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Abstract

ACTA2 is a gene that encodes a smooth muscle (aortic) alpha-actin present in vas-
cular smooth muscle cells, whose function includes contraction and motility of the 
vessels. Some variants of this gene have been described, causing many systemic prob-
lems, including a very characteristic cerebrovascular phenotype. Recently, brain paren-
chymal abnormalities beyond the classic vascular involvement were described.

We present a 13-year-old girl who came to the Emergency Department with a clini-
cal picture very suggestive of a stroke and whose etiological investigation proved to be 
very complex, leading to the identification of a totally novel heterozygous c.542A>T; 
p.(Asp181Val) disease-causing variant in ACTA2 gene. This was associated with a com-
plex brain phenotype, including not only vascular disease, but also recently described 
parenchymal findings. 

This novel disease-causing variant should be considered in patients with cerebro-
vascular disease and morphological brain parenchymal involvement, as this diagnosis 
has important therapeutic implications and requires multisystemic surveillance.

Resumo

O gene ACTA2 codifica uma alfa-actina presente nas células musculares lisas dos 
vasos, permitindo a sua contractilidade e motilidade. Têm sido descritas variantes 
deste gene, responsáveis por distúrbios sistémicos, incluindo fenótipo cerebrovas-
cular característico raro. Recentemente, foram descritas alterações estruturais cere-
brais parenquimatosas, associadas ao envolvimento da vasculatura.

Apresentamos o caso de uma adolescente de 13 anos que recorreu à Urgên-
cia com quadro clínico sugestivo de acidente vascular cerebral, mas cuja investiga-
ção etiológica se revelou complexa; identificou-se uma nova variante – c.542A>T; 
p.(Asp181Val) – causadora de doença, em heterozigotia, no gene ACTA2. Associou-
-se a um fenótipo cerebral complexo, incluindo não somente doença dos vasos san-
guíneos, mas também as alterações parenquimatosas recentemente descritas. 
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Introduction 
ACTA2 gene encodes an alpha-actin muscle actin pre-

sent in vascular smooth muscle cells, whose function in-
cludes contraction and motility of the vessels.1 Different 
ACTA2 disease-causing variants were recently described, 
leading to a variety of systemic diseases, including cardio 
and cerebrovascular, congenital mydriasis, pulmonary 
hypertension, gastrointestinal and bladder problems.2 
First disease-causing variants in this gene were described 
in patients with thoracic aortic aneurysms and/or dis-
sections of the vessel and subsequently many additional 
cardiovascular malformations extended the phenotype, 
including early onset coronary artery disease, patent 
ductus arteriosus and bicuspid aortic valves.3 Regarding 
cerebrovascular involvement, a typical imaging pattern 
characterized by ectasia of proximal and occlusion of 
terminal internal carotid arteries with straight course 
of cerebral arteries, absence of moyamoya vessels and 
white matter microvascular lesions has been initially 
described, in patients with ACTA2 variants.2,4 More re-
cently, D’Arco et al described the coexistence of mor-
phological parenchymal findings in patients with the 
p.(Arg179His) variant.4

We report an adolescent with a novel likely patho-
genic variant in ACTA2 gene, whose central nervous sys-
tem phenotype also includes parenchymal abnormalities 
beyond the classic vascular involvement.

Case Report
A 13-year-old girl with previous history of patent 

ductus arteriosus and inter-auricular communication 
surgically repaired in the first months of life was admit-
ted to the emergency room with global aphasia and 
mild right hemiparesis. Emergent magnetic resonance 
imaging (MRI) revealed multiple chronic microvascu-
lar white matter lesions, as well as left cortical frontal 
acute ischemic lesions with diffusion restriction, match-
ing her clinical picture. Nevertheless, many morpho-
logical parenchymal abnormalities were also observed: 
hypoplasia, bending and V-shaping (on axial images) of 

anterior corpus callosum, accompanied by deficient an-
terior gyrus cinguli and radial frontal gyration; horizontal 
orientation and thickening of the fornix; flattening of the 
pons on the midline, with reduction of its antero-poste-
rior diameter, and multiple indentations in the anterior 
surface of the midbrain, accompanied by a mild antero-
posterior elongation with reduction of the lateral-la-
teral diameter and squeezing of the cerebral peduncles  
(Fig. 1). MRI-angiography and digital subtraction an-

giography showed stenosis of distal cavernous in-
ternal carotids, proximal M1 and A1 segments and 
diffuse straightening of cerebral arteries in a “twig-
like” pattern, with absence of moyamoya-like vessels  
(Fig. 2).This distinctive pattern of cerebrovascular in-
volvement associated with so characteristic brain paren-
chymal abnormalities raised the suspicion of ACTA2-re-

