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Abstract

We report the case of a 22-year-old woman presenting with an acute onset of dizziness, gait dysbalance and blurred
vision. Magnetic resonance imaging included 3 Tesla and 7 Tesla imaging and revealed a T2-hyperintense, T1-hypoin-
tense, non-contrast-enhancing lesion strictly confined to the white matter affecting the right optic radiation. An
extensive ophthalmologic examination yielded mild quadrantanopia but no signs of optic neuropathy. The lesion
was biopsied. The neuropathological evaluation revealed a demyelinating lesion with marked tissue vacuolization
and granular myelin disintegration accompanied by mild T cell infiltration and a notable absence of myelin uptake by
macrophages. Oligodendrocytes were strikingly enlarged, displaying oncocytic characteristics and showed cytoplas-
mic accumulation of mitochondria, which had mildly abnormal morphology on electron microscopy. The diagnosis
of multiple sclerosis was excluded. Harding’s disease, a variant of Leber’s hereditary optic neuropathy, was then
suspected. However, neither PCR for relevant mutations nor whole exome sequencing yielded known pathogenetic
mutations in the patient’s genome. We present a pattern of demyelinating tissue injury of unknown etiology with an

best of our knowledge, has not been described before.

oncocytic change of oligodendrocytes and a lack of adequate phagocytic response by macrophages, which to the
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Case report

A 22-year-old woman consulted the emergency depart-
ment of the Vienna General Hospital, Medical University
of Vienna, because of gait dysbalance and visual distur-
bances in terms of painless blurred vision in the left visual
field, which suddenly occurred during jogging and was
accompanied by a bout of epistaxis. The patient reported
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several similar episodes of painless blurred vision in the
preceding weeks that she attributed to panic attacks.
The neurological examination showed a mild physiologi-
cal anisocoria and gait imbalance (fall propensity to the
left side). The past medical history included episodes of
depression and panic attacks without the need for regular
medication. She reported that she was a non-smoker and
not to consume alcohol or illicit drugs. The family history
was unremarkable except for an unspecified brain tumor
of her father.

Brain MRI at admission showed a finger-shaped T2-
and FLAIR-hyperintense, T1-hypointense lesion in
the right temporodorsal region affecting the right optic
radiation. The lesion was strictly confined to the white
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matter and displayed a slight central contrast enhance-
ment without noticeable changes in diffusion metrics
(Fig. 1).

Cerebrospinal fluid (CSF) analyses revealed presence
of oligoclonal bands with normal IgG/Albumin ratio
and a slightly elevated cell count of 6/ul. Ten days later,
a follow-up lumbar puncture showed lymphocytic pleo-
cytosis (51/pl) with several macrophages, still a normal
IgG/Albumin ratio and positive oligoclonal bands. Fur-
ther CSF/serum analyses, including onconeural and
antineuronal antibodies, antibodies against myelin oli-
godendrocyte glycoprotein (MOG) and aquaporin-4
(AQP-4), neurotropic viruses, particularly human immu-
nodeficiency virus (HIV) and John Cunningham virus
(JCV), yielded negative results.

An 18F-FET (O-(2- [18F] fluoroethyl)-L-tyrosine) PET-
CT scan to differentiate between low-grade glioma and
a highly suspicious inflammatory lesion showed no ele-
vated amino acid metabolic activity, thus arguing against
the presence of a brain tumor. Whole-body 18F-FDG
(2-deoxy-2-[18F] fluoro-D-glucose)-PET-(low-dose) CT
scan did not show any extra-cerebral abnormalities.

A detailed ophthalmologic examination including opti-
cal coherence tomography (OCT) initially yielded normal
findings, in particular no signs of optic neuropathy. After
two months, visual field examination showed a mild left
superior quadrantanopia (Fig. 2a). Visual evoked poten-
tials (VEP) showed normal results (Fig. 2b). At a follow-
up investigation after one year OCT displayed no signs
of degeneration (Fig. 2c), and visual field had normalized
(Fig. 2a).

