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Abstract

Introduction: The corticobasal syndrome (CBS) is associated with several neuropathologic
disorders, including corticobasal degeneration (CBD) and Alzheimer’s disease (AD).

Method: In this report, we studied 43 AD patients with CBS (AD-CBS) and compared them with
42 AD patients with typical amnestic syndrome (AD-AS), as well as 15 cases of CBD-CBS.

Results: Unlike AD-AS, AD-CBS had prominent motor problems, including limb apraxia
(90%), myoclonus (81%) and gait disorders (70%). Alien limb phenomenon was reported in 26%
and cortical sensory loss in 14%. Language problems were also more frequent in CBS-AD and
memory impairment was less frequent. AD-CBS had more tau pathology in peri-Rolandic cortices,
but less in superior temporal cortex than AD-AS. In addition, AD-CBS had greater neuronal loss
in the substantia nigra.

Discussion: AD-CBS is a clinicopathological subtype of AD with an atypical distribution
of Alzheimer type tau pathology. Greater neuronal loss in substantia nigra may contribute to
Parkinsonism that is not a feature of typical AD.
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1. Introduction

Alzheimer disease (AD) typically presents with episodic memory impairment followed by
cognitive deterioration in other domains, such as executive function, praxis, and visuospatial
skills [1]. It is increasingly recognized that pathologically confirmed AD can have atypical
clinical presentations, such as posterior cortical syndrome [2], aphasia [3] (especially

the logopenic variant [4]), and frontal lobe syndrome associated with dysexecutive and
behavioral changes [5, 6]. Uncommonly, AD may present with limb apraxia [7] and

other features of the corticobasal syndrome (CBS) [8]. CBS has asymmetric, higher-order
cortical dysfunction (e.g., apraxia and cortical sensory deficits) and extrapyramidal motor
dysfunction [9]. Current clinical criteria of CBD define several clinical presentations of
CBD, only one of which is CBS [8]. The latter is a progressive asymmetric motor disorder
(at least two of dystonia, Parkinsonism, or myoclonus) with non-motor features (at least two
of limb apraxia, cortical sensory loss, or alien limb phenomenon) [8]. CBS was once thought
to be specific for CBD [9], but autopsy series show other pathologic processes, including
AD, frontotemporal lobar degeneration with TDP-43 pathology (FTLD-TDP), progressive
supranuclear palsy, and Pick’s disease [8, 10-14].

AD-CBS is increasingly recognized as an atypical variant of AD, and antemortem imaging
for amyloid or analyses of cerebrospinal fluid Ap have been proposed as means to

assist in the differential diagnosis of CBD-CBS and AD-CBS [8, 15]. To date, most
clinicopathologic studies of AD-CBS have been relatively small patient series [16-21] or
individual case reports [13, 17, 18, 22]. Predicting the pathologic underpinnings of CBS is of
increasing interest as disease-modifying therapies are being developed for both AD [23] and
tauopathies [24]. In this report, we studied 43 pathologically-proven AD patients presenting
with antemortem clinical features of CBS and compare them to 15 patients with CBS and
CBD pathology (CBD-CBS), as well as 42 patients with AD and a typical amnestic clinical
presentation (AD-AS).

2. Material and methods

2.1. Case material

All cases were submitted to or autopsied by the brain bank for neurodegenerative disorders
at Mayo Clinic in Jacksonville, Florida. The left or right hemibrain was fixed in 10%
formalin, and the opposite hemibrain was frozen at —80°C. In this study, histologic studies
of 4 AD-CBS (9%), 9 AD-AS (21%) and 3 CBD-CBS (20%) were from the right hemibrain.
Formalin-fixed tissue was sampled with standardized dissection methods and embedded in
paraffin blocks. Most of the CBD cases were acquired through the CurePSP brain bank
[25]. AD cases were acquired from a range of sources and types of studies, including
prospective longitudinal research studies as part of the Mayo Clinic Alzheimer’s Disease
Research Center (P50 AG16574), but also from neurologists and specialists in academic
medical centers (see Acknowledgement Section). Many of the AD patients were enrolled in
the State of Florida Alzheimer Disease Initiative [26]. One AD-CBS and two AD-AS were
Hispanic, while all others were Caucasian.
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Clinical information (age at death, sex, clinical diagnosis, disease duration, and family
history) was abstracted from medical records. The specialty of the clinician of record
(internist, psychiatrist, general neurologist, movement disorder specialist or behavioral
neurologist) differed between AD-AS and AD-CBS and between AD-AS and CBD-CBS,
but not between AD-CBS and CBD-CBS. The clinician of record for patients with CBS,
regardless of underlying pathology, was more likely to have been a movement disorder
specialist.

