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Abstract Frontotemporal lobar degeneration (FTLD) can
be pathologically subdivided into tau-positive and tau-
negative types. The most common tau-negative variant is
FTLD with ubiquitin-immunoreactive lesions (FTLD-U).
Recently, the TAR DNA binding protein 43 (TDP-43) was
identified in neuronal inclusions in FTLD-U. After apply-
ing TDP-43 immunohistochemistry to a series of 44 cases
of FTLD-U with no secondary pathology, three cases (7%)
were identified with ubiquitin- and p62-positive neuronal
cytoplasmic inclusions (NCI) that were negative for TDP-
43. All the three cases had marked brain atrophy with strik-
ing atrophy of the striatum. Cases 1 and 2 presented at ages
43 and 38, respectively, as behavioral variant frontotempo-
ral dementia (1 with positive family history) and had ubig-
uitin- and p62-positive NCI in frontotemporal neocortex
and dentate granule cells of the hippocampus. Case 3 pre-
sented with the corticobasal syndrome. Unlike the other
two cases, ubiquitin- and p62-positive NCI were also visi-
ble on hematoxylin and eosin stain. There were no neuronal
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intranuclear inclusions. Electron microscopic examination
of the NCI in cases 2 and 3 revealed granulofilamentous
inclusions. These cases confirm the existence of TDP-43-
negative FTLD-U and extend the clinical and pathological
spectrum of this disorder. The findings raise the possibly of
an as yet identified protein that may play a pathogenic role
in tau-negative FTLD.
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Introduction

Frontotemporal lobar degeneration (FTLD) can be patho-
logically subdivided into cases with tau-positive and tau-
negative immunoreactive lesions; the latter group being
more common [14, 20]. Recently, the TAR DNA binding
protein 43 (TDP-43) was identified in neuronal inclusions
in tau-negative FTLD with ubiquitin-immunoreactive
lesions (FTLD-U) and has been suggested to be a sensitive
and specific marker for those disorders [2, 26]. On the other
hand, TDP-43 immunoreactivity has also been reported in
amyotrophic lateral sclerosis (ALS) [2, 26], Guam Parkin-
son dementia complex [9, 11], Parkinson dementia [25], as
well as many cases of hippocampal sclerosis and some
cases of Alzheimer’s disease [1]. The latter findings raise
questions about the specificity of TDP-43 for FTLD-U.
Recently it has been proposed to classify FTLD into sub-
types based upon the distribution and morphology of TDP-
43 immunoreactive lesions in frontotemporal neocortices
and dentate granule cells of the hippocampus [3, 21]. In
addition, there is a small subset of cases of FTLD-U that do
not show TDP-43 immunoreactivity [3, 22]. In this report,
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we describe the frequency and clinicopathologic character-
istics of cases of FTLD with ubiquitin-positive neuronal
cytoplasmic inclusions (NCI) that show no evidence of
TDP-43 immunoreactivity in a collection of 44 cases of
FTLD-U without co-morbid pathologic processes. Three
cases were identified and studied with light and electron
microscopic immunohistochemistry.

Materials and methods
Subject selection

The neuropathological database at the Mayo Clinic,
Jacksonville, FL, was queried to identify all cases of FTLD
that had been histologically analyzed by one neuropathologist
(DWD) between October 1998 and July 2007, and that also
had stored paraffin blocks and a complete set of slides. A
total of 68 cases were identified that met these criteria.
Those with a secondary neurodegenerative diagnosis were
excluded: Alzheimer’s disease (Braak neurofibrillary tangle
stage > IV; N=5), Lewy body disease (N =15), argyro-
philic grain disease (N = 11), neurofilament inclusion body
disease (N = 2), and one case of pseudodementia. A total of
44 cases met inclusion and exclusion criteria and under-
went immunostaining with TDP-43 (rabbit polyclonal:
1:3,000; ProteinTech Group, Chicago, IL). TDP-43 immu-
nostaining was performed on brain tissue sections from ten
different regions, including frontal, temporal and parietal
neocortices, hippocampus, amygdala, striatum, midbrain,
pons, medulla and cerebellum. Of the 44 cases, 41 showed
abnormal TDP-43 immunoreactivity. In the remaining three
cases, there was no abnormal TDP-43 immunoreactivity in
any of the ten sections.

