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The main objective of this project was to identify the frequency and severity of
concomitant Alzheimer’s disease (AD)-pathology in non-AD neurodegenerative
diseases. This is important as CSF biomarkers in AD are based on the detection of
proteins that abnormally accumulate in the brain such as beta-amyloid and phospho-
tau. These markers have been also investigated in other neurodegenerative diseases,
to evaluate their usefulness to infer the underlying neuropathology and potential
contribution to cognitive decline. However, the frequent coexistence of AD pathology in
non-AD neurodegenerative diseases may influence their proper interpretation in the
clinical work-up of cognitive decline. A brain-bank-based study offered a unique frame
to better characterize diseases from a neuropathological point of view, increasing their

added value for researchers to whom samples will be provided in the future.

Therefore, we analyzed a well characterized, brain-bank-based post-mortem series of
non-AD neurodegenerative diseases by histology and immunohistochemistry for
different abnormally accumulated proteins in the brain (beta-amyloid, phospho-tau,
3R-4R-tau isoforms, alpha-synuclein, TDP43, FUS) and performed a semiquantitative
assessment of the density of protein aggregates in multiple brain regions to identify
the frequency, regional distribution, and overall density of concomitant AD-pathology.
We also performed a correlation analysis of local and total AD pathology load with
clinical data and ApoE genotype in a subgroup of pathologies. Another aim was to
analyze a prospective brain donor series that had been tested for AD biomarkers in
CSF during life. This analysis was done partially, as the number of brain donations of

these patients was lower than expected.

We have analyzed the presence and distribution of AD pathology in the following

retrospective series of our brain bank:

1. Alpha-synucleinopathies:
I. Parkinson disease with and without dementia

II. Genetic Lewy body diseases (LRRK2 mutations)



2. Tauopathies:
I. 4-repeat tauopathies: Progressive supranuclear palsy
II. Corticobasal degeneration
III. Genetic forms with MAPT mutations (P301L)
IV. Other tauopathies: IgLON5 tauopathy

3. TDP43 proteinopathies:
I. FTLD: Fronto-temporal lobar degenerations with TDP43 protein aggregates
II. ALS

III. Genetic FTLD/ALS with C9orf72 expansion

4. FUSopathies:
I. ALS with FUS+ protein aggregates
II. FTLD with FUS+ protein aggregates

5. Prion diseases:
I. Creutzfeldt-Jakob disease, sporadic and genetic
II. Variably protease sensitive prionopathy

Details of selected studies:

1. Alpha-synucleinopathies

I. Parkinson disease with and without dementia

a) We performed a semiquantitative detailed mapping of a-synuclein, tau, B-
amyloid (AB), TDP-43, and AGD pathologies in 17 areas in 63 LBD cases (44 with
Parkinson disease [PD], 28 with dementia, and 19 with dementia with Lewy bodies).
APOE and MAPT genetic variants were also investigated. A majority of LBD cases had 2
or 3 concomitant findings, particularly Alzheimer disease-related pathology.
Pathological stages of tau, B-amyloid and a-synuclein pathologies were increased in
cases with dementia. AB score was the best correlate of the time to dementia in PD. In
addition, B-amyloid deposition correlated with a-synuclein load in all groups. MAPT H1
haplotype did not influence any assessed pathology in PD. These results highlight the
common concurrence of pathologies in patients with LBD that may have an impact on

the clinical expression of the diseases.



b) In a second study we also observed that a-synuclein midbrain scores rose from
controls to AD and then LBD irrespective of dementia. AB and tau were more
prominent in the tectum/tegmentum, increasing from controls to LBD (mostly in
dementia cases in the case of AB), and then peaking in AD. By contrast, cerebellar AB
scores were marginal across the LBD-spectrum, as opposed to AD, only showing a

trend towards greater involvement in LBD cases with dementia.

2. Tauopathies

I. 4-repeat tauopathies: Progressive supranuclear palsy

a) We participated in an international multisite study assessing the clinical features
and investigations that predict or exclude PSP pathology during life, aiming at an

optimization of the clinical diagnostic criteria for PSP.

b) We assessed PSP pathology scores (neuronal/glial; widespread/subcortical),
concomitant pathologies and genetic determinants (APOE genotype and MAPT
haplotype) in 67 PSP cases from our brain bank. Most cases (94%) featured
copathology, with AD changes being the most frequent (73.1%), followed by
argyrophilic grains (23.9%), vascular pathology (22.4%), PART (16.4%), Lewy body
pathology (13.4%) and TDP43 pathology (7.5%). PSP total and dentate nucleus scores
were significantly higher in patients with cognitive impairment. Prevalence of CAA was
higher in APOE €4 carriers. Widespread cases had shorter disease duration and higher
caudate scores than predominantly subcortical cases. Predominantly glial cases were
older, had shorter disease and higher frontal tau scores, whereas predominantly

neuronal cases had a greater proportion of PART. (Manuscript in preparation).

