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Aim: Neuronal ceroid lipofuscinosis type 2 (CLN2) disease is an autosomal recessive inherited neurodegenerative lysosomal storage disorder
caused by deficient tripeptidyl peptidase 1 (TPP1) enzyme, leading to progressive deterioration of neurological functions commonly occurring in
children aged 2–4 years and culminating in early death. Atypical cases associated with earlier or later symptom onset, or even protracted course,
have already been reported. Such variable manifestations may constitute an additional challenge to early diagnosis and initiation of appropriate
treatment. The present work aimed to analyse clinical data from a cohort of Latin American CLN2 patients with atypical phenotypes.
Methods: Experts in inborn errors of metabolism from Latin America selected patients from their centres who were deemed by the clinicians
to have atypical forms of CLN2, according to the current literature on this topic and their practical experience. Clinical and genetic data from the
medical records were retrospectively revised. All cases were presented and analysed by these experts at an Advisory Board Meeting in S~ao
Paulo, Brazil, in October 2018.
Results: Seizures, language abnormalities and behavioural disorders were found as the first manifestations, appearing at the median age of
6 years, an older age than classically described for the late infantile form. Three novel mutations were also identified.
Conclusion: Our findings reinforce the inclusion of CLN2 in the differential diagnosis of children presenting with seizures, behavioural disorders
and language abnormalities. Early diagnosis will allow early initiation of specific therapy.
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What is already known on this topic

1 Neuronal ceroid lipofuscinosis type 2 (CLN2) is an autosomal
recessive neurodegenerative lysosomal storage disorder caused
by deficient activity of the tripeptidyl peptidase 1 enzyme (TPP1).

2 The classic form (or late infantile), in which the onset of
symptoms frequently occurs nearly 2–4 years, is the most
well-documented phenotype. This form includes language diffi-
culties, seizures, sleep disturbances, ataxia, movement disor-
ders, motor deterioration, dementia and visual loss, culminating
with precocious death.

What this paper adds

1 In this cohort, patients with atypical CLN2 disease presented
with seizures, language abnormalities and behavioural disorders
as first symptoms.

2 The median age of symptoms onset was 6 years, an older age
than classically described for the late infantile form of this
disease.

