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Abstract

Background: Commonly known as Batten disease, the neuronal ceroid lipofuscinoses (NCLs) are a genetically
heterogeneous group of rare pediatric lysosomal storage disorders characterized by the intracellular accumulation of
autofluorescent material (known as lipofuscin), progressive neurodegeneration, and neurological symptoms. In 2002,
a disease-causing NCL mutation in the CLN6 gene was identified (c.214G>T) in the Costa Rican population, but the
frequency of this mutation among local Batten disease patients remains incompletely characterized, as do clinical and
demographic attributes for this rare patient population.

Objective: To describe the main sociodemographic and clinical characteristics of patients with a clinical diagnosis for
Batten Disease treated at the National Children’s Hospital in Costa Rica and to characterize via molecular testing their
causative mutations.

Methods: DNA extracted from buccal swabs was used for CLN6 gene sequencing. Participants’sociodemographic
and clinical characteristics were also obtained from their medical records.

Results: Nine patients with a clinical diagnosis of Batten disease were identified. Genetic sequencing determined
the presence of the previously described Costa Rican homozygous mutation in 8 of 9 cases. One patient did not have
mutations in the CLN6 gene. In all cases where the Costa Rican CLN6 mutation was present, it was accompanied by

a substitution in intron 2. Patients were born in 4 of the 7 Costa Rican provinces, with an average onset of symptoms
close to 4 years of age. No parental consanguinity was present in pedigrees. Initial clinical manifestations varied
between patients but generally included: gait disturbances, language problems, visual impairment, seizures and
psychomotor regression. Cortical and cerebellar atrophy was a constant finding when neuroimaging was performed.
Seizure medication was a common element of treatment regimens.

Conclusions: This investigation supports that the previously characterized c.214G >T mutation is the most com-
mon causative NCL mutation in the Costa Rican population. This mutation is geographically widespread among
Costa Rican NCL patients and yields a clinical presentation similar to that observed for CLN6 NCL patients in other
geographies.
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Background

Neuronal ceroid lipofuscinoses (NCLs) constitute a
group of genetic neurodegenerative diseases associated
with motor and cognitive regression; progressive cortical,
thalamic, and cerebellar atrophy; retinopathy; epilepsy;
and a shortened lifespan [1, 2]. NCLs causative muta-
tions have been mapped to at least 13 different genes,
which encode a diverse set of lysosomal enzymes, cyto-
solic chaperones, and transmembrane proteins with roles
in secretory and endolysosomal trafficking [3]. More
than 70 mutations have been reported in the CLN6 gene,
which are responsible for variant late infantile or adult-
onset forms (i.e. Kufs Disease Type A) of NCL [4—6]. The
CLNG6 gene is located on 15q23 and encodes a 311 amino
acid transmembrane endoplasmic reticulum protein
that functions in the ER to Golgi transfer of lysosomal
enzymes [7]. Downstream cellular pathologies ranging
from synaptic alterations, glial activation, and autophagy
have also hinted at additional cellular roles or, perhaps,
specialized roles in neurons and glia [2, 6, 8-12].

The initial clinical manifestations of CLN6 disease gen-
erally begin between the ages of 2 and 4 years [13] and
are characterized by motor regression, visual loss, the
presence of rapid and involuntary muscle movements,
and multiple seizures types [14, 15]. In advanced stages,
patients commonly develop ataxia, further cognitive and
motor deterioration, and finally spastic quadriparesia [16,
17]. Imaging-based studies commonly find cortical and/
or subcortical grey matter atrophy [15, 17-19] and, like
most other forms of NCL, there are no approved disease-
modifying treatments. Clinical treatment is focused on
symptom management and includes the management
of seizures, sleep alterations, extrapyramidal symptoms,
behavioral disturbances, anxiety and psychosis [14].
Slight variations in the clinical course of CLN6 disease
have been linked to the causative mutations and the
country of origin [20].

Mutations in the CLN6 gene are observed mainly
in patients of Portuguese, Indian, Pakistani or Czech
descent, but have also been documented in countries
such as Costa Rica, Sudan, Turkey and Japan [16, 21-23].
By the end of the 1990s, studies aimed at identifying
and analyzing the most common genetic variant in late
infantile NCL began in the Costa Rican population [24—
26]. From these studies, the causative alteration known
as the Costa Rican CLN6 gene mutation was defined
[27]. This genetic modification, described in 2002, cor-
responds to a nonsense change in exon 3 (c.214G> T;

p-E72X) introducing a stop codon at amino acid position
72; which results in a premature termination and gener-
ates an incomplete and non-functional protein product
that is degraded at the level of the endoplasmic reticu-
lum [6, 22]. Other possible disease-related mutations in
the CLN6 gene (specifically in exons 4 [c.368G> A] and
7 [c.722T> C]) have also been reported [28]. Currently in
Costa Rica, a NCL diagnosis is made by a clinical evalu-
ation of the symptoms and signs recalled during medi-
cal history and present during physical examination by a
pediatric neurologist.

