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SIGNIFICANCE
Naevi share mutations, such as BRAF/V600E, with mela­
noma, which could explain the initial growth of naevi. How­
ever, other mechanisms, such as so-called senescence, pre­
clude successive proliferation of naevus cells. Traditionally, 
naevi have been classified histopathologically. Recently, the 
diagnostic method dermoscopy, has introduced a new clas­
sification of naevi. This study analysed several molecules 
(BRAF, phosphatase and tensin homologue, senescence 
and cell growth/activity markers) in a series of acquired 
naevi. Naevi were classified following histopathology and 
2 different dermoscopic classifications. The distribution of 
the studied molecules among the different naevus groups 
showed that some molecular characteristics correlated bet­
ter with dermoscopic characterization, providing comple­
mentary information about naevus biology.

BRAF/V600E mutation and other cell growth/growth-
control mechanisms are involved in naevogenesis and 
melanomagenesis. Immunoexpression of BRAF/V600E 
and other molecules (p16, phosphatase and tensin 
homologue (PTEN), Ki67, hTERT and Cav3.1 and 3.2 
calcium channels) were investigated in 80 histopatho
logically and dermoscopically classified acquired 
naevi. Regarding BRAF/V600E, dysplastic naevi sho-
wed lower immunostaining than common naevi, which 
was significant in comparison with intradermal nae-
vi, which showed the highest BRAF/V600E histosco-
re. Junctional naevi showed the lowest BRAF/V600E 
levels. Globular/cobblestone and reticular dermo
scopic patterns were consistently associated with high 
and low BRAF/V600E immunoexpression, respective-
ly, but Zalaudek’s peripheral globule pattern (CR/PG) 
showed the highest BRAF/V600E immunoexpression. 
Among global patterns, the previously not investiga-
ted multicomponent pattern showed the lowest BRAF/
V600E immunoexpression. Regarding the remaining 
biomarkers, new immunohistochemical features were 
found, in particular p16 and PTEN low expression in 
multicomponent pattern; and Ki67, hTERT and Cav.3.1 
high expression in CR/PG. In conclusion, histopatho-
logy and dermoscopy provide complementary informa-
tion regarding the biology of melanocytic naevi.

Key words: acquired melanocytic naevus; BRAF-V600E; senes­
cence markers; PTEN; T-type calcium channels.
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Cutaneous melanoma arises on normal skin or from 
congenital or acquired melanocytic naevi (1). BRAF/

V600E mutation stimulates naevogenesis in a majority of 
naevi, and BRAF/V600E-induced senescence explains 
cell arrest. Senescence abrogation and additional genetic 
alterations are involved in malignant transformation (2). 

Dysplastic naevus (DN) is a controversial entity. A 
single DN progresses to melanoma in either a similar 
or a slightly higher frequency than that of common 
acquired melanocytic naevi (CAN) (3). There is some 
controversy (4) regarding whether these lesions share 
alterations (mutations in non-V600E/BRAF, NRAS and 
TERT promoter, hemizygous deletion of CDKN2A (5)) 
with CAN and melanoma, as well as upregulation of 
genes involved in cell proliferation, adhesion, migration, 
and epidermal/follicular keratinocyte-related genes (3). 
Moreover, T-type calcium channel (TT-C) expression 
increases from CAN to DN and melanoma and could be 
a biomarker of tumour progression (6). 

Dermoscopy improves diagnosis, helps to elucidate 
naevus biology (7) and correlates with molecular featu-
res: (i) most globular naevi have BRAF mutations and 
few copy number aberrations (4, 8); (ii) reticular naevi 
have BRAF and NRAS mutations, and balanced loss of 
tumour suppressors and oncogenes (4, 8); and (iii) all 
naevi with a peripheral globule pattern (CR/PG) have 
BRAF mutations (8). BRAF/V600E immunoexpression 
(BRAF-IHC) was associated with dermoscopy (presence 
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of globules vs network) and histopathology (intradermal 
growth or large naevus nests vs the absence of them) 
(9). There is scarce data regarding BRAF/V600E muta-
tion in naevi with other dermoscopic patterns, such as 
multicomponent pattern (MP).

