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Abstract

Introduction: Cutaneous melanoma is the deadliest form of skin cancer, with a dramatically
increasing incidence worldwide over the past decades. Early detection has been shown to improve
outcome of melanoma patients. The identification of non-invasive biomarkers able to identify
melanoma at an early stage remains an unmet clinical need. Circulating miRNAs (c-miRNAs),
small non-coding RNAs, appear as potential ideal candidate biomarkers due to their stability in
biological fluids and easy detectability. Moreover, c-miRNAs are reported to be heavily deregulated
in cancer patients.

Areas covered: This review examines evidence of the specific c-miRNAs or panels of c-miRNAs
reported to be useful in discriminating melanoma from benign cutaneous lesions.

Expert opinion: Although the interesting reported by published studies, the non-homogeneity of
detection and normalization methods prevents the individuation of single c-miRNA or panel of c-
miRNAs that are specific for early detection of cutaneous melanoma. In the future, prospective
wide and well-designed clinical trials will be needed to validate diagnostic potential of some of c-

miRNA candidates in clinical practice.
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Article Highlights

* Cutaneous melanoma is a skin cancer with increasing incidence

* To date no diagnostic biomarker has yet been identified

* The search of novel potential biomarkers represents an unmet clinical need

¢ Circulating miRNAs (c-miRNAs) are small non-coding RNAs found in biofluids

¢ C-miRNAs represent promising diagnostic biomarkers due to their features such as stability,
easy sampling, capacity to discriminate between patients with cutaneous melanoma and
healthy subjects

¢ Well-designed clinical trials are required before to transfer knowledge of c-miRNAs in the
clinic routine



1.0 Introduction

Cutaneous melanoma is the most lethal type of skin cancer [1]. Melanoma population is
approximately 10-15/100000 in Europe, 20-30/100000 in North America and 40-50/100000 in
Australia [2]. Cutaneous melanoma is unique in its feature as originating from the skin, it can be
easily accessible, although often neglected and diagnosed in advanced stage when the probability
of local and distant metastases increases. Early detection and surgical removal of melanoma
before its growth develops in the deep skin layers and reaches the lymphatic and blood streams, is
the only procedure with curative intent that can be proposed to melanoma patients [1].

Although new drugs able to prolong survival of patients with metastatic melanoma are now
available, they can provide clinical benefit only in a small proportion of patients [1,3].
International guidelines recommend a screening for early detection in people at risk of developing
a melanoma; however, how to recruit the population at risk remains unclear. In Australia a vast
program of education has been demonstrated to be effective in decreasing melanoma mortality [4].
However, in 2017, mortality from thin melanomas exceeded that from thick melanomas [4],
suggesting that a substantial number of removed lesions during early screening will probably
never metastasize. Since no sensitive or specific diagnostic biomarker has yet been identified [5],
the search of novel potential biomarkers represents an unmet clinical need.

MicroRNAs (miRNAs or miRs) are short non-coding RNAs that regulate a number of biological
processes including carcinogenesis and are strongly deregulated in cancer cells [6,7]. MiRNAs are
localized in the cytoplasm of cells but can also be detected in peripheral blood as circulating
miRNAs (c-miRNAs) [8,9].

C-miRNAs could potentially serve as promising predictive biomarkers due to a number of
properties such as stability, easy sampling, capacity to discriminate between normal and tumor
tissues, different subtypes of a particular cancer, or even specific oncogenic abnormalities [10,11].
Since miRNAs were found to regulate important cellular process, it is conceivable that they can be

useful in predicting cancer diagnosis, as well as prognosis and response to drugs [12,13].

1.1 Circulating miRNAs

C-miRNAs have been identified for the first time in 2008 in blood samples [8,9], and
subsequently in other body fluids including cerebrospinal fluid, breast milk, saliva and others
[9,11,14].

In peripheral circulation, c-miRNAs are packaged and transported in microparticles (microvesicles,
exosomes, apoptotic bodies), or complexed with either RNA-binding proteins (Argonaute, Ago) or

lipoproteins (high-density lipoprotein, HDL). C-miRNAs may be released in a passive way from



apoptotic and necrotic cells or in an active way by cell-secretion of exosomes, microvesicles, Ago
and HDL. These complexes make c-miRNAs stable and protect them from degradation by RNase
[11,15,16]. C-miRNAs are known to be remarkably stable under harsh conditions, such as extreme
pH values, high temperatures, multiple freeze-thaw cycles, prolonged sitting at room temperature,
and long-term storage [8,11].

Several studies reported that c-miRNAs may originate from immune cells, tumor cells, blood cells,
endothelial cells, as well as cells of the tumor microenvironment [9,11,17-19]. The vast majority of
c-miRNAs in blood originate from blood cells and endothelial cells [11,20] and differences between
cancer patients and healthy subjects seem to be due to the release of c-miRNAs by cancer and
immune cells as a consequence of pathophysiological mechanisms and tissue injuries. Systemic
(non-immune) response may also contribute to c-miRNA levels in blood. Theoretically, one may
argue that in non-metastasizing melanomas the low mass of the tumor and its relative detachment
from circulation should prevent it to significantly affect c-miRNA levels in blood directly, thus
systemic and immune response could be the main culprit of any detected changes.

