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Melanoma, a malignant mass lesion that originates in melanocytes and has a high rate of malignancy, metastasis, and mortality, is defined by these characteristics. Malignant melanoma is a kind of highly malignant tumor that produces melanin and has a high mortality rate. Its incidence accounts for 1%–3% of all malignant tumors and shows an obvious upward trend. The discovery of biomolecules for the diagnosis and treatment of malignant melanoma has important application value. So far, the exact molecular mechanism of melanoma development relevant signal pathway still remains unclear. According to previous studies, extracellular RNAs (exRNAs) have been implicated in tumorigenesis and spread of melanoma. They can influence the proliferation, invasion and metastasis of melanoma by controlling the expression of target genes and can also influence tumor progression by participating in signal transduction mechanisms. Therefore, understanding the relationship between exRNA and malignant melanoma and targeting therapy is of positive significance for its prevention and treatment. In this review, we did an analysis of extracellular vesicles of melanoma which focused on the role of exRNAs (lncRNAs, miRNAs, and mRNAs) and identifies several potential therapeutic targets. In addition, we discuss the typical signaling pathways involved in exRNAs, advances in exRNA detection and how they affect the tumor immune microenvironment in melanoma.
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1INTRODUCTION
A common form of cancer is skin cancer, which accounts for one-third of all cancers worldwide (Hay et al., 2014; Guy et al., 2015a; Guy et al., 2015b). Cancers of the skin generally fall into three categories: basal cell carcinoma, squamous cell carcinoma, and malignant melanoma. Melanoma is one of the most common types of skin cancer, which have increased dramatically over the past decade (Gloster and Neal, 2006; Erdei and Torres, 2010). Among the most common genes implicated in the development of melanoma are BRAF, CDKN2A, NRAS, and TP53. Among them, BRAF is highly correlated with exRNAs. It is the key regulator of RAS-RAF-MEK-ERK pathway, which is well known as MAPK (mitogen-activated protein kinase)/ERK (extracellular signal-regulated kinase ERK). The activation of BRAF triggers the phosphorylation of the ERK, which is common in variant cancers. Using the V600E mutation as an example and discussing its effects, we present our findings in this manuscript (Mao et al., 2021).
Extracellularly released RNA species, collectively known as extracellular RNAs (exRNAs), have been demonstrated in several previous studies. A significant component of cancer-related alterations in the circulating biomaterial is extracellular RNA molecules (exRNAs). ExRNA circulates in extracellular fluid after separating from the intracellular environment. ExRNAs are typically encapsulated in extracellular vesicles (EVs) or form complexes with proteins (Gloster and Neal, 2006). In addition to providing valuable biomarkers for the development of liquid biopsy-based assays, they are also detectable in blood, urine, and saliva. MicroRNAs, small interfering RNAs, small nucleolar RNAs, and long stranded non-coding RNAs are among the extracellular RNAs capable of regulating mRNAs. The most extensively studied miRNAs, with over 2000 identified to date, have been the most extensively studied. Various small RNAs are released into the extracellular environment as cargoes of EV, specifically known as exosomes, as part of EV. Having reviewed these findings, it is now apparent that extracellular RNA communication has significant implications for the fields of biology, disease, and medicine (Mugoni et al., 2022). Furthermore, ExRNAs play a crucial role in melanoma, where melanoma cells produce numerous types of EVs capable of communicate with each other and signal within the tumor microenvironment. An exosome, a microvesicle, or apoptotic body is a subpopulation of an EV that carries genetic material and protein. According to the sequence analysis, EV subpopulations contain numerous and distinct non-coding RNAs, including microRNAs, mitochondria-associated tRNAs, micronucleus RNAs, micronucleus RNAs, Ro-associated Y-RNAs, Vault RNAs, and Y-RNAs. Several miRNAs expressed in exosomes are not present in benign nevi, but are expressed in melanomas. This is supported by a comparison between exosomal miRNAs and those present in melanoma samples. Lunavat et al. (2015). As well as reviewing exRNAs and possible therapeutic targets in EVs of melanoma, this paper explains their role in EVs. Besides, recent advances in techniques for detecting exRNAs are discussed as they relate to the immune microenvironment of melanoma.
2 BIOGENESIS AND STRUCTURE OF EXTRACELLULAR VESICLES (EVS)
In cell-derived vesicles, EVs transport a variety of cargoes outside of the cell. It can be argued that extracellular vesicles serve as vehicles for intercellular communication or as “homing pigeons” since their molecules of content (proteins, non-coding RNAs, miRNAs, DNA, etc.) are delivered to neighbors and distant cells. A recent study has shown that the EVs secreted by cancer cells differ in composition and quantity from those secreted by normal cells. They may influence the tumor microenvironment and contribute to tumorigenesis (Cesi et al., 2016). In several cancers including melanoma, EVs are released in high amounts by cancer cell lines and patients (Logozzi et al., 2009; King et al., 2012).
In latest studies, mesenchymal stem cells have been shown to secrete more microvesicles under hypoxic conditions. Zhang et al. reported that mesenchymal stem cells under hypoxia secrete more microvesicles as a result of hypoxia (Zhang et al., 2012). Further supporting this notion, Kucharzewska et al. showed that glioblastoma-derived EVs are powerful inductors of angiogenesis in vitro through phenotypic regulation of endothelial cells: a number of growth factors and cytokines were induced in endothelial cells in order to boost the PI3K/AKT pathway as well as secrete several significant growth factors (Kucharzewska et al., 2013). Furthermore, hypoxic prostate cancer cells induced hypoxia-induced EVs that enhance the stemness and invasiveness of prostate cancer cells under normoxic conditions as well as enhancing the fibroblast phenotype in prostate stromal cells (Ramteke et al., 2015). Umezu and others found that Hypoxia-induced rapid tube formation in endothelial cells can be attributed to miRNA-135b in EVs released by hypoxia-resistant multiple myeloma cells (Umezu et al., 2014). Upregulation of HIF-1 has been shown to promote angiogenesis, and interestingly, miRNA-135b delivery by EVs inhibited FIH-1, a negative regulator of HIF-1. In recent times, Li et al. found that EVs extracted from hypoxic oral squamous cell carcinoma had an enhanced level of miR-21. Normoxic cells migrated and invaded after receiving this miRNA both in vitro and in vivo (Li et al., 2016). The aforementioned research offers compelling support for the observed biological consequences; they did not, however, obey commonly acknowledged protocols for EV isolation, which raises the likelihood of contamination. Also of interest is the fact that hypoxic tumor-derived EVs inhibit NK cell function by transporting TGFβ and microRNA-23a (Berchem et al., 2016). Therefore, hypoxic cancer cells appear to secrete EVs that are capable of promoting angiogenesis, metastasis, and immunosuppression (Figure 1).
[image: Figure 1]FIGURE 1 | Phosphatidylinositol-related signaling pathways and signaling pathways derived from RTKs make up the classical intracellular signaling pathway PI3K-AKT. In addition to stimulating insulin and maintaining cell viability, it also plays an important role in cell growth. Activation of calcium-regulated protein kinase II, which activates Ras, the protein kinase of ERKl2, is possible when calcium levels are high.
In healthy tissues and organs as well as tumors, as an integral part of cellular communication, EVs are of great importance. It is the EV that serves as a carrier of nucleic acid, lipid, and protein cargo to facilitate intercellular communication, and its content varies from cell type to cell type and physiological state to physiological state (Balakrishnan et al., 2020). Studies of Hanson and van Niel have shown that ESCRT-dependent EV is biogenically produced and released by the coordinated action of ESCRT complex proteins (Hanson and Cashikar, 2012; van Niel et al., 2018). Proteins from the ESCRT-0 family contain ubiquitin-binding sites which are responsible for recognizing and sequestering ubiquitinylated cargo within late endosomes. Utilizing accessory proteins like ALG-2-interacting protein X (ALIX), ESCRT-0 proteins recruit ESCRT-I, II, and III complex proteins sequentially (Colombo et al., 2013; van Niel et al., 2018). ESCRT-I and -II complexes are essential for deforming the endosomal membrane and forming vesicular buds that hold cytosolic cargo, whereas vesicle breakage and ILVs’ release into MVBs involves ESCRT-III complex proteins (Mathieu et al., 2019). We’re starting to learn more about other vesicle-type pathways, like acidic sphingomyelinase (aSMase), which promotes m/lEV shed (Goñi and Alonso, 2006; Bianco et al., 2009). The outer leaflet of the membrane contains sphingomyelin, which is hydrolyzed by aSMase, which destabilizes it and lets m/lEVs shed (Tepper et al., 2000). Arf6 is another regulator that plays a role in m/lEV production and release by taking part in endosomal recycling (Muralidharan-Chari et al., 2009), and the small GTPase, RhoA (Li et al., 2012). Endosomes are the source of exosomes, and the final contents of exosomes are produced by their interactions with other intracellular vesicles and organelles. In addition to proteins, metabolites, amino acids, nucleic acids and lipids, they also contain other constituents, which can elaborate on their origins (Kalluri and LeBleu, 2020). Nucleic acids, lipids and proteins