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ABSTRACT
Importance: Postzygotic mutations in the GNAQ/GNA11 genes, which
encode the G-protein nucleotide binding protein alpha subunits, have
been identified in patients with phakomatosis pigmentovascularis (PPV).
However, little is known about the Chinese population.
Objective: To identify pathogenic mutations in pediatric patients with PPV
within the Chinese population.
Methods: We performed whole-exome sequencing (WES) using skin lesion
tissues from pediatric patients diagnosed with PPV. Additionally, ultradeep-
targeted sequencing was conducted to validate the somatic mutations. A
genotype-phenotype correlation was analyzed by integrating data from
previous reports with the findings of the present study.
Results: Thirteen patients were enrolled, all diagnosed with the cesioflam-
mea type of PPV, except for one patient with an unclassifiable type. We
identified somatic GNA11 c.547C>T (p.R183C) variant in seven patients
and GNAQ c.548G>A (p.R183Q) in four patients, with low allelic fractions
ranging from 2.1% to 8.6% through ultradeep sequencing. Besides, a GNAQ
c.548G>A (p.R183Q) variant was detected through targeted sequencing
in one of two patients who did not exhibit detectable variants via WES.
The genotype-phenotype correlation analysis, involving 15 patients with a
GNA11 variant and 10 with a GNAQ variant, revealed that facial capillary
malformation (87% vs. 50%, P = 0.075) and ocular melanocytosis (80% vs.
40%, P= 0.087) appeared to be more frequent in patients with GNA11 muta-
tion compared to those with GNAQ mutations. All four patients diagnosed
with cesiomarmorata type or overlapping cesioflammea and cesiomarmorata
type PPV carried the GNA11 variant.
Interpretation: Our study demonstrated that the majority of PPV patients
in the Chinese population carried a postzygotic variant of GNAQ/GNA11,
thus further confirming the pathogenic role of GNAQ/GNA11 mosaicism in
the development of PPV cesioflammea type.
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INTRODUCTION

Phakomatosis pigmentovascularis (PPV) describes a rare
group of vascular and pigmentary birthmarks characterized
by the co-occurrence of congenital capillary malformations
(CMs) and pigmentary changes.1 The estimated incidence
of PPV is 5.8 per 100 000 pediatric patients and 0.634 per
100 000 dermatologic patients.2 Cutis marmorata telang-
iectatica congenita, although extremely rare, has also been
reported in several cases.3–5 Pigmentary birthmarks encom-
pass ectopic Mongolian spots (EMS), nevus of Ota, nevus
of Ito, and café-au-lait spots.

Apart from various birthmarks, nearly half of PPV patients
are accompanied by extracutaneous impairments.6 A recent
literature review study summarizing 176 PPV patients
revealed a high frequency and a variety of extracu-
taneous manifestations, including glaucoma, hemihyper-
trophy, seizures, ocular melanoma, brain calcifications,
ventriculomegaly, and brain atrophy.7 These ocular and
neurological abnormalities, along with overgrowth of soft
tissues and limbs, overlap with the clinical features of
Sturge–Weber syndrome (SWS) and Klippel–Trénaunay
syndrome (KTS).8,9 SWS is a rare CM-associated neu-
rocutaneous disorder featured by facial CM and ocu-
lar and/or cerebral vascular malformations, leading to
symptoms such as glaucoma, seizures, and cognitive
delay.10 KTS describes a rare syndrome characterized
by the triad of CMs, varicose veins, and hypertrophy
of soft tissue and bone.11 SWS and KTS are the most
frequently reported systemic diseases associated with
PPV.

