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Melanoma represents only 1% of human skin cancers, but in several cases can lead to the death of the patient.

Nowadays, there are different systemic therapies used for the treatment of human melanoma. Although these

substantially improve patients’ lifespan, they are still associated with resistance. Extracellular vesicles (EVSs), tiny

vesicles released by tumor cells involved in intercellular communication, play an important role in melanoma

pathogenesis and progression. They are crucially involved in several mechanisms of cancer drug resistance in

several types of cancer, and there is a strong indication that EVs released by melanoma cells might play a role in

the development of resistance, modulating the response towards anti-cancer drugs.

cancer melanoma extracellular vesicles

| 1. Systemic Therapies for Melanoma

According to the American Cancer Society, melanoma represents only 1% of skin cancers in humans, but in

several cases it can lead to the death of the patients. The first-line defense for the treatment of this neoplasia is

surgical resection. It has been demonstrated that resection of melanoma is associated with a decreased number of

circulating extracellular vesicles (EVs) in humans 22,

Nowadays there are different systemic therapies used for the treatment of human melanoma, such as

neoadjuvant/adjuvant therapy or primary treatment:

Chemotherapy: cisplatin, temozolomide, vincristine and vinblastine are some of the chemotherapeutic drugs
most frequently used to treat advanced-stage melanoma . This happened in the past when this was the only
systemic therapy used to treat stage IV melanoma patients. Nowadays, even if a reduction in tumor size occurs
with the administration of these drugs, there is no evidence of survival advantages 4. Currently, chemotherapy
is almost no longer administrated in most melanoma patients and represents only a last-line treatment in those
cases in which a resistance towards immune check-point inhibitors (ICI) and target therapy occurs Bl. However,
chemotherapy can still be used when it represents the only alternative available and for those melanoma

patients without BRAF mutation who develop a toxicity reaction after the administration of ICI 4

Small Molecule Targeted Therapy: such as BRAF-inhibitors (i.e., vemurafenib, dabrafenib), MEK-inhibitors (i.e.,
trametinib) and the combination of BRAF and MEK-inhibitors . About half of cutaneous melanoma patients

carry BRAF V600 mutation. An increase in the overall survival and progression-free survival occurs after the
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administration of vemurafenib and dabrafenib in patients with BRAFV600E mutation B, Additionally, an
increase in the response rate, in the overall survival and in the progression free survival, occurs after the
administration of BRAF and MEK-inhibitors in combination 41,

- Immune Checkpoint Inhibitors (ICI): such as CTLA-4 inhibitors (i.e., ipilimumab) and anti-PD1 therapy (i.e.,
nivolumab, pembrolizumab). The combination of nivolumab and ipilimumab leads to the best outcome, and the
Food and Drug Administration (FDA) approved this cocktail as the best treatment for both advanced BRAF-
negative melanoma patients BI8IE and for melanoma patients with BRAF mutation . Up to now, since PD-1
antibodies have been approved, ipilimumab is used in combination with the antibodies or by itself as a second
treatment option 4,

The scientific community is trying to both improve the effectiveness of these melanoma therapies by limiting their
side effects and identifying the best candidate patients for each different type of therapy . Considering the key
role of EVs in melanoma pathogenesis and progression, and in light of their crucial involvement in several
mechanisms of cancer drug resistance, there is a strong indication that EVs released by melanoma cells might play

a role in the development of resistance, modulating the response towards anti-cancer drugs.

The results of the most relevant published works on this topic, divided into different types of melanoma treatments,
will be listed and discussed in the following paragraphs. However, to better understand the role of EVSs in

melanoma drug resistance, further studies are needed.

2. Mechanisms of Extracellular Vesicle-Mediated Resistance
towards Chemotherapeutic Drugs

As mentioned above, chemotherapy currently represent only a last-line treatment, although it may rarely still be
administrated [, Therefore, it is relevant to mention the published works investigating the EV-mediated

mechanisms of resistance to these systemic drugs, which may be worthy of further investigation.

