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Abstract Hereditary diffuse leukoencephalopathy with
spheroids (HDLS) is a rare autosomal dominant disor-
der characterized by cerebral white matter degeneration
with axonal spheroids leading to progressive cognitive
and motor dysfunction. We report clinical and patho-
logical features, as well as molecular genetic analysis, of
a family with HDLS. A pedigree consisting of 27 persons
in 5 generations contained 6 affected individuals.
Dementia and depression were common; two individuals
presented with a syndrome resembling corticobasal
degeneration (CBD). Postmortem neuropathologic
evaluation of three affected individuals revealed
enlargement of the lateral ventricles and marked atten-
uation of cerebral white matter, but preservation of
white matter in brainstem and cerebellum, except for the
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corticospinal tract. Histopathologic studies showed a
loss of myelinated fibers, lipid-laden macrophages and
bizarre astrocytes, as well as abundant axonal spheroids
that were immunoreactive for phosphorylated neurofi-
lament protein and amyloid precursor protein (APP),
but not oB-crystallin and variably with ubiquitin. By
electron microscopy, axonal spheroids contained
aggregates of intermediate filaments or of organelles that
were predominantly vesicular and lamellar. The cerebral
cortex had focal neuronal degeneration with «B-crys-
tallin-immunoreactive ballooned neurons. In summary,
the present report describes a previously unreported
kindred with HDLS with individuals presenting as CBD.
Immunohistochemistry for APP and «B-crystallin dem-
onstrates distinctive neurodegeneration in cerebral
axons and perikarya.

Keywords Hereditary diffuse leukoencephalopathy with
spheroids (HDLS) - Parkinsonism - Corticobasal
degeneration - Neurofilament - Amyloid precursor
protein

Abbreviations HDLS: Hereditary diffuse
leukoencephalopathy with spheroids - e[F2B:
Eukaryotic translation initiation factor 2B - MMSE:
Mini-Mental Status Examination - H&E: Hematoxylin
and eosin - LFB-PAS: Luxol fast blue—periodic acid
Schiff - APP: Amyloid precursor protein - GFAP: Glial
fibrillary acidic protein - PCR: Polymerase chain
reaction - MAPT: Microtubule associated protein

tau - FTDP-17: Frontotemporal dementia and
parkinsonism linked to chromosome - CBD:
Corticobasal degeneration - MRI: Magnetic resonance
imaging - EEG: Electroencephalogram - CT: Computed
tomogram

Introduction

Hereditary diffuse leukoencephalopathy with spheroids
(HDLS) was first described by Axelsson et al. [2] in a



large Swedish kindred. The disorder is inherited in an
autosomal dominant pattern. In that family, the disease
had a variable neurological presentation, with the onset
of symptoms occurring in the fourth decade of life, but
was invariably progressive. Psychiatric symptoms were
usually the first and predominant neurological mani-
festation of HDLS. Other frequently observed features
included gait instability, incoordination and seizures [2].
Neuropathological studies of four affected individuals in
this kindred showed widespread leukoencephalopathy
characterized by the presence of neuroaxonal spheroids
and by the loss of myelin sheaths and axons.

At present, only six families with HDLS have been
well described clinically and pathologically [2, 8, 14,
22, 25, 29]. Variability of neurological symptoms is
noted within each kindred. Sporadic cases of diffuse
leukoencephalopathy with spheroids have also been
reported; these individuals also have a heterogeneous
clinical presentation [3, 6, 28]. The available evidence
suggests clinical and genetic heterogeneity in diffuse
leukoencephalopathy with spheroids.

Several other hereditary neurodegenerative disor-
ders affecting white matter [25], including vanishing
white matter disease (VWM) [19], share clinical or
pathological similarities to HDLS. While the genetic
basis for HDLS remains unknown, VWM has been
discovered to be mutations in one of the five subunits
of eukaryotic translation initiation factor elF2B [24].
The present study is a description of clinical, patho-
logical and genetic studies in a new kindred with
HDLS, and the first report of screening for mutations
in elF2B in HDLS.

Materials and methods

We reviewed available genealogical and clinical records.
Neuropathologic studies and molecular genetic analyses
were carried out on three affected individuals. The eth-
ical committees and/or institutional review boards of all
involved institutions approved this research.

Clinical and genealogical studies

Historical material, family records and interviews with
family members were evaluated to construct the pedi-
gree. Medical and historical records were collected and
reviewed. For the proband, who was followed at the
Mayo Clinic, examination instruments included stan-
dardized medical history and neurological examination
forms, Unified Parkinson’s Disease Rating Scale, Hoehn
and Yahr staging, Schwab and England activities of
daily living scale and Mini-Mental Status Examination
(MMSE). The clinical data of other family members or
deceased patients were obtained from available clinical
records.
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Pathological studies

Neuropathologic studies were performed on the pro-
band (I11-6), as well as her uncle (II-1) and her aunt (II-
4). Individual I1-4 died in 1996; II-1 died in 2003; and
I11-6 died in 2004. Reexamination of stored tissue of I1-4
while the proband was still alive lead to the initial
diagnosis, which was confirmed on subsequent review of
I1-1 and the eventual autopsy of the proband.