Pathological methods

All three cases without abnormal TDP-43 immunoreactiv-
ity underwent further histologic and ultrastructural evalua-
tion. Tissue sections were stained with hematoxylin and
eosin (H&E), Luxol fast blue-periodic acid Schiff (LFB-
PAS) and Bielschowsky silver stains. Immunohistochemi-
cal staining was performed using standard methods. The
deparaffinized and rehydrated sections were steamed in dis-
tilled water for 30 min and immunostained in batches to
assure consistency with a DAKO Autostainer (DAKO,
Carpinteria, CA) using 3, 3'-diaminobenzidine as the chro-
mogen. After immunostaining, the sections were lightly
counterstained with hematoxylin. The following antibodies
were used: phosphorylated neurofilament (SMI-31,
1:20,000; Covance, Berkeley, CA); ubiquitin (mouse
monoclonal Ubi-1, 1:40,000; Encor Biotechnology,
Alachua, FL; rabbit polyclonal UBQ [6], 1:500 and rabbit
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polyclonal UH-19 [18], 1:2,500); phospho-tau (CP13, 1:100;
Peter Davies, Albert Einstein College of Medicine, Bronx,
NY); a-synuclein (NACP, 1:3,000 [10]); p62 (guinea pig
polyclonal; 1;2500; Progen Biotechnik GmbH, Heidelberg,
Germany) and o-internexin (1:100; EnCor Biotechnology,
Alachua, FL). The presence or absence of motor neuron
disease was assessed and defined as previously described,
including stains for activated microglia [15].

Electron microscopy

Small pieces of tissue (hippocampus from cases 1 and 3,
frontal cortex of case 2) from formalin-fixed brains were
post-fixed in 2.5% glutaraldehyde, 0.1 M cacodylate buffer,
pH 7.0, and then in aqueous 2% OsO, and 1% uranyl acetate,
50% ethanol. After dehydration in an ascending series of
alcohols and propylene oxide, they were infiltrated and
embedded in Epon 812 (Polysciences, Warrington, PA). Thin
sections were stained with uranyl acetate and lead citrate.

For immunoelectron microscopy, tissues were dehy-
drated in 30, 50, 70, and 90% ethanol for 10 min each infil-
trated with 1:1 and 1:2 ratios of 90% ethanol: LR White for
20 and 40 min, respectively, followed by pure LR White
for 1 h and overnight at room temperature. The tissues were
embedded in BEEM® capsules, capped, and polymerized in
a vacuum oven at 50°C for 2 days. Immunogold labeling
was performed according to previous published methods
[19] with two polyclonal antibodies to ubiquitin [6, 18]
used at 1:20, which gave comparable results.

Results
Clinical histories

Case 1 was a 53-year-old man with 10-year duration of ill-
ness who presented with personality change at the age of
43. He would no longer repair broken items around the
house, something that he had enjoyed doing prior. He
began watching a significant amount of television. He had
difficulty maintaining concentration. He became socially
disinhibited and would say inappropriate things in public.
He had significant difficulty sleeping and had hallucinations
at night where he would see animals and people. He also
had a veracious appetite and especially for sweets. Family
history was negative for any neurodegenerative diseases.
When first examined at age 49 his Mini-Mental State
Examination (MMSE) [7] was 25 out of 30. There was no
evidence of motor neuron disease or Parkinsonism. An
MRI of the brain demonstrated evidence of hydrocephalus.
An '8F-fluoro-deoxy-glucose positron emission tomogra-
phy (FDG-PET) study demonstrated bifrontal hypometabo-
lism. His neurodegenerative syndrome was most consistent
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with a clinical diagnosis of behavioral variant frontotempo-
ral dementia (bvFTD).

Case 2 was a 42-year-old man with 4-year duration of
illness who presented with personality change and hyper-
sexuality at the age of 38. It was reported that he stopped
attending to tasks that he would previously complete. He had
a change in his appetite and ate whatever was available, espe-
cially sweets. He was socially disinhibited. Family history
was significant for an uncle who was clinically diagnosed
with progressive supranuclear palsy. On examination at age
39 his MMSE was 29 out of 30. Frontal release signs were
present. There was no evidence of motor neuron disease or
Parkinsonism. An MRI of the brain demonstrated frontal and
temporal lobe atrophy. His neurodegenerative syndrome was
most consistent with a clinical diagnosis of bvFTD.