Histopathological and dermoscopic classifications 
correlate, but do not provide the same information (7). 
Some dermoscopic global patterns of melanocytic lesions 
(10), such as reticular or globular, are coincidental to 
dermoscopic Zalaudek’s patterns (11), but others attempt 
to capture other features. For instance, atypia (in the case 
of MP of pattern analysis) (10) or growth (in the case of 
CR/PG pattern of Zalaudek classification) (11). 

In conclusion, molecular alterations related to onco
genes, senescence, proliferation and others were de
scribed in DN (3), and in dermoscopically reticular 
vs globular naevi (4, 8). However, the distribution of 
these or other alterations among the main CAN and DN 
histopathological and dermoscopic patterns has not been 
specifically addressed.

The aim of this study was to simultaneously investigate 
the immunoexpression of BRAF/V600E, phosphatase 
and tensin homologue (PTEN), senescence biomarkers 
and TT-Cs in a formalin-fixed paraffin-embedded (FFPE) 
sample series of CAN and DN classified according to 
their conventional histopathological features and accor-
ding to 2 different dermoscopic classifications.

MATERIALS AND METHODS
Acquired melanocytic naevi (volar excluded), excised from diffe-
rent patients, were identified prospectively, under clinical suspicion 
of CAN (junctional (JN), compound (CN), intradermal (IN)) or 
atypical naevi. Clinical and dermoscopic images were obtained. 
Two independent pathologists assessed the lesions and discussed 
discrepancies. Naevi were re-classified in order to obtain a final 
series of 80 naevi, diagnosed as 60 CAN (20 JN, 20 CN, 20 IN) 
and 20 DN (6).

Dermoscopic images were evaluated by 3 dermatologists with
out clinical or histopathological information. The naevi were 
classified according to global pattern (10) (applying a variation 
of pattern analysis) and to the 4 common patterns defined by 
Zalaudek et al. (11). Considered global patterns were reticular, glo-
bular/cobblestone, mixed reticulo-globular/reticulo-cobblestone 
(R-G/R-C) and multicomponent (MP). Zalaudek patterns were 
reticular, globular-cobblestone, mixed pattern with central globular 
or structureless brown area and peripheral network (CG/PR) and 
mixed pattern with central network or structureless brown area and 
peripheral globules (CR/PG). Discrepant cases were discussed. 

FFPE tissue samples were subjected to immunohistochemistry 
(IHC) with antibodies against proliferation (Ki67), cell cycle 
(cyclin D1), oncogene induced (p16, p53, pRB), and replicative 
(telomerase: hTERT) senescence markers, PTEN, BRAF/V600E 
and 2 TT-C isoforms (Cav3.1, Cav3.2) (9). The optimal IHC con-
ditions and procedures for each antibody are listed in Table SI1. 
Immunohistochemical staining was graded semiquantitatively by 
considering the percentage and intensity of the staining, resulting 
in a histoscore (Hsc) (ranges 0–300) (9).

Statistical analysis was carried out using GraphPad Prism 
software. Differential immunoexpression of biomarkers between 
histopathological and dermoscopic patterns were analysed by 
Kruskal–Wallis test with Dunn’s Multiple Comparison test. p-va-
lues are indicated by asterisks *p < 0.05; **p < 0.01; ***p < 0.001. 

The study was approved by the local ethics committee (Comité 
Ètic d’Investigació Clínica de l’Hospital Arnau de Vilanova de 
Lleida. Study ID number: CEIC-1051) with a specific informed 
consent.

RESULTS

Clinical features of patients and naevi
Mean age of patients was 42.8 years, standard deviation 
(SD) 16.9 years; 73.7% were women and 26.3% men. 
Fifteen percent of naevi were located on the head and 
neck, 5% on the upper anterior trunk, 15% on the lower 
anterior trunk, 33.75% on the upper back, 8.75% on the 
lower back, 3.75% on the upper limbs, and 18.75% on 
the lower limbs. According to these locations, 15% of 
naevi were located on chronic sun exposure areas and 
85% on intermittent sun exposure areas. 

