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Novel Genetic Mutations in a Sporadic Port-Wine Stain
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IMPORTANCE Port-wine stains (PWSs) are common congenital cutaneous capillary
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malformations. A somatic GNAQ mutation was recently identified in patients with sporadic
PWSs and Sturge-Weber syndrome. However, subsequent studies to confirm or extend this

observation are lacking.

OBSERVATIONS We report a long-standing, unilateral facial PWS of a man in his early 70s
confirmed by histopathological analysis. Staged surgical excision of the vascular malformation
was performed, and genomic DNA was extracted from the vascular malformation specimen
and normal skin. Targeted next-generation sequencing of the coding sequence of 275 known
cancer genes including GNAQ was performed in both specimens. A single-nucleotide variant
(c.548G>A, p.Argl83GIn) in GNAQ was identified in the PWS-affected tissue but not in the
normal skin sample. In addition, this sequencing approach uncovered several additional novel
somatic mutations in the genes SMARCA4, EPHA3, MYB, PDGFR-[3, and PIK3CA.

CONCLUSIONS AND RELEVANCE Our findings confirm the presence of somatic mutations in
GNAQ in the affected skin of a patient with congenital PWS, as well as alterations in several
other novel genes of possible importance in the pathogenesis of PWS that may also offer

substantial therapeutic targets.
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ort-wine stains (PWSs), or capillary malformation, are
a common type of cutaneous vascular malformation
with a prevalence of 0.3% to 0.5%."> Clinically, PWS
often involves the head and neck as an isolated pink flat
lesion that becomes darker and may thicken over time.! Port-
wine stains may be part of a syndrome, including Sturge-
Weber syndrome among others.* A long-standing hypothesis
that PWSs are associated with an underlying somatic muta-
tion was supported in a recent study. Twelve of 13 patients
with nonsyndromic PWSs showed a mutation in a single-
nucleotide variant (c.548G>A, p.Arg183GIn) in the GNAQ gene
(OMIM 600998).2
In this report on a patient with a long-standing PWS
lesion, we document the presence of a GNAQ c.548G>A muta-
tion. Importantly, several novel mutations in the SMARCA4,
EPHA3, MYB, PDGFR-(3, and PIK3CA genes were also identi-
fied, extending the scope of mutational anomalies in this
condition.

|
Report of a Case

A healthy man in his early 70s presented with a predomi-
nantly unilateral congenital facial vascular lesion. Physical ex-
amination revealed painless, dark red to violaceous macules,
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patches, coalescent plaques, and nodules on the right side of
his face (Figure 1). There was marked hypertrophy of the bi-
lateral lower lip, right cheek, right jaw, and right auricle
(Figure 1). The lesion also extended to the left mentum and an-
terior neck. A clinical diagnosis of PWS was made, and Sturge-
Weber syndrome was ruled out by appropriate studies. He had
previously received laser and surgical therapy and most re-
cently a staged surgical excision of the areas of soft-tissue hy-
pertrophy over a 6-month period, during which an excisional
biopsy of the previously untreated auricular nodule and a1-cm
diameter sample of normal skin area were obtained.

Histopathological Analysis

Compared with the normal skin sample, histopathological
study of the auricular nodule showed extensive ectasia and
dilatation of papillary dermal capillaries, postcapillary ven-
ules, and small veins in the superficial to mid-dermis
(Figure 2A). The abnormal vascular structures exhibited dif-
ferent sizes and shapes throughout the lesional specimen
(Figure 2A). The superficial abnormal vessels had very thin
walls (Figure 2A), in contrast to the thick walls and hyalinized
aspects of large vessels (Figure 2B). Those larger ectatic struc-
tures had thickened walls with multiple duplications of the
basement membrane zones and entrapment of pericyte-like
cells in the thickened areas (Figure 2B). The endothelial cells
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Figure 1. Clinical Photograph of the Port-Wine Stain Lesion

Dark red to violaceous macules, patches, plaques, and nodules are prominent
on the right side of the patient’s face. Note the marked lower lip hypertrophy,
as well as the deformed ear and partially blocked ear canal.

of some of the affected vessels were discontinuous along the
basement membrane area (Figure 2B). When compared with
the patient's normal skin, used as control, these histopatho-
logical changes were strikingly different and resembled those
previously reported.#

