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Background and ObjecƟ ves: Dual specifi city phosphatase 3 (DUSP3) regulates key components of the MAPK/
ERK signaling pathway and has been implicated in melanocyƟ c oncogenesis. Given the central role of onco-
gene-induced senescence in restraining melanocyƟ c tumor progression, the relaƟ onship between DUSP3 ex-
pression and proliferaƟ ve fi tness remains unclear. This study aimed to invesƟ gate whether DUSP3 expression 
correlates with the proliferaƟ ve status of melanocyƟ c neoplasms.
Materials and Methods: A retrospecƟ ve immunohistochemical analysis was performed on 172 melanocyƟ c 
lesions, including common nevi, dysplasƟ c nevi, and paired nevus and melanoma components of nevus-associ-
ated melanomas. β-galactosidase expression was used to straƟ fy lesions according to proliferaƟ ve fi tness, and 
a biologically defi ned β-galactosidase–negaƟ ve/low subgroup was analyzed separately. 
Results: DUSP3 expression was signifi cantly higher in benign melanocyƟ c lesions compared to melanomas, in 
both the enƟ re cohort and the proliferaƟ ve fi tness subgroup. However, restricƟ on of the analysis to lesions 
with retained proliferaƟ ve capacity did not reveal signifi cant diff erences in DUSP3 expression between them, 
either overall or within individual diagnosƟ c categories. The relaƟ ve expression gradient across lesion types 
remained consistent regardless of senescence status.
Conclusions: DUSP3 expression seems to not correlate with proliferaƟ ve fi tness or senescence status. These 
fi ndings suggest that DUSP3 is not a central regulator of oncogene-induced senescence in melanocyƟ c onco-
genesis, and that its role is likely modulatory and context-dependent within broader signaling networks.
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INTRODUCTION

Reversible phosphorylaƟ on, controlled through the 
coordinated acƟ ons of kinases and phosphatases, reg-
ulates numerous cellular processes and has become 
a central focus in cancer research. DisrupƟ ons in the 
balance of expression and/or acƟ vity between these 
opposing enzyme groups have been linked to the in-
iƟ aƟ on and progression of many cancers, leading to 
abnormal phosphorylaƟ on of substrates that govern 
essenƟ al cellular funcƟ ons, including signal transduc-
Ɵ on, growth, proliferaƟ on, diff erenƟ aƟ on, survival, 
DNA repair, and stress responses1,2. Several of these 
substrates are known targets of Dual Specifi city Phos-
phatase 3 (DUSP3), underscoring its broad regulatory 
role across key oncogenic signaling pathways3-6.

DUSP3, also referred to as Vaccinia H1-related 
phosphatase, belongs to the atypical subgroup of 
the Dual Specifi city Phosphatase family and acts on 
substrates within mitogen- and stress-acƟ vated sig-
naling pathways, including ERK, JNK, and p38, there-
by regulaƟ ng cellular responses to external sƟ muli7. 
DUSP3-mediated δephosphorylaƟ on generally sup-
presses pathway acƟ vaƟ on and downstream signa-

ling8,9. Beyond these funcƟ ons, DUSP3 has also been 
implicated in controlling immune and infl ammatory 
responses, as well as maintaining genomic repair and 
stability8,9. However, its limited substrate specifi city, 
the diversity of its targets, and the oŌ en confl icƟ ng, 
context-dependent outcomes of its acƟ vity make it dif-
fi cult to categorize DUSP3 strictly as either tumor-pro-
moƟ ng or tumor-suppressive10. Although proper 
DUSP3 funcƟ on appears to support cellular homeo-
stasis and is frequently altered in various cancers, its 
role may shiŌ  depending on the underlying oncogenic 
drivers—such as mechanisms that bypass oncogene-in-
duced senescence (OIS)—and the stage of tumor pro-
gression (benign, malignant, or metastaƟ c)10-12. Conse-
quently, both tumor-suppressive and tumor-promoƟ ng 
eff ects of DUSP3 have been observed across mulƟ ple 
cancer types, including cutaneous melanoma8-10.

