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Abstract

Introduction: Developmental regression is always an alarming symptom in children
as it is an early sign of some genetic disorders, one of which is neuronal ceroid
lipofuscinosis (NCL). NCL is a group of rare neurodegenerative disorder caused by
accumulation of intracellular ceroid lipofuscin. Since 2017 an enzyme replacement
therapy (ERT) has been approved by Food and Drug Administration (FDA) for this
disease. The symptoms of NCL could be managed by ERT if detected early, and the
child could live normally.

Case: We present a case of a 6-year-and-5-month-old boy with developmental
regression, speech delay, recurrent seizure, and visual impairment, who was
diagnosed with NCL type 2 after genetic testing. Compound heterozygous mutations
in tripeptidyl-peptidase 1 (TPP1) gene was revealed, consistent with very low level
of TPP1 enzyme in this patient.

Discussion: NCL is a fatal disease which is often misdiagnosed in early stage.
Diagnostic delay of NCL often occurs due to lack of awareness which often leads
to premature death.

Conclusion: Knowledge regarding the disease is important for early detection and
to slow down the disease progression.
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Abstrak

Pendahuluan: Regresi perkembangan merupakan gejala yang harus diwaspadai
pada anak karena dapat menjadi tanda awal kelainan genetik contohnya neuronal
ceroid lipofuscinosis (NCL). NCL adalah kelompok penyakit langka yang ditandai
dengan gangguan neurodegeneratif akibat akumulasi ceroid lipofuscin di dalam sel.
Sejak tahun 2017, terdapat terapi sulih enzim yang telah disetujui Food and Drug
Administration (FDA) untuk penyakit ini. Jika diberikan terapi, gejala NCL dapat
terkontrol dan pasien dapat hidup secara normal.

Kasus: Pasien dalam kasus ini adalah laki-laki berusia 6 tahun 5 bulan dengan
regresi perkembangan, keterlambatan bicara, kejang berulang dan gangguan
penglihatan, yang kemudian terdiagnosis sebagai NCL tipe 2 melalui pemeriksaan
genetik. Hasil tes genetik menunjukkan mutasi heterogizot campuran pada gen
tripeptidyl-peptidase 1 (TPP1) dengan kadar enzim TPP1 yang sangat rendah.
Diskusi: NCL merupakan penyakit yang fatal dan sering terlambat terdiagnosis.
Keterlambatan diagnosis sering terjadi akibat kurangnya pengetahuan mengenai
penyakit ini sehingga berakibat pada kematian dini.

Kesimpulan: Pengetahuan mengenai penyakit NCL sangat penting untuk deteksi
dini agar dapat memperlambat progres penyakit.

Kata kunci: neuronal ceroid lipofuscinosis, penyakit neurodegeneratif, deteksi dini
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Introduction

Neuronal ceroid lipofuscinosis (NCL)
is a group of rare autosomal recessive, neuro-
degenerative pediatric disorder caused by ac-
cumulation of intracellular ceroid lipofuscin
which led to neuronal dysfunction and death.
To date, there are 14 types of NCL reported
with varying age of onset, clinical features,
and structural pathological features. Patients
with NCL generally have normal growth and
development until the onset of symptom,
except for congenital types which present
at birth.! The incidence of NCL varies from
1:1,000,000 to 1:14,000 cases worldwide.?
Typical clinical features include history of
delayed language development, recurrent epi-
leptic seizures, psychomotor regression, visu-
al impairment and in most cases, early death.
NCL type 2, also known as late-infantile type,
is reported as one of the most common case
worldwide. However, its incidence is found to
be fewer than 1:100,000 live births.>* Symp-
toms generally present at the age of 2 to 4
years old, however, the period of diagnosis
may be delayed up to 2 to 3 years after first
symptom onset.’

Detection of NCL is challenging as

sometimes patients present with seizure and
global delayed development without com-
plaints of developmental regression. These
conditions may also be found in other com-
mon diseases which cause most clinicians
frequently misdiagnose it. In addition, there
are no sufficient laboratory examinations to
support the diagnosis. Limited awareness of
the disease and limited diagnostic testing abil-
ity often lead to delayed detection hence fatal
prognosis of the patient.