Here, we aimed to determine the frequency of the
¢.214G>T CLN6 gene mutation and any other mutations
among Costa Rican NCL patients and to describe the
main sociodemographic and clinical characteristics in
patients diagnosed with NCL in the National Children’s
Hospital (HNN), the only pediatric hospital in Costa
Rica, and part of the social security system (CCSS).

Methods
After obtaining approval from the Institution’s Scien-
tific Ethics Committee (CEC-CENTRAL-CCSS) and
authorization from the Director of Costa Rica’s National
Children’s Hospital (HNN), the parents of all patients
with a clinical diagnosis of Batten disease currently
treated at the HNN Neurology Department were con-
tacted, the study was explained and the investigators
invited the parents so their child could participate. Sub-
sequently, an appointment was scheduled in the HNN
and, after explaining the study and obtaining informed
consent (informed assent was not possible), the investiga-
tor collected a buccal swab for each participant. The sam-
ples were disassociated from any personal identification
and transported in compliance with international regula-
tions to the appointed laboratory. The genetic analysis of
the samples was performed by Sanford Research (Sioux
Falls, SD; USA) in two independent laboratories where
DNA was extracted and next generation sequencing
(NGS) for the CLN6 gene was performed for each study
subject. Once the genetic results were obtained, the study
participant’s parents received the genetic testing results
with an explanation as part of their usual clinical visit.
The main sociodemographic and clinical character-
istics from the study subjects were examined with a
descriptive analysis based on existing medical records.
These included: age, sex, place of birth and residence, age
of initial symptom onset, age of clinical diagnosis, rel-
evant medical history, main clinical manifestations and
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pertinent evaluations previously performed (ophthalmo-
logical evaluation, visual evoked potentials, electroreti-
nogram, electroencephalogram, imaging tests including
computerized axial tomography or brain magnetic reso-
nance imaging) at diagnosis, in addition to the result of
the most recent neurological examination and current
treatment.

All study procedures were carried out in accordance
with the Declaration of Helsinki, Good Clinical Practice
Standards and local Costa Rican regulations.

Results

Nine patients with a previous clinical diagnosis of NCL
were identified. The average age of the subjects when the
DNA sample was obtained was 9.9 £ 2.7 years (mean +
SD). The initial symptoms appeared at 3.9 £ 0.6 years on
average (range 3-5 years) and the typical age at the time
of the clinical diagnosis was approximately 7 years (range
3-10 years). Females outnumbered males in a 2:1 ratio.
Most patients (77.8%, n = 7) did not report a significant
medical history before the onset of symptoms related to
the disease.

The Costa Rican mutation (homozygous nonsense vari-
ant in exon 3 ¢.214G> T in the CNL6 gene) was reported
in approximately 90% (n = 8) of study participants. In all
cases where the Costa Rican CLN6 mutation was present,
it was accompanied by a substitution in intron 2 (c.198 +
104T>C, Table 1) as previously described [4, 22].

Most of the patients were born in and currently live
in areas distant from San José, Costa Rica’s capital city.
There was a fraternal relationship identified between two
patients who live in the province of Limén. Nevertheless,
there was no evidence suggesting the presence of specific
geographic areas with a higher frequency of cases (Fig. 1).
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Likewise, no consanguineous relationships were reported
between the parents of study participants.

Gait disorders, vision loss and speech disturbances
were the most frequent initial manifestations registered
in medical records. Patient’s specific neurological signs
and symptoms can be observed in Tables 2 and 3. At the
time of clinical diagnosis, 77.7% (n = 7) of the cases pre-
sented abnormalities in the ophthalmological assessment
with 87.5% (n = 7) of study subjects presenting with
altered visual potentials when such data were collected.
The majority of study participants showed abnormali-
ties in the EEG and neuroimaging tests, in which corti-
cal, subcortical, and cerebellar atrophies were common
(Table 2).

The review of subject’s medical records allowed for a
qualitative comparison between the initial clinical mani-
festations and the findings from the most recent neuro-
logical examination, showing a substantial deterioration
in physical and functional capabilities over the observa-
tion period (Table 3). Valproic acid, carbamazepine and
clonazepam were the medications mostly prescribed for
the treatment of seizures.

In study patient A, genetic sequencing did not identify
the Costa Rican mutation to confirm variant late infan-
tile NCL. Full mutation analysis including: CLN1/PPT1,
CLN2/TPP1, CLN3, CLN5, CLN6, CLN7, CLN8 and
CLN10/CTSD was suggested for this patient. However,
currently our Institution does not have the possibility to
extend further genetic testing. After receiving the nega-
tive results for this patient new tests were performed and
no data supporting alterations in metabolic or biochemi-
cal parameters was identified. Genetic confirmation
of progressive leukoencephalopathy was also recom-
mended. Currently the patient is receiving palliative care.