Based on current evidence concerning the intracellu-
lar interacƟ ons occurring during melanocyƟ c oncogen-
esis and DUSP3’s established substrates criƟ cally par-
Ɵ cipaƟ ng in it, mulƟ ple speculaƟ ons have been raised 
supporƟ ng either its pro- or anƟ -tumoral profi le10,13. 
DUSP3’s role in the oncogenesis of benign and malig-
nant melanocyƟ c tumors has been recently highlight-
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Εισαγωγή και Στόχοι: Η φωσφατάση διπλής ειδικότητας 3 (DUSP3) ρυθμίζει κομβικά στοιχεία του σηματοδοτι-
κού μονοπατιού MAPK/ERK, ενώ έχει συσχετιστεί με τη μελανοκυτταρική ογκογένεση. Δεδομένου δε του κρί-
σιμου ρόλου της ογκογονιδιακά επαγόμενης γήρανσης στον περιορισμό της εξέλιξης των μελανοκυτταρικών 
νεοπλασιών, η σχέση της έκφρασης της DUSP3 με τη διατηρημένη ικανότητα πολλαπλασιασμού παραμένει 
ασαφής. Σκοπός της μελέτης ήταν η διερεύνηση της συσχέτισης αυτής.
Υλικά και Μέθοδοι: Πραγματοποιήθηκε αναδρομική ανοσοϊστοχημική ανάλυση σε 172 μελανοκυτταρικές 
βλάβες, συμπεριλαμβανομένων κοινών σπίλων, δυσπλαστικών σπίλων και των τμημάτων του σπίλου και του 
μελανώματος από μελανώματα σχετιζόμενα με σπίλο. Η έκφραση της β-γαλακτοσιδάσης χρησιμοποιήθηκε 
για τη διαστρωμάτωση των βλαβών ως προς την πολλαπλασιαστική τους ικανότητα, ενώ αναλύθηκε ξεχωρι-
στά υποομάδα με χαμηλή ή αρνητική έκφραση β-γαλακτοσιδάσης. 
Αποτελέσματα: Η έκφραση της DUSP3 ήταν σημαντικά υψηλότερη στις καλοήθεις μελανοκυτταρικές βλάβες 
σε σύγκριση με τα μελανώματα, τόσο στο σύνολο του δείγματος όσο και στην υποομάδα με διατηρούμενη 
πολλαπλασιαστική ικανότητα. Ωστόσο, δεν αναδείχθηκαν στατιστικά σημαντικές διαφορές στην έκφραση της 
DUSP3 μεταξύ των δύο ομάδων, ούτε συνολικά ούτε εντός των επιμέρους διαγνωστικών κατηγοριών. Η δια-
βάθμιση της έκφρασης μεταξύ των διαγνωστικών κατηγοριών παρέμεινε σταθερή και στις δύο ομάδες. 
Συμπεράσματα: Η έκφραση της DUSP3 φαίνεται πως δε συσχετίζεται με την πολλαπλασιαστική ικανότητα ή 
την κυτταρική γήρανση. Τα ευρήματα υποδηλώνουν ότι η DUSP3 δεν αποτελεί κεντρικό ρυθμιστή της ογκο-
γονιδιακά επαγόμενης γήρανσης στη μελανοκυτταρική ογκογένεση, αλλά πιθανώς δρα με τροποποιητικό και 
εξαρτώμενο από το βιολογικό πλαίσιο τρόπο.

Λ�ɣɖɜɨ-Κɠɖɜɕɜɑ: Μελάνωμα, σπίλοι, νεοπλάσματα δέρματος, μελανοκυτταρικός, ογκογένεση, γήρανση
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ed14, however its precise role in melanocyƟ c oncogen-
esis and its relaƟ onship with cellular senescence remain 
unclear. OIS is recognized as an early tumor-suppressive 
barrier in melanocyƟ c neoplasia, parƟ cularly in lesions 
driven by acƟ vaƟ ng mutaƟ ons in BRAF, most commonly 
BRAF V600E15. ConsƟ tuƟ ve BRAF signaling promotes an 
iniƟ al burst of proliferaƟ on in melanocytes but subse-
quently triggers a stable growth arrest characterized by 
cell-cycle inhibiƟ on, chromaƟ n remodeling, and expres-
sion of senescence markers such as senescence-associ-
ated β-galactosidase16. This senescent state is thought 
to underlie the benign nature of most melanocyƟ c 
nevi, where cells harbor oncogenic BRAF yet remain 
growth-restricted. Progression to malignant melano-
ma occurs when this senescence program is bypassed 
or disabled through addiƟ onal geneƟ c or epigeneƟ c al-
teraƟ ons or acƟ vaƟ on of alternaƟ ve survival pathways, 
thereby restoring proliferaƟ ve capacity and enabling tu-
mor advancement17-19. 

