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Childhood-Onset Choreo-Dystonia Due to a
Recurrent Novel Homozygous Nonsense
HPCA Variant: Case Series and Literature
Review

Francesca Magrinelli, MD, PhD,"* 2 Kailash P. Bhatia, MD, DM, FRCP,' () Mehran Beiraghi Toosi, MD,2° Fatemeh Arab, PhD,*
Ehsan Ghayoor Karimiani, MD, PhD,>® Sahar Sedighzadeh, PhD,”® Behnaz Ansari, MD,? Maedeh Neshatdoust, BSc,” Clarissa Rocca, MSc,"
Henry Houlden, MD, PhD,” () and Reza Maroofian, PhD"

Abstract: Background: Biallelic variants in HPCA were linked to isolated dystonia (formerly DYT2) in 2015. Since
then, the clinical spectrum of HPCA-related disorder has expanded up to including a complex syndrome
encompassing neurodevelopmental delay, generalized dystonia with bulbar involvement, and infantile seizures.
Cases: We report four individuals with a new phenotype of childhood-onset choreo-dystonia belonging to two
unrelated Iranian pedigrees and harboring a novel homozygous nonsense pathogenic variant NM_002143.3:
c.49C>T p.(Arg17*) in HPCA. Although the families are both Iranian, haplotype analysis of the exome data did not
reveal a founder effect of the variant.

Literature Review: A systematic review of articles on HPCA and dystonia published since the disease gene
discovery (PubMed; search on July 09, 2022; search strategy “HPCA AND dystonia”, “HPCA AND movement
disorder”, “hippocalcin AND dystonia”, and “hippocalcin AND movement disorder”; no language restriction)
resulted in 18 references reporting 10 cases from six families. HPCA-related dystonia was isolated or in various
combinations with neurodevelopmental delay, intellectual disability, seizures, cognitive decline, and psychiatric
comorbidity. Onset of dystonia ranged from infancy to early adulthood. Dystonia started in the limbs or neck
and became generalized in most cases. Brain MRI was unremarkable in nearly all cases where performed.
There was poor or no response to common antidystonic medications in most cases.

Conclusions: Our case series expands the pheno-genotypic spectrum of HPCA-related disorder by describing
childhood-onset choreo-dystonia as a new phenotype, reporting on a recurrent novel pathogenic nonsense
variant in HPCA, and suggesting that exon 2 of HPCA might be a mutational hotspot.

Biallelic HPCA variants were first linked to isolated dystonia (for- syndrome featuring neurodevelopmental delay, generalized dystonia
merly DYT2) in 2015." Thenceforth, despite large dystonia cohorts with bulbar involvement, and infantile seizures."*”

being screened, ™ only 10 cases from six pedigrees have been HPCA encodes hippocalcin, a neuron-specific calcium-
reported, with clinical features ranging from isolated dystonia to a binding protein highly expressed in the human striatum and
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CASE SERIES WITH LITERATURE REVIEW

HPCA-RELATED CHOREO-DYSTONIA

hippocampus.' Hippocalcin modulates the activity of voltage-
dependent calcium and potassium channels.®

We report four individuals with choreo-dystonia belong-
ing to two unrelated Iranian families and carrying a novel
homozygous nonsense HPCA variant, perform haplotype
analysis of the exome data from two probands, retrieve our
genetic databases looking for additional HPCA cases, and
systematically review previously published HPCA cases
(Table 1). In the two probands herein reported, whole-
exome sequencing (WES) was performed with Ilumina
NovaSeq (50X mappable, 6-8 Gb) after DNA sample prepa-
ration and exome enrichment using Agilent SureSelect
Human All Exon V6 kit.

Cases Series
Pedigree A

Case A-II-1: A 14-year-old right-handed Iranian male (Fig. 1A),
first child of consanguineous parents, had a history of intrauterine
growth retardation. He was bom at 39 gestational weeks and
manifested mild jaundice at birth. He had delayed gross motor
milestones, with acquisition of sitting position at age 1.5 and
independent walking at age 2, whereas his speech and language
development was unremarkable. He showed abnormal posturing
of his fingers and feet since early childhood, with slow progres-
sion to generalized dystonia. He had two younger brothers, of
whom one (Case A-II-2) was similarly affected and the other
died of a bowel defect in early childhood. There was no family
history of neurological, muscular, cardiac, gastrointestinal disor-
ders or dysmorphic features in the extended pedigree. On exami-
nation (Video 1), he had mild dysmorphic features, including
everted lower lip, large ears, and S-shaped scoliosis. He had dys-
arthria, generalized mobile dystonia with facial grimacing and
prominent involvement of his distal limbs with acral choreiform
movements of his fingers and feet. His gait was characterized by
mild dystonic posturing of his toes. Despite formal
neuropsychometry not being performed, cognitive functions
were reported to be intact. Brain MRI at age 11 and EEG were
unremarkable. Echocardiography showed small muscular ventric-
ular septal defect. Trials of levodopa, tetrabenazine, and
trihexyphenidyl were unsuccessful.

