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Abstract
Developmental and epileptic encephalopathies (DEEs) are genetically heterogenous conditions, often characterized by 
early onset, EEG interictal epileptiform abnormalities, polymorphous and drug-resistant seizures, and neurodevelopmental 
impairments. In this study, we investigated the genetic defects in two siblings who presented with severe DEE, micro-
cephaly, spastic tetraplegia, diffuse brain hypomyelination, cerebellar atrophy, short stature, and kyphoscoliosis. Whole 
exome next-generation sequencing (WES) identified in both siblings a homozygous non-sense variant in the ACTL6B gene 
(NM_016188:c.820C>T;p.Gln274*) coding for a subunit of the neuron-specific chromatin remodeling complex nBAF. To 
further support these findings, a targeted ACTL6B sequencing assay was performed on a cohort of 85 unrelated DEE indi-
viduals, leading to the identification of a homozygous missense variant (NM_016188:c.1045G>A;p.Gly349Ser) in a patient. 
This variant did not segregate in the unaffected siblings in this family and was classified as deleterious by several prediction 
softwares. Interestingly, in both families, homozygous patients shared a rather homogeneous phenotype. Very few patients 
with ACTL6B gene variants have been sporadically reported in WES cohort studies of patients with neurodevelopmental dis-
orders and/or congenital brain malformations. However, the limited number of patients with incomplete clinical information 
yet reported in the literature did not allow to establish a strong gene–disease association. Here, we provide additional genetic 
and clinical data on three new cases that support the pathogenic role of ACTL6B gene mutation in a syndromic form of DEE.

Introduction

Developmental and epileptic encephalopathies (DEEs) rep-
resent a group of conditions often characterized by onset 
in infancy, very active EEG interictal epileptiform abnor-
malities, polymorphous and drug-resistant seizures, and 

neurological, cognitive, and behavioral deficits (Schef-
fer et al. 2017). Most of DEEs are genetic in origin and 
arise from de novo mutations, albeit autosomal recessive 
and X-linked inheritance patterns have also been reported. 
Clearly, the identification of the genetic causes in DEEs is 
extremely important to understand the pathogenetic mecha-
nisms, to guide therapeutic options, and to provide a more 
accurate genetic counseling. In the last few years, chromo-
some microarrays and next-generation sequencing (NGS) 
techniques have allowed the identification of an increas-
ing number of de novo variants in several different genes, 
confirming the high genetic heterogeneity of DEEs. Up to 
date, more than 50 genes have demonstrated a definite or 
possible pathogenic role in specific clinical and EEG phe-
notypes, while the exact role of other candidate genes needs 
future validation studies (He et al. 2018; Myers et al. 2019). 
The increasing knowledge of the genetic background of 
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the disease has allowed designing NGS assays that target 
panels of associated genes. Although their introduction has 
improved the diagnostic yield, many patients still remain 
without a molecular diagnosis, suggesting that many DEE 
genes have yet to be discovered (Ko et al. 2018).

Here, we report on two non-consanguineous families, in 
which the affected members shared a phenotype character-
ized by the early onset drug-resistant epilepsy, severe psy-
chomotor delay, spastic tetraplegia, microcephaly, diffuse 
cerebral hypomyelination, and brain or cerebellar atrophy. 
NGS analysis revealed that the affected individuals in each 
family carried distinct homozygous variants in the ACTL6B 
gene (also known as BAF53B), coding for a subunit of 
the neuron-specific chromatin remodeling complex nBAF 
(BRG1/brm-associated factor) (Olave et al. 2002). So far, 
very few ACTL6B gene variants have been reported in WES 
cohort studies of patients with neurodevelopmental disorders 
and/or congenital brain malformations (Karaca et al. 2015; 
Maddirevula et al. 2018; Sajan et al. 2017). In the light of the 
functional roles of ACTL6B, we considered the homozygous 
changes of this gene as a likely underlying cause of DEE in 
these families. 

