Figure S3. SH-SY5Y neuronal cells were untreated (Control) or
treated with 0.25 mM ARS for 0.5 h, and then analyzed by
fluorescence in situ hybridization, as indicated.
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Cryptococcal meningitis accompanying
lymphocytic inflammation predominantly in
cerebral deep white matter: A possible
manifestation of immune reconstitution
inflammatory syndrome
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Cryptococcal meningitis is rarely complicated by immune-
mediated leukoencephalopathy, but the precise patho-
mechanism is uncertain. A 72-year-old Japanese man
treated with prednisolone for Sweet disease developed a
subacute progression of meningitis, which was considered
as neuro-Sweet disease. A treatment by methylpred-
nisolone rapidly improved CSF findings with a remarkable
decrease in lymphocyte numbers in the blood, but the
patient’s consciousness still worsened after the cessation of
the treatment. The patient developed cryptococcal menin-
gitis and MRI showed abnormal intensities predominantly
in the cerebral deep white matter along with the recovery
of lymphocyte numbers in the blood, which resulted in
death. A postmortem examination of the brain revealed
degenerative lesions, especially at the cerebral white
matter and cortex adjacent to the leptomeninges abun-
dantly infiltrated by Cryptococcus neoformans. In the
affected cerebral deep white matter, perivascular infiltra-
tion of lymphocytes was prominent in coexistence with
reactive astrocytes and vascular proliferation, but these
findings were not observed in the subcortical and cortical
lesions. Cryptococcus neoformans was not present within
the brain parenchyma. This is the first report of a case
suggesting that cryptococcal meningitis can accompany
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lymphocytic inflammation predominantly in cerebral deep
white matter as a possible manifestation of immune recon-
stitution inflammatory syndrome.

Key words: cerebral deep white matter, corticosteroid,
cryptococcal meningitis, immune reconstitution inflamma-
tory syndrome, neuro-Sweet disease.

INTRODUCTION

Cryptococcal meningitis is one of the most frequent fungal
infections of the CNS and may accompany infectious
granulomas (cryptococcomas) within the brain paren-
chyma.! Immune-mediated leukoencephalopathy is a rare
complication of cryptococcal meningitis,” but the precise
pathomechanism is uncertain. Here we report an autopsy
case of cryptococcal meningitis accompanying lymphocytic
inflammation predominantly in cerebral deep white
matter, which could be considered as a unique manifesta-
tion of immune reconstitution inflammatory syndrome
(IRIS).

CLINICAL SUMMARY

A 72-year-old man presented with a slight fever and head-
ache, followed by a subacute progression of consciousness
disturbance. One year earlier, he had suffered from multi-
ple erythemas in his lower extremities, which was diag-
nosed as Sweet disease by skin biopsy, and had been
treated with prednisolone for 1 year; An initial dose of
50 mg/day gradually decreased to 12.5 mg/day. Twenty days
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Methylprednisolone 1 g/day "Y

Cell (/uL) 240 3 34
CSF [ Glucose (mg/dL) 115 52 <10
Cryptococcus neoformans - - +
Blood  Lymphocyte (/uL) 666 105 244

after the first symptom emerged, neurological findings
were unremarkable except for drowsiness. Brain MRIs
were normal, and CSF findings indicated meningitis (Fig. 1,
day 20). There were no findings suggestive of infection or
malignancy. HIV serology was negative. The patient was
diagnosed as having possible neuro-Sweet disease (NSD)
because HLA testing revealed HLA-Cw1, which has a
strong association with NSD.> After we treated the patient
with methylprednisolone 1 g/day for 3 days, the CSF find-
ings rapidly improved with a remarkable decrease in the
number of lymphocytes in the blood to 105/uL (Fig. 1, day
30). However, the patient’s consciousness still worsened
after the cessation of methylprednisolone. On day 35, brain
MRI showed hyperintensities in the cerebrum, cerebellum
and brainstem on fluid-attenuated inversion recovery
images; the cerebral deep white matter was most severely
affected (Fig. 2) and the lesions were partly enhanced by
gadolinium. Along with the recovery of lymphocyte
numbers in blood, the CSF demonstrated Cryptococcus
neoformans with a decreased level of glucose (Fig. 1, day
36). Antifungal treatment using amphotericin B did not
improve the patient’s symptoms, and the patient died of
respiratory failure on day 57 from the onset. Swelling of the
superficial lymph nodes was not observed throughout the
disease course. We considered that cryptococcal infection
after treatment with methylprednisolone was fatal in our
patient.

PATHOLOGICAL FINDINGS

A general autopsy was performed 9 h after the patient’s
death. There were no malignancies in visceral organs and
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+ Fig.1 Clinical course including the findings
of CSF and the number of lymphocytes in the
575 blood.

