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ABSTRACT

Pathogenic variants in PORCN cause focal dermal hypoplasia (FDH/Goltz syndrome), an X-linked dominant disorder histor-
ically considered lethal in males, with milder presentations now recognized as PORCN non-Goltz spectrum (PONGOS). We
report three male patients identified by exome sequencing: one with a mosaic de novo variant (c.727C>T; p.Arg243*) showing
FDH features, and two siblings with an inherited non-mosaic variant (c.1315T>G; p.Trp439Gly) from their unaffected carrier
mother with a PONGOS phenotype. These cases confirm that male survival is possible with both mosaic and non-mosaic PORCN
variants and expand the clinical and molecular spectrum of the disease. Our findings highlight the role of residual protein func-
tion in clinical variability and have important implications for diagnosis, genetic counseling, and management in families with
apparently unaffected carrier mothers.

1 | Introduction and activity in the Wnt/B-catenin signaling pathway [1]. This

pathway plays a central role in embryonic development and
PORCN (Porcupine O-acyltransferase) encodes an endoplasmic tissue homeostasis [2]. Loss-of-function variants in PORCN
reticulum O-acyltransferase which is required for the palmitoy- disrupt Wnt signaling, leading to the abnormal development
lation of Wnt ligands [1]. This is a key step for their secretion of ectodermal and mesodermal derivatives, including the skin,
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skeleton, teeth, and eyes [2]. Cutaneous manifestations typically
follow Blaschko's lines due to X-chromosome inactivation mo-
saicism [3].

Focal dermal hypoplasia (FDH; Goltz syndrome, OMIM
#305600) is an X-linked dominant disorder caused by patho-
genic variants in PORCN [4]. It is generally considered to be
lethal in non-mosaic males [5]. FDH is characterized by signif-
icant clinical variability affecting multiple systems, including
linear dermal atrophy, papillomas, pigmentary changes, and
skeletal, ocular, dental, and visceral anomalies [4, 5].

Although around 400 cases have been reported, the majority
of these are in females. Affected males who survive are rare
and usually present mosaic variants [5]; only a limited number
of non-mosaic male cases have been described [6-10]. More
recently, non-mosaic male patients presenting with atypical
or attenuated phenotypes have been suggested to constitute a
PORCN non-Goltz spectrum (PONGOS), thereby extending the
phenotypic and genotypic boundaries of the disorder [11].

Here, we present three additional male patients with PORCN
variants identified by exome sequencing: one mosaic case con-
sistent with FDH, and two non-mosaic cases compatible with
the PONGOS spectrum. These cases further delineate the clini-
cal spectrum associated with PORCN dysfunction.

2 | Materials and Methods
2.1 | Patients and Clinical Characterization

Three patients from two unrelated families were included.
Clinical characterization was performed using Human
Phenotype Ontology (HPO) terms and was compared with
the previous clinical features reported in the published cases
(Table 1).

Family 1 comprises a 3-year-old Italian male (Patient I) with
multisystem involvement, including neonatal jaundice, crypt-
orchidism, and torsional malalignment of the right foot.
Craniofacial findings included mild right facial cleft (Tessier
type II), accessory labial frenulum, and left hemifacial hyper-
trophy. Cutaneous manifestations were prominent: desquama-
tive and hypotrophic skin lesions on face, trunk, and limbs, with
erythema, telangiectasias, skin atrophy, sparse hair, nail pteryg-
ium, and mild koilonychia (Figure 1A,B).

Family 2 includes two Spanish male siblings (Patients II and
III; Figure 1D), both diagnosed with idiopathic pulmonary ar-
terial hypertension (IPAH) confirmed by right heart catheter-
ization. The older brother (12years), diagnosed at 9years of age,
presented with exertional syncope, a mean pulmonary arterial
pressure (mPAP) of 46mmHg, pulmonary vascular resistance
(PVR) of 11.49WUm?, right ventricular hypertrophy, and
moderate-to-severe exercise limitation. He is currently in WHO
functional class II on dual therapy (Ambrisentan/Tadalafil).
Additional findings included strabismus and mild right renal
pelvic ectasia. The younger brother (6years), diagnosed at
3years of age through familial screening (mPAP 40 mmHg), ad-
ditionally showed left iris coloboma, congenital pseudoarthrosis

of the right clavicle, high-grade bilateral vesicoureteral reflux
(Grade 1V-V) with hydronephrosis, and thyroid disease. He is
also managed with dual PAH therapy.

2.2 | DNA Extraction and Sequencing

Genomic DNA was extracted from peripheral blood. Trio-based
exome sequencing was performed in Family 1 (Twist Core
Exome kit, NovaSeq6000) and in Family 2 (Agilent SureSelect
v6.0, NovaSeq6000). Reads were aligned to GRCh38; variants
were called and annotated using GATK/eVai (Family 1) and an
in-house pipeline/VarSeq (Family 2), and filtered by quality, al-
lele frequency, variant type, and functional impact (Figure S1).
All variants were classified according to ACMG/AMP guide-
lines [12], with application of current ACGS recommendations
[13] guidelines and confirmed by Sanger sequencing with famil-
ial segregation studies.

3 | Results
3.1 | Family1l

Trio-based exome sequencing identified a mosaic nonsense
variant in PORCN (NM_203475.3:c.727C>T; p.Arg243*)
(Figure 1C), located in exon 9/15, classified as pathogenic per
ACMG guidelines [12, 13] (PVS1: very strong; PS4: Moderate;
PM2: supporting; with mosaicism disregarded in classifica-
tion) (Table S1). The aberrant transcript is predicted to undergo
nonsense-mediated decay (NMD) [14], and the variant has been
previously reported in FDH [15].

