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Cerebrotendinous xanthomatosis with the
¢.379C>T (p.R127W) mutation in the CYP27A1
gene associated with premature
age-associated limbic tauopathy

Cerebrotendinous xanthomatosis (CTX) is an autosomal
recessive disease associated with mutations in the
mitochondrial CYP27A1 gene [1]. The deficiency of sterol
27-hydroxylase leads to the disturbance of bile acid syn-
thesis and causes a multisystem disorder, including signs of
premature ageing like cataracts or atherosclerosis. In addi-
tion, neuropsychiatric symptoms, like dementia, cerebellar
ataxia, pyramidal signs, seizures or extrapyramidal symp-
toms may occur [1]. Magnetic resonance imaging (MRI)
examinations emphasize cerebellar atrophy and bilateral
lesions in the cerebellar white matter, while occasional
neuropathological studies described granulomatous and
xanthomatous changes mainly in the cerebellar hemi-
spheres, globus pallidus and cerebellar peduncles [1].
There is a paucity of information whether age-related
neurodegenerative diseases are present in CTX or not. We
report the clinical, biochemical and neuropathological fea-
tures of CTX associated with neuron-predominant tau
pathology predominating in the limbic system, which was
compatible with age-dependent argyrophilic grain disease.
Two Hungarian adult siblings were examined. The
elder brother died at the age of 46, and his brother is
still alive at the age of 43 and presented with a similar
clinical course (summarized in Table 1). The analyses
presented here were performed as diagnostic tests and
consent for publication was obtained from their mother.
In both patients mitochondrial encephalopathy was sus-
pected clinically. During the childhood of patient 1, diar-
rhoea and anaemia was reported. At elementary school a
psychological examination showed moderate mental defi-
ciency. At the age of 14 his IQ was 73. Ten years later
hepatomegaly was noted. Two years later cataract was
diagnosed in both eyes. Furthermore, due to cognitive
impairment and aggression he left his job as an unskilled
worker. Soon gait disorder and ataxia evolved and pro-
gressed to a spastico-paretico-ataxic gait, together with
dysarthria, tetrapyramidal symptoms and tetraparesis.
At the age of 45 he had epileptic seizures, his state dete-
riorated and he died due to bronchopneumonia.
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General autopsy showed severe atherosclerosis, fibrotic
degeneration of myocardium and fatty degeneration of
the liver. Neuropathological studies were performed
as described using a panel of antibodies against
neurodegeneration-related proteins [2], including
amyloid-beta (A-beta; 1:50, clone 6F/3D, Dako, Glostrup,
Denmark), alpha-synuclein (clone 5G4, 1:2000,
Roboscreen, Leipzig, Germany), phospho-TDP-43 (pS409/
410, 1:2000, Cosmo Bio, Tokyo, Japan), anti-p62 (1:500,
BD Biosciences, San Jose, CA, USA), anti-ubiquitin
(1:50 000, Millipore, Temecula, CA, USA), and a panel of
anti-tau antibodies: anti-tau AT8 (pS202, 1:200), AT100
(pS212, 1:200), AT180 (pT231, 1:200), AT270 (pT181,
1:200), HT7 (tau 169-163, 1:100; all from Pierce Biotech-
nology, Rockford, IL, USA), anti-4R tau (RD4, 1:200,
Upstate, Charlottesville, VA, USA), anti-3R tau (RD3,
1:2000, Upstate). The DAKO EnVision© detection Kkit,
peroxidase/DAB, rabbit/mouse (Dako) was used for visuali-
zation of antibody reactions. In addition, Haematoxylin
and Eosin, Luxol Fast Blue/nuclear fast red, periodic acid-
Schiff (PAS), Sudan-black, and Bielschowsky and Gallyas
silver stainings were performed.
major observed: (1)
xanthomatous changes; (2) loss of axons and myelin in
the white matter; (3) neuronal loss and reactive
astrogliosis; and (4) limbic tauopathy compatible with
argyrophilic grain disease. Accumulation of perivascular
macrophages, multinucleated giant cells, fibrotic vessels
and cholesterol clefts (Figure 1A-D) predominated in the
cerebellar white matter, dentate nucleus, globus pallidus,
cerebral peduncles, pontine base, and pyramids (Table 2).
PAS positive granular material accumulated in the
perivascular space; ultrastructurally these were composed
of convolutes of membranes that were about 12-15 nm
thick (Figure 1E,F). In addition these showed auto-
fluorescence and were Sudan black positive indicative of
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lipids (online Figure S1). Prominent loss of myelin and
axons (Figure 1G), and PAS-positive degradation products
in macrophages together with perivascular CD8-positive T
cells (Figure 1H) were seen mainly in the cerebellum, cer-
ebral peduncles, pontine base (transverse fibres preserved)
and pyramids. Neuronal loss was prominent in the inferior
olives, dentate nucleus and cerebellar cortex associated
with reactive microgliosis (Figure 1I). Reactive astrogliosis
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Table 1. Summary of clinical data