2.2 Demographics and clinical presentation

We identified 58 cases of AD-CBS among 1,693 pathologically confirmed AD (3.5%), all
meeting criteria for intermediate-to-high likelihood AD using NIA-AA criteria [27]. For
clinicopathologic studies, we excluded AD cases with concomitant Lewy bodies, ranging
from brainstem-predominant to diffuse cortical Lewy bodies, since this pathology could
independently contribute to an atypical parkinsonian syndrome [14]. We permitted cases
with Lewy-related pathology confined to the amygdala [28], given that this pathology is
not associated with atypical parkinsonian syndrome [29]. After applying exclusion criteria,
there were 43 autopsy-confirmed cases of AD with CBS (AD-CBS), including one that was
reported previously [30]. For comparison of clinicopathological features with AD-CBS, we
matched AD-CBS with 42 patients with autopsy-confirmed AD and typical amnestic clinical
presentations. We made an effort to match AD-CBS with AD-AS cases for age, sex, age at
onset, age at death and disease duration, as well as for Braak neurofibrillary tangle stage
[31] and Thal amyloid phase [32].

As an additional comparison group, we included a series of 15 patients with autopsy-proven
CBD and an antemortem clinical syndrome consistent with CBS (CBD-CBS), matched as
closely as possible for demographic features. There was insufficient antemortem biomarker
data, such as beta-amyloid positron emission tomography and cerebrospinal fluid beta-
amyloid and tau, to permit evaluation of biomarkers in differential diagnosis of AD-CBS and
CBD-CBS. None of the CBD-CBS cases had Lewy body pathology.

All cases were screened for presence of TAR DNA binding protein of 43 kDa (TDP-43)
pathology in a section that contained the amygdala. Demographic and pathologic data for
the three groups are summarized in Table 1.

2.2.1. Histopathologic studies—Gross and microscopic neuropathologic assessments
were performed by standardized procedures and were evaluated by a single neuropathologist
(DWD). In addition to histologic evaluation with hematoxylin and eosin stains, presence
and severity of Alzheimer pathology was assessed with thioflavin-S fluorescent microscopy.
Braak neurofibrillary tangle stages and Thal amyloid phases were assigned to each case
based upon lesion counts in cortical and subcortical areas with thioflavin-S fluorescent
microscopy [33]. The severity of neuronal loss was assessed in the basal nucleus of Meynert
on a four point scale: none, mild, moderate, and severe.

2.2.2 Immunohistochemistry—Immunohistochemistry was performed on 5-pm thick
sections of formalin-fixed, paraffin embedded tissue. Glass-mounted sections were de-
parafinized in xylene and rehydrated in ethanol and distilled water. Immunohistochemistry
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for TDP-43 used a rabbit polyclonal antibody to a mid-region neoepitope (MC2085; from
Leonard Petrucelli, PhD, Mayo Clinic Jacksonville); for tau immunochemistry, we used

an antibody to phospho-serine 202 (CP13; mouse monoclonal; from Peter Davies, PhD,
Feinstein Institute, North Shore Hospital, NY); and for microglia we used a monoclonal
antibody to a member of the lysosomal/endosomal-associated membrane glycoprotein
(LAMP) family (CD68; mouse monoclonal; DAKO). The following regions were evaluated:
cingulate gyrus, superior frontal gyrus, motor cortex, somatosensory cortex and corpus
callosum, as well as the hippocampus. In the latter, hippocampal subfields were analyzed
separately (CA4, CA2, CA1 and subiculum).

Immunoperoxidase staining was performed on a DAKO AutostainerPlus (Agilent/DAKO,
Santa Clara, CA) with the DAKO EnVisionTM™* system-HRP with diaminobenzidine as the
chromogen. Nonspecific antibody binding was blocked with normal goat serum.