Case A-II-2: His 10-year-old brother (Fig. 1A) was bom at
39 gestational weeks. He showed delayed gross motor mile-
stones, including acquisition of sitting position at the age 1 year
and independent walking at age 2 years. He also presented with
slowly progressive abnormal posturing of his fingers and feet
since early childhood. He suffered from social anxiety not requir-
ing specific treatment. Examination (Video 1) revealed everted
lower lip and large ears, dysarthria, generalized mobile dystonia
with prominent facial grimacing and choreiform movements of
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his distal limbs. He showed dystonic posturing of his left foot
when walking. There were no concerns about his cognitive
functions in view of his school performances. EEG and echocar-
diography were normal. Dystonia did not respond to
trihexyphenidyl.

On WES, the proband was found to carry a novel homozy-
gous nonsense variant NM_002143.3:c.49C>T p.(Argl7*) in
HPCA residing within a 21 Mbp region of homozygosity
(ROH; Fig. 1B). No pathogenic or likely pathogenic variants
were found in other genes associated with neurological disorders.
Segregation analysis revealed that his affected brother was homo-
zygote, and their parents were heterozygotes for the same variant
(Fig. 1A).

Pedigree B

Case B-II-1: A 35-year-old right-handed Iranian male (Fig. 1C)
was born full term to a consanguineous couple. Pre- and perina-
tal history were uneventful. He had delayed motor milestones.
At the age of 18 months, he started experiencing involuntary
jerky head movements. Over few years, he developed dysarthria
and generalized dystonia affecting his limbs and trunk. He had
one younger brother in good health and one younger sister with
a milder phenotype of choreo-dystonia. On examination
(Video 2), he showed mild dysmorphic features (everted lower
lip) and had dysarthria and generalized dystonia with choreiform
movements mostly affecting the perioral region, upper limbs,
and feet. His gait was mainly characterized by worsening of dys-
tonic posturing of his trunk and upper limbs. Brain MRI and
EEG were unremarkable. He had partial response to
trihexyphenidyl and tetrabenazine.

Case B-II-3: His 21-year-old sister (Fig. 1C) was born full term
after uncomplicated pregnancy and vaginal delivery. She had del-
ayed motor milestones. She started manifesting involuntary jerky
head movements at the age of 18 months with progression to
choreo-dystonia affecting her upper body over few years. Her
brain MRI and EEG were normal. She refused any pharmaco-
logical treatment.

WES revealed that the proband was homozygote for the non-
sense variant NM_002143.3:¢.49C>T p.(Argl7*) in HPCA with
in 44 Mbp region of homozygosity (Fig. 1D). No pathogenic or
likely pathogenic variants were found in other genes associated
with neurological disorders. Segregation analysis confirmed that
his parents were heterozygotes, and his affected sister was homo-
zygote for the same variant (Fig. 1C).

The HPCA variant hitherto reported has one heterozygous
and no homozygous entries in GnomAD_v2/v3 (accessed on
09/July/2022), is absent from Iranome GME Variome and
Queen Square Genomics database, is predicted pathogenic by in
silico prediction tools, including a CADD score of 35.0, and is
pathogenic according to the ACMG/AMP variant classifica-
tion."! Haplotype analysis of the two probands (Fig. 1E) revealed
only a narrow ROH of 200 Kbp with the same pattern of
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FIG. 1. (A) Family tree of pedigree a, segregation analysis of the HPCA variant NM_002143.3:C.49C>T p.(Arg17*), and video frames showing
the proband (A-11-1) and his affected brother (A-1I-2) with prominent upper limb dystonia. The DNA region of interest was amplified
bidirectionally using the following primers (5’ — 3'): F-caaacaagaggcagggatgg and R-ggggtaaagggccaatgttc, with an amplicon size of
821 base pairs (bp). Chromatograms were analyzed using the Sequencher software package. (B) Regions of homozygosity (ROH)
encompassing the HPCA variant identified by processing the VCF file from Case A-lI-I's exome sequencing data through AutoMap
(https://automap.iob.ch/).”® HPCA lies in a 21 Mbp ROH (GCh38 genomic coordinates chr1:24095460-45,206,294) on chromosome 1p35.1
(red arrow). (C) Family tree of pedigree B, segregation analysis of the HPCA variant NM_002143.3:C.49C>T p.(Arg17*), and video frame
showing the proband (B-II-1) with prominent oromandibular and upper limb dystonia. Sanger sequencing was performed and visualized as
reported above. (D) ROH encompassing the HPCA variant identified by processing the VCF file from Case B-II-I’s exome sequencing data
as reported above.'® HPCA lies in a 44 Mbp ROH (GCh38 genomic coordinates: chr1:18377050-62,263,112 on chromosome 1p35.1 (red
arrow). (E) Haplotyping revealed different haplotypes around the HPCA variant (GCh38 genomic coordinates: chr1:32,800,000-
33,000,000). (F) Schematic of the HPCA gene with variants hitherto reported, including the novel one reported in the present article
(highlighted in red); all variants were reported in the homozygous state except for the underlined variants, which were reported in
compound heterozygosity.' A Reannotation of NM_002143(HPCA):C.G28del-C [p.P10PfsTer80].°> Arrow, proband; HET, heterozygote; HOM,
homozygote; wt, wild type; ?, unknown genotype.
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HPCA-RELATED CHOREO-DYSTONIA