constitute the complex charges of EVs, which are composed of heterogeneous collections of membrane-bound carriers. The importance of EV release is becoming increasingly recognized in intercellular and even interorganismal communication, despite previously being viewed as merely a mechanism for removing non-functional cellular components. It is essential for the transmission of instructions between cells that EVs be stabilized and directed to certain cell types for delivery of their contents (Maas et al., 2017). Multiple processes have been proposed to contribute to EV formation. Both the exosome and the microvesicle, a vesicle that bubbles inward inside the endocytic system, require the induction of lipid curvature. One of the most well-studied steps in the formation of exosomes is the recruitment of the early endosomal ubiquitination signaling complex needed for transport (ESCRT) machinery to ubiquitinated proteins. VPS4, VTA-1 and Alix are accessory proteins which work in collaboration with the ESCRT machinery to bind and form intraluminal vesicles that contain future exosome cargoes (Christ et al., 2017). MVBs are formed when vesicles undergo inward budding and fission, which is induced by the spirals formed by the ESCRT-III complex (Lee I. H et al., 2015a; Chiaruttini et al., 2015; McCullough et al., 2015). Trajkovic et al. described that an alternate pathway is involved in the formation of exosomes. This involves the synthesis of ceramide, which is responsible for inducing vesicle curvature and budding (Trajkovic et al., 2008). Kajimoto’s team demonstrated that the transport of certain payloads in MVB ILVs is mostly dependent on ceramide synthesis (Kajimoto et al., 2013). Several mechanisms have been proposed for the biogenesis of exosomes, including the combination of tetraspanin and membrane proteins, such as the amyloid pre-melanosome protein and the tetraspanin receptor (Theos et al., 2006; van Niel et al., 2011). It is even more difficult to elucidate the molecular mechanisms that control the biogenesis of EVs that are derived directly from the plasma membrane (such as microvesicles). This process may be explained by the involvement of the ESCRT machinery, which is also involved in the promotion of ILV production in MVBs and viral budding. The ESCRT III proteins, which promote negative curvature, are recruited to facilitate the formation and fusion of exosomes and microvesicles (Lee I. H et al., 2015a; Chiaruttini et al., 2015; Christ et al., 2017). Former study has hown that the adaptor protein arresting domain containing protein 1 effectively recruits the ESCRT-I and VPS4 to the plasma membrane (Nabhan et al., 2012).
3 DIVERSITY OF RNA MOLECULES IN EVS OF MELANOMA
Currently, extracellular RNAs that are aberrantly expressed in melanoma are mainly classified as miRNA, lncRNA and mRNA. MiRNAs (microRNAs) are a class of small endogenous non-coding single-stranded RNAs of 21-25 nt in length found in plants and animals that play a key role in the regulation of post-transcriptional gene expression in organisms. In humans, miRNAs are located in the introns of precursor mRNAs, a structural feature that allows mRNA genes and miRNAs in introns to co-transcribe, thus playing an important role in human growth, development and disease (Hill and Tran, 2021). lncRNAs (long non-coding RNAs) are DNA transcripts greater than 200 nucleotides in length that are not involved in protein coding processes. Most lncRNAs have been identified as key regulators of transcription and translation and can play specific roles through two different pathways: protein and microRNA networks (Bridges et al., 2021). Messenger RNA (mRNA) is a transcription of DNA that carries the corresponding genetic information to provide the information needed for further translation into proteins. As a therapeutic target, it provides a new approach to the treatment of melanoma (van Dülmen and Rentmeister, 2020).
3.1 MiRNAs in EVs of melanoma and their relative signal pathway of melanoma
We list miRNAs in EVs which be essential in melanoma development in Table 1 (Pansky et al., 2000; Segura et al., 2009; Shull et al., 2012; Dror et al., 2016; Felicetti et al., 2016; Chowdhury et al., 2018; House et al., 2018; Huber et al., 2018; Shu et al., 2018; Svedman et al., 2018; Unterer et al., 2018; Lee et al., 2019; Li et al., 2019; Luan et al., 2021; Lucianò et al., 2021; Torii et al., 2021; Gerloff et al., 2022; Hathaway-Schrader et al., 2022). MiR-222 is a miRNA which confirmed to be modulated by PI3K/AKT signaling (Felicetti et al., 2016; Santos and Souza, 2019). Given the correlation between miR-222 and these oncogenic pathways, circulating miR-222 has been investigated as a potential tumor biomarker (Calderaro et al., 2014; Chen et al., 2014; Teixeira et al., 2014; Lee J. C et al., 2015b). Federica et al. found that miR-222 induced upregulation of PI3K/p85β subunits in melanoma cells and exosomes. In the subsequent study, they demonstrated that miR-222 and exosomes transfer to recipient cells had sufficient effect on regulating the PI3K/AKT pathway after internalization. Furthermore, they demonstrated that secreted exosomes reduced p27Kip1 (a direct target of miR-222), which increased melanoma invasion and chemotacticization. Using their results, it was determined that miR-222 can be transferred between cells as content of melanoma exosome transporters, thus promoting melanoma by activating several molecules, including the PI3K/AKT pathway as well as the MAPK axis. Thus, miR-222 has been demonstrated to function as a biomarker for melanoma diagnosis and prognosis (Garofalo et al., 2012; Felicetti et al., 2016).
TABLE 1 | The roles of miRNAs in EVs of melanoma.
[image: Table 1]MiR-155 can upregulate glucose metabolism, leading to increased glycolysis (Kim et al., 2018), and upregulation of miR-210 can reduce OXPHOS (oxidative phosphorylation) under non-hypoxic conditions (Grosso et al., 2013). Shu et al. found that exosomes from six melanoma cell lines contained miR-155 and miR-210. Furthermore, the researchers demonstrated that human adult skin fibroblasts (HADF) have reprogrammed their metabolic functions due to the presence of these metabolic regulatory miRNAs by transfecting human melanoma-derived exosomes (HMEX). A red fluorescent protein RNA marker was observed to show that exosomes can transport RNA cargo into the HADF. They also examined glycolysis levels in exosomes using the same technique and found that they had significantly decreased following the suppression of miR-155/miR-130 expression in HADF and the reversal of OXPHOS downregulation caused by HMEX within HADF. TF-HMEX-NC showed a significant 61% reduction in basal respiration, 39.3% reduction in maximal respiration, and ATP production was reduced by 36.5% (Mugoni et al., 2022). These results suggested that miR-155 and miR-210 are delivered to the receptor HADF via melanoma exosomes, affecting HADF’s metabolic preferences by upregulating glycolysis and downregulating OXPHOS in melanoma, thereby favouring a pre-metastatic microenvironment (Shu et al., 2018).
MiR-106b-5p has been shown in many investigations to be disproportionately represented in melanoma-derived exosomes and exosome-mediated melanoma cell transfers (Tengda et al., 2018). Melanocyte migration, invasion, and adhesion are promoted by miR-106b-5p found in exosomes. The effect of this compound is achieved through activating the ERK pathway by targeting EphA4 (Luan et al., 2021). A high metastatic propensity of melanoma is associated with the expression of epigenetic transcription factor, which are also expressed by normal melanocytes (Caramel et al., 2013). In multiple types of human tumors, EphA4 functions as an oncogene and tumor suppressor, contributing to the progression of erythropoietin hepatocellular carcinoma (Fukai et al., 2008; Saintigny et al., 2012). By blocking ERK activation, it prevents melanoma cells from undergoing EMT and subsequently spreading (Hua et al., 2018). Melanoma metastasis in vivo is facilitated by exosomal miR-106b-5p activation of the ERK pathway and promotes EMT in melanocytes. Melanoma patients may benefit from exosomal miR-106b-5p, a diagnostic indicator and potential therapeutic target derived from melanoma cells (Luan et al., 2021). Through studying the molecular biology of tumor-derived exosomes containing EMT regulators, novel diagnostics and treatment approaches for melanoma may be identified (Figure 2).
[image: Figure 2]FIGURE 2 | ERK pathway. By regulating EphA4, MiR-106b-5p activates the pathway of ERK to promote the epithelial-tomesenchymal transitions, migration, invasion and adhesion of melanocytes.
MiR-182 is overexpressed in melanoma cells compared to melanocytes, and silencing it leads to cell death. It decreases fibronectin invasion in both SK-MEL-19 and A375 cells after being effectively silenced, indicating that miR-182 may provide a survival benefit to melanoma cells or be necessary for them to preserve their oncogenic properties. MiR-182 overexpression did not enhance the oncogenicity of existing melanoma cells, but did strengthen the immortalization of normal human melanocytes. Melanoma cells are stimulated to migrate and invade, enhancing their capacity to metastasize and penetrate the extracellular matrix. MiR-182 can also enhance the extravasation ability of melanoma cell, also known as distant seeding. Additionally, miR-182 expression was shown to be inversely correlated with MITF and FOXO3 levels in metastatic melanoma. It directly targets FOXO3, which regulates the migration, apoptosis and cell cycle in tumorigenesis. Melanoma cells that contain miR-182 and its downstream effectors may provide prognostic information and also be therapeutic targets in the future (Segura et al., 2009).
3.2 LncRNAs in EVs of melanoma
