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Abstract
Neuronal Ceroid Lipofuscinosis (NCL) refers to a group of inherited lysosomal storage disorders characterized by the intracellular 
accumulation of ceroid-lipofuscin compounds and neurodegeneration. Fourteen genes are currently recognized with disease-
causing DNA variants: PPT1/CLN1, TPP1/CLN2, CLN3, DNAJC5/CLN4, CLN5, CLN6, MFSD8/CLN7, CLN8, CTSD/CN10, GRN/CLN11, 
ATP13A2/CLN12, CTSF/CLN13, KCTD7/CLN14, TBCK/CLN15. In the frame of the Cordoba cohort, we studied N=51 cases. The aim 
of this paper is the observational and retrospective analysis of the “atypical” phenotypes. PCR-Sanger sequencing and/or massive 
exome sequencing were used as a screening methodology. One CLN1 subject showed an atypical prolonged (P) phenotype with 
null PPT1 activity and a heterozygous compound genotype: E5 c.451C>T, p.Arg151*/g.6302T>G (I3 c.363-3T>G). Other 11 CLN2 
individuals (except one girl) showed TPP1 activity decreased to around 10% of the minimum value of the reference interval in 
leukocytes and saliva. The DNA variants E7 c.827A>T, p.Asp276Val and I7 c.887-10A>G were the most prevalent. One CLN8 
individual showed an atypical congenital phenotype with a heterozygous combination of DNA variants: E2 c.1A>G, p.?/E3 c.792C>G, 
p.Asn264Lys. Massive sequencing was installed as a screening methodology for the precision diagnosis of atypical CLN1, CLN2, 
and CLN8 phenotypes. A genetic/phenotypic local registry is under construction.

Keywords:
Neuronal Ceroid Lipofuscinosis, Genomics, CLN1,
CLN2, CLN8, Atypical Phenotypes.

Introduction

Neuronal Ceroid Lipofuscinosis (NCL) refers to a group of 
lysosomal storage diseases characterized by the intracellular 
accumulation of lipofuscin-like compounds.[1] Even though 
these accumulations can be observed in all cells, neurons are the 
most affected, resulting in neuronal death and neurodegenerative 
syndrome. [2] The onset of symptoms can occur at any age. There 
is no cure for these disorders, except a treatment for one of the 
forms (CLN2 disease) approved in 2017 by the US Food and Drug 
Administration (https://www.ninds.nih.gov/disorders/patient-
caregiver-education/fact-sheets/batten-disease-fact-sheet).[3] 
In most NCL forms, the affected individuals die prematurely 
around the second or third decade of life. Variations in the life 
span occur in the different forms.[4]
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Different phenotypes are known as congenital (CNCL), 
infantile (INCL), late infantile (LINCL), juvenile (JNCL), and adult 
(ANCL) according to the onset age. Fourteen genes are currently 
recognized with DNA variants of pathogenic significance: PPT1/
CLN1, TPP1/CLN2, CLN3, DNAJC5/CLN4, CLN5, CLN6, MFSD8/
CLN7, CLN8, CTSD/CN10, GRN/CLN11, ATP13A2/CLN12, 
CTSF/CLN13, KCTD7/CLN14, TBCK/CLN15.[5,6] Nevertheless, 
the name Batten disease has been used in the US to unify the 
spectrum of clinical and pathological conditions.[7] The term 
“atypical” was coined to define “uncommon” phenotypes within 
a certain genotype. For instance, the “classical” CLN2 disease 
is characterized by some predominant genetic variants.[8,9] 
Its “atypical” (protracted or prolonged) phenotype, including 
SCAR7 disease (OMIM #609270), differs from the “classical” 
course, mostly due to different DNA variants in the same gene. 
Other NCL diseases are named “variant” (followed by the name 
of the gene) when a different genetic background underlies 
similar phenotypes. For example, variant Late Infantile (vLI) 
CLN8.[4,5] In this article, we use the nomenclature proposed 
by an international consensus of experts https://www.ucl.ac.uk/
ncl/newnomenclature.shtml[10], and the nomenclature and 
classification of the McKusick Catalog of genetic diseases (https://
www.omim.org/).[11] The Williams & Mole nomenclature[10] is 
an axial diagnostic classification system similar to the one used 
for epilepsies and mental health disorders in children (ICD-
10). Williams & Mole[10] take into consideration the following 
analytical axes: 1) affected gene; 2) DNA variant definition; 3) 
biochemical phenotype (for example, enzyme deficiencies of 
PPT1, TPP1, and CTSD); 4) clinical phenotype (onset age); 5) 
fine structural and light microscopy features; 6) functionality 
(rating scales); 7) other remarks, e. g. swallowing. Axes 5,6, and 

7 may not be necessary or useful in the majority of cases. The 
axial nomenclature system is condensed in a graphical heptagon 
useful to guide the recognition of individuals affected by an 
NCL disease in a clinical context (Figure 1).