As the above-mentioned temporodorsal lesion could
not be definitely classified by neuroimaging, a stereotac-
tic brain biopsy was performed. The biopsy contained
several informative punches of white matter with unusual
and, to the best of our knowledge, unique demyelinat-
ing pathological changes, which are presented in Fig. 3.
The lesion showed demyelination with profound granu-
lar myelin disintegration and relatively well-preserved
axonal profiles in the lesion. Inflammatory infiltrates
consisted mainly of CD4- and CD8-positive lymphocytes
and were moderate in the perivascular cuffs and sparse in
the lesion parenchyma. CD20-positive B cells were only
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rarely found and restricted to perivenous spaces. Mod-
erate microglia activation and moderate macrophage
density could be detected. However, macrophages were
small, with notably sparse phagocytic activity. Astrocytes
displayed fibrillary gliosis. Oligodendrocytes showed
unique and unusual morphology, with distended round
cell bodies and granular cytoplasm, indicative of an onco-
cytic change of the oligodendrocytes. Accordingly, the
distended cytoplasm showed strong voltage-dependent
anion-selective channel 1(VDACI) positivity, a marker of
mitochondria. Increased numbers of mitochondria could
be confirmed on the electron microscopy level. Some had
slightly abnormal morphology, with an increased num-
bers of cristae and occasional electron-dense inclusions,
which however did not fulfil the morphological criteria
of paracrystalline inclusions. In a further step, molecular
screening of the mitochondrial DNA for 13 primary and
2 secondary Leber’s hereditary optic neuropathy (LHON)
mutations by polymerase chain reaction (PCR) and
Sanger sequencing was negative. Further genetic testing
using whole-exome sequencing (WES) did not retrieve
any known disease-causing mutations in the nuclear
genome.

No further symptoms occurred during a follow-up
period of 12 months,, while the left superior quadranta-
nopia improved in visual field testing and was not sub-
jectively perceived anymore after six months. Quarterly
MRIs scans did not reveal any relevant changes (includ-
ing a 7-Tesla brain MRI with no iron accumulation/rims)
(Fig. 1).

As the patient remained clinically stable without evi-
dence of disease progression, she neither received immu-
nomodulatory nor any other supportive therapy.

Discussion

Here, we report a case of primary post-chiasmatic optic
pathway demyelination with underlying, pathologically
confirmed oligodendrogliopathy. The remarkable mor-
phological changes of oligodendrocytes were accompa-
nied by increased numbers of mitochondria suggestive
of an oncocytic change of the oligodendrocytes in the
lesion. The oncocytic change, also known as oxyphilic cell
transformation, is best known from various neoplastic

(See figure on next page.)

Fig. 1 MRI at 3 (A-K) and 7 Tesla (L-N). A-C Initial MRI study. A The FLAIR image shows a hyperintense lesion in the right temporal lobe with a

strongly hyperintense center and a perilesional zone of intermediate hyperintensity. B Post-contrast T1 image revealed slight contrast enhancement
in the lesion center and T1-hypointensity in the perilesional zone, most likely corresponding to perilesional edema. C Diffusion map with facilitated
diffusion in the perilesional area and largely unaltered diffusion metrics in the lesion center. D-G Serial axial FLAIR images and H-K serial coronal
T2-weighted images after biopsy show a largely stable lesion which remains strictly confined to the white matter. Two biopsy sites are visible in

the lesion. L 7 Tesla FLAIR image reveals a lesion situated in the white matter and partly sparing the subcortical U fibers. M T1-weighted MP2RAGE
image identifies a homogeneously hypointense lesion area. The biopsy site is surrounded by an area of increased signal, which might be related

