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ABSTRACT

Background: POLIII-related leukodystrophies are a group of recently recognized hereditary white matter diseases with a sim-
ilar clinical and radiological phenotype. No Tunisian studies have been published about POLIII-related leukodystrophy due to
POLR3A variants. The aim of this study was to contribute to the clinical, radiological, and genetic characterization of POLR3A-
related leukodystrophy in a Tunisian cohort.

Methods: We report six cases of genetically confirmed POLR3A-related leukodystrophy belonging to six unrelated Tunisian
families, along with a review of previously published pediatric cases.

Results: All patients were born to consanguineous marriages and originated from the North or the Center of Tunisia. Age at
onset varied between 15months and 6years.

The clinical phenotype was similar in all patients with cerebellar ataxia, tremor, and nystagmus being the key features. Brain
imaging showed diffuse hypomyelination in all patients with progressive cerebellar atrophy in three patients.

Molecular analysis identified the same bi-allelic NM_007055.4:c.2011T>C; p.(Trp671Arg) variant in the POLR3A gene in
all patients.

Conclusion: We hypothesize a founder effect for the identified variant given its recurrence in six unrelated individuals with a
similar clinical phenotype. Given the apparent genetic homogeneity of Tunisian POLR3A patients, the recurrent variant should
be directly targeted. This should facilitate diagnosis in index patients, and genetic counseling.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited.

© 2024 The Author(s). Molecular Genetics & Genomic Medicine published by Wiley Periodicals LLC.

Molecular Genetics & Genomic Medicine, 2024; 12:¢70007 1of 11
https://doi.org/10.1002/mgg3.70007


https://doi.org/10.1002/mgg3.70007
https://doi.org/10.1002/mgg3.70007
mailto:
https://orcid.org/0000-0001-6942-5662
https://orcid.org/0000-0003-3659-0594
mailto:kraoua_ichraf@yahoo.fr
http://creativecommons.org/licenses/by/4.0/

1 | Introduction

POLIII-related leukodystrophy is a rare but not uncommon
form of hypomyelinating leukodystrophy, mostly affecting chil-
dren, which is due to variants in the subunits of the RNA poly-
merase IIT (POLIII). Five main genes are involved in the disease:
POLR3A (OMIM 607694), POLR3B (OMIM 614381), POLRIC
(OMIM 616494), and more recently discovered, POLR3D (OMIM
187280) and POLR3K (OMIM 617456) (Daoud et al. 2013; Dorboz
et al. 2018; Macintosh et al. 2023; Pelletier et al. 2021).

POLR3A was the first gene reported in French-Canadian fami-
lies affected by the tremor-ataxia with central hypomyelination
(TACH) (Bernard et al. 2011).

A broader clinical phenotype has been subsequently reported
with a continuum of overlapping neurological signs (tremor,
ataxia, dystonia spasticity) with central hypomyelination and
non-neurological signs, mainly, hypo/oligodontia, ocular symp-
toms, and hypogonadotropic hypogonadism (Bernard et al. 2011).

The recent genetic characterization of this group of dis-
eases has led to genotype-phenotype correlations such as the
c.1909 +22G4A variant combined with a second, “variable”
POLR3A variant correlating with juvenile-adult-onset spastic
ataxia with superior cerebellar peduncle hyperintensity and spi-
nal cord atrophy (Infante et al. 2020). However, unusual presen-
tations have also been reported (Harting et al. 2020).

The phenotype of these diseases remains heterogeneous and
this is probably due to genetic variability. In Tunisia, POLIII-
related leukodystrophies caused by POL3RA variants have not
been reported before.

The aim of this study was to contribute to the clinical, radio-
logical, and genetic characterization of POLIII-related leuko-
dystrophies caused by POL3RA variants, based on the analysis
of six cases belonging to six unrelated Tunisian families with a
review of previously published pediatric onset cases (with an age
of onset before 18 years of age).

2 | Patients and Methods
2.1 | Patients and Data Collection

Patients from this clinical series were recruited from the
Department of Pediatric Neurology, at the National Institute
of Neurology, Mongi Ben Hamida of Tunis, between 2005 and
2023. Patients were examined by an expert in leukodystrophies
and metabolic disorders. In terms of screening, all patients un-
derwent routine blood tests, brain magnetic resonance imaging
(MRI), and other investigations including electroneuromyogra-
phy. Raven's progressive matrices number 47 were used for cog-
nitive assessment in our patients.