The proteomic etiology has been determined for all NCL 
pathologies; however, the function of several of the involved 
proteins, as well as their relationship to lysosomal storage, remain 
poorly understood. Some of the NCL-associated proteins are 
found in lysosomes as soluble enzymes (PPT1, TPP1, CLN5, 
CTSD, CTSF, and GRN) or as integral membrane protein 
(CLN3, MFSD8, and ATP13A2); others are located in the 
endoplasmic reticulum (CLN6 and CLN8), cytosol (DNAJC5, 
KCTD7, and TBCK) or plasma membrane (CLN3).[5] Figure 2 
shows a diagram of the location and structure of the proteins 
associated with NCL. The activity of enzymes PPT1, TPP1, and 
CTSD are measured for diagnostic purposes of the respective 
diseases.[12–15]

The worldwide incidence of NCLs was estimated between 
1-30 affected individuals per 100,000 live births, depending 
on the region[16]; as a whole, they are the most frequent 
neurodegenerative diseases of childhood.[1] The NCL data 
resource, https://www.ucl.ac.uk/ncl-disease/, registered around 
1300 individuals with around 500 damaging DNA variants. 
In recent years, a series of publications added information on 
Latin American NCL cases.[8,15,17–22] The NCL screening 
program of Cordoba (located in the Middle of Argentina) 
collected since 2003 N=51 cases with a precise diagnosis, named 
altogether the Cordoba cohort, the biggest one studied in LA. 
Probably, the NCL diseases remain underdiagnosed in most 
of the LA countries. Massive sequencing methods (NGS) have 
reduced the time towards the precision diagnosis as early as 

Figure 1. Diagram of the nomenclature heptagon, useful as a guide for the diagnosis of NCL diseases. Axes 1 and 4 abbreviate the 
study of the diseases. GROD, granular osmiophilic deposits; CL, curvilinear bodies, RL, rectilinear bodies; FP, fingerprint profiles.
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possible in the evolution of signs and symptoms[23], and gained 
greater value since ERT for CLN2 disease introduced changes 
in the CLN2 pathology progression.[3,20,24–26] The general 
purpose of the present article is to report an observational 
and retrospective study on “atypical” phenotypes of CLN1, 
CLN2, and CLN8 diseases in the Cordoba cohort, which show 
clinical and genomic heterogeneity. A specific aim is to offer 
an analytical frame of the phenotypic (clinical), proteomic, 
and genomic characterization for contributing to the study of 
these “atypical” NCL phenotypes in LA.

Subjects and Methods

Subjects

Clinical and experimental protocols were carried out in 
compliance with the 2005 UNESCO Universal Declaration on 
Bioethics and Human Rights https://en.unesco.org/themes/
ethics-science-and-technology/bioethics-and-human-rights. 
The parents and other subjects of the Cordoba cohort were 
duly informed about the protocols and signed an informed 

consent formulary approved by the health ethics committee 
of the public hospital ś system (Comité Interinstitucional de 
Ética de la Investigación en Salud [CIEIS-Polo Hospitalario]). 
Furthermore, the parents signed an informed consent allowing 
the genomic study of their child and themselves for research 
purposes. 

The inclusion criteria were to have a precision diagnosis of 
an NCL with an “atypical” phenotype at any age. The subjects 
included in the present observational study were n=13 out of 
N=51 subjects in the Cordoba Cohort with a precise diagnosis: 
n=1 PPT1 deficiency (atypical CLN1 disease, OMIM #256730), 
n= 11 TPP1 deficiency (atypical CLN2 disease, OMIM #204500; 
SCAR7 disease, OMIM #609270), n=1 CLN8 (atypical congenital 
CLN8 disease). 

The exclusion criteria were: 

1.	 Individuals with the most frequent LINCL or “classical” 
CLN2 phenotype either with the most common DNA variants 
c.622C>T and c.509-1G>C in homozygous or heterozygous 
combinations[9] or with other less frequent DNA variants 
described and published of the Cordoba cohort in individuals 
with the “classical” phenotypes.[8,27] 

Figure 2. Diagram of the cellular localization and structure of the NCL-associated proteins. The soluble proteins PPT1 
(CLN1), TPP1 (CLN2), CLN5, CTSD (CLN10), GRN (CLN11), CTSF (CLN13), KCTD7 (CLN14), and TBCK (CLN15) are represented 
according to the 3D structure obtained from the UniProt database (https://www.uniprot.org/). The transmembrane proteins CLN3, DNAJC5 
(CLN4), CLN6, MFSD8 (CLN7), CLN8, and ATP13A2 (CLN12) are outlined according to the approximate topology obtained from the 
UniProt database. Cyt, cytosol; ER, endoplasmic reticulum; ES, extracellular space; GA, Golgi apparatus; Lys, lysosome; N, nucleus.
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2.	 Affected individuals with homozygous or heterozygous DNA 
variants in other NCL genes (CLN3, CLN5, CLN6, CLN7). 

