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Simple Summary: Cutaneous melanoma is one of the most lethal tumors among skin cancers
and its incidence is rising worldwide. Recent data support the role of microRNAs (miRNAs) in
melanoma carcinogenesis and their potential use as disease biomarkers. The aim of this study was
to evaluate if miR-21-5p and miR-146a-5p expression is associated with melanoma histopathologic
features including Breslow thickness, histological subtype, ulceration and regression status, and
mitotic index. Our results showed that the combination of miRNAs and prognostic features can
better differentiate cutaneous melanoma prognostic groups, considering overall survival and time-
to-relapse. Our findings support the advantage of using molecular and diagnostic features in
melanoma prognostication.

Abstract: Background: Cutaneous melanoma (CM) is one of the most lethal tumors among skin
cancers and its incidence is rising worldwide. Recent data support the role of microRNAs (miRNAs)
in melanoma carcinogenesis and their potential use as disease biomarkers. Methods: We quantified
the expression of miR-146a-5p and miR-21-5p in 170 formalin-fixed paraffin embedded (FFPE)
samples of CM, namely 116 superficial spreading melanoma (SSM), 26 nodular melanoma (NM), and
28 lentigo maligna melanoma (LMM). We correlated miRNA expression with specific histopathologic
features including Breslow thickness (BT), histological subtype, ulceration and regression status,
and mitotic index. Results: miR-146a-5p and miR-21-5p were significantly higher in NM compared
to SSM and LMM. The positive correlation between miR-146a-5p and miR-21-5p expression and
BT was confirmed for both miRNAs in SSM. Considering the ulceration status, we assessed that
individual miR-21-5p expression was significantly higher in ulcerated CMs. The increased combined
expression of the two miRNAs was strongly associated with ulceration (p = 0.0093) and higher mitotic
rate (≥1/mm2) (p = 0.0005). We demonstrated that the combination of two-miRNA expression and
prognostic features (BT and ulceration) can better differentiate cutaneous melanoma prognostic
groups, considering overall survival and time-to-relapse clinical outcomes. Specifically, miRNA
expression can further stratify prognostic groups among patients with BT ≥ 0.8 mm but without
ulceration. Our findings provide further insights into the characterization of CM with specific
prognostic features. The graphical abstract was created with BioRender.com.
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1. Introduction

The incidence of cutaneous melanoma (CM) has risen in the past decades, accounting
for up to 5% of all skin tumors, and up to 65% of skin-cancer associated deaths [1,2]. The
pathogenesis of CM is complex. Recognized risk factors include patient-related parameters
such as fair phototypes and multiple dysplastic nevi, and genetic factors such as a positive
family/personal history of melanoma [3]. A family history of CM poses the highest risk for
the development of melanoma [4,5] and germline mutations in some high-penetrance CM
susceptibility genes have been described, namely in CDKN2A, CDK4, MITF, TERT, BAP1,
and POT1 [6,7]. CDKN2A mutations are the most frequent in melanoma-prone families
(20–40%) and affect the regulation of cell cycle by inhibition of CDK4 [8–11]. Also, CDK4
can be found mutated in about 1.5% of melanoma-prone families [9,12–14]. MITF is a main
regulator of differentiation, proliferation, and survival of melanocytes [9,14–18]. BAP1
mutations impair DNA damage repair [9,12,14,19,20], while mutated TERT [9,14,21] and
POT1 [9,12,14,22] contribute to telomere elongation and maintenance, respectively. Envi-
ronmental factors such as UV exposure play an important role in melanoma onset [6,23,24].
In fact, CM onset is closely linked to cumulative sun damage (CSD) produced by chronic or
intermittent exposure to UV, and CMs have been classified in several categories according
to this characteristic (high CSD and low CSD) in the WHO 2018 classification [25,26]. This
classification includes also the melanoma subtypes described in the traditional clinicopatho-
logical classification scheme for melanoma, which are based on the pioneering work of
Wallace Clark, Vincent McGovern, Martin Mihm, Richard Reed, and others in the late 1960s
and 1970s [27–30]. Specifically, according to the clinical and histopathological features,
invasive cutaneous melanoma has been classified into three major histological subtypes:
superficial spreading melanoma (SSM), nodular melanoma (NM), and lentigo maligna
melanoma (LMM) [30,31]. In the latest WHO classification, among melanoma arising on
sun exposed skin, SSM are classified as low-CSD melanomas, while LMM fall into the
group of high-CSD melanomas. The other remaining common subtype of CM, namely NM,
can show characteristics to both the low- and the high-CSD types [32].

SSM accounts for 41% of CM cases and appears as a pigmented macule > 6 mm with
irregular borders. SSM frequently localizes in sites prone to intense, sporadic sun-exposure,
such as the trunk and extremities [31,33]. SSM is characterized by mutations in BRAF,
NRAS, and less frequent in MAP2K1, CTNNB1, PRKCA APC, BAP1, and PRKAR1A genes in
initial stages; in TERT, CDKN2A, TP53, and PTEN during malignant transformation, while
during the metastatic phase can be found duplications of entire genome, copy number
variations (CNVs), and aneuploidy [25,32,34,35]. NM accounts for 16% of CMs and is often
symmetric, elevated, small in diameter, and has a single color. NM mostly localizes on the
head and neck and is commonly observed in men older than 50 years. Compared to the
other subtypes, NM possesses an increased growth rate, a more aggressive behavior, and an
increased number of mitoses [31,36]. The genetic profile of NM exhibits similar frequencies
of BRAF mutations to SSM; however, it has been revealed to present significantly higher
frequencies of NRAS mutations [25,32,35,37]. LMM ranges from 5 to 15% of CM and consists
of an irregular brown macule on chronically sun-damaged skin, such as the head and neck.
LMM grows slowly over years [38]. LMM is characterized by inactivating mutations in
NF1, copy number increases of CCND1, activating mutations of KIT, inactivating mutations
of TP53 and ARID2, and TERT promoter mutations [25,32,35,39,40].

Specific features have been previously reported as associated with a worse CM prog-
nosis. The current staging system for CM (American Joint Committee on Cancer—AJCC,
8th edition, 2017) [1,31,41] proposed important markers of worse prognosis, including
factors required for prognostic stage grouping, such as Breslow thickness (BT ≥ 0.8 mm)
and ulceration, and factors recommended for clinical care, namely number of mitosis/mm2,
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Clark’s level, tumor infiltrating lymphocytes (TILs), lymphovascular invasion, and neu-
rotropism [1,31,41]. Other important clinical and histopathologic parameters associated
with worse prognosis are melanoma histological subtype, namely NM, and positive sentinel
lymph node [42–45].

In the last twenty years, a great effort has been dedicated to the study of non-coding
RNAs, especially microRNAs (miRNAs) in human cancers, including melanoma [46,47]. miR-
NAs dysregulation is involved in CM onset, growth, and metastatic spreading [46,48–55].
MiRNAs regulate multiple and specific target genes, determining an oncogenic or tumor-
suppressive function. Oncogenic miRNAs (oncomiRs) target and downregulate tumor sup-
pressor genes, while specific miRNAs play a protective role downregulating genes related
to the neoplastic process: the altered balance of these two categories plays a pivotal role in
the neoplastic process [56–58]. MRNAs are released inside extracellular vesicles [59–61].
MiRNA expression can be easily measured in archived formalin-fixed paraffin embedded
(FFPE) tissues [62] and the miRNA global expression profile faithfully classifies normal
and pathological cells and tissue [63,64].

Our group previously reported that miR-21-5p and miR-146a-5p expression signif-
icantly correlate with BT in SSM and their measurement could represent an objective
molecular assay to support standard BT evaluation [65]. MiR-146a-5p and miR-21-5p
promote transformation, proliferation, and invasion in melanoma [46,66,67]. In this study,
we quantified the individual and combined expression of miR-146a-5p and miR-21-5p in
an extended group of CM specimens analyzing their correlation with clinically relevant
histologic features, including CM subtype, ulceration, regression, and mitotic index in
order to evaluate their association and potential impact on patient overall survival (OS)
and time-to-relapse (TTR).

2. Materials and Methods
2.1. Patients and Clinical Sample

Archive formalin-fixed paraffin embedded (FFPE) slices of 170 samples from patients
with cutaneous melanoma were provided by Dermatopathology unit of Bologna University
Hospital. Only samples with confirmed diagnosis of primary cutaneous melanoma were
included in this study. Histopathological parameters (Breslow thickness, mitosis, ulceration,
and regression) were evaluated using the American Joint Committee on Cancer—AJCC,
8th edition [1,2,68]. A total of 3 benign nevi (BN) were used as controls.

Acral lentiginous melanoma, melanoma in situ, and melanoma on nevus were excluded.
Samples (n = 117) previously analyzed in Dika et al. are also included [65].
All subjects gave their voluntary and informed consent for use of clinical–pathological

data and samples, and data privacy. The study was conducted in accordance with the
Declaration of Helsinki, and the protocol was approved by the Ethics Committee CE-AVEC
(417/2018/Sper/AOUBo).