Video 1. Pedigree A. First sesgment. The proband (Case A-II-1,
age 14) showing generalized choreo-dystonia with prominent
acral involvement and mobile facial grimacing. When walking,
he presented with mild dystonic trunk tilt and mild dystonic
posturing of the feet. During writing, there was dystonic
posturing of the right hand with motor overflow to the left
hand. Second segment. The proband’s younger brother

(Case A-lI-2, age 10) showing generalized choreo-dystonia with
prominent acral involvement and mobile facial grimacing, the
latter being mainly present on action. He also presented with
mild dystonic trunk tilt and dystonic posturing of the feet
(right > left) when walking. He had dystonic posturing of the
right hand with minimal motor overflow to the left hand when
writing.

variants in the probands of the two families. Shared variants
within this region all have high frequency in both gnomAD and
our genetic datasets, suggesting that this HPCA variant is not a
founder mutation in these cases.

By screening our dataset of 23,741 exomes (522 subjects with
diagnostic category “dystonia”) and the 100,000 Genomes Pro-
ject repository (1116 participants enrolled using the Human Phe-
notype Ontology term “dystonia”), we identified only two
additional HPCA cases from one pedigree previously published.!
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Video 2. Pedigree B. The proband (Case B-II-1, age 35) showing
mild dysmorphic features (everted lower lip) and generalized
dystonia with choreiform movements mostly affecting the
perioral region, upper limbs, and feet. His gait was mainly
characterized by worsening of dystonic posturing of his trunk
and upper limbs. During writing, there was dystonic posturing
of the right hand with motor overflow to the left hand.

Literature Review

Articles published since 2015 (disease gene discovery) were iden-
tified by systematically searching PubMed on July 09 2022.
There was no language restriction. The search strategy was
“HPCA AND dystonia” (14 results), “HPCA AND movement
disorder” (10 results), “hippocalcin AND dystonia” (13 results)
and “hippocalcin AND movement disorder” (10 results), with
deduplication resulting in 18 references. Reference list of rele-
vant articles and online first publications were also reviewed.
Along with new HPCA cases herein described, 14 subjects
(eight males, six females) from eight pedigrees of Sephardic Jew-
ish, Sri Lankan, Turkish and Iranian origin outline HPCA-related
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dystonia as being isolated or variously combined with neu-
rodevelopmental delay, intellectual disability, infantile seizures,
chorea, mild dysmorphic features, cognitive decline, pain, and psy-
chiatric comorbidity (Table 1). Neurodevelopmental milestones,
in particular gross motor achievements, were delayed in seven
cases. Age of dystonia onset ranges from infancy to early adult-
hood. Dystonia starts in the limbs or neck and mainly affects the
perioral, cervical, and upper limb regions, becoming generalized in
most cases. Brain MRI was unremarkable in 10 out of 11 cases
where performed. Dystonia shows poor or no response to oral
antidystonic drugs. Eight HPCA variants, including five missense
and three loss-of-function (LOF) variants, have been linked to
dystonia, all but one located in exon 2 of the gene (Fig. 1E).

Discussion

Our case series expand the pheno-genotypic spectrum of
HPCA-related disorder. First, these new cases document the
novel association of biallelic HPCA variants and choreo-dystonia.
Occurrence of choreatic movements along with dystonia is
consistent with evidence of striatal dysfunction in HPCA-related
disorder.’? Functional studies recently proved that the dystonia-
linked HPCA variant p.Asn75Lys' prevents suppression of
neuronal activity via slow afterhyperpolarization, which results in
increased neuronal excitability of striatal neurons and altered syn-
aptic plasticity likely through a LOF mechanism.'? Interestingly,
hippocalcin expression is reduced in mouse models of Hunting-
ton disease (HD) at clinical onset and in human HD brain.'>'*
Long-term follow-up and neuropathology may establish if HPCA
LOF variants cause neurocognitive decline/neurodegeneration
directly or by influencing HPCA downstream effectors. Overall,
our case series with HPCA-related childhood-onset choreo-dystonia
support the inclusion of HPCA in the diagnostic workup of geneti-
cally unexplained early-onset chorea associated with dystonic fea-
tures, with this phenotype having previously been associated with
autosomal dominant disorders due to variants in NKX2-1, ADCY5
(where facial/perioral twitching is a common manifestation as
observed in HPCA-related disorder),ls’l(’ PDE10A,” DRD2'®! as
well as autosomal recessive PDE2A-related disorder.2’ Second, we
report a novel pathogenic HPCA variant which recurs in two fami-
lies without evidence of being a founder variant. Although the lim-
ited number of HPCA cases reported so far hampers genotype—
phenotype correlations, our cases suggest that truncating variants in
HPCA might invariably been associated with neurodevelopmental
delay preceding the onset of dystonia in early childhood. Third, we
suggest that exon 2 of HPCA can represent a mutational hotspot.
Finally, we confirmed that biallelic HPCA variants represents a very
rare dystonia etiology.
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