Postzygotic variants of GNAQ, the gene encoding the gua-
nine nucleotide-binding protein alpha q polypeptide, are
responsible for isolated CM and SWS.12,13 The shared
clinical features between SWS and PPV have led to the
hypothesis that PPV may be caused by postzygotic muta-
tion of a member of the G protein alpha subunit family.
Thomas et al.14 first identified somatic variants of GNA11
and GNAQ in several patients diagnosed with PPV or exten-
sive dermal melanocytosis. Subsequent transgenic mosaic
zebrafish models expressing GNA11R183C showed der-
mal melanocytosis mimicking human phenotype.14 These
findings were later validated by several case reports
detecting GNAQ/GNA11 mosaic-activating variants in PPV
patients.7,15–18 The majority of reported variants hotspots
were GNA11 c.547C>T (p.R183C) and GNAQ c.548G>A
(p.R183Q).

Till now, a limited number of PPV patients with a
pathogenic GNAQ/GNA11 variant has been described, and
only one case, who had a GNA11 variant and a second hit in
KRAS, was reported in the Chinese population.17 Here, we
present the clinical characteristics and genetic findings in a
series of pediatric patients with PPV in the Chinese popu-
lation. We identified mosaic GNAQ/GNA11 variants in 12
out of 13 patients, further confirming the pathogenic role of
postzygotic GNAQ/GNA11 variants in the development of
PPV.

METHODS

Ethics approval

This study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Ethics Committee of
Beijing Children’s Hospital (2020-k-245). Since all partici-
pants were children, written informed consent was obtained
from their parents.

Participants

Consecutive pediatric patients with PPV who were referred
to the Department of Dermatology, Beijing Children’s
Hospital, Capital Medical University, Beijing, China were
recruited from January 2019 to December 2022. The
diagnoses of CM, pigmentary nevus, and extracutaneous
systemic disease were performed by a dermatologist experi-
enced in vascular anomalies. PPV subtype was classified as
type I to V according to the traditional classification,4,19 and
as cesioflammea, spilorosea, cesiomarmorata, and unclas-
sifiable type according to the classification proposed by
Happle.20 The mosaicism pattern, according to the distri-
bution of vascular and pigmentary lesions, was classified as
Blaschko lines, checkboard, phylloid, patchy pattern with-
out midline separation and lateralization.21 Skin biopsies,
from either vascular lesion or pigmentary lesion or both
when possible, and peripheral blood samples were collected
from all participants.

Detection of somatic variants

Genomic DNA was extracted from fresh skin lesion
samples or peripheral blood samples. For each patient,
a least one tissue sample was selected for whole-exome
sequencing (WES) at a mean sequencing depth of 500×.
All exons were captured by using GenCap Human
Exome Kit (MyGenostics Co.Ltd.) according to the
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manufacturer’s instruction and then were massively
sequenced on the Illumina NexSeq 500 platform. After
quality control, all reads were mapped to the human ref-
erence genome (hg19) using Burrows–Wheeler Aligner
v0.7.10 (http://bio-bwa.sourceforge.net/). Subsequent
duplication removal, insertion/deletion (indel) realign-
ment, and base quality score recalibration were performed
using Genome Analysis Toolkit (GATK) v4.0.8.1 (http://
www.broadinstitute.org/gatk/). Finally, single nucleotide
variants and indels were detected using GATK Haplotype-
rCaller and annotated by the latest version of ANNOVOR
(http://www.openbioinformatics.org/annovar/). A somatic
variant of GNAQ/GNA11 should be covered by at least
5 identical variant alleles with a variant allele frequency
(VAF) > 1%. VAF is defined as the number of variant reads
divided by the total number of mapping reads.