In addition to standard histological stains (i.e.,
hematoxylin and eosin—H&E), special stains for myelin
[Woelcke-Heidenhain or Luxol fast blue—periodic acid
Schiff (LFB-PAS)] and axons (Bodian or Bielschowsky)
were used to characterize white matter pathology in
cerebrum, basal ganglia, diencephalon, brainstem and
cerebellum. Spinal cord was not available on any of the
cases. Alzheimer type pathology was also assessed with
thioflavin-S fluorescence microscopy, in addition to sil-
ver stains and immunohistochemistry for tau and Ap.

Immunohistochemical studies were also performed to
characterize the lesions and tissue reaction. Axonal
spheroids were studied with antibodies to phosphory-
lated neurofilament protein (SMI-31; 1:20,000;
Sternberger Monoclonals, Lutherville, MD, USA),
phospho-tau (CP13; 1:500; Peter Davies, Albert Einstein
College of Medicine, Bronx, NY, USA), a-synuclein
(polyclonal antibody; 1:3,000 [7]), aB-crystallin (poly-
clonal antibody; 1:2,500; Novacastra, Newcastle upon
Tyne, UK), amyloid precursor protein (APP) (22C11;
1:250; Chemicon, Temucula, CA, USA) and ubiquitin
(Ubi-1; 1:40,000; Gerry Shaw, University of Florida,
Gainesville, FL, USA). Reactive glial changes were
assessed with glial fibrillary acidic protein (GFAP;
1:5,000; Biogenex, San Ramon, CA, USA) and HLA-
DR (LN3; 1:10; ICN Biomedicals, Aurora, OH, USA).
Ap was detected with immunohistochemistry (6F/3D;
1:100; DAKO, Santa Barbara, CA, USA). The depa-
raffinized and rehydrated sections were pretreated with
95% formic acid for 30 min for a-synuclein and Ap, but
not for other antibodies. Subsequently, all sections were
steamed in distilled water at high power setting for
30 min prior to immunohistochemistry with a DAKO
Autostainer using  3,3’-diaminobenzidine as the
chromogen. After immunostaining, the sections were
counterstained briefly with hematoxylin.

Electron microscopy

Tissue samples from fixed brain were dissected from
cerebral white matter and placed in 2.5% glutaraldehyde
in 0.1 M cacodylate buffer, pH 7.4 overnight. After
washing in cacodylate buffer, the tissue was post-fixed in
1% OsO4, en bloc, stained with 1% uranyl
acetate—>50% ethanol, dehydrated in ethanols and
propylene oxide, infiltrated and embedded in Epon 812
(Polysciences, Warrington, PA, USA). Ultrathin sec-
tions were counterstained with uranyl acetate and lead
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citrate, and examined with a Philips 208S electron
microscope.

Molecular genetic analysis

DNA samples were extracted from brain tissue and
screened for mutations in the subunits of elF2B. All
exons for the five subunits of the eI[F2B were amplified
by polymerase chain reaction (PCR) using primers de-
signed to flanking intronic sequence. Each PCR used
25 ng of genomic DNA in a 25 pul reaction mixture
containing 20 pmol of each primer, 0.2 mM dNTPs, 1
unit of Taq polymerase (Qiagen; Valencia, CA, USA),
Ix PCR buffer and 10% Q-solution (Qiagen; Valencia,
CA, USA). Amplifications were performed oil-free in
Hybaid Touchdown thermal cyclers (Hybaid; Middle-
sex, UK). Conditions were 35 cycles of 94°C for 30 s,
60-50°C touchdown annealing for 30 s, and 72°C for
45 s with a final extension of 72°C for 10 min. PCR
products were purified using Multiscreen PCR
(Millipore; Billerica, MA, USA) and then sequenced
using Big Dye chemistry following manufacturers pro-
tocols on an ABI 3100 Genetic Analyzer (Applied Bio-
systems; Foster City, CA, USA).

In addition to screening for mutations in elF2B,
exons 1, 7 and 9-13 of the MAPT gene on chromosome
17921 were sequenced and analyzed using methods
similar to those reported previously in studies of
frontotemporal dementia and parkinsonism linked to
chromosome 17 (FTDP-17) [9].

Results
Genealogical studies

The pedigree of this family is shown in Fig. 1. The
pedigree contains 27 family members spanning 5 gen-
erations with 6 affected individuals (5 of them deceased).
The mode of inheritance is consistent with an autosomal
dominant pattern. The male-to-female ratio of affected
individuals was 1:1.

Clinical studies

Clinical features of the affected individuals are summa-
rized in Table 1. The mean age at onset of symptoms is
54.2 years (range 42-78 years). The mean disease dura-
tion is 16.2 years (range 2—34 years). The initial clinical
symptoms were parkinsonism in two (II-4 and I11-6),
depression in two (I-1 and II-3) and memory loss in two
(IT-1 and II-2). During the clinical course, individuals
developed additional symptoms: parkinsonism (II-1 and
11-3), depression (I1-1, I1-2 and 11-4), dementia (I1-3, I1-4
and III-6), apraxia (II-4 and III-6), seizures (II-1 and
I1-4) and pyramidal tract signs (I1I-6). The parkinsonian

signs included rigidity, bradykinesia, postural instability
and asymmetry and were poorly responsive to levodopa/
carbidopa therapy. Resting tremor was either absent,
mild and transient, or severe and persistent. The clinical
presentation of individuals II-4 and III-6 resembled
corticobasal degeneration (CBD).