The different c-miRNA expression patterns between physiological and pathological conditions may
discriminate, with significant specificity and sensitivity, cancer patients from healthy subjects
[8,17,21-23]. Although biological functions of c-miRNAs are not completely understood, scientists
speculate that c-miRNAs may play a role in promoting cancer cell growth by controlling multiple
cellular functions as well as immune response. Indeed, c-miRNAs have been identified as
modulators of cellular pathway and mediators of intercellular communication [15,24] and immune
regulation [25].

For these reasons, the study of c-miRNAs as diagnostic tool is very promising, even though a more
comprehensive validation is required [7,8,13,26-30]. The following paragraphs will be focused on
circulating single or panel c-miRNAs that have been shown to be related with diagnosis of
cutaneous melanoma and for each c-miRNA with significance at circulating level, knowledge of its
expression (Table 1) and its oncogenic or tumor suppressor biological role in melanoma, when

already described in literature are reported.

2.0 Circulating miRNAs: comparison between melanoma patients and healthy subjects

Table 2 and figure 1 summarize data from publications showing c-miRNAs that can discriminate
between melanoma patients and healthy subjects. Most studies performed analysis on plasma,
serum or whole blood; however, only two of them evaluated the miRNA levels in exosomes and no
data have been reported about miRNAs content in circulating tumor cells in patients with cutaneous

melanoma, although evidence already exists in other cancers [31-33].



The first study from Leidinger and collaborators [34] described a c-miRNA panel that the authors
considered to be useful for melanoma diagnosis. In particular, signature was composed by the
following 16 up- or down-deregulated c-miRNAs: c-miR-186-5p, c-let-7d-3p, c-miR-18a-3p, c-
miR-145-5p, c-miR-99a-5p, c-miR-664-3p, c-miR-501-5p, c-miR-378a-5p, c-miR-29¢c-5p, c-miR-
1280, c-miR-365a-3p, c-miR-1249, c-miR-328, c-miR-422a, c-miR-30d-5p, and c-miR-17-3p. This
panel was identified by analyzing almost 900 human c-miRNAs in whole blood samples from 11
melanoma patients, as independent validation set, 24 melanoma patients as test set and 20 healthy
individuals [34]. The analysis revealed that the c-miRNA panel was able to discriminate melanoma
patients from healthy controls with high accuracy (97.4%), specificity (95%) and sensitivity
(98.9%). Some c-miRNAs included in the panel, i.e., let-7d-3p, miR-501-5p, miR-18a-3p, miR-
422a, miR-99a-5p, miR-378a-5p, miR-30d-5p, miR-29¢-5p and miR-1249, have not been described
in other studies, while others have been reported for their involvement in melanoma development
and progression. MiR-186-5p was found to be up-expressed in melanoma tissues and cell lines
where it can promote cell proliferation via a decrease in cylindromatosis tumor suppressor (CYLDI)
protein expression [35]. A tumor suppressor role was instead suggested for miR-664-3p and miR-
1280, two miRNAs that may act on proteolipid protein 2 (PLP2) [36] and proto-oncogene SRC
[37], respectively. MiR-328 was less expressed in melanoma cells compared to human epidermal
melanocytes, where its ectopic over-expression inhibited proliferation and induced G1 phase arrest
by targeting transforming growth factor-beta 2 (TGFf2) [38]. Recently, Liu ef al. [39] reported that
miR-145-5p, in melanoma cell lines, could inhibit proliferation, migration and invasion while
increasing apoptosis and such effects occurred through inhibition of the mitogen-activated protein
kinase (MAPK) and phosphatidyl-inositol 3-kinase (PI3K)/protein kinase B (AKT) pathways.
Furthermore, miR-17-3p was shown to be down-expressed in B-RAF-resistant cells compared to B-

RAF sensitive cells [40].

Of the above-mentioned miRNAs, c-miR-145-5p, c-miR-10b-5p, c-miR-195-5p, c-miR-21-5p and
c-miR-155-5p were found to be significantly down regulated in whole blood samples from
melanoma patients in a study from Heneghan and coworkers [41]. Although some previously
contrasting data on c-miR-145-5p have been published [34], its down regulation is in line with its
tumor suppressor role of miR-145-5p demonstrated in human melanoma cells [39]. The expression
levels of miR-10b-5p in primary melanoma tissues were higher in patients developing metastasis
within 5 years than in those metastasis-free [42]. Noteworthy, c-miR-10b-5p was lower in
melanoma patients than healthy subjects [41], suggesting a different diagnostic and prognostic
significance for this specific miRNA.