Validation of somatic variants

For somatic variants identified through WES, we first
viewed the mapping alignment through Integrative
Genomics Viewer (IGV, http://software.broadinstitute.org/
software/igv/igvtools) to exclude misalignment. Secondly,
the variants were validated by ultradeep targeted sequenc-
ing in vascular and/or pigmentary lesion samples. Briefly,
the variants were amplified by polymerase chain reaction
using primers as follows: forward-TGCTTCAGACACTGC
CGTAG and reverse-ACCGGAAGATGATGTTCTCCA
for GNA11 c.547C>T (p.R183C) variant, and
forward-GAAGCCTACACATGATTCCAGT and reverse-
GCTTTGGTGTGATGGTGTCA for GNAQ c.548G>A
(p.R183Q) variant. The sequence library was constructed
and sequenced on a next-generation sequencing platform,
and variants were detected using the aforementioned meth-
ods in WES. The verified variant with a VAF < 1% was
considered false negative as it was not possible to dis-
tinguish this from background noise. Finally, for samples
without detectable GNA11 or GNAQ variants through WES,
ultradeep sequencing of GNA11 c.547C>T (p.R183C) and
GNAQ c.548G>A (p.R183Q) hotspots were both per-
formed. Sanger sequencing of GNAQ/GNA11 variants in
peripheral blood DNA was performed to exclude germline
origin.

Statistical analysis

The Fisher’s exact test was used to compare categorical
variables. P < 0.05 was considered statistically significant.

RESULTS

Clinical characteristics of PPV patients

A total of 13 pediatric patients with PPV, including six
males and seven females, were enrolled. The ages ranged

from 3 months to 13 years. The clinical characteristics of
all patients are summarized in Table 1. Regarding vascular
lesions, all patients exhibited CM, and nine presented
nevus anemicus (Figure 1A–C). CM was distributed across
the entire body, with nine patients displaying facial CM.
As to pigmentary lesions, 11 patients had only EMS, one
had only café au lait spot, and one had both EMS and café
au lait spot. Additionally, nine patients presented scleral
melanocytosis (Figure 1D–H). All patients exhibited a
checkboard type of mosaicism pattern, except for one
displaying a lateralization pattern. According to Happle’s
classification, 12 patients were classified as cesioflam-
mea type, while one was classified as an unclassifiable
type.

In addition to the typical vascular and pigmentary birth-
marks, seven patients presented with hypertrophy of limbs
or soft tissues. Among them, six patients (Patients 1, 2, 4, 6,
8, and 11) had an overgrowth of either upper or lower limbs
(Figure 2A–C). Magnetic resonance imaging (MRI) of the
affected limbs showed a significantly thickened fat layer
and multiple reticular and strip-like high-signal shadows in
the fat layer, muscle, and bone (Figure 2D). Thus, they were
diagnosed with concurrent KTS. Patient 9 exhibited right
facial hypertrophy with a thicker fat layer and increased
shadows of small vessels compared to the contralateral side,
as indicated by MRI (Figure 2E, F). He was subsequently
diagnosed with diffuse CM with overgrowth. Patient 6, in
addition to hypertrophic limbs, presented with glaucoma,
seizures, and cognitive delay. Cerebral MRI revealed tortu-
ous strip calcification in the bilateral temporal and occipital
lobes, distributed along the brain gyri (Figure 2G, H).
Therefore, a diagnosis of PPV with concomitant KTS and
SWS was made for this patient.

Somatic variants in GNAQ/GNA11

A total of 15 skin biopsies, including 12 from vascular
lesions and three from pigmentary lesions, were sequenced
using the WES method. The hotspot variant of GNA11
c.547C>T (p.R183C) was identified in eight tissue sam-
ples from seven patients, with a VAF ranging from 2.4% to
7.6%, while GNAQ c.548G>A (p.R183Q) was detected in
five tissue samples from four patients, with a VAF varying
between 2.1% and 8.6% (Table 2). The mapping alignments
of both variants, showing low allelic fractions, suggested a
somatic origin for these variants (Figure S1). These variants
were further validated by ultradeep sequencing. Targeted
sequencing of eight CM samples, two nevus anemicus sam-
ples, and five pigmentary lesion samples confirmed the
presence of somatic variants of GNAQ/GNA11 identical to
those identified by WES (Table 2). Sanger sequencing per-
formed on blood samples did not detect the corresponding
GNAQ/GNA11 variants, thus excluding a germline origin.
Hematoxylin-eosin staining of pigmentary lesion samples
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TABLE 1 Clinical manifestations of children with phakomatosis pigmentovascularis

