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Dear Editor,
Melanoma is a malignant tumor that originates from

melanocytes, constituting roughly 5% of the total tumor
count (1). Melanoma primarily affects the skin but can
also manifest in the mucosal surface, eyes, and meninges.
Melanoma is a form of skin cancer characterized by the
uncontrolled division of melanocytes, which are cells
responsible for producing pigment. Melanomas can
occur anywhere on the skin, with some areas being more
susceptible to this type of cancer. Melanoma tends to
primarily impact the chest and back in men, the legs in
women, and the face, which is another common location
for this type of skin cancer.

Melanoma manifests in four primary forms:
Superficial spreading, nodular, lentigo maligna, and
acral lentiginous melanomas. The superficial extension
form is the most common, representing about 70% of
melanomas, followed by the nodular form, accounting for
15 - 30% of cases. The less common forms of melanoma,
including lentigomaligna and acral lentiginous, make up
less than 10% of melanoma cases (2).

Although melanoma is relatively uncommon, it is
the primary reason for skin cancer-related deaths due to
its aggressive metastatic nature. Although the sentinel
lymph node (SLN) is commonly identified as the primary
site of initial metastasis, melanoma cells also tend to
spread to distant regions and organs in the body (3). This
dissemination to distant sites contributes to the advanced
and often fatal stages of the disease.

Melanoma incidence has increased in fair-skinned
countries over the past 70 years; nevertheless, mortality
rates have remained stable. Improved awareness,
early detection, and advancements in treatment have

contributed to better outcomes and reduced mortality.
However, prevention efforts and regular screenings are
still essential in combating this form of skin cancer (4).

The likelihood of survival greatly improves with
early diagnosis and advancements in treatment. When
melanoma is detected at an early stage and remains
localized, the 5-year survival probability is quite high.
However, as thediseaseprogresses to advanced stageswith
distant metastasis, the survival probability significantly
decreases. The National Cancer Institute’s 5-year survival
rate is 99.5% for localized cases and 31.9% for cases that
havemetastasized to distant sites.

Surgery is the main treatment for melanoma.
Radiotherapy and chemotherapy are used for advanced
cases; however, they have limitations and potential side
effects. Newer treatments, such as immunotherapy and
targeted therapies, offer promising alternatives. It is
important to consult with healthcare providers for the
best treatment option.

In recent years, targeted therapies and
immunotherapy have emerged as alternative treatments
for melanoma. Targeted therapies address molecular
defects; however, resistance often develops.

Extracellular vesicles (EVs) play crucial roles
in melanoma biology by enabling intercellular
communication. They provide insights for diagnosis,
prognosis, and potential therapies. The cargo of EVs,
including proteins and ribonucleic acid (RNA), can act as
diagnostic biomarkers and targets for therapy. Therefore,
they have become a significant focus in melanoma
research for advancing personalizedmedicine (5).

Extracellular vesicles are vesicles released by cells
into the extracellular space. They can be categorized
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into three major types: Microvesicles, exosomes, and
apoptotic bodies. These EVs are lipid membrane-bound
nanoparticles produced by cells. They possess distinct
characteristics and play crucial roles in facilitating
communication between cells, and they can be
categorized into subtypes based on size, origin,
biochemical components, and physiological conditions.
These diverse EV subtypes contribute to the complexity
of intercellular communication and have potential
diagnostic and therapeutic applications (6).

Recent technological advances have improved the
classification of EVs using different markers, enhancing
our understanding of their heterogeneity and their
role in intercellular communication. Extracellular
vesicles contain various biomolecules emitted from
cells, such as nucleic acids, proteins, and lipids. By
transferring this cargo to recipient cells, EVs can induce
malignantphenotypechanges, suchasenhanced invasion,
angiogenesis, tumor cell migration, and impaired tumor
immunity (7, 8).

Extracellular vesicles, particularly exosomes,
show immense promise as carriers for drug delivery.
Their inherent properties, such as efficient material
transportation, circulation stability, extended half-lives,
and excellent biocompatibility, make themwell-suited for
delivering therapeutic agents (9).

Extracellular vesicle-based drug formulations offer a
potent and innovative delivery platform for anti-cancer
and anti-inflammatory therapies (10). Extracellular
vesicles have shown the ability to both suppress and
activate the immune response in various studies.

In advanced cancer, tumor cells develop strategies to
evade the immune system, and these immune suppressive
factors are also present in EVs. Nevertheless, during the
early stages of cancer, EVs express tumor antigens capable
of stimulating and activating the immune response.
However, it is important to consider that the variability
in these findings could be influenced by the specific
experimental conditions employed in each study and the
developmental stage of the chosen cells (11).