2.2 | Molecular Investigation

Blood samples were collected after informed consent of all fam-
ilies and approval from the local ethics committee.

2.2.1 | Panel Screening

For four patients, genomic DNA was screened for variants, using
NGS panel testing 154 leukodystrophies and leukoencephalopa-
thies causing genes (NextSeq500 Illumina) in LEUKOFRANCE
reference center in Paris, France. The list of genes included
in the panel and associated diseases can be found in https://
www.orpha.net/consor/cgi-bin/ClinicalLabs_Search.php?lng=
EN&data_id=118000&search=ClinicalLabs_Search_Simple&
data_type=Test&title=Diagnostic%20des%20leucodystroph
ies%20Panel &k MISSING%20CONTENT=Diagnostic-des-leuco
dystrophies--Panel-. The library was prepared using Custom
SureSelectQXT (GC_V3) Agilent. BWA algorithm was used
to align genomic DNA sequence to human reference genome
GRCh37 (hgl9) with >99.5% coverage and minimum depth of
20X. Variants were classified using Bench lab NGS Cartagenia
v5.0.1.

2.2.2 | Sanger Sequencing

Exon 15 of POLR3A was analyzed in the department of
Congenital and Hereditary diseases of Charles Nicolle Hospital
in Tunis in the two remaining patients, targeting the variant
identified by NGS in the four patients mentioned above. PCR
amplification and direct DNA sequencing were performed.
The Big Dye Terminator cycle sequencing kit (version 3.1, Life
Technologies, Thermo Fisher Scientific, Carlsbad, CA, USA)
and capillary electrophoresis on the SeqStudio genetic analyzer
(Applied Biosystems, Thermo Fisher Scientific, Waltham, MA,
USA) were used for DNA sequencing reaction. Sequence data
were analyzed using Sequencing Analysis Software (version 6.0;
Thermo Fisher Scientific, Waltham, MA, USA) and the NCBI
reference sequence NM_007055.4.

2.3 | Literature Review

We conducted a literature review via NIH PubMed database
using the keywords: “POLR3 leukodystrophy,” “POLR3A,” and
“4H leukodystrophy.”

The variant found was entered in the Clinvar database to verify
its significance and search for other published cases.

Cases with unspecified clinical and radiological features (ge-
netic characterization only), were excluded from the review. We
estimated the frequency of each clinical and radiological feature
in the resulting cohort.

3 | Results

We included six patients (two females and four males), from
unrelated families. Demographic, clinical, radiological, and ge-
netic findings of the six cases are summarized in Table 1.

All couples were consanguineous. Families originated from dif-
ferent parts of the country in the North West and the Center of
Tunisia. Similar cases within the family were noted in two pa-
tients. Perinatal history was unremarkable in all patients.
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Initial psychomotor development was normal in four patients.
Two patients had delayed psychomotor milestones: one patient
walked at the age of 20months and had a delayed speech with
a two-word stage at the age of 24 months, and the other patient
walked at the age of 16 months with first words at the age of
18 months.

Age of onset ranged between 15months and 6years. The clinical
phenotype was homogeneous in our series with gait ataxia as a
presenting symptom in five out of six patients. The remaining
patient had upper-limb tremor as a presenting symptom, fol-
lowed by gait ataxia.

Neurological examination found a static and kinetic cerebellar
syndrome in all patients. In addition, dystonia was found in four
patients, myoclonus in two patients, and one patient exhibited
pyramidal signs.

Five patients had nystagmus and one patient had vertical gaze
limitation. On follow-up, progressive worsening was noted in all
patients and two patients lost their walking capacity at the age

of 11 and 18years. Cognitive decline was moderate but present
in all patients.

Speech disorders were mainly due to cerebellar dysarthria,
which was also present in all patients. An acute worsening of
symptoms was reported after intercurrent infections in three
patients.

On brain MRI, all patients presented with diffuse supra-tentorial
hypomyelination, involving the periventricular and the subcor-
tical region as well as U-fibers (Figure 1). Corpus callosum in-
volvement was noted in four patients, cerebellar white matter
involvement in three patients, and posterior limb of internal
capsule involvement in two patients. Cerebellar atrophy was
noted in three patients and seemed to worsen on follow-up im-
aging in two patients. Three patients had a relative T2 hyposig-
nal in the ventrolateral nuclei of the thalami. Corpus callosum
thinning was seen in two patients.

