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Abstract

Neuronal ceroid lipofuscinoses (NCLs), also referred as “Batten disease”, are a group of thirteen rare genetic conditions, which
are part of the lysosomal storage disorders. CLN type 2 (CLN2) is caused by the deficient activity of the tripeptidyl peptidase
| (TPP1) enzyme, encoded by the TPP1 gene, most frequently leading to the classic late infantile phenotype. Nearly 140 CLN2-
causing mutations have been described. In this case report, we describe the identification of a new disease-causing mutation and
highlight the importance of appropriate laboratory investigation based on clinical suspicion. The collection of dried blood spots
(DBS) on filter paper, which is a convenient sample, can be used to measure the TPP1 enzyme activity and detect CLN2-related
mutations. Since the biochemical and genetic diagnoses are possible and as the disease progression is fast and the therapeutic
window is short, the investigation of CLN2 should be always considered when this diagnostic hypothesis is raised in order to

enable the patients to benefit from the specific pharmacological treatment.
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Introduction

Neuronal ceroid lipofuscinoses (NCLs), also referred as “Batten
disease”, are a group of thirteen neurodegenerative diseases
associated with neuronal loss in the cerebellar and cerebral
cortex with the accumulation of intralysosomal lipopigments.
These genetic conditions are mainly inherited by an autosomal
recessive manner [1-3].

CLN type 2 (CLN2) usually leads to a classic late infantile
phenotype. The onset of clinical manifestations is between two
and four years of age and includes psychomotor regression,
speech delay, refractory epilepsy, myoclonus and ataxia. The
diagnosis is confirmed by the finding of low activity of the
tripeptidyl peptidase I enzyme (TPP1) in dried blood spot (DBS),
leucocytes or cultured fibroblasts, and by the identification of a
pathogenic mutation in each of the alleles of the TPPI gene [4-6].

This case report details the diagnostic journey of a patient
who presented with speech deterioration, refractory epilepsy
and ataxia in the absence of photoparoxysmal response during
electroencephalographic evaluations, in whom the diagnosis of
late infantile CLN2 was eventually confirmed.
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Case Report

A seven-year-old male patient, born from a non-consanguineous
couple, presented with unaltered development until three years
of age, when he displayed refractory epilepsy characterized by
generalized tonic-clonic, focal motor, and absence seizures,
progressing to daily myoclonic-atonic seizures. Ataxia and
neuropsychomotor regression of development were also observed
from the age of 4.5 years, when treatment with valproic acid was
introduced.

The patient underwent three electroencephalographic
(EEG) that were performed using standardized methods with
recording time greater than 40 minutes awake and sleep periods
and intermittent photic stimulation was performed with low
frequencies of 1-3 Hz . EEG evaluations as follows: a) at the age
of 4 years, EEG showed absence of sleep spindles and spike-wave
discharges in the posterior region of the brain; b) at the age of 6
years, the second EEG showed a worsening of the background
activity of sleep and an increase in epileptiform discharges with a
multifocal pattern, in addition to generalized spike-waves and c)
at the age of 7 years, the third EEG showed a more pronounced
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increase in generalized epileptiform discharges followed by a
transient attenuation of background activity (Figure 1). Of note,
photoparoxysmal response was absent in all the three EEGs.

Based on the clinical evaluation and on the tests performed,
the suspicion of a CLN disease was raised and the next step
was the measurement of the activities of palmitoyl protein
thioesterase 1 (PTT1) and TPP1 enzymes in DBS, to screen for
CLNI1 and CLN2, respectively. These enzyme evaluations were
performed when the patient was at 5 years and 6 months of age.
The results revealed a reduced enzymatic activity of TTP1 (0.4
nmol/h/ml; normal range from 4.0 to 23 nmol/h/ml) and mild
reduction in PTT1 (7.1 nmol/h/ml of a normal range from 9.4
to 11 nmol/h/ml).

