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Summary

Clinical characteristics
POLR3-related leukodystrophy, a hypomyelinating leukodystrophy with specific features on brain MRI, is 
characterized by varying combinations of four major clinical findings:

• Neurologic dysfunction, typically predominated by motor dysfunction (progressive cerebellar dysfunction, 
and to a lesser extent extrapyramidal [i.e., dystonia], pyramidal [i.e., spasticity] and cognitive 
dysfunctions)

• Abnormal dentition (delayed dentition, hypodontia, oligodontia, and abnormally placed or shaped teeth)
• Endocrine abnormalities such as short stature (in ~50% of individuals) with or without growth hormone 

deficiency, and more commonly, hypogonadotropic hypogonadism manifesting as delayed, arrested, or 
absent puberty

• Ocular abnormality in the form of myopia, typically progressing over several years and becoming severe

POLR3-related leukodystrophy and 4H leukodystrophy are the two recognized terms for five previously 
described overlapping clinical phenotypes (initially described as distinct entities before their molecular basis was 
known). These include:

• Hypomyelination, hypodontia, hypogonadotropic hypogonadism (4H syndrome);
• Ataxia, delayed dentition, and hypomyelination (ADDH);
• Tremor-ataxia with central hypomyelination (TACH);
• Leukodystrophy with oligodontia (LO);
• Hypomyelination with cerebellar atrophy and hypoplasia of the corpus callosum (HCAHC).

Age of onset is typically in early childhood but later-onset cases have also been reported.
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An infant with Wiedemann-Rautenstrauch syndrome (neonatal progeroid syndrome) was recently reported to 
have pathogenic variants in POLR3A on exome sequencing. Confirmation of this as a very severe form of 
POLR3-related leukodystrophy awaits replication in other individuals with a clinical diagnosis of Wiedemann-
Rautenstrauch syndrome.

Diagnosis/testing
POLR3-related leukodystrophy is diagnosed by the combination of classic clinical findings, typical brain MRI 
features, and the presence of biallelic pathogenic variants in POLR3A, POLR3B, or POLR1C.

Management
Treatment of manifestations: Individualized care by a multidisciplinary team including a pediatric neurologist, 
clinical geneticist, physiotherapist, occupational therapist, speech and language pathologist, neuropsychologist, 
rehabilitation physician, dentist, endocrinologist, ophthalmologist, ear-nose-and-throat specialist, and primary 
care physician is recommended. Special caution needs to be taken when managing dysphagia in this disorder as 
it is known to vary widely, even in a single day. Swallowing difficulties will progress over time and dystonia 
should be monitored and treated to prevent complications and improve the quality of life.

Genetic counseling
POLR3-related leukodystrophy is inherited in an autosomal recessive manner. At conception, each sib of an 
affected individual has a 25% chance of being affected, a 50% chance of being an asymptomatic carrier, and a 
25% chance of being unaffected and not a carrier. Carrier testing for at-risk relatives and prenatal diagnosis for 
pregnancies at increased risk are possible if both pathogenic variants in the family are known.

Diagnosis

Suggestive Findings
POLR3-related leukodystrophy should be suspected in individuals with the following major/shared clinical 
features, which may or may not be present:

• Neurologic dysfunction: progressive cerebellar features, including:
⚬ Gait ataxia, dysarthria, dysmetria, tremor, eye movement abnormalities; and
⚬ To a lesser extent, extrapyramidal (typically dystonia), pyramidal, and cognitive features

• Abnormal dentition (e.g., hypodontia, oligodontia, delayed teeth eruption) [Wolff et al 2010]
• Endocrine abnormalities such as short stature (in ~50% of individuals) with or without growth hormone 

deficiency, and more commonly, hypogonadotropic hypogonadism manifesting as delayed, arrested, or 
absent puberty

• Ocular abnormality in the form of myopia, typically progressing over several years and becoming severe

Note: Although this tetrad is highly suggestive of the diagnosis, not all features are present in all individuals who 
have POLR3-related leukodystrophy.

Brain MRI findings

• A hypomyelinating leukodystrophy pattern characterized by T2 mild hyperintensity of the white matter 
and T1 hyperintensity, isointensity, or mild hypointensity of the white matter when compared with grey 
matter structures [Schiffmann & van der Knaap 2009]

• Relative preservation of myelination of specific brain structures, i.e. T2 hypointense signal (normal or 
almost normal white matter signal) of the dentate nuclei, anterolateral nuclei of the thalami, globi pallidi, 

2 GeneReviews®



pyramidal tracts in the posterior limbs of the internal capsules, and optic radiations [Steenweg et al 2010, 
La Piana et al 2014, Wolf et al 2014]

• Variably present: cerebellar atrophy and thinning of the corpus callosum [La Piana et al 2014, Wolf et al 
2014]

• Rarely, an atypical MRI pattern with either
⚬ Selective hypomyelination of the corticospinal tracts; or
⚬ Cerebellar atrophy with or without focal hypomyelination [La Piana et al 2016]; or
⚬ Involvement of the striata and red nuclei [Azmanov et al 2016]

See Figure 1.