2.2.3. Substantia nigra neurodegeneration—Neuronal loss in the ventrolateral
region of the substantia nigra was assessed in a single transverse section of midbrain at the
level of the third cranial nerve [34] using a four point scale — none (0), mild (1), moderate
(2), or severe (3). This scoring scheme was shown previously to correlate with striatal
dopaminergic nerve terminal loss assessed with tyrosine hydroxylase immunohistochemistry
[35].

2.2.4. Image analysis—Digital microscopy methods have been described previously
[36]. Briefly, immunostained glass slides were scanned on an Aperio ScanScope XT

slide scanner (Aperio Technologies/Leica Biosystems, Buffalo Grove, IL), producing high
resolution digital images. Digital image analysis was performed using Aperio ImageScope
software. Regions of interests were outlined on digital images. A color deconvolution
algorithm was used to count the number of pixels that were positive with the chromogen.
The output variable was percentage of strong positive staining relative to total pixels in
the region of interest. The region of interest for cerebral cortex was defined as the entire
thickness of the cortical ribbon in a region where the pial surface was parallel to the
cortical gray-white junction. Regions of interest were also traced in the corpus callosum and
peri-Rolandic white matter beneath the motor cortex.

2.2.5. Statistical analyses—Sigma Plot Version 12 (Systat Software, San Jose, CA)
was used for statistical analyses. Due to small sample sizes, non-parametric Kruskal-Wallis
analysis of variance on ranks (ANOVA) was performed on quantitative measures to assess
differences in the median values. Post hoc pairwise comparisons were performed using
Mann-Whitney rank sum test. For categorical data (e.g., sex and clinical specialty), a
Chi-square test was used to compare group differences. Fisher’s exact test was used for
comparison of pairwise categorical data if the counts were less than 5. A statistically
significant difference was considered for two sided P < 0.05.
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3. Results

3.1. Clinical characteristics of CBS-AD

All AD-CBS cases met criteria for probable CBS using criteria of Armstrong et al.

[8]. Demographics and gross neuropathologic characteristics of cases in this study are
shown in Table 1. Although AD usually presented with episodic memory problems,

the initial symptoms of AD-CBS were more variable (Table 2). Initial clinical features
included language problems and asymmetric limb apraxia more often than episodic memory
impairment. Early episodic memory problems were significantly less frequent in AD-CBS
(26%) than in AD-AS (93%).

Motor signs or symptoms were common in AD-CBS. In 12 patients (29%), initial
complaints were motor problems, including asymmetric motor incoordination, gait
abnormalities, tremor, or myoclonus (Table 2). During the disease course, 39 (90%)
patients with AD-CBS had limb apraxia, and 28 (65%) had language problems; however,
memory problems were prominent in only 23 (53%) patients. Visuospatial problems were
recorded in 26 patients (60%), and visual neglect was noted in 8 patients (19%). Behavioral
abnormalities were present in 17 patients (40%) during the disease course. A core feature
of CBS, the alien limb phenomenon, was reported in 11 cases (26%), and cortical sensory
loss in 6 cases (14%). Other motor signs or symptoms included myoclonus (81%), gait
problems (70%) and rigidity (67%). Tremor and dystonia were less frequent (36% and
17%, respectively). Hallucinations or delusions, or both, were noted in 13 cases (30%) of
AD-CBS. Falls were noted in 13 (28%) of AD-CBS. Comparing AD-CBS to CBD-CBS,
myoclonus and behavioral problems were significantly more frequent in AD-CBS (Figure
1).

3.2.1. Pathologic findings—Most cases of pathologically confirmed CBD had atrophy
in superior frontal gyrus (Figure 2), often accompanied by topographically-aligned thinning
of the corpus callosum [37]. We assessed brain atrophy patterns in photographs of the fixed
hemisphere of AD-CBS, CBD-CBS and AD-AS blinded to diagnostic groups (Table 1).
There were differences between AD-CBS, CBD-CBS and AD-AS in superior frontal gyrus,
with CBD-CBS showing more frequent atrophy than AD-CBS. AD-AS had significant less
paracentral lobule atrophy compared with AD-CBS (Table 1). In addition, AD-CBS tended
to have more atrophy in occipital cortex compared with CBD-CBS (Table 1). We did not
find differences in thickness of the corpus callosum between AD-CBS and AD-AS (Table 3).