Methods

1.	 Study strategy (Figure 3): the clinical suspicion was emitted 
at any age based on the clinical signs and symptoms, studied 
through a set of clinical analysis, such as brain imaging 
(MRI), neurophysiology studies (EEG, OF, ERG, VEP, and 
others); transmission electronic microscopy (TEM), and light 
microscopy of a blood smear (LM), enzymology (PPT1 and 
TPP1 activity measurement in leukocyte pellet, saliva, and 
dried blood spots [DBS]), and genomics according to our 
published algorithm, and to symptomatology.[8,27]

2.	 Transmission Electronic Microscopy: tissues of the suspected 
individuals were studied through TEM to assess ceroid 
lipofuscin-like bodies and their morphological features. This 
step was replaced for the genomic screening of pathological 
DNA variants approximately 4 years ago. TEM was still 
used when no pathological DNA variants could be assessed 
to exclude an NCL pathology and for research purposes. 
The fixation, inclusion, and staining methods used in the 
laboratory were published elsewhere.[24,28,29]

3.	 Enzymology: The suspected subjects were asked for samples 
of DBS, peripheral blood, and saliva from the child and the 

parents to perform systematically enzyme activity assays of 
palmitoyl protein thioesterase 1 (PPT1; E.C. 3.1.2.22) and 
tripeptidyl peptidase 1 (TPP1; E.C. 3.4.14.9). The protocols 
were previously published.[8,15,22,27,28]

4.	 Genomics: DNA was screened through massive exome 
sequencing. A specific NCL panel, as well as panels for 
other neurodegenerative disorders (epilepsy, ataxia), were 
constructed and systematically analyzed. The degree 
of pathogenicity of new variants was experimentally 
(absence of the suspected variant in 200 alleles of the 
same population), and/or bioinformatically confirmed. 
Before NGS technology became accessible, DNA samples 
of the suspected individuals were screened out in one to 
several genes by PCR-Sanger methodology. Genomic DNA 
was isolated from peripheral blood from the suspected 
individual and their parents (trio methodology) by using a 
Wizard® Genomic DNA Purification kit (Promega, Madison, 
USA) following the manufacturer’s protocol, and checked by 
agarose gel electrophoresis. Whole exome sequencing was 
performed by Macrogen, Inc. (Seoul, South Korea) ensuring 
a 100X covering and at least 20X depth. To filter and analyze 
the annotated variants obtained from sequencing, variant 
call format (vcf) files were uploaded to the MoDAPy 
platform (Multi-Omics Data Analysis in Python, developed 
by the bioinformatic division of the Catholic University of 
Cordoba, Argentina, https://pypi.org/project/MODApy/), 

Figure 3. Study of the clinical phenotypes. Phenotypic signs and symptoms observed are listed on the left. The studies carried out 
to diagnose and follow-up the evolution of disease are listed on the right. Sufficient phenotypic features to consider an NCL disease were 
behavioral and language manifestations and other 1-2 progressive neurological symptoms listed on the left side. The clinical studies were 
accompanied by an enzymological evaluation of PPT1 and TPP1 activities in blood, saliva, and DBS, and mostly by TEM evaluation of the 
morphology of ceroid lipofuscin-like bodies in a skin biopsy. The precise genomic definition was through PCR-Sanger or NGS using a specific 
genetic panel or whole-exome sequencing (https://www.ucl.ac.uk/ncl-disease/).[5,10]

http://www.editoraletra1.com.br
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and/or the B platform (Bitgenia, Buenos Aires, Argentina; 
https://apps2.bitgenia.com/). DNA variants were classified 
following the considerations of the American College of 
Medical Genetics and Genomics (ACMG).[30] All variants 
suspected to be “benign” or “likely benign” or those with 
high prevalence in the population were excluded as clinically 
relevant, and those classified as “likely pathogenic”, 
“pathogenic” or of “uncertain significance” were evaluated 
by predictive software, such as Mutation Taster http://
www.mutationtaster.org/ and RESCUE-ESE http://genes.
mit.edu/burgelab/rescue-ese/, by frequency on gnomAD 
https://gnomad.broadinstitute.org/ and 1000G databases 
https://www.internationalgenome.org/, and on bibliography 
and public databases, such as ClinVar https://www.ncbi.
nlm.nih.gov/clinvar/, dbSNP https://www.ncbi.nlm.nih.
gov/snp/, GeneCards https://www.genecards.org/, and NCL 
Resource https://www.ucl.ac.uk/ncl-disease/. Those DNA 
variants with high pathogenic significance were validated 
by PCR-Sanger sequencing in a new sample as described 
elsewhere.[8,15,22,24,27,28] DNA variants were encoded 
according to the following Genbank transcript sequences: 
NM_000310 for the PPT1/CLN1 gene, NM_000391 for the 

TPP1/CLN2 gene, and NM_018941 for the CLN8 gene. The 
CADD scores (a quantitative measure of the deleteriousness 
of a certain DNA variant)[31,32] were calculated from the 
website https://cadd.gs.washington.edu/snv.

