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Abstract
Background: Biallelic variants in the major facilitator superfamily domain con-
taining 8 gene (MFSD8) are associated with distinct clinical presentations that 
range from typical late- infantile neuronal ceroid lipofuscinosis type 7 (CLN7 dis-
ease) to isolated adult- onset retinal dystrophy. Classic late- infantile CLN7 disease 
is a severe, rare neurological disorder with an age of onset typically between 2 and 
6 years, presenting with seizures and/or cognitive regression. Its clinical course 
is progressive, leading to premature death, and often includes visual loss due to 
severe retinal dystrophy. In rare cases, pathogenic variants in MFSD8 can be asso-
ciated with isolated non- syndromic macular dystrophy with variable age at onset, 
in which the disease process predominantly or exclusively affects the cones of the 
macula and where there are no neurological or neuropsychiatric manifestations.
Methods: Here we present longitudinal studies on four adult- onset patients who 
were biallelic for four MFSD8 variants.
Results: Two unrelated patients who presented with adult- onset ataxia and 
had macular dystrophy on examination were homozygous for a novel variant in 
MFSD8 NM_152778.4: c.935T>C p.(Ile312Thr). Two other patients presented in 
adulthood with visual symptoms, and one of these developed mild to moderate 
cerebellar ataxia years after the onset of visual symptoms.
Conclusions: Our observations expand the knowledge on biallelic pathogenic 
MFSD8 variants and confirm that these are associated with a spectrum of more 
heterogeneous clinical phenotypes. In MFSD8- related disease, adult- onset 
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1  |  INTRODUCTION

The neuronal ceroid lipofuscinoses (NCLs) were first de-
scribed in the beginning of the nineteenth century and are 
now recognized as a group of rare neurodegenerative dis-
orders in children and young adults. Their classic presenta-
tion consists of a progressive clinical course with seizures, 
visual loss, motor deterioration, ataxia, and cognitive re-
gression, leading to premature death (Haltia, 2006; Kousi 
et al., 2009). The NCLs were originally divided into four 
subtypes based on age of onset: infantile, late- infantile, 
juvenile (Batten- Spielmeyer- Vogt/Sjögren disease), and 
adult (Kufs disease) (Haltia, 2006; Topcu et al., 2004), and 
diagnosis was confirmed by detection of intralysosomal 
accumulation of autofluorescent lipopigments in neuro-
nal and peripheral tissue (Haltia, 2006; Mole et al., 2005). 
Advances in genetics made it possible to classify the NCLs 
by affected gene and the different effects of mutations; 13 
genes are now identified (Gardner & Mole,  2021; Mole 
et al., 2005; Williams & Mole, 2012).

Neuronal ceroid lipofuscinosis type 7 (MIM 610951 at 
www. omim. org, CLN7) is caused by biallelic pathogenic 
variants in the gene MFSD8 (MIM 611124, previous desig-
nation also CLN7) and typically has late- infantile symptom 
onset, usually between 2 and 6 years of age. Late- infantile 
CLN7 disease usually presents with drug- resistant seizures 
or developmental regression. Within months after the 
first symptoms, the disorder progresses, eventually lead-
ing to blindness, loss of motor skills, and the emergence 
of a dementia- like syndrome with mood and behavioral 
problems (Adams & Mink, 2013). Most patients with late- 
infantile CLN7 disease also develop prominent cerebellar 
ataxia and present with cerebellar- over- cerebral atrophy on 
neuroradiological examination (Biswas et al., 2020). More 
than 75 disease- causing variants are known in MFSD8 
(www. ucl. ac. uk/ ncl-  disea se/ mutat ion-  and-  patie nt-  data-
base) (Aiello et al., 2009; Aldahmesh et al., 2009; Bauwens 
et al., 2020; Beckman et al., 2023; Birtel et al., 2018; Gardner 
& Mole,  2021; He et  al.,  2023; Hosseini Bereshneh & 
Garshasbi, 2018; Jilani et al., 2019; Khan et al., 2017; Kim 
et al., 2019; Kolesnikova et al., 2023; Kose et al., 2021; Kousi 
et al., 2009, 2012; Kozina et al., 2018; Mandel et al., 2014; 
Panjeshahi et al., 2023; Patiño et al., 2014; Qiao et al., 2022; 
Reith et al., 2022; Roosing et al., 2015; Siintola et al., 2007; 
Stogmann et al., 2009; Zare- Abdollahi et al., 2019).

Biallelic pathogenic variants in MFSD8 are also asso-
ciated with milder phenotypes, including non- syndromic 
(without extra- ophthalmological disease manifestations) 
retinal dystrophies presenting in childhood or adulthood. 
The specific retinal dystrophy pattern that was associated 
with MFSD8 in the Online Mendelian Inheritance in Man 
database is macular dystrophy with central cone involve-
ment (MIM 616170), but several other types of retinal 
dystrophies have been described in carriers of biallelic 
MFSD8- variants (Gardner & Mole, 2021).

In this article, we report longitudinal studies on four 
adult patients with biallelic MFSD8 variants, adding to 
existing knowledge of MFSD8- related ophthalmological 
disease and describing a novel intermediate phenotype 
of MFSD8- related neurological disease presenting with 
adult- onset ataxia.

2  |  SUBJECTS AND METHODS

2.1 | Ethical compliance

Informed consent was obtained from all participants. P1 
was enrolled in a research study on rare neurological dis-
orders approved by the Regional Ethics Review Board in 
Lund, Sweden (Dnr 2013/516 and 2021- 00884). P3 and 
P4 were included in a research study on inherited retinal 
degenerations approved by the Regional Ethics Review 
Board in Lund, Sweden (Dnr 2015/602). All patients un-
derwent clinical examinations at the authors' clinics, and 
information is provided here with patients' informed con-
sent and in accordance with the Helsinki Declaration. 
Patients have agreed to the publication and online dissem-
ination of the video material that accompanies this article.

We describe four patients from four unrelated fami-
lies. Two are male; individual P1 originated from Pakistan 
was examined at the Dept. of Neurology in Lund, Sweden, 
and P2 was of Indian (Hindi) descent and was examined 
in Ahmedabad, India. Two females (P3 and P4) originating 
from Sweden were identified at the Dept. of Ophthalmology 
in Lund and were also seen by neurologists within this study. 
Blood samples were obtained from all patients in this study, 
and DNA was isolated from peripheral blood leukocytes 
using standard procedures. In total, three different genetic 
laboratories have been used to obtain the genetic results 

recessive ataxia can be the presenting manifestation or may occur in combination 
with retinal dystrophy.
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within clinical or research analyses. P1 was examined ge-
netically at Centogene GmbH, Rostock, Germany, and P2 at 
the Foundation for Research in Genetics and Endocrinology 
at the Institute of Human Genetics in Ahmedabad, India. P3 
and P4 underwent genetic examination for retinal dystro-
phy (277 genes) via Asper Biotech, Tartu, Estonia. All vari-
ant designations refer to the RefSeq transcript NM_152778.4 
or the predicted protein NP_689991.1.