Cases report and pathological findings

111-6 (proband): This 44-year-old woman had a 2-year
history of atypical parkinsonism. She noted reduced
dexterity in her right hand at age 42. Shortly thereafter
that she became unsteady while walking, with a tendency
to veer to the left. She then noted slurred speech and
stumbling over words. Her symptoms progressed rapidly
over the next 2 years. She also developed significant
emotional lability, fluctuation of her mood and mild
short-term memory deficits. Before the onset of her
illness, she was healthy and had no history of any
medical or neurological disorder. Neurological exami-
nation performed at age 44 revealed severe parkinsonism
(Hoehn and Yahr stage V) characterized by left-sided
rigidity and bradykinesia, but no tremor. There was
moderately severe cerebellar ataxia in all four limbs
(worse in the left extremities) and an ataxic dysarthria.
Ideomotor apraxia of the left limb was evident and
suggested the possibility of CBD. The deep tendon
reflexes in the lower extremities were very brisk, with
ankle clonus on the left side. Bilateral extensor plantar
responses were elicited. Her gait was spastic. Her
Schwab and England activities of daily living scale was
10. Her MMSE was 22/30. Routine blood and urine
tests were normal. T2-weighted and fluid-attenuated
inversion recovery magnetic resonance imaging (MRI)
of the brain showed bilateral abnormal high intensity
areas in deep cerebral white matter and asymmetrical
cerebral atrophy that was worse on the right (Fig. 2).
The ['®F]-2-fluorodeoxyglucose positron emission
tomography showed generalized decreased uptake
throughout both cerebral hemispheres, but most marked
in the parietal lobes, especially on the right. The elec-
troencephalogram (EEG) was normal. Cerebrospinal
fluid examination was within normal limits, with no
oligoclonal bands. Treatment with levodopa/carbidopa
was of no benefit. She died at age 45, 3 years after the
onset of the illness, from pneumonia (Table 2).

The brain weight was 1,120 g. The sulci and gyri
revealed minimal frontal atrophy. The sagittal view
showed marked hydrocephalus with thinning of the
corpus callosum (Fig. 3). There was no atherosclerosis
of the major vessels. Coronal section of the brain
showed markedly dilated ventricular system, especially
the lateral ventricles (Fig. 4). The cerebral white matter
had marked atrophy with softening and gray discolor-
ation. The basal ganglia showed mild atrophy, which
was more severe in the caudate and putamen than the
globus pallidus.
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Fig. 1 Pedigree of the family with hereditary diffuse leukoence-
phalopathy with spheroids. The pedigree had 27 family members
spanning 5 generations, with 6 affected individuals. Circles indicate
females

Microscopically, the most significant pathology was
in the cerebral white matter, affecting the centrum
semiovale, periventricular white matter and corpus
callosum. The white matter was rarefied and vacuolated,
with marked myelinated fiber loss (Fig. 5), bizarre
astrocytosis (Fig. 6) and many lipid-laden macrophages,
as well as diffuse microglial activation (Fig. 5). In areas
with myelin loss, axons were swollen and vacuolated and
some had PAS-positive finely granular material. Spher-
oids were intensely immunoreactive for phosphorylated
neurofilament protein and APP (Fig. 7); weakly reactive
for ubiquitin; and negative for aB-crystallin, a-synuclein
and tau. In some foci the overlying cortex also had
numerous axonal spheroids (Fig. 8), as well as ballooned
neurons that were immunoreactive for phosphorylated
neurofilament and oB-crystallin (Fig. 9).
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Electron microscopy of the axonal spheroids showed
two major types of lesions. One was characterized by
swollen axons containing dense bodies, lamellar bodies
and vesicular profiles (Fig. 10a), while the other was
characterized by swollen axons filled with densely
packed and chaotically arranged intermediate filaments
(Fig. 10b). Also present were hypertrophic astrocytes
and lipid-laden macrophages. There were no ultra-
structural features of lysosomal storage diseases (e.g.,
metachromatic leukodystrophy) or of long-chain fatty
acid diseases (e.g., adrenoleukodystrophy).

Silver stains and thioflavin-S fluorescence microscopy
revealed no Alzheimer type pathology in cortex or hip-
pocampus, and the tau immunostains revealed no neu-
ronal lesions or glial lesions typical of CBD. The basal
ganglia were histologically unremarkable, except for a
few axonal spheroids. The internal capsule and the
corticospinal tract in the cerebral peduncle and brain-
stem had myelin pallor and axonal spheroids. The sub-
stantia nigra showed focal neuronal loss, but no
neurofibrillary tangles. The raphe nucleus, locus ceruleus
and reticular formation had preserved neuronal popu-
lations and no Lewy bodies. The cerebellum showed
focal Purkinje cell loss and Bergmann gliosis in the
vermis.