Materials and methods

Study subjects

The study was conducted in accordance with the Declaration 
of Helsinki and national guidelines and has been approved 
by the local ethics committee “Comitato Etico IRCCS 
Sicilia—Oasi Maria SS.”, project number: 2018/07/18/
CE-IRCCS-OASI/14 as of July 7, 2018. Written informed 
consent was obtained from each subject or their guardians.

Genetic studies

Genomic DNA was extracted by the standard procedures 
from peripheral blood samples obtained from family mem-
bers with informed consent. SNP/CGH array screening 
was performed using the combined array CGH plus SNP 
from CytoSure ISCA UPD array 4 × 180 K (Oxford Gene 
Technology, UK) and analyzed with the Agilent Microarray 
Scanner, Feature Extraction Software version 11.5, and Agi-
lent Genomic Workbench 7.0 (Agilent Technologies, Santa 
Clara, CA, USA).

DNA enrichment for whole exome sequencing (WES) 
was carried out using the Agilent Sure Select Human All 
Exon V6 + UTRs kit (Agilent Technologies, Santa Clara, 
CA), and sequenced with the Illumina Novaseq sequencer 
(Illumina, San Diego, CA). Reads were aligned to the refer-
ence human genome (UCSC GRCh37/hg19), using BWA-
MEM tool (Li 2012). Base quality score recalibration, indel 

realignment, duplicate removal, insertions/deletions (indels), 
and single-nucleotide variants’ (SNVs) detection were per-
formed using GATK (McKenna et al. 2010) according to its 
“Best Practices” recommendations (Van der Auwera et al. 
2013). Variants were annotated using the ANNOVAR soft-
ware tool (Yang and Wang 2015) and then filtered accord-
ing to their predicted effects and allele frequencies in the 
available public databases (dbSNP http://www.ncbi.nlm.nih.
gov/proje​cts/SNP/), ExAC (http://exac.broad​insti​tute.org/), 
1000 Genomes (http://www.1000g​enome​s.org/), ESP6500 
(http://evs.gs.washi​ngton​.edu/EVS/), and gnomAD (http://
gnoma​d.broad​insti​tute.org/). Variants were prioritized either 
assuming a dominant or recessive pattern of inheritance, and 
technically verified by Sanger sequencing.

The epilepsy targeted resequencing gene panel (Sup-
plementary Table 1) and the ACTL6B targeted assay were 
both designed to sequence all the exons and exon–intron 
flanking regions, using the software Ion AmpliSeq Designer 
(Thermo Fisher Scientific) and run on an Ion Torrent Per-
sonal Genome Machine (Thermo Fisher Scientific).

Results

Clinical findings

Family A

Both siblings (III:3 and III:4, Fig. 1a) were born to healthy 
non-consanguineous parents with negative family history for 
neurodevelopmental disorders or late onset neurodegenera-
tive disease.

The proband (III:3, Supplementary Fig. 1a), currently 
10 years old, was born at gestational age 36 weeks by cesar-
ean section subsequent to morbid cardiotocography (CTG), 
oligohydramnios, slow fetal movements, and decreased 
occipitofrontal head circumference (OFC) growth in the 
last trimester. Apgar score at 1 and 5 min was 7 and 9, 
birth weight 2780 g (− 0.55 SD), length 45.5 cm (− 1.24 
SD), and OFC 31.5 cm (− 1.45 SD). She presented with 
hypoglycemia (< 10 mg/dL) and neonatal jaundice. In the 
first week of life, mostly at morning awakening and during 
wakefulness, she started to present seizures characterized by 
tonic extension or flexion of the upper limbs, head and eye 
deviation to the right side, and oral automatisms (chewing 
and tongue protrusion). At 2 months of life, these episodes 
occurred approximately three times a day. EEG showed a 
slow background activity and very frequent slow spike-and-
wave complexes synchronous and asynchronous over both 
hemispheres. For the first months, she suffered from vomit-
ing, lack of appetite, and gastroesophageal reflux disease 
(GERD). At 2 years and 1 month of age, a gastrostomy tube 
was placed due to dysphagia and failure to thrive, although 