Given that melanocyƟ c neoplasms are strongly in-
fl uenced by OIS, and that several established DUSP3 
substrates parƟ cipate in senescence-associated sign-
aling pathways during melanocyƟ c oncogenesis, this 
study aimed to determine whether DUSP3 expression 
correlates with the proliferaƟ ve status of neoplasƟ c 
melanocytes, further elucidaƟ ng the role of DUSP3 in 
melanocyƟ c oncogenesis. Specifi cally, we analyzed var-
iaƟ ons in DUSP3 post-translaƟ onal expression across 
diff erent types of melanocyƟ c neoplasms exhibiƟ ng 
varying degrees of atypia and disƟ nct biological pro-
fi les, yet retaining proliferaƟ ve capacity and lacking se-
nescence features. The objecƟ ve of this analysis was 
to explore the potenƟ al involvement of DUSP3 in the 
regulaƟ on or bypass of senescence mechanism.

MATERIALS AND METHODS

Data collection
This retrospecƟ ve study received approval from the Bio-
ethics CommiƩ ee of the University of Athens. Cases of 
excised melanocyƟ c neoplasms were idenƟ fi ed through 
the biopsy archives of the 1st Department of Patholo-
gy, NaƟ onal and Kapodistrian University of Athens, and 
the Department of Pathology at Andreas Syggros Hos-
pital. Inclusion criteria comprised: (i) histopathological 
diagnoses of common acquired melanocyƟ c nevus (CN), 
dysplasƟ c acquired melanocyƟ c nevus (DN), irrespecƟ ve 
of the degree of atypia, or cutaneous invasive nevus-as-
sociated melanoma (NAM); (ii) confi rmaƟ on of these 

diagnoses and assessment of Ɵ ssue suitability through 
independent review of hematoxylin and eosin–stained 
slides by two pathologists, including clear demarcaƟ on 
between nevus and melanoma areas in NAM speci-
mens; (iii) availability of representaƟ ve paraffi  n-embed-
ded Ɵ ssue blocks for further analysis; and (iv) suffi  cient 
accompanying demographic informaƟ on. Lesions ex-
hibiƟ ng spitzoid or congenital characterisƟ cs were ex-
cluded. Based on these criteria, four Ɵ ssue subgroups 
were established: CN, DN, and the nevus and melanoma 
components of NAM (designated N-NAM and M-NAM, 
respecƟ vely). Although the laƩ er two groups originat-
ed from the same NAM specimens, they were analyz-
ed independently for study purposes. PaƟ ent sex, age 
at diagnosis, and histological subtype of nevi were also 
recorded.

Processing
Immunohistochemical staining for the markers of inter-
est was carried out on 4-μm-thick formalin-fi xed, par-
affi  n-embedded Ɵ ssue secƟ ons. Following overnight 
incubaƟ on at 37°C, deparaffi  nizaƟ on, rehydraƟ on, and 
anƟ gen retrieval were performed simultaneously using 
an automated PT Link system (Dako), with slides treated 
for 20 minutes at 96°C in EnVision FLEX Target Retrieval 
SoluƟ on High pH (50×) (Dako, Denmark). Endogenous 
peroxidase acƟ vity was blocked by incubaƟ on in 0.3% 
hydrogen peroxide prepared in Tris-buff ered saline (TBS) 
for 15 minutes. AŌ er rinsing with TBS, secƟ ons were in-
cubated for 1 hour with a rabbit polyclonal anƟ -DUSP3 
anƟ body (LifeSpan Biosciences, SeaƩ le, WA) at a 1:500 
diluƟ on. Parallel secƟ ons from the same lesions were 
also incubated for 1 hour with a mouse monoclonal 
anƟ -β-galactosidase anƟ body (clone OTI1E10; LifeSpan 
Biosciences) at a 1:200 diluƟ on. AnƟ body detecƟ on was 
performed using a two-step polymer-based visualizaƟ on 
system (goat anƟ -mouse/rabbit IgG–HRP; ImmunoLogic, 
WellMed BV, The Netherlands). Slides were fi rst treat-
ed with a post-blocking soluƟ on for 30 minutes at room 
temperature, followed by incubaƟ on with the HRP-con-
jugated polymer for 30 minutes. Signal development 
was achieved using the EnVision FLEX HRP Magenta 
Substrate Chromogen System (Dako, Denmark). Final-
ly, secƟ ons were counterstained with hematoxylin and 
mounted for evaluaƟ on.

