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Summary

Clinical characteristics
PLA2G6-associated neurodegeneration (PLAN) comprises a continuum of three phenotypes with overlapping 
clinical and radiologic features:

• Infantile neuroaxonal dystrophy (INAD)
• Atypical neuroaxonal dystrophy (atypical NAD)
• PLA2G6-related dystonia-parkinsonism

INAD usually begins between ages six months and three years with psychomotor regression or delay, hypotonia, 
and progressive spastic tetraparesis. Many affected children never learn to walk or lose the ability shortly after 
attaining it. Strabismus, nystagmus, and optic atrophy are common. Disease progression is rapid, resulting in 
severe spasticity, progressive cognitive decline, and visual impairment. Many affected children do not survive 
beyond their first decade.

Atypical NAD shows more phenotypic variability than INAD. In general, onset is in early childhood but can be 
as late as the end of the second decade. The presenting signs may be gait instability, ataxia, or speech delay and 
autistic features, which are sometimes the only evidence of disease for a year or more. Strabismus, nystagmus, 
and optic atrophy are common. Neuropsychiatric disturbances including impulsivity, poor attention span, 
hyperactivity, and emotional lability are also common. The course is fairly stable during early childhood and 
resembles static encephalopathy but is followed by neurologic deterioration between ages seven and 12 years.

PLA2G6-related dystonia-parkinsonism has a variable age of onset, but most individuals present in early 
adulthood with gait disturbance or neuropsychiatric changes. Affected individuals consistently develop dystonia 
and parkinsonism (which may be accompanied by rapid cognitive decline) in their late teens to early twenties. 
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Dystonia is most common in the hands and feet but may be more generalized. The most common features of 
parkinsonism in these individuals are bradykinesia, resting tremor, rigidity, and postural instability.

Diagnosis/testing
The diagnosis of PLA2G6-associated neurodegeneration is established in a proband by identification of biallelic 
pathogenic variants in PLA2G6 on molecular genetic testing. The diagnosis of INAD or atypical NAD can be 
established in a proband with no identified PLA2G6 pathogenic variants by electron microscopic examination of 
nerve biopsies for dystrophic axons (axonal spheroids).

Management
Treatment of manifestations:

• Individuals with INAD and atypical NAD. Routine pharmacologic treatment of spasticity and seizures; 
trial of oral or intrathecal baclofen for dystonia associated with atypical INAD; treatment by a psychiatrist 
for those with later-onset neuropsychiatric symptoms; fiber supplements and/or stool softener treatment 
for constipation; control of secretions with transdermal scopolamine patch as needed; feeding 
modifications as needed to prevent aspiration pneumonia and achieve adequate nutrition.

• Individuals with PLA2G6-related dystonia-parkinsonism. Consider treatment with dopaminergic agents; 
treatment of neuropsychiatric symptoms by a psychiatrist; evaluation by physical therapy for management 
of postural instability and gait difficulties; occupational therapy to assist with activities of daily living; 
feeding modifications as needed to prevent aspiration pneumonia and achieve adequate nutrition.

Prevention of secondary complications: Early physical therapy and orthopedic management to prevent 
contractures as the disease progresses; body temperature monitors may be required for individuals with 
progressive autonomic involvement to identify dangerous fluctuations in core body temperature.

Surveillance: Periodic assessment of vision and hearing of nonverbal children is indicated as needed to 
determine the level of sensory deficits.

Genetic counseling
PLA2G6-associated neurodegeneration 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 family members, prenatal testing for 
a pregnancy at increased risk, and preimplantation genetic testing are possible if the pathogenic variants in the 
family are known.

GeneReview Scope
PLA2G6-Associated Neurodegeneration: Included Phenotypes 1

• Infantile neuroaxonal dystrophy (INAD)
• Atypical neuroaxonal dystrophy (atypical NAD)
• PLA2G6-related dystonia-parkinsonism

For synonyms and outdated names see Nomenclature.
1. For other genetic causes of these phenotypes see Differential Diagnosis.
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Diagnosis

Suggestive Findings
PLA2G6-associated neurodegeneration (PLAN) comprises a continuum of three phenotypes with overlapping 
clinical and radiologic features:

• Infantile neuroaxonal dystrophy (INAD)
• Atypical neuroaxonal dystrophy (atypical NAD)
• PLA2G6-related dystonia-parkinsonism

Infantile Neuroaxonal Dystrophy (INAD)
PLA2G6-associated INAD should be suspected in individuals with the following clinical, laboratory, 
radiographic, and neurophysiologic features.