http://www.ncbi.nlm.nih.gov/projects/SNP/
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oral feeding without aspiration was possible for very small 
pieces of food. Her seizures did not change in semiology and 
remain intractable despite numerous medication trials (phe-
nobarbital, valproic acid, corticotropin, clonazepam, nitraz-
epam, topiramate, carbamazepine, phenytoin, lamotrigine, 
and levetiracetam) and ketogenic diet. She was severely 
delayed, non-verbal and non-ambulatory, and unable to sit 
unassisted. She lacked spontaneous and purposeful hand 
use. At the last clinical examination at the age of 10 years, 
weight was 20 kg (− 3.45 SD), height 130 cm (− 2.31 SD), 
and OFC 45.8 cm (− 5.81 SD). She also presented spastic 
tetraplegia, microcephaly, short stature, and kyphoscoliosis 
with severe thoracic deformity. Wakefulness and sleep EEG 
showed slow background activity, numerous spikes over the 
occipital regions of both hemispheres, and tonic seizures 
(Fig. 2a, b). MRI revealed widespread hypomyelination, vol-
ume loss in frontal and temporal lobes, and extreme thinning 
of the corpus callosum (Fig. 3a, b).

Her brother (III:4, Supplementary Fig. 1b), currently 
4 years old, was born at gestational age 38 weeks by elec-
tive cesarean section, performed prior to labor or the rupture 
of membranes after an uneventful pregnancy. Apgar score 
at 1 and 5 min was 8 and 10, birth weight 3240 g (− 0.35 
SD), length 45 cm (− 2.75 SD), and OFC 34.5 cm (− 0.15 
SD). He showed one preauricular tag. At days 3 and 4 of life, 

tonic and clonic seizures occurred, many times a day. Like 
his sister, he suffered from vomiting, lack of appetite, and 
GERD. At 3 months of age, EEG disclosed slow background 
activity, intermingled with spikes over the occipital regions, 
more prominent over the left hemisphere.

At 2 years of age, a gastrostomy tube was placed. He 
was severely delayed, non-verbal, and non-ambulatory, and 
unable to sit unassisted. Seizures persisted with the same fre-
quency and were characterized by flexion or extension of the 
limbs, eye and deviation to right side, cyanosis, vocalisms, 
during wakefulness, and sleep. Seizures resulted resistant 
to phenobarbital, levetiracetam, clonazepam, and ketogenic 
diet.

At the last observation, at the age of 4 years, weight was 
11.2 kg (− 3.85 SD), height 88 cm (− 4.63 SD), and OFC 
44.3 cm (− 5.19 SD). Spastic tetraplegia, microcephaly, 
short stature, and kyphoscoliosis were also present. Wake-
fulness and sleep EEG was characterized by slow back-
ground activity and numerous spikes localized over the 
posterior regions of both hemispheres; tonic seizures were 
also recorded (Fig. 4a, c). MRI showed widespread white-
matter atrophy with ventricular enlargement and periven-
tricular signal changes; residual subcortical fibers in anterior 
frontal and parieto-occipital regions, and hypomyelination 
of intermediate areas, frontal volume loss, vermian atrophy, 
cerebral hypomyelination, and callosal thinning (Fig. 5a–c).

Family B

Healthy parents were non-consanguineous, and there was no 
family history of neurodevelopmental disorders or late onset 
neurodegenerative diseases. Healthy grandparents were not 
available for genetic testing.

The proband (II:5, Supplementary Fig. 1c), a 4-year-
old female, was born at term by cesarean section, after a 
normal pregnancy. Birth weight was 3100 g (− 0.55 SD); 
birth length and OFC were not reported. Neonatal period 
was uneventful and no dysmorphic features were present. 
At 2 months of age, she started to present clusters of epilep-
tic spasms, occurring many per day. EEG was reported as 
characterized by slow background activity, with spikes over 
the right temporal regions. She was treated initially with 
phenobarbital, but seizures persisted with an unmodified fre-
quency, presenting as epileptic spasms and tonic seizures. 
Subsequently, levetiracetam and nitrazepam were added, 
resulting in a weekly occurrence of seizures.