Decreased circulating levels were unexpected for other miRNAs (c-miR-195-5p, c-miR-21-5p and



c-miR-155-5p) in the panel studied by Heneghan and co-workers [41], since they were described as
oncogenic in previously published studies [43—48]. For example, miR-195-5p has been reported to
be involved in cell proliferation, invasiveness and migration of melanoma cells through the
regulation of the cell cycle checkpoint kinase Weel-like protein kinase (WEE1) [43]. Furthermore,
miR-21-5p in melanoma tissues was associated with invasive depth, tumor mitotic index, lympho-
vascular invasion, and correlated with the AJCC stage of patients [45,46]. Moreover, it was
described to promote proliferation and migration in melanoma cells by targeting metallopeptidase
inhibitor 3 (TIMP3), programmed cell death protein 4 (PDCD4), phosphatase and tensin
homolog (PTEN), BTG, B-cell lymphoma 2 (BCL-2) and p-AKT [47,48]. As regard miR-155-5p ,
it was found to be overexpressed in melanoma tissues compared to benign nevi [48] and correlated
with melanoma patient outcome [49], but its oncogenic role was not clearly demonstrated in
melanoma cells. In fact, it was mostly down regulated in melanoma cell lines compared to
melanocytes and its ectopic overexpression was associated to impaired cellular proliferation, an

effect mediated by v-ski avian sarcoma viral oncogene homolog (SKI) gene targeting [50].

In the study of Kanemaru and collaborators [51], c-miR-221-3p was identified as possible single
diagnostic biomarker for melanoma. They observed a highly significant up-regulation of c-miR-
221-3p in serum from melanoma stage [-IV patients compared to healthy subjects [51]. Since a
significant modulation of c-miR-221-3p was not observed in patients with melanoma stage 0
compared to healthy controls [51], it cannot be a useful biomarkers for early melanoma diagnosis.
A tumorigenic role of both miR-221 and its homologue miR-222 have been proposed in melanoma
since they down-regulate c-Kit receptor and p27Kipl/cyclin dependent kinase inhibitor 1B
(CDKN1B), leading to arrest of differentiation and enhancement of proliferation of melanoma cells,
respectively [51-53]. Nevertheless, miR-221 and miR-222 were found to be also up regulated in

other cancers, suggesting that these miRNAs are not specific for melanoma [54].

Greenberg and collaborators [55] conducted a pilot study on serum samples obtained from stage
IV melanoma patients and healthy controls showing that the absence of c-miR-29¢c-5p and c-miR-
324-3p levels in serum were highly indicative of metastatic melanoma. While decrease levels of c-
miR-29¢c-5p was reported also by Leidinger and collaborators in patients with stage 0 to IV
melanomas [34], no data were previously reported for miR-324-3p in bloodstream and cells of this

disease.

Another source of circulating miRNAs is represented by exosomes [11,15]. Data from a
comparison study demonstrated that c-miR-125b-5p was significantly down regulated in blood

exosomes of melanoma patients compared to healthy subjects, suggesting that this miRNA might



be considered as a potential diagnostic biomarker in melanoma [56]. Interesting to note, the same
authors suggested that exosome-derived miRNAs is most likely released from tumor cells, while
serum miRNAs can also originate from blood cells or endothelial cells [56]. Reduced expression
levels of miR-125b-5p were recently described in formalin-fixed and paraffin-embedded
melanoma tissue samples compared to benign melanocytic nevi [45]. Moreover, miR-125b was
found to be associated with cell senescence [57] and capable of regulating melanoma progression

by targeting the transcription factor c-Jun [58].

It has been reported that c-miR-210 was significantly higher in plasma of melanoma patients than
healthy subjects [59]. Accordingly, miR-210 expression levels in melanoma tissues were higher in
metastatic melanoma tissues than primary tumors [60], confirming the previously demonstrated
oncogenic role of this miRNA in melanoma and other cancer types [61,62], but also suggesting

that this miRNAs is not specific for melanoma diagnosis.

Using matched serum and formalin-fixed tissue samples, Stark and collaborators [18] identified
seven c-miRNAs (i.e., c-miR-16-5p, c-miR-211-5p, c-miR-4487, c-miR-4706, c-miR-4731, c-
miR-509-3p/5p) able to distinguish melanoma patients from healthy subjects with high sensitivity
(93%) and specificity (>82%). miR-16-5p is a member of the miR-15/16 family that showed
strong tumor suppressive abilities [63] and its ectopic over-expression was found to inhibit cell
proliferation in vitro and tumor growth in vivo [64]. Down-regulation of miR-211-5p was
associated with cancer cell survival under hypoxic conditions [65], whereas over-expression
reduced melanoma invasiveness [66] and cell proliferation by targeting interleukin-10 receptor
alpha (IL- 10R) [67]. This miRNA was also found to inhibit epithelial-mesenchymal transition
(EMT) by targeting RAB22A, a member of the Ras-related small GTPase family [68]. miR-4731
regulates multiple genes associated with cell cycle (e.g., cyclin-A2 coding gene, the origin
recognition complex 51, the proliferating cell nuclear antigen) and some members of melanoma
growth promoters belonging to the synovial sarcoma X breakpoint family [69]. miR-4731 was
found to be down-expressed in melanoma cells [69]. miR-509-3p/-5p regulates different
oncogenes related to cellular development, cell-to-cell interactions, and EMT pathways in

melanoma [44].