Establishing the Diagnosis
The diagnosis of POLR3-related leukodystrophy is established in a proband with the combination of classic 
clinical findings, typical brain MRI features, and identification of biallelic pathogenic (or likely pathogenic) 
variants in POLR3A, POLR3B, or POLR1C on molecular genetic testing (see Table 1).

Note: (1) Per ACMG/AMP variant interpretation guidelines, the terms "pathogenic variant" and "likely 
pathogenic variant" are synonymous in a clinical setting, meaning that both are considered diagnostic and can 
be used for clinical decision making [Richards et al 2015]. Reference to "pathogenic variants" in this GeneReview 
is understood to include likely pathogenic variants. (2) Identification of biallelic variants of uncertain 
significance (or of one known pathogenic variant and one variant of uncertain significance) in POLR3A, 
POLR3B, or POLR1C does not establish or rule out the diagnosis.

Molecular testing approaches can include serial single-gene testing, use of a multigene panel, and more 
comprehensive genomic testing.

Serial single-gene testing. The order of genes to be tested depends on ancestry of the individual:

• In French-Canadian individuals, sequencing of POLR3A should be performed first and followed by gene-
targeted deletion/duplication analysis if only one or no pathogenic variant is found.
⚬ If no pathogenic variant is found, sequencing of POLR3B is performed, followed by gene-targeted 

deletion/duplication analysis if only one or no pathogenic variant is found.
• For individuals of European ancestry sequencing of POLR3B should be performed first.

⚬ If a single variant is detected, gene-targeted deletion/duplication analysis of POLR3B is done.
⚬ If no pathogenic variant is found, sequencing of POLR3A is performed, followed by gene-targeted 

deletion/duplication analysis if only one or no pathogenic variant is found.
• For individuals from the non-French-Canadian and non-European ancestry, sequencing can start with 

either POLR3A or POLR3B, followed by gene-targeted deletion/duplication analysis if only one or no 
pathogenic variant is found.

POLR1C is tested when sequencing and deletion/duplication analysis of POLR3A and POLR3B are both 
negative.

A multigene panel that includes POLR3A, POLR3B, POLR1C with or without other genes of interest (see 
Differential Diagnosis) may also be considered. Note: (1) The genes included and the sensitivity of multigene 
panels vary by laboratory and are likely to change over time. (2) Some multigene panels may include genes not 
associated with the condition discussed in this GeneReview; thus, clinicians need to determine which multigene 
panel provides the best opportunity to identify the genetic cause of the condition while limiting identification of 
pathogenic variants in genes that do not explain the underlying phenotype. (3) Methods used in a panel may 
include sequence analysis, deletion/duplication analysis, and/or other non-sequencing-based tests.
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For an introduction to multigene panels click here. More detailed information for clinicians ordering genetic 
tests can be found here.

Figure 1. MRI of the brain of an individual with molecularly confirmed 4H syndrome
A. Sagittal T1-weighted image (midline) showing cerebellar atrophy (arrowhead) as well as a thin corpus callosum (arrow).
B. Axial T2-weighted image of the brain at the level of the cerebellum showing hypointensity of the dentate nuclei (arrow).
C. Axial T2-weighted image of the brain at the level of the basal ganglia showing diffuse hypomyelination as well as hypointensity of the 
optic radiations (dotted arrow), globi pallidi (arrowhead), and anterolateral nuclei of the thalami (arrow).
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More comprehensive genomic testing (when available) including exome sequencing and genome sequencing 
may be considered. Such testing may provide or suggest a diagnosis not previously considered (e.g., mutation of 
a different gene or genes that results in a similar clinical presentation).

For an introduction to comprehensive genomic testing click here. More detailed information for clinicians 
ordering genomic testing can be found here.

