ARTICOLE ORIGINALE

ORIGINAL PAPERS

NEVI ATIPICI SI MELANOM: PERSPECTIVE FENOTIPICE
SI MOLECULARE

ATYPICAL NEVI AND MELANOMA: PHENOTYPIC
AND MOLECULAR PERSPECTIVES

CRISTINA-RALUCA MIHULECEA*, MARIA ROTARU**

Rezumat

Melanomul este unul dintre cele mai agresive
neoplasme ale pielii, diagnosticul precoce fiind esential
pentru prognosticul pacientului. In practica curentd,
evaluarea clinicd, dermatoscopicd si histopatologicd consti-
tuie metodele standard in diagnosticul leziunilor melano-
citare, insd tehnicile moleculare moderne, precum
hibridizarea fluorescentd in situ (FISH), pot aduce infor-
matii suplimentare in cazurile cu aspect ambiguu.

Cercetarea a inclus patru directii principale: studiul
similaritdtilor clinice si dermatoscopice dintre nevii atipici
si melanom, analiza rolului micromediului tumoral in
melanom, evaluarea utilitatii tehnicii FISH in diagnosticul
melanomului, precum si o sintezd a factorilor implicati in
nevogenezi si melanomagenezi. Corelarea datelor clinice,
histopatologice si moleculare a evidentiat atdt suprapuneri
fenotipice intre leziunile benigne si cele maligne, cdt si
particularitdti moleculare utile in situatiile neconcludente.

Tehnicile de hibridizare in situ pot completa examenul
histopatologic in leziunile cu arhitecturd ambigud, evi-
dentiind modificdri genetice relevante. Analiza micro-
mediului tumoral confirmd rolul acestuia in progresia
melanocitard, iar sinteza datelor actuale contribuie la o mai
bund infelegere a mecanismelor implicate in aparitia
melanomului.

Summary

Melanoma is among the most aggressive skin cancers,
making early detection essential for optimizing patient
prognosis. In current clinical practice, clinical exami-
nation, dermoscopy, and histopathology represent the
standard methods for assessing melanocytic lesions;
however, modern molecular techniques, such as fluo-
rescence in situ hybridization (FISH), can provide ad-
ditional information in cases with ambiguous features.

This research focused on four main directions:
analyzing clinical and dermoscopic similarities between
atypical nevi and early-stage melanoma, examining the role
of the tumor microenvironment in melanoma, assessing the
diagnostic utility of FISH, and synthesizing the current
knowledge on mnevogenesis and melanomagenesis. By
integrating clinical, histopathological, and molecular data,
the study highlighted both the phenotypic overlap between
benign and malignant lesions and the molecular features
that can aid diagnosis in challenging cases.

FISH techniques can complement histopathological
evaluation in lesions with ambiguous architecture by
highlighting relevant genetic alterations. The analysis of
the tumor microenvironment confirms its involvement in
melanocytic progression, while the synthesis of current
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Acest articol sintetizeazd principalele rezultate ale
cercetdrii realizate in cadrul tezei de doctorat intitulatd
~Aspecte fenotipice si moleculare in nevii atipici si
melanom”, ce a avut ca obiectiv analiza integratd a leziu-
nilor melanocitare prin evaluare clinicd, dermatoscopicd,
histopatologicd si moleculard. In ansamblu, studiul subli-
niazd importanta unei aborddri multidimensionale in
diagnosticul si managementul leziunilor melanocitare si
evidentiazd valoarea tehnicilor moderne moleculare in
clarificarea cazurilor dificile.
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literature enhances the understanding of mechanisms
involved in melanoma development.

This article summarizes the main results of the
doctoral thesis entitled “Phenotypic and Molecular Aspects
in Atypical Nevi and Melanoma,” which aimed to provide
an integrated analysis of melanocytic lesions through
clinical, dermoscopic, histopathological, and molecular
assessment. Overall, the study underscores the importance
of a multidimensional approach in the diagnosis and
management of melanocytic lesions and highlights the
value of modern molecular techniques in clarifying
diagnostically difficult cases.
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Introducere

Melanomul este un neoplasm agresiv, cu
evolutie imprevizibild, identificarea precoce a
leziunilor suspecte fiind esentiald pentru imbu-
natdtirea prognosticului pacientului. Este cu-
noscut ca unul dintre neoplasmele cu cele mai
numeroase mutatii somatice [1], astfel cd mela-
nomul poate fi uneori dificil de diferentiat de
nevii atipici, mai ales in stadiile incipiente, din
cauza heterogenitdtii sale morfologice. Aceste
provocari diagnostice evidentiaza importanta
utilizédrii unei evaludri complexe, care sd inte-
greze informatii clinice, dermatoscopice, histo-
patologice si moleculare.

Rolul micromediului tumoral, interactiunea
dintre celulele stromale si cele melanocitare,
precum si implicarea proceselor de angiogeneza
sunt factori esentiali atat in formarea nevilor, cat
si In progresia cdtre melanom [2]. Cercetarile
actuale aratd ca fibroblastele asociate cancerului,
celulele inflamatorii, mastocitele si reteaua
microvasculard pot influenta dinamica transfor-
marii melanocitare [2]. In acest sens, analiza
componentelor micromediului tumoral devine
un instrument valoros in intelegerea aparitiei si
evolutiei melanomului [2].

