
https://doi.org/10.1093/brain/awac240 BRAIN 2022: 145; e95–e98 | e95

Expanding PRDX3 disease: broad range of onset age and infratentorial MRI 
signal changes
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Variants in PRDX3 have recently been described to cause 
autosomal-recessive cerebellar ataxia.1 However, confirmation by 
an independent second report is still lacking and information on 
phenotypic variety (in particular, distribution of age of onset) and 
MRI findings is limited. Here we leverage an updated screening 
of >3500 ataxia exomes and genomes to identify two novel 
autosomal-recessive PRDX3 families. Our findings represent an in
dependent confirmation of this novel ataxia gene, suggest a neuro
developmental component of PRDX3 disease, and a broad range of 
striking MRI signal changes, which indicate damage also to non- 
cerebellar neuronal systems in PRDX3 disease.

Genetics

Whole-exome (WES) or whole genome (WGS) sequencing was per
formed in 3500 families diagnosed with cerebellar ataxia and >20 000 
individuals with other, unrelated phenotypes. Sequencing data was 
analysed with bioinformatics tools provided by the GENESIS genomics 
platform (PMID: 26173844) and the IMGAG GSvar pipeline (https:// 
github.com/imgag/ngs-bits/tree/master/doc/GSvar).2 Recessive mis
sense variants were analysed using strict filters for allele frequency 
[minimum allele frequency (MAF)gnomAD < 0.01], high functional pre
diction [Combined Annotation Dependent Depletion (CADD) > 20] 
and conservation [Genomic Evolutionary Rate Profiling (GERP) > 3] 
scores; loss-of-function variants were analysed irrespective of func
tional and conservation scores. Beyond the previously identified 
PRDX3 patients,1 we identified two novel unrelated recessive families 
with novel PRDX3 loss-of-function variants: c.43C>T, p.Arg15Ter, 

homozygous in a Syrian patient from a consanguineous family with 
infantile onset cerebellar ataxia; and c.658C<T, Gln220Ter (Fig. 1A
and B and Table 1), homozygous in a Turkish patient from a consan
guineous family with mid-adult onset (35 years) cerebellar ataxia. 
PRDX3 variants and segregation analysis were confirmed by Sanger se
quencing (Fig. 1A). Both variants are predicted to be ‘pathogenic’ ac
cording to the ACMG (American College of Medical Genetics) criteria, 
including the very strong PVS1 criterium for null variants and the 
strong PM2 criterium for extreme low allele frequency in population 
databases. No biallelic PRDX3 variants were observed in any of the 
other probands’ WES/WGS datasets with unrelated phenotypes, indi
cating the specificity of the finding of damaging PRDX3 variants to 
ataxia and thus further supporting their pathogenic relevance.