Fig.2 Brain MRIs on day 35 showed hyper-
intensities in the cerebrum, cerebellum and
brainstem on fluid-attenuated inversion
recovery images; the cerebral deep white
matter was most severely affected.

no abnormalities in the lymph nodes. C. neoformans
detected by Grocott and KB staining were accumulated
at the leptomeninges of the brain and spinal cord
(Fig. 3A,B). A striking finding was degenerative lesions in
the cerebrum, cerebellum and pons. Notably, the degenera-
tive lesions in the cerebrum were remarkable at the white
matter and cortex adjacent to the leptomeninges, which
were abundantly infiltrated by C. neoformans, especially
near the frontal base, sylvian fissure and calcarine sulcus
(Fig. 3C). In the affected deep white matter, perivascular
infiltration of the lymphocytes was prominent (Fig. 3D),
and reactive astrocytes and vascular proliferation were
also evident. In contrast, vascular abnormalities and reac-
tive astrocytes were not apparent in the subcortical and
cortical lesions. Basal ganglia and thalamus were partly
necrotic with slight infiltration of the lymphocytes. In the
cerebellum, the subcortical white matter was extensively
degenerated, but the deep white matter was mostly pre-
served (Fig. 3E). There were no apparent vascular abnor-
malities in the cerebellum. C. neoformans was not present
within the parenchyma of the brain or spinal cord. There
was no abnormal oligodendroglia suggestive of progressive
multifocal leukoencephalopathy (PML), and JC virus was
not detected in the cerebrum, cerebellum or brainstem by
immunohistochemistry using an antibody against SV40.

DISCUSSION

IRIS is a condition observed mostly in immunocompro-
mized patients, in which the immune system begins to
recover and respond against a wide variety of patho-
gens with an overwhelming inflammatory response that
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Possible IRIS in cryptococcal meningitis

Fig.3 (A, B) Grocott staining (A) and KB
staining (B) showed Cryptococcus neoform-
ans at the leptomeninges of the brain. Scale
bar =100 um. (C) In the cerebrum, degene-
rative lesions were observed mainly at the
white matter and cortex adjacent to the
leptomeninges abundantly infiltrated by C.
neoformans. (D) Perivascular infiltration of
lymphocytes was evident in the cerebral deep
white matter. Scale bar =100 pm. (E) In the
cerebellum, the subcortical white matter was
extensively degenerated. Scale bar =1 mm.

paradoxically makes the symptoms worse.* C. neoformans is
a major pathogen associated with the occurrence of IRIS.
IRIS is well recognized in HIV-infected patients receiv-
ing highly active antiretroviral therapy, but is also known
as a complication of immunosuppressive treatment by
corticosteroids.’® '

In our case, the pathology in the cerebral deep white
matter indicated the pathomechanism of lymphocytic
inflammation. Cryptococcal meningitis often accompanies
lymphocytic infiltration within the brain parenchyma in the
absence of C. neoformans,! but the degenerative changes of
the cerebral white matter in the early phase of cryptococcal
meningitis are mostly unremarkable. In our case, crypto-
coccal meningitis and the MRI abnormalities predomi-
nantly in the cerebral deep white matter occurred after the
cessation of strong immunosuppressive treatment by meth-
ylprednisolone along with the recovery of lymphocyte
numbers, and thus, the degenerative lesions in the cerebral
deep white matter could be recognized as a manifestation
of IRIS against an opportunistic infection of C. neoformans
at the leptomeninges.

However, the degenerative lesions in the subcortical
white matter and cortex were not accompanied by inflam-

© 2013 Japanese Society of Neuropathology
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mation, and thus, the pathomechanism would be different
from IRIS. The subcortical and cortical lesions, which
were not manifested by MRI, were probably caused by
disturbed cerebral hemodynamics which was frequently
observed at the later stage of cryptococcal meningitis in
HIV-negative adults.® In particular, the vascular inflamma-
tion in the cerebral deep white matter might contribute to
the insufficiency of the blood flow to the cerebral subcor-
tical white matter and cortex.

The pathomechanism of the lesions in the basal ganglia
and thalamus might be IRIS because MRI abnormalities in
these lesions were evident along with those in the cerebral
deep white matter and the pathology involved inflamma-
tion. The pathomechanism of the cerebellar lesions was
difficult to identify; there were no apparent findings of
inflammation or PML.

Cryptococcal IRIS mainly manifests as lymphadenitis.”
While cerebellitis has been reported as a manifestation of
cryptococcal IRIS in the CNS;® pathological confirmation
was absent. Thus, our case would be the first case of possi-
ble cryptococcal IRIS occurring in the brain which could
be pathologically verified. The presence of the brain lesions
and the absence of lymphadenitis in our case might be due
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to some immunological host factor of the patient, including
HLA.