Results and Discussion

CLN2 disease is the most abundant NCL type in LA (64.5%), 
followed by CLN3 (13.7%). Interestingly, Argentina and Brazil 
bring together more than half of the reviewed patients, reflecting 
the support of these countries to the diagnosis and study of NCL 
patients. The Cordoba cohort has 51 individuals with a precise 
diagnosis of NCL. Out of these, 22 individuals with CLN2 
disease course with the “classical” phenotype, and 11 with the 
“atypical” or prolonged (P) CLN2 phenotype. Furthermore, 
1/51 had a variant Juvenile CLN1 disease phenotype, and 
1/51 a variant congenital CLN8 disease phenotype (Figure 4). 
[8,17,18,22,27,28,33–54] These variant phenotypes and their 
genotypes are described in the present study. Another 16/51 
individuals showed other genotypes (CLN3, CLN5, CLN6, and 
CLN7 genes) and remain out of the scope of this paper.

Figure 4. Distribution of the Latin American patients. Pie charts depicting the number of published patients from LA, classified A) 
per country and B) per NCL genetic variant. C) Pie chart representing the distribution per NCL genetic variant of the number of cases in the 
Cordoba cohort. Numbers should be taken as estimations, due to possible duplicated cases. It is noteworthy that Argentina and Brazil bring 
together more than half of the patients published in LA, as well as the CLN2 disease is the most clinically studied and described in the region. 
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Atypical CLN1 Disease/ PPT1 deficiency 
(OMIM #256730; *600722)

CLN1 disease (a.k.a. Santavuori-Haltia disease) is the “classical” 
infantile NCL phenotype[55], although it can also present as 
variant late infantile, juvenile or adult phenotypes. The disease 
is caused by pathological variants that affect the PPT1/CLN1 
gene, located in chromosome 1p32, and hence its protein coded, 
PPT1, a soluble lysosomal enzyme able to remove thioester-
linked palmitate from modified cysteine residues in proteins.[56] 
Its deficiency leads to the accumulation of undegraded S-acylated 
substrates into lysosomes, typically observed as granular 
osmiophilic deposits (GROD) at TEM.[1]

Symptoms in “classical” INCL-CLN1 disease usually begin 
around 1.5 years old, including visual failure and blindness, 
movement impairment (ataxia, hypotonia, seizures, myoclonic 
jerks), and mental retardation, which course rapidly leading to 
an ultimate early death at the beginning of the second decade 
of life.[55] However, numerous cases with residual PPT1 activity 
have been described showing an atypical later-onset phenotype, 
either late infantile, juvenile, or adult.[57–61]

One Brazilian boy with German/Brazilian ancestry showed 
hyperactivity at 4 years old. Subsequently, he developed visual 

failure, tremor (6y), speech difficulties, tonic-clonic seizures 
(8y), ataxia, diadochokinesis, and foot clonus (9y). An MRI 
performed at 9y revealed cerebral and cerebellar atrophy. At 
the same age, a skin biopsy under TEM revealed GROD profiles 
of lipofuscin-like accumulation, pointing to an NCL disorder. 
PPT1 enzyme activity on leukocytes showed null activity (10y). 
The DNA variants of pathogenic significance, E5 c.451C>T, 
p.Arg151* and g.6302T>G (I3 c.363-3T>G) were found by PCR-
Sanger sequencing in compound heterozygosity.[8] The disease 
progressed with loss of speech (11y), cortical myoclonus (10y), 
static spasticity, wheelchair-bound (14y), and total prostration 
(18y). He is living and bedridden at 26y.

This individual with an INCL-PPT1 P phenotype showed 
null enzyme activity, that oriented the genomic screening to 
the PPT1/CLN1 gene. Two pathogenic significant DNA variants 
were found, one missense and one in the splice site. The boy 
was diagnosed when he was 9 years old, 5 years after the first 
symptoms. The prolonged phenotype does not correlate with 
residual PPT1 activity in the leukocyte pellet, suggesting the 
participation of another “protective” factor that leads to a milder 
phenotype. Table 1 summarizes the clinically relevant data, 
enzyme activity and DNA variants.

Table 1. Summary of Natural History data of one individual of the Cordoba Cohort with prolonged CLN1 disease.