Pe langd evaluarea fenotipicd, tehnicile
moderne moleculare aduc un plus de obiecti-
vitate In cazurile cu aspect morfologic neclar.
Hibridizarea fluorescentd in situ (FISH) s-a
impus ca metoda complementara in diagnosticul
diferential, prin evidentierea unor anomalii
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Introduction

Melanoma is an aggressive neoplasm with
unpredictable evolution, and the early identifi-
cation of suspicious lesions is essential for
improving patient prognosis. As one of the
tumors with the highest number of somatic
mutations [1], melanoma can sometimes be
difficult to differentiate from atypical nevi,
especially in early stages, due to its marked
morphological heterogeneity. These diagnostic
challenges highlight the importance of a com-
prehensive evaluation that integrates clinical,
dermoscopic, histopathological, and molecular
information.

The role of the tumor microenvironment, the
interactions between stromal and melanocytic
cells, and the involvement of angiogenic
processes are essential factors both in nevus
formation and in melanoma progression [2].
Current research shows that cancer-associated
fibroblasts, inflammatory cells, mast cells, and
the microvascular network can influence the
dynamics of melanocytic transformation [2].
Thus, the analysis of tumor microenvironment
components becomes a valuable tool for
understanding the onset and evolution of
melanoma [2].

Beyond phenotypic assessment, modern
molecular techniques provide additional objec-
tivity in lesions with unclear morphology.
Fluorescence in situ hybridization (FISH) has
emerged as a complementary method in the




genetice relevante pentru clasificarea leziunilor
melanocitare [3]. Coroborarea rezultatelor FISH
cu datele clinice, dermatoscopice si histopato-
logice poate contribui la o caracterizare mai
precisd a acestor leziuni si la confirmarea sau
infirmarea suspiciunii de malignitate.

in acest context, in studiul nostru am analizat
suprapunerile fenotipice dintre nevii atipici si
melanom si am integrat analiza interactiunilor
dintre micromediul tumoral si melanom, cu
evaluarea utilitatii tehnicilor diagnostice stan-
dard, dar si a celor moleculare moderne, ulterior
am completat cu o sinteza a datelor actuale pri-
vind mecanismele implicate in nevogeneza si
melanomageneza. Abordarea a inclus atat eva-
luarea componentelor clinice si histologice, cat si
o perspectivd asupra cauzelor si modului de
debut al melanomului, fie pe nevi preexistenti, fie
de novo. Prin reunirea acestor dimensiuni —
clinicd, dermatoscopicd, histopatologica si mole-
culard — studiul 1si propune sd ofere o imagine
integratd asupra leziunilor melanocitare, punand
in evidentd complexitatea diagnosticului dife-
rential si necesitatea utilizarii tehnicilor moderne
pentru clarificarea cazurilor dificile.

Materiale si metode

Metodologia cercetdrii din cadrul tezei de
doctorat cu titlul , Aspecte Fenotipice si Mole-
culare in Nevii Atipici si Melanom” a fost
construitd pe o abordare integratd, care a
combinat analiza clinicd, dermatoscopicd, histo-
patologicd si moleculard a leziunilor melano-
citare investigate.

Initial, a fost realizatd o documentare ampld a
literaturii de specialitate, utilizatd pentru a stabili
baza teoreticd a studiului, a formula ipotezele si a
orienta directiile principale de cercetare. Ulterior,
au fost selectate leziuni melanocitare reprezen-
tative — nevi comuni, atipici si melanoame — ce au
fost evaluate clinic si dermatoscopic utilizand
criterii standardizate pentru descrierea caracte-
risticilor fenotipice. Examinarea histopatologicd a
completat aceste informatii, prin analiza arhitec-
turii tisulare, a gradului de diferentiere si a altor
elemente relevante pentru diagnosticul tumorilor
melanocitare.

De asemenea, cercetarea a inclus analiza
comparativa a caracteristicilor clinice si dermato-
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differential diagnosis of melanocytic lesions, by
detecting genetic abnormalities relevant for
lesion classification [3]. Correlating FISH results
with clinical, dermoscopic, and histopathological
data contributes to a more accurate characte-
rization of lesions and supports the confirmation
or exclusion of malignancy.

In this context, the present study integrated
the analysis of phenotypic overlaps between
atypical nevi and melanoma, the interactions
between the tumor microenvironment and
melanoma, the evaluation of standard and
modern diagnostic techniques, as well as a
synthesis of the current data on the mechanisms
involved in nevogenesis and melanomagenesis.
This approach encompassed clinical and
histological evaluation, along with an analysis of
the etiological pathways and modes of melanoma
onset — whether arising de novo or on pre-
existing nevi. By bringing together clinical, -
dermoscopic, histopathological, and molecular
perspectives, the study aims to provide an inte-
grated view of melanocytic lesions, emphasizing
the complexity of differential diagnosis and the
need for modern techniques in clarifying
diagnostically challenging cases.

Material and Methods

The research methodology of the doctoral
thesis titled “Phenotypic and Molecular Aspects
in Atypical Nevi and Melanoma” was built on an
integrated approach combining clinical, dermo-
scopic, histopathological, and molecular analysis
of the melanocytic lesions examined.

An extensive review of the relevant literature
was first conducted to establish the theoretical
foundation of the study, formulate the working
hypotheses, and define the main research direc-
tions. Subsequently, representative melanocytic
lesions — common nevi, atypical nevi, and
melanomas — were selected and evaluated
clinically and dermoscopically using stan-
dardized criteria for the assessment of pheno-
typic characteristics. Histopathological exami-
nation complemented these findings by analyz-
ing tissue architecture, the degree of differen-
tiation, and other features relevant to the
diagnosis of melanocytic tumors.
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scopice ale nevilor atipici versus melanom, prin
utilizarea algoritmilor, cum ar fi : regula ABCDE,
,Chaos & Clues” [4], “Pattern Analysis”, si ,7-
point checklist”, pentru a evidentia supra-
punerile fenotipice dintre aceste leziuni. De
asemenea, cercetarea s-a extins si asupra
determindrii multiplelor roluri ale dermato-
scopiei, printre care si evaluarea grosimii
tumorale.