From patient P1, a 4 mm cylindrical skin biopsy was ac-
quired and preserved in glutaraldehyde, and EDTA blood 
was used to extract buffy coat. Electron microscopy of the 

skin and buffy coat was performed and interpreted by 
G.A. at the Department of Histopathology, Great Ormond 
Street Hospital NHS Foundation Trust, London.

3  |  RESULTS

Table 1 summarizes the key findings. Detailed individual 
descriptions are provided below.

Patient P1: This 28- year- old man was referred to 
our neurology clinic due to increasing balance and 

T A B L E  1  Summary of four new cases of adult- onset MFSD8- related disease characterized by visual disturbances, radiological finding, 
and neurological symptoms.

P1 P2 P3 P4

Gender M M F F

Country of origin/ethnicity Pakistan India Sweden Sweden

DNA variant c.935T>C c.935T>C c.1006G>C
c.1444C>T

c.1006G>C
c.1394G>A

genotype Homozygous Homozygous Comp het Comp het

Protein variant p.(Ile312Thr) p.(Ile312Thr) p.(Glu336Gln)
p.(Arg482*)

p.(Glu336Gln)
p.(Arg465Gln)

Consanguinity + + − −

Age of onset (neurological 
symptoms; years)

Approx. 25 Approx. 25 Approx. 65 No symptoms at the age 
of 32

Seizures − − − −

Cerebellar ataxia + + + (mild) −

Cognitive regression + − − −

Dysarthria + + − −

Sara score 15 Not assessed 4 0

Nystagmus Horizontal nystagmus and 
slow saccades

+ Horizontal −

Visual disturbance + + + +

Visual acuity RE 0.8a

LE 1.0
RE 6/6b

LE 6/6
RE 0.7a

LE 0.4
RE 0.2a

LE 0.25

Visual fields Supertemporal constriction 
of the 20- degree isopter

Not performed Central scotoma Central scotoma

OCT Attenuation of EZ Not performed Attenuation and punched 
out lesions of EZ

Attenuation and punched 
out lesions of EZ

Disturbance of color vision Discrete reduction Not performed Normal Normal

Full field erg Normal Not performed Delayed implicit time for 
30 Hz cone responses

Normal

Multifocal erg Reduced Not performed Reduced Reduced

Radiological findings Cerebellar and vermis 
atrophy

Cerebellar atrophy No focal atrophy of 
cerebellum, mild general 
cerebral atrophy

Not performed

Note: Variant designations refer to the RefSeq transcript NM_152778.4 or the protein isoform NP_689991.1.
Abbreviations: Comp het, compound heterozygous; ERG, electroretinogram; EZ, ellipsoid zone corresponding to the photoreceptors; LE, left eye; OZT, optical 
coherence tomography; RE, right eye.
aBest corrected decimal visual acuity measured at 3 m.
bBest corrected visual acuity measured at 6 m.
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gait disturbance since his mid- twenties. The patient 
was of northern Pakistani origin. His parents were 
first cousins. He reported that there was no history of 
neurological diseases in the family. The patient had an 
advanced- level university degree from his home coun-
try and resided in Sweden for further university studies. 
The patient denied any history of seizures, developmen-
tal delays, or cognitive difficulties during childhood or 
early adulthood.

At the first clinical visit, the patient stated that during 
the previous year he had increased difficulty concentrat-
ing and completing more advanced tasks in his studies. 
On examination, he had mild dysarthria, horizontal nys-
tagmus, and slow saccades. Dysmetria and dysdiadochoki-
nesia were seen bilaterally in the upper extremities. His 
gait was broad- based and atactic (Video S1). The patient 
reported unspecified visual difficulties. Full ophthalmo-
logical examination including multimodal imaging and 
electrophysiological measurements revealed central cone 
degeneration in both eyes, reflected by reduced multifocal 
electroretinogram (mfERG) signals and attenuation of the 
ellipsoid zone and total paramacular thickness on optical 
coherence tomography (OCT; Figure 1a–c). Consistently, 
visual fields were constricted for small objects. Color and 
red- free fundus images showed mild granular pigmentary 
changes and blunt foveal reflexes, while blue light fundus 
autofluorescence (FAF) images were mainly normal. The 
full- field ERG (ffERG), reflecting total retinal function, 
was within normal limits. Brain MRI at age 28 years re-
vealed marked cerebellar atrophy of both hemispheres 
and vermis, but normal findings in the brainstem and 
medulla oblongata (Figure 2). There was no evidence of 
white matter changes.

Whole genome sequencing and analyses for variants in 
genes related to the patient's Human Phenotype Ontology 
terms (https:// hpo. jax. org/ app) were performed on clini-
cal grounds, and the formal result was negative. However, 
a homozygous variant in MFSD8 NM_152778.4:c.935T>C 
p.(Ile312Thr) was reported as a potentially relevant find-
ing. In gnomAD v4.0.0, this variant was present in a hetero-
zygous state in 26 of 1,613,710 alleles internationally; all 
26 were from 91,024 South Asian alleles (allele frequency 
0.00029), none from alleles of other origins. Several in sil-
ico tools predicted a damaging effect of this variant and a 
high degree of species conservation at this site. The formal 
interpretation was that it was a variant of uncertain signif-
icance. ClinVar listed 4 individuals carrying this variant 
(variation ID: 211495, accession: VCV000211495.11), of 
whom one patient was reported to have autosomal reces-
sive disease with ataxia.

Analyses for copy number variants using the 
Infinium™ Global Diversity Array with Cytogenetics kit 
(Illumina; Centogene, Germany) showed 29 areas on the 

genome with a copy number neutral absence of hetero-
zygosity between 3.1 and 72.6 Mbp in length, consistent 
with parental consanguinity (Sund & Rehder, 2014). One 
of these regions included the MFSD8 gene: arr[GRCh37] 
4q27q31.21(122,013,739–144,050,795)×2. No other possi-
ble candidate variants were found.