to the biopsy procedure. N SWI shows the biopsy site within a lesion of homogenous high signal intensity. The biopsy site itself is characterized by
patchy hypointense signal alterations, likely reflecting extravasation of blood products due to the biopsy
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(e.g. renal oncocytoma) [27] and non-neoplastic reac-
tive or aging conditions, particularly in the parathyroid
glands [6]. The oncocytic change has been linked to
mitochondrial proliferation as a reaction to mitochon-
drial NADH dehydrogenase dysfunction or cytochrome ¢
oxidase deficiency [26]. An oncocytic change of glial cells
has furthermore been described for neoplastic glial cells
in astrocytoma and glioblastoma [24, 38] but not oligo-
dendroglioma. To the best of our knowledge, this is the
first report of an oncocytic change of oligodendrocytes
in the human brain. Also, we are not aware of an animal
model leading to oncocytic changes of oligodendrocytes.
Particularly, the cuprizone animal model, which com-
prises a toxic mitochondrial injury to oligodendrocytes,
leads to delayed oligodendrocyte apoptosis but not onco-
cytic changes [44]. In the current patient’s lesion, the
oncocytic changes were strictly confined to oligoden-
drocytes and associated with a focal lesion of primary
demyelination. Besides this unique feature of oligoden-
drocyte pathology, a further characteristic and unusual
aspect of the lesion was the profound accumulation of
myelin debris in the extracellular space with only sparse
macrophage infiltration and myelin phagocytosis in
macrophages, a pattern of demyelination which is atypi-
cal for inflammatory demyelinating diseases and further
suggests that the destruction of myelin in this condition
triggers only minor, probably inadequate activation of
macrophages and microglia.

There are various disease entities described as “oli-
godendrogliopathies’, such as multiple system atrophy
(Papp-Lantos inclusions) [41], genetically defined sub-
types of amyotrophic lateral sclerosis [28] or single case
reports with particular crystalloid oligodendroglial inclu-
sions in a patient with hereditary spastic paraplegia [42].
Globular glial tauopathy is a neurodegenerative condi-
tion with 4R tau inclusions in neurons, astrocytes and
oligodendrocytes in white and grey matter, white matter
myelin loss and upregulation of the mitochondrial carrier
MPC1 in white matter glia [8]. However, affected patients
are typically older than 40 years and present with symp-
toms of motor neuron disease or frontotemporal demen-
tia [1], which were not present in our patient. Multiple
sclerosis (MS), an immune-mediated chronic-inflamma-
tory demyelinating disease of the central nervous sys-
tem, is also discussed as a primary oligodendrogliopathy
[34] in at least some variants. Mitochondrial damage
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has been implicated in oligodendroglial injury and sub-
sequent demyelination in a subset of MS patients and
rodent models [20, 23, 45]. In our case, by the above-
mentioned clinical, neuropathological and neuroimaging
findings, we exclude the diagnosis of MS. Pathologically,
there was an absence of myelin degradation products
in macrophages and astrocytic changes typical of active
MS lesions, such as Creutzfeldt-Peters cells. Radiologi-
cally, the involvement of only white matter and sparing of
U fibers revealed by MRI argues against MS. Moreover,
there was no clinical or neuroimaging evidence of CNS
inflammation disseminated in time or space over one
year of follow-up.

The association between mitochondrial functionality
and the integrity of oligodendrocytes and myelin is sub-
stantiated by mitochondrial DNA (mtDNA) point muta-
tions causing LHON. This disease is characterized by
bilateral optic neuropathy, presenting as acute or suba-
cute, often sequential severe visual loss followed by optic
atrophy. While LHON mainly affects men and is typically
limited to the anterior optic pathway, there are rare cases
where LHON may be accompanied by or manifest as a
demyelinating disease very similar to MS, referred to as
“Harding’s disease” [9, 12]. Harding’s disease can present
itself similar to LHON. Still, it more often affects women
(2.1:1) with a higher proportion of patients suffering from
more than two visual events or persisting unilateral visual
loss, and a longer time interval before the affection of the
second eye (average 1.7 years, up to 17 years vs. 0.6 years
in LHON) [32]. However, CSF and MRI show changes
typical for MS [25]. Post mortem, destructive demyeli-
nating white matter lesions and vacuolating myelin alter-
ations have been documented neuropathologically in a
female patient with LHON [18]. In our current patient, a
diagnosis of LHON could not be established since there
were neither clinical nor paraclinical signs of optic neu-
ropathy (normal VEP, normal OCT, no MRI changes of
optic nerve). Furthermore, neither confirmed primary
LHON mutations in the mtDNA nor other genetic causes
for LHON-like disease in the nuclear DNA could be
detected [10, 11, 13, 14, 21, 22, 37, 39]. Still, the follow-
up interval of approximately one year might be too short
to evaluate the occurrence of clinical signs of Harding’s
disease in our patient as the neuropathological findings
(see above) would be compatible with mitochondrial
dysfunction. Spongy vacuolation of myelin in the CNS