O componentd importantd a metodologiei a
inclus evaluarea micromediului tumoral, cu
analiza vascularizatiei, a densitdtii mastocitare si
a interactiunilor stromale peritumorale, pentru a
intelege modul in care acestea pot influenta
initierea si progresia transformadrii melanocitare.

Dimensiunea moleculard a cercetdrii a fost
realizatd prin aplicarea tehnicii FISH pe sectiuni
tisulare incluse in parafind, utilizand kit-ul Vysis
Melanoma FISH (Abbott Molecular), ce include
sondele RREB1 (6p25), MYB (6q23), CCND1
(11q13) si CEP6. Analiza a fost efectuatd in
colaborare cu un medic anatomopatolog, iar
interpretarea rezultatelor s-a realizat conform
criteriilor validate international, datele fiind
ulterior corelate cu rezultatele clinice, dermato-
scopice si histopatologice.

In paralel, a fost realizats o sinteza teoretica
privind mecanismele de nevogeneza si melano-
magenezd, precum si modul de aparitie al
melanomului, fie pe nevi preexistenti, fie de
novo, pentru a oferi un cadru conceptual in
interpretarea rezultatelor.Toate rezultatele au fost
introduse intr-o bazad de date si analizate statistic,
contribuind la o evaluare integratd a caracte-
risticilor fenotipice si moleculare ale leziunilor
melanocitare.

Rezultate

Analiza materialului examinat a evidentiat o
serie de aspecte fenotipice, histopatologice si
moleculare relevante pentru diferentierea leziu-
nilor melanocitare si pentru intelegerea meca-
nismelor implicate In progresia acestora.

La nivel fenotipic, analiza clinica si dermato-
scopicd a leziunilor melanocitare a evidentiat
suprapuneri importante intre nevii atipici si
melanomul incipient, in special In ceea ce
priveste asimetria, variabilitatea cromaticd si
prezenta unor structuri dermatoscopice similare
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The study also included a comparative
analysis of the clinical and dermoscopic features
of atypical nevi versus melanoma, using
diagnostic algorithms such as the ABCDE rule,
“Chaos & Clues” [4], Pattern Analysis, and the 7-
point checklist, to highlight phenotypic overlaps
between these lesions. Additionally, the research
explored the multiple roles of dermoscopy,
including its contribution to the estimation of
tumor thickness.

An important component of the methodology
involved the assessment of the tumor micro-
environment, including the analysis of vasculari-
zation, mast cell density, and peritumoral stromal
interactions, to understand their contribution to
the initiation and progression of melanocytic
transformation.

The molecular dimension of the research was
carried out using the FISH technique on paraffin-
embedded tissue sections, employing the Vysis
Melanoma FISH kit (Abbott Molecular), which
includes probes targeting RREB1 (6p25), MYB
(6g23), CCND1 (11q13), and CEP6. The analysis
was performed in collaboration with a patho-
logist, and the results were interpreted according
to internationally validated criteria, then cor-
related with clinical, dermoscopic, and histo-
pathological results.

In parallel, a theoretical synthesis was con-
ducted regarding the mechanisms of nevogenesis
and melanomagenesis, as well as the patterns
through which melanoma may arise — either from
pre-existing nevi or de novo - providing a
conceptual framework for interpreting the study
results. All data were compiled into a database
and statistically analyzed, contributing to an
integrated evaluation of the phenotypic and
molecular characteristics of melanocytic lesions.

Results

The analysis of the examined material
revealed a series of phenotypic, histopatho-
logical, and molecular features relevant for
distinguishing melanocytic lesions and for
understanding the mechanisms involved in their
progression.

At the phenotypic level, clinical and dermo-
scopic analysis of melanocytic lesions showed
significant overlaps between atypical nevi and




[5]. Cu toate acestea, evaluarea sistematicd a
criteriilor dermatoscopice a permis identificarea
unor elemente sugestive pentru melanom,
precum vasele polimorfe, structuri gri-albastrui,
linii albe stralucitoare, zone excentrice fira
structurd sau pattern-uri pigmentare neregulate
[5],[6]. Examinarea histopatologicd a completat
evaluarea dermatoscopicd, evidentiind modifi-
cari arhitecturale si citologice caracteristice
leziunilor maligne — inclusiv perturbarea arhi-
tecturii jonctionale, atipia melanocitard marcatd,
regresia focald si remodelarea stromala insotitd
de infiltrat inflamator variabil [5],[6]. Com-
pararea acestor aspecte cu cele intalnite in nevii
comuni si atipici a permis conturarea unor
pattern-uri diagnostice utile in identificarea
leziunilor suspecte [5], [6]. Utilizarea algoritmilor
dermatoscopici standardizati a demonstrat un rol
esential in stratificarea corectd a leziunilor mela-
nocitare, facilitind diferentierea intre nevi
benigni si melanom, In special in situatiile in care
criteriile clinice si dermatoscopice erau ambigue
5], [6].