Histopathological examination of the blood in buffy 
coat preparation revealed a good yield of lymphocytes 
(200 cells examined). No convincing storage cytosomes 
were identified. A skin biopsy demonstrated two clus-
ters of eccrine sweat glands, blood vessels, and pe-
ripheral nerves. On electron microscopy, sweat gland 
epithelial cells showed no storage material or atypical 
vacuolation. However, there were prominent deposits of 
lipofuscin material with an electron- dense component 
and large lipid droplets; they were considered unusual 
in the ratio of lipid to dense material (Figure 3). Blood 
vessels, smooth muscle, and endothelial cells showed 
no vacuoles or storage cytosomes. Myelinated and un- 
myelinated peripheral nerves and fibroblasts had a reg-
ular appearance.

Patient P2 had been reported to ClinVar in 2019 with 
the same genotype as P1, homozygous MFSD8 c.935T>C 
p.(Ile312Thr), by FRIGE's Institute of Human Genetics, 
Ahmedabad, India; contact was established with J.S. 
from that institute, who re- examined the patient for the 
present study. The patient was a man in his mid- 30s of 
Indian Hindi origin, born from a consanguineous mar-
riage. There was no history of neurological disorders in 
the family. He denied any history of seizures, develop-
mental delays, or cognitive difficulties during childhood. 
The patient underwent normal school education and ob-
tained a college degree. According to the patient, the ini-
tial symptoms of poor balance and gait started after his 
25th birthday. During the initial examination, the patient 
had nystagmus and dysdiadochokinesia. The gait of the 
patient was broad- based and atactic. The patient reported 
visual problems and underwent an examination by an 
ophthalmologist who reported “angular vision problems” 
and myopia. More detailed neurological or ophthalmo-
logical re- examinations within this study, such as OCT 
and mfERG, could not be performed. An MRI examina-
tion of the brain showed cerebellar atrophy (not shown). 
According to the patient, speech problems appeared after 
the age of 34, although dysarthria was already observed 
earlier by others. The patient had not reported any cog-
nitive issues until his most recent examination at the age 
of 42. Video  S2 shows his atactic movements when re- 
contacted by the genetic laboratory at age 42.

Patient P3: This 66- year- old female was referred to 
our ophthalmological clinic due to central scotoma and 
difficulty reading at the age of 62. Her previous dis-
ease history included chronic obstructive pulmonary 

https://hpo.jax.org/app
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disease, hypertension, type 2 diabetes, and osteoporosis. 
Ophthalmological examination, including multimodal 
imaging and electrophysiological measurements, revealed 
blunt foveal reflexes and mild pigmentary changes on 

color and red- free fundus images. FAF images showed 
slightly reduced autofluorescence in the central mac-
ula, surrounded by a halo of increased autofluorescence. 
OCT demonstrated a central interruption in the ellipsoid 

F I G U R E  1  Abnormal central retinal structure and reduced macular function in patients P1 (a- c), P3 (e–g), and P4 (h–j). (a, e, and h) 
show cross- sectional images of the macula captured with an optical coherence tomography (OCT) B- scan. In patient P1 (a), the OCT b- scan 
shows a subtle attenuation of the ellipsoid zone (yellow arrow) corresponding to the junction of inner and outer photoreceptor segments, 
indicating a mild structural change to the photoreceptor layer in the macular region. (b, f, and i) are OCT macular maps comparing the 
thickness of nine separate central macular segments in the patient to a control material. Segments with significantly reduced retinal 
thickness are shown in red or yellow. For patient P1, (b) reveals central macular thinning compared to controls. (c, d, g, and j) are density 
plots recorded with multifocal electroretinography (mfERG) reflecting photoreceptor activity in the macular region and thereby the isolated 
macular function. Patient P1 (c) had quite severely reduced macular function compared to a normal mfERG from a control subject (d). In 
patient P3, the OCT- b scan (E) shows an interruption of the ellipsoid zone corresponding to a focal loss of photoreceptors. General macular 
thinning is also evident (f), with a corresponding reduction of macular function on mfERG (G). The OCT B- scan of P4 (h) reveals a broader 
interruption of the ellipsoid zone, accompanied by macular attenuation (i) and reduced macular function (j).
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zone (Figure  1e), corresponding to a focal loss of pho-
toreceptors in the central macula, and general macular 
attenuation was also evident on the OCT macular map 
(Figure 1f). Correspondingly, mfERG responses were re-
duced (Figure  1g), confirming impaired macular func-
tion, while ffERG measurements reflecting general retinal 
function were normal. Genetic panel examination for ret-
inal dystrophy within her clinical workup revealed two 
heterozygote variants in MFSD8 classified as pathogenic: 
NM_152778.4 c.1006G>C p.(Glu336Gln) and c.1444C>T 
p.(Arg482*). P3's unaffected daughter carried one of these 
variants, providing evidence that they were in a compound 
heterozygote state in P3. p.(Glu336Gln) had previously 
been identified in 16 patients presenting in adulthood 
with non- syndromic retinal or macular dystrophy or cone 
dystrophy without neurological symptoms; these carried 
different second disease alleles, including other non-
sense variants (Gardner & Mole, 2021; Khan et al., 2017; 
Poncet et  al.,  2022; Priluck & Breazzano,  2023; Roosing 
et  al.,  2015; Stone et  al.,  2017). p.(Arg482*) had been 
identified in three patients with childhood- onset CLN7, 
each carrying different second disease alleles (Gardner & 
Mole, 2021). P3 had not noticed any neurological symp-
toms, but her ophthalmologist noted she had developed 
mild balance problems. There was no history of neurolog-
ical disorders or symptoms in her family. On neurological 
examination, the patient had mild horizontal gaze- evoked 
nystagmus, mild to moderate intention tremor on finger- 
nose testing (Video S3), discrete irregularities in alternat-
ing pro-  and supination of her hands, and was swaying 
when walking or standing in tandem.

Patient P4: This 33- year- old female was referred to the 
ophthalmological clinic due to central scotoma, difficulty 
reading, and photophobia that had appeared in early 
adulthood. She had no problems during her schooling. 
She reported no neurological disorders or symptoms con-
cerning herself or her family. Her vision was normal at 
the age of 18 when examined before obtaining her driver's 
license. Ophthalmological assessment at 33 years of age 
showed moderate pigmentary changes on color and red- 
free fundus images. OCT revealed the same kind of struc-
tural macular changes as in P3, but more pronounced, 
with interruptions in the ellipsoid zone corresponding to 
a focal absence of photoreceptors in the central macula 
(Figure 1h) and central macular attenuation (Figure 1i). 
FAF images demonstrated central, round, sharply delin-
eated areas of reduced autofluorescence surrounded by a 
halo of increased autofluorescence. MfERG signals were 
reduced (Figure 1j), reflecting impaired macular function, 
while ffERG was normal. Clinical genetic panel testing 
for retinal dystrophy revealed two heterozygote variants 
in the MFSD8 gene classified as pathogenic: Like P3, she 
also carried NM_152778.4 c.1006G>C p.(Glu336Gln), as 
well as the variant c.1394G>A p.(Arg465Gln) that had 
previously been described in combination with another 
disease allele in several individuals with adult onset ret-
inal dystrophy, and in homozygous form in one patient 
with juvenile- onset CLN7, with neurological involvement 
(Jilani et al., 2019; Khan et al., 2017; Kousi et al., 2012). 
The patients' unaffected mother carried one of these vari-
ants. During the regular follow- up visits of this patient 
until age 33, no neurological symptoms had been noticed.