Patient 1 Patient 2
Age 46 years 43 years at the
at death last examination

Sex Male Male
Genetic examination - +
Neuropathological examination — + -
MRI - +
Childhood diarrhoea + +
Juvenile cataracts + +
Tendon xanthomas + +
Hepatomegaly + +
Osteoporosis - +
Early neurological symptoms

Cognitive impairment + +

Gait disorder + -

Ataxia + -
Symptoms during the course

Dysarthria + +

Pyramidal signs + +

Spastic tetraparesis + +

Dysphagia + -

Peripheral neuropathy - +

Mental deterioration + +

Aggressivity + +

Epileptic seizures + -

was seen in the amygdala (Figure 1J). There was a lack of
neuritic plaques in silver staining, as well as a complete
lack of A-beta immunoreactive parenchymal or vascular
deposits, phospho-TDP-43 or alpha-synuclein immunore-
active pathological structures; however, immunostaining
for phospho-tau (ATS8, pS202) revealed widespread altera-
tions. Tau pathology predominated in the limbic system
(Table 2 and Figure S1), in particular the amygdala and
hippocampus CA1 subregion (Figure 1K,L). It was charac-
terized by diffuse neuronal cytoplasmic labelling, grains,
fine granular immunoreactivity in the astrocytic pro-
cesses, and oligodendroglial coiled bodies in the amygdala
and hippocampus white matter (Figure 1M). Neuronal tau
immunoreactivity and fine threads were observed in corti-
cal areas as well as in the locus ceruleus (Figure 1N). Tau
pathology was mostly seen using anti-tau AT8 (pS202)
AT100 (pS212), AT180 (pT231), but was significantly less
using AT270 (pT181) and HT7 (tau 169-163) antibodies.
All these structures were nearly exclusively immunoreac-
tive for the 4R tau isoform (Figure 10), while only the
neurofibrillary tangles were immunopositive for the 3R
isoform. Grains and scattered tangles were immunoreac-

tive for wubiquitin and p62 (Figure 1P) and were
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argyrophilic using the Gallyas silver stain. The dentate
gyrus did not show p62/ubiquitin or phospho-TDP-43
immunoreactive structures.

The first complaint of patient 2 was diarrhoea at 4
months of age. He had learning difficulties at school.
Cataracts were diagnosed at 25 years of age. Due to
hyperbilirubinaemia and hepatomegaly Gilbert disease
was suspected. The first neurological examination was
performed due to pain in his lower limbs. Positive Babinski
sign was found on the right side. Soon he experienced
gait disorder and muscle weakness. Electroneurography
revealed symmetrical decrease in the conduction velocity
of the peroneal nerve and electromyography showed signs
of a neurogenic lesion, confirmed also by muscle biopsy.
At the age of 35, gait ataxia, hyperreflexia and pyramidal
signs were described. His state deteriorated and dysarthria
and insomnia was documented. At the age of 42 dementia
and tetraparesis were noted. Cranial MRI revealed bilat-
eral high signal intensities in FLAIR and T2 sequences in
the cerebellar white matter and brainstem (Figure 1Q-S).
Plasma cholestanol was determined following the modi-
fied method of Ahmida et al. [3] using gas chromatogra-
phy and mass spectrometry. Spectra of sterol derivatives
were identified by comparison with those from standards
and those reported in the National Institute of Standards
and Technology (NIST) library. Exons of the CYP27A1
gene were amplified by seven PCR reactions. PCR products
were examined by bidirectional DNA sequencing. Plasma
cholestanol concentration of patient 2 (76.4 pwmol/l) was
highly above the normal range (2-12.6 umol/l) and was
in the diagnostic range [4]. He was homozygous for the
mutation ¢.379C>T (p.R127W).

The clinical phenotype of our patients is compatible
with the spectrum of clinical symptoms associated with
CTX and the mutation detected has been also reported [1].
The dystrophic changes affecting the cerebellar white
matter seen both in neuropathology and in MRI have been
described [1,5]. However, histopathological evidence of
age-related neurodegenerative disease has not yet been
reported in CTX. Interestingly, we did not observe senile
plaques or deposition of A-beta in the parenchyma or cer-
ebral vessels as described in Alzheimer’s disease (AD). As
an AD-associated morphological feature, neurofibrillary
degeneration was compatible with Braak and Braak Stage
[T with the note that low number of threads and neuronal
tau immunoreactivity was seen in neocortical areas and
substantia nigra as well [6]. Another mutation associated
with CTX showed mild neurofibrillary degeneration
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Figure 1. Neuropathological alterations (patient 1). Cerebellar white matter (A) with CD68 immunoreactive perivascular macrophages