Neurological examination showed spastic tetraplegia, 
profound psychomotor delay, no motor achievements, and 
absence of language. At the age of 3 years, she underwent 
gastrostomy for severe dysphagia. At 4 years of age, weight 
was 11.5 kg (− 2.99 SD), height 86 cm (− 3.98 SD), and 
OFC 42.7 cm (− 6.39 SD). Wakefulness EEG revealed a 
slow background activity, and numerous spikes, synchronous 

Fig. 1   Pedigrees of families under investigation. a Pedigree of fam-
ily (A) individual I:3 died from stroke at the age of 72. b Pedigree 
of family (B) affected individuals are represented with filled symbols. 
ACTL6B genetic testing for each individual is shown, if available 
(−/−: homozygous for wild-type allele; −/+: heterozygous for the 
mutated allele; +/+: homozygous for the mutated allele)



190	 Human Genetics (2019) 138:187–198

1 3

and asynchronous over the middle–posterior regions of both 
hemispheres; during sleep, the paroxysmal abnormalities 
often appeared diffuse, with also a suppression-burst pat-
tern. Short tonic seizures were recorded (Fig. 6a–c). MRI 
disclosed delayed myelination, global volume loss, vermian 
atrophy, and callosal thinning (Fig. 7a–c).

The proband had twin monozygotic brothers (II:1, 
II:2; Fig. 1b) who deceased before their DNA could be 
collected. They were born at gestational age 36 weeks, 

by cesarean section. Birth weight of both was 2200 g. 
They presented neonatal tonic seizures, and subsequently 
multiple daily epileptic spasms which were resistant to 
vigabatrin. An EEG report of both twins, at 3 years of 
age, described frequent spikes over the posterior regions 
of both hemispheres, with diffusion during sleep. At the 
same age, an MRI report pointed out a mild periventricu-
lar hypomyelination, a slight dilation of the lateral ven-
tricles and cerebral subarachnoid spaces, and thinning of 

Fig. 2   EEG of patient III:3 (family A). a Wakefulness EEG of the 
patient III:3 (family A) at 10 years of age, showing slow background 
activity, and numerous spikes synchronously and asynchronously 
localized over the occipital regions of both hemispheres. b EEG 
recording of a short tonic seizure; the ictal fast activity predominates 

over the temporal–occipital regions of the right hemisphere, and is 
followed by rhythmical sharp waves. At the surface EMG of the del-
toid muscles (R DELT and L DELT), a bilateral tonic contraction is 
evident, of higher duration on the right side
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corpus callosum. Both twins presented severe psycho-
motor delay and tetraplegia and suffered from vomiting. 
They died from pneumonia, respectively, at 4 and 5 years 
of age.

Genetic findings

Family A

SNP/CGH array analysis did not reveal any previously 
unreported copy-number variant (CNV) that might have 
clinical significance but identified in both probands chro-
mosomal regions with runs of homozygosity (ROH). 
These regions were not shared by the affected children 
except for a ~ 3 Mb-long genomic segment located at 
chromosome 7q22.2 (98,128,828–101,041,758 bp; hg19). 
The total length of ROHs in individual III:3 and indi-
vidual III:4 was 17 Mb and 29 Mb, respectively. These 
findings suggested that these regions were identical by 
descent (IBD), reflecting common ancestral haplotypes 
in parents.

WES analysis unraveled a homozygous non-sense 
variant in the ACTL6B gene (NM_016188: c. 820C>T;p.
Gln274*) in patient III:3 and her brother III:4 (Supple-
mentary Fig. 2a). No further recessive candidate variants 
shared by both siblings were identified. Parental germline 
mosaicism for dominant mutation was excluded as we did 
not find any de novo variant common to both probands. 
The homozygous truncating mutation was inherited from 
heterozygous parents and located in the ROH region at 
chromosome 7q22.2, previously identified in both siblings. 
Segregation analysis of the ACTL6B variant in the avail-
able family members is shown in Fig. 1a. Although we 
do not have experimental evidence as ACTL6B is almost 
exclusively expressed in neurons, the mutant mRNA most 
likely undergoes non-sense-mediated decay.