Subnuclear paraspeckle bodies rely on NEAT1, a lncRNA that serves as a structural backbone (Machitani et al., 2020). Choroidal neo-vascularization and M2 polarization, both crucial steps in melanoma’s development and maintenance, are significantly upregulated in melanoma (Bardi et al., 2018; Zhang et al., 2020). Cancer is influenced by the expression of mRNAs by non-coding RNAs, known as non-coding RNAs, and miRNAs by lncRNAs (Fathullahzadeh et al., 2016; Chen L. et al., 2018a; Sun et al., 2019). An EV-carrying NEAT1 plays a crucial role in melanoma progression by binding miR-374a-5p to promote the recruitment of IQGAP1, thereby enhancing the expression of LGR4 and promoting the polarization of macrophage M2 79. Macrophages can internalize BMSC-EVs carrying NEAT1 and increase LGR4 expression by binding to miR-374a-5p in a competitive manner to recruit IQGAP1 by causing miR-374a-5p to bind to IQGAP. As a consequence, macrophage M2 becomes polarized, which promotes cell proliferation, angiogenesis, and invasion of melanoma cells as well as inhibiting their apoptosis. According to the data presented above, NEAT1 may represent a novel clinical treatment target for melanoma (Yang et al., 2022).
Other ncRNAs with documented functions in ribonucleoprotein complexes like tRNA and rRNA processing, such as RNase P and RNase MRP, were also shown to be highly represented in melanoma iEVs. By binding to TERC (the RNA component of telomerase) and activating the enzyme, Pop proteins may be involved in the assembly of six of the ten protein subunits that make up the Pop and MRP RNAses of telomerase holoenzyme. They also participate in the reactivation of telomerase in zebrafish melanoma, which disrupts the equilibrium between the RNA and protein components of P and MRP RNases. After inflammation brought on by IEVs, macrophages that have taken in melanoma iEVs show an increase in IRG expression, suggesting that this process activates RNA sensing pathways. More research into the primary inflammatory signals carried by melanoma iEVs may be necessary for the development of techniques to regulate inflammatory responses, the repercussions of which on tumor growth and metastasis are currently unknown. When injected into larvae, melanoma iEVs cause inflammation and an upregulation of interferon-responsive genes; this action can be mimicked by infusing MRP- or P-RNAs into the bloodstream. This demonstrates that zebrafish melanoma iEVs include MRP- and P-RNAs, which can induce inflammation in innate immune cells (Biagini et al., 2022).
In addition to propagating and migrating cancer cells, melanoma-derived exosomes reprogrammed fibroblasts into tumor-promoting cancer-associated fibroblasts (CAFs) (Hu and Hu, 2019). CAFs are commonly known as fibroblasts, which are connective tissue cells that can be activated in tumors. Schoeppe et al. found that CAFs were interact with cancer cells in tumor microenvironment, promoting tumor metastasis and progression (Schoepp et al., 2017). B16F0-Exo-mediated transformation of fibroblasts into CAFs as a result of high Gm26809 expression in melanoma cells (B16F0). NIH/3T3 cells were markedly migrated through Gm26809, thereby converting fibroblasts into CAFs when Gm26809 was overexpressed. Alternatively, knockdown of Gm26809 resulted in a reduction of the exosomes secreted by Gm26809, which hindered the exosome-induced NF-CAF transition, thereby inhibiting the proliferation and migration of melanoma cells mediated by exosomes, indicating that exosome Gm26809 could provide a potential spot for inhibiting the progression of melanoma (Hu and Hu, 2019).
3.3 MRNA in EVs of melanoma
There is a relationship between cutaneous melanoma and lymphatic metastasis, and the EV secreted by melanoma is also spread by lymphatic channels (García-Silva et al., 2021). The inflammation-associated mRNA content of melanoma EV differs from that of primary melanocytic EV. CXCL1, CXCL2 and CXCL8 mRNAs were determined to be upregulated (Bardi et al., 2019). CXCL1 is involved in a wide variety of processes, including inflammation, angiogenesis, cancer, and wound healing. Recent years have shown conclusively the significance of chemokines in cell transformation, tumor development, homeostasis, and metastasis. CXCL1 expression is not intrinsically driven in normal human epidermal melanocytes (NHEM) or normal retinal pigment epithelium (RPE). To counteract this, IL-1, lipopolysaccharide, and tumor necrosis factor alpha (TNF-α) can all stimulate CXCL1 expression. A 306-bp minimal promoter is primarily responsible for generating transcription of the CXCL1 gene. The four cis-combining elements containing the minimal promoter include the TTATA cassette, the NF-κB binding site, the AT-rich high mobility group protein I (HMGI) Y) binding element nested within the NF-κB site, the direct upstream field and the GC-rich SP1 binding site. NF-κB is a group of proteins whose expression is controlled by transcriptional, translational or post-transcriptional mechanisms. Constitutive production of chemokines and disruption of the NF-κB transcriptional machinery are hypothesized to play pivotal roles in the earliest stages of cancer formation. DNA-binding proteins are a family of related proteins that play an important role in controlling cell proliferation, differentiation, and apoptosis by modulating the expression of promoter-driven and anti-apoptotic genes. Rel/NF-B is a family of genes involved in regulating cell growth and carcinogenesis. In unstimulated, untransformed cells, NF-κB is isolated in the cytoplasm and forms a complex with IκB, which subsequently masks its nuclear localization signal, thereby preventing nuclear translocation of NF-κB (Dhawan and Richmond, 2002). It is therefore relevant to determine the grade of melanoma by measuring the levels of CXCL1 mRNA in melanocytes to determine whether overexpression of CXCL1 in melanocytes can cause tumor formation and metastasis.
CXCL1 and CXCL2 share 90% identity in amino acid sequence and have the same receptor CXCR2 (Shi et al., 2018). By promoting recruitment and expansion of CD11b+ myeloid suppressor cells to the tumor, they released by melanoma cells can enhance melanoma survival. In tumors, CD11b+ marrow cells are also an extra source of CXCL1 and CXCL2 production (Shi et al., 2018). CXCL-8 (interleukin 8 or IL-8), which is constitutively secreted by melanoma cells (Singh et al., 1994), is expressed on melanoma and endothelial cells by two high-affinity receptors for CXCL-8, CXCR1 and CXCR2 (Li et al., 2002), and activation of CXCL-8 signaling opens up cell proliferation, apoptosis inhibition, cell cycle control and cytoskeletal dynamics involving various downstream pathways and transcription factors. Wu et al. found that CXCL-8 and the expression of its receptors are positively correlated with the aggressiveness of melanoma. Melanoma patients may benefit from treatments that block CXCL-8 signaling or its receptor, according to preliminary research (Wu et al., 2012). Furthermore, CXCL-8 was also shown to contribute significantly in the regulation of the JAK/STAT pathway. According to studies, the melanoma cells in tissues exhibit marked heterogeneity compared to adjacent normal tissues, most of which exhibit elliptical appearances that range in shape and size. Compact arrangement, distinct nuclei, mitotic appearance, large cytoplasm, diffuse distribution, and high yield of intracellular and intercellular melanin granules, showing the characteristics of melanocytes in a biological sense. In the following gene expression experiment, E-calponin expression was drastically lower in melanoma tissue as compared to the surrounding normal tissue, while CXCL8, JAK2, STAT3, vimentin, and N-calcineurin expression was significantly increased. There may be a higher expression of CXCL8 and activation of the JAK-STAT signaling pathway present in cutaneous melanoma, in addition to the presence of epithelial-mesenchymal transition (EMT). Activation of the JAK-STAT signaling pathway inhibits the proliferation of cancer cells, whereas silent expression of CXCL8 promotes the proliferation of cancer cells. It was further noted that each group had a different apoptotic status. Apoptosis of cancer cells can be promoted by inhibiting the expression of CXCL8, while apoptosis can be blocked by activating the JAK-STAT pathway. It can be concluded from these studies that silencing the expression of CXCL8 in human cutaneous melanoma cells may inhibit EMT and cell proliferation while promoting apoptosis through the suppression of the development of the JAK-STAT signaling pathway (Hu et al., 2020). If we can clarify the role of CXCL8 and JAK-STAT signaling pathways in EMT and apoptosis, it will have important implications for the diagnosis, treatment and screening of cutaneous melanoma. Especially if we discover signal transduction substrates, activators, and inhibitors. As part of its paracrine immunosuppressive function, IL-8 is also produced by tumors, which promotes cancer survival. As a result of CXCL8, tumor-associated neutrophils (TAN) are recruited, which recruit pro-tumor regulatory T-cell (Tregs) and suppress the anti-tumor immune function of adaptive T-cell. CXCL8 also recruits medically important stromal cells (MSCs), which suppress the anti-tumor immune function of adaptive T-cell (David et al., 2016). Cells also produce CXCL8/IL-8 expression during senescence or cell growth arrest (Sarvaiya et al., 2013). Human peritoneal mesothelial cells that have reached their end of life produce conditioned media that stimulates the growth of numerous tumor cell lines by releasing CXCL1 and CXCL8 (Mikuła-Pietrasik et al., 2015). Considering that sEV might be present in conditioned medium and that sEV can transport translatable mRNA to its intended recipient cells (Valadi et al., 2007), perhaps the inflammatory crosstalk mRNA detected in melanoma sEV is functionally relevant. The present study hypothesizes that tumor sEV CXCL8 mRNA levels may be used to monitor recurrence risk during remission and monitor tumor senescence (Figure 3). As shown in Table 2, a summary of mRNA expression is found in the EVs of melanoma.