Clinical

• Onset before age three years
• Psychomotor regression (most common presenting feature)
• Early truncal hypotonia followed by spastic tetraparesis (usually with hyperreflexia in the early disease 

stages with progression to areflexia later in the disease course)
• Visual abnormalities: strabismus, nystagmus, optic atrophy

Laboratory

• Elevated aspartate aminotransferase / alanine aminotransferase ratio
• Elevated lactate dehydrogenase

Radiographic

• Cerebellar atrophy (See Figure 1.)
• T2-weighted MRI of the brain: hypointense globus pallidus (indicating iron accumulation), cortical 

cerebellar hyperintensities consistent with cerebellar gliosis, white matter abnormalities, thin vertically 
oriented corpus callosum (see Figure 1), and hypertrophy of the clava [Illingworth et al 2014, Al-Maawali 
et al 2016]

Neurophysiologic

• EMG (electromyogram). Evidence of denervation
• EEG (electroencephalogram). Fast rhythms
• VEP (visual evoked potential). Delayed with reduced amplitudes
• NCV (nerve conduction velocity). Distal axonal-type sensorimotor neuropathy
• Seizures that may present early or late in the disease course [Wu et al 2009]

Atypical Neuroaxonal Dystrophy (NAD)
PLA2G6-associated atypical NAD) should be suspected in individuals with the following clinical, radiographic, 
and neurophysiologic features.

Clinical

• Onset before age 20 years
• Psychomotor regression
• Gait abnormalities
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• Prominent expressive language difficulties
• Psychiatric/behavioral abnormalities including autistic-like behavior
• Visual abnormalities: nystagmus, optic atrophy
• Spasticity (without preceding hypotonia)
• Joint contractures
• Progressive dystonia and dysarthria
• Disease progression slower than in INAD

Radiographic

• Cerebellar atrophy
• T2-weighted MRI of the brain: hypointense globus pallidus (indicating iron accumulation)

Neurophysiologic

• VEP. Delayed with reduced amplitudes
• Seizures

PLA2G6-Related Dystonia-Parkinsonism
PLA2G6-related dystonia-parkinsonism should be suspected in individuals with the following clinical and 
radiographic features.

Clinical

• Onset varying from childhood to young adulthood
• Parkinsonism (tremor, bradykinesia, rigidity, and markedly impaired postural responses)
• Dystonia
• Dysarthria

Figure 1. A. Left axial image shows high brain iron in the globus pallidus (see arrow) on T2-weighted MRI.
B. Right sagittal image shows cerebellar atrophy (see arrow).
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• Autonomic involvement (e.g., cold/blue hands and feet, difficulty regulating core body temperature, 
constipation)

• Cognitive decline
• Neuropsychiatric changes
• Initial dramatic response to dopaminergic treatment followed by the early development of dyskinesias

Radiographic

• Cerebral atrophy
• Cerebellar atrophy
• Abnormal brain iron accumulation in the globus pallidus, substantia nigra, and/or striatum; findings are 

variable and may not be evident on MRI studies until late in the disease course for some individuals.
• Reduced dopamine transporter labeling similar to that seen in idiopathic Parkinson disease
• In some individuals, frontotemporal atrophy/hypoperfusion on single-photon emission computed 

tomography

Establishing the Diagnosis
The diagnosis of PLA2G6-associated neurodegeneration (PLAN) is established in a proband by identification of 
biallelic pathogenic variants in PLA2G6 on molecular genetic testing (see Table 1).

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

• Single-gene testing. Sequence analysis of PLA2G6 is performed first and followed by gene-targeted 
deletion/duplication analysis if only one or no pathogenic variant is found.

• A multigene panel that includes PLA2G6 and other genes of interest (see Differential Diagnosis) may also 
be considered. Note: (1) The genes included in the panel and the diagnostic sensitivity of the testing used 
for each gene 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 is most likely to identify the genetic cause of the condition while 
limiting identification of variants of uncertain significance and 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.
For an introduction to multigene panels click here. More detailed information for clinicians ordering 
genetic tests can be found here.

• 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 PLA2G6-Associated Neurodegeneration

Gene 1 Method Proportion of Probands with Pathogenic 
Variants 2 Detectable by Method

PLA2G6
Sequence analysis 3 ~85% 4

Gene-targeted deletion/duplication 
analysis 5 ≤12.5% 6
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Table 1. continued from previous page.