To confirm this finding, a targeted next-generation
sequencing (NGS) approach was performed, using DNA
isolated from DBS. A gene panel including several epilepsy-
related genes revealed the presence of ¢.225G>A (p.Gln75GlIn),
a previously splice-altering CLN2-pathogenic variant in the
exon 3, and ¢.503_504insTGGA (p.Phel69fs) in the exon 5
of TPPI gene (NM_000391.4), both in heterozygous fashion
and confirmed by Sanger sequencing. Unlike the first variant,

Figure 1. Electroencephalographic evaluation (EEG) in the CLN2 patient. All EEG showed slow background activity with absence of spindles
during sleeping record and absence of alpha rhythm during awake record. At 1 year after disease onset, independent parietooccipital spikes on
both sides in waking stage (Panel A), and during sleep (Panel B). At 3 years after disease onset, multifocal spikes were recorded (Panels C). At 4
years after disease onset, multifocal spikes and frequent generalized spike wave with attenuated segments (Panel D).
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the second correspond to a variant not previously described
in the current online CLN-disease Database Mutation Table
(7, 8). This new variant was classified as pathogenic following
the American College of Medical Genetics (ACMG) criteria:
PVS1 (very strong), PM2 (moderate) and PP3 (supporting) [9].
In silico analysis in Mutation Taster, SIFT Indel and VEP tool
suggested this variant is pathogenic (10-12). Subsequently, the
genetic analysis was also carried out in the patient’s parents. The
heterozygous variant c.225A>G was identified in the patient’s
father and the variant ¢.503_504insTGGA was identified in the
patient’s mother, evidencing that the mutations were inherited
in trans in the index case.

An evaluation of TPP1 activity in leukocytes was also
performed when the patient was 7 years-old (5.3 nmol/h/mg,
with normal range from 93 to 521 nmol/h/mg in leukocytes),
confirming the enzyme deficiency and corroborating the results
previously obtained using DBS.

Although clinical worsening was progressive and significant,
the most recent EEG with low frequency photostimulation
showed no significant alterations in comparison with the
previous evaluation.

At the most recent evaluation (at 8 years of age), the
patient was restricted to bed without active interactions with
the environment or other people. The patient displayed lack
of speech, apathy, axial-predominant hypotonia, tetraparesis
with hyperreflexia and bilateral signs of pyramidal release such
as clonus and Babinski sign. Gastrostomy has been performed
for nutritional support. Due to the progression of the disease,
only supportive treatment is currently provided and includes
levetiracetam, clobazam, lamotrigine and phenobarbital to reduce
the frequency of epileptic seizures.

Discussion

The association of epileptic encephalopathy with predominance
of myoclonic seizures and rapid and progressive neuro-
psychomotor regression from the 3 years of age should prompt
the investigation of late infantile phenotype of NCLs, since
they constitute the most common cause of childhood cognitive
decline [13]. Due to the rapid neurodegenerative progression of
NCLs, particularly CLN2, early detection is critical to ensure
that patients may benefit from the specific treatment, which is
currently available [14]. However, in spite of the limited awareness
of CLN2, the clinical manifestations (speech delay, seizures
and ataxia) are non-specific signs and may be found in other
neurological disorders, thus contributing to misdiagnosis [15].

When facing clinical signs of NCLs, both PTT1 and TPP1
enzymatic activities in leukocytes, fibroblasts or DBS should
be performed to investigate the clinical suspicion of CLNI or
CLN2, respectively. The reduction of TPP1 is the gold standard
for laboratory diagnosis CLN2. In addition, the use of epilepsy
gene panels for investigating unexplained seizures in childhood
may also constitute a very helpful tool in the diagnosis. Finally,

the detection of two pathogenic mutations in trans in the TPP1
gene can also be used for diagnosing CLN2 [4].

Herein, the samples for the evaluation of enzymatic activity
and NGS were obtained by DBS, which is a convenient method
to collect, store and ship blood samples for analysis in a reference
laboratory. The possibility of running biochemical and genetic
analysis using the same DBS sample allow the optimization of
tests and may contribute to accelerate the diagnosis. In the light
of the availability of cerliponase alfa, an accelerate diagnosis is
critical for allowing patient benefit from this specific treatment
[15].

Asboth enzymes evaluated were reduced (slight reduction of
PPT1 and marked reduction of TPP1), genetic testing allowed the
detection of two pathogenic mutations in the TPP1 gene, inherited
from each of the parents. From the best of our knowledge, this
is the first time that the mutation ¢.503_504insTGGA has been
identified. Its pathogenicity is indicated by the decreased levels
of TPP1 enzyme activity, identified in DBS and confirmed in
leukocytes.