Whole-Exon GNAQ Mutation Detection
DNA was isolated from formalin-fixed paired vascular malfor-
mation and normal tissue samples using standard methods.
Samples were incubated in proteinase K overnight, followed
by purification of the DNA (QIAamp DNA Mini Kit, Qiagen).
DNA concentration was assessed using PicoGreen dsDNA
detection (Life Technologies). Targeted next-generation
sequencing was performed using a cancer genomic assay to
detect mutations in 275 cancer genes previously implicated in
tumorigenesis. The complete coding sequence of the target
genes was captured using a solution-phase Agilent SureSelect
hybrid capture kit (Agilent Technologies, Inc), and massively
parallel sequencing was performed on an Illumina HiSeq 2500
sequencer (Illumina, Inc). Mutation calls were performed
using Mutect and GATK software (Broad Institute).>®
Samples were sequenced to a mean depth of 110 and 77
reads for lesional and normal skin, respectively. A c.548G>A
nucleotide mutation was identified in the PWS sample at an
allelic fraction of 0.05 (mean target coverage for GNAQ was 222
reads), whereas no such mutation was found in paired nor-
mal tissue (Figure 3). The percentage of GNAQ mutation was
consistent with the percentage of lesional endothelial cells in
the specimen. The endothelial cells made up approximately
5% of all cells in this lesional specimen. The variant affects gua-
nine nucleotide-binding protein in a gain-of-function effect re-
sulting from the substitution of amino acid p.Arg183GIn. In ad-
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Figure 2. Histopathological Analysis of Port-Wine Stain (PWS)
Lesional Tissue

A, Extensive ectasia and dilatation of the papillary dermal capillaries in the
superficial to mid-dermis were noted in the PWS lesional tissue. Arrowheads
indicate ectatic vessels (hematoxylin-eosin, original magnification x100).

B. Various sizes and shapes of vessels, many filled with blood (yellow
arrowhead), especially in the lower dermis, exhibit thickened hyalinized walls
(black arrowhead) and entrapment of pericyte-like cells in the thickened walls
(blue arrowheads) (hematoxylin-eosin, original magnification x400).

dition, several novel somatic mutations were also identified
in our case, including SMARCA4, EPHA3, MYB, PDGFR-(3, and
PIK3CA, all present at less than 0.10 allelic fraction (Table). The
complete gene list analyzed by sequencing is in the eTable in
the Supplement.

|
Discussion

Port-wine stains are congenital cutaneous vascular malforma-
tions that affect 20 million individuals worldwide.? Clinically,
PWSs are geographic or plaquelike pink, purple, or red mac-
ules and patches." The lesions grow with the child.! They usu-
ally darken and may develop nodules and associated soft-
tissue hypertrophy in adult life.! Port-wine stains may also be
associated with other syndromes, especially Sturge-Weber
syndrome, in which patients also have seizures, glaucoma,
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Figure 3. A Single-Nucleotide Mutation Identified by Whole-Exon GNAQ Mutation Detection
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Asingle c.548G>A nucleotide
mutation was identified in a tissue
sample of a port-wine stain lesion,
whereas no such mutation was found

TAACACTTTHTAART CAAA GTATTCOATRATCCCTRTRGT

ACTCHAMCTCTAAGCACATETTRTTGCGTAURCAGH TAGD CA

GTCARCTAC

in paired normal tissue by
whole-exon GNAQ mutation

detection.
Table. GNAQ and Other Novel Somatic Mutations Identified in Our Patient
Gene Mutation Position Coverage AF Canonical AA Change
GNAQ G/A 9:80412493 222 0.05 p.R183Q Present
SMARCA4 G/C 19:11105624 125 0.07 p.E514Q Present
EPHA3 C/G 3:89445047 180 0.07 p.S456C Present
PIK3CA GG/AA 3:178952090 174 0.05 p.G1049N Present
PDGFR-B /T 5:149505035 64 0.06 p.E594K Present
MYB G/A 6:135516982 170 0.10 p.G349R Present

Abbreviations: A, adenine; AA, amino acid; AF, allelic fraction; C, cytosine; G, guanine; T, thymine.

abnormal cerebral vasculature, and mental retardation.! His-
topathologically, the lesions have been characterized by
ectatic papillary dermal capillaries and postcapillary venules
in the superficial dermis.” There is a substantial decrease in
nerve density and increase in vessel-to-nerve ratio when
compared with normal skin, thus suggesting a possible deficit
in neural modulation.” Many treatments have been tried for
PWS with varying degrees of efficacy. Currently, the pulsed-
dye laser is the most effective treatment for PWS, particularly
for early stages of superficial lesions in young patients.?