Evaluation of immunohistochemical staining 
for DUSP3
Two independent observers (EC and NK) evaluated the 
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immunohistochemical staining using light microscopy, 
assessing and documenƟ ng two disƟ nct parameters for 
each case: (i) staining intensity within the examined le-
sion, graded as 0 (negaƟ ve), 1 (weak), 2 (moderate), or 
3 (strong); and (ii) staining extent, defi ned as the pro-
porƟ on of posiƟ vely stained lesional cells, expressed as 
a percentage ranging from 0% to 100%. Any discrep-
ancies between the reviewers were resolved through 
joint re-evaluaƟ on and consensus. ImmunoreacƟ vi-
ty was quanƟ fi ed using a modifi ed ImmunoreacƟ ve 
Score (IRS)20,21, previously applied in the assessment 
of DUSP2 expression in ovarian carcinoma22. For each 
specimen, a composite score was calculated by mulƟ -
plying the intensity grade by the extent score. For this 
purpose, percentage values for staining extent were 
categorized as follows: 0% = 0, 1–25% = 1, 26–50% = 2, 
51–75% = 3, and 76–100% = 4. Accordingly, each case 
was assigned to a posiƟ vity category based on the fi nal 
calculated score as follows: scores of 0–1 were consid-
ered negaƟ ve, 2–3 indicated mild posiƟ vity, 4–8 corre-
sponded to moderate posiƟ vity, and 9–12 were classi-
fi ed as strong posiƟ vity20.

Evaluation of immunohistochemical staining 
for B-galactosidase
Two independent observers (EC and NK) evaluated the 
immunohistochemical staining using light microscopy, 
assessing and documenƟ ng staining intensity within 
the examined lesion, graded as 0 (negaƟ ve), 1 (weak), 
2 (moderate), or 3 (strong) for each case. Any discrep-
ancies between the reviewers were resolved through 
joint re-evaluaƟ on and consensus. 

Β-Galactosidase-Based stratification
Accordingly, from the total cohort, we isolated a bio-
logically defi ned subgroup of lesions exhibiƟ ng low 
β-gal intensity (grade 0–1), hereaŌ er referred to as 
the proliferaƟ ve-fi tness subgroup. This approach al-
lowed focused evaluaƟ on of DUSP3 expression inde-
pendently of advanced senescence-related metabolic 
alteraƟ ons. Senescence-associated β-galactosidase 
(SA-β-gal) acƟ vity consƟ tutes a well-established histo-
chemical surrogate of oncogene-induced and replica-
Ɵ ve senescence in melanocyƟ c neoplasms. Increased 
β-gal staining intensity refl ects lysosomal expansion 
and metabolic remodeling characterisƟ c of senescent, 
replicaƟ on-incompetent melanocytes, whereas absent 
or weak staining is indicaƟ ve of preserved proliferaƟ ve 
fi tness23. Given the pivotal role of senescence as a piv-
otal tumor-suppressive barrier in melanocyƟ c onco-
genesis, lesions exhibiƟ ng negaƟ ve (grade 0) or weak 
(grade 1) β-gal staining were considered representaƟ ve 
of melanocyƟ c populaƟ ons retaining proliferaƟ ve com-
petence. RepresentaƟ ve immunohistochemical images 
are provided in Figure 1.

Statistical analysis
Normality of the data was evaluated using the Shap-
iro–Wilk test. ConƟ nuous variables are reported as 
mean ± standard deviaƟ on (SD) for normally distribut-
ed data or as median with interquarƟ le range (IQR) for 
non-normally distributed data, while categorical vari-
ables are expressed as absolute frequencies and per-
centages. For normally distributed variables, compar-
isons between two groups were performed using the 

FIGURE 1 | Images of the nevus component (N-NAM, left) and melanoma component (M-NAM, right) of the same NAM, weakly stained for β-gal. 
Both neoplasms were included in the proliferative fitness subgroup. 100x magnification.
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independent samples t-test, with or without Welch’s 
correcƟ on as appropriate, whereas comparisons 
among three or more groups were conducted using 
one-way ANOVA followed by DunneƩ ’s post hoc test. 
For non-normally distributed variables, the Mann–
Whitney U test was used for two-group comparisons 
and the Kruskal–Wallis test followed by Dunn’s mul-
Ɵ ple comparisons test for analyses involving three or 
more groups. All staƟ sƟ cal tests were two-tailed, and 
analyses were performed using IBM SPSS StaƟ sƟ cs ver-
sion 28.0.

RESULTS

We conducted a retrospecƟ ve analysis of 172 mel-
anocyƟ c neoplasm cases obtained from 130 paƟ ents, 
including 42 CN, 46 DN, and 84 paired samples repre-
senƟ ng the nevus and melanoma components of 42 

NAMs. Of the 130 paƟ ents, 56 were male and 72 were 
female, with sex data unavailable for two individuals. 
The median age was 44 years (range 15–86; IQR 31 
years). Among the 130 nevi evaluated, 88 (67.7%) were 
juncƟ onal, 39 (30.0%) were compound, and 3 (2.3%) 
were dermal. Detailed sample characterisƟ cs are sum-
marized in Table 1.