Family B

To further investigate the role of ACTL6B in DEEs, we 
decided to screen a cohort of 85 unrelated DEE Sicilian 
patients using a targeted ACTL6B NGS assay. One indi-
vidual among them carried a significant change in the 
ACTL6B gene, consisting in a homozygous missense vari-
ant (NM_016188:c.1045G>A;p.Gly349Ser). Segregation 
analysis by Sanger sequencing in this family demonstrated 
that the homozygous variant was inherited from heterozy-
gous parents (Supplementary Fig. 2b) and that healthy broth-
ers II:3 and II:4 were homozygous for the wild-type allele. 
Unluckily, we were not able to genotype the affected dead 
twins (II:1; II:2) due the unavailability of their DNAs.

This variant was not reported in the public available data-
bases, and was predicted to be deleterious by several predic-
tion softwares including MutationTaster (score 1), CADD 
(score 23.2), PolyPhen-2 (score 0.999), SIFT (score 0), and 
Provean (score − 5.77). Phylogenetic analysis demonstrated 
that the glycine at position 349 was highly conserved, even 
in the evolutionarily distant species such as D. rerio, D. mel-
anogaster, and C. elegans (Supplementary Fig. 3). Moreover, 
the DNA change was not identified in a group of 850 ethni-
cally matched normal controls. Altogether, these findings 
indicate that this variant is likely causative in our patient.

To exclude that any other genomic rearrangement or 
genetic variant elsewhere in the genome might underlie the 
disease in the proband, SNP/CGH array and WES analysis 
were carried out in the family.

SNP/CGH array analysis revealed in the proband II:5 a 
single 7 MB-long ROH at chromosome 12q12, while CNV 
analysis did not identify any potentially pathogenic rear-
rangement. WES analysis, carried out on proband and her 
parents (I:1 and I:2), did not unveil any likely pathogenic 
sequence change in other genes. Interestingly, using H3M2 
software (Magi et al. 2014) on WES data from proband, we 
detected an ROH of ~ 5 Mb which included the missense 

Fig. 3   MRI of patient III:3 
(family A). a T2 axial image of 
the patient III:3 (family A), at 
10 years of age, at level of ven-
tricular atria shows widespread 
hypomyelination, with normal 
signal of white matter recogniz-
able only in the internal capsule 
and callosal splenium. Volume 
loss in frontal and temporal 
lobes is associated. b T1 sagittal 
image showing extreme thin-
ning of the corpus callosum
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ACTL6B variant and that escaped from the previous SNP/
CGH analysis due to the lack of statistical significance. As 
in the case of family A, these data suggest that her parents 
shared a common ancestor.

Discussion

Recent technological advances in copy-number identifi-
cation and high-throughput sequencing have allowed the 
discovery of novel DDE-related genes, involving different 
molecular pathways in the etiology of the disease, including 
transcriptional and mTOR regulation. Mutations in differ-
ent chromatin remodeling genes, playing a crucial role for 
appropriate programming of developmental gene expression, 
have long been associated with neurodevelopmental disor-
ders, including intellectual disability and autism (Goodwin 
and Picketts 2018; Lopez and Wood 2015). More recently, 
mutations in CHD2, a member of chromodomain helicase 
DNA-binding (CHD) family of proteins, have been identi-
fied in several DEE individuals, thus supporting the role of 
chromatin remodeling genes in DEEs (Carvill et al. 2013).