3 Three novel mutations were identified in these patients.

Neuronal ceroid lipofuscinosis type 2 (CLN2) is an autosomal

recessive neurodegenerative lysosomal storage disorder caused

by deficient activity of the tripeptidyl peptidase 1 enzyme

(TPP1). This disease is part of a group of progressive neu-

rogenetic disorders, the neuronal ceroid lipofuscinoses (NCLs),

also known as Batten disease.1 Typically, pathogenic mutations

in the TPP1 gene result in the classical late infantile phenotype,

with symptom onset between 2 and 4 years of age, including

seizure, progressive neurodegeneration, visual failure and motor

impairment.2 Variant forms with a later onset and a more pro-

tracted course have been reported world-wide in a restricted

number of patients.2,3

The presentation of the classic disease form is generally consid-

ered to be consistent and uniform, being well defined by age of

onset (late infantile) and multiple neurological signs and symp-

toms, as well as specific electrophysiological findings and patho-

logical changes in magnetic resonance images.4 The clinical

course includes language difficulties, seizures, sleep disorders,

ataxia, movement disorders, motor deterioration, dementia,

visual loss at the late stage of the disease and early death.5 Data

from a database of 74 patients with late infantile CLN2 showed

that the most common first symptoms are seizures (70%), lan-

guage difficulty (57%), motor difficulty (41%), behavioural dis-

orders (16%) and dementia (9%) and the median time between

first symptoms and death is 7–8 years.6 Electroencephalograms

may detect irregular activity, a slowing of background activity

and epileptiform abnormalities in posterior regions. Findings of

magnetic resonance images (MRI) may include progressive cere-

bellar and cerebral atrophy, reduction in grey matter volume and

periventricular white matter hyperintensities. Mucosal biopsies to

assess the accumulation of intracellular storage material typically

reveal curvilinear profiles,7 which are a morphological hallmark

of this particular NCL disorder. Mixed patterns of both curvilinear

and fingerprint profiles may be associated with atypical CLN2

phenotypes.4 The definitive diagnosis is based on the determina-

tion of deficient TPP1 enzyme activity (in leukocytes, fibroblasts

or dried blood spots (DBS)) and in the presence of pathogenic

mutations in both alleles of the TPP1 gene. Either demonstration

of deficient TPP1 enzyme activity in leukocytes or fibroblasts, or

detection of two pathogenic mutations in trans are considered

diagnostic for CLN2 disease.4 At the moment, there are at least

139 mutations described in the current online NCL-disease

database mutation table.8

There are no cures for the NCLs yet. Many therapeutic attempts

have been proposed, including enzyme supplementation, gene

therapy, stem cell therapy, anti-inflammatories and small mole-

cules – but most of these are currently in early stages of clinical

development.9 However, cerliponase alfa (Brineura), a recombi-

nant human TPP1, is the first and recently approved therapy in

USA, EU (EMA-linked European countries including the UK),

Ukraine, Brazil, Australia, Mexico, Canada, Colombia and Japan to

treat the classic form of CLN2 disease.10 It has been demonstrated

that regular intraventricular delivery of this enzyme may slow

down the decline in motor and language function of classic CLN2

patients.11

Patients diagnosed with CLN2 disease may have a disease

course that deviates from the typical clinical pattern. This atypical

form is variable and broad in terms of age of onset, course of dis-

ease evolution, and multiple phenotypes, suggesting that there is

a spectrum for this disease in terms of symptomatic presentation.

Some of the atypical cases exhibit significant parkinsonian fea-

tures, later age of onset, slower progression, and, remarkably,

absence of seizures and visual loss.12 Other atypical cases with a

demonstrated partial TPP1 enzyme deficiency show prominent

ataxia, but absence of seizures, cognitive regression or visual find-

ings.13,14 Some of these cases were originally diagnosed with

autosomal recessive spinocerebellar ataxia (type 7; SCAR7),

besides low TPP1 enzymatic activity, making SCAR7 a possible

differential diagnosis of CLN2 atypical cases.14

A recent survey of 25 CLN2 cases in South America showed that

patients with a more severe phenotype (the classical form) had

null TPP1 activity, while the group of patients with residual TPP1

activity showed later onset and longer life-span, with slower pro-

gression, less epilepsy syndrome and a higher frequency of ataxia

particularly at a late stage of the disease.2 These patients with resid-

ual enzyme activity are quite similar to many atypical cases

described in the literature. The biological explanation for the vari-

able disease presentation is not understood but is likely to include

different levels of TPP1 deficiency arising from the type of muta-

tion, a differential sensitivity of neuronal populations to TPP1 defi-

ciency15 and/or other unknown molecular mechanisms.

Although the existence of atypical forms of CLN2 disease is

recognised by experts in the field, description of the natural

course of this form of the disease, especially in Latin America,

remains overlooked. Therefore, the present study was tailored to

collect data from patients with atypical CLN2 disease in Latin

America, attempting to identify potential patterns of clinical pre-

sentation, enzymatic activity and/or genetic findings that could

assist physicians anywhere to reach a diagnostic suspicion of

CLN2 more effectively.
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Methods

A group of 13 Latin American experts in the field of inborn errors

of metabolism were invited to participate in an Advisory Board

meeting supported by BioMarin in S~ao Paulo, Brazil, in October

2018. Before the meeting, these experts provided medical

data from patients with atypical forms of CLN2 in their centres

using a spreadsheet with multiple clinical variables such as first

symptoms, age at disease onset, enzyme activity, diagnostic

methods and genetic profiling. Data were presented and analysed

by these experts throughout the Advisory Board meeting.

Inclusion criteria consisted of presenting with the atypical phe-

notype of CLN2. For that, an atypical phenotype is represented

by earlier or later symptom onset, varied symptoms and/or

slower progression but the maintenance of neurodegeneration

and possible premature death.2,3,12,14,15 Exclusion criteria con-

sisted of presentation with other phenotypes of CNL2. There was

no sample size calculation because of the rarity of the condition.

All patients were subjected to the enzymatic activity assay in

DBS, leukocytes or saliva. Gene sequencing, exome evaluation

and skin biopsy were also conducted in some patients.

After the meeting, the spreadsheets were revised to collect

additional data and statistical analysis was performed. Descriptive

statistics was used to perform the analysis, using frequencies and

percentages to represent categorical data variables. Continuous

data variables were summarised by the number of subjects (n),

mean, standard deviation, median, minimum and maximum

values.

Declaration of patient consent

The authors certify that they have obtained all appropriate

patient consent forms. In these forms, the patient’s parents have

given their consent for their children’s images and all clinical

information to be reported in the manuscript. The parents under-

stood that the patients’ names and initials would not be

published, and that all efforts would be made to conceal their

identity, but anonymity could not be guaranteed.

Results

The cohort included 30 patients from South America with an

atypical form of CLN2 disease, as shown in Table 1. The median

age at symptom onset was 6 years (n = 29, MIN = 1, MAX = 41).

The reported first symptoms of these patients were: seizures

(47%, 14/30), language/speech alterations (20%, 6/30, which

included reports of speech delay −2/30; language delay −1/30;
language regression – 1/30 and language difficulties −2/30),
behavioural abnormalities (7%, 2/30), cognitive impairment

(7%, 2/30), visual alterations (3%, 1/30) and visual hallucination

(3%, 1/30).

