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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 ΔΔCt 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 
earlier 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

Введение. Один из возможных механизмов метастази-
рования, лежащий в основе онкогенеза меланомы представ-
ляет собой изменение экспрессии профиля miRNAs. Харак-
тер экспрессии miRNAs в клеточных линиях меланоцитов 
меланомы оцениваются как потенциальные биологические 
маркеры этапов метастазирования меланомы. 

Цель. Определить в клеточных линиях меланомы кожи 
профиль miRNAs как потенциальных биомаркеров этапов 
метастазирования меланомы, используя панель из пяти 
miRNAs (miR-21-5p - miR-149-3p - miR-150-5p - miR-155-
5p - miR-193a-5p).

Материалы и методы. В клеточной линии меланомы 
кожи методом qRT-ПЦР в режиме реального времени ана-
лизировали уровень экспрессии miRNAs, проводили расчет 
относительного уровня по методу ΔΔCt с определением от-
носительной концентрация (RQ) относительно экзогенного 
контроля. Параметры определялись в зависимости от пас-
сажа культивирования.

Результаты. Анализируемый профиль miRNAs клеточ-
ной линии поверхностно распространяющейся меланомы 
кожи, в зависимости от сроков культивирования выявил, 
что на более ранних сроках культивирования повышается 
экспрессия miR-149-3p, miR-21-5p и на более поздних в 
первую очередь miR-155-5p, далее miR-150-5p, miR-193-
5р, как ассоциированные с прогрессированием меланомы.

Выводы. Анализируемый профиль miRNAs клеточ-
ной линии поверхностно распространяющейся меланомы 
кожи как ассоциированные с прогрессированием мелано-
мы могут быть предложены в качестве диагностических 
и/или прогностических биомаркеров, а также могут рас-
сматриваться в качестве потенциальных терапевтических 
мишеней.

Ключевые слова: меланома; miRNA; меланоциты in 
vitro; диагностика; qRT-ПЦР; метастазирование
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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 

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. miRNA 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 × 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 cm2 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, 
CO2 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. A1 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 104−106/1 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 μl. 0.05 μM 
of cel-miR-39-3p solution was added for each 106 

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.

TaqMan Advanced miRNA cDNA Synthesis 
Kit (Thermo Scientific, Germany) was used for 
reverse transcription. TaqMan Fast Advanced Mas-
ter Mix (Thermo Scientific, Germany), TaqMan™ 
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 
qRT-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 ΔCt 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 ∆Ctsr. The rela-
tive level was calculated using the ΔΔCt 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

qRT-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 
∆Ctsr 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. ∆Ctsr 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 ∆Ctsr 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 ∆Ctsr 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 ∆Ctsr values of miR-149-3p and miR-155-
5p are slightly lower (in contrast to the previous 

passages), with the lowest ∆Ctsr 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 ∆Ctsr 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 ∆Ctsr 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 

Fig. 2. Intergroup analysis of the relative expression level (∆∆Ctsr) of the panel of miRNAs analyzed, from the first to the sixth passage

Fig. 3. Multiple pairwise comparison of the ΔCt of the miRNAs studied from passages 1 to 6 (Tukey’s test)
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expression level (∆∆∆Ctsr) 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 ∆Ctsr 
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 

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, FOXO4 and c-MYB, 
and key signaling pathways including wnt/β-catenin 
and TGFβ, affecting multiple effectors including 
matrix metalloproteinases (MMP14 and MMP13), 
cell adhesion molecules (ITGA3, ITGA6). TGFβ is 
thought to have a tumor suppressive effect in the 
early stages of cancer by preventing cell prolifera-
tion and promoting apoptosis, but TGFβ 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 
(GSK3Α), 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-Β2, WNT/Β-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-
5p 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 NUSAP1), 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 

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.

Conflict of interest
The authors declare no conflict of interest.

Compliance with the rules of bioethics
The study was carried out in accordance with the WMA.
Declaration of Helsinki as amended in 2013. The meeting 
of the Ethics Committee of the Ulyanovsk «VM-Clinic» 
approved the study and the informed consent form on 11 
September 2023, Protocol No. 21. The research material was 
obtained from the multiprofile hospital «VM-Clinic», Uly-
anovsk. All patients gave written informed consent to par-
ticipate in the study.

Financing
The research was conducted on the basis of grants from the 
federal budget of the Ministry of Education of the Russian 
Federation for financial support of the fulfilment of the state 
task No. 073-00037-2302 dated 31.07.2023 (registration No. 
1023012300024-4-1.6.4).