The distribution of DN and CAN according to age, 
sex and location was homogeneous.

The anatomical location of naevi, sex and age of the 
patients are shown in Table SII1. 

Dermoscopic characteristics of naevi
Global pattern. Twenty-five (31.25%) naevi had a re-
ticular pattern, 23 (28.75%) globular/cobblestone, 17 
(21.5%) mixed R-G/R-C and 15 (18.75%) MP (Fig. S11).
Zalaudek’s pattern. Twenty-six (32.9%) naevi had a 
reticular pattern, 24 (30.4%) globular-cobblestone, 23 
(29.1%) CG/PR and 6 (7.6%) CR/PG (Fig. S21). One 
case was unclassifiable and was excluded. 

No naevi with non-specific, homogeneous or starburst 
patterns were identified.

Correlation of dermoscopic and histopathological 
classifications
One-hundred percent of IN had a globular/cobblestone 
pattern. Approximately 40% of JN showed a reticular 
pattern, while CN often showed mixed patterns. Forty 
percent of DN were classified as MP in global pattern 
classification, whereas, in Zalaudek classification, DN 
were distributed among the remaining patterns (except 
for the globular/cobblestone) (Table SIII1). 

Immunohistochemical evaluation of BRAF/V600E in 
the histological and dermoscopic groups
Mean Hsc for BRAF/V600E immunostaining was lower 
in DN than in CAN, with no statistical significance. Dif-
ferences were significant (p < 0.001) when the 4 histo-
pathological subtypes were compared, being especially 1https://doi.org/10.2340/actadv.v101.361
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Fig. 1. Immunohistochemical evaluation of BRAF/V600E by VE1 antibody in different melanocytic naevi type according to histological 
and dermoscopic groups. (a) Positivity for BRAF/V600E was significantly lower in dysplastic naevi (DN) than in intradermal naevi (IN). (b) In both 
dermoscopic classifications, reticular pattern (in addition to multicomponent pattern of pattern analysis) showed the lowest BRAF/V600E expression. 
(c) Representative images for BRAF/V600E immunoexpression in different melanocytic naevi according to global pattern and Zalaudek classification. 
Statistical analysis was performed using Kruskal–Wallis test and Dunn’s Multiple Comparison Test (*p < 0.05; **p < 0.01; ***p < 0.001; non-significant 
(n.s.)). JN: junctural naevi; CN: compound naevi; RG/RC: reticulo-globular/reticulo-cobblestone pattern; CG/PR: mixed pattern with central globular 
or structureless brown area and peripheral network; CR/PG: mixed pattern with central network or structureless brown area and peripheral globules.

Table I. Differential immunoexpression (Hsc) of biomarkers in the 4 different acquired naevus subtypes

Biomarker

Total
n = 80 (100%) 
Mean (SD)

Histological naevi subtypes (4 subtypes)

Global differences 
between the 4 
groups

Differences vs DN group

JN
n = 20 (25%)
Mean (SD)

CN
n = 20 (25%)
Mean (SD)

IN
n = 20 (25%)
Mean (SD)

DN
n = 20 (25%)
Mean (SD)

JN
vs
DN

CN
vs
DN

IN
vs
DN

Ki67 10.42 (10.75) 16.67 (8.16) 13.15 (9.05)   3.25 (4.67) 13 (13.9) <0.001 n.s n.s 0.0009
Cycl D1 97.2 (49.52) 100 (60.33) 110 (45.19) 93 (50.48) 87.75 