Focusing on the proliferaƟ ve fi tness subgroup, 43 
melanocyƟ c lesions with retained proliferaƟ ve compe-
tency from 39 paƟ ents were isolated from the enƟ re 
sample, comprising 13 CN, 7 DN, 6 N-NAMs, and 17 
M-NAMs. Among the 39 paƟ ents, 18 were male and 20 
were female, with sex informaƟ on unavailable for one 
individual. The overall median age at diagnosis was 55 
years (range 18–85; IQR 37.5 years). When straƟ fi ed by 
diagnosis, the median age was 36 years for CN (range 
21–45; IQR 17.5), 65 years for DN (range 38–76; IQR 
38), 62 years for N-NAMs (range 18–85; IQR 20), and 
72 years for M-NAMs (range 18–85; IQR 25). Of the 26 

TABLE 1 Characteristics of the cases/individuals included in the entire study sample. 

Characteristics 

Diagnosis (n=172 lesions, 0 missing) N

CN 42

DN 46

N-NAMs 42

M-NAMs 42

Sex (n=128 individuals, 2 missing) N (%)

Male 56 (44%)

Female 72 (56%)

Age at diagnosis (n=130 individuals, 0 missing) Median (range, IQR), in years

Total 44 years (range: 15-86, IQR: 31)

CN 38.5 (range: 15-86, IQR: 21)

DN 38 (range: 16-79, IQR: 22)

NAMs 62 (range: 18-85, IQR: 20)

Nevus Subtype (n=130, 0 missing) N (%)

Junctional 88 (67.7%)

Mixed 39 (30.0%)

Dermal 3 (2.3%)



ΕΛΛΗΝΙΚΗ ΕΠΙΘΕΩΡΗΣΗ ∆ΕΡΜΑΤΟΛΟΓΙΑΣ - ΑΦΡΟ∆ΙΣΙΟΛΟΓΙΑΣ

42 ΕΡΕΥΝΗΤΙΚΗ ΕΡΓΑΣΙΑ

nevi assessed for histologic subtype, 23 (88.5%) were 
juncƟ onal and 3 (11.5%) were mixed, while no dermal 
nevi were idenƟ fi ed. Detailed characterisƟ cs are pre-
sented in Table 2.

Descriptive analysis of DUSP3’S expression 
for the entire sample
The immunohistochemical expression of DUSP3 
was assessed using the IRS-based posiƟ vity classifi -
caƟ on (categorical), as previously described, which 
categorized staining into four levels: negaƟ ve, mild, 
moderate, and strong. The fi ndings are summarized 
in Table 3. Overall, nevi exhibited higher posiƟ vity 
than M-NAMs, with most CN, DN, and N-NAM cases 
showing moderate staining intensity (61.9%, 54.3%, 
and 57.1%, respecƟ vely). In contrast, the majority of 
M-NAMs displayed only mild posiƟ vity (52.4%). This 
paƩ ern was also refl ected in the mean IRS scores for 
each group, where benign melanocyƟ c lesions demon-

strated higher DUSP3 expression than malignant ones 
[mean (SD) IRS scores: CN 7.5 (3.5); DN 6.2 (3.6); 
N-NAMs 4.0 (2.9); M-NAMs 1.9 (1.1), p < 0.001]. Rep-
resentaƟ ve immunohistochemical images are provided 
in Figure 2. NegaƟ ve staining was most frequently ob-
served in M-NAMs and least frequently in CN, where-
as strong staining was most common in CN and rarest 
in M-NAMs, with no M-NAMs showing strong posi-
Ɵ vity. Moreover, most NAMs (57.1%) arose from nevi 
with moderate posiƟ vity, while a notable proporƟ on 
(21.4%) developed from negaƟ ve lesions and only a 
small fracƟ on (4.8%) originated from strongly posiƟ ve 
nevi.

Descriptive analysis of dusp3’s expression 
for the proliferative fitness subgroup 
Within the β-gal–negaƟ ve/low subgroup, DUSP3 ex-
pression was evaluated using the same IRS methodol-
ogy applied to the enƟ re cohort. The fi ndings are sum-

TABLE 2 Characteristics of the cases/individuals included in the proliferative fitness subgroup. 