II. Genetic forms with MAPT mutations

We studied 13 patients carrying the P301L mutation in the MAPT gene. Neuropathology
in 9 cases showed an extensive neuronal and glial 4-repeat (4R) tauopathy with mini-
Pick-like bodies in the dentate gyrus as the characteristic underlying pathology in all
cases. In 1 subject, additional 4R globular glial inclusions were observed. AD-
copathology was overall very low. All the mutation carriers showed the same haplotype

for the SNPs analyzed, suggesting a common ancestor.



III. Other tauopathies: IgLONS tauopathy

We defined neuropathological criteria of a novel tauopathy associated with
autoantibodies, named IgLONS tauopathy. We provide diagnostic levels of certainty
based on the presence of associated clinical and immunological data (definite, probable
and possible). The brains of 6 patients showed a neurodegenerative disease, absence
of inflammatory infiltrates and neuronal accumulation of both three-repeat (3R) and
four-repeat (4R) tau isoforms, preferentially involving the hypothalamus, and more
severely the tegmental nuclei of the brainstem. Concomitant AD pathology was also
present in a small fraction of cases. These criteria should help to identify undiagnosed
cases among archival tissue, and will assist future clinical/pathological studies of this

novel disorder.

3. TDP43 proteinopathies
I. FTLD: Fronto-temporal lobar degenerations with TDP43 protein aggregates

A) We assessed the FTD Consortium revised criteria of behavioural variant
frontotemporal dementia (bvFTD) in a pathological cohort and to determine their
predictive values in a clinical context suggestive of bvFTD. In addition, the study aimed
to assess the influence of the age at onset and underlying pathology in the
clinicopathological correlations. The FTDC criteria reached a sensitivity of 93% for
possible and 80% for probable bvFTD. Early-onset cases displayed significantly more
disinhibition, loss of empathy and compulsive behaviour with respect to late-onset
bvFTD, leading to a slightly higher sensitivity of the diagnostic criteria (97% vs. 91%).
There were no differences in the diagnhostic performance between tau-positive and tau-
negative cases. In subjects clinically diagnosed as bvFTD, a possible bvFTD diagnosis
reached a positive predictive value for FTLD pathology of 90%, irrespective of
underlying proteinopathy. False-positive clinical diagnoses were mainly Alzheimer's
disease. These cases were significantly older, had less family history of dementia and
had a predominantly apathetic clinical picture. The revised bvFTD criteria present good
sensitivity and positive predictive value in both early- and late-onset cases and

regardless of the underlying FTLD pathology.

B) We contributed to a multisite study lead by Prof. D. Bergeron concerning the
prevalence of AB pathology in distinct variants of primary progressive aphasia and the
effects of ApoE4 allele. The study included 1,251 patients diagnosed with PPA variants

(logopenic, nonfluent, semantic and mixed/unclassifiable) from 36 centers. The study



showed that amyloid- positivity was more prevalent in IvPPA (86%) than in nfvPPA
(20%) or svPPA (16%; p < 0.001). Prevalence of amyloid-B positivity increased with
age in nfvPPA (from 10% at age 50 years to 27% at age 80 years, p < 0.01) and
svPPA (from 6% at age 50 years to 32% at age 80 years, p < 0.001), but not in IVPPA
(p = 0.94). Across PPA variants, ApoE €4 carriers were more often amyloid-p positive
(58.0%) than non-carriers (35.0%, p < 0.001). Autopsy data revealed Alzheimer
disease pathology as the most common pathologic diagnosis in IVPPA (76%),
frontotemporal lobar degeneration-TDP-43 in svPPA (80%), and frontotemporal lobar
degeneration-TDP-43/tau in nfvPPA (64%). This study shows that the current PPA
classification system helps to predict underlying pathology across different cohorts and
clinical settings, and suggests that age and ApoE genotype should be considered when

interpreting amyloid-pB biomarkers in PPA patients.

II. ALS

We have analyzed 86 ALS cases for the extent of concomitant pathologies and their
contribution to cognitive decline. Mean age at onset of motor neuron symptoms was
63.2 years (range 29 - 86). Cognitive decline was recorded during the disease in 27
subjects (31.4%). Mutations were present in 12 subjects (8 C9orf72, 2 TARDBP, 1
TBK1, 1VCP), and most of them (83%) developed cognitive symptoms during the
disease. ApoEe4 carriers had the highest AD pathology scores. LBs were observed in a
small fraction of cases, as well as AgD and PART. Patient with cognitive decline had
higher Brettschneider stages of ALS. In this preliminary analysis we observed that
cognitive decline is a frequent finding in ALS. In our series, the neuropathological
substrate seems to be mixed and it is not only contributed by the extramotor extent of
TDP43 and the presence of hippocampal sclerosis but also by relatively early PART and
argyrophilic grain pathology, and Lewy-body and AD-pathology in older age groups.