Patient Sex Age

Vascular lesion Pigmentary lesion
Extracutaneous
finding

Systemic
disease ClassificationDiagnosis Sites Diagnosis Sites

1 F 8y CM, NA Trunk, LE, UE EMS HN, trunk,
LE, UE

Left UE
overgrowth

KTS Cesioflammea (IIb)

2 F 6y CM Trunk, LE EMS Trunk Left LE
overgrowth

KTS Cesioflammea (IIb)

3 M 4m CM, NA HN, trunk, UE EMS Trunk, LE, UE None None Cesioflammea (IIa)

4 M 11y CM, NA Face, trunk,
LE, UE

EMS HN, trunk, UE SM, left LE
overgrowth

KTS Cesioflammea (IIb)

5 F 2y CM, NA Face, trunk,
LE, UE

EMS Trunk SM None Cesioflammea (IIa)

6 M 13y CM, NA Face, trunk,
LE, UE

EMS HN, trunk,
LE, UE

SM, glaucoma,
left LE
overgrowth,
seizures, and
cognitive
delay

SWS, KTS Cesioflammea (IIb)

7 F 6y CM, NA Face, HN,
trunk, LE

EMS Eyelid, trunk SM None Cesioflammea (IIa)

8 F 5y CM HN, trunk,
LE, UE

Café au lait
spot

Trunk Right LE
overgrowth

KTS Unclassifiable
(IVb)

9 M 5y CM, NA Face, HN,
trunk, UE,
LE

EMS, Café
au lait
spot

Trunk, LE, UE SM, right facial
overgrowth

DCMO Cesioflammea (IIb)

10 F 3m CM Face, trunk,
LE, UE

EMS HN, trunk,
LE, UE

SM None Cesioflammea (IIa)

11 M 10y CM, NA Face, HN,
trunk, UE,
LE

EMS Trunk SM, left LE
overgrowth

KTS Cesioflammea (IIb)

12 M 2y CM Face, Trunk,
LE

EMS HN, trunk,
LE, UE

SM None Cesioflammea (IIa)

13 F 2y CM, NA Face, HN,
trunk, UE

EMS HN, trunk, UE SM None Cesioflammea (IIa)

Abbreviations: CM, capillary malformation; DCMO, diffuse capillary malformation with overgrowth; EMS, ectopic Mongolian spot; F, female; m,
month; HN, head and neck; KTS, Klippel–Trénaunay syndrome; LE, lower extremities; M, male; NA, nevus anemicus; SM, scleral melanocytosis; SWS,
Sturge–Weber syndrome; UE, upper extremities; y, year.

from two patients carrying a GNA11 and GNAQ somatic
variant, respectively, showed the presence of nevus cells in
the dermis (Figure S2).

No somatic variants of GNAQ/GNA11 were detected in two
individuals (Patients 10 and 12) via WES. Subsequently,
ultradeep targeted sequencing of both GNA11 p.R183C
and GNAQ p.R183Q hotspots was performed (Table 2). Of
patient 12, a somatic GNAQ c.548G>A (p.R183Q) variant
was identified in the CM sample at a low allelic fraction
(7.8%). However, neither GNA11 nor GNAQ hotspot vari-
ants were found through ultradeep sequencing in Patient
10.

Taken together, somatic variants of GNAQ/GNA11 were
detected in 92.3% (12/13) of PPV patients in our study, with

GNA11 p.R183C identified in seven patients and GNAQ
p.R183Q in five patients.