[image: Figure 3]FIGURE 3 | JAK/STAT pathway. An intracellular pathway (JAK/STAT) consists of a class of intracellular molecules (Janus Kinase) that respond to upstream receptor signals and the activated JAK catalyzes tyrosine phosphorylation of the receptor by rapidly recruiting to the receptor and activating it. In addition to binding to the receptor molecule, phosphorylated tyrosine on it is a binding site for signaling molecules, such as SH2, that bind to the receptor and phosphorylate tyrosine, forming a dimer that enters the nucleus, and STAT (signal transducer and activator of transcription). Regulation of the JAK/STAT pathway is mediated by interferon binding and activation of its receptor.
TABLE 2 | The roles of mRNAs in EVs of melanoma.
[image: Table 2]4 STUDY ON EXRNAS AND TUMOR MICROENVIRONMENT IN MELANOMA
4.1 High-throughput nano-bio–chip integrated system for liquid biopsy (HNCIB)
Recent developments suggested the capability to capture and visualize single-EVs as well as to simultaneously detect EV internal surfaces and cargo components using an integrated HNCIB system. So far, there has been no agreed-upon method for measuring individual EVs, despite the fact that this capacity would be of enormous use to the field of EV research as a whole if it existed. Due to the excellent signal-to-noise ratio of this system, it was capable of detecting individual EVs and high-resolution detections. Using a training set, Zhou et al. developed, trained, and improved an algorithm based on deep learning for image screening. This algorithm enables intelligent screening of fluorescence images derived from experimental data. EV particle fluorescence spots are also distinguished from those caused by contaminants or noise using additional modules included in the algorithm, which contribute to an improved signal quality. With the goal of increasing the biological signal-to-noise ratio of the HNCIB, several improvements were also made in the study. The nano biochip was optimized for EV capture, was improved for washing efficiency in order to eliminate impurities, was enhanced for specificity, and the fluorescent antibody was fine tuned for optimal performance (Zhou et al., 2020).
However, considerable work has to be done before miRNAs, mRNA, and proteins stored in/on EVs are considered viable cancer biomarkers, despite the impressive progress made in EV-based liquid biopsy. EV liquid biopsy may be able to address these issues as a result of the advantages and unique capabilities of the HNCIB. The immunohistochemistry identification of PD-L1 expression in tumor tissue samples is a frequent diagnostic technique for immunotherapy of advanced disease, particularly non-small cell lung cancer. There’s no way to test for PD-L1 expression multiple times in lung tissue because PD-L1 expression is dynamic in cancer cells (Meyers et al., 2018). It is therefore extremely difficult to track the changes in PD-L1 expression during immunotherapy. The use of liquid biopsy, on the other hand, offer an alternative to the utilization of immunohistochemistry for PD-L1. By remotely inhibiting PD-1 on CD8 T-cell, exosomal PD-L1 can help cancer cells elude immune system responses (Chen G. et al., 2018b; Poggio et al., 2019). EVs from healthy donors and patients with LUAD were analyzed by HNCIB for changes in PD-L1 mRNA and protein. While PD-L1 miRNA and protein were measured in EVs from lung cancer, other miRNA, mRNA, and proteins could be measured in EVs from patients with other types of cancer with different antibodies or probes.
EV proteins and mRNA can be detected simultaneously using the newly developed HNCIB system. The method has a high signal-to-noise ratio, high sensitivity, and high specificity for recognizing surface and cargo biomarkers of EVs since it uses machine learning in conjunction with image processing. In addition to being able to do high-throughput analysis, it also has the potential to give enhanced accuracy with the use of machine learning. A potential clinical application of the technology may enhance cancer care and contribute to advancements in liquid biopsy. Athough HNCIB has only been studied in clinical practice for patients with LUAD, it will be valuable in many aspects of cancer care, such as early cancer identification, precision therapy, evaluation of treatment response, and early detection of recurrences (Yang et al., 2018).
4.2 The MPApass programme paves the way for standardized reporting of bead-based assays and allows for integrated multiplex, multidimensional analysis of EV repertoires
Using stitched multiplex analysis post-acquisition analysis (MPApass), Welsh et al. showed how millisons of protein combinations on EVs can be analyzed ergonomically on EVs. With the help of this tool, assays involving single EVs and highly sensitive markers can be identified (Lennon et al., 2019). In addition, this approach may allow the identification of markers for further large-scale tests, including RNA sequencing, that could be used to isolate targeted subsets. In complex fluids, the deconvolution algorithms previously developed for RNA sequencing can provide insights into EV derivation by stratifying RNA sequencing data by protein subsets (Murillo et al., 2019). In order to maintain the current ERCC exRNA Atlas, MPAPASS was designed for curation of subsequent datasets. An analysis and reporting toolkit were developed as part of the software. Notably, MPAPASS provides these tools for bead-based EV analysis; on the other hand, FCMPASS software uses the MIFlowCyt-EV reporting framework in order to provide a standardized tool for single EV flow cytometry analysis (Welsh et al., 2020). Fluorescence calibration '. fcs’ file can be calibrated using FCMPASS before being imported into MPAPASS for analysis. By adopting these standardized reporting and analytic techniques, EV repositories will become open, repeatable, and integrated, paving the way for innovative ways of EV characterization and the determination of EV subsets (Tian et al., 2018).
Standardization and reproducibility of these tests in scientific research are key factors in the analysis of EV repertoires by multiplex assays. Standardization and quality assurance can be improved in several ways: 1) to assist in the standardization of batches and types of beads, it is necessary to quantify the binding capacity of each bead; 2) plan for the creation of pathology-specific monoclonal antibodies and matching monoclonal beads to create tailored multiplex arrays for validation testing and pull down; 3) the possibility of calibrating and comparing data using Molecules of Equivalent Soluble Fluorophore standards; 4) creating a standard set of reporting requirements according to current reporting standards for single-EV flow cytometry (Tian et al., 2018).
Based on the results of this research, stitched multiplex analysis in conjunction with MPAPASS software is an effective method for generating, evaluating, and analyzing data from a large number of marker combinations. The quantitative single-EV approaches or bulk EV subset analysis techniques that may be derived from this work are also outstanding. This approach has a number of limitations, most notably the limited number of markers it can screen simultaneously on EV-containing samples, and its semiquantitative nature (Welsh et al., 2020). As part of a systematic multiplex-to-single EV process, stitched multiplex analyses using MPAPASS provide a means for EV repertoire analysis, allowing for the further quantification of subgroups of EVs with known pathologies. The use of MPAPASS will make it easier to discover new EV biomarkers and investigate the roles of EV subsets in health and disease (Tian et al., 2018; Welsh et al., 2020).
4.3 FO-SPR (fiber optic surface plasmon resonance) biosensor
According to Yildizhan et al., EVs may be specifically and sensitively detected using a FO-SPR biosensor in a variety of complicated matrices, such as blood plasma and cell culture medium. Their analysis was conducted using rEV as a biological reference material for specific FOSPR detection of EV (Geeurickx et al., 2019). In order to achieve repeatable immobilization of distinct capture antibodies on the FOSPR sensor surface and to detect EVs specifically, many components of the bioassay were improved. Supporting this specificity was the observation that an SPR and GFP-mediated microscopy signal could only be detected when an EV-specific antibody, and not a non-specific anti-IgG antibody, was used on the FO-SPR surface. With six different combinations of EV-specific antibodies used to capture and detect EVs, the scientists upgraded the label-free bioassay to a sandwich bioassay for further improvement. Using a biotinylated detecting antibody and an anti-biotin antibody-functionalized AuNPs, the researchers successfully implemented an increase in strength of the signal in two stages technique on the FO-SPR device. It was important for EV detection to be performed at a low pH6 while still retaining AuNPs in a pH 7.4 PBS buffer step with this approach. As a result, the approach not only produced significant SPR shifts, but also assisted in EV detection at a pH of 6. EV concentrations in human plasma and cancer patients’ plasma are 103-fold and 104-fold lower, respectively, than the expected physiological concentrations. This level of sensitivity is indicative of the great potential of the well-established FO-SPR technique for EV detection and analysis and may be especially relevant when the goal is using specific biomarkers to detect various subpopulations of EVs, rather than just the total number of EVs in patients’ samples. Subsequently, robustness and specificity of the created sandwich bioassay were evaluated by identifying three various EV kinds in two various complicated matrices (Geeurickx et al., 2019).