Tissue sample examination was performed by expert dermatopathologists who selected
only the area with morphological defined cancer cells from a 3 µm stained hematoxylin–eosin
(HE) slide.

2.2. RNA Extraction

For each patient 5 to 6 FFPE, 10 µm thick tissue sections were provided. Accord-
ing to the manufacturer’s instructions, RNA was extracted from selected CM cells area
using miRNeasy FFPE kit (Qiagen, catalog number 217504). Deparaffinization was per-
formed with xylene followed by an ethanol wash. An RNA quality check was measured
by NanoGenius Spectrophotometer. Contamination of protein (260\280 ratio) was also
checked. RNA was stored at −80 ◦C.

2.3. miRNA Expression Analysis

After total RNA extraction, 10ng RNA was converted to cDNA using miRCURY LNA
RT kit (Qiagen, catalog number 339340) following the company’s guidelines. Real-time
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quantitative PCR (RT-qPCR) was performed using 4 µL of cDNA for each sample, 5 µL
of miRCURY LNA SYBER Green PCR mix (Qiagen, catalog number 339346), and 1 µL of
primer mix, namely primers for has-miR-146a-5p (Qiagen, catalog number YP00204688),
fhashsa-miR-21-5p (Qiagen, catalog number YP00204230), and for SNORD44 (Qiagen,
catalog number YP00203902). Each assay was tested in triplicate under the following
thermal cycling conditions: 95 ◦C for 10 min, 40 cycles of 95 ◦C for 10 s, 60 ◦C for 1 min. Raw
Cq values were obtained from BioRad CFX Maestro 2.2 software (version 5.2.008.0222). The
calculation of relative expression was performed using 2−∆Ct method [69] and SNORD44,
a small nucleolar RNA, was used as a reference gene. Combined miRNA expression was
calculated as miR-21-5p and miR-146a-5p normalized average expression.

2.4. Statistical Analysis

Clinical-histopathological features were summarized in a descriptive analysis consid-
ering the information provided by dermatologists for each patient. The association between
miRNA expression and BT was investigated with Pearson’s correlation (r) and linear re-
gression analysis. For all categorical variables, differences across the groups were analyzed
using a Mann–Whitney test or unpaired t-test according to D′Agostino–Pearson Test and
Shapiro–Wilk Test for normality. A two-sided p-value < 0.05 was considered significant.

Overall survival was defined as the time elapsed between diagnosis and the death for
any cause or the last available follow-up. Time-to-relapse was defined as the time elapsed
between diagnosis and relapse. The survival curves were estimated by the Kaplan–Meier
method, and the log-rank test was performed to test differences between the survival curves.
Statistical analysis was performed using GraphPad Prism 8 (GraphPad Prism Software).

3. Results

We performed a molecular investigation to confirm the prognostic role of miR-146a-5p
and miR-21-5p individual and combined expression in cutaneous melanoma. Combined
miRNA expression was calculated as miR-21-5p and miR-146a-5p normalized average
expression. For this purpose, 170 CM FFPE samples were collected, and their histological
and clinical characteristics are summarized in Table 1. We tested the association of individ-
ual and combined miRNA expression of miR-146a-5p and miR-21-5p in all 170 CMs with
melanoma histopathological features that are relevant in melanoma prognosis, including
subtype, Breslow thickness, ulceration, mitotic rate, and regression.

Table 1. Clinical and tumor features of patients with cutaneous SSM, LMM, and NM.

SSM LMM NM All Samples

Total (n◦) 116 28 26 170
of which from Dika et al. [39] 1 90 2 25 117

Gender (n◦)
Male 64 13 20 97

Female 52 15 6 73

Age
<50 years 24 2 8 34
≥50 years 92 26 18 136

Breslow Thickness (n◦)
<0.8 mm 65 23 1 89
≥0.8 mm 51 5 25 81
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Table 1. Cont.

SSM LMM NM All Samples

Ulceration (n◦)
Presence 14 0 9 23
Absence 102 26 15 143

Not available 2 2 4

Mitosis (n◦)
<1/mm2 81 20 7 108
≥1/mm2 34 5 17 56

Not available 1 3 2 6

Regression (n◦)
Presence 54 7 4 65
Absence 61 18 21 100

Not available 1 3 1 5
1 Samples from patients already analyzed in Dika et al. [39]. Abbreviations: SSM, superficially spreading
melanoma; LMM, lentigo maligna melanoma; NM, nodular melanoma.

3.1. miR-146a-5p and miR-21-5p Are More Expressed in NM Subtype

The 170 CMs were classified based on their histological subtype as SSMs (N = 116),
NMs (N = 26), and LMMs (N = 28). We quantified and compared the expression of miR-
146a-5p and miR-21-5p in the three different subtypes. miR-146a-5p and miR-21-5p were
significantly higher in NM compared to SSM and LMM. The expression was also tested in
three benign nevi (BN) as a reference for miRNA expression. The expression of the miRNAs
was lower in BN compared to melanomas. Also, evaluating the combined expression, NM
presented a higher expression compared to SSM (p = 0.0012) and LMM (p = 0.0018). No
statistically significant differences in miRNA expression were found between SSM and
LLM subtypes (p = 0.3163) (Figure 1).
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compared to SSM and LMM.

3.2. miR-146a-5p and miR-21-5p Expression Correlates with Breslow Thickness Only in SSM 
Histological Subtype 

We analyzed and confirmed that miR-146a-5p and miR-21-5p expression correlates 
with BT in melanoma, independently from the subtype (Figure 2). When we tested the 
correlation between miRNA expression and BT in the three histological subtypes, we 
observed that miRNA expression correlated with BT only in the SSM histological subtype 
(Figure 2). In both NM and LMM, the correlation was not significant (Supplementary 
Figure S1).  

Figure 1. Association of the combined and individual miR-21-5p and miR-146a-5p expression with
melanoma histotypes. Figures show the scatter plot distribution of combined miRNA expression
(A) and individual miR-21-5p (B) and miR-146a-5p (C) in all cutaneous melanomas (CM) and in the
three main histological subtypes, namely superficial spreading melanoma (SSM), nodular melanoma
(NM), and lentigo maligna melanoma (LMM). miRNA expression was also tested in three benign
nevi (BN) as a reference. Combined and individual miRNA expression is higher in NM compared to
SSM and LMM.

3.2. miR-146a-5p and miR-21-5p Expression Correlates with Breslow Thickness Only in SSM
Histological Subtype

We analyzed and confirmed that miR-146a-5p and miR-21-5p expression correlates
with BT in melanoma, independently from the subtype (Figure 2). When we tested the
correlation between miRNA expression and BT in the three histological subtypes, we
observed that miRNA expression correlated with BT only in the SSM histological subtype
(Figure 2). In both NM and LMM, the correlation was not significant (Supplementary
Figure S1).
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Figure 2. Correlation of combined and individual miRNA expression with Breslow thickness (BT)
in all melanomas (CM) and superficial spreading melanoma (SSM) subtype. Figures show the
correlation plot of the combined and individual miRNA values and BT values from the same tumor.
A significant positive correlation in all CMs (A) and SSM subtype (B) is reported (Pearson r). Simple
linear regression line is shown in the graphs.

Since a BT ≥ 0.8 mm is associated with a worse prognosis, we investigated the
association of miRNA expression and BT ≥< 0.8 mm in all CMs and CM subtypes. The
results confirmed that there was a significant difference in miRNA expression in all CMs
(p < 0.0001) and in the SSM subtype (p < 0.0001) in the two prognostic groups (Figure 3 and
Supplementary Figure S2A).
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Figure 3. Association of combined and individual miR-21-5p and miR-146a-5p expression with
Breslow thickness (BT). Figures show the scatter plot distribution of the combined miRNA expression
(A) and individual miR-21-5p (B) and miR-146a-5p (C) in all cutaneous melanomas (CMs) grouped
based on BT: CMs with BT < 0.8 mm and CMs with BT ≥ 0.8 mm. Combined and individual miRNA
expression was significantly higher in CMs with BT ≥ 0.8 mm compared to CMs with BT < 0.8 mm.

3.3. miR-146a-5p and miR-21-5p Expression Is Associated with Ulceration in Melanoma

Considering the ulceration status, we observed that miR-21-5p expression was signifi-
cantly higher in ulcerated (n = 23) compared to non-ulcerated (n = 143) CMs (p = 0.0031).
The combined expression was also higher in ulcerated samples (p = 0.0093). Instead, the
increased expression of miR-146a-5p in ulcerated melanomas was borderline significant
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(p = 0.0513) (Figure 4). No significant difference was observed across the CM subtypes
(Supplementary Figure S2B).

Cancers 2024, 16, 1688 7 of 17 
 

 

Instead, the increased expression of miR-146a-5p in ulcerated melanomas was borderline 
significant (p = 0.0513) (Figure 4). No significant difference was observed across the CM 
subtypes (Supplementary Figure S2B). 

