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Abstract

Background: Pathogenic variants in the GNAO! gene have been linked to severe epileptic encephalopathy, severe progressive move-
ment disorders, developmental delay, and intellectual disability. The majority of cases of GNAOI variants reported in the literature

exhibit severely debilitating phenotypes.
Method: Reporting on two cases.

Results: We present two unrelated girls, an 18-year-old, and a four and a half-year-old, with mild phenotypes. While each was noted
early on to have hypotonia, failure to thrive, and developmental delay, they have both made significant progress with therapeutic
interventions. Neither have had any developmental regression, seizures or choreoathetosis.

Conclusion: These two cases further expand the phenotype spectrum of GNAOI mutations, which is important for counseling and to

help guide management plans.
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Introduction

Guanine-binding protein (G-protein)-coupled receptors modu-
late neuronal excitability. Heterotrimeric G-proteins are com-
posed of a-, b-, and g-subunits. The most abundant class of
Ga-subunits is called Gao and is encoded by the GNAOI gene
[1]. Variants in this gene have previously been linked to se-
vere epileptic encephalopathy and severe hyperkinetic disorders.
Patients are typically hypotonic and have significant intellectual
disability [2]. The majority of cases of GNAOI variants reported
in the literature exhibit severely debilitating phenotypes. Further
characterisation of milder clinical phenotypes is crucial in eluci-
dating the full spectrum of GNAO-related disorders.

Case reports

Case 1

An 18-year-old girl presented to the clinic with dysphonia and
abnormal gait. Following an uneventful perinatal history, she
was noted to have had low tone early on in life. At nine months
of age, she was falling behind in developmental milestones with
failure to thrive. As a result, therapies (physical, occupational
and speech) were started, and she made steady progress over
time. At 20 months of age, she began to walk. She is now fully
ambulatory without limitation. She is able to speak fluently, but
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also has dysarthria that can occasionally make her speech diffi-
cult to understand. Talking slowly and taking deep breaths before
she speaks tend to help make her speech more understandable.
Occasionally, she has mild drooling, but no choking or difficulty
swallowing. Her speech and her gait worsen when fatigued. She
actively participates in sports, including frisbee, soccer and hik-
ing. She volunteers as a camp counselor and is able to drive.
She had an Individualised Education Plan (IEP) early on in her
schooling but did not need one in high school or thus far in col-
lege. Her condition plateaued in severity over the last few years.
She has not had any developmental regression, seizures or dyski-
netic movements. She has been diagnosed with chronic migraine
without aura. She takes amitriptyline and riboflavin for prophy-
laxis, and zolmitriptan as needed for rescue. Regarding family
history, the patient has one brother who has migraines and is
otherwise healthy. There is no further family history of devel-
opmental or neurological disorders. When she was examined in
clinic, she had no abnormalities on her general exam. Her weight
was in the 60" centile, and her height in the 95" centile. Her
neurological exam showed normal cranial nerve function, except
for dysphonia, and mild tongue tremor. Appendicular tone was
mildly decreased throughout, and strength was full. Deep tendon
reflexes were +2 and symmetrical throughout, and flexor plantar
response was intact. Her gait was narrow-based, with a mildly
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stooped posture, decreased knee-bending, and genu valgum. Ad-
ditionally, arm swing was noted to be decreased bilaterally with
mild dystonic flexion of both arms. (See video.)

Throughout her life she has had extensive work-up which
was unrevealing. Tests included normal creatine kinase, nor-
mal metabolic work-up (serum quantitative amino acids, urine
organic acids), normal thyroid function test, negative anti-
nuclear antibodies (ANA), normal immunoglobulin levels, nor-
mal coeliac panel, and normal alpha fetoprotein level. A muscle
biopsy, electromyography/nerve conduction study (EMG/NCS),
and cardiac echocardiogram were normal. A video stroboscopy
showed normal vocal cord function. She had two brain magnetic
resonance imagings (MRIs), one at the age of two years, and the
other at the age of 16 years, both normal. Genetic tests yielded a
normal karyotype, a chromosomal microarray was without clin-
ically significant abnormalities, cystic fibrosis-testing was neg-
ative, and both facioscapulohumeral muscular dystrophy and
myotonic dystrophy-testing was negative. The patient’s mother
works as a nurse, and she remained interested in finding a diag-
nosis, so she saw a different neurologist. In addition to ordering
the second brain MRI mentioned above, an exome sequencing
test was ordered.

The exome sequencing via GeneDx showed the patient to be
heterozygous for the de novo N242T pathogenic variant in the
GNAOI gene (c.725 A>C, p.Asn242Thr (AAC>ACC)). For this
gene, 100% of the coding region was covered at a minimum of
10x by the XomeDx test. The patient’s mother and father were
both confirmed to not harbour this variant. The N242T vari-
ant in the GNAOI gene has not been reported previously as a
pathogenic variant, nor a benign variant. The N242T variant is
not observed in large population cohorts [3]. The N242T variant
is a conservative amino acid substitution, which is not likely to
impact secondary protein structure, as these residues share sim-
ilar properties. Silico analyses, including protein predictors and
evolutionary conversation, support a deleterious effect. No other
variants were reported in this patient. This particular variant has
been reported as a de novo variant with confirmed parentage in
an individual previously tested at GeneDx with a GNAO-related
disorder.