(50.54)
0.47 – – –

p16 116.25 (75.48) 72 (64.2) 129.5 (61.94) 168 (69.91) 95.5 (72.94) <0.001 n.s n.s 0.006
PTEN 169.25 (62.64) 167 (68.6) 171.5 (50.29) 192.5 (42.16) 146 (78.43) 0.19 – – –
hTERT 188.75 (21.08) 198.5 (16.94) 183.5 (29.43) 167.5 (20.74) 205.5 (20.12) <0.001 n.s n.s <0.001
VE1 72 (64.79) 33 (50.46) 95.5 (81.72) 110.5 (30.86) 49 (54.57) <0.001 n.s n.s 0.002
Cav3.1 17.75 (25.61) 11 (10.71) 18.5 (30.14) 3 (5.71) 38.5 (30.66) <0.001 0.001 0.007 <0.001
Cav3.2 108.5 (46.83) 104 (48.28) 105 (58.26) 117 (30.11) 108 (48.73) 0.93 – – –

Significance of the differences was evaluated with non-parametric tests (Mann–Whitney test or Kruskal–Wallis test, whichever was most convenient).
SD: standard deviation; JN: junctural naevi; CN: compound naevi; IN intradermal naevi; DN: dysplastic naevi; PTEN: phosphatase and tensin homologue; VE1: BRAF/
V600E; n.s: not significant; hTERT: telomerase; cycl D1: cycline D1. Statistically significant differences are highlighted in bold numbers.
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high in IN, medium in CN, low in DN and even lower in 
JN. However, if each group of CAN was compared with 
DN, statistical significance was only found regarding 
DN vs IN (p = 0.002) (Fig. 1, Table I and Table SIV1).

In both dermoscopic classifications (global pattern 
and Zalaudek’s), globular/cobblestone pattern showed a 
high BRAF/V600E Hsc and reticular pattern a low Hsc. 
However, in global pattern classification, MP showed 
the lowest value and, in Zalaudek classification, CR/PG 
pattern showed the highest value. Compared in pairs, 
only differences related to reticular vs globular/cobb-
lestone naevi (p < 0.01) remained significant for global 
pattern classification (Fig. 1 and Table II) and reticular 
vs globular/cobblestone (p < 0.05) and reticular vs CR/
PG naevi (p < 0.01) for Zalaudek classification (Fig. 1 
and Table III).

Differential immunoexpression of the remaining bio
markers in histopathological and dermoscopic subtypes
Regarding other biomarkers, if CAN vs DN were com-
pared, significant differences were only seen regarding 
hTERT and Cav.3.1 immunoexpression, which were 
higher in DN (p < 0.001 for both biomarkers). Expression 
of p16 and PTEN was lower in DN, but not significant. 

Immunoexpression of pRB and p53 was extremely low 
and was considered negative (Table SIV1).

If each CAN subgroup was compared with DN, 
DN showed significantly higher Ki67 and hTERT Hsc 
(p = 0.0009 and p = 0.006, respectively) and lower p16 
Hsc (p < 0.001) than IN and higher Cav3.1 Hsc than any 
of the 3 CAN subtypes (p = 0.001 vs JN, p = 0.007 vs CN 
and < 0.001 vs IN) (Table I).

In both dermoscopic classifications, globular/cobb-
lestone pattern showed significantly high levels of p16 
and low levels of Ki67, hTERT and Cav3.1. According to 
global pattern, immunoexpression of both p16 and PTEN 
was significantly low in MP (p < 0.05 for both markers 
vs globular/cobblestone naevi), which also showed the 
highest levels of Cav3.1 (p < 0,01 vs globular/cobblestone 
naevi). No differences in PTEN immunoexpression were 
detected when Zalaudek classification was applied. 
Zalaudek’s CR/PG pattern showed the highest levels of 
hTERT and Cav3.1, significant vs globular/cobblestone 
pattern (p < 0.05 and p < 0.01 respectively). Although 
CR/PG naevi showed the highest Ki67 Hsc, differences 
were not significant in the multiple comparisons (Figs 
2 and 3 and Tables II and III).

No differences in Cav3.2 or in cyclin D1 immuno
expression were seen in any of the comparisons.