Table 1. Molecular Genetic Testing Used in POLR3-Related Leukodystrophy

Gene 1
Proportion of POLR3-Related 
Leukodystrophy Attributed to 
Pathogenic Variants in Gene

Proportion of Pathogenic Variants 2 Detected by Method

Sequence analysis 3 Gene-targeted deletion/
duplication analysis 4

POLR3A 41% 5, 6 ~100% 5, 6 Unknown 7

POLR3B 49% 5, 8 ~97% 5, 8 ~3% 9

POLR1C 5% 10 ~100% 10 Unknown 7

Unknown 5% NA

1. See Table A. Genes and Databases for chromosome locus and protein.
2. See Molecular Genetics for information on variants detected in this gene.
3. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants 
may include missense, nonsense, and splice site variants and small intragenic deletions/insertions; typically, exon or whole-gene 
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.
4. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range of 
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted 
microarray designed to detect single-exon deletions or duplications.
5. Daoud et al [2013], Takanashi et al [2014], Wolf et al [2014], La Piana et al [2016]
6. Bernard et al [2011], Shimojima et al [2014], Potic et al [2015]
7. No data on detection rate of gene-targeted deletion/duplication analysis are available.
8. Gutierrez et al [2015], Jurkiewicz et al [2017]
9. Gutierrez et al [2015]
10. Thiffault et al [2015]

Clinical Characteristics

Clinical Description
POLR3-related leukodystrophy is a hypomyelinating leukodystrophy characterized by neurologic (cerebellar, 
extrapyramidal, pyramidal, and cognitive) and non-neurologic (dental, endocrine, and ocular) features.

Before the identification of the involved genes, five overlapping clinical phenotypes were described and are now 
all recognized as part of the spectrum of POLR3-related leukodystrophy:

• 4H syndrome. Hypomyelination, hypodontia, hypogonadotropic hypogonadism [Wolf et al 2005, 
Timmons et al 2006, Vázquez-López et al 2008]

• ADDH. Ataxia, delayed dentition, and hypomyelination [Wolf et al 2007, Wolff et al 2010]
• TACH. Tremor-ataxia with central hypomyelination [Bernard et al 2010, Bernard et al 2011, Tétreault et al 

2011, Tétreault et al 2012]
• LO. Leukodystrophy with oligodontia [Atrouni et al 2003, Chouery et al 2011]
• HCAHC. Hypomyelination with cerebellar atrophy and hypoplasia of the corpus callosum [Sasaki et al 

2009, Saitsu et al 2011]

Age of onset is typically in early childhood but later-onset cases have also been reported.
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Neurologic dysfunction includes prominent cerebellar features leading to progressive gait abnormalities, 
dysmetria, dysdiadochokinesis, dysarthria, and extraocular movement abnormalities including progressive loss 
of pursuits (saccadic ocular pursuits), abnormal saccades (i.e., hypo- or hypermetric), and gaze-evoked 
nystagmus. Progressive vertical more than horizontal gaze restriction has also been reported. Hypersalivation 
and dysphagia are also commonly seen, typically later in the disease course.

• Individuals may also develop extrapyramidal features – almost always dystonia.
• Mild pyramidal features are typically present but are not problematic in the vast majority of individuals.
• An upper-extremity tremor (usually cerebellar in nature) with or without a dystonic component may be a 

presenting sign.
• Cognitive decline typically occurs later, except in late-onset cases.
• Approximately 10% of individuals have later onset and slower progression; they typically present with 

academic difficulties and cognitive decline which manifests as a plateau in learning at school. Those with 
later onset may have also behavioral abnormalities.

Dental abnormalities include delayed dentition, hypodontia, oligodontia, and eruption of abnormally placed or 
shaped teeth, among others [Wolff et al 2010]. Dental abnormalities may be subtle and have not been seen in all 
individuals.

Endocrine abnormalities. Hypogonadotropic hypogonadism (HH), the most typical endocrine characteristic, is 
note seen in all individuals. When reported, HH typically presents with delayed or arrested puberty or absence 
of early pubertal changes. Other reported endocrine abnormalities include short stature (in 50% of individuals 
[Wolf et al 2014]) and growth hormone deficiency [Potic et al 2012, Billington et al 2015, Potic et al 2015].

Ocular abnormality. Myopia, typically progressive over several years and eventually leading to severe myopia, is 
the most common non-neurologic feature.

Course and life span. The course of POLR3-related leukodystrophy is invariably progressive. Life span depends 
on the supportive measures put in place to prevent secondary complications. POLR3-related leukodystrophy is 
considered to be a life-limiting condition; those with earlier onset are at a higher risk for mortality in young 
adulthood. Individuals with later onset or with a slower progressive disease course could survive later into 
adulthood (i.e., 4th-5th decade).

Additional features seen less frequently include the following [Wolf et al 2005, Timmons et al 2006, Vázquez-
López et al 2008, Bekiesinska-Figatowska et al 2010, Orcesi et al 2010, Wolff et al 2010, Sato et al 2011, Potic et al 
2012]:

• Neurologic. Seizures reported in a minority of individuals [Bernard et al 2011, Wolf et al 2014]
• Ocular

⚬ Optic atrophy
⚬ Cataracts reported in four individuals [Sato et al 2011, Wolf et al 2014]

Neurophysiologic investigations. All affected individuals undergoing EMG and nerve conduction studies had 
normal results [Author, personal observation].