Forty-one percent (12/29) of the patients with documented

age of the first symptom onset experienced at least one additional

symptom before their next anniversary (i.e. at the same age of

the first symptom). The most frequent concurrent symptoms

were cognitive decline (67%, 8/12) and language difficulties

(50%, 6/12). Interestingly, the majority of the patients (27%,

8/29) who displayed more than one symptom within 12 months

had seizures as the first symptom.

The symptoms that motivated parents towards a medical con-

sultation occurred at 7 years on average (n = 23, min = 1,

max = 46) and these were: seizures (73%, 22/30), movement dis-

orders (i.e. motor impairment, hyperkinesia, hypokinesia, frequent

falls and movement disorders) (17%, 5/30), ataxia (10%, 3/30),

behavioural abnormalities (7%, 2/32), cognitive impairment (3%,

1/30), language regression (3%, 1/30) and visual impairment

(3%, 1/30). Table 2 depicts the clinical findings presented by the

patients enrolled in the study throughout their lifetimes as well as

the age of symptom onset and percent of patients.

Abnormal electroencephalogram was present in 60% (18/30)

of the patients in the cohort. Most abnormalities (37%, 11/30)

were detected using low-frequency photostimulation (1–3 Hz

range).

Table 2 Clinical findings and their onset (in years) in patients with atypical CLN2 from Latin America

Clinical findings Frequency, % Age at symptom onset, years, mean ± SD (n) Age at symptom onset (min–max)

Language difficulty 100 10.68 ± 8.53 (25) (3.00–47.00)
Cognitive impairment 93 9.30 ± 7.57 (24) (3.00–42.00)
Cerebellar atrophy 93 11.56 ± 9.85 (22) (3.25–52.00)
Seizures 90 7.26 ± 3.84 (26) (1.00–21.00)
Ataxia 90 8.72 ± 3.17 (23) (3.25–13.00)
White matter abnormalities 87 10.03 ± 9.79 (23) (3.25–52.00)
Cerebral atrophy 79 12.51 ± 11.45 (17) (3.25–52.00)
Swallowing difficulty 76 14.23 ± 9.93 (22) (5.00–51.00)
Myoclonus 73 11.30 ± 9.88 (20) (3.00–50.00)
Pyramidal signs 63 13.47 ± 9.67 (18) (3.50–47.00)
Visual loss 62 11.47 ± 5.04 (17) (3.00–22.00)
Dystonia/Parkinsonism 60 12.34 ± 5.31 (16) (5.00–21.00)
Behavioural disorders 56 10.88 ± 5.33 (17) (5.00–20.00)
Eye movement abnormalities 40 12.75 ± 13.13 (12) (5.00–51.00)

SD, standard deviation.
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Different diagnostic methods were employed (Table 3). All

patients (100%, 30/30) were tested for TPP1 enzyme activity.

More specifically, DBS was the most used matrix to evaluate the

enzymatic activity, being employed in 57% of the patients

(17/30), followed by leukocytes (40%, 12/30). The saliva evalua-

tion was performed in one patient (3%, 1/30). Reduced TPP1

enzyme activity (from leukocytes, saliva or DBS) was verified in

93% (28/30) of patients. Of note, eight patients presented null

enzyme activity while two patients displayed enzymatic activity

at the lower normal limit.

Gene panels for identification of genetic mutations were used in

47% of the patients (14/30); whole exome sequencing was used

in 23% (7/30) and other methods (i.e. genotyping, metabolomic

analysis and skin biopsy) were used in 37% of the patients

(11/30). Diagnostic confirmation was achieved by both identifica-

tion of genetic mutation and TPP1 enzymatic activity in 23%

(7/30) of the patients, and exclusively by enzymatic activity assay

in 20% (6/30) of the patients, as shown in Table 3. One patient

had the CLN2 diagnosis confirmed by metabolomic analysis.

The most frequent mutations in this cohort were c.887-

10A > G (13 alleles) and c.1048C > T (6 alleles). One patient

presented as homozygous for the intronic mutation c.827A > T

and three novel mutations were detected in our population:

c.1226G > A, c.1343C > A and c.1552-1G > A.

In this cohort, 30% (9/30) patients have affected siblings (data

detailed in Table 1). By the date of the Advisory Board Meeting

(October 2018), 27% (8/30) of patients had died, at the median

age of 19.5 years (min = 9, max = 60).

Discussion

The major findings of this cohort of Latin American patients with

atypical CLN2 were: (i) median age at symptom onset was

6 years; (ii) the most common first symptoms were seizures

(47%), followed by language abnormalities (20%) and by behav-

ioural abnormalities (17%); (iii) during the disease course, the

most common symptoms were: language difficulty (100% of

patients); cognitive impairment (93%), seizures and ataxia (90%,

each) and (iv) three novel mutations were found in the studied

population.