Gene 1 Method Proportion of Probands with Pathogenic 
Variants 2 Detectable by Method

Unknown 7 NA

1. See Table A. Genes and Databases for chromosome locus and protein.
2. See Molecular Genetics for information on allelic 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 small intragenic deletions/insertions and missense, nonsense, and splice site variants; typically, exon or whole-gene 
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.
4. Of all individuals identified with PLA2G6 pathogenic variants, approximately 10% have only one pathogenic variant identified 
[NBIA International Mutation Database, unpublished data].
5. 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.
6. Deletion and duplication of multiple exons have been identified Crompton et al [2010] (see Molecular Genetics, Pathogenic 
variants).
7. Linkage data support the presence of at least one additional INAD locus [Morgan et al 2006].

Tissue biopsy. If no PLA2G6 pathogenic variants are identified but the evolving phenotype remains most 
consistent with INAD or atypical NAD, a biopsy for identification of dystrophic axons (axonal spheroids) can be 
considered. Electron microscopic (EM) examination of nerve ultrastructure should be done on one of the 
following preferred tissues: conjunctiva, skin, rectum, muscle, or other peripheral nerve (sural). Histopathologic 
evidence of dystrophic axons on biopsy from one or more of the following tissues, viewed by EM, includes:

• Membranotubular profiles;
• Mitochondrial aggregates;
• Increased axonal diameter and thinned membrane.

Note: (1) Because axonal spheroids accumulate with age and may not be evident in all tissues, individuals 
suspected to have INAD or atypical NAD without identifiable PLA2G6 pathogenic variants may require multiple 
biopsies over time before axonal spheroids are identified. (2) Peripheral spheroids have not been described in 
pathologic specimens from persons with PLA2G6-associated dystonia-parkinsonism; however, limited 
pathologic material has been available thus far from this group.

Clinical Characteristics

Clinical Description
Infantile neuroaxonal dystrophy (INAD). Onset of INAD usually occurs between ages six months and three 
years. The disease presents with psychomotor regression (i.e., loss of previously acquired milestones) or delay, 
delayed walking, or gait disturbance. A single individual with neonatal onset has been reported, with severe 
hypotonia and marked weakness [Fusco et al 2015].

Truncal hypotonia is observed early in the disease course. Over time, affected persons develop a spastic 
tetraparesis, with symmetric pyramidal tract signs on clinical examination.

Visual signs and symptoms are common. Strabismus and nystagmus are early features of the disease. Later optic 
atrophy occurs in most individuals. Optic atrophy may be observed early as optic nerve pallor; thin optic chiasm 
and tracts have also been reported on brain MRI [Farina et al 1999].

Seizures occur in a minority of individuals as a later symptom [Nardocci et al 1999, Wu et al 2009].
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Autonomic involvement may present early as constipation or cold extremities. With progression, some 
individuals require body temperature monitors because of dangerous fluctuations in core body temperature.

The progression of disease is usually rapid. Many affected children never learn to walk or lose this ability shortly 
after attaining it. During the end stages of disease, severe spasticity, progressive cognitive decline, and visual 
impairment result in a vegetative state. Death occurs as a result of secondary illnesses such as aspiration 
pneumonia, associated with bulbar dysfunction. Many affected children do not survive beyond their first decade, 
but some survive into their teens or later. Supportive care can contribute to a longer life span by reducing the risk 
of infection and other complications.

Atypical NAD. Whereas the features of INAD are relatively homogeneous, atypical disease is quite varied.

In general, onset in atypical NAD is in early childhood but can be as late as the late teens. In a series of 13 
individuals, four had onset by age three years but a fairly stable course during early childhood resembling static 
encephalopathy, followed by neurologic deterioration between ages seven and 12 years [Nardocci et al 1999].

The presenting signs and symptoms may be similar to INAD, including gait instability or ataxia. Others may 
present with speech delay and autistic features, which may remain as the only evidence of disease for a year or 
more, given the slow progression of atypical NAD compared to INAD [Gregory et al 2008].

Although spastic tetraparesis is evident late in the disease, it is rarely preceded by early truncal hypotonia. In 
contrast to classic disease, extrapyramidal findings (i.e., dystonia and dysarthria) predominate in atypical NAD. 
Eye findings are similar to those seen in classic INAD. Neuropsychiatric disturbances including impulsivity, poor 
attention span, hyperactivity, and emotional lability are also common [Gregory et al 2008].