F I G U R E  2  Brain imaging of patients 
P1 and P3. MRI or CT was available for 
these two patients. Cerebellar atrophy 
(arrows) was marked in P1 (a) and mild 
in P3 (b). P3 had marked white matter 
hypodensities on CT (arrowheads); P1 
had possibly pathological hyperintensities 
around the frontal horns of both lateral 
ventricles (arrowhead) but not in other 
parts of the brain (not shown).
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4  |  DISCUSSION

The known disease entities arising from biallelic variants 
in MFSD8 fall into several disease types, including a long- 
recognized largely homogenous pediatric disorder with a 
similar age of onset in childhood and clinical presentation, 
and a more recently identified milder phenotype with reti-
nal dystrophy presenting in early to mid- adulthood, with-
out neurological symptomatology. This report adds to the 

phenotypic understanding of variations in the MFSD8 
gene by describing longitudinal studies on four adult- 
onset cases characterized by visual disturbances, of whom 
three also developed neurological features, either before or 
after visual symptoms. Two patients had late- onset ataxia 
as the presenting sign for MFSD8- related disease and one 
patient with adult- onset retinal disease developed mild–
moderate ataxia years after the onset of visual symptoms.

When the genetic workup from patient P1 was ob-
tained, the result was classified as a variant of uncertain 
significance according to the ACMG guidelines, and late- 
onset ataxia as the key finding was not known to be associ-
ated with MFSD8. However, a detailed entry of the clinical 
phenotype of the Indian patient in the ClinVar database 
helped identify P2 as a second patient with the same gen-
otype and very similar clinical presentation of adult- onset 
cerebellar ataxia and cerebellar atrophy on radiological ex-
amination. As alternative genetic causes for the patients' 
ataxia were ruled out, using whole genome sequencing, 
we suggest that the homozygous MFSD8 c.935T>C p.(Ile-
312Thr) variant, not previously reported from patients 
with MFSD8- related disease, caused the clinical pheno-
type of these two patients, including marked adult- onset 
cerebellar ataxia. The specific ophthalmological findings 
in P1, which were very similar to what is seen in P3 and P4 
or other reported patients with MFSD8- related maculop-
athy, further supported the pathogenicity of this variant 
and genotype. The clinical phenotype of P1 and P2 was 
much milder than late- infantile CLN7 disease but clearly 
more severe than non- syndromic retinal dystrophy. This 
phenotype includes macular dystrophy, but neurologi-
cal (balance) problems presented before retinal disease 
and progressed to include speech problems and notable 
cerebellar atrophy. Thus, the p.(Ile312Thr) variant in ho-
mozygotes causes adult onset neurological and ophthal-
mological disease presenting in early adulthood (20s–30s), 
compatible with a dosage effect and partially remaining 
MFSD8 protein function. This can be referred to as adult 
CLN7 disease.

Patients P3 and P4 were known to our ophthalmology 
clinic; both had been found to be compound heterozygote 
carriers of previously reported pathogenic MFSD8 vari-
ants (Aiello et al., 2009; He et al., 2023; Kousi et al., 2012; 
Priluck & Breazzano,  2023; Ren et  al.,  2019; Roosing 
et al., 2015). P3 had visual problems and subsequently de-
veloped ataxia; P4 did not develop neurological symptoms 
during the study period.

The visual symptoms in P3 had a late onset, mani-
festing in the patient's 60s. The mutations in this patient 
were p.(Arg482*), which was found as one disease allele 
in several patients with late- infantile CLN7 disease (Aiello 
et  al.,  2009), consistent with truncated and/or nonfunc-
tional proteins, and p.(Glu336Gln), which also was found 

F I G U R E  3  Electron microscopy of patient P1. (a) Buffy coat 
lymphocytes showing normal lysosomes and no storage material. 
Magnification ×2500. (b) Skin biopsy eccrine sweat gland epithelial 
cells with numerous lipofuscin granules (arrow). Magnification 
×800. (c): Higher power of an epithelial cell with a lipofuscin 
deposit, including an electron- dense region and prominent pale 
lipid droplets (arrow). Magnification ×5000.



8 of 11 |   DOBLOUG et al.

in P4. The mild form of disease in P3 and P4 is therefore 
probably due to a relatively milder effect of p.(Glu336Gln) 
in combination that does not completely abolish MFSD8 
function. Of the other previously reported patients carrying 
p.(Glu336Gln), five also presented with maculopathy in late 
adulthood (50s–60s) and eight in early to mid- adulthood 
(late 20s to 40s) (Khan et  al.,  2017; Poncet et  al.,  2022; 
Roosing et al., 2015). Like P3, one family with five affected 
siblings also carried a truncating variant, p.(Glu381*), on 
their second allele; interestingly, the ages of onset in that 
family varied from 29 to 65 years (Roosing et  al.,  2015). 
Two patients presenting at ages 37 and 55 years carried the 
recurrent p.(Thr294Lys) on their second alleles, a variant 
that, in homozygous form, causes late- infantile CLN7 dis-
ease (Poncet et al., 2022). One additional patient carrying 
a different variant that affects residue 336, p.(Glu336Lys), 
in compound heterozygosity with a different mutation 
(c.750A>G) affecting splicing, presented by age 12 years 
(Poncet et al., 2022). One patient carrying a different vari-
ant that affects residue 482, p.(Arg482Pro), in homozygous 
form presented with ophthalmological disease described 
as retinitis pigmentosa at age 31 (Birtel et al., 2018; Zare- 
Abdollahi et al., 2019), consistent with some MFSD8 func-
tion remaining with this missense change.

P4 carries this “mild” p.(Glu336Gln) variant in com-
pound heterozygosity with p.(Arg465Gln). This combi-
nation of variants was reported in three sibling patients 
presenting with visual problems around the age of 
28–30 years (Khan et al., 2017) and no other neurological 
features. p.(Arg465Gln) probably has a larger biological 
effect because a patient homozygous for p.(Arg465Gln) 
developed late- infantile CLN7 disease at age 5 (Jilani 
et  al.,  2019), and a different missense variant affecting 
the same residue, p.(Arg465Trp), was found in homozy-
gous form in a child presenting with CLN7 disease at age 
4.5 years (Kousi et al., 2009).