Authors’ contributions
Antonova E.I. — suggested the idea for the publication, 
wrote the manuscript;
Antonova E.I., Kunitsyna A.V. — chose material for the 
study;
Kunitsyna A.V., Achilov A.B., Koroleva A.K. — introduced 
information about the study and analyzed the data;
Baldueva I.A., Nekhaeva T.L., Firsova N.V., Sikharulidze 
S.V. — edited the article.
All authors have approved the final version of the article prior 
to publication and have agreed to take responsibility for all 
aspects of the work, including the proper investigation and 
resolution of issues relating to the accuracy or integrity of 
any part of the paper.

REFERENCES
1. Malignant neoplasms In Russia in 2021: incidence and mor-

tality. Ed. by Kaprin A.D., Starinskiy V.V., Shahzadova A.O. 



659VOPROSY ONKOLOGII = PROBLEMS IN ONCOLOGY. 2024;70(4) 

ЭКСПЕРИМЕНТАЛЬНЫЕ ИССЛЕДОВАНИЯ/ EXPERIMENTAL RESEARCH

Moscow: P.A. Herzen MROI - branch of the FSBOI “NMR 
Radiological Centre” of the Ministry of health of the Russian 
Federation. 2022; 252.-ISBN: 978-5-85502-280-3 (in Rus).

2. Leiter U., Keim U., Garbe C. Epidemiology of skin cancer: 
Update 2019. Adv Exp Med Biol. 2020; 1268.-DOI: https://
doi.org/10.1007/978-3-030-46227-7_6. URL: https://pubmed.
ncbi.nlm.nih.gov/32918216.

3. Sun W., Zhao F., Hu T., et al. Oncogenic alterations reveal 
key strategies for precision oncology in melanoma treat-
ment. Ann Transl Med. 2022; 10(22): 1246.-DOI: https://
doi.org/10.21037/atm-22-5346. URL: https://pubmed.ncbi.
nlm.nih.gov/36544693.

4. MicroRNA in human malignancies. 1st ed. Ed. by Negri-
ni M., Calin G.A., Croce C.M. Elsevier. 2022; 418.-DOI: 
https://doi.org/10.1016/B978-0-12-822287-4.09993-X. -URL: 
https://www.sciencedirect.com/book/9780128222874/micror-
na-in-human-malignancies.-ISBN: 9780128222874.

5. Ghafouri-Fard S., Gholipour M., Taheri M. MicroRNA sig-
nature in melanoma: biomarkers and therapeutic targets. 
Front Oncol. 2021; 11: 608987.-DOI: https://doi.org/10.3389/
fonc.2021.608987. URL: https://pubmed.ncbi.nlm.nih.
gov/33968718.

6. Petkevich A.A., Shubina I.Zh., Abramov A.A., et al. Fea-
tures of MicroRNA expression in human melanocytes and 
melanoma cells. Russian Journal of Biotherapy. 2018; 17(3): 
6-11.-ISSN: 1726-9784.-DOI: https://doi.org/10.17650/1726-
9784-2018-17-3-6-11. URL: https://bioterapevt.elpub.ru/jour/
article/view/1095. (in Rus).

7. Polini B., Carpi S., Doccini S., et al. Tumor suppres-
sor role of hsa-miR-193a-3p and -5p in Cutaneous Mela-
noma. Int J Mol Sci. 2020; 21(17): 6183.-DOI: https://doi.
org/10.3390/ijms21176183. URL: https://pubmed.ncbi.nlm.
nih.gov/32867069.

8. Antonova E., Hambikova A., Shcherbakov D., et al. De-
termination of common microRNA biomarker candidates 
in stage IV melanoma patients and a human melanoma 
cell line: a potential anti-melanoma agent screening mod-
el. Int J Mol Sci. 2023; 24(11): 9160.-DOI: https://doi.
org/10.3390/ijms24119160. URL: https://pubmed.ncbi.nlm.
nih.gov/37298110.

9. Gajos-Michniewicz A., Czyz M. Role of MiRNAs in mela-
noma metastasis. Cancers J (Basel). 2019; 11(3): 326.-
DOI: https://doi.org/10.3390/cancers11030326. URL: https://
pubmed.ncbi.nlm.nih.gov/30866509.

10. Antonova E.I., Solovyov A.V., Baranov A.V., Khambikova 
A.V. The profile of microRNAs in blood plasma in the as-
pect of the development of approaches to early diagnosis of 
melanoma. Materials of the II all-russian scientific conference 
with international participation: abstracts. Cheboksary: Sreda. 
2019; 7-12.-EDN: EVEUCR. URL: https://elibrary.ru/eveucr?
ysclid=lq4wwzaudo921400154. (in Rus).