The research results suggested that it is necessary to start the development of EV detection methods early in the process by employing pre-tested normative materials such as rEVs. Additionally, the conclusion obtained demonstrated: 1) The FO-SPR device has exceptional sensitivity for detecting and counting EV, 2) in highly matrix-rich environments like cell-culture media and plasma, there is the possibility for direct measurement, and 3) the presence of a biomarker for the disease in question, EVs originating from cancer cells can be distinguished from those originating from healthy cells. This, in addition to other inherent advantages like real-time monitoring, rapid reaction times, parallel measuring capabilities, and simplicity of operation, suggests it could be used as a benchtop EV biosensor platform.
5 CONCLUSION AND PROSPECTS
While previous review has summarized extracellular vesicles in melanoma (Cheng et al., 2021), this review focuses more on extracellular RNA in melanoma, with a comprehensive overview of lncRNA, cirRNA, and mRNA in addition to miRNA. Besides, we also analyse the typical signaling pathways which extracellular RNA involved in and the most up-to-date tumor immunotherapy means targeting exRNAs.
Researchers have been exploring into the causes and consequences of immunotherapy resistance in order to discover a way forward. Current consensus on the most effective population-based screening criteria for PD-1 benefit is summarized as follows: high tumor mutational load (TMB), high microsatellite instability (MSI-H), defective mismatch repair (dMMR) and high PD-L1 expression with tumor infiltrating lymphocytes (TIL). There have been some clinical trials that examined combinations of immune checkpoint inhibitors with targeted agents and demonstrated some clinical benefit in addition to the immunotherapy summarized above. Combining immune checkpoint inhibitors with immune factor antagonists (CD40, CD137, CD134, CD357) has demonstrated some synergistic benefits in the treatment of advanced melanoma in clinical studies (Wei et al., 2013). In addition, it has been shown that the use of many treatment modalities, including as radiation, chemotherapy, surgery, and cancer vaccines, may synergize with immunotherapy to increase antitumor effectiveness by modulating the activation of immune factors in the tumor microenvironment (Chowdhury et al., 2018).
Drug combination therapy for melanoma is currently being researched. Better comprehension of the molecular mechanisms underlying the undesirable consequences of combination therapy is crucial for increasing the efficacy of tumor immunotherapy. When it comes to treating melanoma and other malignancies, immunotherapy appears to usher in a whole new era. Despite the fact that individuals with metastatic melanoma frequently exhibit primary or acquired resistance to immunotherapy, this treatment option remains promising. Patients with advanced melanoma, however, continue to benefit from this treatment. Research has demonstrated that it allows patients to live longer and maintain a high standard of living. Understanding how individual tumors evade the immune system is one of the key components of effective immunotherapy. In order to achieve the best response and improve overall outcomes, it is necessary to improve our understanding of these mechanisms and identify immune markers specifically associated with each patient.
Consequently, further investigation into the mechanism of multiple exRNAs in the melanoma extracellular capsule on melanoma development and metastasis is necessary, since this might be immensely beneficial in melanoma treatment. For example, lncRNAs can be inactivated by small interfering RNAs and/or antisense oligonucleotides (ASO), which are potential therapeutic targets. CXCL8 and JAK-STAT signaling pathways play a pivotal role in EMT and apoptosis in cutaneous melanoma. Melanoma of the skin can be diagnosed, treated, and drug-screened by understanding these pathways. In conclusion, as pathological mechanisms and other studies continue to be investigated, a broader range of therapeutic approaches will be developed, and the outcomes will undoubtedly acquire more extraordianry and become a boon for melanoma patients.
AUTHOR CONTRIBUTIONS
There are four first authors in this manuscript and they have equally contributed to this project. ZL and YG were responsible for gathering information of the related review. ZL, YC and FH were responsible for drawing the pictures. RJ and HL were responsible for the tables’ summary. FH was responsible for the grammar check. Furthermore, we have two corresponding authors in this manuscript. HC was responsible for designing the review. TZ contributed to the information interpretation, editing and critical revision of the manuscript. HC contributed to the study design and critical revision of the manuscript. TZ was also responsible for handling the revisions and the resubmission of revised manuscripts. All authors have read and agreed to the published version of the manuscript.
FUNDING
This work was supported by Shanghai Clinical Research Center of Plastic and Reconstructive Surgery supported by Science and Technology Commission of Shanghai Municipality (Grant No. 22MC1940300), “Two Hundred Talent” program and “Hengjie” Program of Shanghai Health Youth Talent Reward Foundation.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Balakrishnan, A., Roy, S., Fleming, T., Leong, H. S., and Schuurmans, C. (2020). The emerging role of extracellular vesicles in the glioma microenvironment: Biogenesis and clinical relevance. Cancers (Basel). 12, 1964. doi:10.3390/cancers12071964
 Bardi, G. T., Al-Rayan, N., Richie, J. L., Yaddanapudi, K., and Hood, J. L. (2019). Detection of inflammation-related melanoma small extracellular vesicle (sEV) mRNA content using primary melanocyte sEVs as a reference. Int. J. Mol. Sci. 20, 1235. doi:10.3390/ijms20051235
 Bardi, G. T., Smith, M. A., and Hood, J. L. (2018). Melanoma exosomes promote mixed M1 and M2 macrophage polarization. Cytokine 105, 63–72. doi:10.1016/j.cyto.2018.02.002
 Berchem, G., Noman, M. Z., Bosseler, M., Paggetti, J., Baconnais, S., Le Cam, E., et al. (2016). Hypoxic tumor-derived microvesicles negatively regulate NK cell function by a mechanism involving TGF-β and miR23a transfer. Oncoimmunology 5, e1062968. doi:10.1080/2162402X.2015.1062968
 Biagini, V., Busi, F., Anelli, V., Kerschbamer, E., Baghini, M., Gurrieri, E., et al. (2022). Zebrafish melanoma-derived interstitial EVs are carriers of ncRNAs that induce inflammation. Int. J. Mol. Sci. 23, 5510. doi:10.3390/ijms23105510
 Bianco, F., Perrotta, C., Novellino, L., Francolini, M., Riganti, L., Menna, E., et al. (2009). Acid sphingomyelinase activity triggers microparticle release from glial cells. EMBO J. 28, 1043–1054. doi:10.1038/emboj.2009.45
 Bridges, M. C., Daulagala, A. C., and Kourtidis, A. (2021). LNCcation: lncRNA localization and function. J. Cell. Biol. 220, e202009045. doi:10.1083/jcb.202009045
 Calderaro, J., Rebouissou, S., de Koning, L., Masmoudi, A., Hérault, A., Dubois, T., et al. (2014). PI3K/AKT pathway activation in bladder carcinogenesis. Int. J. cancer 134, 1776–1784. doi:10.1002/ijc.28518
 Caramel, J., Papadogeorgakis, E., Hill, L., Browne, G. J., Richard, G., Wierinckx, A., et al. (2013). A switch in the expression of embryonic EMT-inducers drives the development of malignant melanoma. Cancer Cell. 24, 466–480. doi:10.1016/j.ccr.2013.08.018
 Cesi, G., Walbrecq, G., Margue, C., and Kreis, S. (2016). Transferring intercellular signals and traits between cancer cells: Extracellular vesicles as ‘homing pigeons. Cell. Commun. Signal. 14, 13. doi:10.1186/s12964-016-0136-z
 Chen, L., Zhou, Y., and Li, H. (2018a). LncRNA, miRNA and lncRNA-miRNA interaction in viral infection. Virus Res. 257, 25–32. doi:10.1016/j.virusres.2018.08.018
 Chen, G., Huang, A. C., Zhang, W., Zhang, G., Wu, M., Xu, W., et al. (2018b). Exosomal PD-L1 contributes to immunosuppression and is associated with anti-PD-1 response. Nature 560, 382–386. doi:10.1038/s41586-018-0392-8
 Chen, W., Liu, X., Lv, M., Chen, L., Zhao, J. h., Zhong, S., et al. (2014). Exosomes from drug-resistant breast cancer cells transmit chemoresistance by a horizontal transfer of microRNAs. PLoS One 9, e95240. doi:10.1371/journal.pone.0095240
 Cheng, Y.-C., Chang, Y. A., Chen, Y. J., Sung, H. M., Bogeski, I., Su, H. L., et al. (2021). The roles of extracellular vesicles in malignant melanoma. Cells 10, 2740. doi:10.3390/cells10102740
 Chiaruttini, N., Redondo-Morata, L., Colom, A., Humbert, F., Lenz, M., Scheuring, S., et al. (2015). Relaxation of loaded ESCRT-III spiral springs drives membrane deformation. Cell. 163, 866–879. doi:10.1016/j.cell.2015.10.017
 Chowdhury, P. S., Chamoto, K., and Honjo, T. (2018). Combination therapy strategies for improving PD-1 blockade efficacy: A new era in cancer immunotherapy. J. Intern. Med. 283, 110–120. doi:10.1111/joim.12708
 Christ, L., Raiborg, C., Wenzel, E. M., Campsteijn, C., and Stenmark, H. (2017). Cellular functions and molecular mechanisms of the ESCRT membrane-scission machinery. Trends biochem. Sci. 42, 42–56. doi:10.1016/j.tibs.2016.08.016
 Colombo, M., Moita, C., van Niel, G., Kowal, J., Vigneron, J., Benaroch, P., et al. (2013). Analysis of ESCRT functions in exosome biogenesis, composition and secretion highlights the heterogeneity of extracellular vesicles. J. Cell. Sci. 126, 5553–5565. doi:10.1242/jcs.128868
 David, J. M., Dominguez, C., Hamilton, D. H., and Palena, C. (2016). The IL-8/IL-8R Axis: A double agent in tumor immune resistance. Vaccines 4, 22. doi:10.3390/vaccines4030022
 Dhawan, P., and Richmond, A. (2002). Role of CXCL1 in tumorigenesis of melanoma. J. Leukoc. Biol. 72, 9–18.
 Dror, S., Sander, L., Schwartz, H., Sheinboim, D., Barzilai, A., Dishon, Y., et al. (2016). Melanoma miRNA trafficking controls tumour primary niche formation. Nat. Cell. Biol. 18, 1006–1017. doi:10.1038/ncb3399
 Erdei, E., and Torres, S. M. (2010). A new understanding in the epidemiology of melanoma. Expert Rev. Anticancer Ther. 10, 1811–1823. doi:10.1586/era.10.170
 Fathullahzadeh, S., Mirzaei, H., Honardoost, M. A., Sahebkar, A., and Salehi, M. (2016). Circulating microRNA-192 as a diagnostic biomarker in human chronic lymphocytic leukemia. Cancer Gene Ther. 23, 327–332. doi:10.1038/cgt.2016.34