Case 2

A five-year-old girl presented to the clinic with developmental
delay and abnormal gait. She had an uneventful perinatal his-
tory. At the age of three months, she was noted to have low
tone and failure to thrive. She has global developmental de-
lay but has been making steady progress with various therapies
(physical, occupational and speech). She first walked at approx-
imately two years of age, but continues to present with intermit-
tent toe-walking, and has frequent falls. She can only say a few
words. She has not had any regression in milestones, seizures, or
choreoathetosis. The patient has no siblings, and there is no fur-
ther family history of developmental or neurological disorders.
Her general exam was unremarkable. Her weight was in the 70/
centile, and her height was in the 95" centile. Her neurological
exam showed normal cranial nerve function. Appendicular tone
was mildly decreased throughout, but strength was full. Deep

tendon reflexes were +2 and symmetrical throughout, and flexor
plantar response was intact. Her gait was wide-based, with flexed
knees, and she held her arms in flexion as she walked. Work-up
included a brain MRI which was normal. Chromosomal microar-
ray was normal, and testing for Rett syndrome and for Prader
Willi syndrome were negative.

Most recently, she had exome-sequencing via GeneDx, and
that showed the patient to be heterozygous for a de novo
pathogenic variant in the GNAOI gene (C.724-8G>A; IVS6-
8G>A). For this gene, 100% of the coding region was covered
at a minimum of 10x. This variant is predicted to damage the
natural splice acceptor site, and creates a stronger splice accep-
tor site in intron 6. The patient’s mother and father were both
confirmed to not harbour this variant. No other variants were re-
ported in this patient. This variant has been reported de novo in
an individual with abnormality in the nervous system [3]. In ad-
dition, GeneDx has previously observed this variant as de novo in
two presumably unrelated individuals with developmental delay
and dystonia. This variant was not observed in large population
cohorts [4].

Discussion

The GNAOI gene has a cytogenetic location of 16q12.2 and
encodes the alpha subunit of the Go heterotrimeric G-protein
signal-transducing complex [1]. Variants in this gene are de-
tected using exome-sequencing or targeted next generation se-
quencing panels. De novo variants in GNAOI were first de-
scribed in 2013 in four children with severe epileptic en-
cephalopathy and intractable seizures, starting as early as a few
days of life [1]. Some of these patients also had dyskinesia. In
2016, the first case reports of patients with severe movement dis-
orders and few or no seizures emerged [2]. Since then, there have
been over 60 cases reported in the literature, with more than 20
pathogenic variants identified. These are largely characterised
by highly debilitating symptoms, such as epileptic encephalopa-
thy, severe chorea, athetosis and other dyskinesias. Earlier re-
ports suggested a genotype-phenotype correlation where variants
leading to loss of function lead to epileptic encephalopathy, and
variants leading to gain of function result in a hyperkinetic move-
ment phenotype [5]. That was later challenged, with the recog-
nition that phenotypes fall on a spectrum [6]. In patients with the
movement phenotype, exacerbations of the hyperkinetic move-
ments frequently lead to hospitalisation, including admission to
intensive care units. Many of these cases are refractory to treat-
ment. Tetrabenazine, topiramate and deep brain stimulation have
been used to alleviate symptoms [7, 8, 9, 10]. Unlike the two
patients described in this report, structural brain abnormalities
have been reported, including cerebral atrophy, small caudate,
thin or dysmorphic corpus callosum, ventricular enlargement and
delayed myelination [11, 12].

The first patient in this report is one of the oldest patients with
this variant to be reported in the literature. Previously, a 19-year-
old patient was reported with the GNAOI variant (c.625C>T,
p-Arg209Cys) [2, 8], but she had severe symptoms, including
progressive chorea, and was refractory to multiple anticonvul-
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sants. In contrast, our first patient mentioned above successfully
made progress with therapy, and currently leads an independent
life. Previous reports described cases with a ‘mild’ phenotype
[12], but these patients still had seizures and dyskinesia. Neither
of the two patients in this report had seizures or dyskinesia, and
they have not required pharmacological treatment. The parents
in the first case were interested in reaching a diagnosis, which led
to ordering an exome-sequencing, although many patients with
such phenotypes do not get tested.

Whole-exome-sequencing (WES) has revolutionised the diag-
nostic yield in patients with rare conditions, solved many chal-
lenging cases, and has helped expand the phenotype of many
variants. Given the limited availability of this test, clinicians tend
to reserve it for patients with severe symptoms, especially when
having a clear diagnosis would change management. However,
patients with milder symptoms from a genetic variant are less
likely to get tested, ultimately failing to contribute to the pheno-
typic spectrum of the respective variant type. A clinician’s expe-
rience, the parents’ motivation, the availability of genetic coun-
selors, and insurance coverage are the main factors that influence
whether exome-sequencing is performed. As exome-sequencing
becomes more readily available, patients will be tested more of-
ten, and starting at a relatively younger age. It is of utmost impor-
tance to know the spectrum associated with rare genetic variants
in order to provide proper counseling and anticipatory guidance
to patients.
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Video legend

Video: Case 1 exam findings, including abnormal speech, and
abnormal gait.
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