 
Figure 4. Association of combined and individual miR-21-5p and miR-146a-5p expression with 
ulceration status. Figures show the scatter plot distribution of the combined miRNA expression (A) 
and individual miR-21-5p (B) and miR-146a-5p (C) in all cutaneous melanomas (CMs) grouped 
based on ulceration status: CMs without ulceration and CMs with ulceration. Combined and 
individual miR-21-5p expression was significantly higher in ulcerated CMs. 

3.4. miR-146a-5p and miR-21-5p Expression Is Associated to Melanoma Mitotic Index in SSM 
Subtype 

We tested the individual and combined miRNA expression in CM with available 
mitotic rate value (n = 161). Specifically, 108 CMs had a mitotic index <1/mm2 and 56 CMs 
have ≥1 mitosis/mm2. A significantly higher miRNA expression was observed in CM with 
higher mitotic rate (≥1/mm2) (p = 0.005 for combined and miR-21-5p expression, p = 0.0325 
for miR-146a-5p expression) (Figure 5). This analysis was also performed in the different 
subtypes (81 SSM with <1 mitosis/mm2 vs. 34 SSM ≥ 1 mitosis/mm2, 7 NM with <1 
mitosis/mm2 vs. 17 NM ≥ 1 mitosis/mm2 and 20 LMM with <1 mitosis/mm2 vs. 5 LMM ≥ 1 
mitosis/mm2). Data showed that miRNA expression was significantly higher in SSM with 
a higher mitotic rate (Supplementary Figure S2C). 

 
Figure 5. Association of combined and individual miR-21-5p and miR-146a-5p expression with 
mitotic rate. Figures show the scatter plot distribution of the combined miRNA expression (A) and 
individual miR-21-5p (B) and miR-146a-5p (C) in all cutaneous melanomas (CMs) grouped based 
on mitotic rate: CMs with <1 mitosis/mm2 and CMs with ≥1 mitosis/mm2. Combined and individual 
miRNA expression was higher in CMs with ≥1 mitosis/mm2 compared to CMs with <1 mitosis/mm2. 

Figure 4. Association of combined and individual miR-21-5p and miR-146a-5p expression with
ulceration status. Figures show the scatter plot distribution of the combined miRNA expression (A)
and individual miR-21-5p (B) and miR-146a-5p (C) in all cutaneous melanomas (CMs) grouped based
on ulceration status: CMs without ulceration and CMs with ulceration. Combined and individual
miR-21-5p expression was significantly higher in ulcerated CMs.

3.4. miR-146a-5p and miR-21-5p Expression Is Associated to Melanoma Mitotic Index
in SSM Subtype

We tested the individual and combined miRNA expression in CM with available
mitotic rate value (n = 161). Specifically, 108 CMs had a mitotic index <1/mm2 and
56 CMs have ≥1 mitosis/mm2. A significantly higher miRNA expression was observed in
CM with higher mitotic rate (≥1/mm2) (p = 0.005 for combined and miR-21-5p expression,
p = 0.0325 for miR-146a-5p expression) (Figure 5). This analysis was also performed in
the different subtypes (81 SSM with <1 mitosis/mm2 vs. 34 SSM ≥ 1 mitosis/mm2, 7 NM
with <1 mitosis/mm2 vs. 17 NM ≥ 1 mitosis/mm2 and 20 LMM with <1 mitosis/mm2 vs.
5 LMM ≥ 1 mitosis/mm2). Data showed that miRNA expression was significantly higher
in SSM with a higher mitotic rate (Supplementary Figure S2C).
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Figure 5. Association of combined and individual miR-21-5p and miR-146a-5p expression with
mitotic rate. Figures show the scatter plot distribution of the combined miRNA expression (A)
and individual miR-21-5p (B) and miR-146a-5p (C) in all cutaneous melanomas (CMs) grouped
based on mitotic rate: CMs with <1 mitosis/mm2 and CMs with ≥1 mitosis/mm2. Combined and
individual miRNA expression was higher in CMs with ≥1 mitosis/mm2 compared to CMs with
<1 mitosis/mm2.

3.5. LMM Present Statistically Significant Different miRNA Expression Based
on Regression Status

We did not observe any difference in miRNAs expression when we considered all
subtypes together and their regression status (100 CM without regression vs. 65 CM with
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regression). However, when stratifying CM based on histological subtypes, individual and
combined expression of miR-21-5p and miR-146a-5p were significantly higher in LMMs
with regression (n = 18) compared to LMMs without regression (n = 7) (Figure 6).
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and individual miRNA expression was significantly higher in LMMs with regression.

3.6. miR-146a-5p and miR-21-5p Expression and Prognostic Features Can Be Integrated to
Improve Outcome Prediction

The combined miR-21-5p and miR-146a-5p expression and melanoma prognostic
features, including subtype, BT, mitotic rate, ulceration, and regression were used in
univariate analysis, alone or in combination, to test their association with overall survival
(OS) and for time-to-relapse (TTR).

Our data confirm that the NM subtype was the most aggressive melanoma compared
to SSM and LLM. Specifically, OS and TTR were significantly shorter in this subtype
(p < 0.0001 for both OS and TTR) (Figure 7A). Also as expected, CMs with depth ≥ 0.8 mm
had a worse prognosis (p < 0.0001) (Figure 7B). As we previously demonstrated in a smaller
cohort of CMs, the combined miR-21-5p and miR-146a-5p expression that corresponds
to 1.5 (the value corresponding to BT = 0.8 mm) [65] was used to dichotomize patients
and perform survival analysis in all subtypes combined. CMs with expression of the two
miRNAs higher than ≥1.5, displayed lower OS (p = 0.0091) and TTR (p = 0.0008) (Figure 7C).
Also, ulceration (Figure 7C) and mitotic index (Supplementary Figure S3A) were confirmed
to be prognostic factors. On the other hand, regression status did not show any statistically
significant difference (Supplementary Figure S3B).

The combined miRNA expression was integrated with BT and ulceration in survival
analysis. The results showed that for patients with BT ≥ 0.8 mm and without ulceration, a
value of combined miRNA expression lower than 1.5 identified a favorable subgroup of
CM patients, both in terms of time-to-relapse and overall survival (Figure 8).
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Figure 7. Kaplan—Meier plots for overall survival (OS) and time-to-relapse (TTR) in CM prognostic
groups. (A) The plots show worse OS and TTR curves in patients with nodular melanoma (NM)
histotype compared to superficial spreading melanoma (SSM) and lentigo maligna melanoma (LMM).
(B) The plots show significantly worse OS and TTR curves in patients with BT ≥ 0.8 mm versus
those with BT < 0.8 mm. (C) The plots show significantly worse OS and TTR curves in patients with
miRNA expression ≥1.5 versus those with miRNA < 1.5. (D) The plots show significantly worse OS
and TTR curves in patients with ulceration compared to patients without ulceration.
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Figure 8. Kaplan–Meier plots for overall survival (OS) and time-to-relapse (TTR) in patients grouped
according to miRNA expression, Breslow thickness (BT), and ulceration status. (A) The plots show
significantly worse OS and TTR curves in patients with BT ≥ 0.8 mm versus those with BT < 0.8 mm.
Among melanomas with BT ≥ 0.8 mm, those with miRNA expression ≥1.5 have a worse TTR
compared to those with miRNA expression < 1.5. (B) Among patients with BT ≥ 0.8 mm, ulcerated
melanomas have the worst prognosis in terms of OS and TTR. Among patients with BT ≥ 0.8 mm and
without ulceration, a worse prognosis is showed by patients with miRNA expression ≥1.5 compared
to those with miRNA expression < 1.5.

4. Discussion

In the present study, we investigated the expression of miR-146a-5p and miR-21-5p
in CM and their association with BT and other histopathologic prognostic parameters. In
this study, we investigated the miRNA expression in all the three main CM subtypes: SSM,
NM, and LMM.

High levels of miR-146a-5p and miR-21-5p are indicators of aggressivity in melanoma
since they promote transformation, proliferation, and invasion. MiR-146a-5p has been
defined as one of the most upregulated miRNAs in CM tumoral samples with respect
to contiguous healthy tissue [70]. MiR-146a-5p acts targeting the NUMB gene, a repres-
sor of NOTCH signaling, thus contributing to melanocytes transformation to primary
melanoma [71]. MiR-146a-5p controls the activity of the MAPK signaling pathway, which
has a key role in CM tumorigenesis, and it resulted to be differentially expressed in
metastatic vs. primary CM [70]. Furthermore, miR-146a-5p increases cell migration and
invasion in melanoma by directly targeting SMAD4 [46].

MiR-21-5p is highly expressed in melanoma and plays a central role in melanoma
growth and progression [72,73]. Levels of miR-21-5p are significantly higher in primary
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melanoma tissues as compared to benign nevi [74] and in melanoma cell lines with respect
to the normal melanocytes [72]. Acting on Sprouty, miR-21-5p sustains the cascade signaling
of the BRAF/N-RAS pathway [75]. Moreover, miR-21-5p targets the anti-proliferative factor
BCL2 and other tumor suppressor genes like PDCD4 and PTEN [76,77]. Therefore, the
upregulation of miR-21-5p enhances the PI3K/AKT pathway. Knockdown of this miRNA
reduces cell proliferation and promotes apoptosis [77].

