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Abstract

POLR3A is a main subunit encoding RNA polymerase III which is involved in transcription of many RNA structures. Here

we report a new presentation of c.1771-6C>G intronic variant presenting as developmental regression, seizure and dystonia in

a 6-year-old boy associated with striatum involvement in the brain MRI.
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Abstract: POLR3A is a main subunit encoding RNA polymerase III which is involved in transcription of
many RNA structures. Here we report a new presentation of c.1771-6C>G intronic variant presenting as
developmental regression, seizure and dystonia in a 6-year-old boy associated with striatum involvement in
the brain MRI.
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Introduction:

POLR3A (RNA Polymerase III Subunit A) is a Protein Coding gene which is responsible for the fundamental
transcription of tRNA, mitochondrial RNA-processing RNA, 5S ribosomal RNA, H1 RNA, and noncoding
RNAs. Considering that this gene is involved in the transcription of many RNA structures, its mutations
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can lead to a wide range of phenotypes. The two main phenotypic categories with a variety of presentations,
are hypomyelinating leukodystrophy-7 (HLD7), and a rare neonatal progeroid syndrome (NPS) also known
as Wiedemann-Rautenstrauch syndrome (WDRTS) (1, 2).

HLD7 is an autosomal recessive leukodystrophy mostly presenting as early-onset hypomyelination, hypogo-
nadotropic hypogonadism, hypodontia, spasticity, dystonia, and neurodevelopmental regression. WDRTS is
commonly presented as considerable prenatal and severe postnatal growth retardation, facial dysmorphism,
dental anomalies (natal teeth and hypodontia), and generalized lipodystrophy along with abnormal fat dis-
tribution. Progressive ataxia and tremor have also been reported as a separate phenotype in some cases (3,
4).

Furthermore; in recent years, variants of POLR3A mutations without predominant ataxia have been reported
as well. These variants manifest as striatal disorders mostly presenting with dystonia and involvement of
putamen, caudate and red nucleus. Also biallelic POLR3A variants have been reported as a cause of
hereditary spastic ataxia (5-8).

In this report, we present a 6-year-old boy with a history of developmental regression, seizure and dystonia
from the age of two, who was diagnosed as a phenotypic variant of POLR3A mutation through whole exome
sequencing.

Case Presentation:

The patient was a 6-year-old male subject with an uneventful prenatal and birth history. He was born to non-
consanguineous parents. His siblings are normal. He was first presented to neurologist for delayed walking at
18-month-old that he was unable to walk independently and was managed with physical rehabilitation. He
developed febrile seizure at two year-old followed by gradual developmental regression. The seizures recurred
thereafter as unprovoked tonic clonic convulsions together with upward gaze lasting for about one minute.
Subsequently he developed swallowing difficulty followed by weight loss and movement disorder as dystonia.
Brain MRI was normal at that time. Metabolic studies were within normal limits. Electrodiagnostic study
was also normal.

During the course of the disease, he developed pneumonia, lack of speech, and inability to swallow solid
foods and became bed-ridden finally. With deterioration of his condition, second brain MRI was performed
which revealed bilateral striatal involvement (Figure1 ).

Finally whole exom sequencing (WES) was performed in Jan 2019 which was reported as follows: compound
heterozygote mutation in POLR3A gene (intron 13: c.1771-6C>G, exon 31: c.4037G>A p.C1346Y) related
with 4H leukodystrophy (Table 1 ).

Considering that the radiologic findings and clinical features of the patient were not compatible with the
classic 4H leukodystrophy, this diagnosis was not considered at that time. In 2020 reports of mutations
in POLR3A gene with movement disorder and striatal involvement were published which matched our
patient. Unfortunately the patient died of respiratory complications earlier and Sanger sequencing couldn’t
be performed for confirmation. However, considering the clinical presentation, striatal involvement and
intronic mutation at c.17771-6C>G which have also been described in two other patients, we believe that
this is the accurate diagnosis.

