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27-year-old female
• Initially presented in childhood with visual problems 
• Diagnosed with retinitis pigmentosa (RP)
• Progressed to clinical blindness

• CNS symptoms in her 20s
• Word finding difficulties
• Memory loss
• Generalized tonic-clonic seizures

• Brain MRI showed generalized cortical atrophy of unknown etiology
• Cousin diagnosed with RP- no other pertinent PMH/family history

Clinical history



Autopsy

• Brain weight 950 g (expected ~1200 g for adult female)
• Generalized cortical atrophy
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Autopsy

• Mildly thin cortical ribbon
• Highly atrophic bilateral lateral geniculate nuclei
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Microscopy

• Neurons filled with granular storage material/intracellular lipopigment



• Neurons filled with granular storage material and neuropil vacuolization

Cingulate gyrus 

Microscopy



Microscopy

• Neurons filled with PAS and LFB positive granular storage material 
• Neuropil vacuolization

Cingulate gyrus 
PAS LFB/H&E



Microscopy
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• Reactive gliosis

GFAP
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• Neurons filled with larger aggregates of eosinophilic inclusion material
• Pallor in substantia nigra neurons
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• Neurons filled with larger aggregates of eosinophilic inclusion material

Substantia Nigra
PAS LFB/H&E
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• Severe degeneration of retinal layers à glial scar
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Microscopy

• Severe degeneration of retinal layers à glial scar
• Pigment-laden macrophages/pigment epithelium

Retina
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• Genetic testing: homozygous deletion in CLN3
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• Genetic testing: homozygous deletion in CLN3

• Juvenile neuronal ceroid lipofuscinosis/CLN3 
disease (Batten Disease)
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• Class of genetic lysosomal storage disorders

• Mutations in at least 14 genes

• Variable age of onset, symptoms, pathological findings

• Principle features: visual impairment, cognitive/motor decline, seizures, 
premature death

• Neuronal loss, reactive gliosis, and lysosomal accumulation of 
autofluorescent storage material (ASM) or lipopigment

Neuronal Ceroid Lipofuscinoses (NCLs)



Juvenile NCL/CLN3 Disease
• Autosomal recessive mutation in ceroid-lipofuscinosis, neuronal 3 gene 

(CLN3)

• Encodes BATTENIN: ubiquitously expressed, transmembrane protein, unknown function
• 85% have homozygous 1kb deletionà truncated, nonfunctional protein
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Juvenile NCL/CLN3 Disease
• Autosomal recessive mutation in ceroid-lipofuscinosis, neuronal 3 gene 

(CLN3)

• Encodes BATTENIN: ubiquitously expressed, transmembrane protein, unknown function
• 85% have homozygous 1kb deletionà truncated, nonfunctional protein

• Vision loss followed by cognitive/motor decline, speech problems, seizures, 
death in 2nd/3rd decade

• Autopsy

• Significant neuronal loss
• Gray matter can appear light brown/yellow/tan due to excessive lipopigment and gliosis?
• Pallor in substantia nigra
• Retinal atrophy, optic nerve degeneration, lateral geniculate nuclei degeneration



Juvenile NCL/CLN3 Disease
• Intracellular lipopigment/ASMs

• Luxol fast blue
• PAS
• Sudan black 
• Acid phosphatase 
• Autofluorescence

• Characteristic ultrastructural finding: 
• Fingerprint bodies
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Fig. 2. A: The storage material in all forms of neuronal ceroid-lipofuscinosis shows autofluorescence in ultraviolet light, as
seen here in cortical macrophages of a 3-yr-old patient with the infantile form CLN1. Biopsy, unstained section viewed in
ultraviolet light, 3300. B: In the infantile form of neuronal ceroid-lipofuscinosis, saposins A and D constitute the main protein
component of the storage material. Biopsy section of a 1.5-yr-old patient. Immunostain for saposin D, 3150. C: The autoflu-
orescent eccentric intraneuronal storage material, as seen here in the Finnish variant late infantile neuronal ceroid-lipofuscinosis
CLN5, forms moon-like semicircles. Autopsy, unstained section viewed in ultraviolet light, 3300. D: A section of the previous
specimen shows immunoreactivity for subunit c of the mitochondrial ATP synthase, 3300. E: In several forms of neuronal ceroid-
lipofuscinosis, particularly in the upper part of the cortical lamina III, the neurons may show accumulations of the storage material
in the proximal axon (axonal spindles or meganeurites). Immunostain for subunit c of the mitochondrial ATP synthase in a case
of Finnish variant late infantile neuronal ceroid-lipofuscinosis, 3300. F–H: In all forms of the neuronal ceroid-lipofuscinoses,
the abnormal storage granules in the cytoplasm of neurons stain positively with the Luxol fast blue (F), PAS (G), and Sudan
black B (H) methods, as seen here in a patient with Northern epilepsy CLN8, 31,000.