We previously demonstrated a direct correlation between the combined expression
of these two miRNAs and BT in the SSM subtype [65]. Here, we investigated also other
histological subtypes, namely NM and LMM, and included all the main prognostic charac-
teristics of melanoma to evaluate the prognostic performance of their combined assessment.

First, we demonstrated that the expression of these two miRNAs was significantly
higher in NM compared to both SSM and LMM, thus confirming the more aggressive
nature of this subtype. The worst prognosis of NM patients was also confirmed in our
cohort by analyzing the overall survival of patients stratified by histological subtype [37].

Breslow thickness is the most important prognostic factor in CM [78]. In this study,
we confirmed the correlation between miRNA expression and BT in SSM, while both
NM and LMM did not presented any association between miRNA expression and BT.
Considering the NM subtype, a possible explanation is that its aggressiveness could be
relatively independent from BT, as recently described [79,80], and be associated with
specific genetic alterations still to be identified. Considering all CM subtypes, we showed
that a high expression of the combined miRNAs (≥1.5) correlates with a worse prognosis
both in terms of OS (p = 0.0039) and TTR (p = 0.0001).

Ulceration is defined as full-thickness loss of undamaged epidermis overlying the pri-
mary melanoma tissue, with an associated host reaction [81]. This parameter is considered
an adverse prognostic factor, and it has been classified as an independent prognostic factor
defining the T-stage in the American Joint Committee of Cancer (AJCC) melanoma staging
criteria VIII edition [41,82]. In our cohort of CMs (all subtypes combined), we confirmed the
prognostic role of ulceration: survival was significantly shorter in ulcerated CMs (OS and
TTR; p value < 0.0001). Some miRNAs have been described to be associated with ulceration.
DiVincenzo et al. performed a high-throughput analysis using Nanostring technology and
they found 24 miRNAs dysregulated in melanoma tissue with ulceration compared with
non-ulcerated tumors [83]. In particular, they showed that ulcerated melanoma tissue had
a 2.5-fold increase in miR-146a-5p expression compared to non-ulcerated melanoma. Our
study strengthens their findings; indeed, the combined and individual miRNA expression
resulted differently expressed in ulcerated vs. non-ulcerated CMs.

Although not included in the latest AJCC staging system, we also tested the association
of our prognostic miRNAs with mitotic rate and regression. Our data showed that a
mitotic rate greater than 1/mm2 was associated with worse prognosis (OS and TTR). A
recent study proposed that a mitotic rate of a mitotic rate ≥ 2 mitoses/mm2 should be
considered as a more accurate prognostic factor than ≥1 mitosis/mm2, particularly in
CM with a BT ≥ 0.8 mm [84]. Here, we showed that mitotic index is correlated with a
differential miRNA expression in CM, specifically in the SSM subtype. In melanocytic
lesions with ≥1/mm2 mitosis, the level of miR-21-5p is higher than in lesions without
mitotic activity. This observation confirms the pivotal role of this miRNA in promoting
cancer proliferation [74].

Regression of CM was reported at histological evaluation in up to 1/3 of the specimens
and is clinically characterized by hyperpigmentation, followed by depigmentation of part
of or the entire lesion, resulting in blue, pink, white, or gray areas. Regression can be
defined as partial, segmental, or complete replacement of melanoma cells with a variable
host response. Specifically, it consists of a host reaction with lymphocyte and macrophage
infiltration, with the absence of nests of melanocytes in the atrophic epidermis, but the
presence of thin dermal collagen [85]. Regression is under investigation as a prognostic
factor in melanoma. It has been considered an adverse prognostic element for a long time:
Sook Jung Yun et al. demonstrated that regression in melanomas with a radial growth
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adjacent to a vertical growth of the tumor is associated with a lymphatic invasion [86];
but recent studies highlighted a possible favorable role, suggesting an immune-mediated
response of activated T-lymphocytes against neoplastic cells [41]. A recent systematic
review on this topic revealed that the chance to detect a positive sentinel lymph node was
significantly lower in those subjects with primary CM with regression compared to those
without [87]. Moreover, it was demonstrated that regression was found more frequently
in thin CMs and in the LMM subtype [88]. From our analysis, CMs with regression seem
to have a better survival, however, there was no statistically significant difference. In our
series, the expression of miR-146a-5p and miR-21-5p did not show a significant difference in
CMs with/without regression, except for LMM; an increased expression of combined and
individual miR-21-5p and miR-146a-5p was observed in LMM with regression, suggesting
that a correlation with the inflammatory state and microenvironment in LMM should be
further investigated. The low number of analyzed cases, though, does not permit us to
draw any conclusions.

Based on these observations, we tested if the addition of miR-146a-5p and miR-21-5p
molecular measurement to BT and ulceration status could be of use in patient prognostica-
tion. The integration of BT, ulceration, and miRNA expression provided interesting results.
In the subgroup of CMs with BT > 0.8 mm and without ulceration, tumors presenting a
combined miRNA expression <1.5 had a shorter overall survival and TTR compared those
with miRNA ≥ 1.5, suggesting a potential contribution as independent prognostic factor.

5. Conclusions

In conclusion, our study confirms the clinical usefulness of testing miR-146a-5p and
miR-21-5p expression in CM and its role in identifying patients with a favorable prognosis
among those with adverse prognostic factors, including tumor depth and ulceration that
are relevant in CM prognosis. These findings provide further insights for the diagnosis and
treatment of CM with specific adverse prognostic features and represent a promising prog-
nostic biomarker even for early-stage disease. A multicentric study should be conducted to
validate these results in a larger cohort of patients.

6. Patents

The work reported in this manuscript is covered by an Italian patent (n. 102018000009148
granted on 08/09/2020).

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers16091688/s1, Figure S1. Correlation analysis of combined
and individual miRNA expression with Breslow thickness (BT) in nodular melanoma (NM) and
in lentigo maligna melanoma (LMM) subtypes. Figures show the distribution of paired combined
and individual miRNA values and BT values. The correlation in NM (A) and in LMM (B) is not
significant. Simple linear regression line is shown. Figure S2. Association of combined and individual
miR-21-5p and miR-146a-5p expression with prognostic parameters in CM histological subtypes.
Figures show the scatter plot distribution of combined miRNA expression and individual miR-
21-5p and miR-146a-5p in superficial spreading melanomas (SSM), nodular melanoma (NM) and
lentigo maligna melanoma (LMM) based on Breslow thickness (BT) (A), ulceration status (B) and
mitotic rate (C). Figures D show the scatter plot distribution of combined miRNA expression and
individual miR-21-5p and miR-146a-5p in all melanomas (CM), SSM and NM based on regression
status. Figure S3. Kaplan-Meier plots for overall survival (OS) and time-to-relapse (TTR) in mitotic
rate and regression groups. (A) The plots show a significantly worse OS and TTR curves in patients
with ≥1 mitosis/mm2 compared to patients with <1 mitosis/mm2. (B) The plots show no statistically
different OS and TTR curves in patients grouped based on regression status Breslow classification.
The original and primary source is the AJCC Cancer Staging Manual, 8th Edition (2017), published
by Springer International Publishing [89]. Clark levels of skin cancer. In Clark Level I, the cancer is in
the epidermis only. In Clark Level II, the cancer has begun to spread into the papillary dermis (upper
layer of the dermis). In Clark Level III, the cancer has spread through the papillary dermis into the
papillary-reticular dermal interface but not into the reticular dermis (lower layer of the dermis). In
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Clark Level IV, the cancer has spread into the reticular dermis. In Clark Level V, the cancer has spread
into the subcutaneous tissue.

Author Contributions: Conceptualization, E.D. and M.F.; Methodology, E.D., M.F., M.L., M.N., B.C.,
C.R., B.F., G.D., E.B., M.P. and E.C.; Validation, E.B., M.N., M.L., B.F., F.V., G.D. and B.S.; Formal
Analysis M.N., E.B., G.D., M.L., B.F., F.V., S.V., B.S. and G.M.; Writing-Original Draft Preparation,
M.N., M.F., E.D., E.B., M.L., E.C. and F.V.; Writing-Review and Editing, M.N., M.F., E.D., E.B., M.L.,
E.C., B.C. and F.V.; Visualization, Supervision, E.D. and M.F. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by Cassa di Risparmio di Bologna (Carisbo) foundation to E.
Dika; by Italian Ministry of Health, RC-2022-2773478 Project to E. Dika; and by FLAG-ERA JTC 2019
LEGOCHIP project (PCI2019-111890-2) to M. Ferracin.

Institutional Review Board Statement: 417/2018/Sper/AOUBo.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available upon
reasonable request.

Acknowledgments: During this project, E. Broseghini was supported by an AIRC fellowship for Italy.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Gershenwald, J.E.; Scolyer, R.A. Melanoma Staging: American Joint Committee on Cancer (AJCC) 8th Edition and Beyond. Ann.