II-1: This 84-year-old man had a 6-year history of
dementia, seizures, parkinsonism and psychiatric symp-
toms. The first symptom was a slowly progressive cog-
nitive disturbance. When seen 4 years after the onset of
his illness, his MMSE score was 14/30. He was diag-
nosed with probable Alzheimer’s disease. He suffered
from depression and had agitated behavior. Throughout
the clinical course he had many syncopal episodes. At
83 years of age, he developed partial complex seizures
with secondary generalization. EEG demonstrated left
temporal slowing. At that time, the neurologic exam
revealed persistent bilateral resting hand tremor that was
worse on the left, cogwheel rigidity, bradykinesia and
severe postural instability. For ambulation, he needed a
wheeled walker. Frontal lobe release signs were elicited.
Deep tendon reflexes were exaggerated throughout, but
plantar responses were flexor. There was no evidence for
hallucinations, sensory impairment or ataxia. His past
history was negative for neurological disorders, includ-

Table 1 Clinical features of affected individuals in the hereditary diffuse leukoencephalopathy with spheroids kindred

Pedigree Sex Current AAO AAD DD Initial Clinical features
number age symptom
Dm Dp P S Ap Others
I-1 F - 42 76 34 Dp +
1I-1 M - 78 84 6 Ml + + + + Agitation
11-2 M - 59 79 20 Ml + + Persistent vertigo
1I-3 M 73 47 - 26 Dp + + +
11-4 F - 54 62 8 P + + + + +
111-6 F - 43 46 3 P + + + Ataxia, emotional

lability, pyramidal signs

AAO age at symptomatic onset, A4D age at death, DD disease duration, Dm dementia, Dp depression, P parkinsonism, S seizures, Ap

apraxia, M/ memory impairment, + present



Fig. 2 T2-weighted (a) and fluid-attenuated inversion recovery
magnetic resonance imaging (b) of the proband (III-6) shows
bilateral abnormal high intensity areas in deep cerebral white
matter and bilateral cerebral atrophy. Atrophy is worse on the right

ing head trauma. A head computed tomogram (CT)
performed 3 years after the onset of his illness showed
no structural abnormalities, except for diffuse cortical
atrophy. He died 6 years after the onset of the illness of
an unknown cause.

Fig. 3 Gross appearance of the brain of the proband (I11-6). While
the lateral convexity (a) is relatively unremarkable, the medial view
(b) shows ventricular enlargement and marked thinning of the
corpus callosum

The brain weighed 1,250 g. There was frontal atro-
phy, and the lateral ventricles were enlarged. Micro-
scopically, there was severe loss of cerebral myelin with
sparing of subcortical U-fibers with moderate gliosis of
the white matter. Many axonal spheroids were detected
with Bodian stain, and immunohistochemistry for
phosphorylated neurofilament protein in the cerebral
cortex and white matter, but not in the basal ganglia,

Table 2 Neuropathology of three members of the hereditary diffuse leukoencephalopathy with spheroids kindred

Neuropathologic feature  1I-1

11-4

I11-6

Centrum semiovale
Periventricular white matter
Corpus callosum

Distribution of white
matter pathology

Cerebral white
matter and cortex

Distribution of axonal
spheroids

None

Cortex, hippocampus and amygdala
Cortex and amygdala

Stage II-1V

Ballooned neurons
Senile plaques
Amyloid angiopathy
Braak NFT stage

Centrum semiovale
Periventricular white matter
Corpus callosum

Internal capsule

Cerebral peduncle

White matter in the brain stem
Cerebral white matter

Basal ganglia

Genu of internal capsule
Frontopontine fibers in

Centrum semiovale
Periventricular white matter
Corpus callosum

Internal capsule

Cerebral peduncle

Cerebral white matter and cortex
Basal ganglia

Genu of internal capsule
Frontopontine fibers

cerebral peduncle in cerebral peduncle

Cerebellar cortex
Cerebral cortex

Cerebral cortex

Cortex None
Cortex None
Stage 1 Stage 0




Fig. 4 A coronal section of the
proband (a) at the level of the
subthalamic nucleus shows
ventricular enlargement,
thinning of the corpus callosum
and gray discoloration of the
centrum semiovale and
periventricular white matter.
The internal capsule is grossly
unaffected. Whole mount
sections stained with
hematoxylin and eosin (b) and
the Bodian silver stain (¢) show
pallor of the centrum semiovale
and periventricular white
matter, with better preservation
of the white matter in the
temporal lobe

Fig. 5 Luxol fast blue—periodic
acid Schiff (a and ¢) of the
centrum semiovale of the
proband shows marked loss of
myelinated fibers and a gliotic
neuropil. Adjacent sections
stained for HLA-DR (b and d)
to reveal activated microglia
and macrophages shows many
macrophages in the cerebral
white matter, but no
perivascular inflammatory cell
infiltrates

Fig. 6 Bizarre reactive
astrocytes are visible in the
white matter with hematoxylin
and eosin (a). They are positive
for glial fibrillary acidic protein
(b) and also for «B-crystallin (c)
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Fig. 7 Axonal spheroids in the
white matter show a range of
morphologies with hematoxylin
and eosin (a, b and c¢), Luxol
fast blue—periodic acid Schiff
(LFB-PAS) (d, e and f),
amyloid precursor protein
(APP) (g, h and i) and
phosphorylated neurofilament
(j, k and 1). Note the presence of
vacuolation in many of the
spheroids (a, ¢, d, g, h, k and 1).
Some spheroids contain PAS-
positive granular material (d;
back arrow) while others are
pale on LEB-PAS (white arrows
in d and e). In some spheroids
neurofilament
immunoreactivity is most dense
at the periphery (j). In some
spheroids APP
immunoreactivity is most dense
in the center (g)

brainstem or cerebellum. Mild neuronal loss and gliosis
were noted in the basal ganglia.