Another panel of c-miRNAs (c-miR-374a-5p, c-miR-204-5p, c-miR-27a-3p, c-miR-200c-3p and
c-miR-373-5p) able to discriminate between healthy subjects and melanoma patients was
identified [70] analyzing whole blood miRNome. Among them, miR-200c has been extensively
studied and found to have tumor suppressor activity in melanoma cells and its down-regulation

has been involved in melanoma progression and drug resistance [70,71]. As a member of the miR-



200 family, it has a recognized role in different aspects of cancer biology, including EMT, tumor
angiogenesis and chemo-resistance [72]. In particular, it can act by repressing several key
messenger RNAs, such as those coding for the Notch ligand JAGI and for B-catenin [73]. Wang et
al. [44] found that miR-374a-5p is negatively correlated with EMT gene expression in melanoma
cells. The selective BRAF inhibitor, Vemurafenib, up-regulated miR-204-5p in A375 melanoma
cells, with the consequent inhibition of cell motility mediated by targeting the Adaptor Protein
complex] subunit Sigma 2 (AP1S2) [74]. MiR-27a-3p levels were significantly higher in
melanoma cell lines than melanocytes, whereas no difference was found between melanoma

tissues and melanocytic nevi [75].

Ferracin and collaborators [76] analyzed nine c-miRNAs (i.e., c-miR-320a, c-miR-21-5p, c-miR-
378a-3p, c-miR-181a-5p, c-miR-3156-5p, c-miR-2110, c-miR-125a-5p, c-miR-425-5p and c-miR-
766-3p) in plasma and serum samples from healthy subjects and melanoma patients. They found
that c-miR-21-5p was consistently increased in plasma but not in serum samples [76], a result also
confirmed in whole blood [41]. Both a lack of deregulation [76] and a significant increase in miR-
378a-5p levels in melanoma [34] were observed, and contrasting data were also reported on miR-
125a-5p [57]. Plasma-derived c-miR-320a appeared to be significantly up regulated in melanoma
patients compared to healthy subjects. Moreover, c-miR-181a-5p was the only c-miRNA
significantly deregulated in both plasma and serum of melanoma patients compared to healthy
subjects. It has been hypothesized that differences in absolute c-miRNAs levels in serum and

plasma might be due to the permanence of microvesicles and exosomes in plasma [76].

Recently, a combination of two c-miRNAs, i.e., c-miR-1246 and c-miR-185-5p, was significantly
associated with metastatic melanoma with a sensitivity of 90.5% and a specificity of 89.1% [77].
The authors analyzed plasma samples from patients with metastatic melanoma and healthy
subjects and subsequently validated the results in two independent cohorts of stage III-IV patients
and healthy subjects. miR-1246 has been very recently associated with acquired resistance to
BRAF inhibitors in melanoma cells [40], while miR-185-5p has been involved in cellular
proliferation and migration, and may act as an enhancer for apoptosis induced by ionizing

radiation [78].

In a recently study carried out in our laboratory by analyzing plasma levels of five highly
deregulated c-miRNAs in melanoma patients (at different disease stages) and healthy subjects, we
found that c-miR-15b-5p, c-miR-149-3p, and c-miR-150-5p were up-regulated, while c-miR-
193a-3p and c-miR-524-5p were down-regulated [79]. Although each of these markers showed a
significant ability to discriminate melanoma patients from healthy subjects, the significance

improved when a signature of three (i.e., c-miR-149-3p, c-miR-150-5p and c-miR-193a-3p) of
8



these miRNAs was considered with a high sensitivity (94.8%), specificity (83.9%) and accuracy
(91%) [79]. Interesting to note, all three miRNAs in the panel had an oncogenic role in melanoma
cells. For example, miR-149-3p can confer resistance to apoptosis by increasing the expression of
the anti-apoptotic protein Myeloid cell leukemia 1 (Mcl-1), an effect mediated by Glycogen
synthase kinase (GSK)-3 & [78]. Furthermore, miR-150-5p has been suggested as to regulate
melanoma immune response being linked to maturation and activity of lymphocytes [80]. An
immunomodulation activity was also described for miR-193a-3p, that was found to be

significantly down regulated, particularly in B-RAF mutated melanoma tissue samples [81,82].

Recently, Van Laar and colleagues [4] profiled whole-miRNome in plasma samples from healthy
subjects and melanoma patients identified 38 circulating microRNAs (MEL38: c-miR-424-5p, c-
miR548I, c-miR-34a-5p, c-miR-497-5p, c-miR-299-3p, c-miR-205-5p, c-miR-1269a, c-miR624-
3p, c-miR-138-5p, c-miR1-5p, c-miR-152-3p, c-miR-1910-5p, c-miR-181b-5p, c-miR-3928-3p, c-
miR-3131, c-miR-301a-3p, c-miR1973, c-miR520d-3p, c-miR-548a-5p, c-miR-548ad-3p, c-miR-
454-3p, c-miR-4532, c-miR-1537-3p, c-miR-553, c-miR-764, c-miR-1302, c-miR-1258, c-miR-
522-3p, c-miR-1264, c-miR-1306-5p, c-miR-219a-2-3p, c-miR-431-5p, c-miR-450a-5p, c-miR-
2682-5p, c-miR-337-5p, c-miR-27a-3p, c-miR-4787-3p, c-miR-154-5p) with biologically and
statistically significant differences between the two group. As reported by the authors, a majority
of MEL38 genes have been previously associated with melanoma and are known regulators of
angiogenesis and inflammation, cancer cell invasion and metastasis, immune system and treatment
resistance, and tumor suppression or oncogene regulation, with a number of genes having dual
functions [4,40,46,83-94]. MEL38 panel is recently examined in benign naevi, primary and
metastatic melanoma biopsies, showing diagnostic and prognostic values [95] and in plasma of

melanoma patients before and after surgical excision, showing clinical utility [96].