Very few patients with CLN7 disease developing 
neurological symptoms at juvenile or adult ages have 
been described (Bauwens et al., 2020; Dozières- Puyravel 
et  al.,  2020; Jilani et  al.,  2019; Kousi et  al.,  2009; Reith 
et al., 2022). A range of ages of onset has been reported in 
MFSD8- associated retinal disease, where first symptoms 
appeared in childhood and teenage years, or in the early 
to mid- 20–40s and later adult years (>50 years) (Poncet 
et  al.,  2022), but there are very few previous reports of 
milder or later onset neurological symptoms in patients 
who are biallelic MFSD8 variant carriers and who present 
with visual problems: A Dutch patient developed vision 
difficulties at the age of 11 years and then motor impair-
ment and seizures in the mid- twenties, and at the age of 
28, ataxia was noticed. Cognitive regression started in the 
early 30s and, by the age of 39, the patient had become 
wheelchair- dependent. The patient was homozygous for 

c.468_469delinsCC p.(Ala157Pro); this has not been de-
scribed in any other reports (Kousi et al., 2009). A second 
case report describes a Turkish family with two affected 
siblings, one who developed speech delay at 4 years of age, 
retinal disturbances at age 10, and thereafter other neuro-
logical symptoms including seizures, and the other who 
presented with epilepsy at age 19, retinal disturbances at 
age 22, and ataxia and myoclonus when examined at age 
26. Both were homozygotes for MFSD8 c.750A>G p.(Glu-
250Glu), which is considered to affect splicing and cause 
exon skipping (Reith et al., 2022).

In cases of late- infantile CLN7 disease, inclusions in 
skin biopsy typically contain a mixture of fingerprint- 
profile inclusions and pure curvilinear bodies or recti-
linear profiles (Anderson et  al.,  2013). We were able to 
examine a skin biopsy in one of our patients, P1. These 
features were not identified in this skin biopsy, but there 
were prominent lipofuscin deposits with large lipid drop-
lets, and the ratio of lipid to dense material was unusual. 
We assumed this may represent regular lipofuscin, as seen 
in older individuals without storage disease. In general, 
lymphocytes in CLN7 disease demonstrate membrane 
bound storage inclusions with a fingerprint pattern and 
a small adherent lipid droplet. This feature can vary, and 
storage may only be identified in 2%–10% of lympho-
cytes (Anderson et  al.,  2006). An extensive examination 
of P1's blood sample did not reveal any atypical storage. 
The pathological inclusions of late- infantile CLN7 disease 
may therefore not be typically found in patients with a 
later onset phenotype.

Our data suggest that patients with MFSD8- related 
retinal dystrophy presenting later in life may still go on 
to develop balance problems and cerebellar signs and 
therefore fall into the class of adult CLN7 disease. This 
might have remained unnoticed either because doctors, 
patients, and their families assumed a connection with 
the visual loss or because they were not aware of a po-
tential connection between these seemingly unrelated dis-
ease manifestations. Furthermore, our report shows that 
ataxia, starting in mid- adult life, can be the presenting 
sign of MFSD8- related disease. A number of other neu-
rological disorders with ataxia affect retinal function or 
vision (Almasoudi et al., 2023; Gorcenco et al., 2017, 2019; 
Hugosson et al., 2009; Reith et al., 2022).

Our study faced several limitations. One was the rarity 
of individuals in whom pathogenic variants in the MFSD8 
gene have been identified. This remains a common prob-
lem for the study of rare monogenic disorders, although 
increasing use of genetic diagnostics in clinical practice 
and research internationally leads to an ever- larger num-
ber of patients being identified. The geographical distance 
between Sweden and India meant that not all four individ-
uals could be examined in the same way.
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The MFSD8 gene encodes a protein of 518 amino acids 
(Siintola et al., 2007) that contains 12 transmembrane do-
mains, including a major facilitator superfamily (MFS) 
domain (Sharifi et al., 2010; Steenhuis et al., 2010). Some 
major facilitator superfamily proteins are active in the 
transport of different solutes via chemiosmotic ion gra-
dients in cell membranes (Drew et  al.,  2021). The exact 
function of the MFSD8 protein is still unclear, but it may 
function as a transport protein in the lysosome perime-
ter membrane (Siintola et al., 2007). As in other forms of 
neuronal ceroid lipofuscinoses and generally other reces-
sive diseases, a gene dosage effect is apparent whereby 
combinations of variants that cause relatively milder bi-
ological effects on protein function may lead to milder 
symptomatology and a later age at onset. New treatments, 
including gene therapy, are being developed for the re-
cessive MFSD8- related diseases (Chen et  al.,  2022; Kim 
et al., 2019), which is why it is important to diagnose pa-
tients early, as these therapies are likely to be most effec-
tive when delivered early in the disease course.

AUTHOR CONTRIBUTIONS
Sigurd Dobloug: Conceptualizing, methodology, writ-
ing—original draft, writing—review & editing, data col-
lection, investigation. Ulrika Kjellstöm: Writing:—review 
& editing, data collection, investigation. Jayesh Sheth: 
Writing—review & editing, data collection, investiga-
tion. Glenn Anderson: Writing—review & editing, data 
collection, investigation. Sara E. Mole: Writing—re-
view & editing, data collection, investigation, resources. 
Emily Gardner: Writing—review & editing, investiga-
tion. Andreas Puschmann: Supervision, conceptualizing, 
methodology, writing—review & editing, investigation.

ACKNOWLEDGMENTS
We thank the patients for agreeing to participate in this 
study. We thank bioinformatician Joel Wallenius, MSc, 
Lund, Sweden, for ensuring accurate nomenclature of the 
genetic variants in this article.

FUNDING INFORMATION
This study was funded by Region Skåne, Skåne University 
Hospital, Stig och Ragna Gorthons Stiftelse, Hans Gabriel, 
and Alice Trolle- Wachtmeister stiftelse för medicinsk for-
skning, ALF, Stiftelsen för synskadade i f.d. Malmöhus län, 
Ögonfonden/Stiftelsen Synfrämjandets Forskningsfond 
and Stiftelsen Kronprinsessan Margaretas arbetsnämnd 
för synskadade, all in Sweden. Work in S.E.M's laboratory 
is supported by the National Institute for Health Research 
Biomedical Research Centre at University College 
London Great Ormond Street Institute of Child Health. 
S.E.M. receives salary support from University College 
London (UCL). S.E.M. reports support by Biomarin for 

maintaining the NCL mutation database by E.G. The 
study of patient P2 was funded by the intramural research 
fund of FRIDGE- Institute of Human Genetics from India.