The classic phenotype of CLN2 is associated with seizures,

movement disorders and ataxia.16–18 Language delay has been

described as one of the earliest manifestations of the disease,

occurring in children between 2 and 4 years of age.16,19 In our

cohort, patients initially presented with seizures and language

abnormalities and these occurred nearly at the age of 6 years. Of

note, seizure onset was the symptom that led the majority of the

families to seek medical care, while more subtle symptoms such

as behavioural or cognitive changes were not enough for the

families in this study to seek medical attention in the early phases

of the disease.

Early diagnosis of classic CLN2 disease still constitutes a chal-

lenge despite the development of clinical diagnostic algorithms

and the availability of CLN2 genetic testing and TPP1 enzyme

assays.20 In our study, all patients were tested for enzyme activ-

ity. Although the majority of patients presented with reduced

levels of enzyme activity, two patients (#9 and #26) had their

enzyme levels within the normal range but at the lower limit.

Their ages of onset were 10 and 4 years and showed CB inclu-

sions by electron microscopy in addition to the presence of the

previously described disease-causing mutation c.887-10A > G.

These findings reinforce the benefit of a combination of diagnos-

tic methods. Gene panels for the identification of genetic muta-

tions were the second test chosen by the experts, being

performed in nearly half of the studied population. Of note, the

study of metabolites can be applied as a diagnostic tool in inborn

errors of metabolism when previous tests are inconclusive21 and

some work is available regarding these technologies in Batten dis-

ease.22 Metabolomic analysis was carried out in one of the

patients in this study who had inconclusive TPP1 activity results

(at the lower limit of normal in two independent samples of DBS

and below normal in saliva and leukocytes) and heterozygous

pathogenic variant c.1048C > T (cln2.139) in the TPP1 gene (the

other allele is wild type). Interestingly, this patient had a very

early disease onset with seizures at 1 year of age, progressing

with visual loss, myoclonus and cognitive decline. Results of the

metabolomic analysis of this patient will be published separately

in a case report.

Complete correlation between specific mutations associated

with CLN2 disease and the various phenotypes is not yet available

and challenged by the large number of mutations described, the

epidemiology of the disease (rare condition) and the variability in

clinical presentation.3 The most frequent mutations present in this

cohort were c.887-10A > G (cln2.079, 13 alleles) and c.1048C > T

(cln2.139, 6 alleles). The c.887-10A > G mutation was first

described in CLN2 disease in Portugal,23 and the authors proposed

that the mutant protein might retain some residual activity, lead-

ing to a late-onset and delayed progressive form of CLN2.

The c.1048C > T (cln2.139) mutation was described in six

patients of this cohort (patients #2, #13, #14, #16, #24, #25). There

is evidence that this is a disease-associated variant, since it has

been reported in homozygous form in an Argentinian patient2 and

as a compound heterozygote in a patient reported by Williams.24

In one patient in this study (#2), it was the only variant allele

detected. This patient had below normal level of TPP1, and

extremely early onset. A second disease allele therefore remains to

be detected and may be located in areas of the gene not

sequenced. Another patient (#24) with this allele was also

homozygous for a variant of unknown significance c.1438G > A.

Table 3 Combination of diagnostic methods for confirmation of CLN2
in Latin American patients

Combination Frequency Percent

Gene panel + enzyme activity assay 7 23
Gene panel + enzyme activity assay + skin
biopsy

6 20

Enzyme activity assay exclusively 6 20
Enzyme activity assay + exome 6 20
Enzyme activity assay + skin biopsy 2 7
Enzyme activity assay + genotyping 1 3
Enzyme activity assay + exome
+ metabolomic analysis

1 3

Enzyme activity assay + other methods (not
clarified)

1 3
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Three novel mutations were detected in our population:

c.1226G > A, c.1343C > A and c.1552-1G > A; the impact of

these mutations on TPP1 structure, activity and phenotype

remains to be determined.

The limitations of the present study include limited sample

size, the retrospective nature of data as well as limiting data

retrieval in clinical charts. In this regard, for example, we could

retrieve general information as ‘language abnormalities’ from the

chart instead of specific details of the clinical manifestation.

Conclusion

Atypical presentation of rare diseases such as CLN2 poses addi-

tional challenges to early diagnosis. Data from this cohort of Latin

American patients with atypical CLN2 show that potential differ-

ences between atypical and classical phenotypes include a later

onset of disease, and that motor manifestations may not be so

common as the first symptoms. In light of the availability of spe-

cific therapy that may alter disease progression, these findings

strengthen the importance of clinical suspicion and investigation

of CLN2 even in patients above the classical age of the disease

onset who present mainly with seizures but also language or

behaviour abnormalities.
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