Wiedemann-Rautenstrauch syndrome (neonatal progeroid syndrome). A newborn with features of this 
disorder (including extreme small size, sparse scalp hair, broad abnormally shaped skull, triangular face with 
midface retraction, natal teeth, decreased subcutaneous fat, and limb contractures) was recently reported to have 
biallelic truncating variants in POLR3A on exome sequencing that were predicted to result in little residual 
POLR3 function. Confirmation of this as a very severe form of POLR3-related leukodystrophy awaits replication 
in other individuals with a clinical diagnosis of Wiedemann-Rautenstrauch syndrome [Jay et al 2016].
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Genotype-Phenotype Correlations
POLR3A 

• Individuals with POLR3A pathogenic variants tend to have a later disease onset than those with POLR3B 
pathogenic variants but more rapid disease progression [Wolf et al 2014].

• A single female infant with Wiedemann-Rautenstrauch syndrome (neonatal progeroid syndrome) was 
recently reported to have biallelic truncating pathogenic variants in POLR3A [Jay et al 2016].

POLR3B 

• Individuals with POLR3B pathogenic variants have earlier disease onset than those with POLR3A 
pathogenic variants but a slower disease course.

• Those with POLR3B pathogenic variants are more likely to have cerebellar atrophy on MRI and 
preservation of the myelination of the corticospinal tracts at the level of the internal capsules, compared to 
individuals with POLR3A pathogenic variants.

• The common POLR3B pathogenic variant c.1568T>A (p.Val523Glu) is very mild. Indeed, individuals 
homozygous for this variant were either asymptomatic or very mildly symptomatic in early adulthood 
[Wolf et al 2014].

POLR1C. Limited information is available on individuals with POLR1C pathogenic variants.

Prevalence
The prevalence of POLR3-related leukodystrophy is unknown.

Individuals with POLR3-related leukodystrophy have been identified worldwide [Atrouni et al 2003, Sasaki et al 
2009, Bekiesinska-Figatowska et al 2010, Saitsu et al 2011, Sato et al 2011, Wolf et al 2014].

Genetically Related (Allelic) Disorders
No phenotypes other than those discussed in this GeneReview are known to be associated with pathogenic 
variants in POLR3A or POLR3B.

Different biallelic pathogenic variants POLR1C are associated with Treacher Collins syndrome.

Differential Diagnosis
The differential diagnosis of POLR3-related leukodystrophy includes other hypomyelinating leukodystrophies. 
See Table 2.

Table 2. Hypomyelinating Leukodystrophies to Consider in the Differential Diagnosis of POLR3-Related Leukodystrophy

Diff Dx Disorder Gene(s) MOI
Clinical Features of DiffDx Disorder

Overlapping w/POLR3-
related leukodystrophy

Distinguishing from POLR3-related 
leukodystrophy

PLP1 disorders PLP1 XL

• Variable age of onset
• Severe 

hypomyelination in 
earlier-onset forms on 
brain MRI

• Prominent cerebellar 
features in severe 

• Severity ranging from: neonatal 
presentation w/nystagmus, axial 
hypotonia evolving into spastic 
quadraparesis, & ataxia (PMD); to an 
infantile-onset disorder (HEMS); to a 
later-onset presentation w/spastic 
paraparesis (SPG2)
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Table 2. continued from previous page.

Diff Dx Disorder Gene(s) MOI
Clinical Features of DiffDx Disorder

Overlapping w/POLR3-
related leukodystrophy

Distinguishing from POLR3-related 
leukodystrophy

"connatal" form of 
PLP1 disorders

• Typically, prominent spasticity & 
absence of non-neurologic 
manifestations seen in POLR3-related 
leukodystrophy

• In HEMS, individuals present w/
infantile-onset nystagmus, gait ataxia, 
axial hypotonia, & dysarthria with or 
without spasticity. They have a 
characteristic brain MRI pattern w/
mild T2 hyperintensities of the 
frontoparietal periventricular white 
matter, optic radiations, medulla 
oblongata, caudal pons, subcortical 
cerebellar white matter, hilus of the 
dentate nucleus, & peridentate white 
matter. A typical pattern of alternating 
hyper-/hypo-hyperintense stripes on 
T2-weighted imaging can be seen in the 
posterior limb of the internal capsule.