It is well known that chemotherapy drugs are associated with resistance L2 and an increased number of EVs

released by melanoma cells has been reported as a consequence of chemotherapy 131,

Cisplatin is an alkylating agent able to interfere with the DNA replication once inside tumor cells. The uptake and
the efflux of cisplatin is regulated by several mechanisms and one of them is the pH variation. An acidic
environment leads to the selection of cells with elevated levels of proton-pump activity, actively eliminating the drug
and becoming resistant cells. The acidic environment itself contributes by lowering the extracellular pH, decreasing
the pH inside EVs 1413 and increasing the secretion of EVs from human melanoma cells. On the contrary, the
administration of proton pump inhibitors (PPI) (anti-acidic drugs used for the inhibition of the H*K*ATPases) could
reduce the release of EVs from tumor cells 28, Hence, the hypothesis that acidic vesicles can play a fundamental
role in the resistance towards cytotoxic drugs through both the sequestration and neutralization of alkaline drugs
(i.e., cisplatin), as well as through the elimination of these molecules towards a vesicles-mediated mechanism L7
(18][19]
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Federici et al., in 2014, tried to better understand the process that leads human melanoma cells to the
development of resistance towards cisplatin through exposing human melanoma cell lines to the drug. Results
confirmed not only the important role played by acidification in cisplatin uptake by melanoma cells, but also
highlighted the key role of EVs in the development of resistance. By the analysis of the content of EVs collected
from the conditioned culture medium, cisplatin was found at differing levels depending on the pH of the medium.
Higher levels of cisplatin were found in association with lower pH condition. Thus, their results strongly indicated
the involvement of EVs in the secretory pathway leading to the elimination of the cisplatin and contributing to the

development of drug resistance 29,

Drug sequestration and efflux are not the only methods used by EVs to decrease the response of melanoma cells
to chemotherapeutic agents. It has been observed that in both human melanoma cell lines treated with
temozolomide (TMZ) and in a murine melanoma cell line treated with cisplatin, alkylating drugs can induce the
increase in EVs’ shedding and uptake by melanoma cell lines in a dose-dependent manner. In this case, however,
the authors found that the EV-mediated resistance was not “direct”, through a melanoma cell-to-cell communication
via EVs. In fact, no alteration in the sensitivity to TMZ or cisplatin was observed after the treatment of naive
melanoma cell lines with EVs isolated from the same cell line pre-treated with the drugs 3. However, when
incubating macrophages obtained from bone marrow cells with EVs isolated from melanoma cell lines pre-treated
with TMZ, they noticed a change in the polarization toward a M2 phenotype, with an upregulation of M2-marker
genes. Since the M2 phenotype is commonly associated with the development and progression of the tumor, this
suggests that EVs can contribute to melanoma progression and to the development of resistance towards these
drugs also through a different, “indirect” mechanism of action 23121 by the modulation of the tumor associated

immune response.

3. Extracellular Vesicles Cargo in the Regulation of Target-
Therapies

Around 50% of the patients with melanoma have a mutation in the Ser/Thr-Kinase BRAF (most of the time V600E).
Therefore, the introduction of specific BRAF-inhibitors had represented a crucial point in the treatment of this
neoplasia. However, the development of resistance with the reactivation of the MAPK pathway occurs quickly,

highlighting the importance of focusing research on the mechanisms underlying this resistance 221,

Three studies that have specifically investigated EV-mediated drug resistance in melanoma towards BRAF-inhibitor

therapy are discussed below.

Two of them demonstrated that, after treatment with two commonly used BRAF inhibitors (vemurafenib and
dabrafenib), the EVs released by resistant melanoma cells contained factors linked to melanoma resistance and
BRAF inhibitors, such as miR211-5p and PDGFR.

In the first of these two studies, Lunavat et al. (2017) observed that treatment with BRAF-inhibitors was able to

change the miRNA cargo of EVs. They treated two melanoma cell lines with V6%°E mutation (MML-1 and A375) and
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a primary melanoma cell line obtained from MML-1 cells transplanted mice, inducing an increased levels of miR-
211-5p in both cells and small EVs isolated from their conditioned medium 23!, It is demonstrated that miR211-5p
is involved in the resistance to BRAF-inhibitors, since RNA-sequence data have shown higher levels of this miRNA
in resistant cells compared to sensitive cells (2411231 Moreover, Lunavat et al. observed that melanoma cells
transfected with mRNA-211-5p showed a reduced sensitivity to vemurafenib treatment and that the inhibition of
MRNA-211-5p in the resistant cell line affected proliferation negatively. However, it needs to be further investigated
whether EVs are indeed capable of transferring this active miRNA to sensitive cells by performing more

mechanistic studies.