Phenotypic spectrum

Patient 1 (Family 1, IV-4) is a female born in Syria from first degree 
consanguineous parents. She showed congenital, infantile onset, 
cerebellar ataxia with motor developmental delay, with independ
ent walking starting not before age 2 years. Cerebellar ataxia was 
manifest by gait ataxia from early on (i.e. from age 2 years onwards) 
and progressed to upper limb ataxia from age 3 years and to dyspha
gia from age 16 years onwards, suggesting a caudal-to-rostral spatial 
spread of disease. She does not show cognitive impairment, cerebel
lar dysarthria or neither hypokinetic or hyperkinetic features at cur
rent age of 18 years [current score Scale for the Assessment and 
Rating of Ataxia (SARA): 7.5/40 points]. One distant cousin (Family 
1, III-1)—also from consanguineous parents—likewise showed a 
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Figure 1 Cerebellar ataxia families with novel homozygous loss-of-function variants in PRDX3. (A) Pedigree of families with infantile-onset (Family 1) 
and mid-adult onset (Family 2) cerebellar ataxia. The index patient of Family 1 is homozygous for PRDX3 variant c.43C>T, p.Arg15Ter. The index patient 
of Family 2 is homozygous for the variant c.658C<T, Gln220Ter. (B) Diagram illustrates the two novel variants (orange) and the previously reported var
iants (red) in PRDX3. cDNA variants positions are shown on top and their respective protein change below in the protein domain diagram. Stars re
present active site resolving cysteines. (C–J) MRI signal changes in PRDX3 disease. MRI images from the index patient Family 1 (C–F) and index 
patient Family 2 (G–J). Patient 1: (C) Coronal T1-weighted image shows hyperintensity of the substantia nigra (white arrow). Atrophy and 
T2-hyperintensity of the cortical grey matter in the cerebellum seen on sagittal T2-fluid-attenuated inversion recovery (FLAIR) (D, white arrows) and 
on the axial T2-weighted scan (E and F). Also, the superior cerebellar peduncle shows a volume reduction (arrowhead, E). T2 hyperintensity of the for
matio reticularis (white arrows in E and F), transversal stripes of the pons (black arrows, E) and T2 hyperintensity of the dentate nucleus (black arrow, I). 
Patient 2: Coronal T2-FLAIR-weighted image (G) shows hyperintensity of the cortical grey matter in the cerebellum and on the coronal and axial 
T2-weighted scans (F and G). T2 hyperintensity of the formatio reticularis (white arrow, G) and T2 hyperintensity of the dentate nucleus (white arrow 
H and I). The superior cerebellar peduncle shows a volume reduction (arrowhead, J).
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childhood-onset ataxia, with moderate disability at the current age 
of 40 years, but no DNA was available from this person for segrega
tion analysis.

Patient 2 (Family 2, III-2) was born in a Turkish family of nomadic 
origin in a village of Antalya. The parents are from the same village 
and remotely related (third degree cousins). Development was normal, 
and patient undertook coordinatively highly demanding military ser
vice at the age of 20–22 years. He developed gait ataxia at age 35 years, 
followed by cerebellar dysarthria at age 36 years, with a SARA score of 
13/40 points at the current age of 51 years. Neither of the two index 
cases showed clinical signs of upper or lower motor neuron involve
ment or typical mitochondrial disease features like e.g. sensory neur
opathy, ptosis, hypoacusis, epilepsy, diabetes or muscle weakness.

The older brother of Patient 2 (Family 2, III-1) likewise showed a 
mid-adult cerebellar ataxia, including ataxic gait and cerebellar 
dysarthria, starting at age 30 years. He died at age 52 years due to 
kryptogenic (non-ethyltoxic, non-Wilson’s disease) liver cirrhosis, 
which had started at age 39 years, raising the possibility that liver 
dysfunction might be part of the disease spectrum, but no DNA 
was available from this individual for segregation analysis.

MRI spectrum

MRI images showed a remarkable broad range of signal changes in 
both patients (Fig. 1C–J), comprising T2-hyperintense cortical grey 

matter in the cerebellum, T1-hyperintense substantia nigra (e.g. 
from iron or calcification), T2-hyperintense formatio reticularis 
and dentate nucleus in both patients, plus transversal stripes of 
the pons in Patient 1. All of these changes were in addition to cere
bellar atrophy, including a marked volume reduction of the super
ior cerebellar peduncle in both patients (Fig. 1C–J).

Our findings not only confirm PRDX3 mutations as a recurrent, al
beit rare, cause of cerebellar ataxia, but expand the mutational land
scape, clinical phenotype and MRI spectrum of PRDX3-associated 
ataxia, providing new insights into PRDX3 disease. In particular, 
they suggest that PRDX3 disease can not only have a ‘neurodegen
erative’ component (as reported by Rebelo et al.1) but also a ‘neurode
velopmental’ component, observed in Family 1, which is highly 
relevant for both the neurobiological understanding of the disease 
as well as developing and initiating future mechanistic disease- 
modifying treatments. This is of high importance, as a series of treat
ment options are on the horizon for such mitochondrial diseases 
with decreased mitochondrial respiratory capacity and increased re
active oxygen species (as shown for PRDX31), e.g. neuronally targeted 
antioxidant treatments.3