As far as the etiology of PWS is concerned, there are data
to suggest that vascular endothelial growth factor (VEGF) and
VEGF receptor could contribute to the pathogenesis of capil-
lary malformations by inducing vessel proliferation and/or
vasodilatation.® An inactivating mutation of RASA1 on 5q en-
coding a guanosine triphosphatase-activating protein with
negative regulation of Ras activity has been detected in some
families with multiple capillary malformations.® With regard
to the hypothesis suggesting a somatic mutation, a break-
through was recently made in a study using amplicon sequenc-
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ing and SNaPshot assays to test affected and unaffected
tissue from 50 patients with Sturge-Weber syndrome, non-
syndromic PWSs, and normal tissue as controls for somatic
mutations.? Eighty-eight percent of patients with Sturge-
Weber syndrome and 92% of patients with nonsyndromic PWSs
showed a single-nucleotide variant (c.548G>A, p.Arg183GIn)
GNAQ mutation.? The data indicated that there is a unifying
mechanism for nonsyndromic PWSs and provided a possible
molecular basis associated with these malformations.

The GNAQ gene codes for G alpha g, a G-protein subunit
thatisinvolved in intracellular downstream signaling of trans-
membrane proteins.? GNAQ is involved in signaling within the
mitogen-activated protein kinase (MAPK) and phospholipase
C pathways, and cellular signals implicated in cell growth are
regulated by these pathways. GNAQ is implicated in transmit-
ting signals from receptors at the cell membrane to the MAPK
pathway, which is also implicated in cellular growth. An acti-
vating mutation would therefore increase the signaling down
this pathway, which may lead to the capillary malformations
seen in Sturge-Weber syndrome and PWS.3
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In addition to the GNAQ mutation, we also identified novel
somatic mutations including the SMARCA4, EPHA3, MYB,
PDGFR-f3, and PIK3CA genes in our patient. Although these mu-
tations have been implicated in the pathogenesis of different
tumor types, little is known about their role in the develop-
ment of vascular malformations. First, SMARCA4, also known
as Brahma-related gene 1 (BRG1), is a mammalian SWItch/
sucrose nonfermentable (SWI/SNF)-like adenosine triphos-
phate-dependent chromatin-remodeling complex.*® Mu-
tated BRG1 has been found to play arole in embryonic vascular
development, specifically in promoting venous specifica-
tion, the loss of which has been shown to result in poor re-
modeling of vessels; thin, blunt-ended vessels; or vessels that
fail to interconnect.'® The importance of this finding may re-
late directly to the structural abnormalities affecting the cap-
illaries and veins that are present in the PWS.

In addition, the Eph receptors are a large family of recep-
tor tyrosine kinases that bind ephrin ligands and are divided
into EphA or EphB depending on their ephrin-binding
preference.' The Eph/ephrin signaling system is involved in
the regulation of angiogenesis through various mechanisms.
EphA3 plays a role in cell adhesion, repulsion, and motility."
Although the effect of the EphA3 mutation is not known, it is
possible that its presence upregulates the function of EphA3,
resulting in a repulsion of endothelial cells, contributing to the
ectatic vascular structure seen in PWSs.

The MYB gene family plays a role in transcriptional
transactivation.” The most studied protein in the MYB family,
c-Myb, has been shown to function in cell cycle progression,
hematopoiesis, and apoptosis.'? Also, studies have shown that
a decrease in c-Myb was associated with a decrease in vascu-
lar smooth muscle proliferation." These studies intimate an
important relationship between mutated c-Myb and the
dilated thin vessels with abnormal muscle coat found in
PWSs.

Platelet-derived growth factor (PDGF) has an important
function in angiogenesis, as well as cell proliferation and
growth. Whereas the role of PDGF has not been studied in
PWSs, Roach et al** show that PDGF-BB, one of the PDGF li-
gands, inhibits adipogenesis in hemangioma-derived stem cells
through PDGFR-f. The implication of a mutation in PDGFR-f3
in PWSsisunclear. It is possible that the mutated receptor binds
PDGF-BB irreversibly, sending continuous downstream sig-
naling to prevent adipogenesis, thereby preventing the PWS
vascular involution.