Since 2017, the United States of Amer-
ica (USA) and European Union (EU) has ap-
proved an enzyme replacement therapy for
NCL type 2 treatment. Cerliponase alfa (Bri-
neura®) is a recombinant human tripeptidyl
peptidase 1 (TPP1) which was found to slow
the disease progression in children 3 years
old and above. With this advanced finding,
children with NCL type 2 disease have a very
good prognosis if detected in early stage.®’

We report a case of an Indonesian
child presented with delayed speech, multiple
seizures, developmental regression and visual
impairment along with deficiency of TPP1 en-
zyme activity which is confirmed genetically
as an NCL type-2 case. However, the patient
was lately detected and therefore had a poor
outcome.
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Case report

A 6-year-5-month-old boy presented
to our emergency department with recurrent
generalized seizure. Prior to that time, the pa-
tient had been repeatedly admitted to hospital
for recurrent afebrile seizures. The patient un-
derwent nutritional screening by nutrition and
metabolic diseases division and was found to
be severely malnourished. We consequently
did a re-examination of disease history.

The boy first experienced recurrent
seizure at the age of three years and five
months old. He was unconscious between
seizures. He was brought to the hospital and
given some medication at that time. After the
first episode of seizure, he had developmental
deterioration. He could not walk or speak by
then. His developmental status was initially
normal until 2 years old, but his parents did
not realize that he actually had delayed speech
as he can only speak several words at that age.
He was then referred to our Pediatric Neurol-
ogy Division outpatient clinic 5 months later
after experiencing another unfebrile seizure.
He was diagnosed with epilepsy and autism
spectrum disorder and treated with valproic
acid and aripiprazole. He was monitored in
our outpatient clinic every month since then.
At the age of 4 years and 6 months old, his
parents realized that he had involuntary move-
ments on his extremities. A non-contrast brain
CT-scan revealed cerebral and cerebellar atro-
phy. Two months after, he was admitted at our
emergency department with another episode
of recurrent afebrile seizure.
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could not stay focus on one spot. We consult-
ed the patient to ophthalmology department.
The ophthalmologist could not assess the vi-
sual acuity due to speech limitation; however,
ophthalmoscopy examination revealed optic
nerve atrophy in both eyes.

Seven months later, the patient expe-
rienced another afebrile seizure at home with
recurrent lip biting, and the neurologist added
oral phenobarbital to prior therapy. The sei-
zure was controlled for 5 months before the
patient was re-admitted to the emergency de-
partment for recurrent afebrile seizure.

There was no history of family with
the disease. Parental consanguinity was de-
nied (Figure 1). He was the eldest child in the
family. His sibling was in healthy condition.
We perform laboratory examinations includ-
ing metabolic diseases screening of the patient
and it revealed slight hypokalemia, elevated
level of transaminase enzymes, elevated level
of C-reactive protein, very high level of lac-
tate acid and compensated metabolic acidosis.
The non-contrast brain CT-scan still showed
cerebral and cerebellar atrophy. Electroen-
cephalography was performed with the result
of left parieto-occipital and right centropa-
rietal seizure wave at sleep without spindle
wave.

We use the algorithm approach to
chronic encephalopathy due to inborn errors
of metabolism (IEM) and face-2-gene appli-
cation to help us establish the diagnosis. Both
of them showed the possibility of NCL type-2
which made us send his dried blood sample
to Centogene, Germany for genetic testing to
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Figure 1. Pedigree of the proband. None of his family experienced similar symptoms

The patient was also consulted to re-
habilitation center as he was not able to walk
nor talk anymore. He was given muscle stim-
ulation and speech therapy, but there was no
significant improvement. At the age of 5 years
and 5 months, his parents realized that his eyes

confirm the diagnosis. We have to send dried
blood sample abroad because Indonesia does
not have genetic testing laboratory to confirm
the diagnosis. Compound heterozygous muta-
tions in tripeptidyl-peptidase 1 (TPP1) gene
which includes missense pathogenic mutation
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of ¢.679T>C, p.(Cys227Arg) and in-frame
pathogenic mutation of c.1222 1224del, p.(-
Ser408del) was detected during the test. The
TPP1 enzyme level was 2.0 pmol/L/h (nor-
mal reference was >26.3 umol/L/h); hence,
the boy was diagnosed with NCL type 2. We
perform genetic counseling to the parents to
prevent the recurrence of this disease in this
family; however, they did not plan to have
another child. We also offer the parents to do
genetic testing to his sibling, but they refused
it due to financial limitation. In this case, the
patient was not treated with cerliponase alfa
because its cost is very expensive and is not
covered by Indonesia’s national health insur-
ance (BPJS — Badan Penyelenggara Jaminan
Sosial Kesehatan). The patient died several
months after the diagnosis was established.

Discussion

Metabolic disorders manifesting as
chronic encephalopathy (CE) have increas-
ingly come under the spotlight. As one of
the symptoms of CE, psychomotor retarda-
tion caused by inborn errors of metabolism
(IEM) is usually global, progressive, mostly

cept for the behavioral symptoms.* Algorithm
approach to CE can be seen in Figure 2.