In a recent paper from Tengda and co-workers [97], serous exosomes from melanoma patients and
healthy individuals were used as test study for the evaluation of 5 exosomes miRNAs, previously
found to be aberrantly expressed in tissues or in the peripheral system. Two miRNAs, i.e., c-miR-
532-5p and c-miR-106b were differently expressed between the two groups, a result also confirmed
in a blinded validation study in a wider cohort of patients and healthy volunteers. From the
functional point of view, miR-532-5p can regulate RUNX3 expression and miR-532-5p expression
levels were shown to be significantly higher in human melanoma cells and metastatic melanoma
tissues than in normal melanocytes and primary tumors, respectively [98]. MiR-106b plays a crucial
role in melanoma growth and it has been found overexpressed in various melanoma cell lines as

compared to melanocytes [99].



The last article published was conduced by Solé and collaborators, they identified eleven plasma
derived c-miRNAs (c-miR-134-5p, c-miR-320a-3p, c-miR-21-5p, c-miR-92b-3p, c-miR-98-5p, c-
miR-16-3p, c-let-7b, c-miR-1827, c-miR-1180, c-miR-628 and c-miR-486) expressed in
significantly different way between healthy controls and different disease stages (0 to IV) in
cutaneous melanoma patients. As regard of each miRNAs: miR-134 have a role in proliferation,
apoptosis, invasion, metastasis and drug resistance in a wide range of cancer types, including
melanoma, but its mechanism of action are still not clear [100,101]. MiR-320a acts as inhibitor of
cell proliferation and it is down expressed in melanoma cells compared to healthy skin samples
[102,103]. The levels of c-miR-320a are reported down-expressed compared to control by Solé and
collaborators while upregulated by Ferracin and collaborators [76]. Indeed, the increase of c-miR-
21-5p is also reported by Ferracin [76] and its functional activity is previously reported. C-miR-92b
is elevated also in plasma of patients with uveal melanoma [104]. This miRNA appertains to a
cluster of miRNAs that regulate T cells, including regulatory T cells [105]. MiR-98 is down-
expressed in melanoma tissues and its expression is also negatively associated with melanoma
patient survival. Furthermore, ectopic overexpression of miR-98 inhibits melanoma metastasis in
part through a negative feedback loop with its target gene interleukin-6 (IL-6) [106]. Elevated levels
of let-7b are correlated with the response to radiotherapy of uveal melanoma cells and with the
decrease of proliferation in melanoma cells [107,108].

The expression of miR-486 in patient derived primary melanoma cell lines is significantly
correlated with acral, compared to non-acral, melanomas [109]. Currently, no literature data are

reported for miR-16, miR-1827, miR-1180 and miR-628.

2.1 Circulating miRNAs: comparison between melanoma and other cancer

Further support to the role of c-miRNAs as biomarkers for melanoma diagnosis may derive from
the comparison of data obtained from patients with different cancer types. The levels of a single
miRNA may, in fact, vary across different cancer types and subtypes, revealing tissue specificity
[110]. This is indeed a big issue that is further aggravated by the fact that c-miRNAs as biomarkers
possess only limited tumour/tissue specificity. Furthermore, many c-miRNAs are down-regulated
and this down-regulation is not ideal for blood biomarkers, since there is little knowledge about the
reproducibility of c-miRNA levels in health and disease. Indeed, to detect a measurable change in
biomarker levels are require a strong systemic response as otherwise it could be masked by
molecules normally occurring in the bloodstream. For these reasons the use of panels, as MEL38

[95], is more promising.
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Until now, the specificity of c-miRNAs for melanoma has been poorly investigated. At present,
only four articles (aforementioned for their comparison between melanoma patients and healthy
subjects) studied a comparison among different cancer types (Table 3) [41,55,76].

Heneghan and co-workers [41] analyzed blood collected from cancer patients before surgery (i.e.,
breast, melanoma, prostate, colon and renal cancer) and healthy subjects. Although they did not find
c-miRNAs able to discriminate melanoma from other cancers, findings of that study suggested that
c-miR-195-5p could be capable of selecting breast cancer patients from other cancer types or
controls.

In 2013, Greenberg and co-workers [55] analyzed sera samples obtained from patients with
melanoma stage IV, colon cancer (n=20) and renal cancer (n=23). Although they identified loss of
c-miR-29¢-5p in sera from metastatic melanoma patients compared to renal and colon cancer
patients as a possible discriminating profile, their results derived from small cohorts of metastatic
patients and should be confirmed in prospective clinical trials.