Regarding AD-related pathology, AD-CBS and AD-AS had similar Braak NFT stage and
Thal amyloid phase based upon study design (Table 1); but when quantitative indices were
evaluated rather than topographic staging, we found significantly fewer NFT in superior
temporal cortex (p=0.002), and significantly more NFT in motor cortex (p<0.001) in AD-
CBS compared with AD-AS (Table 3). In the hippocampus, there were trends for lower
NFT counts in AD-CBS compared with AD-AS, especially in CA1 and subiculum (not
shown). We compared scores for neuronal loss in basal nucleus of Meynert and substantia
nigra. Neuronal loss in the basal nucleus of Meynert was greater in AD-AS and AD-CBS
than in CBD-CBS, but there was no difference between AD-CBS and AD-AS. In contrast,
neuronal loss in substantia nigra was significantly different in the 3 groups, with greater
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neuronal loss in AD-CBS than AD-AS. As expected, CBD-CBS had significantly greater
neuronal loss in substantia nigra than both AD-AS and AD-CBS. There were no significant
differences between AD-CBS and AD-AS in regions assessed for senile plaque counts or
for Thal amyloid phase. Both senile plague counts and Thal phase were significantly less in
CBD-CBS.

3.2.2 Tau pathology—We used immunohistochemistry with a phospho-tau antibody and
image analysis of burden of tau pathology in various brain regions (Figure 3). In both
AD-CBS and AD-AS, tau burden was greater in cingulate gyrus than in CBD-CBS. In
contrast, tau burden was significant greater in peri-Rolandic cortices, namely motor cortex
(p<0.001) and somatosensory cortex (p=0.007), in AD-CBS compared with AD-AS (Table
3). While tau burden in motor cortex was similar in AD-CBS and CBD-CBS, there was
less tau burden in somatosensory cortex in CBD-CBS than in AD-CBS. White matter tau
pathology is a characteristic feature of CBD [38]; therefore, we assessed tau burden in both
corpus callosum and peri-Rolandic white matter. As expected, CBD-CBS had high density
of tau pathology in corpus callosum and peri-Rolandic white matter, but white matter tau
pathology was similar in AD-CBS than AD-AS (Figure 3 and Table 3).

3.2.3. Microglial pathology—We also assessed microglial pathology using CD68 as a
marker of activated microglia and macrophages. Of the three groups evaluated, CBD-CBS
tended to have the greatest microglial burden in several brain regions, but there were

few differences between AD-CBS and AD-AS. CBD-CBS had significantly greater CD68
burden in motor cortex, peri-Rolandic white matter and corpus callosum compared with
AD-AS and AD-CBS (Table 3).

4. Discussion

CBS is a distinctive clinical syndrome with heterogeneous underlying neuropathology,
including CBD, PSP, FTLD-TDP, Pick’s disease, Lewy body disease, and AD. CBD and
PSP are the most common pathological findings in patients with antemortem CBS [39]. The
diagnostic accuracy of CBS with CBD pathology is poor (hot more than 50%; based upon
unpublished observations from the CurePSP Brain Bank). Although the frequency is difficult
to assess from the medical literature due to small and selective case series, individual case
reports, and lack of systematic surveys of large autopsy cohorts [40], AD is recognized as
one of the pathologic substrates of CBS. The frequency ranges from less than 10% [12] to
over 20% [11, 20]. In this study, we focused on AD-CBS and report the largest series to
date. Cases were drawn from a brain bank for neurodegenerative disorders, with a particular
focus on both AD and atypical parkinsonian disorders; 58 cases of AD-CBS were identified
in 1,693 autopsy-confirmed cases of AD (3.5%).

The most common clinical presentation of AD-CBS was cognitive dysfunction (74%), but
memory deficits were not always the initial feature. Less than 25% of AD-CBS had early
memory problems. Of the other core clinical features of CBS, alien limb phenomenon was
noted in 26% and cortical sensory loss in 14%. Myoclonus was even more frequent (81%).
Motor problems preceded cognitive symptoms in 10 cases (23%) (Table 2). Over the disease
course, the most common higher order cortical dysfunction in AD-CBS was limb apraxia
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(90%). The most common motor disorders were myoclonus (81%), gait disorder (70%), and
rigidity (67%).