CONFLICT OF INTEREST STATEMENT
S.E.M. and E.G. are supported by Biomarin for maintain-
ing the NCL mutation database. The other authors declare 
no competing interests.

DATA AVAILABILITY STATEMENT
All relevant data are presented in the article.

ORCID
Ulrika Kjellström   https://orcid.org/0000-0002-7316-4976 
Emily Gardner   https://orcid.org/0000-0002-1265-2298 
Sara E. Mole   https://orcid.org/0000-0003-4385-4957 
Andreas Puschmann   https://orcid.
org/0000-0002-3201-8198 

REFERENCES
Adams, H. R., & Mink, J. W. (2013). Neurobehavioral features and 

natural history of juvenile neuronal ceroid lipofuscinosis (bat-
ten disease). Journal of Child Neurology, 28(9), 1128–1136.

Aiello, C., Terracciano, A., Simonati, A., Discepoli, G., Cannelli, N., 
Claps, D., Crow, Y. J., Bianchi, M., Kitzmuller, C., Longo, D., 
Tavoni, A., Franzoni, E., Tessa, A., Veneselli, E., Boldrini, R., 
Filocamo, M., Williams, R. E., Bertini, E. S., Biancheri, R., … 
Santorelli, F. M. (2009). Mutations in MFSD8/CLN7 are a fre-
quent cause of variant- late infantile neuronal ceroid lipofusci-
nosis. Human Mutation, 30(3), E530–E540.

Aldahmesh, M. A., Al- Hassnan, Z. N., Aldosari, M., & Alkuraya, 
F. S. (2009). Neuronal ceroid lipofuscinosis caused by MFSD8 
mutations: A common theme emerging. Neurogenetics, 10(4), 
307–311.

Almasoudi, W., Nilsson, C., Kjellström, U., Sandeman, K., & 
Puschmann, A. (2023). Co- occurrence of CLCN2- related leu-
koencephalopathy and SPG56. Clinical Parkinsonism & Related 
Disorders, 8, 100189.

Anderson, G. W., Goebel, H. H., & Simonati, A. (2013). Human 
pathology in NCL. Biochimica et Biophysica Acta, 1832(11), 
1807–1826.

Anderson, G. W., Smith, V. V., Brooke, I., Malone, M., & Sebire, N. 
J. (2006). Diagnosis of neuronal ceroid lipofuscinosis (batten 
disease) by electron microscopy in peripheral blood specimens. 
Ultrastructural Pathology, 30(5), 373–378.

Bauwens, M., Storch, S., Weisschuh, N., Ceuterick- de Groote, C., 
De Rycke, R., Guillemyn, B., De Jaegere, S., Coppieters, F., Van 
Coster, R., Leroy, B. P., & De Baere, E. (2020). Functional char-
acterization of novel MFSD8 pathogenic variants anticipates 
neurological involvement in juvenile isolated maculopathy. 
Clinical Genetics, 97(3), 426–436.

Beckman, M., Clevenger, L., DeBenedictis, M. J., Yuan, A., & Sharma, 
S. (2023). A novel ocular phenotype associated with pathogenic 
variants in MFSD8 leading to macular dystrophy. Ophthalmic 
Genetics, 44(6), 606–609.

Birtel, J., Gliem, M., Mangold, E., Müller, P. L., Holz, F. G., Neuhaus, 
C., Lenzner, S., Zahnleiter, D., Betz, C., Eisenberger, T., Bolz, H. 

https://orcid.org/0000-0002-7316-4976
https://orcid.org/0000-0002-7316-4976
https://orcid.org/0000-0002-1265-2298
https://orcid.org/0000-0002-1265-2298
https://orcid.org/0000-0003-4385-4957
https://orcid.org/0000-0003-4385-4957
https://orcid.org/0000-0002-3201-8198
https://orcid.org/0000-0002-3201-8198
https://orcid.org/0000-0002-3201-8198


10 of 11 |   DOBLOUG et al.

J., & Charbel Issa, P. (2018). Next- generation sequencing iden-
tifies unexpected genotype- phenotype correlations in patients 
with retinitis pigmentosa. PLoS One, 13(12), e0207958.

Biswas, A., Krishnan, P., Amirabadi, A., Blaser, S., Mercimek- 
Andrews, S., & Shroff, M. (2020). Expanding the neuroimaging 
phenotype of neuronal ceroid Lipofuscinoses. AJNR. American 
Journal of Neuroradiology, 41(10), 1930–1936.

Chen, X., Dong, T., Hu, Y., Shaffo, F. C., Belur, N. R., Mazzulli, J. 
R., & Gray, S. J. (2022). AAV9/MFSD8 gene therapy is effec-
tive in preclinical models of neuronal ceroid lipofuscinosis 
type 7 disease. The Journal of Clinical Investigation, 132(5), 
e146286.

Dozières- Puyravel, B., Nasser, H., Elmaleh- Bergès, M., Lopez 
Hernandez, E., Gelot, A., Ilea, A., Delanoë, C., Puech, J. P., 
Caillaud, C., Pichard, S., & Auvin, S. (2020). Paediatric- onset 
neuronal ceroid lipofuscinosis: First symptoms and presenta-
tion at diagnosis. Developmental Medicine and Child Neurology, 
62(4), 528–530.

Drew, D., North, R. A., Nagarathinam, K., & Tanabe, M. (2021). 
Structures and general transport mechanisms by the major 
facilitator superfamily (MFS). Chemical Reviews, 121(9), 
5289–5335.

Gardner, E., & Mole, S. E. (2021). The genetic basis of phenotypic 
heterogeneity in the neuronal ceroid Lipofuscinoses. Frontiers 
in Neurology, 12, 754045.

Gorcenco, S., Komulainen- Ebrahim, J., Nordborg, K., Suo- Palosaari, 
M., Andreasson, S., Kruger, J., Nilsson, C., Kjellström, U., 
Rahikkala, E., Turkiewicz, D., Karlberg, M., Nilsson, L., 
Cammenga, J., Tedgård, U., Davidsson, J., Uusimaa, J., & 
Puschmann, A. (2017). Ataxia- pancytopenia syndrome with 
SAMD9L mutations. Neurology. Genetics, 3(5), e183.