 Felicetti, F., De Feo, A., Coscia, C., Puglisi, R., Pedini, F., Pasquini, L., et al. (2016). Exosome-mediated transfer of miR-222 is sufficient to increase tumor malignancy in melanoma. J. Transl. Med. 14, 56. doi:10.1186/s12967-016-0811-2
 Fukai, J., Yokote, H., Yamanaka, R., Arao, T., Nishio, K., and Itakura, T. (2008). EphA4 promotes cell proliferation and migration through a novel EphA4-FGFR1 signaling pathway in the human glioma U251 cell line. Mol. Cancer Ther. 7, 2768–2778. doi:10.1158/1535-7163.MCT-07-2263
 García-Silva, S., Benito-Martín, A., Nogués, L., Hernández-Barranco, A., Mazariegos, M. S., Santos, V., et al. (2021). Melanoma-derived small extracellular vesicles induce lymphangiogenesis and metastasis through an NGFR-dependent mechanism. Nat. cancer 2, 1387–1405. doi:10.1038/s43018-021-00272-y
 Garofalo, M., Quintavalle, C., Romano, G., Croce, C. M., and Condorelli, G. (2012). miR221/222 in cancer: their role in tumor progression and response to therapy. Curr. Mol. Med. 12, 27–33. doi:10.2174/156652412798376170
 Geeurickx, E., Tulkens, J., Dhondt, B., Van Deun, J., Lippens, L., Vergauwen, G., et al. (2019). The generation and use of recombinant extracellular vesicles as biological reference material. Nat. Commun. 10, 3288. doi:10.1038/s41467-019-11182-0
 Gerloff, D., Kewitz-Hempel, S., Hause, G., Ehrenreich, J., Golle, L., Kingreen, T., et al. (2022). Comprehensive analyses of miRNAs revealed miR-92b-3p, miR-182-5p and miR-183-5p as potential novel biomarkers in melanoma-derived extracellular vesicles. Front. Oncol. 12, 935816. doi:10.3389/fonc.2022.935816
 Gloster, H. M. J., and Neal, K. (2006). Skin cancer in skin of color. J. Am. Acad. Dermatol. 55, 741–760. doi:10.1016/j.jaad.2005.08.063
 Goñi, F. M., and Alonso, A. (2006). Biophysics of sphingolipids I. Membrane properties of sphingosine, ceramides and other simple sphingolipids. Biochim. Biophys. Acta 1758, 1902–1921. doi:10.1016/j.bbamem.2006.09.011
 Grosso, S., Doyen, J., Parks, S. K., Bertero, T., Paye, A., Cardinaud, B., et al. (2013). MiR-210 promotes a hypoxic phenotype and increases radioresistance in human lung cancer cell lines. Cell. Death Dis. 4, e544. doi:10.1038/cddis.2013.71
 Guy, G. P. J., Machlin, S. R., Ekwueme, D. U., and Yabroff, K. R. (2015). Prevalence and costs of skin cancer treatment in the U.S., 2002-2006 and 2007-2011. Am. J. Prev. Med. 48, 183–187. doi:10.1016/j.amepre.2014.08.036
 Guy, G. P. J., Thomas, C. C., Thompson, T., Watson, M., Massetti, G. M., Richardson, L. C., et al. (2015). Vital signs: Melanoma incidence and mortality trends and projections - United States, 1982-2030. MMWR. Morb. Mortal. Wkly. Rep. 64, 591–596.
 Hanson, P. I., and Cashikar, A. (2012). Multivesicular body morphogenesis. Annu. Rev. Cell. Dev. Biol. 28, 337–362. doi:10.1146/annurev-cellbio-092910-154152
 Hathaway-Schrader, J. D., Norton, D., Hastings, K., Doonan, B. P., Fritz, S. T., Bethard, J. R., et al. (2022). GILT expression in human melanoma cells enhances generation of antigenic peptides for HLA class II-mediated immune recognition. Int. J. Mol. Sci. 23, 1066. doi:10.3390/ijms23031066
 Hay, R. J., Johns, N. E., Williams, H. C., Bolliger, I. W., Dellavalle, R. P., Margolis, D. J., et al. (2014). The global burden of skin disease in 2010: An analysis of the prevalence and impact of skin conditions. J. Invest. Dermatol. 134, 1527–1534. doi:10.1038/jid.2013.446
 Hill, M., and Tran, N. (2021). miRNA interplay: Mechanisms and consequences in cancer. Dis. Model. Mech. 14, dmm047662. doi:10.1242/dmm.047662
 House, I. G., Petley, E. V., and Beavis, P. A. (2018). Tumor-derived exosomes modulate T cell function through transfer of RNA. FEBS J. 285, 1030–1032. doi:10.1111/febs.14413
 Hu, T., and Hu, J. (2019). Melanoma-derived exosomes induce reprogramming fibroblasts into cancer-associated fibroblasts via Gm26809 delivery. Cell. Cycle 18, 3085–3094. doi:10.1080/15384101.2019.1669380
 Hu, X., Yuan, L., and Ma, T. (2020). Mechanisms of JAK-STAT signaling pathway mediated by CXCL8 gene silencing on epithelial-mesenchymal transition of human cutaneous melanoma cells. Oncol. Lett. 20, 1973–1981. doi:10.3892/ol.2020.11706
 Hua, K.-T., Hong, J. B., Sheen, Y. S., Huang, H. Y., Huang, Y. L., Chen, J. S., et al. (2018). miR-519d promotes melanoma progression by downregulating EphA4. Cancer Res. 78, 216–229. doi:10.1158/0008-5472.CAN-17-1933
 Huber, V., Vallacchi, V., Fleming, V., Hu, X., Cova, A., Dugo, M., et al. (2018). Tumor-derived microRNAs induce myeloid suppressor cells and predict immunotherapy resistance in melanoma. J. Clin. Invest. 128, 5505–5516. doi:10.1172/JCI98060
 Kajimoto, T., Okada, T., Miya, S., Zhang, L., and Nakamura, S. (2013). Ongoing activation of sphingosine 1-phosphate receptors mediates maturation of exosomal multivesicular endosomes. Nat. Commun. 4, 2712. doi:10.1038/ncomms3712
 Kalluri, R., and LeBleu, V. S. (2020). The biology, function, and biomedical applications of exosomes. Science 367, eaau6977. doi:10.1126/science.aau6977
 Kim, S., Lee, E., Jung, J., Lee, J. W., Kim, H. J., Kim, J., et al. (2018). microRNA-155 positively regulates glucose metabolism via PIK3R1-FOXO3a-cMYC axis in breast cancer. Oncogene 37, 2982–2991. doi:10.1038/s41388-018-0124-4
 King, H. W., Michael, M. Z., and Gleadle, J. M. (2012). Hypoxic enhancement of exosome release by breast cancer cells. BMC Cancer 12, 421. doi:10.1186/1471-2407-12-421
 Kucharzewska, P., Christianson, H. C., Welch, J. E., Svensson, K. J., Fredlund, E., Ringnér, M., et al. (2013). Exosomes reflect the hypoxic status of glioma cells and mediate hypoxia-dependent activation of vascular cells during tumor development. Proc. Natl. Acad. Sci. U. S. A. 110, 7312–7317. doi:10.1073/pnas.1220998110
 Lee, I. H., Kai, H., Carlson, L.-A., Groves, J. T., and Hurley, J. H. (2015a). Negative membrane curvature catalyzes nucleation of endosomal sorting complex required for transport (ESCRT)-III assembly. Proc. Natl. Acad. Sci. U. S. A. 112, 15892–15897. doi:10.1073/pnas.1518765113
 Lee, J. C., Zhao, J. T., Gundara, J., Serpell, J., Bach, L. A., and Sidhu, S. (2015b). Papillary thyroid cancer-derived exosomes contain miRNA-146b and miRNA-222. J. Surg. Res. 196, 39–48. doi:10.1016/j.jss.2015.02.027
 Lee, J.-H., Dindorf, J., Eberhardt, M., Lai, X., Ostalecki, C., Koliha, N., et al. (2019). Innate extracellular vesicles from melanoma patients suppress β-catenin in tumor cells by miRNA-34a. Life Sci. alliance 2, e201800205. doi:10.26508/lsa.201800205
 Lennon, K. M., Wakefield, D. L., Maddox, A. L., Brehove, M. S., Willner, A. N., Garcia-Mansfield, K., et al. (2019). Single molecule characterization of individual extracellular vesicles from pancreatic cancer. J. Extracell. vesicles 8, 1685634. doi:10.1080/20013078.2019.1685634
 Li, A., Dubey, S., Varney, M. L., and Singh, R. K. (2002). Interleukin-8-induced proliferation, survival, and MMP production in CXCR1 and CXCR2 expressing human umbilical vein endothelial cells. Microvasc. Res. 64, 476–481. doi:10.1006/mvre.2002.2442
 Li, B., Antonyak, M. A., Zhang, J., and Cerione, R. A. (2012). RhoA triggers a specific signaling pathway that generates transforming microvesicles in cancer cells. Oncogene 31, 4740–4749. doi:10.1038/onc.2011.636
 Li, J., Chen, J., Wang, S., Li, P., Zheng, C., Zhou, X., et al. (2019). Blockage of transferred exosome-shuttled miR-494 inhibits melanoma growth and metastasis. J. Cell. Physiol. 234, 15763–15774. doi:10.1002/jcp.28234
 Li, L., Wang, S., Wang, Z., Jiang, J., Wang, W., Li, X., et al. (2016). Exosomes derived from hypoxic oral squamous cell carcinoma cells deliver miR-21 to normoxic cells to elicit a prometastatic phenotype. Cancer Res. 76, 1770–1780. doi:10.1158/0008-5472.CAN-15-1625
 Logozzi, M., De Milito, A., Lugini, L., Borghi, M., Calabrò, L., Spada, M., et al. (2009). High levels of exosomes expressing CD63 and caveolin-1 in plasma of melanoma patients. PLoS One 4, e5219. doi:10.1371/journal.pone.0005219
 Luan, W., Ding, Y., Xi, H., Ruan, H., Lu, F., Ma, S., et al. (2021). Exosomal miR-106b-5p derived from melanoma cell promotes primary melanocytes epithelial-mesenchymal transition through targeting EphA4. J. Exp. Clin. Cancer Res. 40, 107. doi:10.1186/s13046-021-01906-w
 Lucianò, A. M., Pérez-Oliva, A. B., Mulero, V., and Del Bufalo, D. (2021). Bcl-xL: A focus on melanoma pathobiology. Int. J. Mol. Sci. 22, 2777. doi:10.3390/ijms22052777
 Lunavat, T. R., Cheng, L., Kim, D. K., Bhadury, J., Jang, S. C., Lässer, C., et al. (2015). Small RNA deep sequencing discriminates subsets of extracellular vesicles released by melanoma cells--Evidence of unique microRNA cargos. RNA Biol. 12, 810–823. doi:10.1080/15476286.2015.1056975
 Maas, S. L. N., Breakefield, X. O., and Weaver, A. M. (2017). Extracellular vesicles: Unique intercellular delivery vehicles. Trends Cell. Biol. 27, 172–188. doi:10.1016/j.tcb.2016.11.003
 Machitani, M., Taniguchi, I., and Ohno, M. (2020). ARS2 regulates nuclear paraspeckle formation through 3’-end processing and stability of NEAT1 long noncoding RNA. Mol. Cell. Biol. 40, e00269–19. doi:10.1128/MCB.00269-19
 Mao, L., Qi, Z., Zhang, L., Guo, J., and Si, L. (2021). Immunotherapy in acral and mucosal melanoma: Current status and future directions. Front. Immunol. 12, 680407. doi:10.3389/fimmu.2021.680407
 Mathieu, M., Martin-Jaular, L., Lavieu, G., and Théry, C. (2019). Specificities of secretion and uptake of exosomes and other extracellular vesicles for cell-to-cell communication. Nat. Cell. Biol. 21, 9–17. doi:10.1038/s41556-018-0250-9
 McCullough, J., Clippinger, A. K., Talledge, N., Skowyra, M. L., Saunders, M. G., Naismith, T. V., et al. (2015). Structure and membrane remodeling activity of ESCRT-III helical polymers. Science 350, 1548–1551. doi:10.1126/science.aad8305
 Meyers, D. E., Bryan, P. M., Banerji, S., and Morris, D. G. (2018). Targeting the PD-1/PD-L1 axis for the treatment of non-small-cell lung cancer. Curr. Oncol. 25, e324–e334. doi:10.3747/co.25.3976
 Mikuła-Pietrasik, J., Sosińska, P., Maksin, K., Kucińska, M. G., Piotrowska, H., Murias, M., et al. (2015). Colorectal cancer-promoting activity of the senescent peritoneal mesothelium. Oncotarget 6, 29178–29195. doi:10.18632/oncotarget.4932