Vella et. al. (2017) investigated whether EVs released by melanoma cells resistant to BRAF-inhibitors can modify
the response of sensitive recipient cells after their exposure to these drugs. They used two melanoma cell lines:
sensitive (LM-MEL-64) and resistant (LM-MEL-64R3). In the latter, resistance was due to the reactivation of the
PISK/AKT/AKT pathway, specifically linked to the higher phosphorylation of two RTKs (i.e., Receptors Tyrosine-
Kinase), EGFR and PDGFRp. In melanoma, after the exposure to BRAF-inhibitors, two different pathways can be
reactivated, resulting in the development of resistance: the MAPK and the PI3K/AKT/AKT pathways [28]. With these
experiments, the authors found that small EVs released from resistant melanoma cells had more PDGFR[(
expression compared to sensitive cells and proved that EV-derived PDGFR[ can also be transferred from resistant
to sensitive cell lines. They showed that when LM-MEL-64 exposed to LM-MEL-64R3 derived EVs were treated
with PLX4720, the treatment did not reduce their growth compared to the ones treated with EVs from the sensitive
cell line. Moreover, they demonstrated the reactivation, in the sensitive recipient cells, of the PI3BK/AKT pathway in
a dose-dependent manner; the more EVs the cells received, the higher the increase in pAKT detected. Authors
also found that the development of resistance obtained through EVs carrying PDGFR[3 was not just a prerogative
of the cell line LM-MEL-64, but also of another melanoma cell line (M229AR) after the exposure to BRAF-inhibitors
and linked to resistance 7. All together, these results show that the role of PDGFRp-carrying EVs is essential to
preserving the functionality of one of the main mechanisms related to resistance after administration of MAPK-
pathway inhibitors, the reactivation of the PI3K/AKT pathway.

In the last paper, Cesi et al. (2018) focused their attention on a truncated form of the receptor ALK (anaplastic
lymphoma kinase), which they named ALKRES upregulated in several neoplasia, including melanoma. Eleven % of
melanoma tissues present a truncated ALK transcript resulting in a smaller protein, which was shown to be
oncogenic 28, ALKRES s involved in the development of BRAF-inhibitor resistance through the reactivation of
MAPK pathways, while in the absence of the mutation, resistant cells respond to both BRAF and MEK inhibitors.
Using an in vivo assay in A375-X1-resistant melanoma cell-transplanted mice, they first proved that treatment with
combined BRAF and ALK inhibitors can stop tumor growth. Subsequently, they demonstrated that this resistance
can be transmitted through EVs. EVs can transfer ALKRES, and by proteomic analysis of the EV cargo they also
demonstrated that ALKRES remain functional after being transferred in recipient cells. Indeed, by the determination
of the dose response to the BRAF-inhibitor PLX4032 following EVs’ uptake by ICsq calculation, they found no
significant differences after incubation with sensitive-cells-derived EVs, while significantly higher 1Csq was
measured after incubation with resistance-cells-derived EVs, demonstrating that the drug resistant phenotype can
be mediated by EVs [22],

https://encyclopedia.pub/entry/41708 4/10



Extracellular Vesicles Mediate Drug Resistance in Melanoma | Encyclopedia.pub

These three studies represent a fundamental starting point to further understand the role of EVs in target-therapy
resistance mechanisms in melanoma and they prove the fundamental role of EVs in the development of

melanoma-resistance regarding the use of BRAF-inhibitors that are worth further investigations.

