Ceroid lipofuscinosis type 5 (CLN5) in South America: 16 additional cases, novel
pathogenic variants, and novel and unexpected phenotypic findings
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Introduction

The neuronal ceroid lipofuscinoses (NCLs) are a heterogeneous group of
genetic disorders affecting the brain and the retina. A common mechanism is the
intracellular accumulation of autofluorescent material in most cells resembling
lipofuscin or ceroid*~3. Most NCLs are autosomal recessive, apart from the autosomal
dominant CNL4B.

Clinically, most patients present with progressive cognitive- and motor
decline, seizures, visual loss, and variable degrees of cerebellar atrophy. NCLs are the
most prevalent neurodegenerative disorders of childhood, but adult-onset cases have
been increasingly recognized.



Up to 13 genes are known to be associated with this disease. Patients are
classified according to their molecular diagnosis and age of onset, but no clear
phenotype-genotype correlations among the genes.

CLN5 encodes the ceroid lipofuscinosis neuronal protein 5, a lysosomal
soluble protein involved in trafficking lysosomal sorting receptors®. The classic
presentation is a childhood-onset disorder with motor and visual symptoms after a
period of normal development>®. The disease progresses with behavioral problems,
cognitive decline, cerebellar ataxia, and myoclonic epilepsy.

The adult-onset form of NCL, also called Kufs disease, makes up
approximately 5 to 10% of all NCL cases®, with the age of onset varying from 17 to
56 years. Two different and overlapping phenotypes of Kufs disease are recognized:
type A, characterized by myoclonic epilepsy, ataxia, and dysarthria; and type B,
characterized by severe cognitive impairment®. Brain MRI typically shows brain
atrophy, and retinal involvement is rarely reported*?.

Biallelic CLN5-mutations were described mainly in Caucasians, but patients
from several populations were already reported, including in South America’2-14

Here we describe 16 South-American NCL patients harboring ten pathogenic
variants in CLNS5, five previously reported, and five novel variants, one of them with a
founder effect. This case series broadens the phenotypic spectrum associated with
CLNS5 disease by describing a very unusual adult-onset patient. This also reinforces
that childhood-onset CLN5 disease is indistinguishable from other NCLs on a clinical
basis and adds valuable information demonstrating no clear genotype-phenotype
relationship.

Methods

According to the local ethics committee, this study was approved by the local
IRB and the written informed consent from all patients/legal representatives. Patients
were seen in several centers, and the assistant physician for each case provided all the
information requested by the authors.

Patients were obtained through a search for homozygous/compound
heterozygous pathogenic variants in the CLN5 gene in the genomic database of a
commercial laboratory (Mendelics) and by contacting reference centers in
Neurogenetic diseases and Epilepsy from all South America for CLN5 disease
confirmed cases. The assistant physician was contacted and invited to be part of the
study for all the selected patients. History, physical exam, and additional studies were
reviewed according to availability.

Genetic analysis

Genetic analysis was performed in a CLIA-certified laboratory using next-
generation sequencing, either through whole-exome sequencing or targeted epilepsy
gene panel, according to clinical need and availability. Variants were classified
according to the ACMG guidelines.

Haplotype analysis was performed in 4 phased-VCFs from 9 patients using a
custom script.

Results



We identified 18 patients from 17 previously unpublished families. Two of
them were excluded because of insufficient clinical data. A summary of the available
clinical details and the genetic profile is shown in Table 1.

We analyzed one adult-onset patient (described in detail below) and 15
patients from 14 families aged between 1 and 10 years. There were 5 males and 11
females, with an average of 4.5 years for the early onset cases.

All patients presented with cognitive and motor decline, cerebellar ataxia, and
seizures. Epilepsy presented with myoclonus, focal and generalized pharmaco-
resistant seizures. Two patients had no visual loss until the last visit. Fundoscopic
examination was performed in 11 patients and disclosed retinitis pigmentosa in three
patients and nonspecific retinopathy in two. Only one patient (2) showed signs of
autism spectrum disorder.

Seizures were the presenting feature in eight patients, and language disorders
in other six. Low visual acuity and developmental delay were also common first
symptoms. Motor decline due to cerebellar ataxia was noted with first symptoms in
only four cases (3, 4, 7, and 10). All childhood-onset cases had epilepsy. The adult
case presented hypogonadotropic hypogonadism.

Severe cerebellar and moderate to severe cortical and subcortical atrophy were
seen in all cases. Scattered posterior periventricular white matter hyperintensities
were consistently found in T2-weighted MRI images (Figure 1). Ancillary tests and
cerebrospinal fluid analysis were unremarkable in all patients.