11. Zhang L., Huang J., Yang N., et al. MicroRNAs exhibit 
high frequency genomic alterations in human cancer. Proc 
Natl Acad Sci. 2006; 103(24): 9136-9141.-DOI: https://doi.
org/10.1073/pnas.0508889103. URL: https://pubmed.ncbi.
nlm.nih.gov/16754881.

12. Yang Z., Liao B., Xiang X., Ke S. miR-21-5p promotes cell 
proliferation and G1/S transition in melanoma by targeting 
CDKN2C. FEBS Open Bio. 2020; 10(5): 752-760.-DOI: 
10.1002/2211-5463.12819. URL: https://www.researchgate.
net/publication/339452672_MiR-21-5p_promotes_cell_prolif-
eration_and_G1S transition_in_melanoma by_targeting CD-
KN2C.

13. Khordadmehr M., Shahbazi R., Sadreddini S., Baradaran 
B. miR-193: A new weapon against cancer. J Cell Physiol. 

2019; 234(10): 16861-16872.-DOI: https://doi.org/10.1002/
jcp.28368. URL: https://pubmed.ncbi.nlm.nih.gov/30779342.

14. Yong F.L., Law C.W., Wang C.W. Potentiality of a triple 
microRNA classifier: miR-193a-3p, miR-23a and miR-338-
5p for early detection of colorectal cancer. BMC Cancer. 
2013; 13: 280.-DOI: https://doi.org/10.1186/1471-2407-13-
280. URL: https://pubmed.ncbi.nlm.nih.gov/23758639.

15. Tsai K.W., Leung C.M., Lo Y.H., et al. Arm selection pref-
erence of microRNA-193a varies in breast cancer. Sci Rep. 
2016; 6: 28176.-DOI: https://doi.org/10.1038/srep28176. 
URL: https://pubmed.ncbi.nlm.nih.gov/27307030.

16. Whiteside T.L. The potential of tumor-derived exosomes 
for noninvasive cancer monitoring. Expert Rev Mol Di-
agn. 2015; 15(10): 1293-1310.-DOI: https://doi.org/10.1586
/14737159.2015.1071666. URL: https://pubmed.ncbi.nlm.nih.
gov/26289602.

17. Babapoor S., Wu R., Kozubek J., et al. Identification of mi-
croRNAs associated with invasive and aggressive phenotype 
in cutaneous melanoma by next-generation sequencing. Lab 
Invest. 2017; 97: 636-648.-DOI: https://doi.org/10.1038/labin-
vest.2017.5. URL: https://pubmed.ncbi.nlm.nih.gov/28218741.

18. del Campo S.E.M., Latchana N., Levine K.M., et al. MiR-
21 enhances melanoma invasiveness via inhibition of tissue 
inhibitor of metalloproteinases 3 expression: in vivo effects 
of MiR-21 inhibitor. PLoS One. 2015; 10(1): e0115919.-DOI: 
https://doi.org/10.1371/journal.pone.0115919. URL: https://
pubmed.ncbi.nlm.nih.gov/25587717.

19. Zhou X., Yan T., Huang C., et al. Melanoma cell–secreted 
exosomal miR-155-5p induce proangiogenic switch of can-
cer–associated fibroblasts via SOCS1/JAK2/STAT3 signaling 
pathway. J Exp Clin Cancer Res. 2018; 37(1): 242.-DOI: 
https://doi.org/10.1186/s13046-018-0911-3. URL: https://
pubmed.ncbi.nlm.nih.gov/30285793.

20. Zhang J., Wu W., Xu S., et al. MicroRNA-105 inhibits hu-
man glioma cell malignancy by directly targeting SUZ12. 
Tumour Biol. 2017; 39(6): 1010428317705766.-DOI: https://
doi.org/10.1177/1010428317705766. URL: https://pubmed.
ncbi.nlm.nih.gov/28618952.

21. Silva B.O., Lima K.F., Gonçalves L.R., et al. MicroRNA 
profiling of the effect of the heptapeptide angiotensin-(1–7) in 
A549 lung tumor cells reveals a role for miRNA149-3p in cel-
lular migration processes. PLoS One. 2016; 11(9): e0162094.-
DOI: https://doi.org/10.1371/journal.pone.0162094. URL: 
https://pubmed.ncbi.nlm.nih.gov/28618952.