Surg. Oncol. 2018, 25, 2105–2110. [CrossRef] [PubMed]
2. Elmore, J.G.; Elder, D.E.; Barnhill, R.L.; Knezevich, S.R.; Longton, G.M.; Titus, L.J.; Weinstock, M.A.; Pepe, M.S.; Nelson, H.D.;

Reisch, L.M.; et al. Concordance and Reproducibility of Melanoma Staging According to the 7th vs 8th Edition of the AJCC
Cancer Staging Manual. JAMA Netw. Open 2018, 1, e180083. [CrossRef]

3. Rastrelli, M.; Tropea, S.; Pigozzo, J.; Bezzon, E.; Campana, L.G.; Stramare, R.; Alaibac, M.; Rossi, C.R. Melanoma m1: Diagnosis
and therapy. Vivo 2014, 28, 273–285.

4. Chaudru, V.; Chompret, A.; Bressac-de Paillerets, B.; Spatz, A.; Avril, M.F.; Demenais, F. Influence of genes, nevi, and sun
sensitivity on melanoma risk in a family sample unselected by family history and in melanoma-prone families. J. Natl. Cancer
Inst. 2004, 96, 785–795. [CrossRef]

5. Gandini, S.; Sera, F.; Cattaruzza, M.S.; Pasquini, P.; Zanetti, R.; Masini, C.; Boyle, P.; Melchi, C.F. Meta-analysis of risk factors for
cutaneous melanoma: III. Family history, actinic damage and phenotypic factors. Eur. J. Cancer 2005, 41, 2040–2059. [CrossRef]
[PubMed]

6. Dika, E.; Patrizi, A.; Rossi, C.; Turchetti, D.; Miccoli, S.; Ferracin, M.; Veronesi, G.; Scarfi, F.; Lambertini, M. Clinical histopathologi-
cal features and CDKN2A/CDK4/MITF mutational status of patients with multiple primary melanomas from Bologna: Italy is a
fascinating but complex mosaic. Ital. J. Dermatol. Venerol. 2021, 156, 599–605. [CrossRef] [PubMed]

7. Read, J.; Wadt, K.A.; Hayward, N.K. Melanoma genetics. J. Med. Genet. 2016, 53, 1–14. [CrossRef] [PubMed]
8. Goldstein, A.M.; Chan, M.; Harland, M.; Hayward, N.K.; Demenais, F.; Bishop, D.T.; Azizi, E.; Bergman, W.; Bianchi-Scarra, G.;

Bruno, W.; et al. Features associated with germline CDKN2A mutations: A GenoMEL study of melanoma-prone families from
three continents. J. Med. Genet. 2007, 44, 99–106. [CrossRef] [PubMed]

9. Ribeiro Moura Brasil Arnaut, J.; Dos Santos Guimaraes, I.; Evangelista Dos Santos, A.C.; de Moraes Lino da Silva, F.; Machado,
J.R.; de Melo, A.C. Molecular landscape of Hereditary Melanoma. Crit. Rev. Oncol. Hematol. 2021, 164, 103425. [CrossRef]
[PubMed]

10. Rossi, M.; Pellegrini, C.; Cardelli, L.; Ciciarelli, V.; Di Nardo, L.; Fargnoli, M.C. Familial Melanoma: Diagnostic and Management
Implications. Dermatol. Pract. Concept. 2019, 9, 10–16. [CrossRef] [PubMed]

11. Soura, E.; Eliades, P.J.; Shannon, K.; Stratigos, A.J.; Tsao, H. Hereditary melanoma: Update on syndromes and management:
Genetics of familial atypical multiple mole melanoma syndrome. J. Am. Acad. Dermatol. 2016, 74, 395–407, quiz 408–310.
[CrossRef] [PubMed]

12. Potrony, M.; Badenas, C.; Aguilera, P.; Puig-Butille, J.A.; Carrera, C.; Malvehy, J.; Puig, S. Update in genetic susceptibility in
melanoma. Ann. Transl. Med. 2015, 3, 210. [CrossRef] [PubMed]

13. Harland, M.; Cust, A.E.; Badenas, C.; Chang, Y.M.; Holland, E.A.; Aguilera, P.; Aitken, J.F.; Armstrong, B.K.; Barrett, J.H.; Carrera,
C.; et al. Prevalence and predictors of germline CDKN2A mutations for melanoma cases from Australia, Spain and the United
Kingdom. Hered. Cancer Clin. Pract. 2014, 12, 20. [CrossRef]

14. Toussi, A.; Mans, N.; Welborn, J.; Kiuru, M. Germline mutations predisposing to melanoma. J. Cutan. Pathol. 2020, 47, 606–616.
[CrossRef] [PubMed]

https://doi.org/10.1245/s10434-018-6513-7
https://www.ncbi.nlm.nih.gov/pubmed/29850954
https://doi.org/10.1001/jamanetworkopen.2018.0083
https://doi.org/10.1093/jnci/djh136
https://doi.org/10.1016/j.ejca.2005.03.034
https://www.ncbi.nlm.nih.gov/pubmed/16125929
https://doi.org/10.23736/S2784-8671.20.06496-2
https://www.ncbi.nlm.nih.gov/pubmed/32221274
https://doi.org/10.1136/jmedgenet-2015-103150
https://www.ncbi.nlm.nih.gov/pubmed/26337759
https://doi.org/10.1136/jmg.2006.043802
https://www.ncbi.nlm.nih.gov/pubmed/16905682
https://doi.org/10.1016/j.critrevonc.2021.103425
https://www.ncbi.nlm.nih.gov/pubmed/34245855
https://doi.org/10.5826/dpc.0901a03
https://www.ncbi.nlm.nih.gov/pubmed/30775140
https://doi.org/10.1016/j.jaad.2015.08.038
https://www.ncbi.nlm.nih.gov/pubmed/26892650
https://doi.org/10.3978/j.issn.2305-5839.2015.08.11
https://www.ncbi.nlm.nih.gov/pubmed/26488006
https://doi.org/10.1186/1897-4287-12-20
https://doi.org/10.1111/cup.13689
https://www.ncbi.nlm.nih.gov/pubmed/32249949


Cancers 2024, 16, 1688 14 of 16

15. Yokoyama, S.; Woods, S.L.; Boyle, G.M.; Aoude, L.G.; MacGregor, S.; Zismann, V.; Gartside, M.; Cust, A.E.; Haq, R.; Harland, M.;
et al. A novel recurrent mutation in MITF predisposes to familial and sporadic melanoma. Nature 2011, 480, 99–103. [CrossRef]
[PubMed]

16. Bertolotto, C.; Lesueur, F.; Giuliano, S.; Strub, T.; de Lichy, M.; Bille, K.; Dessen, P.; d’Hayer, B.; Mohamdi, H.; Remenieras, A.;
et al. A SUMOylation-defective MITF germline mutation predisposes to melanoma and renal carcinoma. Nature 2011, 480, 94–98.
[CrossRef] [PubMed]

17. Ciccarese, G.; Dalmasso, B.; Bruno, W.; Queirolo, P.; Pastorino, L.; Andreotti, V.; Spagnolo, F.; Tanda, E.; Ponti, G.; Massone, C.;
et al. Clinical, pathological and dermoscopic phenotype of MITF p.E318K carrier cutaneous melanoma patients. J. Transl. Med.
2020, 18, 78. [CrossRef] [PubMed]

18. Ghiorzo, P.; Pastorino, L.; Queirolo, P.; Bruno, W.; Tibiletti, M.G.; Nasti, S.; Andreotti, V.; Genoa Pancreatic Cancer Study, G.;
Paillerets, B.B.; Bianchi Scarra, G. Prevalence of the E318K MITF germline mutation in Italian melanoma patients: Associations
with histological subtypes and family cancer history. Pigment. Cell Melanoma Res. 2013, 26, 259–262. [CrossRef] [PubMed]

19. Aoude, L.G.; Pritchard, A.L.; Robles-Espinoza, C.D.; Wadt, K.; Harland, M.; Choi, J.; Gartside, M.; Quesada, V.; Johansson, P.;
Palmer, J.M.; et al. Nonsense mutations in the shelterin complex genes ACD and TERF2IP in familial melanoma. J. Natl. Cancer
Inst. 2015, 107, dju408. [CrossRef] [PubMed]

20. Zhang, A.J.; Rush, P.S.; Tsao, H.; Duncan, L.M. BRCA1-associated protein (BAP1)-inactivated melanocytic tumors. J. Cutan. Pathol.
2019, 46, 965–972. [CrossRef] [PubMed]

21. Harland, M.; Petljak, M.; Robles-Espinoza, C.D.; Ding, Z.; Gruis, N.A.; van Doorn, R.; Pooley, K.A.; Dunning, A.M.; Aoude, L.G.;
Wadt, K.A.; et al. Germline TERT promoter mutations are rare in familial melanoma. Fam. Cancer 2016, 15, 139–144. [CrossRef]
[PubMed]