CLN1 Male, 26y

Age at onset 4y

Presenting symptoms:

Behavioral changes, hyperactivity 4y

Visual failure/blind 6y/9y

Seizures 8y

Speech difficulty 8y

Ataxia 9y

Cerebellar-cerebral atrophy 9y

Seizures age at onset/type 8y/tonic seizures

Movement disorders (age at onset/type) 6y/ intentional tremor

9y/ adiadochokinesis

9y/ foot clonus

10y/ cortical myoclonus

14y/ static spasticity

Speech loose age 11y

Wheelchair-bound age 14y

Total prostration age 18y

Electronic Microscopy age/type of dense bodies 9y/ GROD in skin

PPT1 deficiency/age at testing Leukocytes: 0 nmol/h/mg prot (RI:14–71), 10y

Genotype E5 c.451C>T, p.Arg151* (CADD score= 44)

I3 c.363-3T>G (CADD score= 20.4)

Time to precision diagnosis 5y

http://www.editoraletra1.com.br
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Atypical CLN2 Disease /TPP1 deficiency 
(OMIM #204500; *607998)

CLN2 disease is caused by mutations in the TPP1/CLN2 gene, 
which encodes the lysosomal enzyme TPP1.[62] The “classical” 
late infantile (LINCL) CLN2 disease is also known as Jansky-
Bielschowsky disease (OMIM #204500), and an atypical 
prolonged phenotype is also known as the Spinocerebellar 
Ataxia, Autosomal Recessive 7 (SCAR7, OMIM #609270). The 
“classical” LINCL phenotype shows onset of symptoms between 
2 and 4 years, including seizures, progressive psychomotor 
impairment, and visual failure.[4] Typically, patients show null 
TPP1 activity in DBS, leukocytes and saliva.[8,28]

In the Cordoba cohort, 33 out of 51 NCL affected individuals 
(64.7%) were affected by CLN2 disease (Figure 4). Eleven/33 
showed a prolonged course of the disease, and the remaining 
22/33 had the “classical” phenotype. Some of all the 7 axes shown 
in Figure 1 were recorded in the clinical histories. Available data 
of axial study of the CLN2 P phenotype individuals are shown 
in Table 2, and can be summarized as follows:

1.	 Affected gene: TPP1/CLN2 (location Chr. 11p15.4, 13 exons).
2.	 DNA variants with pathological significance at the 

TPP1/CLN2 gene were mostly compound heterozygous 
combinations of two different alleles of missense, nonsense, 
splice site, and (one) intronic variant. Tables 2 and 3 show 
the genotypes and their frequencies. The intronic variant 
c.887-10A>G (the second most common in the Cordoba 
cohort) was first described in homozygosity in a Portuguese 
family, and validated at the mRNA level.[63] it was possibly 
introduced to LA from Europe.

3.	 All the individuals (except girl #147b) showed some degree 
of residual TPP1 activity when measured in DBS, leukocyte 
pellet or saliva. Enzyme activities were re-classified in Table 2 
as Null Activity (NA)= 0.0, or Residual Activity (RA) when 
the values were less than 10% of the minimal activity in the 
reference interval (RI).

4.	 Clinical phenotype: the ages of onset of symptoms ranges 
between 3-10 years old. Children were often diagnosed after 
a history of febrile seizures, hyperkinesia, and behavioral 
disorders with language delay or regression. Refractory 
seizures were mostly the severe symptom that led to a 
specialized consultation at our center. Language loss, visual 
failure and blindness, various movement disorders (mainly 
ataxia), intellectual regression (dementia), swallowing 
difficulties, total prostration (palsy), and early death at the 
third or fourth decade of life marked the evolution of SCAR7 
disease. Diagnoses were re-classified as prolonged CLN2 
disease with late motor, intellectual and visual failure.[64]

5.	 TEM features: before the NGS era, TEM was particularly 
important to include a child in the NCL Program of our 
Center. Nowadays, TEM is only sporadically indicated, 
when the diagnosis is highly defiant.

6.	 Functionality: this item is a description of the current level, 
and ultimately may use a universally recognized clinical 
scoring system. Two rating scales comparatively assess the 
longitudinal scoring data of CLN2 disease: the Hamburg’s 
and the Weill Cornell’s scales. In addition, a combination of 
both scales was used.[9] The rating scales were systematically 
applied for the study of the longitudinal CLN2 data sets in 
Europe (DEMCHILD database) and in the USA (WCMC 
dataset).[9] Figure 5 shows the progression of the longitudinal 
motor-language scores of Cordoba cohort’s 9 individuals with 
prolonged phenotypes (deficient data were registered from 
the other 2 individuals). This axis is of particular interest 
for the study of the evolution of symptoms in children 
receiving ERT.[9] 

7.	 Other remarks: As the P subpopulation of children live longer, 
some remarks can be collected on unusual or individual 
signs and symptoms. 