Alzheimer type pathology was detected in cortex and
hippocampus with Bodian stain and immunohisto-
chemistry for Af, which also revealed focal amyloid
angiopathy in leptomeninges and parenchyma. Both
diffuse and neuritic plaques were present in the associ-
ation cortices, amygdala and hippocampus, which also
had granulovacuolar degeneration and Hirano bodies.
Neurofibrillary tangles were present in the hippocampus
and amygdala. The Braak neurofibrillary pathology
stage was consistent with stage I1I-IV. Mild to moderate
neuronal loss and gliosis with neuromelanin containing
macrophages were present in the substantia nigra and
locus ceruleus, and a few neurofibrillary tangles were
also noted.

11-4: This 62-year-old woman had an §8-year history
of progressive atypical parkinsonism. The parkinsonism
was worse on the left side and was accompanied by
apraxia. During the course of her illness, she suffered
from depression and seizures. She was clinically
considered to have CBD. An MRI of the brain obtained

at 58 years of age showed bilateral high intensity lesions
in the cerebral white matter, worse on the right. She died
8 years after the onset of her illness of an unknown
cause.

The brain weighed 1,070 g and showed no macro-
scopic evidence of cortical atrophy. Coronal section of
the brain showed loss of myelin, relatively sparing of
U-fibers and marked ventricular enlargement. The
microscopic examination showed rarefaction and vacu-
olation of the white matter with myelinated fiber loss,
astrocytic gliosis and lipid-laden macrophages, as well as
diffuse microglial activation. Axons within the demyeli-
nated foci were swollen and intensely immunoreactive
for phosphorylated neurofilament and APP, but nega-
tive for ubiquitin, a-synuclein, tau and oB-crystallin. The
white matter tracts in the brainstem, including the cer-
ebellar peduncles were unaffected; however, the fronto-
pontine fibers on one side showed rarefaction, fiber
depletion and axonal spheroids in longitudinal fibers.
The medullary pyramids on both sides were unaffected.

The neocortex had a relatively unremarkable
appearance. In the cortical areas overlying the regions



Fig. 8 Adjacent sections of
cerebral cortex with
immunohistochemistry for
neurofilament (a and d),
amyloid precursor protein
(APP) (b and e) and oB-
crystallin (¢ and f). There are
scattered axonal spheroids that
are more apparent with APP
than neurofilament, while
negative for aB-crystallin. In
this region there was only a rare
ballooned neuron (c)

Fig. 9 Ballooned neurons in the
cortex of II-4 are swollen and
pale staining on hematoxylin
and eosin (a) and
immunoreactive for
aB-crystallin (b)

Fig. 10 Electron microscopy of
axonal spheroids from white
matter of the proband (I11-6)
reveals swollen axons filled with
chaotically arranged
neurofilaments (a) or vesicular
and membranous material (b).
Inset shows intermediate size
filaments [par=1 pm for (a)
and (b); 0.4 pm for inset]
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with white matter pathology, there were many ballooned
neurons in the lower cortical layers that are
immunoreactive for phosphorylated neurofilament and
oB-crystallin. A few thioflavin-S fluorescent diffuse
plaques were detected in the cortex and hippocampus,
but there were no neurofibrillary tangles on silver stains
or tau immunohistochemistry. The Braak neurofibrillary
pathology stage was stage I. There was mild amyloid
angiopathy that affected both parenchymal and lepto-
meningeal blood vessels and immunohistochemistry
confirmed that amyloid in blood vessels and plaques was
Ap.

The substantia nigra, as well as the raphe nucleus,
locus ceruleus and reticular formation had normal
neuronal populations and neither Lewy bodies nor
neurofibrillary tangles. Neurofilament immunohisto-
chemistry revealed a few Purkinje cells with aberrant
apical dendrites and axonal torpedoes.

Molecular genetic analysis

Molecular genetic analysis of the five subunits of eIF2B
(elIF2B1 gene on chromosome 12, e/F2B2 on chromo-
some 14924, elF2B3 on chromosome 1, e/F2B4 on
chromosome 2p23.3 and e/F2B5 on chromosome 3q27)
failed to identify any mutations or sequence variations.
Furthermore, no mutations were detected in the MAPT
gene on chromosome 17qg21.

Discussion

Hereditary diffuse leukoencephalopathy with spheroids
is a rare hereditary disorder, which is difficult to diag-
nose clinically, with the diagnosis often resting on
postmortem neuropathology [2, 8, 14, 22, 25, 29].
Genealogical and clinical characteristics of previously
reported families with HDLS are summarized in
Table 3, with kindreds described worldwide, including
Sweden, the Netherlands, Japan, Australia and the
United States. Symptomatic onset is usually in the third
to sixth decade of life. The principal clinical picture is
characterized by dementia and psychiatric disturbances,
including depression, irritability and anxiety (see
Table 3). Cortical symptoms (e.g., frontal release signs,
apraxia and graphesthesia), pyramidal signs, postural
instability, gait disturbance and urinary incontinence are
also frequent clinical features. There is significant intra-
and inter-family variability of the clinical phenotype.
While MRI may show striking abnormalities, there are
no specific imaging characteristics of HDLS [25].
Phenotypic variability was noted in the present
kindred. Atypical parkinsonism, dementia and psychi-
atric disturbances were seen alone or in combination in
all affected family members. Individuals II-4 and III-6
presented with a syndrome resembling CBD, but indi-
viduals I-1 had only psychiatric disturbances and II-1
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had Alzheimer type dementia with parkinsonism. Five
HDLS patients with parkinsonism have been previously
reported, and three of them (ITI-20 of Axelsson et al. [2];
the proband of Hancock et al. [8]; case 2 of Marotti et al.
[14]) presented first with dementia and only later devel-
oped atypical parkinsonism, with CBD-like features.
Two additional cases reported by Axelsson et al. (cases
of II-8 and III-19) had symmetrical parkinsonism
thought to be related to antipsychotic therapy [2].
Unlike previously reported HDLS cases with parkin-
sonism, two individuals in the present kindred (II-4 and
I11-6) had features of asymmetric parkinsonism and
apraxia as early signs, with dementia developing later in
the disease course.