 Mugoni, V., Ciani, Y., Nardella, C., and Demichelis, F. (2022). Circulating RNAs in prostate cancer patients. Cancer Lett. 524, 57–69. doi:10.1016/j.canlet.2021.10.011
 Muralidharan-Chari, V., Clancy, J., Plou, C., Romao, M., Chavrier, P., Raposo, G., et al. (2009). ARF6-regulated shedding of tumor cell-derived plasma membrane microvesicles. Curr. Biol. 19, 1875–1885. doi:10.1016/j.cub.2009.09.059
 Murillo, O. D., Thistlethwaite, W., Rozowsky, J., Subramanian, S. L., Lucero, R., Shah, N., et al. (2019). exRNA Atlas analysis reveals distinct extracellular RNA cargo types and their carriers present across human biofluids. Cell. 177, 463–477. doi:10.1016/j.cell.2019.02.018
 Nabhan, J. F., Hu, R., Oh, R. S., Cohen, S. N., and Lu, Q. (2012). Formation and release of arrestin domain-containing protein 1-mediated microvesicles (ARMMs) at plasma membrane by recruitment of TSG101 protein. Proc. Natl. Acad. Sci. U. S. A. 109, 4146–4151. doi:10.1073/pnas.1200448109
 Pansky, A., Hildebrand, P., Fasler-Kan, E., Baselgia, L., Ketterer, S., Beglinger, C., et al. (2000). Defective Jak-STAT signal transduction pathway in melanoma cells resistant to growth inhibition by interferon-alpha. Int. J. cancer 85, 720–725. doi:10.1002/(sici)1097-0215(20000301)85:5<720::aid-ijc20>3.0.co;2-o
 Poggio, M., Hu, T., Pai, C. C., Chu, B., Belair, C. D., Chang, A., et al. (2019). Suppression of exosomal PD-L1 induces systemic anti-tumor immunity and memory. Cell. 177, 414–427. doi:10.1016/j.cell.2019.02.016
 Ramteke, A., Ting, H., Agarwal, C., Mateen, S., Somasagara, R., Hussain, A., et al. (2015). Exosomes secreted under hypoxia enhance invasiveness and stemness of prostate cancer cells by targeting adherens junction molecules. Mol. Carcinog. 54, 554–565. doi:10.1002/mc.22124
 Saintigny, P., Peng, S., Zhang, L., Sen, B., Wistuba, I. I., Lippman, S. M., et al. (2012). Global evaluation of Eph receptors and ephrins in lung adenocarcinomas identifies EphA4 as an inhibitor of cell migration and invasion. Mol. Cancer Ther. 11, 2021–2032. doi:10.1158/1535-7163.MCT-12-0030
 Santos, C. A. D., and Souza, D. L. B. (2019). Melanoma mortality in Brazil: Trends and projections (1998-2032). Cien. Saude Colet. 24, 1551–1561. doi:10.1590/1413-81232018244.13932017
 Sarvaiya, P. J., Guo, D., Ulasov, I., Gabikian, P., and Lesniak, M. S. (2013). Chemokines in tumor progression and metastasis. Oncotarget 4, 2171–2185. doi:10.18632/oncotarget.1426
 Schoepp, M., Ströse, A. J., and Haier, J. (2017). Dysregulation of miRNA expression in cancer associated fibroblasts (CAFs) and its consequences on the tumor microenvironment. Cancers (Basel). 9, 54. doi:10.3390/cancers9060054
 Segura, M. F., Hanniford, D., Menendez, S., Reavie, L., Zou, X., Alvarez-Diaz, S., et al. (2009). Aberrant miR-182 expression promotes melanoma metastasis by repressing FOXO3 and microphthalmia-associated transcription factor. Proc. Natl. Acad. Sci. U. S. A. 106, 1814–1819. doi:10.1073/pnas.0808263106
 Shi, H., Han, X., Sun, Y., Shang, C., Wei, M., Ba, X., et al. (2018). Chemokine (C-X-C motif) ligand 1 and CXCL2 produced by tumor promote the generation of monocytic myeloid-derived suppressor cells. Cancer Sci. 109, 3826–3839. doi:10.1111/cas.13809
 Shu, S. L., Yang, Y., Allen, C. L., Maguire, O., Minderman, H., Sen, A., et al. (2018). Metabolic reprogramming of stromal fibroblasts by melanoma exosome microRNA favours a pre-metastatic microenvironment. Sci. Rep. 8, 12905. doi:10.1038/s41598-018-31323-7
 Shull, A. Y., Latham-Schwark, A., Ramasamy, P., Leskoske, K., Oroian, D., Birtwistle, M. R., et al. (2012). Novel somatic mutations to PI3K pathway genes in metastatic melanoma. PLoS One 7, e43369. doi:10.1371/journal.pone.0043369
 Singh, R. K., Gutman, M., Radinsky, R., Bucana, C. D., and Fidler, I. J. (1994). Expression of interleukin 8 correlates with the metastatic potential of human melanoma cells in nude mice. Cancer Res. 54, 3242–3247.
 Sun, H.-W., Yang, G. L., Wang, S. N., Zhang, Y. J., Ding, J. X., and Zhang, X. N. (2019). MicroRNA-92a regulates the development of cutaneous malignant melanoma by mediating FOXP1. Eur. Rev. Med. Pharmacol. Sci. 23, 8991–8999. doi:10.26355/eurrev_201910_19299
 Svedman, F. C., Lohcharoenkal, W., Bottai, M., Brage, S. E., Sonkoly, E., Hansson, J., et al. (2018). Extracellular microvesicle microRNAs as predictive biomarkers for targeted therapy in metastastic cutaneous malignant melanoma. PLoS One 13, e0206942. doi:10.1371/journal.pone.0206942
 Teixeira, A. L., Ferreira, M., Silva, J., Gomes, M., Dias, F., Santos, J. I., et al. (2014). Higher circulating expression levels of miR-221 associated with poor overall survival in renal cell carcinoma patients. Tumour Biol. 35, 4057–4066. doi:10.1007/s13277-013-1531-3
 Tengda, L., Shuping, L., Mingli, G., Jie, G., Yun, L., Weiwei, Z., et al. (2018). Serum exosomal microRNAs as potent circulating biomarkers for melanoma. Melanoma Res. 28, 295–303. doi:10.1097/CMR.0000000000000450
 Tepper, A. D., Ruurs, P., Wiedmer, T., Sims, P. J., Borst, J., and van Blitterswijk, W. J. (2000). Sphingomyelin hydrolysis to ceramide during the execution phase of apoptosis results from phospholipid scrambling and alters cell-surface morphology. J. Cell. Biol. 150, 155–164. doi:10.1083/jcb.150.1.155
 Theos, A. C., Truschel, S. T., Tenza, D., Hurbain, I., Harper, D. C., Berson, J. F., et al. (2006). A lumenal domain-dependent pathway for sorting to intralumenal vesicles of multivesicular endosomes involved in organelle morphogenesis. Dev. Cell. 10, 343–354. doi:10.1016/j.devcel.2006.01.012
 Tian, Y., Ma, L., Gong, M., Su, G., Zhu, S., Zhang, W., et al. (2018). Protein profiling and sizing of extracellular vesicles from colorectal cancer patients via flow cytometry. ACS Nano 12, 671–680. doi:10.1021/acsnano.7b07782
 Torii, C., Maishi, N., Kawamoto, T., Morimoto, M., Akiyama, K., Yoshioka, Y., et al. (2021). miRNA-1246 in extracellular vesicles secreted from metastatic tumor induces drug resistance in tumor endothelial cells. Sci. Rep. 11, 13502. doi:10.1038/s41598-021-92879-5
 Trajkovic, K., Hsu, C., Chiantia, S., Rajendran, L., Wenzel, D., Wieland, F., et al. (2008). Ceramide triggers budding of exosome vesicles into multivesicular endosomes. Science 319, 1244–1247. doi:10.1126/science.1153124
 Umezu, T., Tadokoro, H., Azuma, K., Yoshizawa, S., Ohyashiki, K., and Ohyashiki, J. H. (2014). Exosomal miR-135b shed from hypoxic multiple myeloma cells enhances angiogenesis by targeting factor-inhibiting HIF-1. Blood 124, 3748–3757. doi:10.1182/blood-2014-05-576116
 Unterer, B., Wiesmann, V., Gunasekaran, M., Sticht, H., Tenkerian, C., Behrens, J., et al. (2018). IFN-γ-response mediator GBP-1 represses human cell proliferation by inhibiting the Hippo signaling transcription factor TEAD. Biochem. J. 475, 2955–2967. doi:10.1042/BCJ20180123
 Valadi, H., Ekström, K., Bossios, A., Sjöstrand, M., Lee, J. J., and Lötvall, J. O. (2007). Exosome-mediated transfer of mRNAs and microRNAs is a novel mechanism of genetic exchange between cells. Nat. Cell. Biol. 9, 654–659. doi:10.1038/ncb1596
 van Dülmen, M., and Rentmeister, A. (2020). mRNA therapies: New hope in the fight against melanoma. Biochemistry 59, 1650–1655. doi:10.1021/acs.biochem.0c00181
 van Niel, G., Charrin, S., Simoes, S., Romao, M., Rochin, L., Saftig, P., et al. (2011). The tetraspanin CD63 regulates ESCRT-independent and -dependent endosomal sorting during melanogenesis. Dev. Cell. 21, 708–721. doi:10.1016/j.devcel.2011.08.019
 van Niel, G., D’Angelo, G., and Raposo, G. (2018). Shedding light on the cell biology of extracellular vesicles. Nat. Rev. Mol. Cell. Biol. 19, 213–228. doi:10.1038/nrm.2017.125
 Wei, H., Zhao, L., Li, W., Fan, K., Qian, W., Hou, S., et al. (2013). Combinatorial PD-1 blockade and CD137 activation has therapeutic efficacy in murine cancer models and synergizes with cisplatin. PLoS One 8, e84927. doi:10.1371/journal.pone.0084927
 Welsh, J. A., Van Der Pol, E., Arkesteijn, G. J. A., Bremer, M., Brisson, A., Coumans, F., et al. (2020). MIFlowCyt-EV: A framework for standardized reporting of extracellular vesicle flow cytometry experiments. J. Extracell. vesicles 9, 1713526. doi:10.1080/20013078.2020.1713526
 Wu, S., Singh, S., Varney, M. L., Kindle, S., and Singh, R. K. (2012). Modulation of CXCL-8 expression in human melanoma cells regulates tumor growth, angiogenesis, invasion, and metastasis. Cancer Med. 1, 306–317. doi:10.1002/cam4.28
 Yang, Y., Li, C. W., Chan, L. C., Wei, Y., Hsu, J. M., Xia, W., et al. (2018). Exosomal PD-L1 harbors active defense function to suppress T cell killing of breast cancer cells and promote tumor growth. Cell. Res. 28, 862–864. doi:10.1038/s41422-018-0060-4
 Yang, Y., Ma, S., Ye, Z., Zheng, Y., Zheng, Z., Liu, X., et al. (2022). NEAT1 in bone marrow mesenchymal stem cell-derived extracellular vesicles promotes melanoma by inducing M2 macrophage polarization. Cancer Gene Ther. 29, 1228–1239. doi:10.1038/s41417-021-00392-8
 Zhang, H.-C., Liu, X. B., Huang, S., Bi, X. Y., Wang, H. X., Xie, L. X., et al. (2012). Microvesicles derived from human umbilical cord mesenchymal stem cells stimulated by hypoxia promote angiogenesis both in vitro and in vivo. Stem Cells Dev. 21, 3289–3297. doi:10.1089/scd.2012.0095
 Zhang, P., Lu, B., Zhang, Q., Xu, F., Zhang, R., Wang, C., et al. (2020). LncRNA NEAT1 sponges MiRNA-148a-3p to suppress choroidal neovascularization and M2 macrophage polarization. Mol. Immunol. 127, 212–222. doi:10.1016/j.molimm.2020.08.008
 Zhou, J., Wu, Z., Hu, J., Yang, D., Chen, X., Wang, Q., et al. (2020). High-throughput single-EV liquid biopsy: Rapid, simultaneous, and multiplexed detection of nucleic acids, proteins, and their combinations. Sci. Adv. 6, eabc1204. doi:10.1126/sciadv.abc1204
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Li, Gao, Cao, He, Jiang, Liu, Cai and Zan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fcell-11-1141543-t002.jpg
RNA ID Expressiol Effect EV origin Reference