Case 3 was a 68-year-old man with 5-year duration of ill-
ness who presented with language difficulty and trouble with
arm movements. His language problems were characterized
by difficulty with expression as well as trouble finding the
correct word. His comprehension was relatively intact. He
also had become socially isolated, being previously a more
outgoing person. He had impaired coordination and had diffi-
culty writing, cutting and eating his food, using tools and
opening bottles. His episodic memory was preserved, and he
had good insight into his problems. Family history was nega-
tive for any neurodegenerative disease. When first examined
at age 65 his MMSE score was 23 out of 30. He had a partial
Gerstmann syndrome. He had features of Parkinsonism,
including reduced arm swing. A mild pronator drift was
noted. He had evidence of apraxia. There was no evidence of
motor neuron disease. An MRI showed left greater than right
parietal atrophy as well as some left temporal lobe atrophy.
His neurodegenerative syndrome was most consistent with a
clinical diagnosis of corticobasal syndrome.

Neuropathological findings
Macroscopic findings

Neuropathological features are summarized in Table 1. The
fixed brain weights, based upon doubling the weight of the

available hemibrain, ranged from 920 to 1,240 g. The sulci
and gyri revealed varying degrees of frontal, temporal and
parietal lobe atrophy. In case 1, the atrophy was most
marked in frontal and medial temporal structures (Fig. 1),
while in case 2 atrophy was concentrated in the frontal
lobe, including the precentral gyrus (Fig. 2). In case 3, atro-
phy was more diffuse, affecting all but the occipital lobe
(Fig. 3). There was severe atrophy of basal ganglia nuclei
with marked flattening of the caudate nuclei in all cases
(Figs. 1, 2, 3).

Microscopic findings

The neocortex showed marked thinning of the cortical rib-
bon most severe in temporal lobe and less so in frontal lobe
in case 1; frontal, temporal and parietal lobe in case 3; and
frontal lobe in case 2. With thioflavin-S fluorescent micros-
copy no senile plaques or neurofibrillary tangles were
detected in any of the cases in all cortical sections. Tau,
a-synuclein, and o-internexin failed to reveal neuronal or
glial inclusions in gray or white matter. There were ubiquitin
immunoreactive NCI in neocortex in cases 2 and 3. Some
of the NCI in case 3 were visible on H&E in cortex, basal
ganglia and hippocampus.

The hippocampus had extensive neuronal loss in
Sommer’s sector, with more severe neuronal loss and gliosis
in the subiculum than CAI in all three cases. Only a few
neurofibrillary tangles were noted in the CA2 region of
case 3. The dentate fascia showed mild to moderate neu-
ronal loss and gliosis, most marked in case 1. On H&E,
there were well-circumscribed amphophilic-to-slightly
basophilic inclusions in the perinuclear cytoplasm in case
3, only (Fig. 3). They were moderate in number in the
dentate fascia and insular cortex, scant in cingular cortex
and absent in the amygdala. No similar inclusions were
noted in cases 1 and 2 on H&E. In all cases there were
ubiquitin immunoreactive NCI in the dentate fascia
(Figs. 1c, 2¢, 3c). In cases 2 and 3 these inclusions were
round, and well defined, while the inclusions in case 1
were smaller and less well defined (Fig. 1). In addition,
these ubiquitin-positive inclusions were scant (<10 inclusion)

Table 1 Gross pathological features of FTLD-U without TDP-43 immunoreactivity

Case 1 Case 2 Case 3
Brain weight (g) 1,240 1,020 920
Ventriculomegaly Frontal and temporal horns Frontal horn Frontal and temporal horns

Distribution of cortical atrophy
Amygdala and hippocampal atrophy
Basal ganglia atrophy

Thalamic atrophy

Brainstem depigmentation

Frontal and medial temporal

Frontal (pre-central gyrus)

Frontal, temporal and parietal

Moderate to severe Mild to moderate Severe
Severe Severe Severe
Minimal Moderate Mild

Substantia nigra and locus ceruleus Substantia nigra Neither
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Fig. 1 Case I: grossly there is frontal atrophy, sparing peri-rolandic
sulci. Coronal sections show massive ventricular enlargement, severe
atrophy of the striatum and atrophy of the frontal and temporal lobes

in case 1, moderate-frequent in number in case 2, and
moderate in case 3.

In all three cases, the NCI showed immunoreactivity to
p62/sequestosome (Figs. 1d, 2d), but were negative to
TDP-43 (Figs. le, 2e, 3g), tau, a-synuclein, neurofilament
and a-internexin (Fig. 3f). There were no neuronal intranu-
clear inclusions in any of the three cases.