Evaluarea grosimii tumorale pe baza culo-
rilor si a structurilor dermatoscopice a de-
monstrat o concordantd usor redusd cu indicele
Breslow determinat histopatologic. Desi anumite
indicii dermatoscopice — precum pigmentarea
albastra sau prezenta structurilor de regresie —
sugerau o invazie mai profundd, acestea nu s-au
corelat constant cu profunzimea reald a tumorilor
[6]. Unul dintre melanoamele analizate prezenta
o coloratie albastrd intensd, Insd histopatologic a
demonstrat o grosime tumorald superficiala [6].
In ansamblu, dermatoscopia s-a dovedit utila in
identificarea leziunilor ce necesitau excizie, insa
nu a fost suficient de precisd pentru estimarea
grosimii tumorale [6].

Evaluarea micromediului tumoral a subliniat
rolul complex al celulelor stromale si al retelei
vasculare in dinamica progresiei melanocitare [2].
S-a demonstrat ca, pe masurd ce leziunile evo-
lueazd de la nevi spre melanom, apar modificari
progresive in arhitectura stromald, incluzand
remodelarea matricei extracelulare, cresterea
densitdtii fibroblastelor activate si intensificarea
infiltratului inflamator [2]. Un element central al
acestor transformadri il reprezintda interactiunea
dintre mastocite si componentele vasculare. Prin
capacitatea lor de a elibera mediatori pro-
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early melanoma, particularly regarding asym-
metry, color variability, and similar dermoscopic
structures [5]. However, systematic assessment of
dermoscopic criteria allowed the identification of
features suggestive of melanoma, such as poly-
morphous vessels, blue-gray structures, shiny
white lines, eccentric structureless areas, or
irregular pigment patterns [5], [6]. Histopatho-
logical examination complemented the dermo-
scopic evaluation, revealing architectural and
cytological alterations characteristic of malignant
lesions - including junctional irregularity,
marked melanocytic atypia, focal regression, and
stromal remodeling accompanied by variable
inflammatory infiltrates [5], [6]. Comparing these
features with those found in common and
atypical nevi enabled the identification of
diagnostic patterns useful for recognizing
suspicious lesions [5], [6]. The use of stan-
dardized dermoscopic algorithms proved es-
sential in correctly stratifying melanocytic
lesions, particularly when clinical and dermo-
scopic criteria were ambiguous [5], [6].

The assessment of tumor thickness based on
dermoscopic colors and structures showed only
limited concordance with the histopathological
Breslow index. Although certain dermoscopic
clues — such as blue pigmentation or regression
structures — suggested deeper invasion, they did
not consistently correlate with the true tumor
depth [6]. One melanoma, for example, showed
intense blue coloration dermoscopically but had
a superficial thickness on histopathological
examination [6]. Overall, dermoscopy was useful
for identifying lesions requiring excision, but it
was not sufficiently precise for estimating tumor
thickness [6].

The evaluation of the tumor micro-environ-
ment highlighted the complex role of stromal
cells and the vascular network in the dynamics of
melanocytic progression [2]. It was demonstrated
that, as lesions evolve from nevi to melanoma,
progressive changes occur within the stromal
architecture, including extracellular matrix
remodeling, increased density of activated fibro-
blasts, and intensified inflammatory infiltrates
[2]. A central element of these transformations is
the interaction between mast cells and vascular
components. Through their ability to release pro-
angiogenic and immunomodulatory mediators,
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angiogenici si imunomodulatori, mastocitele pot
influenta formarea de noi vase sanguine si
limfatice, sustinand astfel expansiunea si invazia
tumorald. De asemenea, evaluarea vaselor lim-
fatice a evidentiat o densitate crescutd in zonele
adiacente tumorilor, un pas esential in disemi-
narea melanomului. In ansamblu, rezultatele
indica faptul cd micromediul tumoral nu repre-
zintd o structurd pasivd, ci un participant activ in
biologia melanomului, influentand atét initierea
leziunilor, cat si progresia tumorala [2].
Aplicarea tehnicii FISH a oferit informatii
moleculare suplimentare, completind datele
morfologice si evidentiind anomalii genetice
sugestive pentru malignitate In leziunile cu
aspect neconcludent [3]. Corelarea rezultatelor
FISH cu datele clinice si histopatologice a de-
monstrat utilitatea metodei in clarificarea dia-
gnosticului si in confirmarea melanomului in
leziuni cu arhitecturd atipicd [3]. Rezultatele au
demonstrat cad FISH poate fi deosebit de util in

mast cells may influence the formation of new
blood and lymphatic vessels, thereby supporting
tumor expansion and invasion. Additionally, the
evaluation of lymphatic vessels revealed
increased density in areas adjacent to tumors, an
essential step in melanoma dissemination.
Overall, the results indicate that the tumor
microenvironment is not a passive structure, but
an active participant in melanoma biology,
influencing both lesion initiation and tumor
progression [2].