Ferracin and colleagues [76] analyzed plasma and serum samples from patients with melanoma
(n=8), breast (n=18), lung (n=18), colorectal (n=18) and thyroid (n=27) cancers. Plasma-derived c-
miR-320a was suggested to be melanoma-specific; however, no further independent validation in
larger cohorts was carried out [76].

In 2018, Van Laar and collegues [4] compared MEL38 with data generated by Keller et al [111], on
others eight malignancies (colon, lung, ovarian, prostate, breast, renal, stomach, and Wilms tumor;
N 1/4 393, GEO ID GSE61741). They observed that fifteen of c-miRNAs in MEL38 panel could be
considered as melanoma-specifics, as compared to others cancer types.

3.0 Conclusion

In conclusion, the examination of literature evidence the possibility of using c-miRNAs in
discriminating patients with melanoma from benign cutaneous lesions. An exciting time in the
research area of c-miRNA is started and the use of nucleic acids as diagnostic biomarkers in clinical
practice is not far away. However, some unmet needs, as a common normalization strategy, must be

reached before to transfer knowledge of c-miRNAs in the clinic routine.

4.0 Expert Opinion

c-miRNAs might have the potential to become biomarkers to be used for the early diagnosis of
melanoma. However, even though several line of evidence have been provided on this topic, most
of them come from small, low-powered studies that used different biological samples (e.g., whole

blood, serum, plasma or exosomes) and analytical protocols, making data interpretation difficult.
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With regards for this, it is noteworthy that the use of different analytical standards (i.e., miRNAs) or
normalization procedures may account for the contradictory results reported in the literature.

These discrepancies need to be thus clarified before designing reliable validation studies. In this
preliminary phase, the robustness and reproducibility of measurements of the most promising
candidates should be determined and the analytical variables affecting miRNA detection reduced.
Larger clinical trials are also required to reduce the amount of false positive while increasing the
diagnostic power of the miRNA signature.

Furthermore, it should be noted that the majority of published works were carried out on plasma- or
serum-derived miRNAs, while only two was focused on exosomes-derived miRNAs (Table 1).
Exosomes are key regulators in cell-to-cell communication in normal as well as in pathological
conditions [112] and represents attractive biomarkers both themselves and with their content of
miRNAs [113].

Nowadays, there are numerous methods for isolation of exosomes, besides differential
ultracentrifugation, ultrafiltration, precipitation, immunoaffinity and microfluidics-based techniques
[114] are available and could contribute to expander the studies of exosomes-derived miRNAs in
patients with melanoma.

This is most probably due to difficulties in separating exosomes from plasma or serum samples.
With regards for this, some different methods have been developed to overcome the
ultracentrifugation step during exosomes isolation; however, analysis of circulating miRNAs from
plasma or serum, may present the advantage of a direct extraction thus simplifying protocols while
reducing analytical variables.

The performance of different detection platforms aimed at optimizing methods for miRNA
extraction and quantification need also to be tested [115]. For example, exogenous normalizations is
an interesting approaches proposed by Vigneron and co-workers [116]. In particular, the use of the
geometrical mean obtained from three exogenous cell-derived miRNAs added at the beginning of
the extraction step was found to reduce inter-assay variability, as compared to strategies based on
using endogenous components (e.g., c-miR-16-5p) [117-119] or total RNA [120]. Another
approach is represented by ratio-based normalization [121].

Among different methods used to analyze expression of c-miRNAs, the Digital Droplet PCR
(ddPCR) may provide some advantages. In particular, this technique is specific and sensitive and
does not require a standard curve or endogenous controls.

Another interesting point that is necessary to better understand to translate c-miRNAs in clinical
practice is represented by the lack of understanding of the factors affecting circulating miRNA

levels.
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Nonetheless, many efforts still need to be done to standardize the experimental approach before
using new c-miRNAs signatures as diagnostic biomarkers in melanoma patients. A
multidisciplinary approach to this topic might help creating international cooperation among

different research groups aimed at accelerating the bench-to-bedside transition.
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Evaluated in experimental models

Circulating miRNAs [Ref] and tissues of melanoma

c-miR-186-5p [34] evaluated [35]

c-let-7d-3p [34] nr

c-miR-18a-3p [34] nr

c-miR-145-5p [34, 41] evaluated 39]

c-miR-99a-5p [34] nr

c-miR-664-3p [34] evaluated [36]

c-miR-501-5p [34] nr

c-miR-378a-5p [34] nr

c-miR-29¢-5p [34, 55] nr

c-miR-1280 [34] evaluated [37]

c-miR-365a-3p [34] nr

c-miR-1249 [34] nr

c-miR-328 [34] evaluated [38]

c-miR-422a [34] nr

c-miR-30d-5p [34] nr

c-miR-17-3p [34] evaluated [40]
[41] evaluated [42]
[41] evaluated [48, 49, 50]
[41] evaluated [43]