In terms of extra-neurological signs, four patients had dental
abnormalities, one female patient had pubertal delay, and two

FIGURE 1 | Brain MRI imaging of a five-year-old patient in our series (Patient 2). Axial T2-weighted image (a) showing diffuse white-matter

hyperintensity with U-fiber involvement (red arrows) and posterior limb of internal capsules involvement (blue arrows). A relative T2 hypointensity

of the ventrolateral nuclei of the thalami can also be noted (green arrows). Axial T1-weighted image (b) showing corresponding T1 isointensity

in comparison with the cortical gray matter, compatible with a hypomyelinating process (white arrows). Coronal T2-weighted image (c) showing

diffuse hypomyelination including cerebellar white matter (orange arrows). Sagittal T2-weighted image (d) showing moderate cerebellar and corpus

callosum atrophy (yellow arrow). Also note hypomyelination involvement of the corpus callosum.
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male patients had failure to thrive. Hypogonadotropic hypogo-
nadism was noted in three patients (two males and one female),
with very low serum FSH and LH rates.

Table 2 provides a comparative review of 77 reported cases
of pediatric onset POLR3A-related diseases, including our
patients (Bernard et al. 2011; Daoud et al. 2013; Hiraide
et al. 2020; Nikkhah and Rezakhani 2022; Saitsu et al. 2011;
Shimojima et al. 2014; Tewari et al. 2018; Wolf et al. 2014; Wu
et al. 2019).

Analysis of the leukoencephalopathy panel data of four
patients revealed the same homozygous missense vari-
ant NM_007055.4: ¢.2011T>C; p.(Trp671Arg) in exon 15
of POLR3A (10q22.3) that has previously been reported as
likely pathogenic according to ACMG/AMP Criteria (PS3,
PM2, PM3, PP2, and PP3). Screening of this variant by PCR-
sequencing in the two remaining patients confirmed the diag-
nosis of POLR3A-related leukodystrophy.

4 | Discussion

In the present study, we identified a total of six unrelated
Tunisian families with confirmed POLR3A-related leukodystro-
phy. All patients displayed a similar clinical phenotype and car-
ried the same homozygous variant, ¢.2011T>C; p.(Trp671Arg),
indicating a potential founder effect.

POLR3A variants are recognized to be associated with a phe-
notype known as 4H-leukodystrophy which stands for hypomy-
elination, hypodontia, and hypogonadotropic hypogonadism.
As portrayed in our case series, these features are not manda-
tory and the clinical picture is often a varying combination of
suggestive neurological and extra-neurological signs (Pelletier
et al. 2021; Wolf et al. 2014).

On a molecular level, POLIII-related leukodystrophies are
caused by biallelic variants encoding subunits of the enzyme
POLIII, one of the three nuclear polymerases, which is es-
sential to cellular processes including transcription, trans-
lation, and RNA maturation. However, the pathophysiology
of the disease remains unknown, and a model of transgenic
mice with a leukodystrophy causing POLR3A-mutation did
not develop motor symptoms such as humans with the same
mutation.

The age of onset is variable but most cases have an early-
childhood onset. All of our patients developed symptoms after
the age of 15 months which is relatively later than other cases re-
ported (Tewari et al. 2018; Wu et al. 2019). Late-onset cases with
a different phenotype have also been reported (Campopiano
et al. 2020). Interestingly, only two of our patients had psy-
chomotor delay, unlike other cases reported in the literature
(Bernard et al. 2011; Hiraide et al. 2020; Wolf et al. 2014). This
could be explained by the onset of symptoms after walking age
in our series, as opposed to the other reported cases, suggesting
a possible age-dependent variability.

Cerebellar signs are a key characteristic of the classical POLR3A
phenotype, observed in up to 96% of cases. These signs were

the inaugural manifestation in all our patients identically to
the TACH phenotype of patients described for the first time in
Quebec, Canada (Bernard et al. 2010).

In previously reported cases, pyramidal signs were present in
up to 80% of patients (Bernard et al. 2011), whereas they were
noted in one out of six patients in our series. In fact, some au-
thors have suggested that these signs may be less frequent in
younger patients (Wolf et al. 2014). In our series, most patients
had nystagmus, which was consistent with literature data
(77% of cases). However, myopia was observed in only one pa-
tient aged 10years, which contrasts with the literature where it
is reported to be present in up to 87% of cases (Table 2). This
difference could be due to the young age of our patients, since
short-sight progressively worsens with age and should be sought
for in POLR3A patients (Thomas and Thomas 2019).

