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Introduction. One possible mechanism of metastasis un-
derlying melanoma oncogenesis involves changes in the ex-
pression profile of miRNAs. The expression pattern of miR-
NAs in exosomes of melanoma cell lines can be evaluated as
potential biological markers for melanoma metastasis stages.

Aim. In cutaneous melanoma cell lines to determine the
profile of miRNAs as potential biomarkers of melanoma meta-
static stage using a panel of five miRNAs (miR-21-5p, miR-
149-3p, miR-150-5p, miR-155-5p and miR-193a-5p).

Materials and Methods. The expression level of miRNAs
was analysed in a skin melanoma cell line using real-time
qRT-PCR. The relative expression level was calculated using
the AACt method with determination of the relative quantifica-
tion (RQ) compared to the exogenous control. Parameters were
determined depending on the passage of cultivation.

Results. Analysis of the miRNA profile of a superficial
melanoma cell line as a function of cultivation time showed
that the expression of miR-149-3p, miR-21-5p increased in
carlier stages of cultivation and that miR-155-5p, followed by
miR-150-5p, miR-193-5p, that were the main miRNAs associ-
ated with melanoma progression in later stages.

Conclusion. The analysed profile of miRNAs of a super-
ficial spreading skin melanoma cell line as associated with
melanoma progression can be proposed as diagnostic and/or
prognostic biomarkers and can also be considered as potential
therapeutic targets.

Keywords: melanoma; miRNA; melanocytes in vitro; di-
agnosis; qRT-PCR; metastasis

* The full text of the article in Russian can be found on the issue’s website

Brenenne. OnuH U3 BO3MOXKHBIX MEXaHH3MOB METacTa3H-
pOBaHUS, JTEXKAIINH B OCHOBE OHKOT€HE3a METAaHOMBI TIPEACTAaB-
asieT coboi u3MeHeHue skcnpeccun mpoduiist miRNAs. Xapak-
Tep skcnpeccurt MiRNAS B KJICTOYHBIX JMHHUAX MEITaHOIUTOB
MEIIAaHOMBI OIL[CHUBAIOTCS KaK MOTEHIMAIbHBIE OMOIOTHYECKHE
MapKEPhbI 3TArlOB METACTa3upPOBaAHWA MECIAHOMBI.

Leanb. OnpenenuTs B KICTOYHBIX JIMHHUAX METaHOMBI KOXKH
npopms miRNAS Kak MOTEHIHMATBHBIX OHOMAapKEepOB ATAIOB
METAaCTa3upOBaHUsA MEJIAaHOMBI, HCIIOJL3YsSl IIaHCIb U3 IATH
miRNAs (miR-21-5p - miR-149-3p - miR-150-5p - miR-155-
5p - miR-193a-5p).

Marepuanabl U MeToabl. B KJI€TOYHON JTUHUU MeEJIaHOMBI
xoxu MetonoM qRT-TILIP B pexxume peasbHOro BPEMEHU aHa-
JTU3UPOBAIN YPOBEHB dKkcpeccud miRNAS, mpoBoauim pacyet
OTHOCHUTEIBHOTO ypoBHA 10 MeToxy AACt ¢ onpeneneHreM oT-
HOCHUTENBHOH KoHIeHTparus (RQ) oTHOCHTENBHO K30T€HHOTO
koHTpoIst. [TapamMeTpsl Ompenensanuch B 3aBUCHMOCTH OT Iac-
caka KyJIbTHBUPOBaHUSA.

PesyabTarel. AHanmsupyemsrii npodmie miRNAs xirerod-
HOHM JIMHUM TMOBEPXHOCTHO PACHPOCTPAHSIOUIEHCS METaHOMbI
KOXH, B 3aBHUCUMOCTH OT CPOKOB KYJIBTUBUPOBAHUS BBISABUII,
4yTo Ha Oo0Jee paHHHX CPOKaX KyJIHTHBHPOBAHUS IOBBIMIAETCS
skcnpeccuss miR-149-3p, miR-21-5p u Ha Oonee MO3AHHUX B
nepByto odepenp miR-155-5p, mamee miR-150-5p, miR-193-
5p, KaKk acCOIMHMPOBAHHBIE C IPOTPECCHPOBAHHEM MEIAHOMBI.

