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Atrophic cerebral cortex in infantile NCL.

B: Atrophic retina with only remnants of photoreceptor inner segments and
severe loss of neurons, CLN2, hematoxylin—eosin (original magnification: 16x).

C:  Normal retina, hematoxylin-eosin (original magnification: 20x).

D: Numerous nerve cells, replete with SCMAS-containing lipopigements, CLN5
(original magnification: 16x).

E: Autofluorescence of lipopigments in the cerebral cortex, infantile NCL (original
magnification: 40x).

F: Lipopigments in muscle fibers display enhanced histochemical activity of acid

phosphatase (original magnification: 20x).

cerebral cortex and cerebellum also means reduced volume of hemi-
spherical white matter, corpus callosum and long tracts, especially the
pyramidal tracts which can be observed at the medullary and spinal
cord levels. In CLN3, the substantia nigra may appear pale, perhaps
owing to impaired formation or loss of neuromelanin in respective neu-
ronal cell bodies. Juvenile and adult NCL brains may display a light
brownish or deep yellow hue of grey matter because of excessive forma-
tion of lipopigments in nerve cells before their depletion.

Fig. 2. A: Compact GROD in a lymphocyte, infantile NCL (original magnification:
11000x).
B: Curvilinear profiles, classic late infantile NCL (original magnification:
21600x).
C: Fingerprint profiles in a lysosomal vacuole of a lymphocyte, juvenile NCL (orig-
inal magnification 21600x); Inset: Fingerprint profiles at high magnification.
D: GROD in vitamin E deficiency (original magnification, 21600x).

Table 1 t1.1

Brain weight (grams) in CLN forms [34]. 1.2
NCL type Brain weight (g)  t1.3
CLN1 240-450 t1.4
CLN2 500-700 t1.5
CLN3 800-1000 t1.6
CLN4 900-1245 t1.7
CLN5 450-880 1.8
CLN6 455-880 t1.9
CLN7 590-880 t1.10

3. Light microscopy

Histological abnormalities are variegated, sometimes contradicting
and often incomplete. Three different aspects prevail in the tissues, of
which the relationship to each other is not always clear: Firstly, the
loss of nerve cells, largely identified by loss of nerve cell bodies rather
than processes, is concomitant with subsequent reaction of microglia
and astrocytes as well as, secondly, loss of myelin due to axonal degen-
eration and, thirdly, accumulation of lipopigments. Only the latter
phenomenon is assessable in extracerebral organs while any additional
convincing histopathology in visceral and other organs, such as skin
or skeletal muscle, is largely absent. While with increasing age and

survival, especially of patients with juvenile NCL, cardiac symptoms, ¢

frequently conduction defects, have become apparent, the few
cardiopathological reports emphasize the often heavy formation of
NCL lipopigments, with vacuolation and lipopigment formation of
fingerprint and curvilinear profiles therein [1], particularly in the
conduction system [2,3] and degenerative myocardial pathology, fatty
substitution and fibrosis [3,4].

In view of the wealth of modern techniques applicable to the tissues
in NCL, the knowledge of lesions within the central nervous system in
NCL s still incomplete. As gross pathology and histopathology of the cen-
tral nervous system are largely based on autopsies — brain biopsies were
usually only studied for the diagnostic accumulation of lipopigments
and their ultrastructure, rather than structural pathology by light
microscopy — major and more complete autopsy reports date back
from the premolecular era and even from times when NCL was part of
the nosological group of “amaurotic familial idiocy,” and such often com-
prehensive, long, old-time reports are still perfectly valid when retroac-
tively associated with molecular data as provided for the original
neuropathological report on classical CLN2, the late infantile form of
Jansky-Bielschowsky [5-7]. Since that past history, NCL has been distin-
guished from other lysosomal diseases affecting the central nervous
system by showing autofluorescence of enlarged nerve cells and has
also been subclassified in various forms, earlier called infantile, late in-
fantile, juvenile, and adult forms, but now enhanced by recent additional
molecular results from CLN1 to CLN14. On the other hand, availability of
autopsy tissues and the opportunity to study postmortem CNS by histo-
pathology have been diminished and severely hampered by the dwin-
dling numbers of autopsies. Hence, assessment of precise and complete
pathological changes across the entire neuraxis is still patchy.

At autopsy, the cortices of the cerebrum and the cerebellum may
variably be depleted of neurons. This emphasizes the fact that autopsy
studies usually pertain to the end stage of the disease which is most
advanced in the early-childhood forms, although in earlier times NCL
patients often died of infectious diseases, e.g., tuberculosis in particular,
thereby preventing progression of the NCL to reach its end stage. Loss of
neurons is evaluated by recording density and layering of neuronal
perikarya. Only a rare neuronal perikaryon may be present in the
depleted cortex in CLN1 or infantile NCL. Loss of cortical layers and
cytoarchitecture and its most severe form of tissue rarefaction, spongi-
ness of cortical areas, may be encountered [7]. Preferential loss of
neurons may only be recognized in NCL forms that, even at autopsy,
do not show near-complete neuronal depletion, e.g., in juvenile and
adult forms. Also, neuronal depletion and subsequent cortical atrophy
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