All patients had confirmed diagnosis by molecular analysis through next-
generation sequencing. Four patients were compound heterozygous. We have found
six missense mutations: three novel and three previously reported (p.Asn143Ser;
p.Arg63Pro; p.Asp230Asn)’®; two frameshift variants, one novel and one previously
reported (p.Ser98Leufs*); two nonsense variants (p.Leul26*; p.Arg145*)3° ; and
one new splicing site variant (c.340-1delG). Patient 13 had two missense variants in
the homozygous state belonging to the same previously reported pathogenic
haplotype p[Arg63Pro; Asp230Asn]®. This patient lost follow-up and it is not possible
to definitely infer if this haplotype conferred a worse prognosis.

The variant p.Arg63Cys was found in a homozygous state in six patients and
was also present as compound heterozygous in one patient. This variant is present in
only one individual in the population databank GnomAD v2 (around 140,000
individuals). Among 54,000 exomes performed in a Brazilian commercial laboratory
(Mendelics Genomic Analysis, Sdo Paulo, Brazil), it was found in a heterozygous
state in 10 unaffected individuals. Patients with this variant came from different
regions of Brazil and an isolated Amerindian community of Northern Argentina.

Haplotype analysis of the affected cases detected the same haplotype present
in all Brazilian samples, suggesting a possible founder effect. However, the haplotype
was not shared by the Argentinian case (number 8). The genomic region containing
the variant in the Argentinian cases was smaller than the genomic region of the
Brazilian patients. Thus, it is unlikely that this variant is of Amerindian origin.

A childhood-onset typical case

This 9-year-old girl (case 2), born after uneventful pregnancy and labor, was
the only child of a consanguineous, first-cousin couple. Her developmental milestones
were normal in the first year of life. However, language acquisition was delayed, and
she had some learning disabilities. At seven years of age, she developed
pharmacoresistant epilepsy, with focal and generalized motor seizures. She presented



incoordination and cognitive decline. At nine years old, she had global cerebellar
ataxia and was wheelchair-bound with severe intellectual disability and autistic
features. Brain MRI showed moderate cortico-subcortical and cerebellar atrophy and
hypersignal in T2 and FLAIR sequences in the peritrigonal regions. Genetic analysis
detected the variant ¢.188C>T;p.Arg63Cys in homozygous state.

An atypical adult-onset case

This 61-year-old man (case 1) developed slowly progressive visual complaints
suggestive of metamorphopsia when he was 40 years old. By 43, he could no longer
drive or read due to low visual acuity. By 45, he developed a slowly progressive
unsteady gait and dysarthria. Shortly after the onset of gait problems, he reported
anterograde amnesia, difficulties with naming, paraphasias, and problems recognizing
people, even close relatives. Long-term memory was well preserved at that point. He
was born from a non-consanguineous family and had two younger brothers, one with
similar symptoms. On his first evaluation at our institution, at age 55, he was alert,
apathetic, spatially and temporally disoriented, with anterograde amnesia, anomia,
and semantic paraphasias; he was inattentive, with motor perseveration, ideomotor
apraxia, and simultanagnosia. His strength was preserved, deep tendon reflexes were
brisk in the four limbs, he had flexor plantar responses and mild spasticity on the
lower limbs. There was global cerebellar ataxia and severe cerebellar dysarthria. The
sensory exam was unreliable. Fundoscopic findings were suggestive of retinitis
pigmentosa. Ancillary tests showed hypogonadotropic hypogonadism and
hypothyroidism. Brain MRI revealed global cortical atrophy (with posterior
predominance), global cerebellar atrophy, and no white matter involvement. He
started using a wheelchair by the age of 60, and on his last office visit, he was
dependent on others for basic activities of daily living, complaining of dysphagia, and
had severe visual loss. He passed away one year later from acute respiratory distress.
Whole-exome sequencing was performed, and two pathogenic variants were found in
CLNS5. The first one, c.428A>G, is a missense variant that changes asparagine for a
serine (p.Asn143Ser) and has already been associated with juvenile CLN5 disease’.
The second one, c.427G>T, is a missense variant that changes a valine for
phenylalanine (p.Val94Phe) in a highly conserved residue, predicted by all in silico
techniques to be damaging.

Discussion

After the initial description of Finnish patients with CLN5-disease®, most
cases described had European origin. This series adds an essential contribution to all
patients coming from South America.