BeiBoabl. AnHammsupyemsrii mpo¢mis miRNAs kmerod-
HOM JIMHUM MOBEPXHOCTHO PACIPOCTPAHSIONICHCS MEIaHOMBI
KOXXH KaK acCOLMMPOBAHHEIE C IPOrPECCHPOBAHUEM MeEJIaHO-
MBI MOTYT OBITH TPEIOKEHBI B Ka4eCTBE JUATHOCTHYECKHUX
W/UIM TIPOTHOCTHYECKUX OMOMapKepoB, a TakkKe MOIyT pac-
CMaTpUBAThCS B KaueCTBE ITOTEHIHMAIBHBIX TEPareBTUIECKUX
MHUUIICHEH.

KarwueBbie ciioBa: menanoMa; miRNA; MenaHOIMTHI in
vitro; auarnoctuka; qRT-ITLIP; meTactasupopaHue

TToHBIH TEKCT CTaThH Ha PYCCKOM f3bIKE JOCTYIEH 10 cchlike https://voprosyonkologii.ru/index.php/journal/article/view/4-24-Comparative/2032
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Introduction

Skin melanoma is clinically diverse, the most
aggressive and molecularly heterogeneous disease,
characterized by early metastasis and its incidence
is increasing worldwide. The 10-year survival rates
from stage IA to IV range from 95 % to 10-15 %,
respectively [1-3].

Skin melanoma is more common in the geriat-
ric population, with a median age at diagnosis of
65 years, and is also diagnosed in adolescents and
young adults between the ages of 25 and 50 years
[4]. The global incidence by sex is 3.5 % in men
and 2.9 % in women, with a reverse trend after the
age of 40 years. Molecular alterations are charac-
terised by hyperactivation of the PI3K/AKT and
MAPK pathways, inactivation of p53 and altera-
tions of the CDK4/CDKN2A axis [5]. UV radia-
tion, melanocytic and dysplastic nevi are two major
risk factors for skin melanoma.

One of the possible mechanisms underlying
melanoma oncogenesis is the alteration of miRNA
profile expression, including under the influence of
UV radiation [6—8]. Present in exosomes, miRNAs
are involved in intercellular cyto-communication,
modulate the characteristics of melanoma neigh-
bouring cells or directly affect the tumour niche
by modifying the extracellular matrix [5, 9]. Indi-
vidual miRNAs allow the differentiation of mela-
noma into metastatic and non-metastatic melanoma,
while manifesting as oncogenes or tumor suppres-
sors with key functions in carcinogenesis and can-
cer progression [7, 8, 10]. Studies indicate the ex-
istence of a unique specific expression profile of
miRNAs in different tumor types and at different
stages of tumor development [8]. The expression
pattern of miRNAs in melanoma cell lines and clin-
ical samples was evaluated as a biological marker
for early stage melanoma in 2006 [11].

miRNAs, 22-26 nucleotides in size, belong to a
class of non-coding RNAs that can regulate gene
expression by recognising and specifically binding
to complementary sequences in the 3‘-untranslated
region (3’-UTR) of miRNAs and subsequently lead-
ing to degradation and repression of translation of
the target transcript and proteins. Less frequently,
they interact with the 5’UTR of the coding or pro-
moter region [6, 7, 12]. Exosome miRNAs act as
regulators of cellular processes by simultaneously
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modulating the expression levels of hundreds of
miRNAs, thereby exhibiting pleiotropic modulation
of a wide range of biological processes, including
proliferation, differentiation, apoptosis and develop-
ment. The ability of miRNAs to inhibit multiple
targets simultaneously is being considered as a new
pharmacological strategy for cancer treatment [7].

Exosomes are membrane nano-vesicles that are
secreted by most cell types, including tumor cells.
The biochemical composition of exosomes includ-
ing miRNAs appears to be the ‘molecular profile’
of the cells secreting them. Exosomes of tumor
origin can be considered as natural and biologi-
cally stable complexes of molecular tumor markers
[13]. In particular, the role of the miRNA miR-
193a-3p in cutaneous melanoma has only been par-
tially investigated [7]. During RNA biogenesis, two
mature miRNAs are formed from pre-miR-193a:
miR-193a-3p and miR-193a-5p. Both are expressed
in all tissues under physiological conditions [13]
and their regulation is disrupted in various types
of cancer, where they manifest as tumor suppres-
sors or oncogenes. mMiIRNA miR-21-5p is involved
in the regulation of PTEN, PDCD4, BTG2 levels
and is associated with various pathological con-
ditions, including neo-oncogenesis [14—16]. High
level of miR-21-5p expression is a negative pre-
dictor of survival in various forms of cancer [12].
An important role of miR-21-5p in cell prolifera-
tion, tumor progression [17], and functionally in-
creases the invasiveness of melanoma cells [18]
has been noted. miR-155 play an important role
in various physiological and pathological processes,
in the control of angiogenesis in melanoma [19,
20] inhibiting glycolysis and ATP formation [5, 9].
The p53-sensitive miR-149-3p plays a major role
in the process of cell migration [21].