Table II. Differential immunoexpression (Hsc) of biomarkers according to dermoscopic global patterns 

Biomarker

Total
n = 80 (100%)
Mean (SD)

Global patterns

Globular/cobblestone 
n = 23 (28.75%)
Mean (SD)

Multicomponent
n = 15 (18.75%)
Mean (SD)

Reticular
n = 25 (31.25%)
Mean (SD)

R-G/R-C
n = 17 (21.25%)
Mean (SD)

Global differences
between the 4 
groups

Ki67 10.42 (10.75) 4.39 (5.71) 13.46 (12.14) 15 (12.62) 12.08 (9.72) 0.001
Cycl D1 97.2 (49.52) 112.94 (48.19) 95.38 (61.46) 95.88 (41.54) 98.08 (48.03) 0.23
p16 116.25 (75.48) 163.9 (70.93) 82 (61.09) 84.4 (65.13) 128.82 (73.9) 0.001
PTEN 169.25 (62.64) 192.6 (39.34) 124 (84.33) 166.8 (52.66) 181.2 (63.23) 0.02
hTERT 188.75 (21.08) 164.7(22.39) 190.7 (19.07) 201.6 (23.40) 198.8 (23.95) < 0.001
VE1 72 (64.79) 101.7 (38.33) 48 (55.83) 50.2 (73.18) 85 (72.2) 0.008
Cav3.1 17.75 (25.61) 3.478 (6.473) 27.33 (28.9) 25.6 (30.29) 17.06 (24.43) < 0.001
Cav3.2 108.5 (46.83) 121.76 (37.79) 102.67 (56.5) 109.6 (37.8) 101.18 (61.73) 0.78

Significance of the differences was evaluated with non-parametric tests (Kruskal–Wallis test).
SD: standard deviation; R-G/R-E: reticulo-globular/reticulo-cobblestone pattern; PTEN: phosphatase and tensin homologue; VE1: BRAF/V600E; hTERT: telomerase; cycl 
D1: cycline D1. Statistically significant differences are highlighted in bold numbers.

Table III. Differential immunoexpression of biomarkers according to dermoscopic Zalaudek patterns 

Biomarker

Total
n = 79 (100%)
Mean (SD)

Zalaudek patterns

Globular/cobblestone
n = 24 (30.38%)
Mean (SD)

CG/PR
n = 23 (29.11%)
Mean (SD)

Reticular
n = 26 (32.91%)
Mean (SD)

CR/PG
n = 6 (7.59%)
Mean (SD)

Global differences
between the 4 
groups

Ki67 10.43 (10.84) 5.88 (9.17) 12.94 (11.05) 13.16 (11.93) 13.4 (8.38) 0.006
Cycl D1 97.62 (49.79) 101.3 (52.03) 104.1 (47.44) 77.63 (43.35) 134 (53.2) 0.14
p16 116.58 (75.9) 160.4 (71.46) 105.2 (81.62) 86.92 (64.73) 113.33 (41.31) 0.011
PTEN 170.63 (61.8) 192.1 (38.56) 152.6 (76.23) 158.8 (58.4) 205 (65.35) 0.11
hTERT 188.75 (21.08) 165.8 (21.04) 194.8 (22.74) 201.5 (22.92) 201.7 (17.22) < 0.001
VE1 72.91 (64.69) 106.3 (43.52) 58.91 (63.64) 42.50 (64.02) 125 (62.85) < 0.001
Cav3.1 17.59 (25.73) 4.17 (7.17) 14.78 (22.54) 27.69 (31.54) 38.33 (30.61) < 0.001
Cav3.2 119.62 (46.03) 117.5 (36.62) 90.87 (58.54) 111.9 (38.89) 140 (34.64) 0.12

Significance of the differences was evaluated with non-parametric tests (Kruskal–Wallis test).
SD: standard deviation; CG/PR: mixed pattern with central globular or brown area without structure and peripheral network, CR/PG: mixed pattern with central network or 
brown area without structure and peripheral globules; PTEN: phosphatase and tensin homologue; VE1: BRAF/V600E; hTERT: telomerase; cycl D1: cyclin D1. Statistically 
significant differences are highlighted in bold numbers.

https://doi.org/10.2340/actadv.v101.361
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DISCUSSION

This study found that CAN expressed higher levels of 
V600E than DN. IN showed the highest levels, followed 
by CN, DN and JN, which is in agreement with other 
published data (2). 