(Manuscript in preparation)

IIT. Genetic FTLD/ALS with C9orf72 expansion

Screening of the cerebellar cortex of our adult brain bank cohort (n=1500) with

ubiquitin/p62 immunohistochemistry to identify potential C9orf72 expansion mutation
carriers in addition to those donors already diagnosed during life. We identified a total
of 21 cases with the expansion mutation. In these cases, we analysed the presence of
TDP43, alpha-internexin, beta-amyloid, tau and alpha-synuclein pathology in several

brain areas. We identified the presence of Lewy body type alpha-synuclein pathology in



three cases that likely influenced the clinical phenotype. Moreover, a relatively high
percentage also had neuropathological features of primary age-related tauopathy,
besides the TDP43 pathology.

5. Prion diseases

I. Creutzfeldt-Jakob disease, sporadic and genetic

We described clinical/-pathological features, including Alzheimer's copathology, and
diagnostic accuracy in our postmortem series of 160 rapidly progressive dementia
(RPD) cases from 2001-2011. Prion diseases were the most frequent neuropathological
diagnosis (67%), followed by non-prion neurodegenerative pathologies (17%), mostly
AD and dementia with Lewy bodies, and non-neurodegenerative diseases (16%). Four
patients with potentially treatable disorders were diagnosed, while still alive, as having
Creutzfeldt-Jakob disease. Concomitant pathologies were detected in 117 (73%).
Among all RPD cases, 51 presented moderate or frequent mature p-amyloid plaques
(neuritic plaques), which are considered to be associated with positive amyloid
biomarkers in vivo. The presence of concomitant pathologies, mainly Alzheimer's

disease (AD), may act as a confounding variable in the diagnostic process.

We believe that our results shed some light on the effects of brain proteins, their
frequency and their relation with clinical diagnostic tools and diagnostic criteria, which

will ultimately influence therapeutic decisions.

We have observed that Alzheimer-type pathology is an important contributor of
pathology load in the brain in several neurodegenerative diseases, especially in Lewy
body and prion disorders and, in particular, in older age groups. In FTLD, but especially
in primary tauopathies, the effect seems to be less, e.g. the PSP pathology burden and
distribution appear to be more relevant for demographic or clinical features in PSP than
copathology or genetic determinants. In ALS we observed that cognitive decline is a
frequent finding and the neuropathological substrate seems to be mixed and is not only
contributed by the extramotor extent of TDP43 and the presence of hippocampal
sclerosis but also by relatively early PART and argyrophilic grain pathology, and Lewy-

body and AD-pathology in older age groups. This is also true for C9orf72 expansion



mutation carriers. The presence of AD pathology likely influences or at least modulates
the clinical phenotype in several diseases, making the clinical diagnosis of a primary
pathology even more difficult. These findings support the view of the increasing

awareness of the concept of brain multimorbidities or multiproteinopathies.

We have confirmed that post-mortem neuropathological studies are a very valuable
source of additional information that cannot be obtained in vivo and that help to clarify
and expand the clinical diagnosis and the aetiology of dementia, facilitating
complementary molecular studies. Early pathologic changes in the brain (morphological
and biochemical) are largely unknown for most neurodegenerative diseases. Every
effort directed to a better understanding of the meaning of biological processes that
lead to neurodegeneration is important. Brain banks offer a unique possibility to better
characterize the diseases from a neuropathological point of view, and also genetically
by increasing their added value for researchers to whom samples will be provided in

the future.

The information obtained from detailed postmortem neuropathological studies
contributes to a more appropriate interpretation of currently available biomarkers (e.g.
PET amyloid imaging, CSF biomarkers) as it is getting more and more crucial to stratify
patients as correctly as possible for the appropriate investment in and optimization of
diagnostic resources and treatment strategies. Moreover, it contributes to the
improvement in the field of biomarker research and their optimal translation into daily
clinical practice. Furthermore, the fact that advancing age and carrying the APOEe4
allele harbour a risk of increased proteinopathies will be of relevance when specific
treatments for specific proteins are available, such as anti-tau, BAmyloid, alpha-

synuclein or TDP43, for which there are already some ongoing trials.

We have published 12 articles (and 3 additional without citation of the Fundacié la
Maratdé de TV3), 8 of them are positioned in Q1 Pathology Clinical Neurology and/or
Neuroscience and have a total impact factor of 68,65. The articles are indexed in the

Web of Science and have been presented at several international congresses or



conferences (one was awarded the best poster prize). Our work has already received

96 citations by ISI Web of Science and 144 citations by Google Scholar.
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