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Verrucous venous malformation (VVM), formerly known
as verrucous haemangioma, is a congenital sporadic
vascular anomaly appearing as a well-circumscribed,
hyperkeratotic, reddish-purple plaque mostly located
on the lower extremities (1, 2). Hyperkeratosis increases
over time, resulting in the typical verrucous appearance
frequently associated with scaling and crusting. Histopat-
hological examination shows a hyperkeratotic epidermis
overlying dilated vessels extending from the superficial
to the deep dermis and subcutaneous tissue. Immunohi-
stochemistry usually shows focal GLUT1 positivity and
variable reactivity for WT1 (3, 4).

Genetic studies have identified a recurrent pathoge-
netic missense variant, p.I1441M, in the MAP3K3 gene
in VVM lesions (5). MAP3K3 encodes for mitogen-
activated kinase kinase kinase 3 that belongs to the RAS/
MAPK/ERK signalling pathway, which regulates cell
proliferation, differentiation, and survival.

We report the case of an infant affected with VVM
associated with a previously unreported somatic
MAP3K3 inframe duplication and showing an exceptio-
nal spontaneous regression.

MATERIALS, METHODS AND RESULTS

Following the parents’ informed consent, 2 x 3-mm punch biopsies
were obtained from lesional skin for histopathological examina-
tion and genetic analysis at age 1 month, and an additional punch
biopsy for genetic analysis was taken from atrophic skin at age
4 years. Genetic testing was performed on genomic DNA from
skin and peripheral blood. Custom panel next-generation targeted
resequencing on a NextSeq550 (Illumina, San Diego, CA, USA)
sequencing platform was carried out as previously described (6).

To investigate possible effects of the c.13 54dup mutation
in MAP3K3 and to model this protein mutant, the structure of
MAP3K3 in complex with the cerebral cavernous malformations-2
(CCM2) protein (Protein Data Bank, PDB, accession code 4Y50)
was employed. The hydrophobic dipole moment () for a-helices
was calculated according to the formula = )i HiSi (7) where
Si is a unit vector pointing from the alpha carbon atom of the i
residue to the residue side chain centre. For the wild type MAP3K3
protein, the calculation was made across the helix-forming resi-
dues 1-15 as available in the PDB structure 4Y 50, while for the
MAP3K3 mutant the calculation was made across the modelled
helical residues 1-33.

A neonate born at term by vaginal delivery was referred to our
Vascular Anomalies Center for a congenital vascular anomaly of
the right leg. At 1 month of age, physical examination showed

a violaceous plaque almost entirely covered by dark crusts and
scales with geographic borders (Fig. 1A). The newborn was in
good general health.

Histological examination of a lesional skin biopsy showed a
hyperkeratotic and papillomatous epidermis overlying dilated
vessels extending from the papillary dermis to the subcutaneous
tissue (Fig. S1). The vascular component was positive for pan-
endothelial markers CD31 and CD34 and focally for GLUT1, WT1
and D240 (Fig. S2). Histopathology findings were consistent with
the clinical suspicion of VVM.

Genetic analysis detected the MAP3K3 inframe variant
c.13_54dup (p.Glu5_GlIn18dup) in the lesional skin at a variant
allele frequency (VAF) of 12% and not in blood DNA (Fig. S3).
The duplication was not reported in the literature and not annotated
in the database of human variations (GnomAD).

MAP3K3 protein binds cerebral cavernous malformations
2 (CCM2) harmonin homology domain (8) through the PBI
domain and the amino acid segment 6-ALNSIMNDL-14 com-
prised in the N-terminal a-helix (Fig. 2). Translation of the
c.13_54dup mutant results in a protein product with amino acids
5-18 duplication, which implies an additional ALNSIMNDL
amino acid segment. Protein secondary structure predictions
indicate that the duplication causes the formation of a longer
o-helix in the N-terminal region compared with the wild type.
One of the conceivable effects of this mutation would be an
alteration of the MAP3K3/CCM2 interaction. As the PB1 domain
and the N-terminal helix are connected by a long flexible lin-
ker, it is possible that in the mutant any of the 2 ALNSIMNDL
segments could find suitable position, in concert with PBI, to
still interact with CCM2. Thus, despite the important structural
alteration, the MAP3K3 mutant might still be able to bind CCM2,
although with different affinity compared with the wild type
protein. Furthermore, the calculation of the hydrophobic dipole
moment indicates that the mutated helix increases significantly
its amphipathic characteristics (Fig. 2C).

Unexpectedly, the VVM underwent a spontaneous regression
process, which was already visible at the age of 2 months. At
first the hyperkeratosis disappeared together with central fading
of the vascular component (Fig. 1B) that regressed almost com-
pletely by the age of 2 years (Fig. 1C). The child, who is now 4
years old, presents a hypopigmented sclero-atrophic skin with
very few peripheral dilated capillaries (Fig. 1D). A biopsy of
the atrophic skin has shown that the MAP3K3 duplication is no
longer detectable.

