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Abstract

Tufted angioma (TA) is a rare vascular tumor characterized by histologic tufts of proliferating
capillaries that occurs in infancy or early childhood, with a poorly understood pathogenesis.
Though benign, TA can be associated with the Kasabach-Merritt syndrome (KMS), a life-
threatening consumptive coagulopathy and thrombocytopenia. Here, we explored the genetic
mechanism underlying a case of TA associated with KMS via targeted sequencing of laser capture
micro-dissected lesion and blood DNA, and identified a somatic, activating GNAZ4 mutation
specific to the tumor. Our findings support aberrant GNA14 activation underlies the pathogenesis
of TA associated with KMS.

BRIEF REPORT

Tufted angioma (TA) is a rare, benign vascular tumor of infancy that lies within the spectrum
of hemangioendotheliomas alongside kaposiform hemangioendothelioma (KHE).1 TAs
clinically present as violaceous, indurated or nodular plaques, and histologically show
confluent lobules or “cannonballs” of spindled endothelial cells with slit-like lumina
embedded in a fibrotic background.! Disease progression varies considerably, with some
demonstrating spontaneous regression or focal hyperhidrosis and hypertrichosis.! Up to 10%
of TA are associated with the Kasabach-Merritt syndrome (KMS), a consumptive
coagulopathy characterized by profound thrombocytopenia, hypofibrinogenemia, and
microangiopathic anemia with up to 24 percent mortality.: 2 The underlying pathobiology
of TA and its varying co-occurrence with KMS are poorly understood.

Corresponding author: Keith Choate, MD, PhD, keith.choate@yale.edu, Address: 333 Cedar Street, New Haven, CT 06519 USA,
Phone: (203)-785-3912.

Research was conducted at Yale School of Medicine in New Haven, Connecticut, USA
All authors consent to manuscript publication. There are no conflict of interests to disclose.

The Yale Human Investigation Committee approved this study, which was conducted according to Declaration of Helsinki Principles.
The consented subject provided archived tumor and blood samples.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Limetal.

Page 2

Here, we investigated the genetic mechanism of TA complicated by KMS by assessing for
previously implicated mutations. The Yale Human Investigation Committee approved this
study, which was conducted according to the Declaration of Helsinki Principles.

A 5-day-old boy presented with a congenital 14x4cm non-blanching patch on the right
lateral torso and flank, which progressively increased in size, turned darker red, and became
firm to palpation at 4 months (Figure 1A). The biopsy revealed superficial lobules of
aggregated endothelial cells and an increased number of dilated and angulated thin-walled
vessels in the dermis. Deeper in the dermis, dense and diffuse vessels infiltrated collagen
bundles with small vascular spaces, consistent with TA (Figure 1B). Labs revealed
thrombocytopenia with a platelet count of 84 x 1,000/uL (ref 219 — 465 x 1,000/ pL),
decreased fibrinogen with a nadir of <70 mg/dL (ref 150-434 mg/dL), and elevated D-
Dimers to 15.81 mg/L (ref 0.17 — 0.54 mg/L), consistent with KMS. 2mg/kg/day prednisone
was started for 3 months with slow taper, and the lesion faded and softened. The lesion was
stable at 18 months of age when his family moved to China and was lost to follow-up.

Blood and archived tumor samples were evaluated. Laser capture microdissection (LCM)
was employed to isolate gDNA specific to lesional vessels (Figure 1B), and sequencing was
performed for all exons of the Ras subfamily, BRAF, GNAQ, GNA11, and GNA14 per
previously reported protocols.3 In so doing, we identified a somatic GNA14 c.614A>T
(p.Q205L) mutation specific to the tumor (Figure 1C).

A case of TA and a case of sporadic pyogenic granuloma without KMS, as well as one case
of KHE with KMS, were previously reported with p.Q205L mutations in GNA14,
suggesting GNA14 activation underlies tumorigenesis.3 However, why only some tumors
present with KMS despite arising via the same genetic mutation remains elusive.3 GNA14
activation via the p.Q205L mutation was shown to specifically upregulate the pPERK-MAPK
pathway, providing potential targets for therapy.3 Counterintuitively, treatment with
sirolimus, an mTOR inhibitor with feedback activation of MAPK, has reported tumor
shrinkage and amelioration of KMP in a KHE.# ® KHE or TA without GNAI4 mutation
may instead have activation of pAkt-mTOR pathway, with differential response to mTOR
versus MAPK inhibition. Our findings further implicates the MAPK pathway in TA and TA
associated with KMS, and highlights MAPK inhibition as an important strategy against
hemangioendotheliomas refractory to currently available treatment options.
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Tumor (forward primer) Tumor (reverse primer) Blood
GNA14, c.A614T, p.Q205L

Figure 1. Tufted angioma associated with KM Swith an underlying somatic GNA14 mutation.
(A) A violaceous 14x4cm non-blanching patch is observed on the right lateral torso and

flank, which was present since birth. (B) Lobular vascular proliferation composed of tightly
packed capillaries lined by cytologically-bland endothelial cells (20X magnification, scale
bar = 150um). Area from where LCM was employed to isolated tumor-specific DNA is
shown (red circle). (C) Sanger sequencing of tumor (trace data from both primers) and blood
control shows GNA14p.Q205L mutation in tumor only.
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