4. The Role of Extracellular Vesicles in Immune Check-Point
Inhibitors

The immunogenicity of a tumor is its ability to activate an adaptive immune response able to prevent its growth.
However, the fundamental prerogative is that cells must express an adequate amount of antigen capable of raising
immune activation instead of immune tolerance 29, Melanoma is one of the most immunogenic tumors, and there
are frequently many immune cells reflecting a reaction of the host towards the neoplasm. However, tumor
progression can also occur in the presence of an antitumor response implemented by the immune system;
melanoma is able to progress in the presence of an abundant lymphocytic infiltrate, suggesting that the immune
response can fail in effectively controlling tumor growth. Human melanoma often develops in an environment rich
in immune cells, especially lymphocytes, which release their cytokines, contributing to an anti-tumor response 29,
Melanoma cells have a unique immunogenic profile and provide a model for investigating the molecular interaction
of neoplastic cells with those of the immune system. Several studies in this field contributed to the discovery of new
target molecules on immune cells for the development of effective therapeutic strategies [22. Several studies have
been performed discovering new biomarkers (in liquid biopsies) able to predict response to treatment to ICl and a

number of molecules (protein and RNA) have been identified 212,

The role of EVs in immune response has been extensively studied, including their role in melanoma development
and progression [23l34] By analysis of the literature, several studies can be found demonstrating the utility of EVs
as predictive factors in melanoma: PD-1* BlE2 pp-L1* 82 cDg* Bl and uPAR* 33 EVs represent biomarkers
able to predict the response to ICI. However, only a few studies tried to deeply investigate the mechanism through
which EVs can contribute to the development of resistance towards ICIl. Myeloid-derived suppressor cells (MDSCs)
are immature myeloid cells whose presence is associated with cancers. They can inhibit the activity of antitumor T
cells 281 and are able to activate pathways associated with cell resistance BZI28] Huber et al. showed by in vitro
studies that melanoma EVs can mediate the transition of monocytes to MDSCs B2, Incubating CD14* monocytes
for 24 h with EVs isolated from melanoma cell cultures, authors observed the differentiation of the cells towards a
new phenotype that they called EV-MDSCs. These cells were able to downregulate the expression of HLA-DRA
(Major Histocompatibility Complex, Class Il, DR Alpha), enhance the transcription of IL-6 and CCL2 and inhibit the
activity of T cells. Similar results were obtained incubating CD14* monocytes for 24 h with EVs isolated from the
plasma of patients with advanced melanoma B2, Further investigating the underlying molecular mechanisms by
genome-wide transcriptional analyses, the authors showed that under the phenotypic change of CD14+ cells, the
transfer of miRNAs occurred. Since the lack of local T cells’ immune reactivity is one of the causes of resistance
towards ICI, they demonstrated that EVs can contribute to the development of resistance, also mediating this
phenotypic change of CD14+ cells. Furthermore, Xiao et al. showed that EVs released from melanoma cells bring

two different types of miRNAs (miR-191 and Let-7a) that can modulate the process, leading to: (a) melanoma
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phenotyping switching (a process similar to the epithelial-to-mesenchymal-transition, EMT), (b) loss of adhesion

factors and (c) regression toward a mesenchymal phenotype 9,

Melanoma-derived EVs express large amounts of PD-L1 on their surface 41l and these EVs are able to reach the
lymph nodes inactivating the T cell response 42l Serrati et al., besides investigating the role of PD-L1* and PD1*
melanoma EVs, also tried to understand their involvement in the development of resistance toward ICI B2, They
isolated EVs from the blood of responders and non-responder melanoma patients, stained them and then
incubated with PBMCs previously isolated from the blood of healthy donors, responders and non-responders.
Using LND1 cells (a BRAF wt melanoma cell line) they created spheroids, adding PBMCs onto them to study the
trafficking towards the tumor of these cells. They observed a reduction in the trafficking to the tumors for the
PBMCs derived from melanoma patients compared with those obtained from healthy donors. Moreover, they
showed a decrease in trafficking for the PBMCs that had been previously incubated with EVs from responders and,
above all, for those cells incubated with EVs from non-responders. Interestingly, after the addition of nivolumab on
spheroids, cell death was reduced for those cells previously incubated with EVs from responders and, once again,

the phenomenon was even more evident for those incubated with Evs from non-responders 22,

Taken together, these results represent the proof that EVs are directly involved in the development of resistance in

ICl-therapy.
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