Finally, phosphatidylinositol-4,5-bisphosphate 3-kinase,
catalytic subunit a (PIK3CA), is a gene that encodes the p110a
catalytic subunit of class IA phosphatidylinositol-3-kinase
(PI3K).* Various mutations have been reported in PIK3CA and
are associated with activation of the PI3K-AKT pathway, which
normally regulates cell growth, angiogenesis, and survival,
among other functions.” PIK3CA mutations have been asso-
ciated with segmental overgrowth diseases such as CLOVES
(congenital lipomatous asymmetric overgrowth of the trunk
with lymphatic, capillary, venous, and combined-type vascu-
lar malformations, epidermal nevi, and skeletal anomalies)
syndrome'# and megalencephaly-capillary malformation
syndrome."'> Both of these syndromes are associated with cu-
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taneous capillary and venous malformations, persistent ne-
vus flammeus, or widespread cutis marmorata, as well as with
multiple systemic manifestations.#'> Further study is war-
ranted to elucidate the role of a mutation in PIK3CA and its ap-
parent limitation to a cutaneous vascular anomaly (PWS), with-
out additional systemic manifestations.

In our patient’s PWS, many vessels, both capillaries and
small veins, have abnormal shapes and often very thin walls,
whereas others have thick walls with abnormal basement mem-
brane zone abnormalities. We present the finding of several
novel mutations in a patient with PWS in addition to confirm-
ing the presence of the GNAQ mutation. A mutation in these
genes may have a variety of functions and interactions that may
affect vascular cell growth and differentiation. A c-Myb mu-
tation possibly affects vascular smooth muscle cell thickness
and abnormal vascular smooth muscle organization. An EphA3
mutation may lead to intraendothelial cell interactions, pos-
sibly repulsion. PDGFR-3 mutations may play a role in the
maintenance of endothelial cell integrity in PWS. Also, Brgl mu-
tations may play a role in venous morphological abnormali-
ties. The role of PIK3CA is unclear, but it may function through
the AKT pathway, whereas GNAQ functions through the MAPK
pathway.

It is important to highlight some study limitations. First,
the patient has undergone multiple therapies and a limited
amount of untreated skin was available for study; hence, only
a single sample was studied. In spite of this apparent limita-
tion, the findings confirmed the GNAQ mutation and also re-
vealed mutations in 5 novel genes possibly important in the
evolution of the PWS. Second, the lesional tissue was screened
using a next-generation sequencing platform that includes 275
genes implicated in tumorigenesis. Because the PWS, espe-
cially in nodular growth, may show appendageal tumors, neu-
ral hamartomas, and prominent increased vessels and stroma,
we consider the neoplasm platform to be most appropriate for
our study. In addition, the platform includes somatic genes that
are potentially actionable and informative in clinical applica-
tion. Finally, the similar mutational frequency of all of the ob-
served somatic mutations within this sample suggests that they
coexist in 1 cellular population and may cooperate in the patho-
genesis of PWSs. In addition, the genetic mutation frequen-
cies correlate with the percentage of endothelial cells in the
lesions histologically. Thus, the low allelic fraction of these
gene mutations suggests that they may be vascular cell lin-
eage restricted. Future studies will be needed to confirm our
findings by laser-guided microdissection or by immunohisto-
chemical staining using mutation-specific antibody or
fluorescence-based in situ hybridization assays.

. |
Conclusions

Considering the cumulative function of these genes, and their
possible effect if mutated, should serve to widen our under-
standing of PWSs as a polygenic abnormality and provides a
foundation for further scientific and clinical research, includ-
ing a search for downstream targets as candidates for new
therapeutic agents.

JAMA Dermatology December 2014 Volume 150, Number 12

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://archder m.jamanetwork.com/ by a Harvard University User on 02/24/2015

1339



1340

Research Case Report/Case Series

ARTICLE INFORMATION
Accepted for Publication: May 5, 2014.

Published Online: September 3, 2014.
doi:10.1001/jamadermatol.2014.1244.

Author Affiliations: Department of Pathology,
Brigham and Women's Hospital, Harvard Medical
School, Boston, Massachusetts (Lian, Sholl, Liu, Xu,
Stanek, Garcia, Murphy); Center for Cancer Genome
Discovery, Dana-Farber Cancer Institute, Harvard
Medical School, Boston, Massachusetts (Sholl, Jia,
MacConaill); Department of Dermatology, Brigham
and Women's Hospital, Harvard Medical School,
Boston, Massachusetts (Zakka, Mihm); Vascular
Birthmark Institute of New York, Department of
Otolaryngology-Head and Neck Surgery, Lenox Hill
Hospital, North Shore-LIJ School of Medicine, New
York (O, Waner).