←

of the macrophages are binucleated. Biopsy, PAS stain, 3400. F: The cortex of a 10-yr-old patient consists of a dense network of
hypertrophic astrocytes. Autopsy, Cajal stain, 3300. G: The precentral cortex of a 10-yr-old patient shows a few ballooned giant cells
of Betz (arrows) while all other neurons have disappeared. The white matter (WM) in the lower left corner does not essentially differ
from the cortex. Autopsy, PAS stain, 350. H: The cerebellar cortex shows complete loss of both granular and Purkinje cells replaced
by a rim of hypertrophic Bergmann astrocytes and occasional macrophages. Autopsy, PAS stain, 350. I: The spinal anterior horn
neurons are preserved but show eccentric cytoplasmic accumulation of Luxol fast blue-positive material. Autopsy, Luxol fast blue-
cresyl violet stain, 3200. J: White matter of the precentral gyrus showing a few preserved isolated myelinated axons, apparently
derived from the remaining Betz cells. Autopsy, Luxol fast blue-cresyl violet stain, 350. K: The neuroretina (between arrows) has
been completely destroyed and replaced by gliotic scar tissue and occasional macrophages. Autopsy, PAS stain, 3100. L: Spleen tissue
showing a group of large macrophages harboring PAS-positive storage material. Autopsy, PAS stain, 3200.
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Fig. 3. The ultrastructural appearances of the abnormal intraneuronal deposits vary between different forms of the neuronal
ceroid-lipofuscinoses. Four basic types can be delineated: (A) granular osmiophilic deposits are characteristic of the infantile and
other forms of CLN1, 310,000; (B) curvilinear profiles are typical of classic late infantile neuronal ceroid-lipofuscinosis CLN2,
320,000; (C) fingerprint bodies are the predominant type of intraneuronal inclusions in the juvenile form CLN3, 330,000; and
(D) many inclusions in the variant forms of late infantile neuronal ceroid-lipofuscinosis correspond to the rectilinear complex,
315,000.

similar granules also occur in astrocytes and in many oth-
er cell types throughout the body. The storage bodies
have a fairly uniform ultrastructure in all cells involved.
They are bound by a unit membrane and consist of ac-
cumulations of so-called curvilinear profiles (Fig. 3B),
i.e. uniformly curved short thin lamellar stacks of alter-
nating dark and light lines. Dimensions of the lines range
from 1.9 to 2.4 nm (14). Granular or fingerprint com-
ponents do not occur. SCMAS has been shown to be the
major protein component of purified storage cytosomes
(24).
Molecular Genetics: CLN2 was mapped to chromo-

some 11p15 by homozygosity mapping in consanguine-
ous families (25), but the gene product and the gene were
identified using a biochemical approach (26). The CLN2
gene encodes a ubiquitously expressed lysosomal prote-
ase with tripeptidyl-peptidase 1 activity (TPP1) (26–28).
Over 40 different mutations of the TPP1 gene have been
reported. Two mutations, IVS5-1G-.C affecting splicing
and the nonsense mutation R208X, are particularly com-
mon (29, 30).

CLN3
Juvenile NCL (JNCL, Batten-Spielmeyer-Vogt disease,

MIM 304200) is the most common form of NCL world-
wide and is usually caused by defects in the CLN3 gene.
The incidence of JNCL varies in different countries, with
the highest figures (up to 7 per 100,000 live births) hav-
ing been reported from Scandinavia (19).
Clinical Features of JNCL: The first symptom is onset

of progressive visual failure between 4 to 7 yr of age,
leading to blindness within 2 to 10 yr. Funduscopy shows
macular and retinal degeneration, optic atrophy, and pig-
ment accumulation in the peripheral retina. Slowly pro-
gressive deterioration of short-term memory and other

cognitive functions usually starts by 8 or 9 yr of age.
Speech becomes dysarthric usually after the age of 15 yr.
Seizures appear in most patients between 7 and 18 yr of
age and are predominantly of the generalized tonic-clonic
or the complex partial type. Many patients show signs of
parkinsonism by their mid-teens (11, 31). The patients
usually die in the third or fourth decade but patients with
a more protracted course have been described (32). The
EEG shows nonspecific abnormalities. ERG shows se-
vere changes, and a reduced b-wave may be seen even
at the earliest stage. VEPs are markedly reduced or abol-
ished and SEPs often enhanced. After the age of 12 yr,
neuroimaging usually shows progressive brain atrophy,
mainly affecting the cerebral hemispheres. Vacuolated
lymphocytes can be regularly demonstrated on peripheral
blood films, a unique finding in NCL (11, 31).
Neuropathological Features of JNCL: At autopsy, the

brain shows moderate generalized atrophy (Fig. 1C) with
brain weight of approximately 800 to 1,000 g. On cut
surfaces, the cortical ribbon is slightly reduced in thick-
ness and may have a slightly brownish hue. Nigral pig-
mentation is reduced. The white matter has a relatively
normal appearance but the ventricular system is slightly
to moderately dilated. By histological examination there
is variable neuronal depletion that may not be very ob-
vious in routinely stained sections. By special techniques
selective loss of neurons has been found in the cerebral
cortical layers II and V, as well as in the corpus striatum
and amygdala. In the cerebellar cortex there is severe loss
of the granule cells while the Purkinje cells may be better
preserved. The neuronal loss is associated with reactive
astrocytic proliferation and hypertrophy and microglial
activation. The remaining nerve cell perikarya are slight-
ly to moderately distended by intracytoplasmic accumu-
lation of strongly autofluorescent granular storage mate-
rial. The entire neuroretina is usually largely destroyed
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Summary

JNCL/CLN3 disease
• Genetic testing: homozygous deletion in CLN3 (most common)

• Generalized cortical atrophy

• ASM/lipopigment in neurons throughout the brain
• Retinal degeneration

• Fingerprint body inclusions on EM
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