Characteristics 

Diagnosis (n=43 lesions, 0 missing) N

CN 13

DN 7

N-NAMs 6

M-NAMs 17

Sex (n=39 individuals, 1 missing) N (%)

Male 18 (46%)

Female 20 (54%)

Age at diagnosis (n=39 individuals, 0 missing) Median (range, IQR), in years

Total 55 (range: 18–85, IQR: 37.5)

CN 36 (range: 21–45, IQR: 17.5)

DN 65 (range: 38–76, IQR: 38)

N-NAMs 62 (range: 18-85, IQR: 20)

M-NAMs 72 (range: 18–85, IQR: 25)

Nevus Subtype (n=26, 0 missing) N (%)

Junctional 23 (88.5%)

Mixed 3 (11.5%)

Dermal 0 (0%)
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marized in Table 4. Overall, nevi (CN, DN, and N-NAMs) 
exhibited higher DUSP3 expression than M-NAMs. 
Specifi cally, most CN and DN cases showed moderate 

staining intensity (CN 46.2%, DN 28.6%), with a no-
table proporƟ on of CN also showing strong posiƟ vity 
(30.8%). N-NAMs also largely demonstrated moderate 

TABLE 3 A descriptive overview of the distribution of cases of the entire sample for each diagnosis across the DUSP3 IRS score categories 
is presented. Values are given as absolute counts and percentages [N (%)]. The IRS score categories for positivity are defined as follows: 
0–1 = negative, 2–3 = mild positivity, 4–8 = moderate positivity, and 9–12 = strong positivity.

Categorical DUSP3’s IRS score [N (%)]
Numerical DUSP3’s IRS 
score

negative mild moderate strong Total mean SD

Diagnosis

CN 3 (7.1%) 2 (4.8%) 26 (61.9%) 11 (26.2%) 42 (100.0%) 7.5 3.5

DN 4 (8.7%) 8 (17.4%) 25 (54.3%) 9 (19.6%) 46 (100.0%) 6.2 3.6

N-NAMs 9 (21.4%) 7 (16.7%) 24 (57.1%) 2 (4.8%) 42 (100.0%) 4.0 2.9

M-NAMs 16 (38.1%) 22 (52.4%) 4 (9.5%) 0 (0.0%) 42 (100.0%) 1.9 1.1

Total 32 (18.6%) 39 (22.7%) 79 (45.9%) 22 (12.8%) 172 (100.0%) 5.0 3.6

A

C D

FIGURE 2 | Images of lesions from the entire sample with IRS scores representative of their respective group means, immunohistochemically stained 
for DUSP3. 200x magnification. A: CN with DUSP3 IRS=8; B: DN with DUSP3 IRS=6; N-NAM with DUSP3 IRS=4; M-NAM with DUSP3 IRS=2.
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posiƟ vity (66.7%). On the contrary, M-NAMs predomi-
nantly displayed negaƟ ve staining (53.0%), as shown in 
Figure 3, and were frequently mildly posiƟ ve (35.3%). 
This trend was mirrored in the mean IRS scores, where 
benign lesions had higher expression than malignant 
ones [mean (SD) IRS scores: CN 6.9 (4.2); DN 6.6 (4.6); 
N-NAMs 3.2 (1.3); M-NAMs 1.8 (1.3), p < 0.001]. Nega-
Ɵ ve staining was most prevalent in M-NAMs and least 
common in CN, whereas strong staining was observed 
mainly in CN and was absent in M-NAMs. 

Association of DUSP3’s expression with 
proliferative fitness
Comparison of DUSP3 expression between the enƟ re 
sample and the subgroup of tumors with retained pro-

liferaƟ ve fi tness was performed. For each diagnosƟ c 
category, mean numerical DUSP3 IRS scores of the pro-
liferaƟ ve fi tness subgroup were compared with those 
of the corresponding full-sample group, as shown in 
Table 5. No staƟ sƟ cally signifi cant diff erences were ob-
served for any diagnosƟ c category (all p > 0.05). Con-
sidering the proliferaƟ ve fi tness subgroup as a whole, 
the mean IRS score was 4.33 ± 3.80, compared with 
5.0 ± 3.6 in the enƟ re cohort, a diff erence that also 
did not reach staƟ sƟ cal signifi cance (p > 0.05). These 
fi ndings indicate that overall DUSP3 expression is not 
substanƟ ally altered when analysis is restricted to 
melanocyƟ c lesions retaining proliferaƟ ve fi tness. Im-
portantly, mean IRS values within each subgroup were 
direcƟ onally consistent with those of the enƟ re cohort 
and showed no systemaƟ c upward or downward shiŌ s.

TABLE 4 A descriptive overview of the distribution of cases of the proliferative fitness subgroup for each diagnosis across the DUSP3 IRS 
score categories is presented. Values are given as absolute counts and percentages [N (%)]. The IRS score categories for positivity are de-
fined as follows: 0–1 = negative, 2–3 = mild positivity, 4–8 = moderate positivity, and 9–12 = strong positivity.