In vitro 3D models of melanoma melanocytes
allow us to study tumor oncogenesis in a micro-
environment closer to that in vivo. Analysis of
melanoma melanocytes provides an opportunity
to directly analyze the miRNA spectrum directly
isolated from tumors and thus simulate different
stages of the metastatic process. The data obtained
will optimize the development of therapies target-
ing specific stages of metastasis to improve clinical
response rates and overall survival of patients. The
miRNA panel analyzed in this work is considered
as potential diagnostic markers or targets for future
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therapies. Understanding the important role of miR-
NAs in melanoma progression will facilitate the
development of targeted therapy using miRNAs
that interact with the most important regulatory
pathways of melanoma development and progres-
sion — MAPK/ERK and PI3K/PTEN/Akt [22, 23].

Therefore, the aim of our work was to deter-
mine the profile of exosome miRNAs as poten-
tial biomarkers of melanoma metastasis stages in
melanoma melanocyte cell lines using a panel of
five miRNAs: miR-21-5p, miR-149-3p, miR-150-
5p, miR-155-5p, miR-193a-5p.

Materials and Methods

Comparative analyses were performed in an in
vitro model. The biological material was human
skin melanoma cell lines obtained from six pa-
tients with superficial spreading melanoma (SSM).
Primary culture was obtained using a 2.0 x 5.0 cm
skin flap explant method with the informed con-
sent of each patient during routine surgery (VM-
Clinic Multidisciplinary Hospital, Ulyanovsk). All
works were performed according to the Freshney’s
protocol [24]. To obtain primary culture the ex-
plant was mechanically and chemically dispersed,
then the cell suspension was placed in Petri dish-
es (TRR, Switzerland) and 25 cm? vials (TRR,
Switzerland) with nutrient medium (RPMI-1640
(Paneco, Russia) with 10 % calf embryo serum
(NuClone, USA), gentamicin (Paneco, Russia).
Incubation was performed in a CB-53 multi-gas
incubator (BINDER GmbH, Germany), at +37 °C,
CO, 5 %. Cell sedimentation was performed on
an Allegra X-30R centrifuge (Beckman Coulter,
Germany). For subculturing, monolayer cells were
transferred into suspension with trypsin-EDTA so-
lution (PanEco) and dispersed into new vials and
Petri dishes at a concentration of 200 ths/ml per 1
vial/Petri dish. Cell counting was performed using
an automatic cell counter (BioRad, USA) with pre-
liminary staining with trypan blue. The growth of
cell lines was monitored using an inverted fluores-
cence microscope ‘Axio Vert. Al FL’ with digital
color video camera Axiocam 105 (Carl Zeiss, Ger-
many). Cell lines were obtained from six patients
with a confirmed diagnosis of superficial spreading
melanoma (SSM). The cell lines of melanocytes
from pigmented nevus served as controls.

For a single PCR assay, the required number of
cells is 104-10%1 ml. The mirVana miRNA Iso-
lation Kit (Ambion/Thermo Scientific, Germany)
was used to isolate total cell culture miRNA. For
this purpose, melanocyte cell lines were pre-eluted
from the vial with 0.25 % trypsin-Versen solution,
washed with chilled 1xPBS solution. Before adding
lysis buffer to the cell suspension, 1 ul. 0.05 uM
of cel-miR-39-3p solution was added for each 10°
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cells/ml as an internal control. The resulting total
miRNA preparation was further extracted into 1.5
ml Eppendorf tubes and stored at -80 °C.