The basal nucleus of Meynert had no significant neuronal
loss in all three cases, with only a few neurofibrillary tangles
in case 3. The basal ganglia had no senile plaques or neurofi-
brillary tangles, but showed severe neuronal loss and gliosis
in all three cases, particularly in the head of the caudate
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with attenuation of the cerebral white matter. Inclusions in the dentate
fascia are not visible on H&E (b), but are immunopositive for ubiquitin
(¢) and p62/sequestosome (d) and negative for TDP-43 (e). b—e x400

nucleus. Ubiquitin immunohistochemistry revealed NCI that
were moderate in density in case 3, sparse in case 2 and rare
in case 1. There were a moderate number of axonal spheroids
in case 1, while they were sparse in case 2 and absent in case
3. The thalamus showed variable neuronal loss and gliosis,
mostly in anterior and medial nuclei (Table 1). The subthala-
mus was unremarkable in all three cases. The substantia
nigra had moderate to marked neuronal loss with extraneuro-
nal neuromelanin and gliosis (Table 1). No Lewy bodies or
neurofibrillary tangles were present in any of the cases. The
medial cerebral peduncle (frontobulbar tract) was attenuated,
extending to the middle third (corticospinal tract) in case 3.
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Fig. 2 Case 2: grossly there is frontal atrophy that encroaches on pre-
central gyrus. Coronal sections show ventricular enlargement, severe
atrophy of the striatum and depigmentation of the substantia nigra.

The motor neurons in the medulla were spared, as were the
Betz cells in the motor cortex of all three cases.

Electron microscopy

The NCI were detected in the frontal cortex in case 2 and the
granule cells of dentate fascia in case 3 (Fig. 4). They were
not membrane-bound and contained randomly oriented fila-
ments with focal coating by electron dense granular material
(Fig. 4b). In coated regions the filaments had a diameter of
15-20 nm, but in segments without coating, the filaments had
a diameter of 10—15 nm, and appeared to be straight. Fila-

Inclusions in the dentate fascia are not visible on H&E (b), but are im-
munopositive for ubiquitin (¢) and p62/sequestosome (d) and negative
for TDP-43 (e). b—e x400

ments were mostly short in length and not densely packed.
In addition, small vesicles of various densities were present
among the filaments (Fig. 4c). Some inclusion also contained
interspersed mitochondria and occasional laminated bodies.
In other inclusions mitochondria, lipofuscin and rough endo-
plasmic reticulum were displaced by the inclusion to the
periphery of the perikarya (Fig. 4c). In case 1, cytoplasmic
inclusions were sparse and could not be detected at the elec-
tron microscopic level. Immunoelectron microscopy with
gold conjugated secondary antibodies confirmed ubiquitin
labeling of the inclusions in both coated and uncoated
regions of the filaments (not shown).
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Fig. 3 Case 3: grossly there is global atrophy that is very severe in apparent on H&E (b) and are positive for ubiquitin (¢) and p62/seques-

inferior parietal and posterior temporal lobes. Coronal sections show tosome (not shown), but they are negative on Bielschowsky (d) and
ventricular enlargement, severe atrophy of the striatum, severe medial Gallyas (e) stains and for tau (not shown). They are also negative for
temporal atrophy and depigmentation of the substantia nigra. Inclu- a-internexin (f) and TDP-43 (g). b—g x400

sions in the dentate fascia, which resemble Pick bodies, are readily
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Fig. 4 a Neuronal cytoplasmic inclusions (asterisk) in a hippocampal
granule cell of case 2. (Bar 1 pm). b Higher magnification shows coat-
ed (double arrow) and uncoated (arrowheads) filaments in random
orientations, as well as small vesicles containing dense materials
(arrows). Mitochondria (M) are located at the periphery of the inclu-

Discussion

In this study, we identified three cases of FTLD-U that
had neuronal inclusions that were negative for TDP-43.
Although the inclusions in case 3 were visible on H&E,
suggesting that case 3 may be different from cases 1 and 2,

sion. Bar 0.3 pm. ¢ Neuronal cytoplasmic inclusions (asterisk) in a
cortical neuron of case 3. The filamentous inclusions displace cytoplas-
mic organelles. Arrows point to mitochondria. Lf Lipofuscin, N nucle-
us. Note deep nuclear indentation (arrowheads). Bar 1 pm