The results regarding BRAF-IHC and dermoscopic 
classification are also in agreement with the literature 
(8, 9). BRAF mutations have been described in 92% of 
globular and 100% of CR/PG naevi, whereas reticular 
naevi were 67% BRAF- and 33% NRAS-mutant (8). In 
the current study, naevi with the lowest Hsc displayed 
a reticular pattern (which included JN, CN and DN), 
whereas globular/cobblestone naevi (most IN) present
ed a high Hsc. The Hsc of the growing CR/PG pattern, 
which does not have a translation in the histopatholo-
gical classification (DN, CN and JN in this series) was 
even higher.

Regarding other biomarkers, Ki67 and hTERT expres-
sion were significantly higher and p16 significantly lower 
in DN vs IN. Previous studies indicated an increase in 
proliferation markers and p16 losses in DN and inter-
mediate melanocytic lesions (3, 5) and a greater immu-
noexpression of hTERT in DN than CAN (12) or, more 
specifically, in DN vs IN (13). Moreover, TERT promoter 

mutations were described as early alterations in inter-
mediate lesions (5). These findings are all in agreement 
with the results of the current study. Other studies have 
shown discrepancies regarding the presence of TERT 
promoter mutations in melanocytic naevi (4), probably 
due to technical issues (14). Moreover, since the current 
study is IHC based, more proliferative naevus subtypes 
in comparison with IN may show increased expression 
of hTERT in the absence of hTERT alterations.

Dermoscopically atypical MP naevi (DN, JN and CN 
in the current study), expressed high Ki67 and signifi-
cantly low p16 levels (like DN) but also significantly 
low PTEN immunoexpression (unlike DN). PTEN is a 
tumour suppressor whose expression has been described 
as high in naevus and low in melanoma (15), but there 
is no published information about PTEN expression in 
CAN vs DN. PTEN mutations and promoter methyla-
tion appear to be exclusive of melanoma (5), with the 
exception of xeroderma pigmentosum atypical naevi 
(16). Nevertheless, the current results, with a validated 
PTEN immunostaining method (17), showed especially 
low levels in MP. More recently, p16 and PTEN and other 
gene copy number aberrations have been described in 
benign naevi, especially with reticular vs globular pat-
tern (4). Although in that study more specific patterns, 

Fig. 2. Immunoexpression of p16 and phosphatase and tensin homologue (PTEN) in different 
groups of melanocytic naevi dermoscopically classified according to global pattern. (a) 
p16 and (b) PTEN mean expression histoscore (Hsc). Multicomponent pattern showed the significant 
lowest levels of p16 and PTEN. Representative images of the highest staining on the left and the 
lowest/negative on the right. Hsc mean were analysed by Kruskal–Wallis test and Dunn’s Multiple 
Comparison Test (*p < 0.05; **p < 0.01; ***p < 0.001; non-significant (n.s.)). R-G/R-C: reticulo-
globular/reticulo-cobblestone pattern.
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such as MP or mixed patterns, were not considered, this 
finding could explain the current results. 

Zalaudek CR/PG pattern was associated with hig-
her IHC levels of hTERT, and also high, although not 
statistically significant, levels of Ki67, as expected for 
growing naevi. 

As for TT-Cs, the current results were coherent with 
our published findings (6). We did not observe signifi-
cant differences in the distribution of Cav3.2 (6), while 
DN showed a significantly higher Hsc of Cav3.1 com-
pared with the whole group of CAN (as described by 
our group) (6), but also to each individual histological 
CAN subtype (JN, CN and IN), something that was not 
previously compared. Moreover, the highest Cav3.1 
Hsc were associated with MP and with the growing 
CR/PG pattern. 