TagMan Advanced miRNA cDNA Synthesis
Kit (Thermo Scientific, Germany) was used for
reverse transcription. TagMan Fast Advanced Mas-
ter Mix (Thermo Scientific, Germany), TagMan™
Advanced miRNA Assay Kit (Thermo Scientific,
Germany) miR-21-5p, miR-149-3p, miR-150-5p,
miR-155-5p, miR-193a-5p were used for real-time
gRT-PCR. A single Ct value of 0.1 (qPCRsoft 3.0
software) was chosen for all samples according to
the manufacturer’s instructions as an indicator of
the expression level of the analysed miRNAs. The
value of ACt corresponding to the number of cycles
at which the fluorescence curve crossed the given
background level was determined. Each experiment
was performed in two process repeats with further
calculation of the average value of ACtsr. The rela-
tive level was calculated using the AACt method
with determination of the relative concentration of
miRNA (RQ) relative to the exogenous control [25].
The nucleotide sequences of the analysed miRNAs
(tab. 1) were obtained from the miRBase database
(www.mirbase.org).

Table 1. Nucleotide sequences of the analyzed

miRNAs
miRNAs Nucleotide sequence
miR-155-5p UUAAUGCUAAUCGUGAUAGGGGUU
miR-149-3p AGGGAGGGACGGGGCUGUGC
miR-150-5p UCUCCCAACCCUUGUACCAGUG
miR-193a-5p AACUGGCCUACAAAGUCCCAGU
miR-21-5p AUGCUUAUCAGACUGAUGUUGA

gRT-PCR analysis was performed by real-time
endpoint on a CFX96 Touch amplifier (Bio-Rad
Laboratories, USA).

Statistical processing. Prism 8.0.1 (Graphpad,
USA) was used to process the obtained data. The
Shapiro-Wilk (SW) method was used to determine
the normality of data distribution. Since the p value
(SW) is greater than 0.05, the null hypothesis of
normal data distribution was accepted and paramet-
ric methods were used for statistical processing. At
the initial stage of analyzing the obtained quantita-
tive data, descriptive statistics methods were used;
the mean (Mean) and standard deviation (Sd) were
calculated for each sample. The statistical signifi-
cance of differences in values was assessed using
Student’s t-test. Multiple pairwise comparisons of
ACtsr of each investigated miRNA from 1st to 6th
passages were performed using Tukey’s test. When
testing statistical hypotheses, differences at the criti-
cal significance level of p < 0.05 were considered
reliable.
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Fig. 1. ACtsr values of miRNAs expression level in melanoma melanocyte cell line from the first to the sixth passage of cultivation

by real-time qRT-PCR
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Results

First Passage. The profile of the analyzed miR-
NA species revealed that miR-149-3p had the high-
est ACtsr in the analyzed miRNA panel (fig. 1),
while miR-193a-5p had the lowest. However, no
expression of miR-150-5p was detected.

Second passage. The nature (fig. 1) of the indi-
cators of the analyzed panel of miRNA exosomes
of second and first passage melanoma melanocytes
show similar ACtsr values, with the only difference
that the expression level of miR-149-3p and miR-
155-5p is slightly lower, in contrast to the expres-
sion level of miR-21-5p, the expression level of
which is increased.

Third passage. A distinctive feature is the reg-
istration of miR-150-5p expression (fig. 1), which
exhibits the highest levels among all analyzed miR-
NAs in this passage.

The ACtsr values of miR-149-3p and miR-155-
5p are slightly lower (in contrast to the previous

22.5

passages), with the lowest ACtsr values noted for
miR-193a-5p.

Fourth passage. Also, as in the third passage
(fig. 1), a high level of miRNA expression of miR-
150-5p and miR-149-3p is observed, with the low-
est ACtsr values of miR-193a-5p.

Fifth passage. The highest expression levels
(fig. 1) were still observed for miR-150-5p and
miR-149-3p. Lower expression of ACtsr miR-155-
5p. Within this passage, miR-21-5p and miR-193a-
5p showed the lowest expression level.

Sixth passage. In contrast to the fifth passage,
in addition to high expression levels (fig. 1) of
miR-150-5p, miR-149-3p, high expression levels
of miR-155-5p were observed. Also, a distinctive
feature of this passage is a pronounced increase in
the expression of miR-193a-5p in comparison with
other passages.

