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Introduction

Neurodegeneration with brain iron accumulation (NBIA) comprises a group of disorders 

with a progressive extrapyramidal syndrome and excessive iron deposition in the brain, 

particularly globus pallidus and substantia nigra. NBIA is considered to be a very rare 

disease group, with a prevalence of less than 1/1,000,000 in the general population [1–3]. 

Ten genes have been identified as associated with different NBIA subtypes. Only two of 

these genes (FTL and CP) encode proteins that play a direct role in iron metabolism, while 

the remaining eight (PANK2, PLA2G6, C19orf12, WDR45, FA2H, ATP13A2, DCAF17, 

and COASY) encode proteins involved in lipid metabolism, mitochondrial function, 

coenzyme A (CoA) metabolism, and autophagy [4]. The most common forms of NBIA are 

pantothenate kinase-associated neurodegeneration (PKAN), PLA2G6-associated 

neurodegeneration (PLAN), and beta propeller protein-associated neurodegeneration 

(BPAN). Mitochondrial membrane protein-associated neurodegeneration (MPAN) occurs 

less frequently. It is inherited in an autosomal recessive fashion, and a common Polish 

mutation has been identified in several cases. MPAN is caused by biallelic mutations in 

C19orf12, which encodes a protein of the mitochondrial membrane [5, 6]. Herein, we 

present a patient with progressive neurocognitive decline after normal development during 

infancy, undiagnosed for 19 years until detailed genetic analysis revealed mutations in 

C19orf12.
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Case report

A previously healthy 14-year-old Turkish girl, the third child of related parents, had normal 

developmental milestones and presented with a history of frequent falls for 10 years. Her 

parents reported that she had always been clumsy and displayed persistent difficulty walking 

upstairs. She learned to walk by 16 months of age and to speak at 2 years. An intellectual 

decline associated with psychiatric disturbances eventually emerged. An electromyogram 

showed infrequent, but definite acute denervation potentials in the distal leg muscles 

bilaterally, suggesting an axonal neuropathy. Muscle biopsy of the right quadriceps muscle 

showed mild myopathic changes. Evaluation at that time included normal metabolic testing.

There was a history of personality change and learning difficulties. There is no history of 

neurological disorders in her family. The brain MRI was performed and revealed moderate 

hypointense signal in the globus pallidus and substantia nigra on T2, which appeared mildly 

hyperintense on T1, suggestive of pathological iron accumulation (Fig. 1).

Upon admission at the age of 19 years, she was wheelchair bound. She presented with 

progressive cognitive deficits. Neurological examination revealed spastic tetraparesis and 

severe bilateral optic atrophy. The anterior segment was normal with no corneal or lens 

involvement.

She was ataxic, dysarthric, and unable to walk. She had bladder and bowel incontinence. She 

had levadopa-resistant orolingual and limb dystonia. Brain MRI findings (signal reduction in 

the globus pallidus and substantia nigra) suggested a metabolic disorder, in particular an 

inborn error of metal metabolism such as NBIA.

A DNA sample was submitted, as part of a cohort of idiopathic NBIA cases, for whole 

exome sequencing to the University of Washington Center for Mendelian Genomics 

(University of Washington Center for Mendelian Genomics detailed sequencing methods, 

http://uwcmg.org/docs/Exome_Genome_Sequencing/

uwcmg_Detailed_Methods_Sequencing.docx). Pathogenicity of identified variants was 

evaluated using multiple bioinformatics tools. For each variant, minor allele frequencies 

were checked in variant databases including the 1000 Genomes, Exome Variant Server 

(EVS), and Exome Aggregation Consortium (ExAC) databases. Whole exome studies 

identified a homozygous 11 bp deletion, c.171_181delCGGGGGGCTGT, predicted to cause 

a frameshift and premature termination of the C19orf12 protein (p.Gly58Argfs*10).The 

segregation analysis of the parents showed that they were both heterozygous for the same 

mutation, consistent with their report of consanguinity. Sanger sequencing confirmed the 

mutation in the proband.

Discussion

Neurodegeneration with brain iron accumulation (NBIA) constitute a group of 

neurodegenerative disorders inherited as autosomal dominant, recessive or X-linked traits in 

which iron accumulates in the brain, resulting in progressive dystonia, spasticity, 

parkinsonism, neuropsychiatric abnormalities, and optic atrophy or retinal degeneration. In 

this case, a homozygous 11 bp deletion, c.171_181delCGGGGGGCTGT in C19orf12 
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identified the diagnosis as MPAN. We have not seen it reported in other patients. There is a 

different mutation (C19orf12 p.Thr11Met) which is frequent among adult Turkish patients 

with MPAN [3, 7, 8]. The onset of MPAN is typically between 4 and 20 years of age, and 

the progression is generally slower than PKAN. Brain MRI of our patient demonstrates iron 

accumulation in bilateral globus pallidus, substantia nigra, and red nucleus that were seen 

only on the SWI- and T2-weighted images. In the literature, it was described that, on T2-

weighted images MPAN patients have hyperintense streaking of the medial medullary 

lamina between the globus pallidus interna and externa that could be mistaken for an “eye-

of-the-tiger sign”, leading to a wrong radiologic diagnosis of PKAN. Also, in the literature it 

was said that “hyperintense streaking of the medial medullary lamina” may discriminate 

MPAN from other NBIA subtypes. Secondly, cortical and cerebellar atrophy may be seen in 

more advanced disease in MPAN patients. But we did not observe cortical or cerebellar 

atrophy in our patient [9, 10].

Ophthalmological abnormalities have been described in NBIA patients, and optic atrophy is 

one of the core symptoms in most MPAN cases. Optic nerve atrophy has not been described 

in PKAN patients. For this reason, detailed ophthalmological examination can help in the 

differential diagnosis of NBIA patients. There is no curative treatment, and the management 

of patients relies on rehabilitation and symptomatic medications. Treatment for NBIA 

disorders remains symptomatic, but encouraging research offers new perspectives for 

treatment. Deep brain stimulation (DBS) of the internal globus pallidus may produce some 

benefit, in particular, in patients with PKAN. Moreover, oral or intrathecal baclofen often 

provides symptomatic relief but has no known disease-modifying effects [11, 12]. Assuming 

the role of brain iron accumulation in the pathogenesis of NBIA, the current focus is on the 

use of iron-chelating agents. Recently, a new therapeutic chelating agent deferiprone (3-

hydroxy-1,2-dimethylpyridin-4(1H)-one, DFP), with the potential to cross the blood-brain 

barrier, has been studied in an attempt to slow down the progression of the disease. This 

clinical trial showed a consistent reduction of brain iron levels in the globus pallidus [13]. 

Our patient used deferiprone for 2 years; nonetheless, the clinical benefit was absent in our 

case. While clinical diagnosis of NBIA is a challenge, analysis of both clinical findings, 

including age at onset, family history, and presence of optic atrophy, and characteristic 

imaging abnormalities allows accurate diagnosis of most of the NBIA subtypes and guides 

the genetic testing [9, 14].
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Fig. 1. 
Brain MRI of the patient shows iron accumulation in bilateral globus pallidus (a), substantia 

nigra, and red nucleus (b) on the susceptibility weighted images (SWI) as dark signal. Axial 

plane T2-weighted image (c) demonstrates globus pallidus hypointensity with hyperintense 

streaking in the region of the medial medullary lamina
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