Genotype-phenotype correlation

We performed a genotype-phenotype correlation analysis
for GNAQ/GNA11 variants in patients with PPV by inte-
grating data from previous reports with the findings of
the present study. A literature search was conducted on
PubMed for articles reporting somatic variants in PPV
patients until January 31, 2023. Six studies were identi-
fied, detecting somatic GNAQ/GNA11 variants in 13 out
of 17 patients with PPV.7,14–18 Thomas et al.14 reported
three additional patients with extensive dermal melanocyto-
sis but without lesions, two of whom had a GNAQ variant.
These three cases were discarded from our analysis as they
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FIGURE 1 The lesions of all types of PPV showed irregular erythema in a mosaic pattern, with clear and irregular boundaries. Some patients followed by
nevus anemicus (B, C white arrow). In addition to the above vascular lesions, pigmentary lesions can be shown as café-au-lait spots (D, E, black arrow),
scleral melanocytosis (A, F), and ectopic Mongolian spots (G, H). These photos showed clinical manifestations corresponding to Patient 11 (A), Patient
7 (B), Patient 4 (C), Patient 2 (D), Patient 8 (E), Patient 9 (F), Patient 13 (G), and Patient 3 (H), respectively. PPV, phakomatosis pigmentovascularis.

FIGURE 2 Systemic involvement of PPV. (A–D) Patient 1 with KTS, the affected limb was thickened compared with the opposite side. MRI indicated
that the fat layer was significantly thickened, and there were multiple network high-signal shadows (white arrow) in the fat layer, muscle, and bone. (E, F)
Patient 9 with DCMO, MRI indicated that the fat layer was locally thickened compared with the opposite side, and the empty small blood vessel shadow
was increased. (G, H) Patient 6 with SWS, cranial MRI indicated tortuosity strip calcification in bilateral temporal and occipital lobes, distributed along
gyri. DCMO, diffuse capillary malformation with overgrowth; KTS, Klippel–Trénaunay syndrome; MRI, magnet resonance imaging; PPV, phakomatosis
pigmentovascularis; SWS, Sturge–Weber syndrome.
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TABLE 2 Somatic GNAQ/GNA11 variants in patients with phakomatosis pigmentovascularis

VAF (vascular skin lesion), n/N (%) VAF (pigmentary skin lesion), n/N (%)

Patient Variant WES Ultradeep sequencing WES Ultradeep sequencing

1 GNAQ c.548G>A (p.R183Q) 28/431 (6.5) - - -

2 GNAQ c.548G>A (p.R183Q) 12/580 (2.1) 377/9554 (3.9) - -

3 GNAQ c.548G>A (p.R183Q) 25/292 (8.6) 18 701/147 860 (12.6) 7/189 (3.7) 46 882/841 415 (5.6)

4 GNA11 c.547C>T (p.R183C) 12/343 (3.5) 12 551/216 816 (5.8) 10/424 (2.4) 8220/200 229 (4.1)

5 GNA11 c.547C>T (p.R183C) 19/354 (5.4) 13 972/218 312 (6.4) - 366/17 653 (2.1)

6 GNA11 c.547C>T (p.R183C) 18/334 (5.4) 557 300/7 181 179 (7.8) - -

7 GNA11 c.547C>T (p.R183C) 28/684 (4.1) 14 479/230 422 (6.3)
713/23 665 (3.0)†

- -

8 GNAQ c.548G>A (p.R183Q) 6/177 (3.4) 9764/212 334 (4.6) - -

9 GNA11 c.547C>T (p.R183C) - - 18/478 (3.8) 16 661/280 553 (5.9)

10 - Not found‡ Not found‡ - Not found‡

11 GNA11 c.547C>T (p.R183C) 39/513 (7.6) 14 256/230 475 (6.2)
79 755/649 874 (12.3)†

- -

12 GNAQ c.548G>A (p.R183Q) Not found‡ 73 727/950 632 (7.8) - -

13 GNA11 c.547C>T (p.R183C) 32/537 (6.0) - - 13 382/728 172 (1.8)

†Ultradeep sequencing using nevus anemicus tissue samples.
‡No variants found in GNA11 or GNAQ.
Abbreviations: VAF, variant allele frequency, indicated as count of variant reads/ total count of mapping reads; WES, whole-exome sequencing.