NEAT1 wp Promoting the polarization of macrophage M2 and thus acclerating | Melanoma EVs Calderaro et al. (2014)
the progression of melanoma

RNAse P and up Activation of telomerase Melanoma EVs Lee J. C et al. (2015b)

RNAse MRP

Gm26809 up Reprogramming fibroblasts into tumor-promoting CAFs, thereby | BI6F0 cells Chen et al. (2014)
promoting melanoma cell proliferation and migration

CXCL1 up Promoting the proliferation of melanoma Melanoma cells, CD11b + bone | Caramel et al. (2013),

marrow cells Grosso et al. (2013)
CxCL2 up Promoting the proliferation of melanoma Melanoma cells, CD11b + bone | Caramel et al. (2013),
marrow cells Grosso et al. (2013)

CxCL8 up Mediates tactile migration and MMP 2 production in melanoma cells, | Macrophages,epithelial cells,and | Grosso et al. (2013),
further promoting extracellular matrix degradation and melanoma | auto circulation Machitani et al. (2020)
‘migration

BCL-XL down Inhibition the apoptosis of melanoma cells melanoma cell Welsh et al. (2020)

STAT-3 Up Induction of anti-apoptotic, angiogenesis, immunosuppression, and | melanoma cell Tian et al. (2018)
metastatic gene expression profiles favors melanoma growth and
survival

HLA-C down Reducing immune surveillance and promoting immune escape of | major histocompatibility Geeurickx et al. (2019)
melanoma complex, MHC

GBP1 down Promoting endothelial cell proliferation melanoma cell Cheng et al. (2021)





OPS/images/fcell-11-1141543-g003.gif
O ..
XD





OPS/images/fcell-11-1141543-t001.jpg
RNA ID

Effect

arget Site

Reference

miR-222 Benefit tumor progression P27Kipl/CDKNI1B, c-KIT,c-FOS Melanoma Hill and Tran (2021)
EVs

let-7g-5p Related to melanoma metastasis MAPK Patient’s David et al. (2016)
plasma

miRNA-34a Inhibition of the proliferation of melanoma cell | p-catenin Patient’s Sarvaiya et al. (2013)
plasma

miR-211 Inhibition of the expression of an IGF2R Melanosome  Mikula-Pietrasik et al.

ERKS pathway-specific phosphatase, DUSP6 (2015)
miR-21 Enhanced the invasive potential of melanoma | PTEN Melanoma Valadi et al. (2007)
cell lines

miR-205, miR-182, miR-200c Inhibition the distant metastasis of melanoma | E2F1, E2F5 Melanoma Zhou et al. (2020)

miR-709, miR-2137 Regulation of the T-cell function PD-L1 Melanoma Meyers et al. (2018)
EVs

miR-494 Inhibition of the tumor growth and metastasis Melanoma Chen G. et al. (2018b)
EVs

miR-106b-5p Activation of the ERK pathway EphA4 Melanoma Poggio et al. (2019)
EVs

miR-146a, miR-155, miR-125b,  Transform the myeloid cells into myeloid- CTLA-4, PD-1 Melanoma Yang et al. (2018)

miR-100, miR-125a, miR-99b derived inhibitory cells EVs

miRNA-1246 promoting the expression of IL-6 STAT3, Akt Melanoma Lennon et al. (2019)
EVs

miR-92b-3p, miR-182-5p, miR-  Promoting the angiogenesis of melanoma FOXOl, CMTM7, VASHI. THBS2. | Melanoma Murillo et al. (2019)

183-5p SOCS3. PIK3R1, TSP-1. CTGF EVs

miR-155, miR210 Benefit tumor progression OXOPHOS Melanoma Wei et al. (2013)
EVs

miR-214-3p, miR-199a-3p, miR-  Promoting the metastasis of melanoma Melanoma 107

155-5p EVs

miR-214, miR-19% Related to the progression of melanoma TWIST- Melanoma 107

EVs






OPS/xhtml/nav.xhtml
Contents

		Cover

		Extracellular RNA in melanoma: Advances, challenges, and opportunities		1Introduction

		2 Biogenesis and structure of extracellular vesicles (EVs)

		3 Diversity of RNA molecules in EVs of melanoma		3.1 MiRNAs in EVs of melanoma and their relative signal pathway of melanoma

		3.2 LncRNAs in EVs of melanoma

		3.3 MRNA in EVs of melanoma





		4 Study on exRNAs and tumor microenvironment in melanoma		4.1 High-throughput nano-bio–chip integrated system for liquid biopsy (HNCIB)

		4.2 The MPApass programme paves the way for standardized reporting of bead-based assays and allows for integrated multiplex, multidimensional analysis of EV repertoires

		4.3 FO-SPR (fiber optic surface plasmon resonance) biosensor





		5 Conclusion and prospects

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Cell and Developmental Biology






OPS/images/fcell-11-1141543-g001.gif
T s
e






OPS/images/fcell-11-1141543-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
, frontiers ‘ Frontiers in Cell and Developmental Biology