[41,76,91] evaluated [45, 46,47, 48]

c-miR-221-3p [51] evaluated [51, 52, 53]

c-miR-324-3p [55] nr

c-miR-125b-5p [56] evaluated [45, 56,57]

c-miR-210 [59] evaluated [60, 61, 62]

c-miR-16-5p [18] evaluated [18, 63, 64]

c-miR-211-5p [18] evaluated [18, 65, 66, 67]

c-miR-4487 [18] evaluated [18]

c-miR-4706 [18] evaluated [18]

c-miR-4731 [18] evaluated [18, 69]

c-miR-509-3p [18] evaluated [18, 44]

c-miR-509-5p [18] evaluated [18, 44]

c-miR-374a-5p [70] evaluated [44]

c-miR-204-5p [70] evaluated [74]

c-miR-27a-3p [70] evaluated [75]

c-miR-200c-3p [70] evaluated [70, 71, 72]

c-miR-373-5p [70] nr

c-miR-320a [76] nr

cf-181a-5p [76] nr

c-miR-1246 [77] evaluated [40]

c-miR-185-5p [77] evaluated [74]

c-miR-15b-5p [79] nr

c-miR-149-3p [79] evaluated [78]

c-miR-150-5p [79] evaluated [80]

c-miR-193a-3p [79] evaluated [81]

c-miR-524-5p [79] nr

c-miR-424-5p [4] evaluated [46]

c-miR-548 [4] nr

c-miR-34a-5p [4] evaluated [83]

c-miR-497-5p [4] evaluated [84]

c-miR-299-3p [4] nr

c-miR-205-5p [4] evaluated [46]

c-miR-1269a [4] nr

c-miR-624-3p [4] evaluated [85, 86]

c-miR-138-5p [4] evaluated [87]

c-miR-1-5p [4] evaluated [88]

c-miR-152-3p [4] evaluated [89]
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c-miR-1910-5p [4] nr

c-miR-181b-5p [4] evaluated [85]
c-miR-3928-3p [4] evaluated [90]
c-miR-3131 [4] nr

c-miR-301a-3p [4] evaluated [85]
c-miR-1973 [4] evaluated [91]
c-miR-520d-3p [4] evaluated [85]
c-miR-548a-5p [4] evaluated [92]
c-miR-548a-3p [4] nr

c-miR-454-3p [4] evaluated [85]
c-miR-4532 [4] evaluated [40]
c-miR-1537-3p [4] evaluated [94]
c-miR-553 [4] nr

c-miR-764 [4] nr

c-miR-1302 [4] nr

c-miR-1258 [4] nr

c-miR-522-3p [4] nr

c-miR-1264 [4] nr

c-miR-1306-5p [4] nr

c-miR-219a-2-3p [4] nr

c-miR-431-5p [4] nr

c-miR-450a-5p [4] nr

c-miR-2682-5p [4] nr

c-miR-337-5p [4] nr

c-miR-27a-3p [4] nr

c-miR-4787-3p [4] nr

c-miR-154-5p [4] nr

c-miR-532-5p [97] evaluated [98]
c-miR-106b [97] evaluated [99]
c-miR-134-5p [103] evaluated [100, 101]
c-miR-320a-3p [103] evaluated [102, 103]
c-miR-92b-3p [103] nr

c-miR-98-5p [103] evaluated [106]
c-miR-16-3p [103] nr

c-let-7b [103] evaluated [107, 108]
c-miR-1827 [103] nr

c-miR-1180 [103] nr

c-miR-628 [103] nr

c-miR-486 [103] evaluated [110]

nr : not reported

Table 1. Expression of circulating miRNAs proposed as diagnostic biomarkers in experimental
models and in tissues of melanoma.




C-miRNAs

c-miR-186-5p
c-let-7d-3p

c-miR-18a-3p
c-miR-145-5p
c-miR-99a-5p
c-miR-664-3p
c-miR-501-5p

c-miR-378a-5p

c-miR-29¢-5p
c-miR-1280

c-miR-365a-3p

c-miR-1249
c-miR-328
c-miR-422a
c-miR-30d-5p
c-miR-17-3p
c-miR-10b-5p
c-miR-145-5p
c-miR-155-5p
¢c-miR-195-5p
c-miR-21-5

c-miR-221-3p

c-miR-29¢-5p
c-miR-324-3p

c-miR-125b-5p

c-miR-210

c-miR-16-5p
c-miR-211-5p

Source

Whole blood

Whole blood

Serum

Serum

Serum

€xosomes

Plasma

Serum

Techniqu  Normalization

(S

qRT-PCR  RNU48

qRT-PCR  miR-16
qRT-PCR  Cel-miR-54
gRT-PCR  NormFinder,
Genorm
qRT-PCR  Cel-miR-54
RT-qPCR- dCq = mean Cq
DP d values (1 ng of
RNA from M14)
— mean Cq
values (each
sample)
qRT-PCR  Cel-miR-39

Melanoma patients

11 (independent

validation set)
5 stage I

3 stage I

1 stage III

2 stage [V

24 (test set)
3 stage 0
15 stage I
4 stage 11

1 stage III
1 stage IV

10

3 stage [
5 stage II
1 stage III
1 stage IV

90

8 stage 0

20 stage 1

20 stage 2

17 stage 3

12 stage IV

13 not determined

28
28 stage [V

21
15 stage IV
67?

