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Biallelic Variants in SLC27A3 Cause a Complex Form of
Neurodegeneration with Brain Iron Accumulation
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ABSTRACT: Background: Complex lipid metabolism
is one of the main biological pathways disrupted in neu-
rodegeneration with brain iron accumulation (NBIA).
SLC27A3 gene encodes for the very long-chain acyl-
CoA synthetase 3, an acyl-CoA ligase that activates long
and very long-chain fatty acids.
Objective: We report on a 19-year-old patient with an
NBIA pattern harboring a homozygous, nonsense SLC27A3
variant.
Methods: SLC27A3 variants were identified using whole
exome sequencing (WES). Their impact on protein func-
tion was assessed in patient fibroblasts using Western
blot analysis, aerobic metabolism analysis, and fatty acid
trafficking assays.

Results: The patient presented with progressive ataxia,
neuropathy, optic atrophy, cognitive deterioration, mood
disorder, and brain iron accumulation. WES unraveled the
homozygous c.1138C>T, p.(Arg380Ter) variant in the
SLC27A3 gene. Functional studies showed that proband’s
variants eliminate protein expression, severely impair mito-
chondrial respiration, and disrupt lipid turnover.
Conclusion: Our results suggest that SLC27A3 biallelic
nonsense variant may represent a novel cause of NBIA.
© 2025 The Author(s). Movement Disorders published by
Wiley Periodicals LLC on behalf of International
Parkinson and Movement Disorder Society.
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Neurodegeneration with brain iron accumulation
(NBIA) constitutes a broad range of inherited condi-
tions whose hallmark is the accumulation of iron in the
basal ganglia.1 The clinical features consist of variable
combinations of movement disorders (dystonia, parkin-
sonism, ataxia, and/or spasticity), epilepsy, neuropathy,
cognitive deterioration, and psychiatric disorders.2

To date, 11 genes have been associated with differ-
ent forms of NBIA,3 and an NBIA-like pattern can be
observed in several other conditions.2 The NBIA
pattern can result from the disruption of different
cellular pathways leading to iron dyshomeostasis,
and impairment of complex lipid metabolism is the
primary mechanism responsible for several NBIAs,
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including PLA2G6-, FA2H-, and C19orf12-
related NBIA.
SLC27A3 gene (OMIM 604193) encodes for the very

long-chain acyl-CoA synthetase 3 (ACSVL3), an acyl-
CoA ligase that catalyzes the formation of fatty acyl-
CoA using long (LCFA) and very long-chain fatty acids
(VLCFA) as substrates.4

Here, we report on a 19-year-old girl with progres-
sive ataxia, neuropathy, optic atrophy, cognitive deteri-
oration, mood disorder, and a magnetic resonance
imaging (MRI) pattern of NBIA, who was found to
harbor a homozygous, nonsense SLC27A3 variant.
Using a combination of Western blot analysis, β oxida-
tion assay, and lipid trafficking analysis in cultured
fibroblasts, we showed that proband’s variants elimi-
nate protein expression, severely impair mitochondrial
respiration, and disrupt lipid turnover, supporting the
role of ACSVL3 deficiency as the cause of a predomi-
nantly ataxic NBIA.

Case Presentation

The proband is a 19-year-old girl of Italian ancestry,
only daughter of consanguineous parents. Pregnancy and
delivery were uneventful. She started walking at
18 months, and soon after gait unsteadiness and slight
upper-limb tremor were observed. Language development
was described as normal. At the age of 8 years, gradually
emerging school difficulties were reported, and a neuro-
psychological evaluation demonstrated an intelligent quo-
tient (IQ) of 61 (WISC-IV [Wechsler Intelligence Scale for
Children-Fourth Edition]), leading to a diagnosis of mild
intellectual disability. From age 12, a gradual worsening
of gait unsteadiness, upper-limb tremor, and speech
occurred. Referred to our unit at age 13, she presented
gait ataxia, intention tremor, nystagmus, reduced tendon
reflexes, and bilateral pes cavus. Additionally, short stat-
ure (height z score �2.56) was evident. A brain MRI
showed bilateral T2- and SWI hypointensity of the globi
pallidi, substantia nigra, and red nuclei, associated with
midbrain, medulla, and cerebellar atrophy (Fig. 1). Nerve
conduction studies demonstrated a sensory-motor demye-
linating polyneuropathy, whereas fundoscopy, electroreti-
nogram, and visual evoked potentials were insignificant at
that time. An extensive workup for neurometabolic disor-
ders was inconclusive (see Supporting Information).
Neuropathic pain was treated from pregabalin treat-

ment, complex B vitamins, and acetyl L-carnitine sup-
plementation. From age 14, the patient gradually
developed obsessive thoughts, depressed mood, and dis-
abling anxiety, requiring treatment with sertraline
(75 mg/day) and aripiprazole (10 mg/day). Follow-up
MRI at age 17 showed a progressive cortical atrophy,
and neuropsychological evaluations demonstrated a sig-
nificant IQ drop at age 18 (Wechsler Adult inteligence

Scale (WAIS) IQ 43). At last follow-up (age 19), mild
bradykinesia and hypomimia were evident. In addition,
reduced visual acuity (7 of 10 bilaterally) with papillary
excavation and diffuse retinal pigment epithelium dys-
trophy on fundoscopy was observed.