• In later-onset forms (spastic 
paraparesis), no (or more discrete) 
abnormalities on brain MRI

Pelizaeus-Merzbacher-
like disease 1 GJC2 AR

• Variable age of onset & 
severity

• More severe disease in 
those w/early-infantile 
onset

• Brain MRI findings similar to those 
seen in PMD, i.e., diffuse 
hypomyelination but w/characteristic 
involvement of the brain stem, in 
particular the pons

• Spastic paraparesis designated as 
SPG44 in those w/later onset

Classic Cockayne 
syndrome

ERCC6 
ERCC8 AR Hypomyelination

• Typically, early childhood presentation
• Main non-neurologic clinical features: 

postnatal growth failure, dysmorphic 
facial traits, propensity to cavities, skin 
hypersensitivity to sunlight

• Neurologic features typically not seen 
in POLR3-related leukodystrophy: 
acquired progressive microcephaly, 
peripheral neuropathy

• Delayed myelination (instead of 
hypomyelination), cerebral atrophy & 
brain calcifications variably seen on 
MRI
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Table 2. continued from previous page.

Diff Dx Disorder Gene(s) MOI
Clinical Features of DiffDx Disorder

Overlapping w/POLR3-
related leukodystrophy

Distinguishing from POLR3-related 
leukodystrophy

Trichothiodystrophy 
(OMIM PS601675)

ERCC2 
ERCC3 
GTF2H5 
MPLKIP 
RNF113A

AR or 
XL

Cerebral hypomyelination 
w/out prominent cerebral 
atrophy or basal ganglia 
calcifications on brain MRI

Variable clinical features incl different 
combinations of:

• Brittle hair
• "Tiger tail" appearance of hair on light 

microscopy
• Skin hypersensitivity to sun exposure
• Ichthyosis
• Infertility
• Neurologic manifestations that may 

incl ID, microcephaly, ataxia

Free sialic acid storage 
disorders (incl Salla 
disease & intermediate 
severe Salla disease; excl 
infantile free sialic 
storage disease)

SLC17A5 AR

• Early childhood onset
• Cerebellar features
• On MRI: 

hypomyelination w/or 
w/out thinning of the 
corpus callosum, 
cerebellar atrophy

• Variable severity
• Progressive facial coarsening

Hypomyelination and 
congenital cataract

HYCC1 
(FAM126A) AR Diffuse hypomyelination on 

brain MRI

• Onset typically in infancy w/congenital 
cataracts (variably present) & 
psychomotor regression

• Peripheral neuropathy present in most 
individuals

• Diffuse hypomyelination w/
superimposed T1 hypointensities & T2 
hyperintensities on brain MRI; 
cerebellar hemispheres may show mild 
high T2 signal resulting in a blurry 
grey-white matter junction.

TUBB4A-related 
leukodystrophy TUBB4A AD/D

N 1
Early-onset motor regression 
&/or delay

• Prominent extrapyramidal features, 
more specifically dystonia

• Progressive atrophy of the basal ganglia 
(specifically the putamen) & cerebellum 
characteristically seen on brain MRI

18q minus syndrome 
(OMIM 601808)

MBP (haplo-
insufficiency 
caused by 
deletion at 
18q23)

Hypomyelination

• Differentiated from other 
hypomyelinating leukodystrophies by 
multisystemic findings: dysmorphisms; 
endocrine, cardiac, immune, & 
musculoskeletal abnormalities

• 2 main white-matter abnormalities on 
brain MRI: hypomyelination; 
multifocal T2 & FLAIR hyperintensities

• Structural brain abnormalities 
(heterotopias, ex vacuo 
ventriculomegaly, cerebellar 
hypoplasia, & porencephalic cysts)
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Table 2. continued from previous page.

Diff Dx Disorder Gene(s) MOI
Clinical Features of DiffDx Disorder

Overlapping w/POLR3-
related leukodystrophy

Distinguishing from POLR3-related 
leukodystrophy

Fucosidosis (OMIM 
230000) FUCA1 AR Hypomyelination

• Type 1. Differentiated clinically from 
the other hypomyelinating 
leukodystrophies by presence of coarse 
facial features, hepatosplenomegaly, & 
cardiomegaly

• Type 2. Typically differentiated by 
presence of mild coarsening, growth 
restriction, & angiokeratoma corporis 
diffusum

• On MRI, distinctive hypomyelinating 
pattern; w/time, atrophy involving both 
the cerebrum & cerebellum, w/
hypointensities of the globi pallidi, 
substantia nigra, & thalami

DARS-related 
leukodystrophy (OMIM 
615281)

DARS AR
• Hypomyelinating 

leukodystrophy
• Cerebellar features

• Prominent spasticity of the legs
• Involvement of specific tracts on MRI

RARS-related 
leukodystrophy (OMIM 
616140)

RARS AR Hypomyelinating 
leukodystrophy Prominent spasticity

Peripheral neuropathy, 
central hypomyelination, 
Waardenburg syndrome, 
Hirschsprung disease 
(OMIM 609136)

SOX10 AD

• Peripheral demyelinating neuropathy 
(leading to sensory deficits & loss of 
stretch reflexes)

• Hypomyelinating leukodystrophy 
(leading to early-onset hypotonia, DD, 
& nystagmus evolving over time into 
spasticity & cerebellar ataxia)

• Waardenburg syndrome (manifest as 
pigmentary abnormalities incl 
heterochromia iridis & SNHL)

• Hirschsprung disease

AD = autosomal dominant; AR = autosomal recessive; DD = developmental delay; DN = de novo; HEMS = hypomyelination of early 
myelinating structures; ID = intellectual disability; MOI = mode of inheritance; PMD = Pelizaeus-Merzbacher disease; SNHL = 
sensorineural hearing loss; XL = X-linked
1. Most affected individuals reported to date have had a de novo pathogenic variant.