Relatively few reports of AD-CBS have been based on autopsy-proven cases of AD-CBS
and AD-AS. Hu et al. studied five patients with AD-CBS and eleven with CBS not due to
AD and found that supportive features such as myoclonus and tremor may help differentiate
AD-CBS from CBS not due to AD (myoclonus: 80% vs 18%; tremor: 0% vs 73%) [16]. Lee
et al. reported that visual neglect was frequent in AD-CBS [20].

The largest studies of AD-CBS are based on antemortem AD biomarker profiles. Given
that Alzheimer type pathology can occur in CBD, this type of study has its drawbacks.
Nevertheless, McMillan et al. compared clinical features of 12 patients with AD-CBS

and 23 patients with CBS not due to AD and reported higher frequency of asymmetric
rigidity compared with AD-CBS [41]. They did not differ in dementia severity or frequency
of extrapyramidal signs. Di Stefano, et al. reported 8 patients with AD-CBS and 37

patients with CBS not due to AD, and reported that AD-CBS had more frequent phonemic
paraphasias (62%), myoclonus (50%) and rigidity (88%) than CBS not due to AD [42].

Although challenging, there may be clinical features that assist in differentiating AD-CBS
from other disorders presenting as CBS. In this study, the most common combination of
features in AD-CBS was apraxia, myoclonus, and language problems. In CBD, language
impairments are increasingly recognized as a common and frequent presenting feature.
Aphasia has been reported to occur in 40% at presentation and in 52% over the disease
course [8]. Although the subtype of aphasia was difficult to categorize in our retrospective
study, a logopenic-like aphasia with anomia, word retrieval problems and poor sentence
repetition may be useful in diagnosis of AD-CBS, because logopenic aphasia is often
associated with AD pathology [43]. In this study, visuospatial problems were frequent
during the disease course in AD-CBS (60%), and six patients had visuospatial problems
as key clinical feature. Boyd et al. suggested that visuoperceptual deficits may assist in
differentiating AD-CBS from CBS not due to AD pathology [44]. Lee, et al. also reported
spatial disorientation in 22% and visual neglect in 44% of nine autopsy-proven cases of AD-
CBS [20]. Further investigation on the value of visuospatial impairments in the differential
diagnosis of CBS are needed.

The current study supports the notion that myoclonus may help differentiate AD-CBS
from CBD-CBS [16]. Myoclonus was detected in 81% of AD-CBS, but in only 40% of
CBD-CBS. It is noteworthy that two cases of AD-CBS had myoclonus as an initial feature,
but it was not detected as an initial feature in any patient with CBD-CBS.

Hallucinations or delusions, or both, were noted in 13 cases (30%) of AD-CBS, but not
in CBD-CBS. The frequency of hallucinations has not been thoroughly investigated in
AD-CBS, and the effects of levodopa treatment complicate this finding [8]. Additional
studies are needed to determine the value of hallucinations in the differential diagnosis of
CBS.

In this study, six patients with AD-CBS had clinical features of posterior cortical atrophy
(PCA) syndrome without necessarily meeting research criteria for PCA [45]. While not

Alzheimers Dement. Author manuscript; available in PMC 2022 July 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sakae et al.

Page 8

significantly different from AD-AS (33%), they tended to be different from CBD-CBS
(20%). Antemortem imaging studies have also suggested that posterior cortical atrophy
might differentiate CBD-CBS from AD-CBS [46]. It is of interest that posterior cortical
dysfunction can be associated with visual neglect [20]. In the present series, eight AD-CBS
patients had visual neglect, but it was not recorded in CBD-CBS. In contrast to AD-AS
and AD-CBS, cortical atrophy was more frequent in superior frontal gyrus of CBD-CBS.
This suggests that in patients with CBS, distribution of cortical atrophy may assist in the
differential diagnosis, with occipital atrophy, sometimes associated with visual neglect,
favoring AD-CBS and superior frontal gyrus atrophy favoring CBD-CBS.

Although asymmetry has been stressed as a core feature of CBD [20], asymmetric clinical
presentations are not predictive of CBD. Moreover, patients with autopsy-confirmed CBD
can have symmetric clinical features and symmetric cortical atrophy on antemortem
neuroimaging [47]. In the present series, all CBS patients had asymmetry of motor signs
or symptoms given that the selection criteria were stipulated to be CBS [8].