(See figure on next page.)

Fig. 2 aVisual field during follow up. Total deviation probability plots from Humphrey 30-2 tests displaying homonymous visual field defects in the
superior left quadrants after 2 months (top) and normal results after 12 months (bottom) (OD =right eye, OS =left eye). b Full-field VEP (baseline)
12x 16 1ch, 5 uv/D, 50 ms/D (A) right eye: P2 latency 106 ms, amplitude (P2-N3) 13.6 pV (B) left eye: P2 latency 105 ms, amplitude (P2-N3) 12.8 pV.
¢ OCT after 12 months Measurement of peripapillary retinal nerve fiber layer (RNFL) thickness (top) and macular ganglion cell layer thickness
(bottom). Normal results in both eyes (average RNFL thickness: 110 um, average ganglion cell layer thickness: 43 um) with no changes compared to

baseline (OD=right eye, OS =left eye)
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white matter, described in our patient, can be found in
other diseases involving mitochondrial respiration, such
as Kearns-Sayre syndrome or Leigh syndrome [29]. How-
ever, our patient did not feature symptoms like progres-
sive external ophthalmoplegia, pigmentary retinopathy,
cardiac conduction disorders, deafness or ataxia as
described in Kearns-Sayre syndrome [19]. Furthermore,
there were no clinical signs pointing at Leigh syndrome,
namely developmental delay, ataxia, external ophthalmo-
plegia, seizures or dystonia [33]. Canavan disease shows
spongy vacuolation of subcortical white matter due to a
defective gene encoding aspartoacylase, which is par-
ticularly enriched in oligodendrocytes. However, onset
beyond the age of 5 years (juvenile form of Canavan dis-
ease) has not been reported until now to the best of our
knowledge [40].

The selective involvement of white matter with pro-
found vacuolization of the tissue could still represent an
early stage of a mitochondrial leukodystrophy [29], which
may manifest in adulthood [17]. However, the asymmet-
rical involvement of the brain would not be typical for a
leukodystrophy, although the field of genetically defined
mitochondrial leukodystrophies continues to expand
[35]. Moreover, for some recently described genetically
defined leukodystrophies with adult onset, neuropatho-
logical correlation was not available or has not been
reported [4, 36].

Mutations of genes encoding different mitochondrial
proteins, such as OPA1 and POLGI, have been reported
in patients with symptoms, neuroimaging findings and
oligoclonal bands, all suggestive of MS [7, 43]. OPA1
mutations are the most frequent cause of autosomal
dominant optic atrophy (ADOA), characterized by an
indolent, slowly progressive, bilateral, symmetric loss of
retinal ganglion cells, leading to moderate visual loss. It
typically presents with dyschromatopsia, central sco-
tomas and temporal optic atrophy mostly under an age
of 20 years [2, 5, 15, 16]. POLG1 mutations may lead to
chronic progressive external ophthalmoplegia (CPEO),
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manifesting with painless bilateral ptosis and ophthalmo-
plegia [30]. However, our patient did not show any symp-
toms suggestive of ADOA or CPEO.