The application of FISH provided additional
molecular information, complementing morpho-
logical findings and revealing genetic abnor-
malities suggestive of malignancy in lesions with
inconclusive features [3]. Correlating FISH re-
sults with clinical and histopathological data
demonstrated its usefulness in clarifying dia-
gnoses and confirming melanoma in lesions with
atypical architecture [3]. The findings showed
that FISH can be particularly valuable in con-

Figura 1. Aspectul sondelor FISH in melanom. Legendd: RREB1 (6p25) — rosu; MYB (6423) — galben (gold); CCND1 (11¢13) -
verde; CEP6 (centromer 6) — turcoaz (aqua). Figura a fost publicatd anterior si este reprodusd cu permisiunea Spandidos
Publications. Adaptare dupd: Mihulecea CJ], Ceausu AR, Gaje NP, Rotaru M, Raica M. Fluorescence in situ hybridization in
melanoma diagnosis: Pros and cons. Experimental and Therapeutic Medicine. 2025,29(6):118. doi:10.3892/etm.2025.12868.
Figure 1. FISH probes in melanoma. Legend: RREB1 (6p25) — red; MYB (6q23) — yellow (gold); CCND1 (11q13) — green; CEP6
(centromere 6) — aqua. This figure was previously published and is reproduced with permission from Spandidos Publications.
Adapted from: Mihulecea CJ, Ceausu AR, Gaje NP, Rotaru M, Raica M. Fluorescence in situ hybridization in melanoma
diagnosis: Pros and cons. Experimental and Therapeutic Medicine. 2025;29(6):118. doi:10.3892/etm.2025.12868.
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confirmarea naturii benigne a unor nevi atipici
[3]. In cazul melanoamelor, profilul genetic
observat a fost heterogen, reflectand diversitatea
biologicd a leziunilor incluse in studiu [3].
Aceastd variabilitate sugereaza cd utilitatea FISH
in practica curentd depinde de particularitatile
fiecdrei leziuni, sustindnd rolul sdu ca instrument
complementar in cazurile cu morfologie ambigud
[3] (vezi Figura 1 — Aspectul sondelor FISH in
melanom). Anomaliile cromozomiale identificate
implicau regiuni cunoscute pentru rolul lor in
melanomagenezd, insd distributia lor inegala
intre cazuri subliniazad diferentele de raspuns in
functie de subtipul si arhitectura fiecdrei leziuni
[3].

Analiza datelor privind mecanismele de
aparitie a melanomului a evidentiat complexi-
tatea procesului de transformare melanocitara si
rolul distinct al factorilor genetici, fenotipici si de
mediu in initierea si evolutia bolii [7]. Evaluarea
literaturii a subliniat cd melanomul poate debuta
atat pe nevi preexistenti, cat si de novo, cele doua
mecanisme avand caracteristici biologice si feno-
tipice diferite [7]. Rezultatele indica faptul ca pro-
gresia liniard a nevilor catre melanom este posi-
bild, dar nu reprezintd mecanismul predominant
de aparitie. Multe melanoame debuteaza inde-
pendent, sustindnd existenta unor cdi biologice
distincte de melanomageneza [7]. De asemenea,
factori precum expunerea la radiatii ultraviolete,
predispozitia genetica si instabilitatea moleculara
par sa actioneze sinergic, contribuind la varia-
bilitatea prezentdrii clinice si histologice [7]. Inte-
grarea acestor date oferd o perspectivd mai clara
asupra mecanismelor de nevogeneza si melano-
magenezad si subliniaza importanta lor pentru
optimizarea strategiilor de preventie, diagnostic
si monitorizare [7].

Rezultatele sustin ideea cd atat micromediul
tumoral, cat si profilul genetic au un rol major in
diferentierea nevilor atipici de melanom, iar
combinarea metodelor standard cu cele moderne
poate imbunatdti acuratetea diagnostica in
situatiile dificile, cu prezentare morfologica
atipica.

Discutii

Analiza datelor obtinute in cadrul cercetarii
din teza de doctorat cu titlul ,, Aspecte Fenotipice
si Moleculare in Nevii Atipici si Melanom” a
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firming the benign nature of certain atypical nevi
[3]. In melanomas, the genetic profiles observed
were heterogeneous, reflecting the biological
diversity of the lesions included in the study [3].
This variability suggests that the usefulness of
FISH in routine practice depends on the specific
characteristics of each lesion, supporting its role
as a complementary tool in cases with ambiguous
morphology [3] (see Figure 1 — FISH probes in
melanoma). The chromosomal abnormalities
identified involved regions known to play a role
in melanomagenesis, but their uneven distri-
bution among cases highlights differences in
FISH responsiveness depending on lesion sub-
type and architecture [3].

Analysis of data regarding melanoma de-
velopment mechanisms revealed the complexity
of melanocytic transformation and the distinct
roles of genetic, phenotypic, and environmental
factors in disease initiation and progression [7].
The literature indicates that melanoma may arise
either on pre-existing nevi or de novo, with the
two mechanisms displaying different biological
and phenotypic characteristics [7]. The results
suggest that linear progression from nevus to
melanoma is possible, but not the predominant
pathway. Many melanomas arise independently,
supporting the existence of distinct biological
routes of melanomagenesis [7]. Furthermore,
factors such as ultraviolet radiation, genetic
predisposition, and molecular instability appear
to act synergistically, contributing to the varia-
bility in clinical and histological presentation [7].
Integrating these data offers a clearer under-
standing of nevogenesis and melanomagenesis
and underscores their importance in optimizing
prevention, diagnostic, and monitoring strategies
[7].

Overall, the findings support the idea that
both the tumor microenvironment and the
genetic profile play major roles in differentiating
atypical nevi from melanoma, and that com-
bining standard and modern diagnostic methods
can improve diagnostic accuracy in challenging
lesions with atypical morphology.

Discussions

The analysis of the data obtained in the
doctoral thesis titled “Phenotypic and Molecular
Aspects in Atypical Nevi and Melanoma”
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evidentiat faptul cd leziunile melanocitare for-
meazd un continuum biologic, In care supra-
punerile fenotipice, variabilitatea histologica si
heterogenitatea moleculard pot genera dificultati
reale in diagnosticul diferential dintre nevii
atipici si melanom.