Management

Evaluations Following Initial Diagnosis
To establish the extent of disease and needs of an individual diagnosed with a POLR3-related leukodystrophy, 
the following are recommended:

• Pediatric neurology consultation
• Swallowing assessment
• Physiotherapy evaluation
• Occupational therapy evaluation
• Speech and language pathology assessment
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• Rehabilitation physician (i.e., physiatrist) consultation
• Neuropsychology evaluation
• Brain MRI, if not performed at the time of diagnosis
• Dentistry consultation
• Endocrine consultation
• Ophthalmologic evaluation
• Ear-nose-and-throat specialist consultation for hypersalivation and swallowing issues
• Consultation with a clinical geneticist and/or genetic counselor

Treatment of Manifestations
Individualized care by a multidisciplinary team including a pediatric neurologist, clinical geneticist, 
physiotherapist, occupational therapist, speech and language pathologist, neuropsychologist, rehabilitation 
physician, dentist, endocrinologist, ophthalmologist, ear-nose-and-throat specialist, and primary care physician 
is recommended.

Manifestations such as ambulation difficulties and seizures are managed in a routine manner.

Special caution needs to be taken when managing dysphagia in this disorder as it is known to be quite variable, 
even in a single day. This is probably due to the prominent cerebellar involvement, leading to more 
incoordination of swallowing with fatigue, but also with some unpredictability. Dysphagia management is 
therefore important. Swallowing difficulties will progress over time and individuals may require gastrostomy to 
manage nutrition.

Spasticity and dystonia should be monitored and treated to prevent complications and to improve the quality of 
life.

Hypersalivation is managed with the multidisciplinary team and an otolaryngologist. Treatment must be 
individualized. Therapies to consider include rehabilitation (e.g., oromotor therapy, behavioral therapy); medical 
therapy (e.g., anticholinergic medications, botulinum toxin injections); and, in severe cases, surgery (e.g., 
relocation of the parotid ducts and relocation of the submandibular ducts with or without sublingual gland 
excision).

Learning difficulties are likely to progress slowly. The cognitive involvement is typically much less severe than the 
motor involvement. In contrast, activities of daily living are likely to become problematic early on in the disease 
course as motor difficulties make individuals progressively more dependent on assistance from others.

Dental manifestations should be managed, when necessary, by a dentist and/or orthodontist.

Affected individuals should be followed regularly by an endocrinologist. The decision to treat sex and growth 
hormone deficiency, when present, should be made on an individual basis.

Individuals need to be followed regularly by an ophthalmologist. A significant proportion of affected individuals 
will have progressive myopia over several years, which will become severe before stabilizing.

Surveillance
No general surveillance guidelines have been developed to date; monitoring should be individualized.

Agents/Circumstances to Avoid
Avoid the following:

• Foods that are likely to lead to choking
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• Medications acting on D2 receptor blockers (e.g., neuroleptics such as haloperidol or risperidone, anti-
nausea medications such as metoclopramide) as these can exacerbate the extrapyramidal features

Evaluation of Relatives at Risk
See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Therapies Under Investigation
Search ClinicalTrials.gov and EU Clinical Trials Register in Europe for access to information on clinical studies 
for a wide range of diseases and conditions. Note: There may not be clinical trials for this disorder.

Genetic Counseling
Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of 
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The 
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic 
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to 
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance
POLR3-related leukodystrophy is inherited in an autosomal recessive manner.

Risk to Family Members
Parents of a proband

• The parents of an affected child are obligate heterozygotes (i.e., carriers of one POLR3A, POLR3B, or 
POLR1C pathogenic variant).

• Heterozygotes (carriers) are asymptomatic and are not at risk of developing the disorder.

Sibs of a proband

• At conception, each sib of an affected individual has a 25% chance of being affected, a 50% chance of being 
an asymptomatic carrier, and a 25% chance of being unaffected and not a carrier. Note: The phenotype is 
similar among family members; however, the severity can vary.

• Heterozygotes (carriers) are asymptomatic.

Offspring of a proband. The offspring of an individual with POLR3-related leukodystrophy are obligate 
heterozygotes (i.e., carriers of one POLR3A, POLR3B, or POLR1C pathogenic variant).