22. Weidle U.H., Ausländer S., Brinkmann U. Micro RNAs pro-
moting growth and metastasis in preclinical in vivo mod-
els of subcutaneous melanoma. Cancer Genomics & Pro-
teomics. 2020; 17(6): 651-667.-DOI: https://doi.org/10.21873/
cgp.20221. URL: https://pubmed.ncbi.nlm.nih.gov/33099468.

23. Poniewierska-Baran A., Słuczanowska-Głąbowska S., 
Małkowska P., et al. Role of miRNA in melanoma develop-
ment and progression. Int J Mol Sci. 2023; 24(1): 201.-DOI: 
https://doi.org/10.3390/ijms24010201. URL: https://pubmed.
ncbi.nlm.nih.gov/36613640.

24. Freshni R.J. Culture of animal cells. Practical guide. Transla-
tion of the 5th English edition. Moscow: Binom. Laboratory 
of Knowledge. 2010; 691.-EDN: QKTJKZ.-ISBN: 978-5-
94774-596-2 (in Rus).

25. Livak K.J., Schmittgen T.D. Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2−ΔΔCT 
method. Methods. 2001; 25(4): 402-408.-DOI: https://doi.
org/10.1006/meth.2001.1262. URL: https://pubmed.ncbi.nlm.
nih.gov/11846609.

26. Ameri A., Ahmed H.M., Pecho R.D.C., et al. Diverse activ-
ity of mir-150 in tumor development: shedding light on the 



660 ВОПРОСЫ ОНКОЛОГИИ. 2024;70(4)

DOI 10.37469/0507-3758-2024-70-4-652-660

potential mechanisms. Cancer Cell Int. 2023; 23(261).-DOI: 
https://doi.org/10.1186/s12935-023-03105-3. URL: https://
www.researchgate.net/publication/375283802_Diverse_activ-
ity_of_miR-150_in_Tumor_development_shedding_light_on_
the_potential_mechanisms.

27. Jin L., Hu W.L., Jiang C.C., et al. MicroRNA-149*, a p53-
responsive microRNA, functions as an oncogenic regulator 
in human melanoma. Proc Natl Acad Sci USA. 2011; 108: 
15840-15845.-DOI: https://doi.org/10.1073/pnas.1019312108. 
URL: https://pubmed.ncbi.nlm.nih.gov/21896753.

28. TargetScanHuman. Prediction of microRNA targets. Ver-
sion 7.1 (June 2016). Whitehead Institute for Biomedical 
Research. Bioinformatics and Research Computing. 2006-
2016. URL: www.targetscan.org/cgi-bin/targetscan/vert_71/

targetscan.cgi?species=Human&gid=&mir_c=miR-149-
5p&mir_sc=&mir_nc=&sortType=cs&allTxs=&incl_nc=100, 
(28.11.2021).

29. Rodrigues D.V.S., Monteiro V.V.S., Navegantes-Lima K.C., 
et al. MicroRNAs in cell cycle progression and prolifera-
tion: molecular mechanisms and pathways. Non-coding RNA 
Investigation 2. 2018; 1-19.-DOI: https://doi.org/10.21037/
ncri.2018.04.06. URL: https://www.researchgate.net/publi-
cation/325214553_MicroRNAs_in_cell_cycle_progression_
and_proliferation_molecular_mechanisms_and_pathways.

Received / 04.12.2023 
Reviewed / 13.02.2024 

Accepted for publication / 22.02.2024

Author’s information / ORCID

Elena I. Antonova / ORCID ID: https://orcid.org/0000-0002-3686-9686, SPIN-code: 4863-9977.
Irina A. Baldueva / ORCID ID: https://orcid.org/0000-0002-7472-4613, SPIN-code: 7512-8789.
Anastasia V. Kunitsyna / ORCID ID: https://orcid.org/0000-0002-1962-7992, SPIN-code: 3959-9980.
Tatjana L. Nekhaeva / ORCID ID: https://orcid.org/0000-0002-7826-4861, SPIN-code: 5366-8969.
Atabeg B. Achilov / ORCID ID: https://orcid.org/0000-0002-5478-0415, SPIN-code: 9243-7612.
Anastasia K. Koroleva / ORCID ID: https://orcid.org/0000-0002-7180-5442.
Natalia V. Firsova / ORCID ID: https://orcid.org/0000-0002-9907-8857, SPIN-code: 9810-2814.
Sergey V. Sikharulidze / ORCID ID: https://orcid.org/0000-0002-3053-8421.

https://orcid.org/0000-0002-3053-8421