Here, we report on two DEE families in which affected 
individuals had homozygous variants in the ACTL6B gene, 
coding for a subunit of the post-mitotic neurons complex 
nBAF, a neuron-specific chromatin remodeling complex 
which is critical for neuronal differentiation, dendritic exten-
sion, synaptic function, and long-term memory processes 
(Vogel-Ciernia et al. 2013; Wu et al. 2007). In mammals, the 
neuron-specific chromatin regulator complexes npBAF and 
nBAF act sequentially during the mitotic and post-mitotic 
stages of neuronal development and maturation (Sokpor 
et al. 2017; Staahl and Crabtree 2013). npBAF and nBAF 
have 15 subunits each, 12 of them common to both com-
plexes. Interestingly, dominant causative variants in several 
genes coding for BAF-associated subunits have been identi-
fied in subjects with different forms of neurodevelopmental 
disorders (Bögershausen and Wollnik 2018; Vogel-Cier-
nia et al. 2017). Mutations in SMARCA4 (MIM: 603254), 
SMARCE1 (MIM: 603111), ARID2 (MIM: 609539), 
ARID1B (MIM: 614556), and ARID1A (MIM: 603024) 
have been found in individuals with a clinical diagnosis 
of Coffin–Siris syndrome (CSS; MIMs 135900, 614607, 
614608, 614609, 616938, and 617808), while SMARCA2 
(MIM: 600014) heterozygous variants have been identified 
in individuals with Nicolaides–Baraitser syndrome (MIM: 
601358). More recently, dominant mutations in the ACTL6A 
gene, the homologous alternative of ACTL6B in the npBAF 
complex, have been associated with varying degree of intel-
lectual disability dysmorphic features, and genitourinary and 
skeletal defects (Marom et al. 2017). Interestingly, de novo 
mutations in SS18L1 (also known as CREST) that, along 
with ACTLB6, encodes for a dedicated subunit of the nBAF 

Fig. 4   EEG of patient III:4 (family A). a Wakefulness EEG of the 
patient III:4 (family A) at 4 years of age, with slow background activ-
ity and numerous spikes, synchronous and asynchronous over the 
posterior regions, bilaterally. b, c EEG recording of a tonic seizure 
lasting approximately 15  s, characterized by a fast activity, gradu-
ally decreasing in frequency, more prominent over the left posterior 
regions of both hemispheres. Surface EMG recording of deltoid mus-
cles (E DELT and L DELT) reveals a tonic contraction

◂

Fig. 5   MRI of patient III:4 (family A). a T2 axial image of the patient 
III:4 (family A), at 4  years of age, at the level of lateral ventricles 
shows widespread white-matter atrophy with ventricular enlarge-
ment and periventricular signal changes; residual subcortical fibers in 
anterior frontal and parieto-occipital regions, and hypomyelination of 

intermediate areas can be seen. Frontal volume loss is associated. b 
T2 coronal image showing cerebellar atrophy and cerebral hypomy-
elination. c T1 sagittal image shows callosal thinning and vermian 
atrophy
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complex have been detected in patients with amyotrophic 
lateral sclerosis (Chesi et al. 2013), suggesting a role for the 
nBAF complex in neurodegenerative disorders. In our study, 
however, neither parents nor available grandparents had the 
clinical signs of neurodegeneration.

Our patients presented with a rather homogeneous life-
threatening, phenotype characterized by severe psychomotor 
delay, spastic tetraplegia, microcephaly, drug-resistant DEE 
with onset in the first months of life, brain diffuse hypomy-
elination, and vermian atrophy. Seizures were in the form 
of epileptic spasms and tonic seizures, and interictal EEG 
showed slow background activity, multifocal interictal epi-
leptiform abnormalities which were in all cases more promi-
nent over the posterior regions, and also a burst-suppression 
during sleep in one subject.

Knockout mice for ACTL6B have elevated perinatal 
lethality, impaired dendritic outgrowth, and defective axonal 
myelination but, in agreement with the restricted pattern of 
ACTL6B expression, they do not show any nonneural phe-
notype (Wu et al. 2007). These data suggest that biallelic 
ACTL6B gene mutations might determine this early neuro-
logical manifestation through dysregulation of genes essen-
tial for a proper dendritic outgrowth and axonal development 
in post-mitotic neuron. In fact, gene ontology and pathway 
enrichment analyses of pathogenic variant-harboring genes 
have demonstrated that axonal, dendritic, and synaptic 

regions preferentially are associated with the early life epi-
lepsy other than West syndrome (Berg et al. 2018).