(B) that are often multinucleated (C). Fibrotic vessels (arrowheads) and cholesterol clefts (arrow) (D). Macrophages accumulate granular
material (E; arrowhead) that shows convolutes of membranes in electron microscopy (F; arrowhead enlarged in right upper inset).
Prominent demyelination (G; left image shown by immunostaining for anti-myelin basic protein) accompanied by axonal lost (G; right image
using anti-SMI-31 neurofilament immunostaining) and PAS-positive degradation products in macrophages (H; left) and perivascular CD8
positive T cells (H; right) in the cerebellum. Neuronal loss accompanied by reactive microgliosis in the cerebellar cortex (I; M: molecular, P:
Purkinje, G: granular layers, WM: white matter). Reactive astrogliosis in the amygdala (J). Neuronal tau immunoreactivity in the amygdala
(K) and hippocampus CA1 subregion (L; both AT8 anti-tau immunostaining). Fine granular immunoreactivity in the astrocytic processes
(M; left) and oligodendroglial coiled bodies (M; right; both AT8 immunostaining). Neuronal tau immunoreactivity and threads in the
temporal cortex (N; left) and in the locus coeruleus (N; right). Tau pathology is immunoreactive for 4R tau isoform (O). Grains and scattered
tangles are immunoreactive for p62 (P). MRI images (T2; patient 2) showing bilateral high signal intensities (indicated with white
arrowheads) in the medullary pyramid (Q), cerebellar white matter (R) and cerebral peduncles (S).
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Table 2. Summary of the neuropathological observations (patient 1)

Anatomical region Leukodystrophy

Gliosis PV Macroph Tauopathy

Frontal Cx -
Cingular Cx -
Parietal Cx -
Temporal Cx -
Occipital Cx -
Hippocampus CA1-CA4 -
Dentate gyrus -
Entorhinal Cx -
Caudate nucleus -
Accumbens nucleus -
Putamen -
Globus pallidus -
Thalamus -
Subthalamic nucleus -
Amygdala -
Substantia nigra -
Dorsal raphe nucleus -
Locus coeruleus -
Dorsal vagus nucleus -
Inferior olives -
Dentate nucleus -
Purkinje cell layer (Cbll) -
Molecular layer (Cbll) -
Granular layer (Cbll) -
Capsula interna -
Periventricular white matter -
Corpus callosum -
Pedunculus cerebri ++
Pontine base ++t
Pyramids ++
Cerebellar white matter —t
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PV Macroph, perivascular macrophages.

without amyloid-beta plaques [7]. However, systematic
mapping of tau immunoreactivity revealed prominent
limbic tau pathology in our case that was characteristic
for an advanced argyrophilic grain disease (AGD), which
is an age-dependent disorder [8,9]. It could be theorized
that excessive cholestanol may replace cholesterol in the
plasma membrane that changes membrane fluidity
[10], which, together with activation of stress kinases
or mitochondrial dysfunction [1], may cause a limbic
tauopathy showing AGD-like neurodegeneration [8,11]in
certain mutations. The aetiology of AGD is not known. It
may be associated with other tauopathies or AD, and most
likely it lowers the threshold for cognitive decline. In the
present case we did not observe features of other primary
tauopathies, only the AGD-like pathology together with
moderate neurofibrillary degeneration (Braak and Braak
Stage III). Our observations support the notion that in
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CTX premature ageing of the brain may not manifest with
AD pathology [12], as defined by tangles and A-beta
immunoreactive plaques, but may be associated with a
limbic predominant tauopathy with features of AGD.
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Supporting information

Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:

Figure S1. Overview of neuropathological alterations.
Upper panel: Staining properties of the granular material
accumulating in the perivascular space: they are visible in
Sudan Black staining (left) and less in Luxol staining
(middle image), and they show autofluorescence (right
image). Scale bar in the left image represents 0.03 mm.
Lower panel: Overview of the tau pathology in the limbic
system using immunohistochemistry for AT8 and for
RD4. Upper three images represent tau pathology in the
amygdala seen at different magnifications (scale bar in the
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left image represents 2 mm, 0.6 mm and 0.1 mm, from
left to right respectively). Middle three images represent
tau pathology in the ambient gyrus and hippocampus
(scale bar in the left image represents 0.4 mm, 0.6 mm
and 0.2 mm, from left to right respectively). Lower three
images represent RD4 pathology in the amygdala and
entorhinal cortex (scale bar in the left image represents
0.15mm, 0.15mm and 0.03 mm, from left to right
respectively).
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