Genetic Analysis

A next generation sequencing custom panel for move-
ment disorders genes (including all known NBIA
genes)5 was first performed and failed to identify any
pathogenic variant. Whole exome sequencing (WES)
was then performed in the proband and her mother
(the father was unavailable for testing) on DNA
extracted from peripheral blood, using the KAPA
HyperExome Probes V2 Kit (Roche Diagnostics, Basel,
Switzerland) for exome region enrichment and Illumina
NovaSeq6000 platform for sequencing analysis. WES
unraveled a homozygous, nonsense variant (GenBank:
NM_024330.4, c.1138C>T, p.(Arg380Ter)) in the
SLC27A3 gene, as the strongest candidate variant
(WES data were processed using an in-house
implemented pipeline, and filtering strategy is summa-
rized in Supporting Information). This variant has an
allele frequency of 0.00031 in gnomAD Exome data-
base; however, it has never been reported in homozy-
gous state, and it is predicted to be damaging by
multiple bioinformatics tools and can be classified as
probably pathogenic according to ACMG criteria (PS3,
PP3, PM2).6

Functional Studies
Western Blotting

To investigate the effects of the identified mutations
on SLC27A3 protein stability, we performed immuno-
blotting on fibroblast extracts from the affected individ-
ual (172096), her mother (172097), and an unrelated
healthy individual (NDHF) (Fig. 2A). Under denaturing
conditions, the polyclonal SLC27A3 antibody—
directed against an unspecified protein fragment—
detected a main band at �79 kDa in both the control
and the carrier, corresponding to the canonical isoform.
This band was absent in the affected individual. A sec-
ond, lower-molecular-weight band was present in all
samples, likely representing nonspecific antibody bind-
ing. Normalization of the SLC27A3 signal to the load-
ing control β-actin revealed a significant reduction in
SLC27A3 levels not only in the affected individual but
also in the carrier fibroblasts (Fig. 2A).

Oxygen Consumption Rate Assay (Seahorse
Metabolic Analysis)

Fibroblasts from the affected individual (172096),
her mother (172097), and an unrelated healthy
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individual (NDHF) were assessed for mitochondrial
respiratory capacity using pyruvate and palmitate as
carbon sources. The analysis revealed reduced basal
and maximal respiration with both substrates in the
patient’s cells compared to both the carrier and control
cell lines (Fig. 2C–F). Particularly, the carrier cell line
also exhibited reduced respiration compared to the
healthy control. These findings suggest that the
SLC27A3 mutation leads to a general mitochondrial
respiration deficit, evident even in the heterozygous
state and exacerbated in the homozygous state.

Fatty Acid Trafficking
To investigate potential defects in fatty acid traffick-

ing in patient fibroblasts, cells were pulsed overnight
with the fluorescent medium-chain fatty acid lauric
acid (Red C12), and intracellular colocalization with
mitochondria and lipid droplets (LD) was assessed
after a 1-hour chase in fresh culture medium. Although
no differences were observed in the short-term colo-
calization of fatty acids with mitochondria or LDs
between the control and patient cells, staining for total
LD content revealed that the patient cells accumulated
more neutral lipids than controls (Fig. 2F; Supporting
Information). This suggests a broader defect in fatty acid
handling, potentially affecting long-term trafficking or
storage.

Iron Content
To investigate potential iron accumulation in fibro-

blasts, cells were stained with Pearl’s iron-specific reac-
tion (blue) and counterstained with Safranin
O. Fibroblasts from a Friedreich’s ataxia patient and a
mouse spleen tissue sample were used as positive con-
trols (Fig. S3, Supporting Information). Patient fibro-
blasts exhibited no detectable iron accumulation,
similar to control fibroblasts.