Study limitations
This study has some limitations. It was designed to have 
a well-balanced sample regarding histopathological 
subtypes of acquired naevi, but not regarding age, sex 
and anatomical location (also not regarding dermoscopic 
subtypes). The final sample contained more women than 
men, and naevi were removed from different body sites 
in different patients. This may have an impact, as it is 

well known that there are individual dermoscopy signa-
tures which are characteristic for the individual patient. 
Finally, when the naevi were re-classified according to 
dermoscopic criteria, some of the groups were relatively 
small. Hence, it is necessary to confirm these findings 
in a larger series of naevi in order to cover the specific 
aspects mentioned. 

Conclusion
In summary, DN showed lower BRAF/V600E immuno-
expression than CAN. This was significant in comparison 
with IN, which showed the highest BRAF/V600E Hsc. 
Naevi with the lowest BRAF/V600E levels were JN. 
Globular/cobblestone and reticular dermoscopìc pat-
terns were consistently associated with high and low 
BRAF/V600E Hsc, respectively, but CR/PG pattern of 
Zalaudek’s classification (which does not have a trans-
lation in conventional histopathology classification and 
is not considered in global pattern analysis) showed 
the highest Hsc. Among global patterns the previously 
not analysed MP exhibited the lowest levels of BRAF/
V600E. Moreover, the atypical MP naevi presented 
low p16 and PTEN Hsc and the growing CR/PG naevi 
high Ki67, hTERT and Cav3.1 levels. In conclusion, 
histopathology and dermoscopy provide complementary 

Fig. 3. Differential expression of (a) Cav3.1 and (b) hTERT according to Zalaudek classification. 
Mixed pattern with central network or structureless brown area and peripheral globules (CR/PG) showed 
higher levels of (a) Cav3.1 and (b) hTERT and globular/cobblestone pattern showed the significant 
lowest. Example of strong Cav3.1 staining in a CR/PG naevus (right) and negative staining in a globular/
cobblestone naevus (left). Example of strong hTERT staining in a DN with mixed pattern with central 
globular or structureless brown area and peripheral network (CG/PR) (right) and lower staining in a 
globular/cobblestone lesion (left). Histoscore (Hsc) mean were analysed by Kruskal–Wallis test and Dunn’s 
Multiple Comparison Test (*p < 0.05; **p < 0.01; ***p < 0.001; non-significant (n.s.)).
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information about the biological behaviour of melano-
cytic naevi. 

ACKNOWLEDGEMENTS
This research was supported by grants from Instituto de Salud 
Carlos III/Fondo Europeo de Desarrollo Regional. “Una manera 
de hacer Europa” (FIS-PI12/00260 and PI15/00711 to RMM 
and PI18/00573 to RMM and AM) and Generalitat de Catalunya 
(2017/SGR1368 to XMG). RMM, MS, AV, JV, SG and XMG were 
supported by Centro de Investigación Biomédica en Red Cáncer 
(CB16/12/0023). SM and OM held pre-doctoral fellowships from 
IRBLleida/Diputació de Lleida and CB a pre-doctoral fellowship 
from the University of Lleida. AM holds a postdoctoral fellowship 
from Asociación Española contra el Cáncer. Tumour samples 
were processed by IRBLleida (B.0000682) Biobank integrated 
in the Spanish National Biobank Network (PT17/0015/0027) 
and Xarxa de Bancs de Tumors de Catalunya following standard 
operating procedures with the appropriate approval of the Ethics 
and Scientific Committee.

REFERENCES
1.	Martin-Gorgojo A, Requena C, Garcia-Casado Z, Traves V, Ku­

mar R, Nagore E. Dysplastic vs. common naevus-associated 
vs. de novo melanomas: an observational retrospective study 
of 1,021 patients. Acta Derm Venereol 2018; 98: 556–562.