Pe plan fenotipic, analiza clinicd si dermato-
scopica a evidentiat suprapuneri notabile intre
nevii atipici si melanomul incipient, in special in
ceea ce priveste asimetria, polimorfismul cro-
matic si anumite structuri dermatoscopice co-
mune [5],[6]. Utilizarea sistematicd a algoritmilor
dermatoscopici standardizati a permis identi-
ficarea unor elemente sugestive pentru maligni-
tate — precum vase polimorfe, structuri gri-
albastrui, linii albe strilucitoare sau zone ex-
centrice astructurale, arii hiperpigmentate nere-
gulate — care, integrate In ansamblu si corelate cu
tabloul clinic, au Imbunétdtit acuratetea
diagnosticului [5], [6]. Un studiu realizat de
Lallas et al. a demonstrat cd ariile hiperpigmen-
tate neregulate reprezintd markeri sugestivi
pentru melanom, In comparatie cu nevii atipici
[8]; aceeasi observatie a fost confirmatd si in
studiul prezent. Examenul histopatologic a
completat aceastd evaluare, evidentiind modifi-
cdri arhitecturale si citologice caracteristice leziu-
nilor maligne, precum perturbarea arhitecturii
jonctionale, atipia melanocitard marcatd, regresia
focald si remodelarea stromald insotita de infiltrat
inflamator [5],[6]. Comparate cu aspectele obser-
vate In nevii comuni sau atipici, aceste elemente
au permis conturarea unor patternuri utile
pentru delimitarea leziunilor cu morfologie
ambigua [5], [6].

Evaluarea grosimii tumorale pe baza culo-
rilor dermatoscopice si a structurilor identificate
a demonstrat o fiabilitate variabild. Desi dermato-
scopia poate evidentia anumite elemente su-
gestive pentru o invazie mai profunda — precum
pigmentul albastru, structurile de regresie—
aceste indicii nu s-au corelat constant cu indicele
Breslow determinat histopatologic [6]. Aceasta
discrepantd este in concordanta cu datele recente
din literaturd [9], ce aratd cd dermatoscopia poate
ajuta clinicianul in diferentierea melanoamelor
subtiri de cele invazive [10], insd nu poate inlocui
examenul histopatologic pentru masurarea
precisa a grosimii tumorale.
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demonstrated that melanocytic lesions form a
biological continuum in which phenotypic
overlap, histological variability, and molecular
heterogeneity may generate significant chal-
lenges in the differential diagnosis between
atypical nevi and melanoma.

Phenotypically, clinical and dermoscopic
evaluation revealed notable overlaps between
atypical nevi and early melanoma, particularly
regarding asymmetry, color variegation, and
certain shared dermoscopic structures [5], [6].
Nevertheless, the systematic use of standardized
dermoscopic algorithms enabled the identi-
fication of features suggestive of malignancy —
such as polymorphous vessels, blue-gray struc-
tures, shiny white lines, eccentric structureless
areas, and irregular hyperpigmented areas —
which, when interpreted collectively and cor-
related with clinical presentation, contributed to
improved diagnostic accuracy [5], [6]. A study by
Lallas et al. demonstrated that irregular hyper-
pigmented areas are markers suggestive of mela-
noma compared to atypical nevi [8], a finding
confirmed in the present study. Histopathological
examination further refined the evaluation by
highlighting architectural and cytological fea-
tures characteristic of malignant lesions, includ-
ing junctional disarray, marked melanocytic
atypia, focal regression, and stromal remodeling
with variable inflammatory infiltrates [5], [6].
Comparison with features observed in common
or atypical nevi allowed the delineation of dia-
gnostic patterns useful for identifying ambiguous
lesions [5], [6].

The assessment of tumor thickness based on
dermoscopic colors and structures showed
variable reliability. Although dermoscopy may
reveal clues suggesting deeper invasion — such as
blue pigmentation, regression structures — these
did not consistently correlate with the histo-
pathological Breslow index [6]. This discrepancy
aligns with recent literature [9], which indicates
that dermoscopy may help distinguish thin from
invasive melanomas [10], but cannot replace
histopathology for precise measurement.

The assessment of the tumor microenviron-
ment showed that the stroma plays an active role
in the dynamics of melanocytic progression [2].
Extracellular matrix remodeling, increased
density of activated fibroblasts, and intensified




Evaluarea micromediului tumoral a de-
monstrat cd stroma joacd un rol activ in dinamica
progresiei melanocitare [2]. Remodularea ma-
tricei extracelulare, cresterea densitatii fibro-
blastelor activate si intensificarea infiltratului
inflamator observate in leziunile maligne sunt in
concordantd cu literatura recentd, ce descrie
microambientul tumoral drept participant esen-
tial la initierea si avansarea melanomului [2].
Mastocitele au prezentat o distributie crescuta in
zonele tumorale si peritumorale, iar corelarea lor
cu microdensitatea vasculard sustine implicarea
acestora In procesele de angiogeneza si lim-
fangiogeneza. Similar, un studiu realizat de Bahri
et al, atestd prezenta mastocitelor atat peri-, cat si
intratumoral [11]. De asemenea, este discutat
rolul acestor celule ca si tintd terapeuticd in
preventia progresiei tumorale si a metastazarii
[12]. Prin eliberarea mediatorilor proangiogenici
si imunomodulatori, aceste celule pot facilita
invazia si diseminarea melanocitard. Evaluarea
vaselor limfatice a evidentiat o densitate crescuta
in vecindtatea tumorilor, aspect concordant cu
ipoteza conform cdreia limfangiogeneza repre-
zinta un pas important in metastazarea melano-
mului. Ansamblul acestor date confirmd ca
micromediul tumoral nu este un element pasiv, ci
un participant activ, influentand atat initierea
transformadrii melanocitare, cat si comporta-
mentul evolutiv al tumorilor [2].