 Perante doentes que se apresentem com doença cerebrovascular e alterações 
morfo-estruturais do parênquima cerebral, deve ser considerada a hipótese de do-
ença associada ao gene ACTA2, incluindo a nova mutação que descrevemos, por-
que este diagnóstico tem implicações terapêuticas e necessidade de vigilância mul-
tissistémica. 

Figure 1. MRI sagittal T1 WI (A) revealed bending and 
hypoplasia of anterior corpus callosum, deficient anterior 
gyrus cinguli, radial frontal gyration, horizontal orientation 
and increased thickness of the fornix (inside the box) and 
flattening of the pons on the midline (arrow) with reduc-
tion of the antero-posterior diameter. Axial FLAIR showed 
(B) V-shaped anterior corpus callosum (inside the box) and 
antero-posterior elongation of the midbrain with squeezing 
of the cerebral peduncles (C – arrow). 

Figure 2. MRI angiography TOF (A – axial and B – sagittal 
MIP reconstructions) and digital subtraction angiography 
(C – lateral view of internal carotid artery) showed diffuse 
straightening of cerebral arteries in a “twig-like” pattern, 
without moyamoya vessels. Stenosis of distal internal 
carotid arteries was also seen (C – arrow).



Sinapse®  |  Volume 20  |  N.º 4  |  October-December 2020

183

lated disease. An extensive morphological and functional 
cardiac evaluation was performed, revealing no abnor-
malities. No pulmonary hypertension was detected 
and no other complaints involving different organs or 
systems have been reported by the patient. The neuro-
logical examination also did not, at any time, identify any 
relevant pupillary changes.

She was then genetically tested and a novel heterozy-
gous variant (NM_001613.4: c.542A>T; p.(Asp181Val))
was found in the ACTA2 gene. Parents were studied and 
none had the same variant, which was assumed to be de 
novo and classified as likely pathogenic. 

Discussion
Our case supports recent findings that the neuroimag-

ing phenotype associated to ACTA2 causative variants does 
not only include characteristic cerebrovascular findings 
(including “twig-like” artery pattern) and microvascular 
disease, but also intracranial parenchymal malformations, 
probably due to, at least in part, increased rigidity of the 
intracranial arteries.4 Such parenchymal abnormalities 
have been previously reported in the corpus callosum, 
anterior cingulate gyrus, frontal gyrus, fornix, pons and 
midbrain and, interestingly, they were all present in our 
patient.4 Most of the cases reported in the literature with 
such a complex and similar phenotype result from ACTA2 
Arginine 179 alterations, as illustrated by the case review 
published in 2018 by Ellen S. Regalado et al.5 Interestingly, 
our case, despite clinical and imagiologically very similar 
to the previous ones, results from a different variant, em-
phasising the genetic complexity of this entity.

In fact, a new variant in ACTA2 gene was found in our 
case and assumed to be disease-causing, due to: 1) a 
compatible clinical phenotype; 2) absence of the iden-
tified variant in the asymptomatic parents, which was 
compatible with the described autosomal dominant 
transmission pattern associated with this gene; 3) ab-
sence in gnomAD, 1000 Genomes, ESP or dbSNP da-
tabases; 4) bioinformatic analysis with SIFT, Polyphen-2, 
Mutation Taster and CADD score predicting it to be 
deleterious; and 5) a low rate of benign missense vari-
ants identified in ACTA2 gene; missense variants in this 
gene are commonly associated with disease. 

Conclusion
ACTA2 variants (and the c.542A>Tvariant, in par-

ticular) should be considered in patients with cerebral 
arteriopathy. This diagnosis has therapeutic implica-
tions, as revascularization seems to be associated with 
a higher surgical risk than classic moyamoya disease. 
In addition, clinical surveillance of other organs and 
systems is required in affected patients, since this is a 
systemic condition. 
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