2.	Roh MR, Eliades P, Gupta S, Tsao H. Genetics of melanocytic 
nevi. Pigment Cell Melanoma Res 2015; 28: 661–672.

3.	Mesbah Ardakani N. Dysplastic/Clark naevus in the era of mo­
lecular pathology. Australas J Dermatol 2019; 60: 186–191.

4.	Stark MS, Tan JM, Tom L, Jagirdar K, Lambie D, Schaider H, 
et al. Whole-exome sequencing of acquired nevi identifies 
mechanisms for development and maintenance of benign 
neoplasms. J Invest Dermatol 2018; 138: 1636–1644.

5.	Shain AH, Yeh I, Kovalyshyn I, Sriharan A, Talevich E, Gagnon 
A, et al. The genetic evolution of melanoma from precursor 
lesions. N Engl J Med 2015; 373: 1926–1936.

6.	Maiques O, Macià A, Moreno S, Barceló C, Santacana M, Vea 
A, et al. Immunohistochemical analysis of T-type calcium 

channels in acquired melanocytic naevi and melanoma. Br 
J Dermatol 2017; 176: 1247–1258.

7.	Zalaudek I, Catricalà C, Moscarella E, Argenziano G. What 
dermoscopy tells us about nevogenesis. J Dermatol 2011; 
38: 16–24.

8.	Tan JM, Tom LN, Jagirdar K, Lambie D, Schaider H, Sturm 
RA, et al. The BRAF and NRAS mutation prevalence in der­
moscopic subtypes of acquired naevi reveals constitutive 
mitogen-activated protein kinase pathway activation. Br J 
Dermatol 2018; 178: 191–197.

9.	Marchetti MA, Kiuru MH, Busam KJ, Marghoob AA, Scope A, 
Dusza SW, et al. Melanocytic naevi with globular and reticular 
dermoscopic patterns display distinct BRAF V600E expres­
sion profiles and histopathological patterns. Br J Dermatol 
2014; 171: 1060–1065.

10.	Braun RP, Rabinovitz HS, Oliviero M, Kopf AW, Saurat JH. 
Dermoscopy of pigmented skin lesions. J Am Acad Dermatol 
2005; 52: 109–121.

11.	Zalaudek I, Schmid K, Marghoob AA, Scope A, Manzo M, 
Moscarella E, et al. Frequency of dermoscopic nevus subtypes 
by age and body site: a cross-sectional study. Arch Dermatol 
2011; 147: 663–670.

12.	Fullen DR, Zhu W, Thomas D, Su LD. hTERT expression in 
melanocytic lesions: an immunohistochemical study on pa­
raffin-embedded tissue. J Cutan Pathol 2005; 32: 680–684.

13.	de Unamuno Bustos B, Sahuquillo Torralba A, Moles Poveda 
P, Pérez Simó G, Simarro Farinos J, Llavador Ros M, et al. 
Telomerase expression in a series of melanocytic neoplasms. 
Actas Dermosifiliogr 2019; 110: 212–219.

14.	Colebatch AJ, Ferguson P, Newell F, Kazakoff SH, Witkowski T, 
Dobrovic A, et al. Molecular genomic profiling of melanocytic 
nevi. J Invest Dermatol 2019; 139: 1762–1768.

15.	Singh RS, Diwan AH, Zhang PS, Prieto VG. Phosphoinositide 
3-kinase is not overexpressed in melanocytic lesions. J Cutan 
Pathol 2007; 34: 220–225. 

16.	Masaki T, Wang Y, DiGiovanna JJ, Khan SG, Raffeld M, Bel­
taifa S, et al. High frequency of PTEN mutations in nevi and 
melanomas from xeroderma pigmentosum patients. Pigment 
Cell Melanoma Res 2014; 27: 454–464. 

17.	Maiques O, Santacana M, Valls J, Pallares J, Mirantes C, 
Gatius S, et al. Optimal protocol for PTEN immunostaining; 
role of analytical and preanalytical variables in PTEN staining 
in normal and neoplastic endometrial, breast, and prostatic 
tissues. Hum Pathol 2014; 45: 522–532.