Some of the individuals included in this work were previously 
treated in publications of our group.[8,28] The present article shows 
the peculiarities of more cases allowing a better understanding 
of the P phenotypes. Two of the individuals are receiving ERT 
(marked with an asterisk in Table 2). The data collected in the 
tables are all previous to the ERT application. Genotypes were 
mostly compound heterozygous combinations of one missense 
or nonsense DNA variant and one splice site or intronic variant, 
being the DNA variants E7 c.827A>T, p.Asp276Val and I7 c.887-
10A>G the most prevalent. Tables 3 and 4 synthesizes the DNA 
variant combination of all individuals, including the respective 
CADD scores. 

Three affected male siblings (#5a, b, and c in Table 2) showed 
the prolonged course correlating with residual enzyme activity 
demonstrated in lymphocyte pellet and saliva. The sibs were 
compound heterozygous for a severe nonsense variant (p.Q66*) 
and the intronic DNA variant (I7 c.887-10A>G) also found in 
other subjects with a prolonged course in Argentina, Chile[8,28], 
Portugal[63], Spain[61], and Columbia (NCL Resource – https://
www.ucl.ac.uk/ncl-disease/). Two of the three siblings had a 
life span of 27 years (one died without a diagnosis), and the 
other one lived up to 39 years. One Brazilian individual with 
the same intronic variant in a homozygous state surpassed the 
5th decade of life.[18]

Remarkable is also the relatively slow evolution of other 
2 sibs (#147a and b in Table 2) with compound heterozygous 
missense DNA variants: E8 c.1048C>T, p.Arg350Trp and E13 
c.1603G>C, p.Gly535Arg. The elder male sibling had residual 
enzyme activity, but not the younger girl, as was published 
elsewhere.[8,28]

Heterogeneous life spans and variations in enzyme activity 
into the same family could mean that in P phenotypes of the 
CLN2 disease some still unknown modifier factor (such as 
genetic, epigenetic or environmental) may affect the phenotype. 
Further research is needed to investigate this hypothesis.
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Atypical congenital CLN8 
(OMIM #600143; *607837)

CLN8 disease is caused by mutations in the CLN8 gene (OMIM 
*607837). This pathology can be found with three possible 
phenotypes: Progressive Epilepsy with Mental Retardation 
(EPMR, OMIM #610003), Late Infantile variant (vLI, OMIM 
#600143), and congenital variant. EPMR (a.k.a Northern Epilepsy 
Syndrome) presents as the most protractile form of CLN8 
disease. Patients show normal development up to 5-10 years 
old. The first symptoms may present as frequent refractory 

generalized tonic-clonic seizures (1-2 per week), which diminish 
towards adulthood. Psychomotor impairment is continuous 
until the death of the individual, generally after 40 years of 
age. Unlike the other forms of CLN8 disease (and most NCLs), 
patients do not show myoclonus or loss of vision.[1,65] Almost 
all EPMR patients share the c.70C>G, p.Arg24Gly variant.
[66,67] The vLI variant shows a phenotype with symptoms 
onset at 2-7 years old developing myoclonus, ataxia, speech 
retardation, developmental regression, visual impairment, loss 
of cognitive skills, and seizures within 2 years of initiating the 
symptoms, ending with the loss of ambulation and death within 

Figure 5. Progression of motor-language scores of “atypical” CLN2 patients. Graphs showing the evolution of motor-language 
scores along the natural history of nine CLN2 patients of the Cordoba cohort with “atypical” prolonged phenotype. The respective scores for 
the natural history of patients with classical CLN2 phenotype[9] is superimposed. It is noteworthy that all the patients had a later onset of 
symptoms and a slower decline of scores, indicating a slower clinical course.
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Table 3. DNA variants stated in the CLN2 gene of LI and P phenotypes of the Cordoba cohort.

