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An11-year-oldboy, born to unrelatedhealthy parents of Italian
descent (►Fig. 1A), presented with hypotonia and small head
circumference (<third centile). Pregnancy and delivery were
uncomplicated and growth parameters at birthwere all within
normal limits (weight 3,470 g, length 48 cm, occipitofrontal
circumference 34 cm). There was no family history of neuro-
logical disorders. Abnormal motor coordination and walking
difficulties becameevident following thefirst yearof life. At the
age of 8 months, he could not get to the sitting position on his
own nor remain seated. He learned to sit unaided at the age of
18 months and started to walk at the age of 26 months. He
currently has a broad-based gait. He experienced two tonic-
clonic seizures during an intercurrent illness at the age of
10monthsevolving into shortweekly febrile andafebrile tonic-
clonic seizures at the age of 14 months. Moreover, the boy did
suffer from daily drops of the head or falls to the ground,

refractory to multiple antiseizure drugs, including valproic
acid, topiramate, felbamate, rufinamide, and clobazam. From
the age of 15months, he presentedwith amovement disorder,
that is, nonepileptic hyperkinetic behavior, including stereo-
typed handmovements, and myoclonus associated with chor-
eoathetosis (see ►Video 1). He did show distinctive
craniofacial features, namely, short and sloping forehead, lat-
erally prominent eyebrows, periorbital fullness, low-set colu-
mella, large nostrils, droopy lower lip, tooth dysgenesis
(malocclusion and enamel abnormalities), and open mouth
appearancewith drooling (►Fig. 1B). Some skeletal anomalies,
including hyperlaxity of the knees, flat feet, genua valga, and
thoracic (dorsal and lumbar) dextroconvex scoliosis were also
present.Thespeechwasabsentat theageof5years.Hishearing
andvisionwere unremarkable.Metabolicworkup (e.g., urinary
organic acids, blood amino acids, sialotransferrine profile) was
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Abstract Mutations in the DHDDS gene (MIM: 617836), encoding a subunit of dehydrodolichyl
diphosphate synthase complex, have been recently implicated in very rare neuro-
developmental diseases. In total, five individuals carrying two de novo mutations in
DHDDS have been reported so far, but genotype–phenotype correlations remain
elusive. We reported a boy with a de novo mutation in DHDDS (NM_205861.3: c.
G632A; p.Arg211Gln) featuring a complex neurological phenotype, including mild
intellectual disability, impaired speech, complex hyperkinetic movements, and refrac-
tory epilepsy. We defined the electroclinical and movement disorder phenotype
associated with the monoallelic form of the DHDDS-related neurodevelopmental
disease and possible underlying dominant-negative mechanisms.
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also reported as normal. His electroencephalography (EEG)
recordings showed sharp-wave and slow-wave complexes
more evident on the posterior and frontal regions, in the
context of a dysregulated background activity. Hyperventila-

tion and photic stimulation were ineffective. Magnetic reso-
nance imaging of the brain at age 5 and 10 years was
unremarkable. Genetic studies, including karyotype, array
comparative genome hybridization, SCN1A and GLUT1 genes

Fig. 1 (A) Distinctive facial features: short and sloping forehead, laterally prominent eyebrows, large nostrils, and an open mouth appearance
with drooling. (B) A schematic illustration of the main functional domains of DHDDS protein: catalytic residue (CR)-farnesyl pyrophosphate (FPP)
binding site; FPP cleft; isopentenyl pyrophosphate (IPP) binding site. All other previously reported DHDDSmutations are indicated in black, while
our mutated de novo missense version of DHDDS protein is highlighted in red. (C) Sanger sequencing showing the proband carrying the de novo
missense variant in DHDDS (c.G632A; p.Arg211Gln).
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sequencing, and targeted resequencing of genes (n¼ 52) asso-
ciatedwith developmental epileptic encephalopathieswere all
reported as normal.

Video 1

Video of the boy showing hyperkinetic movements
including choreoathetosis and myoclonus. Online
content including video sequences viewable at:
https://www.thieme-connect.com/products/ejournals/
html/10.1055/s-0040-1713159.

To investigate themolecularetiologyof thephenotype inthe
affected individual,we thenperformedwhole-exome sequenc-
ing (WES) of the trio as previously described.1,2 In our analysis,
we prioritized autosomal or X-linked recessive (homozygous,
compound heterozygous, hemizygous) or heterozygous de
novo variants that were plausible candidates for the complex
clinical phenotype of the affected individual, presenting with
intellectual disability, speech impairment, hyperkineticmove-
ments, andepilepsy.Aspartofourfilteringstrategy,wefocused
on exonic and donor/acceptor splicing variants absent in the
general population or present only at a very low frequency
(<0.01% inpublic databases, including gnomADv2.1.1; https://
gnomad.broadinstitute.org/) and affecting genes previously
implicated in neurodevelopmental diseases, epilepsy and
movement disorders.We identified a de novomissense variant
in DHDDS (NM_205861.3: c.G632A; p.Arg211Gln) that has
been already reported as a cause of neurodevelopmental
disease3 variably associated with global developmental delay,
intellectual disability, impaired (or absent) speech, and seiz-
ures/EEG abnormalities. No additional candidate variants
emerged as plausible from the analysis of the WES data.

The dehydrodolichyl diphosphate synthase encoded by
DHDDS belongs to a complex (the so-called human cis-pre-
nyltransferase complex)4 which plays a crucial role in protein
glycosylation.5 Protein N-glycosylation is an essential post-
translational modification crucial to protein folding and olig-
omerization, as well as sorting and transport of proteins.6

Variations in glycosylation processes may markedly affect
protein structure and function, potentially resulting in a
wide range of disease phenotypes.7,8 Biallelic mutations in
DHDDS were initially shown to be implicated in autosomal
recessive retinitis pigmentosa and severe developmental epi-
leptic encephalopathies (MIM: 613861).9 Recently, recurrent
monoallelic de novo missense variants in DHDDS (c.G110A, p.
Arg37His and c.G632A, p.Arg211Gln,MIM: 617836) havebeen
reported in five patients with a milder glycosylation disorder
presenting with impaired neurodevelopment and variable
seizures and abnormal movements.10 Interestingly, the allelic
heterogeneity associatedwith the DHDDS-related neurodeve-
lopmental disease suggests a possible dominant-negative
mechanismunderlying themonoallelic formof the condition.3

In conclusion, we describe the electroclinical phenotype
associatedwithmonoallelicDHDDSdeficiency, and inaddition,

we show that hyperkineticmovements can be an early feature
in infancy. FurtherdescriptionsofpatientswithdenovoDHDDS
mutationswill define the genotype–phenotype correlations in
this rare genetic neurodevelopmental disorder.
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