Given the genealogical features and complex clinical
phenotype of the proband, which included dementia,
behavioral and personality changes and levodopa-unre-
sponsive parkinsonism, the first diagnostic consideration
was FTDP-17 [27]. This was ruled out by failure to
detect mutations in the gene for tau protein, MAPT. The
neuropathologic findings at autopsy also did not sup-
port this diagnosis.

The neuropathologic findings in three cases from the
present kindred of HDLS were remarkably similar,
including abundant axonal spheroids, a loss of axons
and myelin in the cerebrum, bizarre astrocytes and
ballooned neurons in the overlying cortex. The axonal
spheroids were immunoreactive for phosphorylated
neurofilament protein and APP, but only weakly and
inconsistently immunoreactive for ubiquitin and nega-
tive for tau, a-synuclein and «B-crystallin. The axonal
spheroids in HDLS are distributed in the internal cap-
sule, cerebral peduncle as well as the corticospinal tract
in the brainstem and spinal cord [2, 14, 29]. Autopsies of
I1-4 and III-6 revealed axonal spheroids in these struc-
tures, as well as a few in the basal ganglia. Some axonal
spheroids were also detected in the cerebral cortex in two
cases (II-1 and III-6), where they were clearly distin-
guished from ballooned neurons by their lack of
aB-crystallin immunoreactivity. In contrast, ballooned
neurons were positive for aB-crystallin.

The presence of ballooned neurons in the cerebral
cortex is a histopathologic hallmark of CBD, but bal-
looned neurons are relatively nonspecific and can also be
present in the limbic system of progressive supranuclear
palsy, argyrophilic grain disease and in Pick’s disease [4].
It is unclear whether the focal cortical degeneration with
ballooned neurons may have contributed to some of the
cortical clinical features, such as apraxia. While amyloid
deposits have been reported in a sporadic case with
HDLS [3], in the present kindred diffuse amyloid
deposits and amyloid angiopathy were detected in a 62-
year-old woman and an 84-year-old man, but not in a
44-year-old woman, which suggests that this feature may
be merely coincidental age-related pathology. The pos-
sible contribution of apolipoprotein E to risk for
Alzheimer type pathology was not investigated.

The differential diagnosis of progressive white matter
disorders includes neuroaxonal dystrophies [10], cerebral
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autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL) [21],
hereditary adult-onset leukodystrophy [5], late-onset
metachromatic leukodystrophy [26], X-linked adreno-
leukodystrophy [16] and VWM [19]. Clinical and neu-
ropathologic features, including absence of arteriolar
pathology of CADASIL, clearly excluded these diag-
noses. Hallervorden—Spatz disease, which is now
referred to as neurodegeneration with brain iron accu-
mulation type I [10], is also included in the differential
diagnosis and may present with extrapyramidal tract
signs with histopathologic evidence of neuroaxonal
spheroids [20]. While spheroids were detected in the
basal ganglia in one case (I1-4), they were sparse and the
patient did not have other clinical manifestations of
neurodegeneration with brain iron accumulation. Nasu—
Hakola disease and adult-onset VWM also have
leukoencephalopathy with axonal spheroids [11, 15, 17,
18]. Nasu-Hakola disease is an autosomal recessive
disorder with onset in the second or third decades of life
with pain and swelling of ankles and wrists after strain
and spontaneous fractures [1]. Neurological symptoms
are characterized by progressive dementia, disturbances
of cortical function, upper motor neuron symptoms,
involuntary movements, seizures and urinary inconti-
nence [17]. Radiographic studies show cystic rarefac-
tions of bone, and head CT shows brain atrophy with
bilateral calcification in the basal ganglia [17]. These
features were not detected in the present kindred.

Although initial reports of VWM suggested that it
was an autosomal recessive disorder in children, several
cases have been reported in adolescents and adults [19,
23]. The clinical features of VWM include chronic
progressive encephalopathy, dementia, psychiatric
symptoms and motor impairment [19, 23]. MRI studies
have been reported on only three cases of HDLS [8, 25].
HDLS is characterized by patchy and inhomogeneous
white matter abnormalities, which are often asymmet-
rical. They involve the frontal white matter and the
white matter under the pre- and postcentral gyri most
prominently, leaving the other areas relatively intact.
The leukoencephalopathy in VWM is diffuse and
homogenously involves almost all cerebral white matter.