Gorcenco, S., Vaz, F. M., Tracewska- Siemiatkowska, A., Tranebjaerg, 
L., Cremers, F. P. M., Ygland, E., Kicsi, J., Rendtorff, N. D., 
Möller, C., Kjellström, U., Andréasson, S., & Puschmann, A. 
(2019). Oral therapy for riboflavin transporter deficiency—
What is the regimen of choice? Parkinsonism & Related 
Disorders, 61, 245–247.

Haltia, M. (2006). The neuronal ceroid- lipofuscinoses: From past to 
present. Biochimica et Biophysica Acta, 1762(10), 850–856.

He, S., Chen, S., Peng, Y., Fan, X., Li, S., & Zhang, J. (2023). Clinical 
characteristics and genetic analysis of a case with adult neuro-
nal ceroid lipofuscinosis type 7 due to variant of MFSD8 gene. 
Zhonghua Yi Xue Yi Chuan Xue Za Zhi, 40(4), 395–401.

Hosseini Bereshneh, A., & Garshasbi, M. (2018). Novel in- frame de-
letion in MFSD8 gene revealed by trio whole exome sequencing 
in an Iranian affected with neuronal ceroid lipofuscinosis type 
7: A case report. Journal of Medical Case Reports, 12(1), 281.

Hugosson, T., Granse, L., Ponjavic, V., & Andreasson, S. (2009). 
Macular dysfunction and morphology in spinocerebellar ataxia 
type 7 (SCA 7). Ophthalmic Genetics, 30(1), 1–6.

Jilani, A., Matviychuk, D., Blaser, S., Dyack, S., Mathieu, J., Prasad, 
A. N., Prasad, C., Kyriakopoulou, L., & Mercimek- Andrews, S. 
(2019). High diagnostic yield of direct sanger sequencing in 
the diagnosis of neuronal ceroid lipofuscinoses. JIMD Reports, 
50(1), 20–30.

Khan, K. N., El- Asrag, M. E., Ku, C. A., Holder, G. E., McKibbin, M., 
Arno, G., Poulter, J. A., Carss, K., Bommireddy, T., Bagheri, S., 
Bakall, B., Scholl, H. P., Raymond, F. L., Toomes, C., Inglehearn, 
C. F., Pennesi, M. E., Moore, A. T., Michaelides, M., Webster, A. 
R., … for NIHR BioResource- Rare Diseases and UK Inherited 

Retinal Disease Consortium. (2017). Specific alleles of CLN7/
MFSD8, a protein that localizes to photoreceptor synaptic ter-
minals, cause a Spectrum of nonsyndromic retinal dystrophy. 
Investigative Ophthalmology & Visual Science, 58(7), 2906–2914.

Kim, J., Hu, C., Moufawad El Achkar, C., Black, L. E., Douville, 
J., Larson, A., Pendergast, M. K., Goldkind, S. F., Lee, E. A., 
Kuniholm, A., Soucy, A., Vaze, J., Belur, N. R., Fredriksen, K., 
Stojkovska, I., Tsytsykova, A., Armant, M., DiDonato, R. L., 
Choi, J., … Yu, T. W. (2019). Patient- customized oligonucleotide 
therapy for a rare genetic disease. The New England Journal of 
Medicine, 381(17), 1644–1652.

Kolesnikova, M., Lima de Carvalho, J. R., Oh, J. K., Soucy, M., 
Demirkol, A., Kim, A. H., Tsang, S. H., & Breazzano, M. P. 
(2023). Phenotypic variability of retinal disease among a co-
hort of patients with variants in the CLN genes. Investigative 
Ophthalmology & Visual Science, 64(3), 23.

Kose, M., Kose, E., Ünalp, A., Yılmaz, Ü., Edizer, S., Tekin, H. G., 
Karaoğlu, P., Özdemir, T. R., Er, E., Onay, H., & Yildirim, E. S. 
(2021). Neuronal ceroid lipofuscinosis: Genetic and phenotypic 
spectrum of 14 patients from Turkey. Neurological Sciences, 
42(3), 1103–1111.

Kousi, M., Lehesjoki, A. E., & Mole, S. E. (2012). Update of the mu-
tation spectrum and clinical correlations of over 360 mutations 
in eight genes that underlie the neuronal ceroid lipofuscinoses. 
Human Mutation, 33(1), 42–63.

Kousi, M., Siintola, E., Dvorakova, L., Vlaskova, H., Turnbull, J., 
Topcu, M., Yuksel, D., Gokben, S., Minassian, B. A., Elleder, 
M., Mole, S. E., & Lehesjoki, A. E. (2009). Mutations in CLN7/
MFSD8 are a common cause of variant late- infantile neuronal 
ceroid lipofuscinosis. Brain, 132(Pt 3), 810–819.

Kozina, A. A., Okuneva, E. G., Baryshnikova, N. V., Krasnenko, A. Y., 
Tsukanov, K. Y., Klimchuk, O. I., Kondakova, O. B., Larionova, 
A. N., Batysheva, T. T., Surkova, E. I., Shatalov, P. A., & Ilinsky, 
V. V. (2018). A novel MFSD8 mutation in a Russian patient 
with neuronal ceroid lipofuscinosis type 7: A case report. BMC 
Medical Genetics, 19(1), 151.

Mandel, H., Cohen Katsanelson, K., Khayat, M., Chervinsky, I., 
Vladovski, E., Iancu, T. C., Indelman, M., Horovitz, Y., Sprecher, 
E., Shalev, S. A., & Spiegel, R. (2014). Clinico- pathological man-
ifestations of variant late infantile neuronal ceroid lipofusci-
nosis (vLINCL) caused by a novel mutation in MFSD8 gene. 
European Journal of Medical Genetics, 57(11–12), 607–612.

Mole, S. E., Williams, R. E., & Goebel, H. H. (2005). Correlations 
between genotype, ultrastructural morphology and clinical 
phenotype in the neuronal ceroid lipofuscinoses. Neurogenetics, 
6(3), 107–126.

Panjeshahi, S., Karimzadeh, P., Movafagh, A., Md, F., Rahimian, E., 
Alijanpour, S., & Miryounesi, M. (2023). Clinical and genetic 
characterization of neuronal ceroid lipofuscinoses (NCLs) in 29 
Iranian patients: Identification of 11 novel mutations. Human 
Genetics, 142, 1–16.

Patiño, L. C., Battu, R., Ortega- Recalde, O., Nallathambi, J., 
Anandula, V. R., Renukaradhya, U., & Laissue, P. (2014). Exome 
sequencing is an efficient tool for variant late- infantile neuro-
nal ceroid lipofuscinosis molecular diagnosis. PLoS One, 9(10), 
e109576.