Other family members. Each sib of the proband's parents is at a 50% risk of being a carrier of a POLR3A, 
POLR3B, or POLR1C pathogenic variant.

Carrier Detection
Carrier testing for at-risk relatives requires prior identification of the POLR3A, POLR3B, or POLR1C pathogenic 
variants in the family.

Related Genetic Counseling Issues
Predictive testing for at-risk asymptomatic adult family members requires prior identification of the pathogenic 
variants in the family. Note: Although the phenotype is similar among family members, the severity and age of 
onset can vary.
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Family planning

• The optimal time for determination of genetic risk, clarification of carrier status, and discussion of the 
availability of prenatal/preimplantation genetic testing is before pregnancy.

• It is appropriate to offer genetic counseling (including discussion of potential risks to offspring and 
reproductive options) to young adults who are carriers or are at risk of being carriers.

DNA banking. Because it is likely that testing methodology and our understanding of genes, pathogenic 
mechanisms, and diseases will improve in the future, consideration should be given to banking DNA from 
probands in whom a molecular diagnosis has not been confirmed (i.e., the causative pathogenic mechanism is 
unknown). For more information, see Huang et al [2022].

Prenatal Testing and Preimplantation Genetic Testing
Once the POLR3A, POLR3B, or POLR1C pathogenic variants have been identified in an affected family member, 
prenatal and preimplantation genetic testing for POLR3-related leukodystrophy are possible.

Resources
GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries 
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the 
information provided by other organizations. For information on selection criteria, click here.

• The Yaya Foundation for 4H Leukodystrophy
PO Box 80685
Minneapolis MN 55408
Email: info@yayafoundation4HL.org
www.yayafoundation4HL.org

• European Leukodystrophy Association (ELA)
Phone: 03 83 30 93 34
www.ela-asso.com

• Leukodystrophy Australia
Australia
Phone: 1800-141-400
Email: info@leuko.org.au
www.leuko.org.au

• Leukodystrophy Foundation
1713, rue des Épinettes-Rouges
Québec City Quebec G3G 2L2
Canada
Phone: 418 806-2968
Fax: 1 866 421-6846
Email: info@leucofondation.com
www.leukofoundation.com

• Medical Home Portal
Leukodystrophies

• United Leukodystrophy Foundation
Phone: 800-SAV-LIVE; 815-748-3211
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Email: office@ulf.org
www.ulf.org

• Myelin Disorders Bioregistry Project
Phone: 215-590-1719
Email: sherbinio@chop.edu
Myelin Disorders Bioregistry Project

Molecular Genetics
Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables 
may contain more recent information. —ED.

Table A. POLR3-Related Leukodystrophy: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific 
Databases

HGMD ClinVar

POLR1C 6p21.1 DNA-directed RNA 
polymerases I and III 
subunit RPAC1

POLR1C @ LOVD POLR1C POLR1C

POLR3A 10q22.3 DNA-directed RNA 
polymerase III subunit 
RPC1

POLR3A homepage - 
Leiden Muscular 
Dystrophy pages

POLR3A POLR3A

POLR3B 12q23.3 DNA-directed RNA 
polymerase III subunit 
RPC2

POLR3B @ LOVD POLR3B POLR3B

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt. 
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for POLR3-Related Leukodystrophy (View All in OMIM)

607694 LEUKODYSTROPHY, HYPOMYELINATING, 7, WITH OR WITHOUT OLIGODONTIA AND/OR 
HYPOGONADOTROPIC HYPOGONADISM; HLD7

610060 POLYMERASE I, RNA, SUBUNIT C; POLR1C

614258 POLYMERASE III, RNA, SUBUNIT A; POLR3A

614366 POLYMERASE III, RNA, SUBUNIT B; POLR3B

614381 LEUKODYSTROPHY, HYPOMYELINATING, 8, WITH OR WITHOUT OLIGODONTIA AND/OR 
HYPOGONADOTROPIC HYPOGONADISM; HLD8

616494 LEUKODYSTROPHY, HYPOMYELINATING, 11; HLD11

Molecular Pathogenesis
Three types of RNA polymerases (Pol I [POLR1], Pol II [POLR2], and Pol III [POLR3]) are responsible for the 
transcription of DNA into RNA [Cramer et al 2008, Werner et al 2009]. POLR1, POLR2, and POLR3 have a 
distinct repertoire of DNA targets. POLR3A and POLR3B are the two largest subunits of POLR3 and form the 
catalytic core of the polymerase III. POLR1C is a shared subunit to POLR1 and POLR3.

• POLR1 transcribes pre-rRNAs, which are modified into most of the ribosomal RNAs constituting the 18S, 
5.8S, and 28S ribosomal subunits.
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• POLR2 transcribes all protein-coding genes and multiple noncoding genes, including the majority of 
microRNAs (miRNAs).