Categorical DUSP3’s IRS score [N (%)]
Numerical DUSP3’s IRS 
score

negative mild moderate strong Total mean SD

Diagnosis

CN 1 (7.7%) 2 (15.4%) 6 (46.2%) 4 (30.8%) 13 (100.0%) 6.9 4.2

DN 1 (14.3%) 2 (28.6%) 2 (28.6%) 2 (28.6%) 7 (100.0%) 6.6 4.6

N-NAMs 1 (16.7%) 1 (16.7%) 4 (66.7%) 0 (0%) 6 (100.0%) 3.2 1.3

M-NAMs 9 (53.0%) 6 (35.3%) 2 (11.8%) 0 (0%) 17 (100.0%) 1.8 1.3

Total 12 (27.9%) 11 (25.6%) 14 (32.6%) 6 (14.0%) 43 (100.0%) 4.3 3.8

FIGURE 3 | Characteristic image of an M-NAM from the proliferative fitness subgroup, negative for both β-gal (left) and DUSP3 (IRS=1) (right). 100x 
magnification.
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DISCUSSION 

OIS, parƟ cularly BRAF-induced OIS, represents a criƟ cal 
biological checkpoint that separates benign melanocyt-
ic proliferaƟ ons from malignant transformaƟ on15. Con-
sƟ tuƟ ve acƟ vaƟ on of the MAPK/ERK pathway, most 
commonly driven by BRAF mutaƟ ons, characterizes 
both benign and malignant melanocyƟ c neoplasms 
and necessitates Ɵ ght regulatory control to maintain 
cellular homeostasis. DUSP3 is thought to be among 
the negaƟ ve regulators of this pathway, as it dephos-
phorylates and inhibits two key substrates within 
the cascade: the upstream receptor tyrosine kinases 
ERBB1/2 (EGFR1/2) and the terminal cytosolic eff ec-
tors ERK1/23. Through this acƟ vity, DUSP3 is posiƟ oned 
to modulate both pathway iniƟ aƟ on and downstream 
signaling progression, implicaƟ ng it as a potenƟ al me-
diator of proliferaƟ on-senescence balance during mel-
anocyƟ c oncogenesis10. The observaƟ on that DUSP3 
presence -and possibly funcƟ onal competence- is more 
frequently associated with senescent or less hyperpro-
liferaƟ ve lesions, such as common and dysplasƟ c nevi, 
than malignant melanocyƟ c Ɵ ssues suggests a putaƟ ve 
protecƟ ve role against malignant transformaƟ on14. 
Such an eff ect could refl ect a compensatory response 
to oncogenic MAPK/ERK overacƟ vaƟ on, contribuƟ ng to 
appropriate cell-cycle regulaƟ on and maintenance of 
an OIS phenotype. Conversely, reduced DUSP3 expres-
sion might aƩ enuate this oncosuppressive infl uence, 
facilitaƟ ng escape from growth control and predispos-
ing neoplasƟ c populaƟ ons to hyperproliferaƟ on, a po-
tenƟ al early step toward melanoma development10.

However, the biological role of DUSP3 appears 
complex and potenƟ ally context-dependent. Experi-

mental evidence indicates that DUSP3 is required for 
normal cell-cycle progression and mitosis, with its loss 
promoƟ ng senescence11. Consistently, stronger immu-
nohistochemical expression has been documented in 
dysplasƟ c nevi (lesions characterized by higher pro-
liferaƟ ve acƟ vity) compared to common nevi, as well 
as within their less mature, proliferaƟ ve epidermal 
compartments of nevi24. These fi ndings suggest that, 
while DUSP3 may physiologically regulate proliferaƟ on 
through modulaƟ on of MAPK/ERK signaling, its acƟ vi-
ty in the seƫ  ng of sustained pathway hyperacƟ vaƟ on 
could paradoxically interfere with the establishment or 
maintenance of OIS. CollecƟ vely, these observaƟ ons 
raise the possibility that DUSP3 may infl uence melano-
cyƟ c tumor biology not only by restraining oncogenic 
signaling but also by modulaƟ ng the threshold for OIS 
inducƟ on or bypass.

Given these consideraƟ ons, the present study 
aimed to further clarify the role of DUSP3 in melano-
cyƟ c oncogenesis from the perspecƟ ve of OIS regula-
Ɵ on and maintenance, acknowledging its established 
importance in physiological cell-cycle control and its 
recently described potenƟ al oncosuppressive func-
Ɵ on14. We specifi cally invesƟ gated whether DUSP3 
expression correlates with proliferaƟ ve fi tness across 
benign and malignant melanocyƟ c lesions of various 
types.