While corpus callosum atrophy is frequent in CBD, we found no difference in the thickness
of corpus callosum between AD-CBS and CBD-CBS. This is similar to the observations of
Lee, et al. [20]. Our study furthered suggests that clinical features in AD-CBS are not driven
by white matter pathology, since we found no differences between AD-AS and AD-CBS for
burden of tau or activated microglia, the latter assessed by CD68 immunochistochemistry. On
the other hand, we found significant differences in regional tau pathology, with increased
tau burden in peri-Rolandic cortices (motor cortex and somatosensory cortex) of AD-CBS
and significantly decreased tau pathology in limbic and multimodal association cortices
(cingulate gyrus and superior frontal gyrus) compared with AD-AS (Table 3).

Regarding Parkinsonism, we found more neuronal loss in substantia nigra in AD-CBS
compared with AD-AS, but both had significantly less neuronal loss than in CBD-CBS
(Table 4). Our findings differ from previous reports of no difference in substantia nigra
degeneration between AD and AD-CBS [12, 17, 21]. This may be related to differences

in assessment of neuronal loss in the substantia nigra. In the present study, neuronal loss
was specifically assessed in the ventrolateral cell group, which is selectively vulnerable

to neuronal loss in Parkinsonian disorders [34] and which has been shown to correlate

with striatal dopaminergic degeneration [35]. The substantia nigra cell groups evaluated for
neuronal loss is not always clearly defined in other studies.

There are strengths and weaknesses in this study. A weakness of the study is its retrospective
nature, and as result we did not have standardization of medical documentation.
Nevertheless, most of the AD-CBS patients were evaluated by experts in behavioral
neurology or movement disorders, often in clinics in academic medical centers (see
acknowledgements). The strengths of this study are that all cases had systematic and
standardized neuropathologic evaluations, with semi-quantitative assessment of neuronal
and glial lesions, supplemented with measures of tau burden objectively measured with
digital pathologic methods.
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In summary, we find that AD-CBS is a variant of AD with atypical distribution of

tau pathology, particularly in peri-Rolandic cortices. It differs from AD-AS by more
severe neuronal loss in ventrolateral substantia nigra, a finding that may be associated

with Parkinsonism. Myoclonus, logopenic type aphasia, posterior cortical syndromes and
evidence of occipital atrophy may help differentiate AD-CBS from CBD-CBS. Early onset
of myoclonus may also support a diagnosis of AD-CBS over CBD-CBS, while early
visuospatial problems, visual neglect and early memory deficits would favor AD-CBS.
Together with these clinical features, structural and molecular neuroimaging (amyloid and
tau PET) and CSF biomarkers needs to be evaluated and would be expected to increase the
antemortem diagnostic accuracy of AD-CBS.
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Research in context
Systematic review

Review of the medical literature and personal experience from the brain bank at Mayo
Clinic suggest that diagnostic accuracy of corticobasal degeneration (CBD) is poor (less
than 50%).

I nterpretation

We studied clinical and pathological features that differentiate AD-CBS from CBD-
CBS, based on retrospective review of medical records and quantitative neuropathologic
methods in the world’s largest autopsy series of AD-CBS. While there are inherent
limitations of retrospective analyses, we found early myoclonus and visual neglect may
assist in differentiating AD-CBS from CBD-CBS. AD-CBS had greater tau pathology
in peri-Rolandic cortices, but less in the temporal cortex than AD-AS. Substantia nigra
neuronal loss was also greater.

Futuredirections

Molecular and neuroimaging biomarkers will be needed to increase diagnostic accuracy
of CBS. Differentiating CBD-CBS from AD-CBS is important since tau pathology in AD
is different, namely 3R+4R tau, and 4R-tau specific therapies may not be beneficial in
AD.
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Frequency of Clinical Features During the Disease Course
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Fig. 1. Clinical features during the disease cour se of AD-CBS and controls
Data are displayed as frequency of given clinical feature (percent of total in that group).