Our study substantially extends the MRI spectrum of PRDX3 dis
ease. While a previous study had already indicated that symmetric 
T2-hyperintense signal changes might be observed in PRDX3 
disease, these had only been found in two out of five individuals 
and were limited to the medullary olives.1 Our findings now 

Table 1 Phenotypic features and evolution of the PRDX3 patients

Patient 1 Patient 2

Demographics
Current age, years 18 51
Sex Female Male
Ethnicity Syrian (Kurdish) Turkish (nomads; Antalya)
Consanguinity Yes (first degree) Yes (third degree)
Family history Cousin, ataxia Brother: cerebellar ataxia with dysarthria (starting at age 30 years), liver 

cirrhosis (starting at age 39 years; no history of alcohol, negative for 
Wilson’s disease), death at age 52 years from liver cirrhosis

Mode of inheritance Autosomal recessive Autosomal recessive
Allele 1 c.43C>T (p.Arg15Ter) c.658C>T (Gln220Ter)
Allele 2 c.43C>T (p.Arg15Ter) c.658C>T (Gln220Ter)
Chromosome Chr10:119177147 Chr10:119169236
Transcript NM_006793.5 NM_006793.5
Delayed motor milestones Yes, first walking age 2 years Normal
Gait ataxia, age in years 2 35
Upper limb ataxia, age in 

years
3 36

Dysarthria None 35
Dysphagia, age in years 16 35
SARA (age in years) 7.5 (18) 12 (51)
Overall disease severity 

trajectory (by history)
Improving (slowly) Worsening (slowly)

Age at last exam, years 18 51
Oculomotor signs No saccadic pursuit, hypometric 

saccades
Saccadic pursuit, hypermetric saccades

Cerebellar dysarthria No Yes
Hypokinetic features No Hypomimia
Hyperkinetic features No Spontaneous startling reactions
Pyramidal signs No No
Muscle weakness No No
Sensory impairment No No
Cognitive impairment No No
MRI Cerebellar atrophy, T2 hyperintense 

signals cerebellum and brainstem
Cerebellar atrophy, T2 hyperintense signals cerebellum and brainstem

No = absent; SARA = Scale for the Assessment and Rating of Ataxia; Yes = present.
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demonstrate that symmetric T2-hyperintense signal changes are 
indeed a recurrent feature of PRDX3 disease and can include the 
substantia nigra, formatio reticularis, dentate nucleus and cerebel
lar cortex. While the T2 signal changes in the cerebellar cortex and 
dentate nucleus might be related to atrophy, a striking hyperin
tense T2 signal is not a common finding in hereditary degenerative 
ataxias.4 Also, the T2 signal changes in the substantia nigra and for
mation reticular might be more related to changes secondary to 
metabolic changes, as often seen in mitochondrial diseases, in par
ticular Leigh and Leigh-like syndromes.

These MRI findings suggest that neuronal damage in PRDX3 dis
ease also extends to extra-cerebellar neuronal systems. In line with 
previous findings,1 our report confirms, however, that classical 
‘clinical’ signs of a mitochondrial disease are rare in PRDX3 disease 
(as often the case in nuclear-encoded mitochondrial diseases). 
While it remains speculative whether fatal liver disease—a recur
rent feature in both mtDNA and nuclear-encoded mitochondrial 
diseases5–7—in the affected family member of Family 2 was due 
to PRDX3 variants, future studies should look deeper into liver func
tioning in PRDX3 patients and disease models to test for potential 
PRDX3-related liver dysfunction.

The novel null (nonsense) variants we report in PRDX3 support 
protein loss-of-function as a mechanism of the disease as reported 
in our previous work.1 All PRDX3 variants reported to date act via 
loss-of-function, including the missense variants, since the mutant 
proteins are absent in patients’ fibroblasts, leading to complete loss 
of the enzyme. Thus, the phenotypic variability, including the 
broad age of onset as observed here (from 1 to 35 years), cannot 
be explained by the patients’ genotypes. Given that PRDX3 func
tions exclusively in the mitochondria, this clinical variability might 
be attributed to the heterogeneous nature of mitochondrial com
position in different tissues and individuals.

Data availability

Data underlying this study are available upon reasonable request.
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