Discussion

NBIA includes a heterogenous group of rare and pro-
gressive inherited conditions. Despite advances in
molecular genetics, a significant proportion of individuals
with a clinico-radiographic pattern of NBIA do not have
variants in known NBIA or NBIA-like genes,3 suggesting
that other genetic causes are yet to be identified.
Molecular pathways primarily disrupted in NBIA are

heterogenous, reflecting as iron accumulation is the
final endpoint of different converging neurodegenera-
tive processes. Except from neuroferritinopathy and
aceruloplasminema—which constitute primary disor-
ders of iron metabolism—most NBIA genes are
involved in different cellular pathways, mainly affecting
coenzyme A biosynthesis (PANK2- and COASY),

FIG. 1. Brain MRI (magnetic resonance imaging) showing red nuclei, substantia nigra, and globi pallidi hypointensity on (A, B) T2-weighted and (C, D)
susceptibility-weighted images, medulla, midbrain, and cerebellar atrophy on (E, F) T1-weighted images and progressive cortical atrophy with gradual
enlargement of the perisylvian subarachnoid spaces and lateral ventricles in serial MRI scans (G: 13 years, H: 18 years, T2-weighted images).
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autophagy (WDR45- and ATP13A2), and complex
lipid metabolism (PLA2G6-, FA2H-, and C19orf12).2

In our patient, the combination of early-onset, slowly
progressive ataxia, polyneuropathy, and iron deposition
in the basal ganglia was clinically reminiscent of
PLA2G6-related atypical neuroaxonal dystrophy
(aNAD), suggesting a possible pathophysiological overlap
between the proband’s condition and aNAD. Neverthe-
less, the absence of seizures and the demyelinating rather
than axonal pattern of nerve injury differentiated our
patient’s phenotype from aNAD. Therefore, it was not
unreasonable to assume that a defect in lipid metabolism
was the main reason to explain the proband’s image.
ACSVL3 mainly functions as an acyl-CoA ligase acti-

vating LCFA and VLCFA, and is widely expressed in the
brain, particularly in the cerebellum.4 Measurement of
oxygen consumption rates in fibroblasts showed that
ACSVL3 deficiency causes a severe mitochondrial respira-
tion deficit, drastically impairing energetic metabolism. In
addition, ACSVL3 deficiency led to a significant accumu-
lation of LDs in patient’s fibroblasts, suggesting a wide-
spread disruption of intracellular lipid turnover. ACSVL3
overexpression has been found in lung cancer cell lines,

where ACSVL3 downregulation by RNA interference
reduced growth rates, suggesting that ACSVL3 also regu-
lates cellular turnover.4 Although the mechanisms of
ACSLV3 influence on cell growth are largely unknown, it
is tempting to speculate that ACSLV3 deficiency may lead
to reduced neuronal proliferation during brain develop-
ment and/or premature neuronal death.
Particularly, patient’s fibroblasts did not exhibit overt

iron accumulation, unlike other NBIA forms.7,8

Although more subtle impairments of iron homeostasis
could be unraveled by in-depth investigations of cellular
iron metabolism, this preliminary finding suggests that
iron dysregulation is not a primary consequence of
ACSVL3 deficiency, whereas iron accumulation could
represent an epiphenomenon of impaired mitochondrial
metabolism predominantly occurring in brain regions
that naturally accumulate iron.
Although our findings should be replicated in further

patients with similar clinical and molecular features
and the role of ACSVL3 in lipid metabolism should be
better elucidated in the disease-relevant neuronal cells,
our results suggest that SLC27A3 biallelic nonsense
variant may represent a novel cause of NBIA.

FIG. 2. Functional investigations. (A, B) Immunoblotting assay on fibroblast extracts shows the detection of a 79-kDa protein (corresponding to the canonical
isoform) in both an unrelated healthy individual (NDHF) and the carrier mother (172097) and absent antibody binding in the patient (172096); SLC27A3/b-actin
ratio (B) confirms virtually absent protein levels in the patient and a significant reduction in protein levels also in the carrier mother compared to the control
subject. Data are shown as mean � SD (standard deviation) of n = 2 (NHDF, 172097) or n = 3 (172096) measurements. *P < 0.05 and ****P < 0.0001 (one-
way ANOVA). (C–F) Oxygen consumption rate (OCR) assessed through Seahorse metabolic assay using pyruvate (C, D) and palmitate (E, F) as carbon
source. Both basal (C and E) and maximal (D and F) assays revealed reduced respiration with both substrates in the patient’s cells compared to both the car-
rier and control cell lines, with the carrier cell line also showing reduced respiration compared to the healthy control. Data are shown as mean � SD of
n = 15 measurements. *P < 0.05, **P < 0.01, ***P < 0.001, and ****P < 0.0001 (one-way ANOVA [analysis of variance]). (G) Fatty acid (FA) trafficking assay.
Patient cells (bottom) show lipid droplet (LD) accumulation compared to control cells (top), whereas no difference is observed in colocalization of FAs within
the mitochondria or the nucleus (see Supporting Information for the fluorescence intensity plots). (H) Canonical function of ACSVL3 protein, catalyzing the for-
mation of fatty acyl-CoA using long and very long-chain fatty acids as substrates. [Color figure can be viewed at wileyonlinelibrary.com]
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