In our patient, we found a slight CSF cell count increase
from 6/pl to 51/ul after ten days, which could be inter-
preted as reactive pleocytosis following the repeat lum-
bar puncture, but may also reflect resorptive response
after minor tissue injury. This is is emphasized by the
presence of activated macrophages in the CSF. Further-
more, oligoclonal bands were present in CSF. Oligoclonal
bands indicate immunoglobulin synthesis in the CNS
and are used as biomarkers in inflammatory CNS disor-
ders. They are highly sensitive for subacute and chronic
inflammatory diseases but quite unspecific as they occur
in a variety of infectious (e.g. neurosyphilis, neuroborre-
liosis), autoimmune (e.g. multiple sclerosis, autoimmune
encephalitis, systemic lupus erythematosus, Sjogren’s
syndrome) and other diseases (e.g. brain tumors), and
are even found in healthy people [3, 31]. In our case, the
presence of oligoclonal bands in CSF could be considered
a sign of either a chronic-inflammatory disorder with
unnoticed earlier symptoms or an epiphenomenon as
part of the oliogendrogliopathy. In particular, the possi-
bility of relapsing chronic inflammatory CNS disease ren-
ders our one-year follow-up interval a major limitation of
the current report. Therefore, unequivocal interpretation
of the presented findings requires further comprehensive
follow-up of the patient.

Conclusion

Here, we report a case of a 22-year old female patient
with mild visual field defects caused by demyelination of
the post-chiasmatic optic pathway with underlying onco-
cytic oligodendrogliopathy. Longitudinal clinical and
neuroimaging assessment over 12 months currently indi-
cates a monophasic course of the disease. After excluding
various inflammatory, infectious and malignant causes,
we suggest a metabolic cause, in terms of a mitochondrial
disease, as symptoms occurred during physical exercise

(See figure on next page.)

Fig. 3 A KlUver-Barrera-PAS (KL-PAS) myelin staining shows a focal, sharply demarcated demyelinated white matter lesion with profound
vacuolization. B Immunohistochemistry (IHC) for the oligodendrocyte marker TPPP/p25 reveals preservation of oligodendrocyte cell bodies in

the lesion, which were markedly enlarged when compared to surrounding white matter oligodendrocytes. C Same staining as B shows profound
enlargement of virtually all preserved oligodendrocytes in the lesion. Note the moderate perivascular lymphocyte cuff in the lesion. D Hematoxylin
& Eosin staining reveals round, enlarged oxyphilic oligodendrocytes with distended eosinophilic, finely granular cytoplasm and round, enlarged
and dented nuclei, which are frequently pushed to the cell margin. Mitotic figures or apoptoses are not evident. E Immunohistochemistry (IHC)

for HLA-DR shows microglia and minor macrophage activation, which was confined to the actual lesion area. F VDACT IHC targeted against the
mitochondrial porin antigen reveals accumulation of mitochondria in the enlarged glial cells. G Myelin basic protein IHC shows active granular
myelin disintegration. Myelin remnants are found in the extracellular space but not within macrophage cytoplasmata. H GFAP staining shows

fibrillar gliosis and the absence of immunoreactivity in the enlarged oncocytic glia cells. 1 CD68 IHC displays microglia and small macrophages in a
moderate density. Foamy macrophages can hardly be observed in this lesion. J Electron micrograph presents a glial cell with round nucleus, large
cytoplasm and increased numbers of mitochondria (red arrows). K At higher magnification of the glial cytoplasm, the high density of mitochondria
is appreciated. L Mitochondria frequently displayed unspecific morphological abnormalities in the form of densely packed cristae. Magnifications: A,
B, C, E, G: 200x; D, H, I, Inset in E: 400x; All other insets: 600x; J: 7000x; K: 12000x; L: 20000x
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and neuropathology revealed focal lesions of spongy vac-
uolation of the white matter with oncocytic enlargement
of oligodendrocytes. We propose that this case does not
fit into any known neuropathological pattern.
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