all three cases shared the same degree of striking atrophy
of the striatum and the same immunohistochemical pro-
file. In addition, the electron microscopic appearance of
the NCI was similar in cases 2 and 3. These findings sug-
gest that the three cases may represent a single type of
FTLD-U.
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The term dementia lacking distinctive histology was first
described by Knopman et al. [16] and was initially thought
to be the most common type of FTLD. With the advent of
improved methods for ubiquitin immunohistochemistry, it
was demonstrated that almost all cases of dementia lacking
distinctive histology had inclusions in frontotemporal neo-
cortex or dentate granule cell layer of the hippocampus that
were immunoreactive for ubiquitin, with or without motor
neuron disease (MND) consistent with FTLD-U or FTLD-
MND [13, 14, 20, 21]. Most recently, it has been demon-
strated that the ubiquitinated inclusions are immunoreactive
for TDP-43 [26]. It has been suggested that TDP-43 is a
more specific marker of FTLD-U than ubiquitin because
ubiquitin immunoreactivity is also present in a wide range
of neuronal inclusions as well as age-related structures [5].
On the other hand, recent studies indicate that not all
FTLD-U have TDP-43 immunoreactivity, including cases
with a-internexin-immunoreactive NCI [4] and so-called
basophilic inclusion body disease [29].

The three cases described in this series had evidence of
frontal and temporal lobe atrophy, with variable involve-
ment of parietal lobe, on gross histology and had neuronal
loss and gliosis in frontotemporal neocortices with ubiqui-
tin-positive NCI. Hence, all three cases meet the criteria for
FTLD-U. Unlike the majority of the 44 FTLD-U cases in
this series, these 3 cases were unique, since in none of them
did the NCT stain positive with TDP-43. Cases 1 and 2 were
similar to those recently reported by Mackenzie et al. [22].
Similar to that series of six cases, our cases 1 and 2 also had
a young age at onset and clinical presentation with bvFTD
with disinhibition. Pathologically, cases 1 and 2 were also
similar, in that NCI were found in frontotemporal neocor-
tices and hippocampal dentate granule cells and were immu-
noreactive to ubiquitin and p62/sequestosome, yet negative
to TDP-43. Unlike the series of six patients reported by
Mackenzie et al. [22], one of our cases (case 2) has a posi-
tive family history and none had neuronal intranuclear
inclusions. Furthermore, we cannot confirm a female pre-
dominance in this disease as all of our cases were male.

Case 3 in our series had a different clinical presentation,
presenting with the corticobasal syndrome and at an older
age of 63. Unlike cases 1 and 2, NCI were visible on H&E
in neocortex and in the granule cells of the hippocampus
dentate gyrus. The NCI had slightly basophilic tinctorial
properties on H&E compared to the adjacent cytoplasm and
were similar to NCI described in basophilic inclusion body
disease, an entity initially associated with ALS [23] and
later thought to be a variant (“generalized variant”) of
Pick’s disease [24]. Subsequent case reports and series have
shown an association between basophilic inclusion body
disease and dementia or ALS [17, 23, 27, 29]. It is of note
that our case 3 had corticospinal tract degeneration. In addi-
tion, the corticobasal syndrome in case 3 is similar to pre-
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sentations of some patients with basophilic inclusion body
disease reported by Yokota etal. [29]. The presence of
ubiquitin immunoreactivity in basophilic inclusion body
disease is inconsistent, with some studies reporting ubiqui-
tin immunoreactivity as in our case 3 [27], while others do
not [29]. This may be due to variations in the sensitivity of
ubiquitin immunohistochemistry or due to a lack of consen-
sus on how this entity is defined pathologically.

At the electron microscopic level, the inclusions in cases
2 and 3 appeared similar to each other and similar to those
reported previously in basophilic inclusion body disease
[17, 24] and for FTLD-U with TDP-43 immunoreactivity
(unpublished observations). They all contained 10-15 nm
diameter straight filaments that were focally coated by elec-
tron dense granular material. They were also immunoreac-
tive for ubiquitin. Therefore, we cannot exclude the
possibility that all three cases are similar. Another striking
features of all three cases was the severe degree of basal
ganglia atrophy, with flattening of the caudate head and
nucleus accumbens, additionally suggesting that they may
share a common etiopathogenesis.

An FTLD with a similar immunohistochemical profile to
our cases has been associated with mutations in the charged
multivesicular body protein 2b (CHMP2b) [28]. Similar to
our cases, FTLD associated with CHMP2B has ubiquitin
and p62 positive inclusions that are TDP-43 negative [12].
It is unlikely, however, that our cases are associated with a
mutation in CHMP2B as this genetic defect has only been
described in a single Danish family and two of the three
cases did not have a positive family history. Moreover, this
is a rare mutation and has not been found in screens of over
140 FTLD families [8].

In summary, the present study confirms the existence of
atypical FTLD-U without TDP-43 immunoreactivity [22]
and suggests that there is likely to be another protein(s) that
plays a pathogenic role in tau-negative FTLD.

Disclosure statement The authors do not have any disclosures.
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