EEG is one of the most informative tests when CLN2
is suspected in children presenting with speech delay or
neurological regression, in association with epilepsy. The most
prominent abnormal finding in the EEG is the absence of sleep
spindles, which reflects the onset of a disorganization of brain
electrical activity [3]. In accordance, this was the first alteration
found in the EEG of the patient. Additionally, the presence of
photoparoxysmal response at low frequencies (1-3 Hz) is also
an early (43%) and frequent (73% to 93%) finding, though not
display by all patients with CLN2. It should be noted that the
standardization for the investigation of the photoparoxysmal
response in photosensitive individuals advocates for starting
the photostimulation with low frequencies (16-18). While the
presence of photoparoxysmal response at low frequencies may
constitute an indicative sign of CLN2, its absence does not
discard the disease.

In this case, the patient did not display photoparoxysmal
response in any of the performed evaluations, what may have
contributed to delay the diagnosis. Importantly, the evolution
of the patient’s EEG tracing showed a progressive increase in
the epileptogenic activity, initially with focal discharges, then
multifocal, and finally with a predominance of generalized
epileptiform discharges. Such progressive deterioration of
the EEG activity was accompanied by a clinical worsening,
compatible with the neurodegenerative progression of the
disease.

Recent studies have highlighted an imagining pattern
in the brain MRI of patients with CLN2. More specifically,
thalamic hipointensity, thinning of the corpus callosum and
hyperintensity in both the insular cortex and in the posterior
limb of the internal capsule, in addition to the cerebellar and the
brain cortical atrophy, may be verified in patients this disease.
It should be mentioned however that these findings may be
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absent in patients in the initial stage of CLN2, as described
by Aydin [19]. Cerebellar and brain cortical atrophies are
not specific findings of NCLs as they are also found in other
neurodegenerative diseases, such as progressive myoclonic
epilepsies [20]. More evidence investigating the association of
CLN2 progression and the imaging findings may contribute
the elucidate the role of imaging exams in the diagnosis and
follow-up in CLN2 [18, 19, 21]. In the patient of the present
case, MRI was unaltered in the first months after the disease
onset. In the posterior analyses, cerebral and brain cortical
atrophy were identified.

There is a specific pharmacological treatment approved for
CLN2: the enzyme replacement therapy with human tripeptidyl
peptidase 1 (cerliponase alfa), administered by intraventricular
route every two weeks. However, there is a lack of evidence
supporting the treatment when the disease is already advanced.
This can be evaluated by the CLN2 Clinical Rating Scale, a score
on the motor and language domains ranging from 0 to 6, with
0 representing no function and 3 representing normal function
in each of the two domains [22]. In the present case, the interval
between the symptom’s onset (3-years-old) and the diagnosis
(7-years-old) was four years, making the enzyme replacement
therapy probably not effective, since the patient obtained 0 in
the CLN2 Clinical Assessment Scale.

In the pediatrics age, NCLs are considered the most prevalent
neurodegenerative diseases in children [23]. The evaluation of
the enzymatic activity of PTT1 (CLN1), TPP1 (CLN2), and the
presence of occipital paroxysms on EEG performed with low
frequency photostimulation can corroborate the suspicion [4].
Although enzyme assays are useful to screen for CLN1 and
CLN2, genetic analysis evaluation through gene panels or whole
exome sequencing is needed for diagnosis the majority of NCLs
since they are not associated with an enzyme deficiency and the
phenotypes of CLN2 may be similar [23].

As evidenced by the case, the interval between the onset of
symptoms and diagnosis should be as short as possible, due to the
rapidly progressive neurodegenerative nature of the disease [6].
In fact, the specific pharmacological treatment can be initiated
in patients who achieve three points in the Hamburg scale,
which assesses the functional ability of the patients [22]. In this
regard, DBS constitute an interesting tool, as it is convenient
to collect, store and ship and allows the evaluation of both
enzymatic activity and genetic pattern in the same sample.
Despite the assay, TPP1 enzyme activity in DBS should always
be considered as a screening test since it is a simple procedure
with convenient collection, handling and transportation that
should be considered anytime that CLN2 is suspected. The
diagnosis should be confirmed by the observation of a reduced
TPP1 activity in leukocytes and/or by the finding of a pathogenic
mutation in each of the alleles of the TPPI gene.

The present case report reinforces the importance of the
medical journey of the patient and the knowledge of the natural
history of CLNs. In the light of an unspecific EEG and brain
MRYI, the refractory seizures associated with neurodevelopmental

regression (predominately cognitive decline and ataxia) raised
the hypothesis of CLN2, a catastrophic disease with a specific
treatment currently available.
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