Atypical NAD is rare, and the life span is not known; however, it is expected to be longer than that observed in 
classic disease.

PLA2G6-related dystonia-parkinsonism. To date, only a small number of affected individuals have been 
described [Karkheiran et al 2015]. Age at onset has varied from four to 37 years [Paisán-Ruiz et al 2009, Paisán-
Ruiz et al 2010, Yoshino et al 2010, Bower et al 2011, Paisán-Ruiz et al 2012, Virmani et al 2014]; however, the 
majority have presented in early adulthood (late teens to 20s). Of those with childhood onset, one presented 
with foot drag and dystonia at age ten years and the other two children presented with an unsteady gait at ages 
six and eight years. The youngest individual presented with stuttering speech, clumsiness, and dyslexia at age 
four years – findings that may not be related to the PLA2G6-associated neurodegeneration (PLAN). In young 
adults, initial symptoms are frequently neuropsychiatric, including depression, personality changes, aggression, 
delusions, or paranoia. Gait disturbance is also common at presentation.

Regardless of the age at onset, affected individuals consistently develop dystonia and parkinsonism (which may 
be accompanied by rapid cognitive decline) in their late teens to early twenties. Neuropsychiatric changes may 
precede the movement disorder or occur concomitantly. Dystonia is most common in the hands and feet but 
may be more generalized. The most common features of parkinsonism in these individuals are bradykinesia, 
resting tremor, rigidity, and postural instability. Of note, it is common to have an initially dramatic positive 
response to dopaminergic agents; however, this tends to be short-lived and followed quickly by the development 
of motor fluctuations and dyskinesias.

Neuropathology. Paisán-Ruiz et al [2012] described the neuropathologic findings in seven individuals who 
spanned the three forms of PLAN. Numerous axonal swellings in the basal ganglia and brain stem were observed 
in individuals with infantile-onset and adult-onset PLAN. They were also found in the spinal cord in the two 
individuals for whom cord tissue was available. Lewy bodies were widespread in both those with adult-onset and 
those with infantile-onset PLAN. In two affected individuals, one with onset at 18 years and the other only 
specified as "childhood," the Lewy body pathology was comparable to that seen in severe, end-stage Parkinson 
disease. Tau pathology, to varying degrees, was also found across the PLAN spectrum.
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Genotype-Phenotype Correlations
Genotype correlates with phenotype to a limited extent:

• All individuals with two null alleles of PLA2G6 have INAD.
• The less severe atypical NAD phenotype is caused almost exclusively by pathogenic missense variants.
• Common pathogenic variants associated with INAD impair the catalytic activity of the PLA2G6 protein, 

whereas three pathogenic variants associated with PLA2G6-related dystonia-parkinsonism did not [Engel 
et al 2010].

Nomenclature
Outdated terms

• Seitelberger [1952] first described this condition, which was originally named Seitelberger disease.
• Karak syndrome was described in two sibs with early-onset cerebellar ataxia, dystonia, spasticity, and 

intellectual decline. Brain MRI findings included cerebellar atrophy and iron accumulation in the globus 
pallidus and substantia nigra [Mubaidin et al 2003]. Morgan et al [2006] identified pathogenic variants in 
PLA2G6 in individuals with Karak syndrome, which is now included in the phenotypic spectrum of PLAN 
and no longer considered a clinically distinct entity; what had been described as Karak syndrome is now 
referred to as atypical NAD.

Current nomenclature. In addition to INAD, later-onset variants have been called late-infantile, juvenile, or 
atypical neuroaxonal dystrophy and neurodegeneration with brain iron accumulation (NBIA).

The authors propose the following usage:

• INAD for early-onset, rapidly progressive disease
• Atypical NAD for later childhood-onset disease with slower progression and predominant extrapyramidal 

findings (dystonia, dysarthria). The atypical NAD phenotype is expected to include a broad range of 
presentations including Karak syndrome.

• PLA2G6-related dystonia-parkinsonism for adult-onset dystonia-parkinsonism accompanied by 
cognitive decline and neuropsychiatric changes

Prevalence
Disease prevalence is not established; it is estimated at 1:1,000,000.

