® Tumor
.. Supressor

Growth e miR-19a

suppressors

Immune
demolition

Enangy

Reprogramming Energy
metabolism

Inducing
Angiogenesis

mir-150

Figure 3: Roles of various miRNAs in cancer cells. miRNAs regulate processes that contribute to tumor cell pro-
liferation, metastasis, and evasion of the immune system. Specific miRNAs influence key cancer-related pathways,
such as resistance to apoptosis (miR-16-1), suppression of tumor suppressor genes (miR-19a), unlimited cell prolif-
eration (miR-137), reprogramming of energy metabolism (miR-150), immune evasion (miR-152), and angiogenesis
(miR-23). These miRNAs collectively contribute to cancer progression by modulating different aspects of cancer

biology.

due to the limitations of viral vectors. Exosomes
have emerged as a promising delivery vehicle for miR-
NAs, offering a natural, less immunogenic vehicle that
can effectively cross biological barriers. The aim of
these systems is to deliver miRNA mimics directly to
melanoma cells in order to improve therapeutic out-

comes while minimizing off-target effects 42

TARGETS OF MIRNAS IN
MELANOMA

Research in melanoma shows that miRNAs influence
various biological processes, including cell cycle con-
trol, epigenetics, proliferation, invasion, immune re-
sponse, and carcinogenic pathways (Figure 4 )40,
Specifically, cell cycle molecules such as CYLD (a tu-
mor suppressor regulating cell growth and apopto-
sis), ITCH (an E3 ubiquitin-protein ligase involved
in cell signaling), FOXMLI (a transcription factor that
promotes cell proliferation), HOX-B7 (a gene regulat-
ing cell differentiation), BMP4 (a signaling molecule
that influences cell growth), and MITF (a transcrip-
tion factor linked to microphthalmia) are targeted

by these miRNAs%7. MITE which is critical for
melanoma growth, proliferation, survival, formation,
and heterogeneity, is regulated by transcriptional,
post-transcriptional, and post-translational mecha-
nisms.

Additionally, miRNAs like miR-137, miR-148, miR-
182, miR-26a, miR-211, miR-542-3p, miR-340, miR-
101, and miR-218 are involved in these regulatory
processes. Researchers have found that miR-137 ex-
pression is associated with poor prognosis in stage
IV melanoma patients, highlighting its importance
as a potential biomarker and therapeutic targets.
It also plays a role in the downregulation of sev-
eral oncogenic target mRNAs, including c-MET, YBI,
EZH2, and PIK3R3%. Furthermore, studies suggest
that miR-182 is overexpressed in both diseased tis-
sues and melanoma cells. Targeting the aberrant ex-
pression of miR-182 has been shown to contribute
to melanoma progression by suppressing FOXO3 and
MITE This is accompanied by a reduction in apop-
tosis and cell cycle arrest at the S-phase®. Addi-
tionally, another study showed that miRNA-211 ex-
pression was lower in highly invasive melanoma cell
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Figure 4: Oncogenic and Tumor Suppressor miRNAs in Melanoma. This figure shows the role of oncogenic
miRNAs (miR-19b-3p and miR-7) and tumor suppressor miRNAs (miR-139-5p and miR-145) in melanoma devel-
opment. Oncogenic miRNAs promote cell migration and drug resistance, while tumor suppressor miRNAs induce

apoptosis and inhibit angiogenesis.

lines compared to those with less invasive potential.
miRNA-603 was also reported to promote cutaneous
melanoma progression by regulating the expression of
T-box transcription factor 5 (TBX5) 51 Recent stud-
ies have shown that miRNAs exhibit promising results
in various functions, such as controlling the cell cy-
cle in melanoma, supporting tumor growth, and fa-
cilitating metastasis and invasion. The establishment
of molecular and therapeutic targets for miRNAs in
melanoma promises hope for treatment and facili-
tates the development of innovative treatment ap-
proaches. Innovations in targeting ERK include dual
inhibitors that block MEK-catalyzed ERK phosphory-
lation, thereby limiting the extent of ERK reactivation
after feedback®2. In melanoma, miRNAs have been
shown to regulate key signaling pathways such as the
MAPK/ERK pathway, and these regulations have a di-
rect impact on cancer progression. Therefore, RAF
and MEK play important roles in the MAPK/ERK sig-
naling pathway, and alterations to these proteins can
render melanoma resistant to targeted therapies.