RestricƟ on of the analysis to lesions retaining pro-
liferaƟ ve competence, defi ned by absent or weak β-ga-
lactosidase acƟ vity, did not reveal signifi cant diff erences 
in DUSP3 expression compared to lesions with variable 
proliferaƟ ve status, either overall or within individual 
diagnosƟ c categories. This lack of associaƟ on argues 
against a direct mechanisƟ c role for DUSP3 in the in-

TABLE 5 Mean values of numerical DUSP3’s IRS score for the two study groups. 

Numerical DUSP3’s IRS score 
for the entire sample

Numerical DUSP3’s IRS score for 
the proliferative fitness subgroup

Statistical significance

mean SD mean SD

D
ia

gn
os

is

CN 7.5 3.5 6.9 4.2 p > 0.05

DN 6.2 3.6 6.6 4.6 p > 0.05

N-NAMs 4.0 2.9 3.2 1.3 p > 0.05

M-NAMs 1.9 1.1 1.8 1.3 p > 0.05

Total 5.0 3.6 4.3 3.8 p > 0.05
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ducƟ on or maintenance of the senescent phenotype 
or in senescence-associated metabolic remodeling. 
The absence of divergence in DUSP3 expression among 
proliferaƟ vely competent lesions further indicates that 
DUSP3 levels do not adapt to the presence or absence 
of senescence. In other words, replicaƟ ve status does 
not seem to infl uence DUSP3 expression regardless of 
the melanocyƟ c neoplasm type. Instead, DUSP3 expres-
sion appeared more closely related to tumor type–spe-
cifi c biological characterisƟ cs rather than replicaƟ ve sta-
tus. SupporƟ ng this interpretaƟ on, the relaƟ ve gradient 
of expression across diagnosƟ c groups within the prolif-
eraƟ ve fi tness subgroup mirrored that of the enƟ re co-
hort, with nevi exhibiƟ ng higher levels and melanomas 
the lowest, independent of senescence markers.

Moreover, the idenƟ fi caƟ on of benign lesions (nevi) 
capable of sustained proliferaƟ on despite the putaƟ ve 
protecƟ ve barrier imposed by elevated DUSP3 expres-
sion suggests that melanocyƟ c tumors may rely on 
DUSP3-independent mechanisms to maintain cell-cycle 
progression. This observaƟ on raises the possibility that 
alternaƟ ve regulatory pathways compensate for in-
creased DUSP3 acƟ vity, enabling a funcƟ onal bypass of 
DUSP3-mediated control, or that the eff ects of DUSP3 
vary in the context of benign oncogenesis, potenƟ al-
ly facilitaƟ ng OIS bypass17,25. In contrast, malignant 
lesions (NAMs) that retain proliferaƟ ve capacity con-
sistently exhibit reduced DUSP3 expression, supporƟ ng 
the noƟ on that DUSP3 indeed exerts a protecƟ ve role 
in malignant scenarios14.

To our knowledge, this is the fi rst study to examine 

DUSP3 expression in relaƟ on to proliferaƟ ve status in 
melanocyƟ c oncogenesis. However, the analysis was 
limited to immunohistochemical assessment of DUSP3, 
without evaluaƟ on of its pre-translaƟ onal regulaƟ on, 
including geneƟ c alteraƟ ons, epigeneƟ c modifi caƟ ons, 
or transcripƟ onal control, nor its specifi c funcƟ on-
al acƟ vity. AddiƟ onal limitaƟ ons should be acknowl-
edged. Our conclusions regarding melanoma primari-
ly apply to the superfi cial spreading subtype, which is 
more commonly associated with preexisƟ ng nevi26,27. 
Although β-galactosidase is a robust and widely ac-
cepted marker of melanocyƟ c senescence, reliance 
on a single marker represents an inherent limitaƟ on. 
IncorporaƟ on of addiƟ onal markers would allow for 
more precise straƟ fi caƟ on of proliferaƟ ve and senes-
cent phenotypes. Moreover, integraƟ on of molecular 
and funcƟ onal assays could further clarify the role of 
DUSP3 within senescence-associated signaling net-
works. Finally, addiƟ onal studies are warranted to val-
idate these fi ndings by examining DUSP3 expression in 
well-defi ned cohorts of senescent melanocyƟ c lesions.

In conclusion, while DUSP3 clearly parƟ cipates 
in MAPK/ERK pathway regulaƟ on and physiological 
cell-cycle progression, our fi ndings do not support a 
central or determinisƟ c role for DUSP3 in governing 
OIS in melanocyƟ c neoplasia. Rather, its contribuƟ on 
may be modulatory and context-dependent, embed-
ded within broader, redundant signaling networks that 
collecƟ vely determine whether melanocyƟ c cells un-
dergo senescence or conƟ nue proliferaƟ ng during tu-
mor evoluƟ on.
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