# Allele 1 Allele 2

DNA variants combination of P “atypical” phenotypes

5 E3 c.196C>T, p.Gln66* I7 c.887-10A>G

126 E7c.827A>T, p.Asp276Val I7 c.887-10A>G

99 I7 c.887-10A>G E11 c.1424C>T, p.Ser475Leu

147 E8 c.1048C>T, p.Arg350Trp E13 c.1603G>C, p.Gly535Arg

173 E6 c.622C>T, p.Arg208* I7 c.887-10A>G

212 E6 c.622C>T, p.Arg208* I7 c.887-10A>G

266 E6 c.622C>T, p.Arg208* I7 c.887-10A>G

DNA variants of “classical” LI phenotypes in the Cordoba cohort

16 E6 c.622C>T, p.Arg208* E7 c.827A>T, p.Asp276Val

70 E7 c.827A>T, p.Asp276Val E7 c.827A>T, p.Asp276Val

73 E7 c.827A>T, p.Asp276Val E7 c.827A>T, p.Asp276Val

82 E4 c.311T>A, p.Leu104* E11 c.1358C>T, p.Ala453Val

81 E7 c.827A>T, p.Asp276Val E9 c.1107-1108delTG, Gly370Lysfs*32

117 E4 c.311T>A, p.Leu104* E4 c.311T>A, p.Leu104*

123 E7 c.827A>T, p.Asp276Val E7 c.827A>T, p.Asp276Val

127 E6 c.622C>T, p.Arg208* E7 c.827A>T, p.Asp276Val

134 E7 c.827A>T, p.Asp276Val E7 c.827A>T, p.Asp276Val

149 E11 c.1358C>A, p.Ala453Asp I2 c.89+5G>C

153 E6 c.622C>T, p.Arg208* E6 c.622C>T, p.Arg208*

154 I5 c.509-1G>C E7 c.827A>T, p.Asp276Val

162 E 8 c.1016G>A, p.Arg339Gln E8 c.1016G>A, p.Arg339Gln

185 E11 c.1340G>A, p.Arg447His E11 c.1424C>T, p.Ser475Leu

188 I1 c.17+3G>T E7 c.827A>T, p.Asp276Val

222a E7 c.827A>T, p.Asp276Val E7 c.827A>T, p.Asp276Val

305 I12 c.1551+1G>A E5 c.496_496delC, His166Metfs*17

Table 4. Frequency of CLN2 alleles with pathological significance in the Cordoba Cohort.

Alleles dbSNP ID Allelic frequency CADD score

E7c.827A>T, p.Asp276Val rs763162812 10 28.5

I7 c.887-10A>G rs755445790 8 5.314

E6 c.622C>T, p.Arg208* rs119455955 6 38

E11 c.1358C>T, p.Ala453Val CM095932 (HGMD) 4 26.5

E3 c.196C>T, p.Gln66* rs759080581 3 39

E4 c.311T>A, p.Leu104* rs202189057 3 34

I2 c.89+5G>C rs746085696 2 25.8

E8 c.1048C>T, p.Arg350Trp rs1554901784 2 26

E13 c.1603G>C, p.Gly535Arg – 2 11.33

I1 c.17+3G>T – 1 17.74

I5 c.509-1G>C rs56144125 1 33

E5 c.496_496delC, His166Metfs*17 – 1 –

E11 c.1340G>A, p.Arg447His rs119455956 1 28.9

E11 c.1424C>T, p.Ser475Leu rs121908202 1 33

I12 c.1551+1G>A rs786204553 1 32

http://www.editoraletra1.com.br
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the second decade of life.[1,61,68] Unlike EPMR, DNA variants 
that correlate with the vLI phenotype are numerous, and have 
been described worldwide (NCL Resource, https://www.ucl.
ac.uk/ncl-disease/). The congenital variant was recently proposed 
as a novel phenotype.[22] Subjects show psychomotor delay since 
birth, refractory tonic-clonic seizures since around 3 years old 
(which usually lead to medical consultation), myoclonus, loss of 
vision, and a continuous psychomotor decline until a premature 
death around the beginning of the second decade of life. DNA 
variants in the congenital phenotype cause deleterious effects on 
the sequence or expression of CLN8, such as loss of initial codon, 
small exonic indels, frameshifts, stop-gain variants, and large 
chromosomal deletions.[22,51,68–72] CLN8 forms the EGRESS 
complex together with protein CLN6, which participates in the 
lysosomal biogenesis by transporting soluble lysosomal enzymes 
to the ERGIC compartment.[73,74] In addition, it is involved in 
the regulation of key proteins for cellular metabolism.[75,76]

Up to date, one child has been diagnosed with CLN8 disease 
in the Cordoba cohort. A girl with no known consanguinity 

presented psychomotor delay and dementia from birth, refractory 
tonic-clonic seizures from 3 years of age, myoclonus, no visual 
defects stated, and a continuous psychomotor decline. FP and 
CL profiles were observed at TEM. At 11 years old, genotyping 
revealed the pathogenic significant DNA variants c.1A>G, p.?, 
and c.792C>G, p.Asn264Lys in heterozygous state in the CLN8 
gene. She died by the age of 12 years old (Table 5)[22].

