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(Abstract

Mutations in GNAO! (Gunanine Nucleotide-binding protein, Alpha-activating activity polypeptide O) are associated with rare
autosomal dominant neurodevelopmental syndrome and movement disorders. Clinical manifestations appear very heteroge-
neous. Here, for the first time, we report an Indian male child with low serum ceruloplasmin level and 24-hour urinary copper
without Kayser-Fleischer ring, manifesting sudden onset of dystonia. This study aims to identify the causal genetic variants
(if any) associated with complex clinical manifestation by whole-exome-sequencing approach. Our WES data identified a
de novo missense variant, c.644G>A (Cys215Tyr) in exon 6 of GNAO/! gene and novel 2 base-pair deletion in exon 1 of the
Ceruloplasmin (CP) gene with maternal inheritance. Thus, our study implies the importance of Whole Exome Sequencing in
hypoceruloplasminemia associated movement disorder to rule out Wilson’s disease.
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Introduction

Neurodevelopmental disorder with or without variable move-
ment or behavioural abnormalities is an autosomal dominant
disorder, characterized by mild to severely impaired intel-
lectual development and movement abnormalities [1]. It is a
complex disorder with broad spectrum of clinical heterogene-
ity. Owing to the contributions from multiple genes in aetiol-
ogy of neurodevelopmental disorder, molecular diagnosis is a
prerequisite in order to explain the mixed phenotype as well
to provide a proper treatment regimen. Since Whole Exome
Sequencing (WES) is more potent than targeted gene sequenc-
ing for identification of missing / novel or all probable genetic
variants associated with complex diseases, with respect to time
and cost. Now a days, WES has become a common practice in
the field of clinical neuroscience.

Here, we report an Indian male child patient who presented
dystonia with normal MRI and EEG findings, lower 24-hour
urinary copper & serum ceruloplasmin levels than the refer-
ence range, and absence of a Kayser-Fleischer ring. Since
mixed phenotype challenged the accurate diagnosis, we aimed
to apply the WES strategy to identify underlying causal genetic

variations resulting in complex childhood neurological mani-
festations.

Case Report

The 6-year-old boy, born to non-consanguineous parents with
no family history of neurological diseases, presented with an
imbalance in the head and trunk with a tendency to fall back-
ward, swaying to the right side with exaggerated posturing of
both upper limbs and tremulousness in fingers and legs. He also
had hyperkinetic dysarthria and postural tremor in both hands.
The intensity of the tremor was more prominent while holding
an object and eating. His hyperkinetic movement was not as-
sociated with intellectual disability (IQ score: 110). There was
a history of neonatal sepsis, which required external oxygen
support after birth. At the age of one-and-half years, he started
facing difficulties while running. Abnormal involuntary pos-
turing of lower limbs including imbalance, swaying to either
side with posturing in the neck, and toe walking was observed.
This insidious onset was found to be progressive. Additional
manifestations like right eye uveitis associated with poor vi-
sion were also started at the age of two-and-half years of the
subject. Despite such presentations, the boy was not subjected
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Figure 1: Screening of Cys215Tyr variant (c.644G>A) in GNAOI gene and c.131 132 del TT in CP gene
in a child affected with Neurodevelopmental disorder with movement disorder and hypoceruloplasminemia.
A. The upper panel represents a 2-generation pedigree showing age and sex of each individual. The
filled symbols indicate symptomatic GNAOI and CP mutants. Segregation pattern of the GNAOI and CP
variant allele in family members.
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B. Chromatograms of the DNA sequence from the index case (II-1) showing the heterozygous condi-
tion of the c.644G>A of GNAOI.
C. Normal MRI Brain Axial Flair, (D) Axial TIW1, (E) Coronal T2W1 and (F) Axial SW1 images

showing normal brain MRI.

to any treatment up to his age of six years and four months.
Suddenly, he developed a high-grade fever which sustained for
consecutive five days. One week later, there was a sharp ag-
gravation of his abnormal movements with the tendency to fall
backward for which he was finally brought to the clinic for the
first time from disease onset. Finally, he was subjected to tri-
hexyphenidyl (3mg/day) treatment and responded well.