22. Robles-Espinoza, C.D.; Harland, M.; Ramsay, A.J.; Aoude, L.G.; Quesada, V.; Ding, Z.; Pooley, K.A.; Pritchard, A.L.; Tiffen, J.C.;
Petljak, M.; et al. POT1 loss-of-function variants predispose to familial melanoma. Nat. Genet. 2014, 46, 478–481. [CrossRef]
[PubMed]

23. Elwood, J.M.; Koh, H.K. Etiology, epidemiology, risk factors, and public health issues of melanoma. Curr. Opin. Oncol. 1994, 6,
179–187. [CrossRef] [PubMed]

24. Newton-Bishop, J.A.; Chang, Y.M.; Elliott, F.; Chan, M.; Leake, S.; Karpavicius, B.; Haynes, S.; Fitzgibbon, E.; Kukalizch, K.;
Randerson-Moor, J.; et al. Relationship between sun exposure and melanoma risk for tumours in different body sites in a large
case-control study in a temperate climate. Eur. J. Cancer 2011, 47, 732–741. [CrossRef] [PubMed]

25. Loras, A.; Gil-Barrachina, M.; Marques-Torrejon, M.A.; Perez-Pastor, G.; Martinez-Cadenas, C. UV-Induced Somatic Mutations
Driving Clonal Evolution in Healthy Skin, Nevus, and Cutaneous Melanoma. Life 2022, 12, 1339. [CrossRef] [PubMed]

26. Ferrara, G.; Argenziano, G. The WHO 2018 Classification of Cutaneous Melanocytic Neoplasms: Suggestions From Routine
Practice. Front. Oncol. 2021, 11, 675296. [CrossRef] [PubMed]

27. Arrington, J.H., 3rd; Reed, R.J.; Ichinose, H.; Krementz, E.T. Plantar lentiginous melanoma: A distinctive variant of human
cutaneous malignant melanoma. Am. J. Surg. Pathol. 1977, 1, 131–143. [CrossRef] [PubMed]

28. Clark, W.H., Jr.; From, L.; Bernardino, E.A.; Mihm, M.C. The histogenesis and biologic behavior of primary human malignant
melanomas of the skin. Cancer Res. 1969, 29, 705–727.

29. McGovern, V.J. The classification of melanoma and its relationship with prognosis. Pathology 1970, 2, 85–98. [CrossRef] [PubMed]
30. Scolyer, R.A.; Long, G.V.; Thompson, J.F. Evolving concepts in melanoma classification and their relevance to multidisciplinary

melanoma patient care. Mol. Oncol. 2011, 5, 124–136. [CrossRef] [PubMed]
31. Scatena, C.; Murtas, D.; Tomei, S. Cutaneous Melanoma Classification: The Importance of High-Throughput Genomic Technolo-

gies. Front. Oncol. 2021, 11, 635488. [CrossRef]
32. Bobos, M. Histopathologic classification and prognostic factors of melanoma: A 2021 update. Ital. J. Dermatol. Venerol. 2021, 156,

300–321. [CrossRef]
33. Greenwald, H.S.; Friedman, E.B.; Osman, I. Superficial spreading and nodular melanoma are distinct biological entities: A

challenge to the linear progression model. Melanoma Res. 2012, 22, 1–8. [CrossRef]
34. Dabas, N.; Byrnes, D.M.; Rosa, A.M.; Eller, M.S.; Grichnik, J.M. Diagnostic role of chromosomal instability in melanoma. J. Ski.

Cancer 2012, 2012, 914267. [CrossRef]
35. Timar, J.; Vizkeleti, L.; Doma, V.; Barbai, T.; Raso, E. Genetic progression of malignant melanoma. Cancer Metastasis Rev. 2016, 35,

93–107. [CrossRef]
36. Kalkhoran, S.; Milne, O.; Zalaudek, I.; Puig, S.; Malvehy, J.; Kelly, J.W.; Marghoob, A.A. Historical, clinical, and dermoscopic

characteristics of thin nodular melanoma. Arch. Dermatol. 2010, 146, 311–318. [CrossRef]
37. Lattanzi, M.; Lee, Y.; Simpson, D.; Moran, U.; Darvishian, F.; Kim, R.H.; Hernando, E.; Polsky, D.; Hanniford, D.; Shapiro, R.; et al.

Primary Melanoma Histologic Subtype: Impact on Survival and Response to Therapy. J. Natl. Cancer Inst. 2019, 111, 180–188.
[CrossRef]

38. Xiong, M.; Charifa, A.; Chen, C.S.J. Lentigo Maligna Melanoma. In StatPearls; StatPearls Publishing: Treasure Island, FL,
USA, 2024.

39. Sanna, A.; Harbst, K.; Johansson, I.; Christensen, G.; Lauss, M.; Mitra, S.; Rosengren, F.; Hakkinen, J.; Vallon-Christersson, J.;
Olsson, H.; et al. Tumor genetic heterogeneity analysis of chronic sun-damaged melanoma. Pigment. Cell Melanoma Res. 2020, 33,
480–489. [CrossRef]

https://doi.org/10.1038/nature10630
https://www.ncbi.nlm.nih.gov/pubmed/22080950
https://doi.org/10.1038/nature10539
https://www.ncbi.nlm.nih.gov/pubmed/22012259
https://doi.org/10.1186/s12967-020-02253-8
https://www.ncbi.nlm.nih.gov/pubmed/32054529
https://doi.org/10.1111/pcmr.12047
https://www.ncbi.nlm.nih.gov/pubmed/23167872
https://doi.org/10.1093/jnci/dju408
https://www.ncbi.nlm.nih.gov/pubmed/25505254
https://doi.org/10.1111/cup.13530
https://www.ncbi.nlm.nih.gov/pubmed/31233225
https://doi.org/10.1007/s10689-015-9841-9
https://www.ncbi.nlm.nih.gov/pubmed/26433962
https://doi.org/10.1038/ng.2947
https://www.ncbi.nlm.nih.gov/pubmed/24686849
https://doi.org/10.1097/00001622-199403000-00011
https://www.ncbi.nlm.nih.gov/pubmed/8011696
https://doi.org/10.1016/j.ejca.2010.10.008
https://www.ncbi.nlm.nih.gov/pubmed/21084183
https://doi.org/10.3390/life12091339
https://www.ncbi.nlm.nih.gov/pubmed/36143375
https://doi.org/10.3389/fonc.2021.675296
https://www.ncbi.nlm.nih.gov/pubmed/34277420
https://doi.org/10.1097/00000478-197706000-00004
https://www.ncbi.nlm.nih.gov/pubmed/602975
https://doi.org/10.3109/00313027009077330
https://www.ncbi.nlm.nih.gov/pubmed/5520514
https://doi.org/10.1016/j.molonc.2011.03.002
https://www.ncbi.nlm.nih.gov/pubmed/21482206
https://doi.org/10.3389/fonc.2021.635488
https://doi.org/10.23736/S2784-8671.21.06958-3
https://doi.org/10.1097/CMR.0b013e32834e6aa0
https://doi.org/10.1155/2012/914267
https://doi.org/10.1007/s10555-016-9613-5
https://doi.org/10.1001/archdermatol.2009.369
https://doi.org/10.1093/jnci/djy086
https://doi.org/10.1111/pcmr.12851


Cancers 2024, 16, 1688 15 of 16

40. Connolly, K.L.; Nehal, K.S.; Busam, K.J. Lentigo maligna and lentigo maligna melanoma: Contemporary issues in diagnosis and
management. Melanoma Manag. 2015, 2, 171–178. [CrossRef]

41. Gershenwald, J.E.; Scolyer, R.A.; Hess, K.R.; Sondak, V.K.; Long, G.V.; Ross, M.I.; Lazar, A.J.; Faries, M.B.; Kirkwood, J.M.;
McArthur, G.A.; et al. Melanoma staging: Evidence-based changes in the American Joint Committee on Cancer eighth edition
cancer staging manual. CA Cancer J. Clin. 2017, 67, 472–492. [CrossRef]

42. de Giorgi, V.; Rossari, S.; Gori, A.; Grazzini, M.; Savarese, I.; Crocetti, E.; Cervadoro, E.; Massi, D. The prognostic impact of the
anatomical sites in the ‘head and neck melanoma’: Scalp versus face and neck. Melanoma Res. 2012, 22, 402–405. [CrossRef]

43. Dika, E.; Patrizi, A.; Veronesi, G.; Manuelpillai, N.; Lambertini, M. Malignant cutaneous tumours of the scalp: Always remember
to examine the head. J. Eur. Acad. Dermatol. Venereol. 2020, 34, 2208–2215. [CrossRef]

44. Dika, E.; Veronesi, G.; Misciali, C.; Corti, B.; Dika, I.; Riefolo, M.; Scarfi, F.; Lambertini, M.; Patrizi, A. Malignant Melanoma Cells
and Hair Follicles. Am. J. Clin. Pathol. 2019, 152, 109–114. [CrossRef]