Recently, VWM has been linked to mutations in each
of the five subunits of the eukaryotic translation initia-
tion factor 9 [24]. Mutation screening of genes for the
elF2B subunits, EIF2BI, EIF2B2, EIF2B3, EIF2B4 and
EIF2B5, failed to reveal any sequence variants or pre-
viously documented mutations in VWM [12, 24]. There
are no known genes described in HDLS, but since our
patient had clinical features suggestive of FTDP-17, we
performed screening for mutations in MAPT with
negative results.

In summary, the present report describes clinical and
neuropathologic features of a previously unreported
kindred of HDLS with variable clinical features,
including those seen in CBD. HDLS can be differenti-
ated from other disorders with familial parkinsonism or
leukoencephalopathy with axonal spheroids by clinical

and neuropathological findings. Eventual answers to the
etiology and pathogenesis of HDLS will benefit from
multicenter collaborative studies of multiplex kindreds
in order to find a genetic linkage for this rare disorder.

Acknowledgments The authors are indebted to the members of this
kindred for their interest and willingness to cooperate in this study.
The study was partially supported by the Morris K. Udall Center
for Excellence in Parkinson’s Disease Research (P50 NS40256), VA
Research Funds, the Indiana Alzheimer Disease Center (P30
AG10133) and the National Cell Repository for Alzheimer’s
Disease (U24 AG21886). YB is a recipient of Robert and Clarice
Smith fellowship.

References

1. Adolfsson R, Forsell A, Johansson G (1978) Hereditary poly-
cystic osteodysplasia with progressive dementia in Sweden.
Lancet 1:1209-1210

2. Axelsson R, Roytta M, Sourander P, Akesson HO, Andersen O
(1984) Hereditary diffuse leucoencephalopathy with spheroids.
Acta Psychiatr Scand Suppl 314:1-65

3. Browne L, Sweeney BJ, Farrell MA (2003) Late-onset neuro-
axonal leucoencephalopathy with spheroids and vascular
amyloid. Eur Neurol 50:85-90

4. Dickson DW, Bergeron C, Chin SS, Duyckaerts C, Horoupian
D, Ikeda K, Jellinger K, Lantos PL, Lippa CF, Mirra SS,
Tabaton M, Vonsattel JP, Wakabayashi K, Litvan I (2002)
Office of rare diseases neuropathologic criteria for corticobasal
degeneration. J Neuropathol Exp Neurol 61:935-946

5. Eldridge R, Anayiotos CP, Schlesinger S, Cowen D, Bever C,
Patronas N, McFarland H (1984) Hereditary adult-onset leu-
kodystrophy simulating chronic progressive multiple sclerosis.
N Engl J Med 311:948-953

6. Goodman LE, Dickson DW (1995) Nonhereditary diffuse
leukoencephalopathy with spheroids presenting as early-onset,
rapidly progressive dementia [abstract]. J Neuropathol Exp
Neurol 54:471

7. Gwinn-Hardy K, Mehta ND, Farrer M, Maraganore D,
Muenter M, Yen SH, Hardy J, Dickson DW (2000) Distinctive
neuropathology revealed by a-synuclein antibodies in heredi-
tary parkinsonism and dementia linked to chromosome 4p.
Acta Neuropathol (Berl) 99:663-672

8. Hancock N, Poon M, Taylor B, McLean C (2003) Hereditary
diffuse leucoencephalopathy with spheroids. J Neurol Neuro-
surg Psychiatry 74:1345-1347

9. Hutton M, Lendon CL, Rizzu P, Baker M, Froelich S,
Houlden H, Pickering-Brown S, Chakraverty S, Isaacs A,
Grover A, Hackett J, Adamson J, Lincoln S, Dickson D, Da-
vies P, Petersen RC, Stevens M, de Graaff E, Wauters E, van
Baren J, Hillebrand M, Joosse M, Kwon JM, Nowotny P, Che
LK, Norton J, Morris JC, Reed LA, Trojanowski J, Basun H,
Lannfelt L, Neystat M, Fahn S, Dark F, Tannenberg T, Dodd
PR, Hayward N, Kwok JB, Schofield PR, Andreadis A,
Snowden J, Craufurd D, Neary D, Owen F, Oostra BA, Hardy
J, Goate A, van Swieten J, Mann D, Lynch T, Heutink P (1998)
Association of missense and 5’-splice-site mutations in tau with
the inherited dementia FTDP-17. Nature 393:702-705

10. Jellinger KA, Duda J (2003) Neuroaxonal dystrophies. In:
Dickson DW (eds) Neurodegeneration: the molecular pathol-
ogy of dementia and movement disorders. ISN Neuropath
Press, Basel, pp 386-389

11. Kondo T, Takahashi K, Kohara N, Takahashi Y, Hayashi S,
Takahashi H, Matsuo H, Yamazaki M, Inoue K, Miyamoto K,
Yamamura T (2002) Heterogeneity of presenile dementia with
bone cysts (Nasu—Hakola disease): three genetic forms. Neu-
rology 59:1105-1107



12.

13.

14.

15.

16.

17.

18.

19.