The brain magnetic resonance imaging (MRI) and EEG, NCV
showed no signs of abnormality. As per the Unified Dystonia
Rating Scale, the score was 11.5. Meanwhile, his investiga-
tions including complete hemogram, blood sugar, renal func-
tion tests, electrolytes, thyroid function test, and vitamin B12
were seemed to normal with lower urinary copper (11.7 ug/24
hours) and serum ceruloplasmin level (18.2 mg/dl). However,
on slit lamp examination, the Kayser-Fleischer ring was found
to be absent. At the same time, antinuclear antibody profile,
serum VDRL, and HIV antibodies were found to be negative.
Moreover, on neuropsychological evaluation using the Devel-
opmental Screening Test and Vineland Social Maturity Scale,
no neuropsychological problem was identified.

Discussion

By doing WES, we identified causative variants in two disease-
causing genes (GNAOI and CP) in a single infant included in
our study. The GNAOI1 gene encodes for the major neuro-
nal G protein Goo which transduces signals from numerous

G protein-coupled receptors (GPCRs) such as D2 dopamine,
p-opioid, M2 muscarinic, or a2-adrenergic receptors. Muta-
tions in this gene previously were found to be associated with
childhood-onset epileptic encephalopathy or generalized dys-
tonia with developmental delay [2]. The Cys215Tyr missense
variant which was identified in our study, had previously been
reported in a family showing a milder phenotype consistent
with autosomal dominant inherited dystonia [3]. Such clinical
manifestation was also reiterated in the GNAOI1 [C215Y]/+
mouse model displaying distinct phenotypes like strong hy-
peractivity and hyper locomotion in a panel of behavioral as-
says, without signs of epilepsy [4]. Interestingly, the structural
anomalies associated with this mutation observed in the mouse
model were inconsistent with MRI findings from human sub-
jects [4].

The other variant that was identified in this study subject was
a 2 base pair deletion (c.131 132delTT) variant in exon 1 of
the CP gene, resulting in a truncated peptide (Leud4HisfsTer4).
This variant may explain the hypoceruloplasminemia pheno-
type without classical features of Wilson Disease which was
genetically confirmed by the absence of mutation in ATP7B
gene. Our present finding is consistent with a report by Lirong
et al., 2009 where hypoceruloplasminemia-related movement
disorder without KF-rings, exhibiting mild low serum CP was
described as different from WD and also not associated with
ATP7B mutation [5].
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Therefore, in brief, two major phenotypes 1.e., hyperkinetic
movement with dystonic posture and low serum and 24-hour
urinary copper level without Wilson disease phenotype can be
explained by the variants described earlier. De novo mutations
in the GNAOI1 gene were initially reported in children with
early infantile epileptic encephalopathies such as Ohtahara
syndrome [2]. However, with growing evidence, neurode-
velopmental disorder with involuntary movements (NEDIM)
phenotype appeared as a major manifestation caused by the
GNAOI1 mutations without encephalopathy yet was severe
enough to incapacitate the child to prevent independent sitting,
standing, walking, or eating [6]. Moreover, the worsening of
clinical condition by stress was reported to be a striking pheno-
type in this movement disorder while most of the patients show
normal neuroimaging. Our case is in full accordance with such
documented literature. In 2022, from India, another infant was
reported with a different mutation (c.736G>A/p. Glu246Lys
mutation) in GNAO1 mutation predominately presenting se-
vere hyperkinetic movements with the first episode of clinical
seizure activity at the age of 7 years [7]. In an earlier report, the
variants associated with movement disorders were classified as
“gain of function” a mutation to be present outside the catalytic
pocketi.e., between AA207 and AA221 of the protein [8]. With
no exception, here also, the location of the mutation i.e., 215
positions were found to be associated with hyperkinetic move-
ment disorders.

Conclusion

In conclusion, our study proves that dystonia along with hy-
poceruloplasminemia without K-F rings should be offered
whole exome sequence to identify other genetic variants for
accurate diagnostic, therapeutic, and prognostic purposes.
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