• POLR3 has a diverse repertoire of nuclear targets and also transcribes exogenous DNA in the cytoplasm.
⚬ In the nucleus it transcribes all tRNAs (transfer RNAs), the RNA 7SL (which is necessary for the 

insertion of proteins into membranes), RNAs 7SK, Alu, and B2 elements (which are responsible for 
the regulation of the transcription of POLR2).

⚬ POLR3 may play a role in the transcription of some miRNAs, but not to the same extent as POLR2 
[Dieci et al 2007].

⚬ POLR3 is responsible for the transcription of the ribosomal subunit 5S gene, which is involved in 
cytoplasmic and mitochondrial translation [Szymański et al 2003].

⚬ POLR3 transcribes vault RNAs, which become the vault organelles (responsible for the transport of 
the mRNAs from the nucleus to the cytoplasm).

POLR3A
Gene structure. POLR3A comprises 31 exons. For a detailed summary of gene and protein information, see 
Table A, Gene.

Pathogenic variants. Pathogenic variants include missense, nonsense, and splice site variants, small intragenic 
deletions, and insertions [Bernard et al 2011, Saitsu et al 2011, Potic et al 2012, Daoud et al 2013, Wolf et al 2014, 
La Piana et al 2016]. See Table 3 (pdf).

No affected individual has been found to have two null pathogenic variants, which may be explained by the role 
of POLR3A as a housekeeping gene, suggesting that some residual POLR3 function is essential for embryonic/
fetal survival.

Normal gene product. POLR3A encodes the DNA-directed RNA polymerase III subunit A (POLR3A) which 
comprises 1390 amino acids. POLR3A, the largest of the 17 subunits of POLR3, forms (together with POLR3B) 
the catalytic core of the polymerase.

Abnormal gene product. The mapping of the pathogenic variants to protein domains of POLR3A suggests that 
they can interfere with DNA binding directly, modify the catalytic cleft structure, change POLR3A/POLR3B 
interaction, and perturb interactions between POLR3A and other POLR3 subunits [Bernard et al 2011].

Western blot studies on fibroblasts and brain tissue from an individual with 4H leukodystrophy and known 
POLR3A pathogenic variants showed a statistically significant decrease in POLR3A levels, with a more 
significant reduction in the cerebral white matter compared to the cortex [Bernard et al 2011].

These later findings have led us to hypothesize that pathogenic variants in POLR3A lead to suboptimal assembly 
of the POLR3 complex, its translocation in the nucleus and/or interaction with chromatin. This hypothesis is 
supported by the results published on POLR1C leukodystrophy pathogenic variants.

POLR3B
Gene structure. POLR3B comprises 28 exons. For a detailed summary of gene and protein information, see 
Table A, Gene.

Pathogenic variants. Pathogenic variants include missense, nonsense, and splice site variants and small 
intragenic deletions [Saitsu et al 2011, Tétreault et al 2011]. See Table 4 (pdf). Recently, the first examples of large 
multiexon deletions have been reported [Gutierrez et al 2015].

No affected individual has been found to have two null pathogenic variants, which may be explained by the role 
of POLR3B as a housekeeping gene, suggesting that some residual POLR3 function is essential for embryonic/
fetal survival.
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Normal gene product. POLR3B encodes the DNA-directed RNA polymerase III subunit B (POLR3B) which 
comprises 1133 amino acids. POLR3B, the second largest of the 17 subunits of POLR3, forms (together with 
POLR3A) the catalytic core of the polymerase.

Abnormal gene product. The mapping of the pathogenic variants to protein domains of POLR3B suggests that 
they can interfere with DNA binding directly, modify the catalytic cleft structure, change POLR3A/POLR3B 
interaction, and perturb interactions between POLR3B and other POLR3 subunits [Tétreault et al 2011].

POLR1C
Gene structure. POLR1C comprises nine exons. For a detailed summary of gene and protein information, see 
Table A, Gene.

Pathogenic variants. Pathogenic leukodystrophy variants reported to date include missense and small 
intragenic deletions different from the pathogenic variants known to cause Treacher Collins syndrome. See Table 
5 (pdf).

Normal gene product. POLR1C encodes the DNA-directed RNA polymerase I subunit C (POLR1C) which 
comprises 346 amino acids. POLR1C is a common subunit to both POLR1 and POLR3.

Abnormal gene product. The abnormal "leukodystrophy" gene products p.Asn32Ile and p.Asn74Ser alter 
assembly and nuclear import of POLR3, but not POLR1, leading to decreased binding to POLR3 target genes, 
and not POLR1 target genes [Thiffault et al 2015].

Chapter Notes
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