DISCUSSION

Our case has 2 major peculiarities: the disease course
and the previously undescribed somatic MAP3K3
variant. To the best of our knowledge, spontaneous
regression of VVMs has never been reported. Since

2025 ©Author(s). Published by MJS Publishing, on behalf of the Society for Publication of Acta Dermato-Venereologica. This is an Open Access article distributed under
the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/).


https://creativecommons.org/licenses/by-nc/4.0/
mailto:andrea.diociaiuti@opbg.net
https://doi.org/10.2340/actadv.v105.44095
https://doi.org/10.2340/actadv.v105.44095
https://doi.org/10.2340/actadv.v105.44095

cta

cta

2/3 Short communication

Fig. 1. Clinical features and course of verrucous venous malformation in the study patient. (A) Violaceous hyperkeratotic plaque with geographic
margins and satellite lesions at age 1 month; (B) partial regression of hyperkeratosis and initial fading of the vascular component at the age of 2 months;
(C) almost complete regression of the vascular anomaly with residual skin atrophy and dilated capillaries at the periphery at age 2 years, the latter
being (D) further reduced at 4 years of age.
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u modelling. (A) Schematic representation of MAP3K3
K \ protein. (B) MAP3K3 in complex with the harmonin
domain of the cerebral cavernous malformations 2
Y, 3 X W ./ Y protein (CCM2) (from Protein Data Bank, PDB, accession
& code 4Y50) and modelling of the same complex with
MAP3K3 carrying the 5-18 duplication. The residues
in the N-terminal helix that are strictly involved in the
sg% binding to CCM2 (6-ALNSIMNDL-14, as numbered in

90° the wild type MAP3K3, and duplicated in the mutant)
are coloured in red. The azure dotted lines represent
MAP3K3 protein disordered regions. (C) Hydrophobic
dipole moment (p) calculated for the N-terminal helix in
the wild type and mutated MAP3K3. It can be seen that
the helix in the mutant presents increased p, implying
augmented ampbhiphilicity, which enhances the possibility
of abnormal interactions with cell membranes or other
lipidic particles.
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the first days of life, the VVM presented a marked
hyperkeratosis that rapidly reduced, while VVMs
frequently become more hyperkeratotic over time
(1, 2). Even more surprisingly, a concomitant clearing
of the vascular component starting from the centre to
the periphery was observed. Overall, the VVM almost
entirely disappeared by the age of 2 years leaving a
hypopigmented sclero-atrophic skin.

In addition, our child did not carry the MAP3K3
recurrent missense mutation p.1441M, but a previously
unreported somatic inframe duplication, c.13_54dup.
CCM2, in complex with CCM1 and CCM3, inhibits
MAP3K3 (9) by the interaction between the MAP3K3
N-terminus and the harmonin homology domain of
CCM2 (8). Disruption of such interaction in endothelial
cells of the developing mouse heart results in increased
MAP3K3 signalling (10). In keeping, a pathogenic variant
in the CCM2 harmonin domain in a family with cerebral
cavernous malformations has been shown to abrogate
the CCM2/MAP3K3 interaction, resulting in MAP3K3
signalling activation and further supporting a crucial
role of MAP3K3 regulation in human disease (9). Based
on literature data and on clinical and protein modelling
findings, we propose that the pathogenic mechanism of
the p.Glu5_GIn18dup variant in the MAP3K3 N-terminus
here reported arises from a decrease in MAP3K3/CCM2
interaction leading to reduced MA4P3K3 inhibition, resul-
ting in VVM formation during intrauterine life.

The remarkably spontancous and rapid VVM regres-
sion after birth suggests that different conditions between
intrauterine and postnatal life should be responsible for
the unexpected clinical course. We hypothesize that the
CCM complex exerts the strongest physiological nega-
tive regulation on MAP3K3 during prenatal development
when vasculogenesis and angiogenesis are particularly
intense. After birth, a naturally decreased CCM complex
expression/activity may result in a further increase of the
mutant MAP3K3 activity. We suggest that, after birth, the
mutant cells subjected to unsustainable MAP3K3 activity
undergo apoptosis. This hypothesis is supported by the
observation that the MAP3K3 1441M variant promotes
endothelial apoptosis in mice (11). Alternatively, it may
be speculated that negative clonal selection of mutant
MAP3K3 cells occurs after birth, favouring skin repo-
pulation by non-mutated cells. In keeping with these
hypotheses, the MAP3K3 duplication variant was no
longer detectable in the atrophic skin at the end of the
regression process.

In conclusion, we report for the first time an inframe
duplication in MAP3K3 associated with a unique
behaviour of the VVM. Further studies will allow to
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understand the frequency of this association and the
underlying pathogenetic mechanisms.
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