Leegwater PA, Vermeulen G, Konst AA, Naidu S, Mulders J,
Visser A, Kersbergen P, Mobach D, Fonds D, van Berkel CG,
Lemmers RJ, Frants RR, Oudejans CB, Schutgens RB, Pronk
JC, van der Knaap MS (2001) Subunits of the translation ini-
tiation factor eIF2B are mutant in leukoencephalopathy with
vanishing white matter. Nat Genet 29:383-388

Litvan I, Bhatia KP, Burn DJ, Goetz CG, Lang AE, McKeith
I, Quinn N, Sethi KD, Shults C, Wenning GK (2003) Move-
ment disorders society scientific issues committee report: SIC
task force appraisal of clinical diagnostic criteria for parkin-
sonian disorders. Mov Disord 18:467-486

Marotti JD, Tobias S, Fratkin JD, Powers JM, Rhodes CH
(2004) Adult onset leukodystrophy with neuroaxonal spheroids
and pigmented glia: report of a family, historical perspective,
and review of the literature. Acta Neuropathol (Berl) 107:481—
488

Miyazu K, Kobayashi K, Fukutani Y, Nakamura I, Hasegawa
H, Yamaguchi N, Saitoh T (1991) Membranous lipodystrophy
(Nasu—Hakola disease) with thalamic degeneration: report of
an autopsied case. Acta Neuropathol (Berl) 82:414-419
Moser HW, Loes DJ, Melhem ER, Raymond GV, Bezman L,
Cox CS, Lu SE (2000) X-linked adrenoleukodystrophy: over-
view and prognosis as a function of age and brain magnetic
resonance imaging abnormality. A study involving 372 pa-
tients. Neuropediatrics 31:227-239

Paloneva J, Autti T, Raininko R, Partanen J, Salonen O, Pu-
ranen M, Hakola P, Haltia M (2001) CNS manifestations of
Nasu-Hakola disease: a frontal dementia with bone cysts.
Neurology 56:1552-1558

Paloneva J, Kestila M, Wu J, Salminen A, Bohling T, Ruots-
alainen V, Hakola P, Bakker AB, Phillips JH, Pekkarinen P,
Lanier LL, Timonen T, Peltonen L (2000) Loss-of-function
mutations in TYROBP (DAP12) result in a presenile dementia
with bone cysts. Nat Genet 25:357-361

Prass K, Bruck W, Schroder NW, Bender A, Prass M, Wolf T,
Van der Knaap MS, Zschenderlein R (2001) Adult-onset leu-
koencephalopathy with vanishing white matter presenting with
dementia. Ann Neurol 50:665-668

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

311

Racette BA, Perry A, D’Avossa G, Perlmutter JS (2001) Late-
onset neurodegeneration with brain iron accumulation type 1:
expanding the clinical spectrum. Mov Disord 16:1148-1152
Sabbadini G, Francia A, Calandriello L, Di Biasi C, Trasimeni
G, Gualdi GF, Palladini G, Manfredi M, Frontali M (1995)
Cerebral autosomal dominant arteriopathy with subcortical
infarcts and leucoencephalopathy (CADASIL). Clinical, neu-
roimaging, pathological and genetic study of a large Italian
family. Brain 118:207-215

Terada S, Ishizu H, Yokota O, Ishihara T, Nakashima H,
Kugo A, Tanaka Y, Nakashima T, Nakashima Y, Kuroda S
(2004) An autopsy case of hereditary diffuse leukoencephal-
opathy with spheroids, clinically suspected of Alzheimer’s dis-
ease. Acta Neuropathol (Berl) 108:538-545

van der Knaap MS, Kamphorst W, Barth PG, Kraaijeveld CL,
Gut E, Valk J (1998) Phenotypic variation in leukoencephal-
opathy with vanishing white matter. Neurology 51:540-547
van der Knaap MS, Leegwater PA, Konst AA, Visser A, Naidu
S, Oudejans CB, Schutgens RB, Pronk JC (2002) Mutations in
each of the five subunits of translation initiation factor eIF2B
can cause leukoencephalopathy with vanishing white matter.
Ann Neurol 51:264-270

van der Knaap MS, Naidu S, Kleinschmidt-Demasters BK,
Kamphorst W, Weinstein HC (2000) Autosomal dominant
diffuse leukoencephalopathy with neuroaxonal spheroids.
Neurology 54:463-468

Waltz G, Harik SI, Kaufman B (1987) Adult metachromatic
leukodystrophy. Value of computed tomographic scanning and
magnetic resonance imaging of the brain. Arch Neurol 44:225-
227

Wszolek ZK, Tsuboi Y, Farrer M, Uitti RJ, Hutton ML (2003)
Hereditary tauopathies and parkinsonism. Adv Neurol 91:153—
163

Yamashita M, Yamamoto T (2002) Neuroaxonal leukoence-
phalopathy with axonal spheroids. Eur Neurol 48:20-25
Yazawa I, Nakano I, Yamada H, Oda M (1997) Long tract
degeneration in familial sudanophilic leukodystrophy with
prominent spheroids. J Neurol Sci 147:185-191



	Hereditary diffuse leukoencephalopathy with spheroids: clinical,�pathologic and genetic studies of a new kindred
	Abstract
	Introduction
	Materials and methods
	Clinical and genealogical studies
	Pathological studies
	Electron microscopy
	Molecular genetic analysis
	Results
	Genealogical studies
	Clinical studies
	Cases report and pathological findings
	Fig1
	Tab1
	Fig2
	Tab2
	Fig3
	Fig4
	Fig5
	Fig6
	Fig7
	Fig8
	Fig9
	Fig10
	Tab3
	Molecular genetic analysis
	Discussion
	Acknowledgments
	References
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29