Poncet, A. F., Grunewald, O., Vaclavik, V., Meunier, I., Drumare, I., 
Pelletier, V., Bocquet, B., Todorova, M. G., le Moing, A. G., Devos, 
A., Schorderet, D. F., Jobic, F., Defoort- Dhellemmes, S., Dollfus, 
H., Smirnov, V. M., & Dhaenens, C. M. (2022). Contribution of 



   | 11 of 11DOBLOUG et al.

whole- genome sequencing and transcript analysis to decipher 
retinal diseases associated with MFSD8 variants. International 
Journal of Molecular Sciences, 23(8), 4294.

Priluck, A. Z., & Breazzano, M. P. (2023). Novel MFSD8 mutation 
causing non- syndromic asymmetric adult- onset macular dys-
trophy. Ophthalmic Genetics, 44(2), 186–190.

Qiao, Y., Gu, Y., Cheng, Y., Su, Y., Lv, N., Shang, Q., & Xing, Q. (2022). 
Case report: Novel MFSD8 variants in a Chinese family with 
neuronal ceroid Lipofuscinoses 7. Frontiers in Genetics, 13, 
807515.

Reith, M., Zeltner, L., Schaferhoff, K., Witt, D., Zuleger, T., Haack, 
T. B., Bornemann, A., Alber, M., Ruf, S., Schoels, L., Stingl, K., 
& Weisschuh, N. (2022). A novel, apparently silent variant in 
MFSD8 causes neuronal ceroid Lipofuscinosis with marked 
Intrafamilial variability. International Journal of Molecular 
Sciences, 23(4), 2271.

Ren, X. T., Wang, X. H., Ding, C. H., Shen, X., Zhang, H., Zhang, 
W. H., Li, J. W., Ren, C. H., & Fang, F. (2019). Next- generation 
sequencing analysis reveals novel pathogenic variants in 
four Chinese siblings with late- infantile neuronal ceroid 
Lipofuscinosis. Frontiers in Genetics, 10, 370.

Roosing, S., van den Born, L. I., Sangermano, R., Banfi, S., 
Koenekoop, R. K., Zonneveld- Vrieling, M. N., Klaver, C. C. W., 
van Lith- Verhoeven, J. J. C., Cremers, F. P. M., den Hollander, A. 
I., & Hoyng, C. B. (2015). Mutations in MFSD8, encoding a ly-
sosomal membrane protein, are associated with nonsyndromic 
autosomal recessive macular dystrophy. Ophthalmology, 122(1), 
170–179.

Sharifi, A., Kousi, M., Sagne, C., Bellenchi, G. C., Morel, L., Darmon, 
M., Hulková, H., Ruivo, R., Debacker, C., El Mestikawy, S., 
Elleder, M., Lehesjoki, A. E., Jalanko, A., Gasnier, B., & Kyttälä, 
A. (2010). Expression and lysosomal targeting of CLN7, a major 
facilitator superfamily transporter associated with variant late- 
infantile neuronal ceroid lipofuscinosis. Human Molecular 
Genetics, 19(22), 4497–4514.

Siintola, E., Topcu, M., Aula, N., Lohi, H., Minassian, B. A., Paterson, 
A. D., Liu, X. Q., Wilson, C., Lahtinen, U., Anttonen, A. K., & 
Lehesjoki, A. E. (2007). The novel neuronal ceroid lipofusci-
nosis gene MFSD8 encodes a putative lysosomal transporter. 
American Journal of Human Genetics, 81(1), 136–146.

Steenhuis, P., Herder, S., Gelis, S., Braulke, T., & Storch, S. (2010). 
Lysosomal targeting of the CLN7 membrane glycoprotein and 
transport via the plasma membrane require a dileucine motif. 
Traffic, 11(7), 987–1000.

Stogmann, E., El Tawil, S., Wagenstaller, J., Gaber, A., Edris, S., 
Abdelhady, A., Assem- Hilger, E., Leutmezer, F., Bonelli, S., 
Baumgartner, C., Zimprich, F., Strom, T. M., & Zimprich, A. 
(2009). A novel mutation in the MFSD8 gene in late infantile 
neuronal ceroid lipofuscinosis. Neurogenetics, 10(1), 73–77.

Stone, E. M., Andorf, J. L., Whitmore, S. S., DeLuca, A. P., Giacalone, 
J. C., Streb, L. M., Braun, T. A., Mullins, R. F., Scheetz, T. E., 
Sheffield, V. C., & Tucker, B. A. (2017). Clinically focused mo-
lecular investigation of 1000 consecutive families with inher-
ited retinal disease. Ophthalmology, 124(9), 1314–1331.

Sund, K. L., & Rehder, C. W. (2014). Detection and reporting of ho-
mozygosity associated with consanguinity in the clinical labo-
ratory. Human Heredity, 77(1–4), 217–224.

Topcu, M., Tan, H., Yalnizoglu, D., Usubutun, A., Saatci, I., Aynaci, 
M., Anlar, B., Topaloğlu, H., Turanli, G., Köse, G., & Aysun, S. 
(2004). Evaluation of 36 patients from Turkey with neuronal 
ceroid lipofuscinosis: Clinical, neurophysiological, neurora-
diological and histopathologic studies. The Turkish Journal of 
Pediatrics, 46(1), 1–10.

Williams, R. E., & Mole, S. E. (2012). New nomenclature and clas-
sification scheme for the neuronal ceroid lipofuscinoses. 
Neurology, 79(2), 183–191.

Zare- Abdollahi, D., Bushehri, A., Alavi, A., Dehghani, A., Mousavi- 
Mirkala, M., Effati, J., Miratashi, S. A. M., Dehani, M., Jamali, 
P., & Khorram Khorshid, H. R. (2019). MFSD8 gene mutations; 
evidence for phenotypic heterogeneity. Ophthalmic Genetics, 
40(2), 141–145.

SUPPORTING INFORMATION
Additional supporting information can be found online 
in the Supporting Information section at the end of this 
article.

How to cite this article: Dobloug, S., Kjellström, 
U., Anderson, G., Gardner, E., Mole, S. E., Sheth, J., 
& Puschmann, A. (2024). Maculopathy and 
adult- onset ataxia in patients with biallelic MFSD8 
variants. Molecular Genetics & Genomic Medicine, 
12, e2505. https://doi.org/10.1002/mgg3.2505

https://doi.org/10.1002/mgg3.2505

	Maculopathy and adult-onset ataxia in patients with biallelic MFSD8 variants
	Abstract
	1|INTRODUCTION
	2|SUBJECTS AND METHODS
	2.1|Ethical compliance

	3|RESULTS
	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