3.2 | Family2

Exome sequencing in both siblings identified a hemizygous
missense variant in PORCN (NM_203475.3:c.1315T>G; p.Trp-
439Gly) (Figure 1E), classified as likely pathogenic (PM2:
supporting; PP3: strong; PM5: supporting), absent from all pop-
ulation databases (gnomAD, ESP, Kaviar, Bravo). In silico tools
consistently supported pathogenicity (CADD: 32; REVEL: 0.955;
AlphaMissense: 0.97) (Table S1). Notably, a distinct mosaic vari-
ant at the same position (p.Trp439Arg) has been reported in a
male with typical FDH [16]. Sanger sequencing confirmed ma-
ternal inheritance in both siblings (Figure 1F).

4 | Discussion

The classical view of FDH as male-lethal is being reconsidered
with the identification of surviving males carrying pathogenic
PORCN variants [6, 11, 15]. Our three cases reinforce a dosage-
sensitive model of Wnt signaling, where complete loss is lethal
but partial function (through mosaicism or hypomorphic vari-
ants) allows survival [2]. In mosaic males, coexistence of wild-
type and mutant cells enables functional complementation,
explaining segmental cutaneous lesions along Blaschko's lines
[3]. In contrast, non-mosaic survivors likely carry variants re-
taining partial protein function, consistent with the predomi-
nance of missense changes in functional domains.
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FIGURE1 | (A) Pedigree of Family 1. (B) Patient I: axillary fold with wrinkles suggesting elastic tissue defect; nail pterygium (fifth finger, left
hand); atrophic patch with telangiectasia on shoulder; mild right facial cleft and accessory lateral labial frenulum. (C) Exome sequencing alignment
showing the variant in Patient I. (D) Pedigree of Family 2. (E) VarSeq genome viewer showing the variant identified in Patients II.2 and IL.3. (F)
Sanger sequencing of affected children and parents (DNA unavailable for Individual II.1). (G) PORCN protein model with variants reported in males
with PORCN-related disorders (Table 1): constitutional non-mosaic variants in red, mosaic variants in yellow; underlined variants correspond to

those described in this article. [Colour figure can be viewed at wileyonlinelibrary.com]
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The two siblings with p.Trp439Gly strengthen the emerging
PONGOS concept, a phenotype overlapping with FDH but lack-
ing its hallmark cutaneous manifestations [11] (Figure S2) con-
sistent with previously reported non-mosaic male cases [6-8]
(Table 1). These data support the hypothesis that distinct mo-
lecular mechanisms (complete loss-of-function versus hypomor-
phic variants) underlie the phenotypic divergence between FDH
and PONGOS, rather than representing a simple continuum of
severity.

The presence of PAH in both siblings is noteworthy, as vascu-
lar involvement, although previously reported [7], remains in-
sufficiently recognized in PORCN-related disorders. In both
patients, alternative causes of pulmonary arterial hypertension
were systematically excluded, including congenital heart dis-
ease, structural abnormalities, and environmental factors, sup-
porting a primary, likely genetic etiology. Notably, PAH has been
described in approximately 19% of male individuals harboring
PORCN variants (Table 1). Given the established role of Wnt/@-
catenin signaling in endothelial homeostasis, vascular remodel-
ing, and pulmonary vascular disease [2], PAH may represent an
underrecognized manifestation of the FDH/PONGOS pheno-
type rather than a coincidental finding. Furthermore, PAH has
also been reported in other genetically determined ectodermal
dysplasias, such as incontinentia pigmenti, a multisystem disor-
der characterized by involvement of the skin, dentition, ocular
anomalies, musculoskeletal abnormalities, and cardiac defects
[17]. These observations suggest a potential shared pathogenic
mechanism linking ectodermal dysplasia and vascular in-
volvement. These cases underscore that males presenting with
precapillary pulmonary hypertension and multisystem anom-
alies warrant a comprehensive diagnostic approach, including
whole-exome sequencing, rather than restricting genetic testing
to established PAH-associated genes [18]. Whether vascular in-
volvement constitutes a recurrent feature of PORCN-related dis-
orders remains to be determined in larger cohorts.

The maternal inheritance from an apparently unaffected carrier
[6] underscores the complexity of PORCN-related inheritance,
where variant-specific effects determine phenotypic outcome.
Skewed X-inactivation or subtle carrier manifestations may be
overlooked, with direct implications for genetic counseling, re-
currence risk, and prenatal diagnosis.

In summary, our cases support a revised model where male
viability depends on residual PORCN function: mosaic loss-
of-function variants produce classical FDH, while non-mosaic
hypomorphic variants give rise to PONGOS. These findings
expand the clinical and molecular spectrum of PORCN-related
disorders and emphasize the need to reconsider traditional as-
sumptions on inheritance and lethality in X-linked developmen-
tal conditions.
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SNV (single nucleotide variant) and InDel variant prioritization. BAM
review was performed with VarSeq (Golden Helix, Montana, USA)
and IGV browser (26). Variant classification was performed accord-
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(21). (B) Filtering pipeline for copy number variant (CNVs) prioritiza-
tion. Figure S2: Venn diagram showing the characteristic phenotype
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