In this study, we treat the congenital variant of CLN8 disease 
as an “atypical” phenotype, in accordance with a previous 
publication.[22] For a long time only two phenotypes were 
associated with CLN8 disease (EPMR and vLI), causing the 
diagnoses to be framed only by them, even if the clinical 
history differed subtly. Some publications have reported cases 
with onset of symptoms earlier but they were diagnosed as vLI 
CLN8. Interestingly, all these “atypical” cases share pathogenic 
significant variants (such as c.66_66delG, p.Ile23Serfs*5; c.544-
2566_590del2613, p.0; c.562_563delCT, p.Leu188Valfs*58; 
c.298C>T, p.Gln100*; and c.551G>A, p.Trp184*), suggesting a 
genotype/phenotype correlation for the CLN8 disease.[22,61,68–72] 

Table 5. Summary of the natural history features of the CLN8 patient of the Cordoba cohort.

CLN8 disease #110

SEX/Age F/ 12y†

Age at onset Birth

Presenting symptoms Psychomotor delay

Speech delay of first words Never completely developed the speech

MRI
Cerebellar-cerebral atrophy Yes

MRI periventricular white matter hyperdensity Not registered

Seizures age at onset/type 3y/ tonic clonic

Visual failure Not registered

Other symptoms (specify) Myoclonus, constant tremor, hyperreflexia, and frequent falls

Evolution of symptoms/laboratory (age at onset)

Ataxia 7y

Myoclonus 9y

Tremor 7y

Spasticity Not registered

Speech lose 4y

Wheelchair-bound Not registered

Total prostration 9y

Swallowing difficulties Not registered

Gastric bottom No

Enzyme activity in leukocytes 
nmol/h/mg prot (RI), age at testing

PPT1: 6.9 (6–67), 9y
TPP1: 17.3 (54-368), 9y

Genotype E2 c.1A>G, p.?, Het (CADD score= 22.9)
E3 c.792C>G, p.Asn264Lys, Het (CADD score= 24)

Time to precision diagnosis 9y

†Dead

http://www.editoraletra1.com.br
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      The congenital CLN8 phenotype is in addition to those of 
the CLN2, and CLN10 diseases (congenital phenotypes cited in 
https://www.ucl.ac.uk/ncl-disease/).[5] Interestingly, the deficient 
enzymes in these disorders (TPP1, and CTSD, respectively) 
are transported by the EGRESS complex, showing a decrease 
amount/activity under CLN8 deficiency (and CLN6 deficiency, 
to less extent).[74] Thus, a concomitant deficiency of these two 
enzymes, as well as those associated with some other lysosomal 
pathologies, might be taken for a differential diagnosis of CLN8 
and/or CLN6 disorders. Accordingly, the individual we describe 
in this study has showed a deficient activity (although not 
separately pathogenic) of both PPT1 and TPP1 enzymes.[22].

Conclusions

The study strategy through the original algorithm[8] was time-
consuming and required a high degree of expertise. Some of the 
individuals suffered long diagnostic odysseys before getting a 
precision diagnosis with the consequent stress of the child and 
family members. Nowadays, short after the early observation 
of more than one of the clinical markers of the NCL diseases 
(speech delay, refractory seizures, intellectual regression, gait 
and movement disturbance, visual failure), massive genomic 
analysis is performed with parallel PPT1 and TPP1 enzyme 
assays and clinical evaluation through electrophysiological 
and image analyses of eyes and brain. Thereby, it is possible 
to get a significantly reduced time to arrive at the precision 
diagnosis. Massive sequencing additionally allowed us to find the 
pathological definition of atypical phenotypes making possible 
a detailed comparative description of uncommon phenotypic/
genotypic correlations for CLN1, CLN2, and CLN8 diseases. 

The systematic study of the Cordoba cohort of NCL subjects 
allowed us to recognize the common features with cohorts of 
other regions, also showing the peculiarities, expectable since the 
population of LA has mixed ethnic ancestry, such as American 
Indians, European, Asian, African, etc. The geographical factor 
seems to be an important one, despite the worldwide distribution 
of these diseases. The frequency of alleles in the cohort of CLN2 
affected individuals is substantially different than in the cohort of 
the Northern Hemisphere shown by Nickel and collaborators.[9]
These authors found two prevalent DNA variants in the relatively 
homogeneous classical CLN2 disease: one nonsense c.622C>T, 
p.Arg208*, and one in the splice site c.509-1G>C. As shown in 
Table 4, the two most frequent DNA variants in the Cordoba 
cohort are the missense E7c.827A>T, p.Asp276Val, and the 
intronic I7 c.887-10A>G, the second one being prevalent within 
the P phenotype, explaining possibly the relative abundance of 
this phenotype in our region, and at the same time some residual 
enzyme activity. Regarding CLN1 and CLN8 disorders, the 
“atypical” prolonged and congenital phenotypes in the Cordoba 

cohort, respectively, are of exceptional or sporadic appearance, 
but its occurrence must be suspected in other individuals of the 
region. CLN8 with congenital phenotype may be underestimated 
due to poor neonatal data, such as generalized psychomotor 
retardation and developmental failure since birth, instead of 
later motor and intellectual regression. 
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