The tumor microenvironment (TME) is composed of
a variety of cells, such as immune cells, tumor cells,
and stromal cells. It plays a vital role in melanoma
development, influencing both tumor immunity and
prognosis. The interaction between melanoma cells and
other cellswithin theTMEplays a crucial role in facilitating
these effects (12).

Emerging evidence suggests a close relationship
between EVs and the TME inmelanoma and other cancers.
Extracellular vesicles play a significant role in driving
tumor progression within the TME by influencing various
processes involved in cancer development and metastasis

(Figure 1) (8).
In a study by Palmulli et al. (13), it was discovered

that melanoma-derived EVs can physically interact with
collagen I, a key component of the extracellular matrix
(ECM). This interaction enhances the action of surface
metalloproteinases on the EVs, leading to ECM remodeling
and promoting tumor progression.

Inhibiting the linking process between EVs derived
from tumors and collagen I could be a potential remedial
approach for melanoma. Nevertheless, further research
is needed to understand if EVs can bind to other ECM
components. Matrix metalloproteinases (MMPs) are
enzymes that rely on zinc and are implicated in tissue
remodeling and tumor progression (14, 15).

Mesenchymal stem cells (MSCs) are highly versatile
cells that possess self-renewal abilities and can
differentiate intodifferent cell types in response to specific
signals (16). Exosomes obtained from MSCs have been
identified as potential carriers for diagnostic biomarkers.
Mesenchymal stem cells have also shown promise in
promoting therapies in both clinical and pre-clinical
studies. The release of exosomes from MSCs plays a vital
role in their paracrine impact, which is responsible for the
trophic effects observed in regenerativemedicine.

Previous studies have shown that human cord
blood-derived MSCs can reduce inflammatory disorders
and localized cerebral ischemia. Recent research
also suggests that human embryonic stem cells have
the potential to transform the tumor-promoting
microenvironment of melanoma cells into a less
malignant state by inhibiting cell proliferation and
inducing apoptosis (17). Treatment with exosomes derived
from cord blood stem cells (CBSC) resulted in a dose-
and time-dependent decrease in cell survival for cancer
cells (CHL-1 cells) and melanoma patient lymphocytes.
These exosomes demonstrated genotoxicity in cancer cells
and melanoma patient lymphocytes while showing no
cytotoxicity in healthy volunteer lymphocytes. Cord blood
exosomes have the potential to inhibit tumor formation
by containing specific microRNAs that can reduce the
tumorigenicity and growth of cancer cells.

In addition to the main types of EVs, there are
other variations, such as amphisomes, exomeres,
ectosomes, and oncosomes. Melanoma cells also release
melanosomes, structures similar to EVs, which help
transport pigment to the skin’s outer layer (18).

The population of EVs is incredibly diverse, just like
their roles. Extracellular vesicle research has flourished
in recent years, expanding our knowledge extensively.
The classification of EVs continuously adapts to keep
up with this growing field. Cancer cells release a high
number of EVs due to their increased metabolic activity.
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Figure 1. Extracellular vesicles (EVs) originating from cancerous cells, such as exosomes, microvesicles, and apoptotic bodies, can transport diverse cargoes to the tumor
microenvironment and impact the immune system’s response involving T, B, and NK cells.

These EVs, reflecting their parent cells, have varying
functions depending on the stage of cancer, making
them particularly captivating in cancer immunotherapy.
Tumor-derived EVs contain tumor-associated antigens
(TAA) and tumor-specific antigens (TSA). T cells recognize
these antigens, and dendritic cells (DCs) help activate
cytotoxic T lymphocytes (CTLs). These cells have shown
promise as cancer vaccines in both laboratory studies
and living organisms. Cancer cells utilize EVs to create
an immunosuppressive environment, both at the tumor
site and potential metastatic sites. Finding ways to block
this inhibition and enhance immune-stimulatory effects
is critical for the development of effective tumor-specific
cancer vaccines (19, 20).

Extracellular vesicles are valuable for studying and
diagnosing cancer, evaluating treatment responses,
and developing new therapies. Their dual ability to
promote both pro- and anti-tumor effects makes them a
powerful tool in cancer research and treatment. Due to
the characteristics of EVs, they can be used as nanosized
carriers designed for drug delivery and regenerative
medicine. Extracellular vesicles can be a suitable
alternative as a new treatment option.
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