Genetically Related (Allelic) Disorders
Though still only speculative, pathogenic variants in PLA2G6 may underlie Schindler disease as well. This may 
explain the discordance between the clinical and biochemical phenotypes observed in Schindler disease, which 
is categorized as a neuroaxonal dystrophy. Schindler disease was originally reported in sibs with early-onset, 
rapidly progressive psychomotor regression, evidence of axonal spheroids, and deficiency of α-N-
acetylgalactosaminidase (α-NAGA) [Schindler et al 1989]. Alpha-NAGA deficiency underlies the 
oligosacchariduria found in Schindler disease, but its causal role in the neurologic phenotype has been 
questioned because other persons with α-NAGA deficiency have a spectrum of clinical findings ranging from 
angiokeratoma to no abnormalities [Keulemans et al 1996, Bakker et al 2001].

The authors have proposed that pathogenic variants in PLA2G6 account for the early-onset neurodegenerative 
phenotype that occurs in a subset of individuals with Schindler disease based on their common clinical and 
pathologic features, their interrelatedness, and the proximity of PLA2G6 to NAGA on chromosome 22 
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[Westaway et al 2007]. Molecular genetic testing of samples from the original sibs diagnosed with Schindler 
disease should resolve this question; such samples have not been available.

Differential Diagnosis

Infantile Neuroaxonal Dystrophy (INAD)
Early diagnosis is challenging because the initial symptoms of psychomotor regression and progression are also 
observed in other conditions. The observation of an elevated aspartate aminotransferase / alanine 
aminotransferase ratio and elevated lactate dehydrogenase in combination with these findings is more suspicious 
for INAD [Kraoua et al 2016].

The degree of weakness early in the disease course may initially direct the clinician toward a myopathy or spinal 
muscular atrophy.

Cerebellar atrophy can be detected by brain MRI before age two years in some children [Farina et al 1999]. The 
differential diagnosis for childhood cerebellar atrophy includes infantile neuronal ceroid-lipofuscinosis (CLN1 
disease, Santavuori-Haltia), ataxia-telangiectasia, KIF1A-associated hereditary spastic paraplegia (OMIM 
610357; see also Hereditary Spastic Paraplegia Overview), and hereditary ataxia; however, cerebellar atrophy 
usually presents later in individuals with these disorders.

An estimated 40%-50% of individuals with INAD have abnormal iron accumulation in the basal ganglia 
(primarily the globus pallidus), which is best detected on T2-weighted MRI. For this reason, conditions included 
in the neurodegeneration with brain iron accumulation (NBIA) category should also be considered in the 
differential diagnosis of INAD. Individuals with INAD have not been found to have an eye-of-the-tiger sign, 
which correlates very highly with pantothenate kinase-associated neurodegeneration (PKAN) [Hayflick et al 
2003].

Since the identification of PLA2G6 pathogenic variants as causative of INAD, the need for invasive nerve biopsy 
to aid in diagnosis has decreased. While the presence of axonal spheroids in peripheral tissues remains specific 
to INAD, spheroids are found in the brain in a few other conditions, including PKAN, idiopathic NBIA, infantile 
GM2 gangliosidosis (see Hexosaminidase A Deficiency), Niemann-Pick disease type C, and Menkes disease (see 
ATP7A-Related Copper Transport Disorders).

Atypical Neuroaxonal Dystrophy (NAD)
Initial speech delay and limited social interaction may be consistent with autism.

Spasticity, dystonia, and dysarthria – findings similar to those of other forms of NBIA – eventually predominate; 
high brain iron in the globus pallidus and substantia nigra has been observed in nearly all individuals, although 
ascertainment is likely to be biased [Gregory et al 2008]. Therefore, idiopathic NBIA should also be considered 
in the differential diagnosis of atypical NAD. PKAN may present with similar features.

PLA2G6-Related Dystonia-Parkinsonism
When high brain iron is present and pathogenic variants in PLA2G6 have not been identified, other forms of 
NBIA should be considered in the differential diagnosis. Atypical PKAN, Kufor-Rakeb syndrome (OMIM 
606693), MPAN (mitochondrial membrane protein-associated neurodegeneration), and BPAN (beta-propeller 
protein-associated neurodegeneration) can present with neuropsychiatric changes, parkinsonism, and dystonia 
in late childhood or early adulthood. As in PLA2G6-related dystonia-parkinsonism, individuals with MPAN, 
BPAN, and Kufor-Rakeb syndrome also exhibit cognitive decline.
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Other forms of early-onset dystonia-parkinsonism must also be considered, including: dopa-responsive 
dystonia; Wilson disease; Parkinson disease 2 (PARK2); PARK6, PARK7, and PARK15 (see Parkinson Disease 
Overview); SLC6A3-related dystonia-parkinsonism; X-linked dystonia-parkinsonism (DYT-TAF1); DYT-
ATP1A3; DYT16; and spastic paraplegia 11 (SPG11) [Schneider & Bhatia 2010].

