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Introduction

Creutzfeldt—Jakob disease (CJD) is the most
frequent human prion disease, but it is overall a
very rare, rapidly progressive neurodegenerative
disease.! Physiopathologically, prion diseases have
set the basis for the concept of protein misfolding as
a common mechanism for the most prevalent
protein-related neurodegenerative conditions. In
addition, interactions between misfolded proteins
have been an intense topic of basic research in the
field of neurodegeneration, as has been the analysis
of concomitant “proteinopathies” in neuropathol-
ogy. Several cases of CID featuring concomitant
pathologies such as Alzheimer’s disease >3 or Lewy
body dementia *>® have been reported over the
last years. Most of the concomitant pathologies
have been attributed to age rather than to a direct
effect of the prion protein”®, although this is still
controversial.

Here we report the neuropathological findings
of a CJD patient with striking intraneuronal inclu-
sions that are restricted to the locus coeruleus and
that display a unique immunohistochemical profile
not seen in other neurodegenerative diseases. We
propose that these unique intraneuronal inclusions
might be associated with subtle and slowly progress-
ing neurological symptoms like rapid-eye movement
behavior disorder (RBD) or reduced cognitive
flexibility.

Case Presentation

The patient was an 84-year old female patient
who developed a rapidly progressive dementia
accompanied by rigidity, dysarthria and dysphagia
within a few months. Brain MRI revealed a
restricted-diffusion pattern of the left basal ganglia,
and the EEG showed partially steeply configured
signals. The cerebrospinal fluid tests revealed an
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Figure 1. Characteristic features of CID neuropathology consistent with the VV2 histotype

A, B: Immunohistochemistry for PrP shows a deep laminar, perineuronal deposition pattern. C, D: in the basal ganglia, spongiform change
is relatively prominent (C) and anti-PrP immunohistochemistry shows a strong synaptic deposition pattern (D). E-H: In the cerebellum,
spongiform change is prominent in the molecular layer and there is a moderate reduction of granule cells (E). Single torpedoes are also
observed (G). Immunohistochemistry for PrP reveals pathological synaptic deposits in the cerebellar cortex and coarse as well as plaque-
like and periaxonal aggregates in the cerebellar white matter (H). Synaptic pathological PrP deposits were also detected in the brainstem
including the locus coeruleus and solitary nucleus (not shown).
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increased 14-3-3 protein concentration of over 80
000 AU/ml (reference values < 10 000 AU/ml) and a
positive real-time quaking-induced conversion
(RTQuIC) of the prion protein (PrP). The patient
fulfilled criteria for “probable” Creutzfeldt-Jakob
disease (CJD)® and died within less than 4 months.

The brain weight was 1275 gram. On gross
examination, there were no signs of brain atrophy.
The Circulus of Willis showed only a few non-
stenosing plaques in the arterial wall. There were no
signs of brain swelling with tonsillar notch. The ven-
tricular system was not enlarged. The substantia
nigra and locus coeruleus appeared to be regularly
pigmented.

Microscopic examination revealed the spongi-
form neuropil change characteristic of CJD as well
as nerve cell loss and gliosis in the deeper cortical
layers of the frontal and parietal lobes as well as in
the basal ganglia, thalamus, brainstem and cerebel-
lum. Pathological prion protein deposits (anti-PrP,
Bertin Bioreagent, 12F10) were immunohistochemi-
cally detected in these regions. In cortical regions,
there was a predominantly deep-laminar perineu-
ronal pattern while the basal ganglia, the cerebellum
and the nuclei of the brainstem, including the locus
coeruleus and the solitary tract showed a dense
synaptic deposition pattern. In addition, there were
some plaque-like deposits in the neighbouring white
matter and also deposits along axons and perivascu-
larly in basal ganglia and thalamus. The morphologi-
cal and immunohistochemical distribution pattern
was overall well compatible with the VV2 histotype
according to the 2009 Parchi classification of CJD
(Figure 1).1!

In addition to the characteristic features of a
spongiform encephalopathy, several fibrillar neu-
ronal inclusions restricted to the locus coeruleus (LC)
were identified in this patient. The locus coeruleus
showed a moderate reduction of pigmented neu-
rons and an accompanying gliosis. The inclusions
were relatively large, partly eosinophilic and partly
pale basophilic on H & E-stained sections and partly
argyrophilic on Bielschowsky- and Gallyas silver
impregnation methods (Figure 2). In contrast, by
fluorescence microscopy, only a small fraction of the
inclusions was weakly and irregularly stained by
Thioflavin T, while the majority of inclusions was not
stained by Thioflavin T.
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Immunohistochemically, the neuronal inclu-
sions in the LC were immunoreactive for p62, an
indicator of autophagic degradative activity and
they were strongly immunoreactive for phosphory-
lated neurofilaments (BiolLegend, clone SMI 31),
non-phosphorylated neurofilaments (BioLegend,
clone SMI32) and alpha-internexin (Invitrogen,
clone 2E3), a class IV neuronal intermediate fila-
ment. Although the histological and immunohisto-
chemical profile of these neuronal inclusions
strongly resembled that of neurofibrillary tangles,
immunohistochemistry for phospho-tau (Thermo
Scientific, AT8) remained negative. Immunostaining
against alpha-synuclein (ajRoboscreen, clone 5G4),
pTDP43 (Cosmobio, clone 11/9) and FUS (Sigma Life
Science, clone G75241) were also negative. Interest-
ingly, these fibrillar inclusions were not found in
any other areas of the brain and were exclusively
identified in the LC.