46 (pilot study)
20 stage 111
26 stage [V

218 (verification study)
cohort A:

60 stage I1I

70 stage IV

cohort B:

88 stage III

255
86 stage I-11

Healthy
subjects

20 34
63 41
? 51
20 55
19 56
6 59
35

130 18
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c-miR-4487
c-miR-4706
c-miR-4731
c-miR-509-3p
c-miR-509-5p

c-miR-374a-5p
c-miR-204-5p
c-miR-27a-3p
¢-miR-200c-3p
c-miR-373-5p

c-miR-21-5p
c-miR-320a
cf-181a-5p

c-miR-1246
c-miR-185-5p

c-miR-15b-5p
c-miR-149-3p
c¢-miR-150-5p
c-miR-193a-3p
c-miR-524-5p

c-miR-424-5p
c-miR-5481
c-miR-34a-5p
c-miR-497-5p
c-miR-299-3p
c-miR-205-5p
c-miR-1269a
c-miR-624-3p
c-miR-138-5p
c-miR-1-5p
c-miR-152-3p
c-miR-1910-5p
c-miR-181b-5p
c-miR-3928-3p
c-miR-3131
c-miR-301a-3p
c-miR-1973
¢-miR-520d-3p
c-miR-548a-5p
c-miR-548a-3p
c-miR-454-3p

Serum

Plasma
Plasma
Plasma/serum

Plasma

Plasma

Plasma

qRT-PCR

ddPCR

Microarra

y
qRT-PCR

qRT-PCR

Whole-
microRN
Aome
profiling

5 most stable
miRNAs by
RefFinder

Cel-miR-39-3p

miSPIKE
solution

Global mean
Normalizatio,
NormFinder

Spike-In Control

50 stage 111
119 stage IV

52

4 stage 0
11 stage I
17 stage 11
11 stage II1
9 stage [V

8

14 (screening)
3 stage III

11 stage IV

29 (training)

9 stage III

20 stage [V

31 (validation)
3 stage 11

28 stage [V

30
14 stage I-11
16 stage III-IV

32

4 stage |
18 stage II
4 stage III
4 stage IV

30

18

16

43
32

16

70

76

77

79
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c-miR-4532
c-miR-1537-3p
c-miR-553,
c-miR-764
c-miR-1302
c-miR-1258
c-miR-522-3p
c-miR-1264
¢-miR-1306-5p
c-miR-219a-2-3p
c-miR-431-5p
c-miR-450a-5p
c-miR-2682-5p

c-miR-337-5p
c-miR-27a-3p
¢-miR-4787-3p
c-miR-154-5p
c-miR-532-5p Serum RT-PCR RNU6 30 (screening) 30 95
c¢-miR-106b exosomes 95 (training) (screening
25 (blinded tests) )
95
29 stage I (training)
30 stage 11 25
46 stage 111 (blinded
45 stage IV tests)
c-miR-134-5p Plasma RT-PCR NormFinder 96 28 103
c-miR-320a-3p c-miR-24 29 stage 0
c-miR-21-5p c-miR-191 17 stage I
c-miR-92b-3p (= 16 stage 11
stage 0) 27 stage 111
c-miR-98-5p 7 stage IV
(down: stage I1)
c¢-miR-16-3p
c-let-7b
(down: stage /11
and III)
c-miR-1827
c-miR-1180
(up: stage 0)
c-miR-628
(down: stage /11
and IV)
c-miR-486

(up: stage 0)

Bold: up-regulated compared to healthy subjects; Not-bold: down-regulated compared to healthy subjects; qRT-
PCR = quantitative RT-PCR; NGS = Next Generation Sequencing; ddPCR = droplet digital PCR; qRT-PCR-DP =
quantitative RT-PCR directly plasma

Table 2. Circulating miRNAs proposed as diagnostic biomarkers in cutaneous melanoma.
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C-miRNAs Source Cancer Types

Melanoma | Colon | Renal | Breast Lung Thyroid Ovarian | Prostate | Stomach Wilms tumor | References
c-miR-29¢-5p Serum - + + nr nr nr nr nr nr nr [55]
c-miR-320a Plasma + - nr - - nr nr nr nr nr [76]
15 c-miRNA of MEL38 Plasma de de de de de de de de de [4]

nr : not reported; de: differentially expressed; +: increase; -: decrease.

Table 3. Circulating miRNAs differentially expressed between melanoma and other cancer.
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Melanoma patients vs healthy subjects

Figure 1. Circulating miRNAs up and down-regulated in melanoma patients compared to healthy
subjects. In bold, c-miRNAs with diagnostic potential as single biomarkers (?: deregulation not
specified).
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Legend

Table 1. Expression of circulating miRNAs proposed as diagnostic biomarkers in experimental
models and in tissues of melanoma.

Table 2. Circulating miRNAs proposed as diagnostic biomarkers in cutaneous melanoma.
Table 3. Circulating miRNAs differentially expressed between melanoma and other cancer.
Figure 1. Circulating miRNAs up and down-regulated in melanoma patients compared to healthy

subjects. In bold, c-miRNAs with diagnostic potential as single biomarkers (?: deregulation not
specified).
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