Management

Evaluations Following Initial Diagnosis
To establish the extent of disease and needs in an individual diagnosed with PLA2G6-associated 
neurodegeneration (PLAN), the following evaluations are recommended if they have not already been 
completed:

• Thorough ophthalmologic examination to assess for optic atrophy
• EEG for the possibility of unrecognized seizure activity
• Consultation with a clinical geneticist and/or genetic counselor

Note: The extent of disease is often well characterized by the time of diagnosis, since the diagnostic workup 
frequently includes neurophysiologic studies (EEG, EMG, nerve conduction studies, ERG [electroretinogram], 
and/or VEP) and brain MRI.

Treatment of Manifestations
The following treatments for infantile neuroaxonal dystrophy (INAD) and atypical NAD are palliative:

• Pharmacologic treatment of spasticity and seizures

• Trial of oral or intrathecal baclofen for those with atypical INAD who have significant dystonia (See 
Dystonia Overview.)
Deep brain stimulation has been successfully utilized in one individual with atypical NAD who had 
intractable dystonia [Cif et al 2014].

• Treatment by a psychiatrist for those with a later-onset, more protracted course accompanied by 
neuropsychiatric symptoms

• Over-the-counter fiber supplements and/or stool softeners to treat constipation that is likely caused by a 
combination of immobility, diet, and medications

• Transdermal scopolamine patch to reduce the volume of secretions in those with excessive drooling or 
difficulty controlling secretions

• Measures such as a gastric feeding tube or tracheostomy as needed to prevent aspiration pneumonia

Treatments for PLA2G6-related dystonia-parkinsonism are also palliative but differ somewhat:

• Treatment with dopaminergic agents is likely to be beneficial for the motor symptoms of parkinsonism 
and dystonia and may initially produce a dramatic response. In individuals treated to date, this response 
diminished over time, and affected individuals often developed prominent early dyskinesias, complicating 
medical management. Despite the dyskinesias, treatment with dopaminergic agents may still be indicated, 
as affected individuals typically experience benefit for a period of time and the dyskinesias are expected to 
decline after discontinuation of treatment. In one case report, an individual age 32 years with dystonia-
parkinsonism developed episodes of non-painful, fixed upward gaze with neck extension that started 
shortly after levodopa administration and persisted until the drug wore off [Virmani et al 2014]. The use 
of deep brain stimulation for PLA2G6-associated dystonia-parkinsonism has not been reported.
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• Treatment by a psychiatrist for neuropsychiatric symptoms is indicated.
• Evaluation by physical therapy may guide the management of postural instability and gait difficulties.
• Occupational therapy may offer tools to assist with activities of daily living.
• Interventions such as a gastric feeding tube or tracheostomy may be needed to reduce the risk of 

aspiration pneumonia.

Prevention of Secondary Complications
A rehabilitation program including physical therapy and orthopedic management should be initiated early in the 
disease course to prevent contractures when the individual is permanently nonambulatory.

Body temperature monitors may be required for individuals with progressive autonomic involvement to identify 
dangerous fluctuations in core body temperature.

Surveillance
Periodic assessment of vision and hearing of nonverbal children is indicated as needed to determine the level of 
sensory deficits.

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

Pregnancy Management
Women with the INAD and atypical NAD forms of PLAN have not been known to reproduce due to the 
relatively early onset and severity of disease.

Two women with PLA2G6-related dystonia-parkinsonism have been reported to reproduce [Paisán-Ruiz et al 
2010, Virmani et al 2014]. Since onset of manifestations of PLAN has been reported as late as age 30 years, some 
women may become pregnant before onset of symptoms or early in the disease course. For those who may be 
symptomatic, the main issue is the potential for teratogenic effects of medications taken during pregnancy. It is 
not known whether pregnancy itself may have short- or long-term effects on the disease course for the affected 
pregnant woman.