GMD, gray matter disease; WMD,
white matter disease; NCL, neuronal ceroid li-
pofuscinosis; MELAS, mitochondrial enceph-
alomyopathy, lactic acidosis and stroke-like
episodes syndrome; MPS, mucopolysaccha-
ridosis. Adopted from Clarke JTR. A clinical
guide to inherited metabolic diseases. 3rd ed.
2005. p.33”°

In addition to developmental regres-
sion, the patient also had recurrent seizure and
gross neurological signs. In patients with these
characteristics, we must investigate additional
signs and symptoms such as muscle disorder,
hepatosplenomegaly, skeletal abnormalities,
skin and/or connective tissue disorder. If all
are absent, differentiation between gray mat-
ter disease and white matter disease must then
be explored.?

The patient had visual impairment ev-
idenced by optic nerve atrophy during oph-
thalmoscopy examination, which in addition
to seizures are signs of gray matter disease.
Differential diagnosis of gray matter diseases
include B6-dependency syndrome, biotini-
dase deficiency, neuronal ceroid lipofuscino-
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Figure 2. Approach to inherited metabolic diseases with CE’

associated with behavioral problems such as
irritability, impulsivity, aggressiveness, and
hyperactivity and are often accompanied by
neurological dysfunction such as seizure, im-
pairment of special senses, hypotonia, pyra-
midal or extrapyramidal tract symptoms and
deficits of cranial nerve. In this case, the pa-
tient had psychomotor retardation with devel-
opmental regression which was in accordance
with all characteristics mentioned above, ex-

sis, GM2 gangliosidosis, cherry-red spot-my-
oclonus syndrome, Leigh syndrome, Alpers
syndrome and mitochondrial encephalomyop-
athy, lactic acidosis and stroke-like episodes
syndrome (MELAS)."

The main differences of these diseases
are the onset and concomitant clinical symp-
toms. In B6-dependency syndromes, symp-
toms are usually present at birth. In patients
with biotinidase deficiency syndromes, meta-
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Table 1. Differential Diagnosis of Gray Matter Diseases

Age of onset

Concomitant symptoms

Laboratory/Imaging
findings

B6-dependency  First year of life
syndrome’*!
Biotinidase Infancy to childhood

deficiency'

Neuronal ceroid Infancy to late adult

lipofuscino-

sis2316

GM2 ganglio- Infant, juvenile, adult
sidosis!’

Cherry-red Second or third

spot-myoclonus decade of life
syndrome!®

Developmental delay, macrocephaly

Seizure, hypotonia, feeding difficulty,
delayed development, optic atrophy, ataxia,
hearing loss, skin rash, alopecia

Language development delay, developmental
regression, seizure, vision loss, myoclonus,
cognitive deficit, ataxia

Infant: progressive neurologic impairment,
hypotonia, hyperacusis, seizure, bilateral
cherry-red spot in retina

Juvenile: dementia, mental retardation, cere-
bellar ataxia, spinal muscular atrophy

Adult: spinocerebellar degeneration to motor
neuron disorders

I: seizure, ataxia, visual impairment, pro-
gressive myoclonus, macular cherry-red spot
1I: multiple dysostosis, intellectual disability,
hepatosplenomegaly

Developmental regression, seizure, ataxia,
hypotonia or spasticity, dystonia, dysphagia,
ptosis, nystagmus, irregular breathing such
as apnoea, psychomotor retardation

Elevated plasma and urinary o-
AASA (0-amino adipic semialde-
hyde) with normal urinary S-sulfo-
cysteine

Brain MRI: narrow corpus callo-
sum, dilatation of ventricle, small
cerebellum

Brain MRI: cerebral atrophy,
subdural effusion, ventriculomeg-
aly, widened extra cerebral space,
T2 hyperintensities, basal ganglion
calcification

Brain MRI: diffuse cerebral and
cerebellar atrophy

Brain MRI: low signal intensity in
thalamus and high signal intensity in
white matter at T2-weighted

Brain MRI: normal at onset, diffuse
brain atrophy at later stage

Brain MRI: symmetrical lesion in
basal ganglia or brain stem

Leigh syn- Infancy or early

drome" childhood

Alpers syn- Double peak:

drome?! 2-4 years old and sion
17-24 years old

MELAS*? Childhood, usually

between 2-20 years

impairment

Seizure, liver failure, developmental regres-

Dementia, epilepsy, stroke-like episodes,

lactic acidemia, myopathy, recurrent

old headache, hearing impairment, peripheral
neuropathy, recurrent vomiting, memory