The chemokine monocyte chemoattractant protein-
1 (MCP-1/CCL2) is one of the key chemokines reg-
ulating the migration and infiltration of monocytes
and macrophages and has been detected in most solid
tumor microenvironments and in circulation. It ap-
pears that CCL2 levels are associated with tumor

growth in cells that are not responding to treatment.
This suggests that CCL2 and miRNAs may be use-
ful for determining the severity of a patients condi-
tion and for developing new ways to treat metastatic
melanoma?3. Certain miRNAs in circulation, such
as let-7e, miR-99b, miR-100, miR-125a, miR-125b,
and miR-146a, influence the activity of myeloid-
derived suppressor cells (MDSCs) in individuals with
melanoma®®. Research has demonstrated that miR-
514a, a factor important in initiating melanocyte
transformation and supporting melanoma develop-
ment, modulates the tumor suppressor gene NFI to
regulate the sensitivity of BRAF-targeted therapy>>.
These studies have shown that miRNAs affect BRAFI
in melanoma and are critical for the development of
anti-resistance therapies. This may provide further
evidence for miRNA-based melanoma research, rep-
resenting a promising area of study.

MIRNAS AS IMMUNOTHERAPY
TARGETS IN MELANOMA

Immunotherapy is the fourth safest and most success-
ful treatment after surgery, radiation, and chemother-
apy. Cancer immunotherapy stimulates active or pas-
sive anti-tumor immune responses to reduce cancer
cell proliferation and invasion. To treat melanoma,
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anti-CTLA-4 (Cytotoxic T-Lymphocyte Antigen 4)
drugs, such as ipilimumab, are used to block a re-
ceptor on T cells that normally inhibits immune ac-
tivation, thereby boosting the body’s immune re-
Similarly, PD-1 (Pro-
grammed Cell Death Protein 1) inhibitors, such as

sponse against tumor cells.

pembrolizumab or nivolumab, target another recep-
tor that reduces immune response. By blocking PD-
1, these drugs enhance the immune system’s ability
to effectively recognize and destroy melanoma cells.
However, 50 to 60 percent of patients do not re-
spond to these drugs>®. Recent studies have indicated
that miRNAs can be used alongside immunothera-
pies to target immune evasion mechanisms in can-
cer cells. In particular, miRNAs such as miR-21
and miR-34a have been shown to enhance the re-
sponse to immunotherapy. Previous studies indi-
cate that clinical trials of many immunotherapeu-
tic drugs, particularly immune checkpoint block-
ers (ICBs) such as anti-CTLA-4 and anti-PD-1/PD-
L1 inhibitors, have demonstrated success in treating
metastatic melanoma. In Phase II-IV clinical trials,
these ICBs significantly improved both progression-
free survival (the length of time during and after treat-
ment when the cancer does not get worse) and overall
survival rates for patients. These results underscore
the effectiveness of ICBs in enhancing the immune
system’s ability to target and destroy melanoma cells,
offering promising results for patients with advanced
stages of the disease®”. In recent years, miRNA re-
search in the field of immunotherapy has been very
active, achieving many remarkable results1®. MiR-
NAs, like oncogenes or anti-oncogenes, regulate tar-
get genes for carcinogenesis and melanoma and are vi-
tal in immunotherapy. MiRNAs play a crucial role in
regulating both the innate and adaptive immune sys-
tems. Therefore, it is important to investigate miRNA-
based biostimulants for immunotherapy responses.
Cancer immunosurveillance consists of immunoedit-
ing, which has three stages that occur in a certain
order: elimination, equilibrium, and escape. These
stages are driven by the constant interaction of the
tumor microenvironment, tumor cells, and immune
cells. The immune system recognizes and eliminates
cancer cells through a multi-step process, but some
cells can evade this surveillance. Immunotherapies
re-activate the immune system against this escape >8.
Studies have also shown that miR-155 is involved in
the escape of melanoma cells from immune surveil-
lance. MiR-155 regulates the downregulation of en-
dogenous MITF-M expression in melanoma cells trig-
gered by IL-13 .