Discussion

We present a unique combination of sporadic
CJD with striking neurofilamentous inclusions
restricted to the locus coeruleus. This combination
has not been described so far, and particularly, this
type of neurofilament-bearing inclusions restricted
to the locus coeruleus seems to be a singular finding.
The significance of the inclusion bodies in this region
is unclear and no obvious clinical correlate could be
retrospectively extrapolated from the history of
the patient, as symptoms were dominated by the
rapidly progressive dementia as well as the brain-
stem and cerebellar symptoms of CID. Of note,
some important functions have been attributed to
the locus coeruleus. The pigmented neurons in the
pontine tegmentum have highly branched axon
terminals that innervate many different areas of the
CNS, including the neocortex, hippocampus, amyg-
dala, thalamus, cerebellum and spinal cord and
plays a decisive role in arousal, concentration and
stress response as it is the most important source of
norepinephrine in the CNS.?> The locus coeruleus
seems to be prone to the development of certain
types of intraneuronal inclusions, particularly
neurofibrillary tangles and Lewy bodies, and its
cells are affected in various neurodegenerative
conditions.'®* In Parkinson's disease or Lewy body
dementia, alpha-synuclein aggregates in form of
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Figure 2. Microscopic features of intraneuronal cytoplasmic inclusions in the locus coeruleus

A-C: Frequent filamentous intraneuronal cytoplasmic inclusions in the locus coeruleus after hematoxylin-eosin staining. Note the large
size and the variable morphology of the inclusions that range from pale basophilic and fibrillar to dense hyaline and eosinophilic. D-E: p62
highlights the compact and filamentous nature of the large neuronal inclusions. F: Intraneuronal inclusions were negative for alpha-synu-
clein, tau, phosphorylated TDP-43 and FUS (arrows denote negative inclusion). G-1: In contrast, neuronal inclusions were positive for
phosphorylated neurofilaments (SMI31, G arrow points to a non-stained segment of a large fibrillar inclusion) and non-phosphorylated
neurofilaments (SMI132, H, 1). J-L: The inclusions were partly argyrophilic (J, K) and strongly positive for alpha-internexin (L).
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Lewy bodies and Lewy neurites occur in the locus
coeruleus prior to the substantia nigra.!* The neu-
ronal dysfunction of the locus coeruleus/sub-
coeruleus also plays a role, together with the gigan-
tocellular nucleus of the formatio reticularis, in the
development of rapid-eye movement behavior
disorder (RBD), a disorder in which atonia lacks
during REM sleep, leading to dream-enacting
behavior with flapping, kicking and biting.'>'%1” RBD
most often represents an early or even prodromal
symptom of Parkinson's disease® or Lewy body
dementia and is less often encountered in multisys-
tem atrophy. RBD is most frequently associated with
alpha-synuclein pathology. Synuclein aggregates
were however not observed in our patient. While we
have no definite data on whether the patient had
RBD or not, the large neurofilament inclusions in the
locus coeruleus could theoretically be an additional
non-LB related cause of RBD. Moreover, reduced
cognitive flexibility in PD has been related to
reduced neuromodulation of the prefrontal cortex
from subcortical structures such as the locus
coeruleus.'® These symptoms are however very dif-
ficult to assess retrospectively and separate from
the development of CID in our patient. Concerning
prion diseases, experimental studies in mice have
shown that the locus coeruleus, the solitary tract
and the pre-Boetzinger complex are the first brain-
stem target areas of early prion deposition.? Inter-
estingly, the VV2 subtype of CJD also involves these
brain regions, which all showed pathological PrP
deposits in our case.

Neurofilament inclusions are the hallmark of
neuronal intermediate filament inclusion disease
(NIFID), as described by Cairns et al.?! in patients
with frontotemporal dementia. In these cases how-
ever, the morphology and particularly the extent of
the inclusions are very different and affect also
cortical areas, in particular fronto-temporal regions,
basal ganglia, amygdala, hippocampus, brainstem
including the substantia nigra, and cerebellum. The
neurofilament inclusions were originally described
as alpha-internexin positive and are currently
considered as a subtype of FUS/FET proteinopathy.?
In our case, inclusions were positive for alpha-in-
ternexin, negative for FUS and in the majority
negative for Thioflavin T. While Thioflavin T is a dye
that binds to B-sheet rich structures, it may show
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variable affinity for different amyloid fibres.
Whether the pale and irregular Thioflavin T staining
of some intraneuronal neurofilament inclusions and
the negative Thioflavin T staining in other inclusions
reflect different fibrillation states and/or affinities of
the aggregated protein to the dye is currently un-
clear.

In summary, we report on a patient who, in
addition to CID, presented an additional and likely
independent neuropathological alteration. The
strict limitation of the large neurofilamentous inclu-
sions to the locus coeruleus and their immunohisto-
chemical profile do not match to any specific neuro-
degenerative condition but may be associated with
subtle and slowly progressing neurological symp-
toms such as RBD or reduced cognitive flexibility.
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