Aplicarea tehnicii FISH a oferit o perspectiva
suplimentard asupra leziunilor melanocitare
analizate, completand evaluarea clinicd, der-
matoscopica si histopatologica in cazurile cu
arhitecturd sau comportament fenotipic am-
biguu. Utilizarea sondelor RREB1, MYB, CCND1
si CEP6 a permis investigarea unor regiuni
cromozomiale asociate cu tumorigeneza melano-
mului, evidentiind un profil genetic In general
stabil in cazul nevilor atipici, aspect care a
consolidat diagnosticul lor benign [3]. Aceastd
concordantd a subliniat valoarea FISH ca metoda
de excludere a malignitatii In leziunile cu carac-
teristici clinice neobisnuite sau cu suprapuneri
fenotipice cu melanomul [3]. In melanoame,
anomaliile identificate au prezentat o varia-
bilitate considerabild, reflectind heterogenitatea
biologica a acestor tumori [3]. Unele leziuni au
prezentat modificari ale regiunilor analizate, in
timp ce altele nu au indeplinit criteriile
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inflammatory infiltrates observed in malignant
lesions are consistent with recent literature
describing the tumor microenvironment as an
essential participant in the initiation and
progression of melanoma [2]. Mast cells exhibited
an increased distribution in both tumor and
peritumoral areas, and their correlation with
microvascular density supports their involve-
ment in angiogenic and lymphangiogenic pro-
cesses. Similarly, a study by Bahri et al. reported
the presence of mast cells both peri- and intra-
tumorally [11]. The potential role of these cells as
therapeutic targets in preventing tumor progres-
sion and metastasis has also been discussed [12].
By releasing pro-angiogenic and immuno-
modulatory mediators, mast cells may facilitate
tumor invasion and dissemination. The eva-
luation of lymphatic vessels revealed increased
density in areas adjacent to tumors, a finding
consistent with the hypothesis that lymphangio-
genesis represents an important step in me-
lanoma metastasis. Taken together, these findings
confirm that the tumor microenvironment is not a
passive structure but an active contributor,
influencing both melanocytic transformation and
tumor progression [2].

The application of FISH provided additional
molecular information, complementing the
clinical, dermoscopic, and histopathological
evaluation in lesions with ambiguous architec-
ture or phenotype. The use of RREB1, MYB,
CCND1, and CEP6 probes allowed the investi-
gation of genomic regions associated with
melanomagenesis, revealing a generally stable
genetic profile in atypical nevi, supporting their
benign nature [3]. This concordance highlights
the value of FISH as a method for excluding
malignancy in lesions with unusual clinical
features or phenotypic overlap with melanoma
[3]. In melanomas, the identified abnormalities
showed considerable variability, reflecting the
biological heterogeneity of these tumors [3].
Some lesions demonstrated alterations in the
investigated regions, whereas others did not
meet the molecular criteria of the panel - an
observation widely reported in the literature [3].
This confirms that FISH performance depends on
the characteristics of each tumor and that the
method is most useful as a complementary tool
within a multimodal diagnostic approach.
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moleculare ale panelului utilizat, fenomen
descris pe scard largd si in literatura de
specialitate [3]. Acest fapt confirma cd per-
formanta FISH depinde de particularititile
fiecdrei tumori si cd metoda este cel mai utild ca
instrument complementar, integratd intr-o
evaluare multimodali. In ansamblu, FISH s-a
dovedit a fi o tehnicd adjuvantd relevantd,
capabild sa sustind clarificarea unor diagnostice
dificile si s contribuie la o stratificare diagnostica
mai precisd a leziunilor melanocitare. Similar cu
rezultatele obtinute, si alte studii au raportat ca
performanta tehnicii FISH este superioara atunci
cand rezultatele sunt interpretate intr-un context
multimodal, evidentiind rolul acesteia ca
instrument complementar [13].

Analiza mecanismelor de nevogeneza si
melanomageneza a evidentiat faptul cid mela-
nomul poate debuta atat pe nevi preexistenti, cat
si de novo, cele doud cai avand caracteristici
biologice distincte [7]. Progresia liniard a nevilor
cdtre melanom, desi posibild, nu pare a fi
mecanismul predominant de aparitie, majoritatea
melanoamelor dezvoltandu-se de novo [7]. Inter-
actiunea dintre expunerea la radiatii ultraviolete,
predispozitia geneticd si instabilitatea moleculara
contribuie la variabilitatea prezentdrii clinice si
histologice, subliniind complexitatea proceselor
implicate in transformarea melanocitard [7]. Sunt
necesare cercetdri suplimentare pentru a clarifica
mecanismele moleculare ale melanomului si
implicatiile lor clinice. Dezvoltarea melanomului
este influentatd de factori multipli, precum radia-
tiile UV, predispozitia geneticd, fototipul, imuno-
supresia, infectiile virale si numarul de nevi [7].