were not typical PPVs. Furthermore, two studies report-
ing PTPN11 somatic variants in PPV spilorosea type, a
subtype clinically distinguished from subtypes caused by
GNAQ/GNA11 variants, were also excluded.22,23

The clinical characteristics, including facial CM, ocular
melanocytosis, glaucoma, neurological abnormalities, and
overgrowth, of patients carrying GNAQ/GNA11 mosaic
variants in previous and present studies were extracted
and tabulated (Table S1). In total, there were 15 PPV
patients with a GNA11 somatic variant and 10 with a GNAQ
mosaic variant (Table 3). It seemed that facial CM (87% vs.
50%, P = 0.075) and ocular melanocytosis (80% vs. 40%,
P = 0.087) were more frequently observed in patients
carrying a GNA11 variant compared to those harboring a
GNAQ variant (Table 3). However, these differences were
not statistically significant and were most likely driven by
the inclusion of our study. In our study, seven patients hav-
ing a GNA11 variant presented with facial CM and ocular
melanocytosis, whereas only one out of five patients with a
GNAQ variant showed these characteristics. The incidences
of glaucoma, neurological abnormalities, and overgrowth
did not differ between the groups.

According to Happle’s classification, there were 18 cases
of cesioflammea type, three cases of cesiomarmorata
type, 1 case of overlapping cesioflammea and cesiomar-
morata type, and three cases of unclassifiable type PPV.
GNAQ variants were more likely to be associated with

TABLE 3 Genotype-phenotype correlation of GNAQ/GNA11

variants in patients with phakomatosis pigmentovascularis

Phenotype

GNA11
(n=15),
n (%)

GNAQ
(n = 10),
n (%) P

Facial capillary malformation 13 (87) 5 (50) 0.075

Ocular melanocytosis 12 (80) 4 (40) 0.087

Glaucoma 4 (27) 2 (20) 1.000

Neurological abnormalities 4 (27) 2 (20) 1.000

Overgrowth 6 (40) 6 (60) 0.428

Subtypes

Cesioflammea 9 (60) 9 (90) 0.102

Cesiomarmorata† 4 (27) 0 (0) 0.075

Unclassifiable 2 (13) 1 (10) 0.802

†Including overlapping cesioflammea and cesiomarmorata type.

cesioflammea type (90% vs. 60%, P = 0.102), whereas
all four patients with cesiomarmorata type or overlapping
cesioflammea and cesiomarmorata type carried the GNA11
p.R183C hotspot (27% vs. 0%, P = 0.075) (Table 3).

DISCUSSION

In the present study, we reported 13 pediatric patients diag-
nosed with PPV and identified postzygotic mosaicisms of
GNAQ/GNA11 in 92.3% (12/13) of these patients. To the
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best of our knowledge, this study has the largest sample
size for genetic analysis of PPV and is the first report of
PPV case series with a pathogenic variant in the Chinese
population.

Genetic analyses have identified postzygotic GNAQ/GNA11
variants as the major etiology of PPV.7,14–18 Almost all
of the identified variants were GNA11 p.R183C or GNAQ
p.R813Q hotspots. Thomas et al.14 found a novel GNA11
p.R183S variant in a patient with PPV cesioflammea type
and a GNAQ p.Q209P variant in a patient with a large
dermal melanocytosis. The Q209 and R183 codons of
GNAQ/GNA11 are both located within the GTP binding
pocket of the Gα subunit, an essential domain for hydrol-
ysis GTP to GDP to inactivate downstream signaling.24

Variants at these sites diminish the GTPase activity, result-
ing in the constitutive activation of the downstream MAPK
pathway.24 In our study, histopathology staining showed
the presence of nevus cells in the dermis of patients
carrying a GNAQ/GNA11 variant, similar to the clearly vis-
ible melanocytes found in the dermis in GNA11 mutant
zebrafish.14 The consistent phenotype observed in both
patients and mosaic zebrafish models strongly supports the
causal link between GNAQ/GNA11 activating variants and
the underlying mechanism of PPV development.