Therapies Under Investigation
Because some individuals with PLAN have high brain iron and this disorder falls into the category of NBIA, the 
option of chelation therapy is sometimes raised. The chelator deferiprone is currently under investigation for the 
PKAN form of NBIA. Results may inform its use in PLAN and/or lead to additional trials.

A proof-of-concept gene therapy strategy is currently under investigation in murine disease models of PLAN 
[Dr. Manju Kurian, personal communication].

Development of small molecule therapies is also under investigation in cell and murine disease models [Dr. Paul 
Kotzbauer, personal communication].

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for information on clinical studies 
for a wide range of diseases and conditions.

Other
Docosahexaenoic acid (DHA) is selectively hydrolyzed from phospholipids by the action of the iPLA2-beta 
enzyme, the protein encoded by PLA2G6. Although not yet tested as an intervention in individuals with PLAN, a 
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Pla2g6-mutant mouse model showed reduced DHA metabolism and signaling [Basselin et al 2010]; evidence 
from a more recent study showed that DHA can reverse selective iPLA2-beta inhibition [Mazzocchi-Jones 2015]. 
Given the low risk of harm from DHA supplementation, the authors recommend its administration at a dose 
that is age appropriate.

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
PLA2G6-associated neurodegeneration (PLAN) is inherited in an autosomal recessive manner.

Risk to Family Members
Parents of a proband

• The parents of an affected individual are obligate heterozygotes (i.e., carriers of one PLA2G6 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.

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

Offspring of a proband

• Individuals with infantile neuroaxonal dystrophy (INAD) and atypical NAD have not been known to 
reproduce.

• All offspring of individuals with later-onset PLA2G6-related dystonia-parkinsonism will be obligate 
(unaffected) carriers.

• If the reproductive partner of a person with PLA2G6-related dystonia-parkinsonism is a carrier, the risk to 
their offspring of being homozygous is 50% and of being heterozygous (unaffected carriers) is 50%. The 
phenotype of the homozygous offspring within the PLAN spectrum will be influenced by the type of 
pathogenic variant present in the carrier partner; current data are not sufficient to predict which PLAN 
phenotype the homozygous offspring will display.

Other family members. Each sib of the proband’s parents is at a 50% risk of being a carrier of a PLA2G6 
pathogenic variant.

Carrier Detection
Carrier testing for at-risk relatives requires prior identification of the PLA2G6 pathogenic variants in the family.

Related Genetic Counseling Issues
Testing of at-risk sibs. The proband may have sibs younger or close in age who could be affected. Although early 
diagnosis is not likely to significantly reduce morbidity or mortality, testing of at-risk sibs may be desired:
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• If both PLA2G6 pathogenic variants have been identified in the proband, the sibs may be tested to 
determine if they have inherited both PLA2G6 pathogenic variants.

• If the PLA2G6 pathogenic variants have not been identified in the proband, a plan for assessing at-risk sibs 
should be designed based on the primary findings in the proband and the established clinical criteria for 
INAD/atypical NAD/PLA2G6-related dystonia-parkinsonism. Evaluations are likely to include brain MRI, 
ophthalmologic assessment, and possibly biopsy for histologic examination of peripheral nerves (see 
Diagnosis).
Note: Neither the absence of axonal spheroids nor a normal brain MRI rules out INAD or atypical NAD, 
as these findings develop over time and spheroids vary by location. Diagnostic tests may need to be 
repeated at a later age for at-risk sibs in families without identified PLA2G6 pathogenic variants. A normal 
MRI and absence of other symptoms (including regression) in a sib who is older than the affected sib was 
when cerebellar atrophy and/or other symptoms presented is reassuring.

• Predictions of clinical course and age of onset are more challenging in asymptomatic individuals 
diagnosed with PLA2G6-related dystonia-parkinsonism than in individuals with INAD or atypical NAD. 
Age of onset can vary widely in individuals from the same family; additionally, some of the 
neuropsychiatric changes that may be present early in disease course (e.g., anxiety or depression) are also 
common in the general population and thus may not be attributable to the onset of PLA2G6-related 
dystonia-parkinsonism.

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 affected, 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).

Prenatal Testing and Preimplantation Genetic Testing
Once both PLA2G6 pathogenic variants have been identified in an affected family member, prenatal testing for a 
pregnancy at increased risk and preimplantation genetic testing for PLAN 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.