Author Contributions: Drs Lian and Mihm had full
access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.

Study concept and design: Lian, O, Murphy, Mihm.
Acquisition, analysis, or interpretation of data: Lian,
Sholl, Zakka, Liu, Xu, Stanek, Garcia, Jia, MacConaill,
Murphy, Mihm.

Drafting of the manuscript: Lian, Zakka, O, Mihm.
Critical revision of the manuscript for important
intellectual content: All authors.

Statistical analysis: Lian, Liu, Xu, Stanek.
Administrative, technical, or material support: Sholl,
Zakka, O, Liu, Xu, Jia, MacConaill, Murphy, Waner,
Mihm.

Study supervision: Lian, Garcia, MacConaill, Murphy,
Waner, Mihm.

Conflict of Interest Disclosures: None reported.

REFERENCES

1. Burns AJ, Navarro JA, Cooner RD. Classification
of vascular anomalies and the comprehensive
treatment of hemangiomas. Plast Reconstr Surg.
2009;124(1)(suppl):69e-8le.

2. Ortiz AE, Nelson JS. Port-wine stain laser

treatments and novel approaches. Facial Plast Surg.

2012;28(6):611-620.

3. Shirley MD, Tang H, Gallione CJ, et al.
Sturge-Weber syndrome and port-wine stains

caused by somatic mutation in GNAQ. N Engl J Med.

2013;368(21):1971-1979.

4. Sanchez-Carpintero |, Mihm MC, Mizeracki A,
Waner M, North PE. Epithelial and mesenchymal
hamartomatous changes in a mature port-wine
stain: morphologic evidence for a multiple germ
layer field defect. J Am Acad Dermatol. 2004;50
(4):608-612.

5. DePristo MA, Banks E, Poplin R, et al.

A framework for variation discovery and
genotyping using next-generation DNA sequencing
data. Nat Genet. 2011;43(5):491-498.

6. Cibulskis K, Lawrence MS, Carter SL, et al.
Sensitive detection of somatic point mutations in
impure and heterogeneous cancer samples. Nat
Biotechnol. 2013;31(3):213-219.

7. Smoller BR, Rosen S. Port-wine stains: a disease
of altered neural modulation of blood vessels? Arch
Dermatol. 1986;122(2):177-179.

JAMA Dermatology December 2014 Volume 150, Number 12

Genetic Mutations in a Sporadic Port-Wine Stain

8. Vural E, Ramakrishnan J, Cetin N, Buckmiller L,
Suen JY, Fan CY. The expression of vascular
endothelial growth factor and its receptors in
port-wine stains. Otolaryngol Head Neck Surg.
2008;139(4):560-564.

9. Boon LM, Mulliken JB, Vikkula M. RASAT:
variable phenotype with capillary and
arteriovenous malformations. Curr Opin Genet Dev.
2005;15(3):265-269.

10. Davis RB, Curtis CD, Griffin CT. BRGI promotes
COUP-TFIl expression and venous specification
during embryonic vascular development.
Development. 2013;140(6):1272-1281.

11. Kuijper S, Turner CJ, Adams RH. Regulation of
angiogenesis by Eph-ephrin interactions. Trends
Cardiovasc Med. 2007;17(5):145-151.

12. Farrell KA, Withers SB, Holt CM. C-Myb function
in the vessel wall. Front Biosci (Elite Ed). 2011;3:968-977.

13. Roach EE, Chakrabarti R, Park NI, et al.

Intrinsic regulation of hemangioma involution by
platelet-derived growth factor. Cell Death Dis. 2012;
3:e328.

14. Kurek KC, Luks VL, Ayturk UM, et al. Somatic
mosaic activating mutations in PIK3CA cause CLOVES
syndrome. Am J Hum Genet. 2012;90(6):1108-1115.

15. Mirzaa GM, Riviére JB, Dobyns WB.
Megalencephaly syndromes and activating mutations
in the PI3K-AKT pathway: MPPH and MCAP. Am J
Med Genet C Semin Med Genet. 2013;163C(2):122-130.

jamadermatology.com

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://archder m.jamanetwork.com/ by a Harvard University User on 02/24/2015