Perivascular cuffing was also observed in an autopsy
case of NSD. Brain MRI before the treatment with meth-
ylprednisolone was normal in our case, and systemic corti-
costeroids are highly effective for most of the neurological
manifestations in NSD patients.’ Therefore, the brain
pathologies in our case were unlikely as manifestation of
NSD.

In conclusion, our autopsy case suggests that cryptococ-
cal meningitis can accompany lymphocytic inflammation
predominantly in cerebral deep white matter as a manifes-
tation of IRIS.
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Transportin 1 accumulates in FUS inclusions in
adult-onset ALS without FUS mutation

Accumulation of a protein, DNA/RNA binding protein
fused in sarcoma (FUS), as cytoplasmic inclusions in neu-
rones and glial cells in the central nervous system (CNS) is
the pathological hallmark of amyotrophic lateral sclerosis
(ALS) with FUS mutations (ALS-FUS) [1,2] as well as
certain subtypes of frontotemporal lobar degeneration
(FTLD-FUS) [3,4], the latter being unassociated with FUS
mutations. While the inclusions in ALS-FUS contain only
FUS, those in FTLD-FUS show co-accumulation of three
proteins of the FET protein family, i.e. in addition to FUS,
Ewing's sarcoma (EWS) and TATA-binding protein-
associated factor 15 (TAF15) [5]. These findings strongly
suggest that a more complex derangement of transportin-
mediated nuclear import of proteins accounts for the
disease process in FTLD-FUS in comparison to ALS-FUS.
Recently, Neumann et al. reported that the inclusions in
FTLD-FUS subtypes were strongly labelled for transportin
1 (TRN1) and that, as expected, the inclusions in ALS-FUS
were completely unreactive for this protein [6].

Here we report an adult patient who exhibited a
clinically pure ALS phenotype without FUS mutations
(ALS-FUS) and cytoplasmic inclusions showing co-
accumulation of FET and TRN1 proteins, confirming that
ALS-FUS and FTLD-FUS represent part of a spectrum of
FUS proteinopathy without FUS mutation.

A 65-year-old Japanese woman became aware of
muscle weakness in her hands. Three years later, she was
diagnosed as having ALS. Thereafter, bulbar palsy and
respiratory distress progressed gradually; at the age of 70
years, tracheotomy and respirator support became neces-
sary. The patient died of gastrointestinal bleeding at the
age of 74 years, about 9 years after disease onset. There
was no family history of neurological disorders, including
ALS. During the disease course, dementia was not evident.
We sequenced and found no mutations in the all coding
regions of the FUS gene.

The brain was small and weighed 820 g (brainstem and
cerebellum, 110 g) before fixation. The spinal cord showed
marked atrophy. Histologically, loss of myelinated fibres
was observed in the spinal white matter except for the
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posterior columns; the lateral corticospinal tracts appeared
to be only mildly affected (Figure 1a). Neuronal loss and
gliosis were also evident in the spinal anterior horns
(Figure 1b) and brainstem hypoglossal nucleus. The pres-
ence of slightly basophilic round inclusions in the remain-
ing lower motor neurones was a feature (Figure 1c). No
Bunina bodies were found. In the cerebral cortex, mild
neuronal loss was noted in the motor cortex. Immunos-
taining with an antibody against FUS (polyclonal, Sigma-
Aldrich, St Louis, USA; 1:50) revealed widely distributed
positive neuronal cytoplasmic inclusions (NCIs) in the
CNS, including the spinal anterior horn and motor cortex
(Figure 1d,e). The distribution and severity of FUS lesions
and neuronalloss are shown in Table 1.FUS immunostain-
ing also revealed positive glial cytoplasmic inclusions
(GCIs) (Figure 1f). These cytoplasmic inclusions were also
labelled by anti-ubiquitin (polyclonal, Dako, Glostrup,
Denmark; 1:800) (Figure 1g) and anti-p62 (monoclonal;
BD Bioscience, San Jose, CA, USA; 1:1000) antibodies
(Figure 1h). No neuronal nuclear inclusions (NIIs) were
found. Theresults of immunostaining for a-internexin and
TDP-43 were all negative (data not shown).

Immunostaining with an antibody against transportin
1 (TRN1) (monoclonal, Abcam, Cambridge, UK; 1:200)
also revealed clearly positive NCIs (Figure 2a) and GClIs.
Such inclusions were also labelled with anti-TAF15 (poly-
clonal, Bethyl Lab, Montgomery, USA; 1:200) (Figure 2b)
and anti-EWS (monoclonal, Santa Cruz, Santa Cruz, USA;
1:200) antibodies (Figure 2c). TRN1 and FUS were some-
times fully or partially colocalized in the same neurones
(Figure 2d-f,g—i) and glial cells. The ratio of the colocali-
zation (TRN1/FUS) in NCIs was about 50%.