Brain MRI: migratory, cortical, and
subcortical T2 hyperintensities

Brain MRI: bi-hemispheric cortical
fluid-attenuated inversion recovery
hyperintensities at early stage and
decrease in apparent diffusion coeffi-
cient

bolic acidosis, seborrheic dermatitis and alo-
pecia are often present, with the onset during
three to six months of life. Late-infantile onset
of NCL usually presents at the age of three
years old with psychomotor regression, de-
velopmental delay or dementia, and progress
to myoclonus, visual impairment, and death.
Symptoms usually started around after 6
months old in GM2 gangliosidosis (early). In
contrast, patients with cherry-red spot-myoc-
lonus syndrome, symptoms usually present in
late childhood or adolescence. Clinical symp-
toms in Leigh syndrome are usually seen be-
tween the age of three months to two years. In
Alpers syndrome, liver disease is also present
as one of the triad symptoms. MELAS as in
its name, there are stroke-like episodes with
recurrent, temporary hemiparesis. Further ex-
planation is elucidated in Table 1.5

On the basis of age-onset and clinical
manifestations compared to other gray matter
diseases, the patient was suspected to have
NCL type-2 which is caused by mutation of
tripeptidyl peptidase 1 (TPP1) gene. TPPI
gene provides instructions for making an en-
zyme called tripeptidyl peptidase 1 (TPP1). It
breaks down protein fragments to amino acids.
When mutated, the proteins are accumulated
in lysosome especially in nerve cells causing
cell death. The initial clinical signs (usually
seizures or decline in language development)
in NCL type 2 usually present at a median age
of 35 months old. However, language delay
may be seen as soon as at around 13 months of
age and the seizure may start at the age of two
years old. After the age of three, ataxia starts
to present followed by cognitive decline and
symptoms of myoclonus/spasticity/dystonia.
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The patient may then experience visual de-
cline, dysphagia and also loss of ambulation
at around 4 to 5 years old. In terminal stage
of the disease, patients may lose his cognitive
function, become blind and bedridden. Death
usually occurs at median age of 10 years old,
but may be as early as 7 years old.>**

The patient in this case had the typi-
cal disease progression of NCL type 2. He had
early onset of speech delay, recurrent seizures
and myoclonus which started at around three
years old, developmental regression and visu-
al impairment afterwards. The finding of ce-
rebral and cerebellar atrophy from brain CT-
Scan supported the clinical diagnosis. MRI is
the preferred radiological modality in patients
with chronic encephalopathy due to NCL25;
however, we could not perform MRI exam-
ination in this patient because of the patient’s
condition. In accordance with a report by Ver-
ma et al,'® the MRI of the patient with NCL
type 2 showed diffuse cerebral and cerebellar
atrophy. The patient was found to have muta-
tion in the TPP-1 gene as seen in NCL type 2
by genetic testing.

There is no established management
guideline for NCL type 2 nowadays. Howev-
er, there is currently a treatment option avail-
able for patients with NCL type 2 approved
by Food Drug Administration. Brineura®, the
recombinant human tripeptidyl peptidase-1
(rthTPP1) was licensed for patients [] 3 years
old in the USA and for all ages in EU to slow
down the loss of walking ability (ambulation)
in symptomatic pediatric patients with late
infantile NCL type-2. The treatment regimen
for the drug is 300 mg every two weeks via
intracerebroventricular infusion. Common
side effects of the drug are fever, vomiting,
hypersensitivity reaction, and upper respirato-
ry tract infection such as nasopharyngitis and
rhinitis.®’ Each dose of Brineura® is estimat-
ed to cost IDR 391,500,000.00 (US$ 27,000)
and is not covered by the Indonesia’s national
health insurance. For comparison, the mini-
mal regional wage in Jakarta in 2020 is IDR
4,267,349 (~US$ 249). Also considering that
the patient was already in the late stage of the
disease, we deem the use of Brineura inappro-
priate both financially and medically.

Conclusion

NCL, a CE caused by IEM which
manifests as developmental regression, sei-
zure, and visual impairment, is treatable.
Awareness of the disease along with early de-
tection and prompt treatment is required to re-

duce the rate of motor and language function
declination. Clinicians must assess the pres-
ence of developmental regression in patients
with developmental delay and think of IEM
as one of the underlying causes of it. We also
hope that Indonesia has an International stan-
dardized genetic testing laboratory, so we can
be able to establish the diagnosis of genetic
underlying disease earlier without sending the
dried blood sample abroad.
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