In ansamblu, rezultatele obtinute sustin
valoarea integrarii evaludrii clinice, dermato-
scopice, histopatologice si moleculare pentru o
caracterizare mai precisd a leziunilor melano-
citare. Aceastd abordare multimodald permite
clarificarea leziunilor cu aspect atipic si contri-
buie la imbunétatirea diagnosticului si manage-
mentului melanomului, in special in cazurile
cu prezentare dificila din punct de vedere
morfologic.

Concluzii

Studiul evidentiazd complexitatea leziunilor
melanocitare si relevd importanta unei evaluéri
multidimensionale in intelegerea si caracterizarea

Consistent with our findings, other studies have
shown that FISH accuracy improves when results
are interpreted in conjunction with clinical and
histopathological data, reinforcing its role as an
adjunct rather than a standalone diagnostic
technique [13].

The analysis of mechanisms involved in
nevogenesis and melanomagenesis demon-
strated that melanoma may arise either on pre-
existing nevi or de novo, the two pathways
exhibiting distinct biological characteristics [7].
Linear progression from nevus to melanoma,
although possible, does not appear to be the
predominant mechanism, as most melanomas
develop de novo [7]. The interaction between
ultraviolet exposure, genetic predisposition, and
molecular instability contributes to the variability
observed in clinical and histological presen-
tations, highlighting the complexity of melano-
cytic transformation [7]. Further research is
needed to clarify the molecular mechanisms of
melanoma and their clinical implications. Mela-
noma development is influenced by multiple
factors, including UV radiation, genetic sus-
ceptibility, skin phototype, immunosuppression,
viral infections, and nevus count [7].

Opverall, the results support the value of inte-
grating clinical, dermoscopic, histopathological,
and molecular evaluation for a more precise
characterization of melanocytic lesions. This
multimodal approach improves the assessment
of atypical lesions and contributes to more
accurate diagnosis and management, particularly
in morphologically challenging cases.

Conclusions

The study highlights the complexity of
melanocytic lesions and underscores the impor-
tance of a multidimensional evaluation in their
understanding and characterization. The pheno-
typic overlap between atypical nevi and early
melanoma, together with the observed histo-
logical and molecular variability, emphasizes the
need for careful correlation of clinical, dermo-
scopic, histopathological, and molecular data to
achieve an accurate interpretation.

The analysis of the tumor microenvironment
revealed the active role of mast cells, as well as of
the blood and lymphatic vessels, in the initiation
and progression of melanoma. Interactions
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lor. Suprapunerile fenotipice dintre nevii atipici si
melanomul incipient, impreund cu variabilitatea
histologicd si moleculard observatd, subliniaza
necesitatea coreldrii atente a datelor clinice,
dermatoscopice, histopatologice si moleculare
pentru o interpretare precisa.

Analiza micromediului tumoral a evidentiat
rolul activ al mastocitelor, al vaselor sanguine si
limfatice in initierea si progresia melanomului.
Interactiunile dintre aceste componente sustin
procesele de angiogenezd si limfangiogeneza,
confirmand literatura ce descrie micromediul
tumoral drept un factor determinant in invazie si
diseminare.

In ceea ce priveste nevogeneza si melanoma-
geneza, studiul demonstreazd cd melanomul
poate debuta atat pe nevi preexistenti, cat si de
novo, fiecare cu particularitati biologice distincte.
Diversitatea acestor mecanisme, influentate de
factori genetici, fenotipici si de mediu, subliniaza
multiplele modalitati prin care poate debuta
melanomul si relevanta monitorizarii dermato-
scopice continue.

Tehnica FISH a adus informatii moleculare
suplimentare, valoroase in leziunile cu arhitec-
turd sau fenotip ambiguu. Desi panelul utilizat
prezintd unele limitari, capacitatea sa de a
confirma benignitatea unor nevi atipici si de a
evidentia anomalii cromozomiale in leziunile
suspecte consolideaza rolul investigatiilor mole-
culare in diagnosticul dermatologic actual.

In ansamblu, concluziile sustin adoptarea
unei aborddri integrate in evaluarea leziunilor
melanocitare, capabild sd optimizeze precizia
diagnosticului si orientarea terapeuticd. Valoarea
practicdA a studiului constd in evidentierea
impactului combindrii metodelor traditionale si
moderne asupra intelegerii modului de aparitie si
evolutie a melanomului — un aspect esential
pentru preventie, supraveghere si diagnostic
precoce.
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among these components support angiogenic
and lymphangiogenic processes, reinforcing the
literature that identifies the tumor microenvi-
ronment as a key factor in invasion and dis-
semination.

Regarding nevogenesis and melanoma-
genesis, the study demonstrates that melanoma
may arise both from pre-existing nevi and de
novo, each pathway presenting distinct biological
characteristics. The diversity of these mecha-
nisms — shaped by genetic, phenotypic, and
environmental factors — highlights the multiple
routes through which melanoma can develop
and the importance of continuous dermoscopic
monitoring.

The FISH technique provided valuable ad-
ditional molecular information, particularly in
lesions with ambiguous architecture or pheno-
type. Although the panel used has certain limi-
tations, its ability to confirm the benign nature of
atypical nevi and to reveal chromosomal ab-
normalities in suspicious lesions strengthens the
role of molecular investigations in contemporary
dermatologic diagnostics.

Overall, the conclusions support the adop-
tion of an integrated approach in the evaluation
of melanocytic lesions, enhancing diagnostic
precision and guiding therapeutic decisions. The
practical relevance of the study lies in de-
monstrating the impact of combining traditional
and modern methods on understanding the onset
— an essential aspect for prevention, surveillance,
and early diagnosis.
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