0
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Fig. 1 Geographic distribution of cases. Blue pin indicates the patient without the CLN6 Costa Rican mutation
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Discussion

Worldwide, it has been reported that the initial clinical
manifestations in CLN6 disease occur between 2 and
4 years of age [13], however in this investigation, the
cases analyzed trended towards the older end of this
range with regards to symptom onset (3.9 & 0.6), with a
range between 3 and 5 years of age. This may be due to
the small number of cases studied, or possibly to certain
variations in the clinical course of the disease linked to
this causative mutation as has previously been reported
for Costa Rican patients [20]. The age of diagnosis in this
study was an average of seven years. This could be due in
part to the challenges associated with diagnosis of a com-
plex rare disease in a locality with limited utilization of
genetic testing. In this patient cohort, females outnum-
bered males 2:1. This level of sex disparity has not been
reported in clinical literature and is likely due to the small
sample size. Differences in severity between the sexes
have been documented for some forms of NCL, with
more aggressive forms commonly reported in female
patients, however this was not recapitulated in our study
[29, 30].

The genetic alterations identified in the study popula-
tion, pointedly the Costa Rican mutation and the substi-
tution polymorphism in intron 2, have been previously
reported [4, 22]. This substitution polymorphism has also
been described in Argentinian populations [4, 28]. In the
Costa Rican Batten disease population, the homozygous
mutation and the presence of the polymorphism sug-
gests that the polymorphism and the damaging mutation
are inherited as a haplotype. Thus, unlike many other
NCL mutations, the Costa Rican ¢.214G> T mutation
has been associated with the founder effect [20, 31]. It
is important to mention, that despite not having carried
out multi-generation genealogical studies, the presence
of the specific haplotype in all study samples, the absence
of consanguinity registered in medical records and the
varied geographical locations where study subjects were
born and live, supports this local founder effect for this
allele. It has been suggested that this founder effect was
introduced in the initial pool of genes from the time of
the Spanish and Portuguese colonization. This hypoth-
esis has been mentioned in other medical conditions
described in our country such as Wilson’s Disease [32,
33].

The main signs and symptoms observed in study par-
ticipants generally agree with what has been reported
worldwide for CLN6 patients, where visual loss, the pres-
ence of rapid and involuntary muscle movements, sei-
zures, ataxia, and mental and motor deterioration are the
most frequent findings described [16, 17]. Specifically,
the published literature establishes that motor regression
constitutes one of the first clinical manifestations [15], an
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aspect confirmed in our study subjects, where gait distur-
bances and alterations of motor skills were near constant
findings in the initial stages of the disease (Table 2).

Where neuroimaging studies were available, corti-
cal and / or subcortical atrophy were common findings,
as has been consistently reported in NCLs [15, 17-19].
Regarding imaging modalities, magnetic resonance imag-
ing (MRI) had limited availability in Costa Rica over the
study period; many patient records thus only had com-
puted tomography (CT) scans. Likewise, ERG equipment
was not operational for the duration of the study period
and ERG data is available for only three patients in the
study. In the majority of the analyzed cases, deterioration
was reported in both the ophthalmological evaluation
and in the visual evoked potentials (defective macular
light reflection, optic disc pallor, attenuation of retinal
vessels, pigmentary retinal changes, macular degenera-
tion and optic atrophy); all of these findings are congru-
ent with what has been described previously in medical
literature [34]. These changes can occur even before the
onset of vision loss, which was documented in the pre-
sent investigation. In this study, similar to what has been
reported worldwide, substantial disease progression was
observed when comparing the initial clinical manifesta-
tions reported in medical records with the findings of the
most recent neurological examination [35, 36].

Current therapeutic options in this disease include
symptom management for: seizures, sleep problems,
extrapyramidal symptoms, behavior problems, anxi-
ety and psychosis. Seizures in NCLs are often refractory
to treatment and require the prescription of multiple
antiseizure medications such as sodium valproate, lamo-
trigine, topiramate, levetiracetam, carbamazepine, and
benzodiazepine derivatives [37, 38]. There were no major
differences regarding the main antiseizure medications
prescribed when compared to other countries, and pos-
sible variations would be due mainly to the availability of
the medication in the country and in the social security
health care system (CCSS).

Regarding the study participant in whom the ¢.214G>T
Costa Rican mutation was not identified, it is possible
that mutations in other NCL genes could be responsi-
ble for the symptoms, as has been documented in other
Costa Rican patients [20, 22]. It is worth noting that this
was the only patient that presented with a normal oph-
thalmic evaluation and normal visual evoked potential
at diagnosis, demonstrative of some disparity in their
disease presentation. Additionally, while vast majority of
Costa Rican patients with NCL are treated in the HNN,
the possibility (although low) of patients in other regional
or private healthcare centers cannot be disregarded.
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Conclusion

Collectively, this investigation confirms the presence of

the ¢.214G>T Costa Rican mutation in most Costa Rican
patients with clinical symptoms of NCL and sustains that
the clinical characteristics of these patients are similar to
those described in other regions globally.
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