• INADcure Foundation
Email: info@INADcure.org
www.INADcure.org

• NBIA Disorders Association
www.nbiadisorders.org

• eyeGENE – National Ophthalmic Disease Genotyping Network Registry
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Phone: 301-435-3032
Email: eyeGENEinfo@nei.nih.gov
https://eyegene.nih.gov/

• NBIAcure
Center of Excellence for NBIA Clinical Care and Research
International Registry for NBIA and Related Disorders
Oregon Health & Science University
Email: info@nbiacure.org
www.nbiacure.org

• Treat Iron-Related Childhood Onset Neurodegeneration (TIRCON)
Germany
Email: TIRCON@med.uni-muenchen.de
www.TIRCON.eu

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. PLA2G6-Associated Neurodegeneration: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific 
Databases

HGMD ClinVar

PLA2G6 22q13.1 85/88 kDa calcium-
independent 
phospholipase A2

PLA2G6 @ LOVD PLA2G6 PLA2G6

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 PLA2G6-Associated Neurodegeneration (View All in OMIM)

256600 NEURODEGENERATION WITH BRAIN IRON ACCUMULATION 2A; NBIA2A

603604 PHOSPHOLIPASE A2, GROUP VI; PLA2G6

610217 NEURODEGENERATION WITH BRAIN IRON ACCUMULATION 2B; NBIA2B

Molecular Pathogenesis
PLA2G6 encodes 85/88-kd calcium-independent phospholipase A2 (iPLA2-VIA). The iPLA2 family of 
phospholipase A2 enzymes catalyzes the hydrolysis of glycerophospholipids, generating a free fatty acid (usually 
arachidonic acid) and a lysophospholipid. The iPLA2-VIA protein has proposed roles in phospholipid 
remodeling, arachidonic acid release, leukotriene and prostaglandin synthesis, and apoptosis [Balsinde & Balboa 
2005]. The iPLA2 enzymes play a critical role in cell membrane homeostasis by helping to regulate levels of 
phospholipids [Baburina & Jackowski 1999]. Defects in iPLA2-VIA could lead to a relative abundance of 
membrane phospholipids or skewing of the proportions of specific species and secondary structural 
abnormalities, which may contribute to the axonal pathology observed in INAD [Morgan et al 2006].

Gene structure. The longest characterized PLA2G6 transcript (NM_003560.2) has 17 exons that are alternatively 
spliced to create several transcript variants encoding multiple protein isoforms [Larsson et al 1998]. For a 
detailed summary of gene and protein information, see Table A, Gene.
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Benign variants. No commonly occurring PLA2G6 benign variants have been identified to date.

Pathogenic variants. The original report of pathogenic variants in PLA2G6 described 44 unique pathogenic 
variants: 32 missense variants, five small deletions leading to a frameshift, three nonsense variants, two leading 
to amino-acid deletions without a frameshift, one splice site variant, and one contiguous gene deletion [Morgan 
et al 2006]. Multiexon deletion and duplication have been identified in several individuals [Crompton et al 2010, 
Tonelli et al 2010, Yamamoto et al 2015]. Some pathogenic variants have been identified in multiple families 
reported to be unrelated, although several share ethnic backgrounds [NBIA International Mutation Database, 
unpublished data]. A founder variant, p.Val691del, has been described in a North African cohort [Romani et al 
2015].

Table 2. PLA2G6 Pathogenic Variants Discussed in This GeneReview

DNA Nucleotide Change Predicted Protein Change Reference Sequences

c.2070_2072del p.Val691del
NM_003560.2 

NP_003551.2

Variants listed in the table have been provided by the authors. GeneReviews staff have not independently verified the classification of 
variants.
GeneReviews follows the standard naming conventions of the Human Genome Variation Society (varnomen.hgvs.org). See Quick 
Reference for an explanation of nomenclature.

Normal gene product. The longest transcript (NM_003560.2) encodes a protein of 806 amino acids 
(NP_003551.2). iPLA2-VIA is one of several calcium-independent phospholipases. The protein is active as a 
tetramer.

Abnormal gene product. The two enzymatically active isoforms of the protein are predicted to be affected by all 
of the pathogenic variants reported to date [Morgan et al 2006]. A subset of pathogenic variants would also alter 
the shorter enzymatically inactive isoforms, which appear to act as dominant-negative inhibitors when 
incorporated in the tetramer [Larsson et al 1998, Balsinde & Balboa 2005].
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