In relation to the control parameters (melano-
cytes of pigmented nevus), the intergroup compari-
son revealed (fig. 2) a significant increase in the
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Fig. 2. Intergroup analysis of the relative expression level (AACtsr) of the panel of miRNAs analyzed, from the first to the sixth passage
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0,0003
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Fig. 3. Multiple pairwise comparison of the ACt of the miRNAs studied from passages 1 to 6 (Tukey’s test)
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expression level (AAACtsr) of the analysed miRNA
panel. Thus, in particular the expression of miR-
21-5p significantly increases on the first passage
by 27 %, on the other passages more than 4-fold.
The expression of miR-149-3p is significantly
increased at the first passage by 3.2-fold, at the
second and third passages by more than 2-fold, at
the fourth passage by 3.8-fold, and at the fifth and
sixth passages by more than 5-fold. The expres-
sion of miR-150-5p significantly increases from the
fourth to the sixth passage more than 5-fold. The
expression of miR-155-5p significantly increases at
the first, fourth passage more than 3-fold, the most
pronounced increase in expression was observed at
the fifth passage (5-fold) and at the sixth passage
more than 7-fold. The expression of miR-193a-5p
relative to the control is significantly increased only
at the sixth passage by 5-fold.

Multiple pairwise comparison (fig. 3) of ACtsr
from the first to the sixth passage revealed that
all analyzed miRNAs types differed significantly
in their degree of expression except in the pairing
of miR-149-3p and miR-150-5p.

Discussion

Taking into account the presence of a unique
specific expression profile of miRNAs at different
stages of skin melanoma development [8], we have
revealed the peculiarities of expression of the ana-
lyzed panel of miRNAs.

In particular, the expression of miRNA miR-
155-5p from the first passages of cultivation and
by the sixth increased 7-fold, which is the highest
expression level among the analyzed miRNAs. It
is known that miR-155-5p play an important role
in various physiological and pathological processes;
they are part of exosomes involved in the control
of angiogenesis in melanoma [19], play a crucial
role in the reprogramming of the tumor microen-
vironment, inhibition of proliferation processes and
induction of apoptosis [9]. Although tumor angio-
genesis is modulated by various factors, exosomal
miR-155-5p could be a potential target for control-
ling melanoma angiogenesis and could be used to
develop new treatment strategies.

A distinctive feature of miR-150-5p in our ex-
periment is the absence of expression from the first
to the third passage and high expression rates from
the fourth to the sixth passage. Notably, miR-150-
5p ranks second after miR-155 in terms of expres-
sion upregulation. miR-150-5p is one of the most
studied miRNAs and plays an important role in the
processes of melanoma oncogenesis - it suppresses
proliferation, determines cytoskeleton restructuring,
cell invasion, inhibits SIX1 gene expression by tar-
geting its 3°-UTR, inhibiting glycolysis, ATP forma-
tion and determines the development of mechanisms
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of decreased sensitivity to some drugs [20]. Gly-
colysis regulated by miR-150-5p/SIX1 is crucial for
the regulation of tumor growth, apoptosis, metasta-
sis prediction and cell survival both in vitro and in
vivo [5]. miR-150-5p targets a wide range of onco-
genes or tumor suppressor genes, transcription fac-
tors such as ZEB1, HMGA2, FOX0O4 and ¢c-MYB,
and key signaling pathways including wnt/B-catenin
and TGFp, affecting multiple effectors including
matrix metalloproteinases (MMP14 and MMP13),
cell adhesion molecules (ITGA3, ITGA6). TGFp is
thought to have a tumor suppressive effect in the
early stages of cancer by preventing cell prolifera-
tion and promoting apoptosis, but TGF stimulates
tumor metastasis in late stage tumors [26], which
we observed in our study. It was also noted that
miR-150-5p regulates the transcription factor KLF2,
which is actively involved in the modelling of in-
flammatory chemokines in cells of the immune sys-
tem, and, can be used as prognostic and diagnostic
markers of regulators of differentiation and activa-
tion of immune cells that are involved in innate and
adaptive immune responses. It has been observed
that high expression of miR-150-5p in patient tu-
mor samples indicates better prognosis and better
response to adjuvant chemotherapy.

The expression level of miR-149-3p increased
smoothly from the first to the sixth passage, it is
also noteworthy that miR-149-3p ranked third after
miR-150-5p and miR-155-5p in terms of expression
level increase. The expression level of miR-149-3p
plays a major role in the process of cell migration
and tumor progression [21]. It has been observed
that P53-sensitive miR-149*, is overexpressed in
human metastatic melanoma isolates and targets
GLYCOGEN SYNTHASE KINASE-3 ALPHA
(GSK3A), inducing melanoma cell resistance to
apoptosis by increasing MCL-1 expression, regulate
cyclin-independent cell cycle proteins [27]. Mul-
tiple primary melanomas have been found to have
higher expression of miR-149-3p family compared
to single skin melanomas and nevi, which was also
observed in our study. TGF-B2, WNT/B-Catenin,
HIPPO, TWEAK/EGFR and IL-6/STAT3 pathways
are the major signaling pathways regulating miR-
149-3p expression. According to the results of
TARGET SCAN [28], it is suggested that miR-
149-3p exhibits anti-OC abilities by inactivating the
PI3K/AKT pathway.