Post hoc pairwise comparison analysis is performed with Mann-Whitney rank sum test. The
asterisks (*) indicate significant differences between AD-CBS and CBD-CBS (myoclonus

- P=0.006, aphasia = £=0.007, memory impairment; £=0.004, hallucinations or delusions;
P=0.01, dystonia; £=0.04, and falls; £=0.03)
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Fig. 2. Macroscopic examples of AD-CBSand AD-AS
Comparison of representative cases of AD-CBS (A, B, C) and AD-AS (D, E, F). The

midsagittal view shows marked medial frontal atrophy, especially in paracentral lobule and
peri-Rolandic region (MTR) in AD-CBS (A), but not in AD-AS (D). Coronal sections
show ventricular enlargement, with disproportionate enlargement of frontal compared
with temporal horns of the lateral ventricle in AD-CBS (B) compared with AD-AS (E).
Transverse sections of the midbrain show decreased neuromelanin pigment in the lateral
substantia nigra (SN) in AD-CBS (C) compared with AD-AS (F).
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AD-CBS AD-AS

Fig. 3. Phospho-tau immunohistochemistry of AD-CBS and AD-AS
Peri-Rolandic cortices of representative cases of AD-CBS (A and D) and AD-AS (B and

D) immunostained for phospho-tau. Boxed areas of motor cortex in A and B are shown

at higher magnification in C and D. Representative higher magnification images of phospho-
tau immunostaining in motor cortex of AD-CBS (E) and AD-AS (F) after application of the
image analysis color deconvolution algorithm on the same images in (G) and (H). Strong
positive pixels are shown in red. Tau burden is the ratio of strong positive pixels to all pixels
in the region of interest. The analysis does not discriminate between NFT and neuropil
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threads. Note higher density of tau pathology in motor cortex of AD-CBS compared with
AD-AS. Scale bars: A - 150-uym, C - 20-ym, E - 50-um.
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Table 1
Demographics AD-CBS and Controls
p-values
AD-ASn=42  AD-CBSn=43 CBD-CBSn=15 AD-ASvs AD-ASvs AD-CBSvs
AD-CBS CBD-CBS CBD-CBS
Clinical features
Sex, male (%) 18 (43%) 17 (40%) 10 (63%)
Age at onset, years 63 (57,73) 61 (55,69) 64 (55,69)
Age at death, years 73 (67, 78) 70 (64,77) 71(62, 77)
Disease duration 9(7,11) 9(7,1) 7(5,8) 0.05 0.02
Neuropathologic features
Brain weight 960 (920, 1070) 980 (860, 1060) 1160 (1040, 1295) <0.001 <0.001
Braak stage VI \! H-111 (1, 11) <0.001 <0.001
Thal phase 5 5 1(0,3) <0.001 <0.001
TDP-43 12/42 (28%) 7143 (16%) 2/15 (13%) 0.008
Amygdala Lewy bodies 6 5 none
Regions of cortical atrophy at autopsy
Superior frontal gyrus 0 (0%) 4 (10%) 6 (40%) 0.05 <0.001 0.01
Paracentral lobule 2 (5%) 9 (22%) 2 (13%) 0.03
Temporal, anterior 8 (21%) 1(2%) 0 (0%) 0.01
Parietal 9 (23%) 10 (24%) 1 (7%)
Occipital 13 (33%) 19 (43%) 3(20%) 0.05

All variables are analyzed with Kruskal-Wallis ANOVA on Ranks and displayed as median (25th and 75th range), unless otherwise noted. Post hoc

pairwise comparisons were performed with Mann-Whitney rank sum test. Only statistically significant p-values are shown.
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p-values
AD-ASn=42 AD-CBSn=43 CBD-CBSn=15 AD-ASvsAD- AD-ASvs AD-CBSvs
CBS CBD-CBS CBD-CBS
Cortical/cognitive signs
Language 2 (5%) 11 (26%) 3 (21%) 0.02
Limb apraxia 0 (0%) 14 (31%) 7 (50%) <0.001 <0.001
Memory impairment 39 (93%) 10 (23%) 0 (0%) <0.001 <0.001
Visual problems 1 (2%) 2 (5%) 0 (0%)
Personality change 1(2%) 0 (0%) 0 (0%)
Motor signs
Gait abnormalities 0 (0%) 3 (7%) 2 (14%)
Tremors 0 (0%) 1 (2%) 1 (7%)
Myoclonus 0 (0%) 2 (5%) 0 (0%)
Clinician of record
Internist 2 1 0
Psychiatrist 1 1 0
Neurologist 22 7 0
Movement disorder specialist 1 18 13
Behavioral neurologist 16 16 2