Despite the similar mechanisms of GNA11 and GNAQ vari-
ants, it is interesting that isolated CM and SWS are mainly
caused by GNAQ mosaicism,12,13 whereas PPV is due to
mosaicism of both genes. KTS is another extracutaneous
systemic disorder seen in PPV patients.25,26 Typically,
KTS is caused by somatic variants in PIK3CA.11,27 In
our cohort, six out of 13 PPV patients had concurrent
KTS. WES of CM tissue samples from these patients
detected GNAQ/GNA11 somatic variants but failed to find
any pathogenic PIK3CA variants. The exact mechanism
underlying these phenomena that the same variant causes
distinct phenotypes needs further elucidation.

Somatic GNAQ/GNA11 variants are the major cause of
uveal melanoma, the most common intraocular cancer.28,29

The variants mainly occur in codon Q209 and, to a lesser
extent, affect codon R183.29 Ocular and dermal melanocy-
tosis, one of the major features of PPV, and uveal melanoma
are both within the category of intradermal melanocytic
proliferations.30 Despite a different variant spectrum, the
overlapping genetic etiology may predispose PPV patients
to uveal melanoma.31 It is estimated that one in 400
patients with oculo (dermal) melanocytosis develop uveal
melanoma in their lifetime.32 A literature review sum-
marized that nearly 20% of PPV patients with ocular
melanocytosis had ocular melanoma.7 In the present study,
nine of 13 patients presented scleral melanocytosis but none
of them had uveal melanoma, which may be partially due
to their young ages. Nonetheless, it is important to note

that PPV patients with melanocytosis are at a high risk
of developing uveal melanoma. Therefore, routine oph-
thalmic examination and imaging are recommended for
PPV patients with ocular involvement to facilitate early
diagnosis.7

Postzygotic mosaicisms of GNAQ/GNA11 predominantly
lead to cesioflammea, cesiomarmorata, and unclassifiable
types of PPV. Thomas et al.14 failed to detect somatic
GNAQ/GNA11 variants in a patient diagnosed with PPV
spilorosea by targeted sequencing. PPV spilorosea, or
type III according to the traditional classification, is char-
acterized by the coexistence of nevus spilus and CM.
Additionally, it may also be accompanied by skeletal and
neurological abnormalities.33 In a recent study including
nine patients with PPV spilorosea or large nevus spilus,
Polubbothu et al.23 discovered mosaic missense variants
in PTPN11, including p.A461T, p.T468M and p.V428L,
in 8 patients at allelic fractions varying between 2% and
22%. In vitro experiments showed that PTPN11 missense
variants overactivated the downstream MAPK pathway and
widely disrupted human endothelial cell angiogenesis.23

Another study reported a case of PPV spilorosea with
significant neurologic impairment and identified a mosaic
PTPN11 p.A461T variant.22 Germline heterozygous
variants of PTPN11 are known causes of the autosomal
dominant Leopard syndrome, a severe multisystemic
disorder involving the eye, ear, cardiovascular system,
male genitalia, and growth.34,35 These two studies have
expanded the phenotype spectrum of PTPN11 variants and
highlighted the possibility of PPV spilorosea patients pass-
ing on the variant to their offspring, leading to germline
Leopard syndrome.22,23 Taken together, the identification
of postzygotic mosaicisms of GNAQ/GNA11 and PTPN11
supports the hypothesis that a single variant originating in a
pluripotent progenitor cell is responsible for the develop-
ment of various PPV subtypes.14 Moreover, these findings
improve our understanding of the pathogenesis of PPV,
facilitate the development of targeted therapies, and help to
achieve better clinical management

In conclusion, we identified postzygotic variants of
GNAQ/GNA11 in 92.3% (12/13) of pediatric patients with
PPV in the Chinese population. Our study further confirms
that GNAQ/GNA11 mosaicism is the major genetic cause of
the PPV cesioflammea type.
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