45. Starace, M.; Dika, E.; Fanti, P.A.; Patrizi, A.; Misciali, C.; Alessandrini, A.; Bruni, F.; Piraccini, B.M. Nail apparatus melanoma:
Dermoscopic and histopathologic correlations on a series of 23 patients from a single centre. J. Eur. Acad. Dermatol. Venereol. 2018,
32, 164–173. [CrossRef]

46. Riefolo, M.; Porcellini, E.; Dika, E.; Broseghini, E.; Ferracin, M. Interplay between small and long non-coding RNAs in cutaneous
melanoma: A complex jigsaw puzzle with missing pieces. Mol. Oncol. 2019, 13, 74–98. [CrossRef]

47. Ribero, S.; Lambertini, M.; Ferracin, M.; Dika, E. Non-Coding RNA Investigations in Cutaneous Melanoma: A Step forward in
Discovering Novel Biomarkers. J. Investig. Dermatol. 2023, 143, 531–532. [CrossRef]

48. Durante, G.; Comito, F.; Lambertini, M.; Broseghini, E.; Dika, E.; Ferracin, M. Non-coding RNA dysregulation in skin cancers.
Essays Biochem. 2021, 65, 641–655. [CrossRef]

49. Broseghini, E.; Dika, E.; Londin, E.; Ferracin, M. MicroRNA Isoforms Contribution to Melanoma Pathogenesis. Noncoding RNA
2021, 7, 63. [CrossRef]

50. Hanniford, D.; Segura, M.F.; Zhong, J.; Philips, E.; Jirau-Serrano, X.; Darvishian, F.; Berman, R.S.; Shapiro, R.L.; Pavlick, A.C.;
Brown, B.; et al. Identification of metastasis-suppressive microRNAs in primary melanoma. J. Natl. Cancer Inst. 2015, 107, dju494.
[CrossRef]

51. Howell, P.M., Jr.; Li, X.; Riker, A.I.; Xi, Y. MicroRNA in Melanoma. Ochsner J. 2010, 10, 83–92.
52. Kozubek, J.; Ma, Z.; Fleming, E.; Duggan, T.; Wu, R.; Shin, D.G.; Dadras, S.S. In-depth characterization of microRNA transcriptome

in melanoma. PLoS ONE 2013, 8, e72699. [CrossRef]
53. Negrini, M.; Calin, G.A.; Croce, C.M. MicroRNA in Human Malignancies; Elsevier: Amsterdam, The Netherlands, 2022. [CrossRef]
54. Durante, G.; Broseghini, E.; Comito, F.; Naddeo, M.; Milani, M.; Salamon, I.; Campione, E.; Dika, E.; Ferracin, M. Circulating

microRNA biomarkers in melanoma and non-melanoma skin cancer. Expert. Rev. Mol. Diagn. 2022, 22, 305–318. [CrossRef]
55. Durante, G.; Veronesi, G.; Misciali, C.; Riefolo, M.; Lambertini, M.; Tartari, F.; Ricci, C.; Ferracin, M.; Dika, E. Dysplastic nevi and

melanoma: MicroRNAs tell a divergent story. Pathol. Res. Pr. 2022, 235, 153942. [CrossRef]
56. Negrini, M.; Ferracin, M.; Sabbioni, S.; Croce, C.M. MicroRNAs in human cancer: From research to therapy. J. Cell Sci. 2007, 120,

1833–1840. [CrossRef]
57. Zhang, B.; Pan, X.; Cobb, G.P.; Anderson, T.A. microRNAs as oncogenes and tumor suppressors. Dev. Biol. 2007, 302, 1–12.

[CrossRef]
58. Dika, E.; Broseghini, E.; Porcellini, E.; Lambertini, M.; Riefolo, M.; Durante, G.; Loher, P.; Roncarati, R.; Bassi, C.; Misciali, C.; et al.

Unraveling the role of microRNA/isomiR network in multiple primary melanoma pathogenesis. Cell Death Dis. 2021, 12, 473.
[CrossRef]

59. Pegoraro, A.; De Marchi, E.; Ferracin, M.; Orioli, E.; Zanoni, M.; Bassi, C.; Tesei, A.; Capece, M.; Dika, E.; Negrini, M.; et al. P2X7
promotes metastatic spreading and triggers release of miRNA-containing exosomes and microvesicles from melanoma cells. Cell
Death Dis. 2021, 12, 1088. [CrossRef]

60. Chin, A.; Mariscal, J.; Kim, M.; Guerra, G.; Victor, B.; Qian, C.; Broseghini, E.; Posadas, E.; Freeman, M.R.; Sharma, S.; et al.
miR-1227 Targets SEC23A to Regulate the Shedding of Large Extracellular Vesicles. Cancers 2021, 13, 5850. [CrossRef]

61. Cocks, A.; Martinez-Rodriguez, V.; Del Vecchio, F.; Schukking, M.; Broseghini, E.; Giannakopoulos, S.; Fabbri, M. Diverse roles of
EV-RNA in cancer progression. Semin. Cancer Biol. 2021, 75, 127–135. [CrossRef]

62. Ferracin, M.; Pedriali, M.; Veronese, A.; Zagatti, B.; Gafa, R.; Magri, E.; Lunardi, M.; Munerato, G.; Querzoli, G.; Maestri, I.; et al.
MicroRNA profiling for the identification of cancers with unknown primary tissue-of-origin. J. Pathol. 2011, 225, 43–53. [CrossRef]

63. Liu, C.G.; Calin, G.A.; Meloon, B.; Gamliel, N.; Sevignani, C.; Ferracin, M.; Dumitru, C.D.; Shimizu, M.; Zupo, S.; Dono, M.; et al.
An oligonucleotide microchip for genome-wide microRNA profiling in human and mouse tissues. Proc. Natl. Acad. Sci. USA
2004, 101, 9740–9744. [CrossRef]

64. Volinia, S.; Calin, G.A.; Liu, C.G.; Ambs, S.; Cimmino, A.; Petrocca, F.; Visone, R.; Iorio, M.; Roldo, C.; Ferracin, M.; et al. A
microRNA expression signature of human solid tumors defines cancer gene targets. Proc. Natl. Acad. Sci. USA 2006, 103,
2257–2261. [CrossRef]

65. Dika, E.; Riefolo, M.; Porcellini, E.; Broseghini, E.; Ribero, S.; Senetta, R.; Osella-Abate, S.; Scarfi, F.; Lambertini, M.; Veronesi, G.;
et al. Defining the Prognostic Role of MicroRNAs in Cutaneous Melanoma. J. Investig. Dermatol. 2020, 140, 2260–2267. [CrossRef]

66. Poniewierska-Baran, A.; Sluczanowska-Glabowska, S.; Malkowska, P.; Sierawska, O.; Zadroga, L.; Pawlik, A.; Niedzwiedzka-
Rystwej, P. Role of miRNA in Melanoma Development and Progression. Int. J. Mol. Sci. 2022, 24, 201. [CrossRef]

https://doi.org/10.2217/mmt.15.3
https://doi.org/10.3322/caac.21409
https://doi.org/10.1097/CMR.0b013e3283577b96
https://doi.org/10.1111/jdv.16330
https://doi.org/10.1093/ajcp/aqz029
https://doi.org/10.1111/jdv.14568
https://doi.org/10.1002/1878-0261.12412
https://doi.org/10.1016/j.jid.2023.02.005
https://doi.org/10.1042/EBC20200048
https://doi.org/10.3390/ncrna7040063
https://doi.org/10.1093/jnci/dju494
https://doi.org/10.1371/journal.pone.0072699
https://doi.org/10.1016/B978-0-12-822287-4.09993-X
https://doi.org/10.1080/14737159.2022.2049243
https://doi.org/10.1016/j.prp.2022.153942
https://doi.org/10.1242/jcs.03450
https://doi.org/10.1016/j.ydbio.2006.08.028
https://doi.org/10.1038/s41419-021-03764-y
https://doi.org/10.1038/s41419-021-04378-0
https://doi.org/10.3390/cancers13225850
https://doi.org/10.1016/j.semcancer.2020.11.022
https://doi.org/10.1002/path.2915
https://doi.org/10.1073/pnas.0403293101
https://doi.org/10.1073/pnas.0510565103
https://doi.org/10.1016/j.jid.2020.03.949
https://doi.org/10.3390/ijms24010201


Cancers 2024, 16, 1688 16 of 16

67. Varrone, F.; Caputo, E. The miRNAs Role in Melanoma and in Its Resistance to Therapy. Int. J. Mol. Sci. 2020, 21, 878. [CrossRef]
68. Massi, G.; LeBoit, P.E. Regressing and Regressed Melanoma. In Histological Diagnosis of Nevi and Melanoma; Springer:

Berlin/Heidelberg, Germany, 2014; pp. 699–720.
69. Schmittgen, T.D.; Livak, K.J. Analyzing real-time PCR data by the comparative C(T) method. Nat. Protoc. 2008, 3, 1101–1108.