FUTURE RESEARCH NEEDS AND
NEW TECHNOLOGIES IN MIRNA
THERAPY FOR MELANOMA

Despite the significant progress in miRNA research
for melanoma treatment, many areas still require
in-depth exploration. New technologies may also
play a crucial role in enhancing the potential of
miRNA-based therapies for melanoma treatment. Al-
though targeting apoptotic pathways, such as Bcl-
2, shows promise in cancer therapy, treatments may
still not be fully successful. Therefore, further in-
vestigation of miRNA-based strategies may provide
complementary approaches to improve therapeutic

outcomes 0.

For instance, nanoparticle-mediated
miRNA inhibitors show great promise in improving
stability, increasing bioavailability, and minimizing
side effects. CRISPR/Cas9 gene editing technology
aims to improve treatment accuracy by precisely edit-
ing specific miRNAs. Artificial intelligence (AI) and
machine learning have enabled the discovery of new
signature molecules in miRNA profiling, too. Al-
supported analyses can facilitate the development of
new therapeutic approaches by offering a deeper un-
derstanding of the molecular structure and pathways
involved in this aggressive cancer type, thereby en-
abling the identification of novel targets for treatment.
In this context, prospective studies should aim to bet-
ter understand the molecular interactions between
miRNA target pathways and use this information to
develop new therapeutic strategies. A clearer under-
standing of the complex role of miRNA in melanoma
biology will lead to a wider availability of these thera-
pies in clinical applications.

CONCLUSIONS

The latest research on melanoma has demonstrated
that miRNAs enhance metastasis, invasion, and pro-
liferation. In addition, some miRNAs in melanoma
have the potential to serve as biomarkers for early
diagnosis. Recently, researchers have discovered
the efficacy of miRNAs in drug resistance and im-
munotherapy, and miRNAs have become therapeu-
tic targets and tools. A comprehensive understand-
ing of the genetic structure and molecular processes
underlying melanoma is essential for the advance-
ment of correct diagnostic techniques and effective
therapeutic interventions. Targeted treatments, such
as the combination of drugs with miRNAs, have the
potential to enhance outcomes. Further research in
these areas could lead to more accurate diagnoses
and improved treatments for melanoma. In con-

clusion, miRNA-based approaches have the potential
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to improve diagnosing, treating, and prognosticating
melanoma. However, more research is needed to fully
understand how miRNAs work in melanoma and how
to use them for therapeutic purposes.

ABBREVIATIONS

AAV - Adeno-associated virus, Al - Artificial intel-
ligence, ATP - Adenosine triphosphate, BCL2 - B-
cell lymphoma 2, BRAFi - BRAF inhibitor, BMP4
- Bone morphogenetic protein 4, CDK6 - Cyclin-
dependent kinase 6, CCL2 - C-C motif chemokine
ligand 2, CRISPR/Cas9 - Clustered Regularly Inter-
spaced Short Palindromic Repeats/CRISPR associ-
ated protein 9, CTLA-4 - Cytotoxic T-Lymphocyte
Associated Antigen 4, ¢-MET - Hepatocyte growth
factor receptor, CYLD - Cylindromatosis, ERK - Ex-
tracellular signal-regulated kinase, EZH2 - Enhancer
of zeste homolog 2, FOXM1 - Forkhead box M1,
FOXO3 - Forkhead box O3, HIFU - High-Intensity
Focused Ultrasound, HD AdVs - Helper-dependent
adenoviral vectors, HOX-B7 - Homeobox B7, ICBs
- Immune checkpoint blockers, IL-1f3 - Interleukin 1
beta, ITCH - Itchy E3 ubiquitin protein ligase, MAPK
- Mitogen-activated protein kinase, MCP-1/CCL2
- Monocyte chemoattractant protein-1/Chemokine
(C-C motif) ligand 2, MDSCs - Myeloid-derived
suppressor cells, MITF - Microphthalmia-associated
transcription factorm, iRNA - microRNA, NUAK1
- NUAK family SNF1-like kinase 1, PD-1 - Pro-
grammed cell death protein 1, PD-LI - Programmed
death-ligand 1, PI3K/AKT - Phosphatidylinositol 3-
kinase/protein kinase B, PIK3R3 - Phosphoinositide-
3-kinase regulatory subunit 3, PLZF - Promyelocytic
leukemia zinc finger, POU3F2 - POU class 3 home-
obox 2, PTEN - Phosphatase and tensin homolog,
TBXS5 - T-box transcription factor 5, VEGF - Vascular
endothelial growth factor, YB1 - Y-box binding pro-
tein 1
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