Variants of the ACTL6B gene have been sporadically 
reported up to now, in WES cohort studies of patients with 
neurodevelopmental disorders and/or congenital brain 
malformations (Table 1). Only two siblings, carrying a 
homozygous missense variant in ACTL6B (NM_016188: 
c.893G>A;p.Arg298Gln), presented unspecified seizures 
associated with a severe intellectual disability, micro-
cephaly, and autistic behavior (Karaca et al. 2015) Another 
patient with a homozygous stoploss mutation of ACTL6B 
gene (NM_016188: c.1279delT; p.*427Aspext*32) was 
identified in a WES analysis of 22 Rett syndrome patients 
without coding mutations in MECP2, CDKL5, and FOXG1 
genes, but no other clinical, EEG, or neuroimaging data were 
described (Sajan et al. 2017). More recently, a 13-month-
old girl born to consanguineous parents was reported 
with a homozygous non-sense mutation of ACTL6B gene 
(NM_016188.4:c.999T>A;p.Cys333*) (Maddirevula et al. 
2018). She presented hyperekplexia and global developmen-
tal delay. MRI revealed a picture rather different from that of 
our patients, characterized by agenesis of corpus callosum, 
mild ventricular dilation, mild atrophic changes, minimally 
simplified gyral pattern with prominence of the sulci, and 
mild posterior colpocephaly. There was history of a similarly 
affected brother who died at 2 months of age.

Our data on these three new cases support the pathogenic 
role of the ACTL6B gene in a specific severe neurodevelop-
mental syndrome and delineate the associated clinical pres-
entation characterized by an early onset drug-resistant DEE 
associated with microcephaly, brain hypomyelination, and 
cerebellar atrophy.

Although the limited number of patients carrying 
ACTL6B gene mutations does not allow to draw any 

Fig. 6   EEG of patient II:5 (family B). a Wakefulness EEG recording 
of patient II:5 (family B), characterized by slow background activity 
and synchronous and asynchronous sharp waves over the posterior 
regions. b During sleep EEG recording, irregular spike-and-wave 
complexes appear diffuse, and a burst-suppression pattern is also evi-
dent. c EEG recording of a short tonic seizure, correlated with the 
appearance of low-voltage diffuse fast activity lasting approximately 
5 s. R DELT right deltoid muscle, L DELT left deltoid muscle

◂

Fig. 7   MRI of patient II:5 (family B). a T2 axial image of the patient 
II:5 (family B) at 4  years of age shows delayed myelination and 
global volume loss. b T2 coronal image shows cerebellar atrophy; 

cerebral hypomyelination and volume loss are visible again. c T1 sag-
ittal image shows callosal thinning and vermian atrophy
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genotype–phenotype correlation, differences in the severity 
of the encephalopathy either caused by non-sense, stoploss, 
or missense homozygous variants are not evident. It still 
remains plausible that milder ACTL6B mutations may partly 
preserve the nBAF activity, leading to a milder phenotype.

Interestingly, putative dominant ACTL6B variants have 
been occasionally seen in large studies on individuals 
with neurodevelopmental disorders (Krupp et al. 2017; 
Lelieveld et al. 2017). In our study, heterozygous individu-
als had no history of neurological disorders, either sug-
gesting that the reported heterozygous ACTL6B variants 
were not per se causative or operate through a different 
(dominant) mechanism. Of note, ACTL6B lies between 
a differentially methylated region recently identified on 
chromosome 7q22.2 (Hannula-Jouppi et al. 2014) and a 
cluster of imprinted genes at chromosome 7q21.3, rais-
ing the question whether a preferential allelic expression 
of ACTL6B might explain a different clinical outcome in 
heterozygous individuals. However, our study does not 
support this hypothesis, since healthy heterozygous indi-
viduals II:3 and II:4 in family A received, respectively, a 
maternal and a paternal ACTL6B wild-type allele.

In conclusion, ACTL6B gene mutations probably rep-
resent a new mendelian cause for the early onset DEE and 
their role might be suspected when drug-resistant epileptic 
spasms and tonic seizures and severe motor and cognitive 
deficits are associated with some rather peculiar features, 
such as an interictal multifocal EEG pattern prevalently 
localized over the posterior regions, brain hypomyelina-
tion, and cerebellar atrophy. Clearly, further studies are 
needed to confirm the involvement of this gene in DEEs 
and to fully characterize the associated clinical spectrum. 
We also suggest that ACTL6B should be considered in 
genetic testing for DEEs.
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