The classic form of late infantile variant CLN5 disease has a relatively
uniform phenotype, regardless of ethnicity or genetics, quite similar to our case series.
The age of onset in our series ranged from 1 to 40 years, with one patient younger
than two years (infantile) and one adult-onset. The remaining 14 patients’ ages ranged
from 2 to 10 years (average 4,5 years, standard deviation 2,3), characterizing the late
infantile variant, close to previously reported patients®-81215-18,

As observed in other series, most patients presented with language
impairment”®18, Seizures, found in eight patients, were also a common presenting
feature, contrary to the observed later onset of this symptom (median age 6,5 years) in



the literature”®'8. Interestingly, four bear the new variant (p.Arg63Cys), which we
believe has a founder effect in South America. It might be a distinctive feature of this
genotype.

In most cases, visual symptoms started in the later stage of the disease, similar
to what is described for the late infantile forms of NCLs8. However, three patients
(cases 5, 6, and 7) had visual decline in the first year of symptoms. Motor symptoms
were also a common feature in the first years of disease (age of onset ranged from 3 to
10 years, median 6,5 years), in concordance with the literature®> %8,

The disease evolved with behavioral problems, cognitive decline, cerebellar
ataxia, and epilepsy in all patients. Myoclonus was common but not a universal
feature. It was absent in five patients. The most consistent brain image findings were
cortici! and cerebellar atrophy, observed in all patients, very similar to other reported
series.

Using next-generation sequencing techniques, we identified ten different
variants, and five of them have never been published. Ten patients were homozygous,
five were compound heterozygous, and one was homozygous for two pathogenic
variants (a pathogenic haplotype). There were six missense, two frameshifts, two
nonsense, and one splice-site variant (Table 1). We could not find any particular
genotype-phenotype relationships, but for the possible association of p.Arg63Cys
with early-onset seizures, as previously stated.

The variant p.Arg63Cys was found in homozygosity in five patients and
compound heterozygosity in patient 6. This is a scarce variant in population databases
(GnomAD and Abraom) and has maximal conservation in all species. Two other
variants affecting the same codon have been reported as probably pathogenic. The
variant p.Arg63His was reported in Colombian patients'?, and the variant p.Arg63Pro
was reported in Portuguese patients® — and also found in this case series. All in silico
programs predict this variant to be pathogenic. These facts and these six new cases
with a compatible phenotype make this variant meet American College of Medical
Genetics criteria for definitely pathogenic?.

We speculated that this variant might be of Amerindian origin, as it was found
in a patient from an isolated Amerindian community in the Charcot region, North
Argentina (patient 8). We compared the haplotypes of all patients with this variant.
We found that the Argentinian patient had a shorter haplotype than the Brazilian
patient, making the possibility of an Amerindian origin unlikely. However, given the
rarity of this variant in population databases and the relatively higher frequency in this
series, we believe this variant has a founder effect in South America.

Finally, we present a sporadic case of adult-onset CLN5 disease. Adult-onset
form of NCL corresponds to approximately 5 to 10% of all NCL cases®. The age of
onset varies from 17 to 56 years. Retinal involvement is not common in Kufs
disease’. Brain MRI typically shows brain atrophy. Kufs disease is autosomal
recessive, and it has been described as associated with the following genes: CTSD,
PPT1, CLN3, CLN5, CLN6, CTSF, GRN.

This adult patient had a unique presentation with visual symptoms and
associated endocrine manifestations. Two previously described siblings with adult-
onset CLN5 disease presented with visual loss due to severe glaucoma?, but no
retinal abnormalities like our adult patient with retinitis pigmentosa. The cognitive
profile is also different, with patient one presenting with involvement of all cognitive
domains, especially higher-order visual symptoms, while previously reported patients
had preserved memory and orientation?'. Severe cerebellar ataxia, dysarthria, and
brain atrophy with severe cerebellar atrophy were shared among these patients. The



hypogonadotropic hypogonadism found in our patient is unexpected, and it is difficult
to define if it was due to CLN5 mutations or a coincidental finding.

Conclusion

In conclusion, we presented a large case series of South American patients
with CLNS5 disease with a recurrent missense variant with a possible founder effect.
This study broadens the phenotypic and genotypic spectrum associated with CLN5
disease, with seizures presenting in patients with this new recurrent variant. We also
described hypogonadotropic hypogonadism and early-onset dementia with higher-
order visual symptoms in an adult-onset case with biallelic pathogenic variants in
CLN5. We suggest that CLN5 disease should be considered in the differential
diagnosis of infantile and juvenile patients with cognitive decline, ataxia, and
epilepsy. CLN5 disease should also be considered in adult patients with early-onset
dementia, ataxia, and epilepsy.
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