Data are displayed as frequency of a given clinical feature (percent of total in that group). Post hoc pairwise comparison analysis is performed with
Mann-Whitney rank sum test. Only statistically significant p-values are shown.
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p-values
AD-ASn=42 AD-CBSn=43 CBD-CBSn=15 AD-ASvsAD- AD-ASvsCBD- AD-CBSvsCBD-
CBS CBS CBS
Thickness of corpus callosum
3.6(3.1,4.4) 3.3(2.7,4.4) 3.4(26,4.1)
NFT countsin neocortex with thioflavin S fluorescent microscopy
MF 11 (6, 15) 8 (5, 16) 0(0, 0) <0.001 <0.001
ST 15 (12, 22) 10 (6, 15) 0(0, 0) 0.002 <0.001 <0.001
P 15 (11, 21) 12 (8, 20) 0(0,0) <0.001 <0.001
MTR 2(1,3) 4(2,6) 0(0, 0) <0.001 <0.001 <0.001
VC 3(2,6) 3(4,7) 0(0, 0) <0.001 <0.001
SP countsin neocortex with thioflavin S fluorescent microscopy
MTR 26 (16, 38) 34 (20, 43) 0(0, 0) <0.001 <0.001
VC 50 (30, 50) 40 (30, 46) 0(0,8) <0.001 <0.001
Neuronal loss scores on hematoxylin eosin stained sections
nbM 3(2,3) 3(2,3) 0(0, 0) <0.001 <0.001
SN 0.5(0,1) 1(0.5,1.5) 3(2.9,3.0) <0.001 <0.001 <0.001
Phospho-tau burden with CP-13 immunohistochemistry
CING 12 (5.3, 18) 7.7(4.5,17) 3.7(2.7, 4.6) <0.001 0.005
SFG 15 (8.1, 22) 11 (6.8, 24) 4.2(2.7,71.5) <0.001 <0.001
cc 0.17 (0.1, 0.3) 0.11(0.1,0.2) 0.82(0.6,1.8) 0.01 <0.001 <0.001
MTR 3.8(1.5,8.6) 10 (6.5, 14) 9.1(7.7,14.8) <0.001 <0.001
SS 7.1(4.0,12) 12.8 (6.7, 22) 1.6 (0.9,4.2) 0.007 <0.001 <0.001
WM (MCtx) 0.2 (0.1,0.3) 0.2(0.1,0.3) 41(2.3,6.1) <0.001 <0.001
Microglial burden with CD68 immunohistochemistry
CING 0.16 (0.08,0.26)  0.09 (0.05,0.22) 0.14 (0.09, 0.28)
SFG 0.19 (0.15,0.29) 0.16 (0.07,0.31) 0.19 (0.12,0.34)
cc 0.62 (0.42,0.87) 0.52(0.30,0.73) 0.97(0.61,1.2) 0.01 <0.001
MTR 0.17 (0.11,0.23)  0.2(0.11,0.31)  0.56 (0.32, 0.87) <0.001 <0.001
SS 0.17 (0.12,0.23)  0.24(0.12,0.32)  0.20 (0.12, 0.38)
WM (MCtx) 0.35(0.26,0.66) 0.44 (0.24,0.71) 15(1.2,2.6) <0.001 <0.001

All variables are analyzed with Kruskal-Wallis ANOVA on Ranks and displayed as median (25th and 75t range), unless otherwise noted. Post
hoc pairwise comparisons were performed with Mann-Whitney rank sum test. Only statistically significant p-values are shown. Corpus callosum
thickness measures are in centimeters. NFT counts are the maximal number in a representative 400x field. Tau and microglia burden are derived
from image analysis of digitized images of stained tissue sections and represent the ratio of positively stained pixels to the total number of pixels in
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the given region of interest. Abbreviations: NFT = neurofibrillary tangles, SP = senile plaques (both with thioflavin S fluorescent microscopy), MF
= middle frontal gyrus, ST = superior temporal gyrus, IP = inferior parietal lobule, MTR = motor cortex, VC = primary visual cortex, nbM = basal
nucleus of Meynert, SN = substantia nigra pars compacta, ventrolateral tier, CING = anterior cingulate gyrus, SFG = superior frontal gyrus, CC =
corpus callosum at level of anterior cingulate gyrus, MTR = motor cortex, SS = somatosensory cortex, WM (MTR) = white matter beneath motor
cortex.
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