[CrossRef]
70. Aksenenko, M.; Palkina, N.; Komina, A.; Tashireva, L.; Ruksha, T. Differences in microRNA expression between melanoma and

healthy adjacent skin. BMC Dermatol. 2019, 19, 1. [CrossRef]
71. Forloni, M.; Dogra, S.K.; Dong, Y.; Conte, D., Jr.; Ou, J.; Zhu, L.J.; Deng, A.; Mahalingam, M.; Green, M.R.; Wajapeyee, N. miR-146a

promotes the initiation and progression of melanoma by activating Notch signaling. Elife 2014, 3, e01460. [CrossRef]
72. Satzger, I.; Mattern, A.; Kuettler, U.; Weinspach, D.; Niebuhr, M.; Kapp, A.; Gutzmer, R. microRNA-21 is upregulated in malignant

melanoma and influences apoptosis of melanocytic cells. Exp. Dermatol. 2012, 21, 509–514. [CrossRef]
73. Babapoor, S.; Wu, R.; Kozubek, J.; Auidi, D.; Grant-Kels, J.M.; Dadras, S.S. Identification of microRNAs associated with invasive

and aggressive phenotype in cutaneous melanoma by next-generation sequencing. Lab. Investig. 2017, 97, 636–648. [CrossRef]
74. Grignol, V.; Fairchild, E.T.; Zimmerer, J.M.; Lesinski, G.B.; Walker, M.J.; Magro, C.M.; Kacher, J.E.; Karpa, V.I.; Clark, J.; Nuovo, G.;

et al. miR-21 and miR-155 are associated with mitotic activity and lesion depth of borderline melanocytic lesions. Br. J. Cancer
2011, 105, 1023–1029. [CrossRef]

75. Edwin, F.; Anderson, K.; Ying, C.; Patel, T.B. Intermolecular interactions of Sprouty proteins and their implications in development
and disease. Mol. Pharmacol. 2009, 76, 679–691. [CrossRef]

76. Lu, Z.; Liu, M.; Stribinskis, V.; Klinge, C.M.; Ramos, K.S.; Colburn, N.H.; Li, Y. MicroRNA-21 promotes cell transformation by
targeting the programmed cell death 4 gene. Oncogene 2008, 27, 4373–4379. [CrossRef]

77. Yang, C.H.; Yue, J.; Pfeffer, S.R.; Handorf, C.R.; Pfeffer, L.M. MicroRNA miR-21 regulates the metastatic behavior of B16 melanoma
cells. J. Biol. Chem. 2011, 286, 39172–39178. [CrossRef]

78. Egger, M.E.; Bhutiani, N.; Farmer, R.W.; Stromberg, A.J.; Martin, R.C., 2nd; Quillo, A.R.; McMasters, K.M.; Scoggins, C.R.
Prognostic factors in melanoma patients with tumor-negative sentinel lymph nodes. Surgery 2016, 159, 1412–1421. [CrossRef]

79. El Sharouni, M.A.; van Diest, P.J.; Witkamp, A.J.; Sigurdsson, V.; van Gils, C.H. Subtyping Cutaneous Melanoma Matters. JNCI
Cancer Spectr. 2020, 4, pkaa097. [CrossRef]

80. Dessinioti, C.; Dimou, N.; Geller, A.C.; Stergiopoulou, A.; Lo, S.; Keim, U.; Gershenwald, J.E.; Haydu, L.E.; Ribero, S.; Quaglino,
P.; et al. Distinct Clinicopathological and Prognostic Features of Thin Nodular Primary Melanomas: An International Study from
17 Centers. J. Natl. Cancer Inst. 2019, 111, 1314–1322. [CrossRef]

81. Boczar, D.; Sisti, A.; Restrepo, D.J.; Huayllani, M.T.; Manrique, O.J.; Lu, X.; Spaulding, A.C.; Bagaria, S.P.; Parker, A.S.; Forte, A.J.
National Analysis of Patients With Ulcerated Melanoma in the United States. Anticancer. Res. 2020, 40, 1055–1058. [CrossRef]

82. Bonnelykke-Behrndtz, M.L.; Steiniche, T. Ulcerated Melanoma: Aspects and Prognostic Impact. In Cutaneous Melanoma: Etiology
and Therapy; Ward, W.H., Farma, J.M., Eds.; Codon Publications: Brisbane, Australia, 2017; Chapter 5.

83. DiVincenzo, M.J.; Schwarz, E.; Ren, C.; Barricklow, Z.; Moufawad, M.; Yu, L.; Fadda, P.; Angell, C.; Sun, S.; Howard, J.H.; et al.
Expression Patterns of microRNAs and Associated Target Genes in Ulcerated Primary Cutaneous Melanoma. J. Investig. Dermatol.
2023, 143, 630–638.e3. [CrossRef]

84. Pinero-Madrona, A.; Ruiz-Merino, G.; Cerezuela Fuentes, P.; Martinez-Barba, E.; Rodriguez-Lopez, J.N.; Cabezas-Herrera, J.
Mitotic rate as an important prognostic factor in cutaneous malignant melanoma. Clin. Transl. Oncol. 2019, 21, 1348–1356.
[CrossRef]

85. Aung, P.P.; Nagarajan, P.; Prieto, V.G. Regression in primary cutaneous melanoma: Etiopathogenesis and clinical significance. Lab.
Investig. 2017, 97, 657–668. [CrossRef] [PubMed]

86. Yun, S.J.; Gimotty, P.A.; Hwang, W.T.; Dawson, P.; Van Belle, P.; Elder, D.E.; Elenitsas, R.; Schuchter, L.; Zhang, P.J.; Guerry, D.; et al.
High lymphatic vessel density and lymphatic invasion underlie the adverse prognostic effect of radial growth phase regression in
melanoma. Am. J. Surg. Pathol. 2011, 35, 235–242. [CrossRef] [PubMed]

87. Ribero, S.; Gualano, M.R.; Osella-Abate, S.; Scaioli, G.; Bert, F.; Sanlorenzo, M.; Balagna, E.; Fierro, M.T.; Macripo, G.; Sapino, A.;
et al. Association of Histologic Regression in Primary Melanoma With Sentinel Lymph Node Status: A Systematic Review and
Meta-analysis. JAMA Dermatol. 2015, 151, 1301–1307. [CrossRef]

88. Botella-Estrada, R.; Traves, V.; Requena, C.; Guillen-Barona, C.; Nagore, E. Correlation of histologic regression in primary
melanoma with sentinel node status. JAMA Dermatol. 2014, 150, 828–835. [CrossRef] [PubMed]

89. Amin, A.B.; Edge, S.B.; Greene, F.L.; Byrd, D.R.; Brookland, R.K.; Washington, M.K.; Gershenwald, J.E.; Compton, C.C.; Hess,
K.R.; Sullivan, D.C.; et al. (Eds.) Melanoma of the Skin. In AJCC Cancer Staging Manual, 8th ed.; Springer: New York, NY, USA,
2017; pp. 563–585.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ijms21030878
https://doi.org/10.1038/nprot.2008.73
https://doi.org/10.1186/s12895-018-0081-1
https://doi.org/10.7554/eLife.01460
https://doi.org/10.1111/j.1600-0625.2012.01510.x
https://doi.org/10.1038/labinvest.2017.5
https://doi.org/10.1038/bjc.2011.288
https://doi.org/10.1124/mol.109.055848
https://doi.org/10.1038/onc.2008.72
https://doi.org/10.1074/jbc.M111.285098
https://doi.org/10.1016/j.surg.2015.12.002
https://doi.org/10.1093/jncics/pkaa097
https://doi.org/10.1093/jnci/djz034
https://doi.org/10.21873/anticanres.14042
https://doi.org/10.1016/j.jid.2022.09.654
https://doi.org/10.1007/s12094-019-02064-4
https://doi.org/10.1038/labinvest.2017.8
https://www.ncbi.nlm.nih.gov/pubmed/28240749
https://doi.org/10.1097/PAS.0b013e3182036ccd
https://www.ncbi.nlm.nih.gov/pubmed/21263244
https://doi.org/10.1001/jamadermatol.2015.2235
https://doi.org/10.1001/jamadermatol.2013.9856
https://www.ncbi.nlm.nih.gov/pubmed/24898614

	Introduction 
	Materials and Methods 
	Patients and Clinical Sample 
	RNA Extraction 
	miRNA Expression Analysis 
	Statistical Analysis 

	Results 
	miR-146a-5p and miR-21-5p Are More Expressed in NM Subtype 
	miR-146a-5p and miR-21-5p Expression Correlates with Breslow Thickness Only in SSM Histological Subtype 
	miR-146a-5p and miR-21-5p Expression Is Associated with Ulceration in Melanoma 
	miR-146a-5p and miR-21-5p Expression Is Associated to Melanoma Mitotic Index in SSM Subtype 
	LMM Present Statistically Significant Different miRNA Expression Based on Regression Status 
	miR-146a-5p and miR-21-5p Expression and Prognostic Features Can Be Integrated to Improve Outcome Prediction 

	Discussion 
	Conclusions 
	Patents 
	References