Discussion:

RNA polymerase III (also called Pol III) transcribes DNA to synthesize ribosomal 5S rRNA, tRNA and
other small RNAs. RNA Pol III transcribes the housekeeping genes which are required for all cell types.
The regulation of Pol III transcription is primarily linked to the regulation of the cell cycle and cell growth.
POLR3A and POLR3B encode the largest subunits of RNA polymerase III including RPc1 and RPc2,
respectively (9). Mutations in these two genes can lead to a wide range of phenotypes. Previous studies have
noted that patients with POLR3A mutation compared to the newly reported POLR3A variant generally
demonstrate more severe disorders such as rapid regression and severe neurological defects and shorter life

2
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expectancy. However, the disease starts rather later in POLR3A-mutated patients and most of them achieve
independent walking early in life (10). Our patient also had a normal history of speech and development
before age 2, and the deterioration began gradually afterwards.

The classic phenotype of hypomyelinating leukodystrophy including hypomyelination, hypodontia and hy-
pogonadotropic hypogonadism (4H syndrome) (10, 11) was not observed in the present patient. Our patient
had normal dental and gonadal appearance and function. On the other hand, in the 4H syndrome basal
ganglia are spared and ataxia is a chief finding, and dystonia is not a predominant feature (12) which differ
from our patient.

Di Donato et al reported 10 patients with POLR3A mutations, mostly the c.1909 + 22G > A variant,
to describe late-onset spastic ataxia without hypomyelinating leukodystrophy, but they raise other excep-
tions such as seizures and non-neurological features, and concluded that further expansions of variants and
phenotypic presentations should be investigated (12).

In recent years, variants of POLR3A mutations without predominant ataxia have been reported which
manifest as striatal disorders mostly presenting with dystonia and involvement of putamen, caudate and red
nuclei. Harting et al published a retrospective review on clinical, genetic, and MRI findings of nine patients
with POLR3A variants and striatal changes, from the patient database at the Center for Childhood White
Matter Disorders Amsterdam (13). The main clinical feature was extrapyramidal involvement in all the nine
patients. One of them had seizures (myoclonic jerks from age 15 months), one had no finding of failure
to thrive, and 3 had normal dentition. Main findings on MRI included striatal T2-hyperintensity/atrophy
and involvement of the superior cerebellar peduncles. Interestingly, the authors concluded that the striatal
variant is distinct from 4H leukodystrophy, and correlates with one of the two intronic variants, c.1771-6C
> G or c.1771-7C > G, of which our patient had the first one.

Zanette et al reported a 9-year-old female patient with severe generalized dystonia, hypotonia, metabolic
acidosis, leukocytosis and dysphagia who had basal ganglia atrophy on brain MRI. Nearly similar to our
case, this girl also presented with recurrent pulmonary infections and milestone regression, and was unable
to talk at 2 years. Whole-exome sequencing revealed a compound heterozygous for a missense c.3721G>A
(p.Val1241Met) and the splicing region c.1771-6C>G mutation in POLR3A, which is again very relevant to
our patients’ findings (2).

Hiraide et al also reported two sets of compound heterozygous variants in POLR3A, c.1771-6C > G and
c.791C > T, p. (Pro264Leu) and c.1771-6C > G and c.2671C > T, p. (Arg891*), leading to neuropsychiatric
regression and severe intellectual disability in three patients from two families. Both sets shared the c.1771-
6C > G variant, and two of the three patients had dystonia, similar to our patient (14).

There is also a report of spastic paraplegia and dystonia and minor changes in brain MRI, as a form of
adult-onset POLR3A-related disorder, in a 35-year-old woman (15).

Conclusion:

As described in the literature till now, given that this gene is involved in transcription of many RNA
structures, POLR3A mutations can lead to a wide range of phenotypes. Although the most typical known
presentation of this mutation is the hypomyelinating leukodystrophy, other phenotypes such as milestone
regression, seizure and dystonia, should be taken into consideration as a variant of these genetic mutations.
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