FTLD-FUS can be classified into three pathological sub-
types, atypical FTLD-U, neuronal intermediate filament
inclusion disease (NIFID), and basophilic inclusion body
disease (BIBD) on the basis of the morphology and distri-
bution pattern of FUS-positive NCIs and NIIs [3]. Atypical
FTLD-U is characterized by compact, round to oval kidney-
shaped NCIs and vermiform NIIs in the neocortex, granule
cells of the dentate gyrus, striatum and some other brain
regions. NIFID is characterized by FUS-positive NCIs and
NIIs as well as less predominant type IV interfilament-,
o-internexin- and neurofilament-positive NCIs. Lastly,
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Figure 1. Light micrographs of nervous tissues from the patient. (a) A transverse section of the cervical cord (C7). Although mild, loss of
myelinated fibres is evident in the bilateral lateral corticospinal tract regions. (b) Severe neuronal loss is evident in the cervical anterior horn
(C7). (c) A light, slightly basophilic round inclusion is seen in the cytoplasm of a remaining anterior horn cell. (d,e) FUS-positive cytoplasmic
inclusions are evident in a spinal anterior horn cell (d) and a motor cortex pyramidal neurone (e). (f) FUS-positive cytoplasmic inclusions are
evident in two glial cells (oligodendrocytes) in the transverse fibres of the pons. (g,h) Such neuronal cytoplasmic inclusions are also positive
for ubiquitin (g, oculomotor nucleus) and p62 (h, oculomotor nucleus). (a) Kliiver-Barrera stain; (b,c) haematoxylin-eosin; (d—f) FUS
immunostain; (g) ubiquitin immunostain; (f) p62 immunostain. Bars: (a) 1 mm, (b-h) 20 um.

BIBD [7], in which basophilic NCIs stained with
haematoxylin-eosin can be found in the affected regions, is
characterized by widespread round or granular NCIs and
few NIIs positive for FUS. It has been recognized that a
clinically pure ALS phenotype, including the adult-onset
disease, is present in BIBD [8,9]. Neumann et al. also
included two cases of BIBD showing pure ALS phenotype
[10,11] in their study (supplementary material) [6];
however, these cases were not fully examined genetically.
The present case is a good example of the adult-onset,
pure ALS phenotype of BIBD, with widespread FUS-
positive NCIs and no NIIs in the CNS (Table 1). It is impor-
tant to note that patients with the adult-onset ALS
phenotype have so far been reported from only Japan
[8-11].

In ALS-FUS, many of the reported mutations are
present within the nuclear localization signal of the FUS
gene, and the patients show only accumulation of FUS
protein [12]. TRN1 is predominantly involved in the
import of a number of heterologous ribonucleoproteins
(hn-RNPs)-RNA binding proteins, including FUS. FUS-
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positive inclusions are strongly labelled for TRN1 in
patients with FTLD-FUS, whereas in sharp contrast, such
inclusions in those with ALS-FUS are not [6]. Therefore, it
is possible to consider that aggregation of TRN1 is a sig-
nificant event in the disease process in FTLD-FUS. It has
been reported that almost all FUS inclusions in aFTLD-U
(100%) and NIFID (99.4%) contained TRN1 [13]. Inter-
estingly, in the present case, considerably fewer FUS inclu-
sions contained TRN1.

In TDP-43 proteinopathy without TDP-43 mutation,
ALS is much more common than FTLD-TDP, although
both diseases are recognized to represent part of a con-
tinuous spectrum [14]. In contrast, FTLD-FUS is the main
phenotype in FUS proteinopathy without FUS mutation.
In the present study, it was confirmed that — as is the case
in sporadic TDP-43 proteinopathy — clinically pure ALS
(ALS-FUS) exists as part of the sporadic FUS proteinopa-
thy. Finally, ALS without FUS mutation (ALS-FUS) (also
classified into BIBD) can be distinguished from ALS with
FUS mutation (ALS-FUS) by neuropathological examina-
tion using TRN1 immunohistochemistry.

NAN 2013; 39: 580-584
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Figure 2. Immunohistochemistry using TRN1 and FET proteins. (a—c) Morphologically similar cytoplasmic inclusions are clearly labelled
with anti-TRN1 (a, hypoglossal nucleus), anti-TAF15 (b, oculomotor nucleus) and anti-EWS (c, oculomotor nucleus) antibodies.

(d-i) Double-labelling immunofluorescence, showing colocalization of FUS (green) and TRN1 (red) in a motor neurone of the lumbar
anterior horn (df), and an inferior olivary nucleus neurone (gi). Bars: (a—c) 20 pm, (d-i) 5 pum.
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moderate/severe. Neurones containing FUS-positive inclusions were counted per 100

minimal/mild; ++ =

The presence and severity of neurone loss are represented as: — = not noted; +

=50%.

30~50%; +++=

neurones in high-power fields, and the ratio is represented as: — = none; + = ~30%; ++
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