Four of our patients exhibited dystonia, suggesting that its oc-
currence might be more common than reported in the litera-
ture. However, the actual frequency of extra-pyramidal signs
in POLR3A-related leukodystrophy remains unknown. Some
cases have documented atypical presentations, where extra-
pyramidal signs are the main clinical feature, even with ab-
sence of white matter involvement (Harting et al. 2020; Hiraide
et al. 2020). Severe cases of myoclonus have also been associated
with other variants including those in the POLR1C gene (Kraoua
et al. 2019). Therefore, these extra-pyramidal signs can be valu-
able for diagnosis purposes.

On the other hand, extra-neurological signs are also helpful for
the diagnostic approach. These include endocrine abnormalities
such as short stature, which is present in 50% of patients, and hy-
pogonadotropic hypogonadism usually manifesting as delayed
puberty (Pelletier et al. 2021). Low hormonal rates are a useful
biomarker in younger patients.

Dental abnormalities were present in most of our patients,
which is consistent with existing literature reporting rates of up
to 76%. These abnormalities primarily include hypodontia, de-
layed tooth eruption, oligodontia, and irregular tooth shape or
placement (Vanderver et al. 2013).

Hypomyelination, observed in up to 97% of cases, is a key fea-
ture on brain imaging, and is usually diffuse, involving U-fibers
and the corpus callosum.

A relative T2 hyposignal (preservation) of the dentate nuclei and
anterolateral nuclei of the thalami and the posterior limb of the
internal capsule can also be seen (Steenweg et al. 2010).

Despite cerebellar signs being the predominant feature in our
patients, cerebellar atrophy was observed in only half of them.
Cerebellar atrophy is typically progressive and has been re-
ported in up to 80% of cases according to the literature, although
certain authors have suggested that it may be less frequently ob-
served in patients with POLR3A variants (Wolf et al. 2014).

Other unusual imaging patterns have been reported such as
selective involvement of corticospinal tracts, isolated cerebel-
lar atrophy without hypomyelination, and striatal involvement
(Azmanov et al. 2016; Harting et al. 2020; La Piana et al. 2016).
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Motor deterioration, observed in two of our patients, is the ex-
pected outcome with most patients becoming wheelchair-bound
during follow-up (Vanderver et al. 2013). Respiratory failure is
the major cause of death in POLR3A patients and is due to swal-
lowing difficulties which must be detected early-on (Bernard
et al. 2011).

In terms of molecular diagnosis, the variant identified in
our patients is a well-known recessive pathogenic variant,
and has been reported twice in the literature, specifically in
Mediterranean patients. Daoud et al. identified this variant in a
homozygous state in two siblings from southern Tunisia (Daoud
et al. 2013) but did not report their clinical features, while Wolf
et al. suggested a higher prevalence of POLR3A gene variants
and a generally more severe disease in Mediterranean patients
(Wolfet al. 2014).

Given the presence of this variant in seven out of seven non-
related families, of different geographic origin in Tunisia, we hy-
pothesize a founder effect of this variant. Other variants with a
founder effect have been reported with hypomyelinating leuko-
dystrophies in the Tunisian population, such as the GJC2 variant
¢.-167A>G in Tunisian patients with PMLD disease (Kammoun
Jellouli et al. 2013), and the FAM126 variant ¢.414+1G>T in
Tunisian patients with hypomyelination and congenital cataract
(Kraoua et al. 2021). The Tunisian population has a relatively
high rate of consanguinity (ranging from 20.1% to 39.9%) and en-
dogamy (up to 96% in certain groups/regions), which increases
the expression of recessive genetic disorders and the proportion
of recessive founder alleles (86%) (Romdhane et al. 2012).

5 | Conclusions

In the present study, all patients with confirmed POLR3A-
related leukodystrophy displayed a similar clinical phenotype
and carried the same homozygous variant, indicating a poten-
tial founder effect. However, further investigations and a larger
sample size are necessary to validate this hypothesis, better un-
derstand the genetics of hypomyelinating leukodystrophies in
Tunisia, and establish genotype—phenotype correlations.

Considering the observed genetic homogeneity among Tunisian
POLR3A patients, the recurrent variant identified in this study
should be specifically targeted in suspected Tunisian cases. This
approach would greatly facilitate diagnosis in index patients,
carrier screening, and subsequently enable genetic counseling
for their families.
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