The smooth steady increase in miRNA miR-
21-5p expression, which we observed, reflects a
disturbance in the regulation of signaling path-
ways of tumor suppressor proteins PTEN, PDCD4,
BTG2, the development of the pathological state
of the organism, including neo-oncogenesis, may
contribute to tumor growth, metastasis and inva-
sion, and decreased sensitivity to chemotherapy.
High expression level of miR-21-5p is a negative
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predictor of survival in various forms of cancer
[12], which increases depending on the duration
of cultivation. It is important to note that the role
of miR-21-5p in cell proliferation, tumor progres-
sion due to overexpression in melanoma tissues is
significantly higher compared to benign tumors, in
our case compared to pigmented nevus; therefore
it can act as a prognostic biomarker [17].
miR-21-5p functionally increases the invasive-
ness of melanoma cells by inhibiting tissue inhibi-
tor of metalloproteinases 3 (MMP-3) [18]. A large
number of studies indicate a disruption of cell cycle
regulation at the G1/S, S and G2/M phase restriction
point for virtually all human tumor types, including
melanoma. At the same time, the regulatory role
of miR-21-5p in this case likely to be through its
effect on the skin melanoma CDKN2C gene with
the subsequent effect of enhancing proliferation at
the G1/S transition level of the cell cycle [12].

Suppression of miR-21-5p expression inhibited
the growth and metastatic potential of melanoma
through activation of apoptosis, and increased the
chemo- or radiosensitivity of human skin melano-
ma, indicating the potential application of miR-21-
Sp for therapeutic purposes.

miR-21-5p ranked fourth after miR-155-5p,
miR-150-5p, and miR-149-3p in terms of increased
expression.

In our study, no increase in miR-193-5p expres-
sion was detected in the first passages of cultivation
(early stages), which has also been reported in other
studies [7, 15]. At the same time, a sharp increase
in miR-193-5p expression at the sixth passage of
cultivation determines a significant decrease in cell
viability, expression of genes involved in prolif-
eration (ERBB2, KRAS, PIK3R3 and MTOR) and
apoptosis (MCL1 and NUSAPI1), suppression of
Akt and Erk pathways, inhibition of anti-apoptotic
factors and expression of apoptosis ligand PD-L1.
This creates the potential for melanoma to ‘escape’
immune system factors [29]. The obtained results
of miR-193a-5p expression may represent a new
method of treatment for patients with skin mela-
noma, taking into account the fact that miR-193
expression is associated with the mutational status
of the BRAF gene in melanoma tissues [14].

We observed that a panel of analysed miRNAs
of melanoma melanocytes may provide novel bio-
markers predicting patient response to immune
checkpoint inhibition, and it is reasonable to specu-
late that combining miRNAs with different immune
checkpoint targets may mimic and possibly im-
prove the effect of combination therapy of immune
checkpoint blockade. Targeted therapy and immu-
notherapy have significantly improved the outcome
of advanced melanoma patients, but resistance and
toxicity as well as incomplete therapeutic response
often occur. Moreover, analysis of miRNAs profile

658

as clinical biomarkers is more correct to be per-
formed directly from tumor cells from the position
of analysis of metastasis mechanisms, rather than
circulating in the blood for reasons such as - the
presence of cellular detritus, hemolysis and other
factors that can potentially affect reproducibility
and sensitivity.

Conclusion

The study examined a model of melanoma me-
tastasis development using the duration of mela-
nocyte culture of superficially spreading melanoma
in correlation with the expression level of a panel
of five analyzed miRNAs. The profile of miRNAs
analyzed according to the duration of cultivation
showed that the expression of miR-149-3p, miR-
21-5p increased in earlier periods of cultivation,
and at later periods, first of all miR-155-5p, then
miR-150-5p, miR-193-5p, as associated with mela-
noma progression and can be proposed as diagnos-
tic and/or prognostic biomarkers, as well as being
considered as potential therapeutic targets.
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