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  Neuropathology and dementia 

•  Neurodegenerative disorders 
•  Vascular disease 
•  Inflammatory and infectious conditions 
•  Toxic-metabolic causes 
•  Miscellaneous causes: trauma, neoplasia, 

normal pressure hydrocephalus 
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Geographical area Age group of patients Focus of the neurology 
department/outpatient clinic 

	
  	
  Learning objectives 

1.  Definition of neurodegenerative diseases 

2.  Understanding the concepts of classification of 

neurodegenerative diseases 

3.  Neuropathological features of major disease-entities 

4.  Clinicopathological correlation 

5.  The concept of concomitant pathologies 
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Classification 

Clinical 

Anatomical predominance of neuronal degeneration 

Predominant protein 

Localisation in the CNS: intra-, extracellular, 
subcellular and cell-type specific differences 
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Clinical presentations 

•  Alzheimer-type dementia 

•  Frontotemporal dementia (FTD) 

•  Dementia/FTD associated with movement disorder 

•  Rapidly progressive dementia 
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Clinical presentations 
Anatomical predominance 

•  Behavioral variant of FTD (bvFTD) 
   Prefrontal and anterior temporal regions atrophic 

•  Semantic dementia (SD) 
   Temporal regions atrophic 

•  Progressive non-fluent aphasia (PNFA) 
   Dominant frontotemporal region atrophic 

•  Logopenic progressive aphasia (LPA) 
•  FTD and corticobasal syndrome (CBS) 
•  FTD and progressive supranuclear palsy (PSP) 
•  FTD and parkinsonism 
•  FTD and motor neuron disease (MND) 

   Fronto-temporal + Subcortical regions 
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FTD (clinical) 
 
 
 
 
 
 
 
FTLD  
(macroscopy/MRI) 

    Alzheimer type dementia 
  Entorhinal Cx-Hippocampus-Medial temporal lobe-Neocortex 

    Rapid dementia-Prion disease 
  Neocortex + Subcortical regions (Hippocampus spared) 
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Predominant proteins 

TDP-43        Tau          A-Synuclein  FUS/FET 
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Amyloid-beta          Prion protein 

Intracellular 

Extracellular 

Localisation of immunoreactivity with relevance for the neuropathological diagnosis 
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ABSTRACT

Neurodegenerative diseases (NDDs) are described as disorders with selective loss of neurons and distinct 
involvement of functional systems defining clinical presentation. Extensive studies demonstrated that 
proteins with altered physicochemical properties are deposited in the human brain in NDDs. The present 
review focuses on predominantly sporadic disorders in adulthood. Major concepts of NDDs can be 
summarised as follows: 1) molecular pathologic classification of NDDs is protein-based; 2) the proteinopathy 
concept underpins the role of protein processing systems; 3) seeding of pathological proteins supports  
the theory of prion-like spreading; 4) the clinical symptoms are determined by the system a!ected and do 
not unequivocally reflect the molecular pathological background; 5) overlapping of NDDs may be more 
the rule than the exception. Accordingly, NDD-related proteins and their biochemical modifications can  
be used as biomarkers and may be targeted for therapy. However, due to the high number of combinations 
of di!erent proteinopathies a personalised therapy strategy may be warranted.  

Keywords: Biomarker, concomitant pathology, neurodegenerative disease, prion-like, proteinopathy. 

INTRODUCTION

Neurodegenerative diseases (NDDs) are  
traditionally defined as disorders with selective 
loss of neurons and distinct involvement of 
functional systems defining clinical presentation. 
Comprehensive biochemical, genetic, and molecular 
pathological examinations have expanded this 
definition. During the last century, many studies 
have demonstrated that proteins with altered 
physicochemical properties are deposited in the 
human brain in NDDs. Furthermore, not only neurons 
but glial cells also accumulate these proteins. 
Involvement of proteins has led to the definition 
of the concept of conformational diseases.1  
According to this, the structural conformation 
of a physiological protein changes, which results 
in an altered function or potentially toxic intra 
or extra-cellular accumulation. Mutations in the 
encoding genes are linked to hereditary forms 
of disease. Molecular pathological, genetic, and 
biochemical studies have led to reclassification 
of several disorders, and opened completely new 

avenues for biomarker development or therapeutic 
strategies.2 This review aims to summarise the  
major developments in this field with an emphasis 
mainly on sporadic disorders of adulthood. It must 
be noted that further neurological disorders are 
associated with neuronal degeneration, including 
mainly hereditary metabolic diseases and others 
such as multiple sclerosis or those with immune-
mediated (autoimmune) aetiology; however, these 
are beyond the scope of the present review.

MAJOR CONCEPTS OF NDD AND THEIR
IMPLICATIONS

1. Classification of NDDs is Protein-Based 

A nosological classification of NDDs is based on 
clinical presentation, anatomical regions and cell 
types a!ected, conformationally altered proteins 
involved in the pathogenetic process, and aetiology 
if known (i.e. genetic variations or acquired pathways 
of prion diseases).2 

In most cases, there is an overlap and convergence 
of the clinical symptoms in the course of the 
disease. Thus, clinical classification is helpful mostly 
when early clinical symptoms are evaluated. The 
major clinical features of NDDs correlate with the 
anatomical involvement as follows:

a) Cognitive decline, dementia, behavioural 
disturbances, and alterations in high-order brain 
functions. The most important anatomical regions 
involved are the hippocampus, entorhinal cortex, 
limbic system, and neocortical areas. In focal 
cortical symptoms, focal degeneration of the  
frontal, temporal, parietal, or the occipital lobe may 
be seen. A subtype of dementia is frontotemporal 
dementia (FTD), which is associated with 
degeneration of the frontal and temporal lobes 
(frontotemporal lobar degeneration [FTLD]). It is 
important to distinguish rapid (prion) diseases and 
slowly progressive forms of cognitive decline.

b) Movement disorders and other motor features. 
The most important anatomical regions involved 
are the basal ganglia, thalamus, brainstem nuclei, 
cerebellar cortex and nuclei, motor cortical areas, 
and lower motor neurons. 

c) Combinations of these symptoms may be  
observed in some disease forms early during 
the clinical course and in many cases during  
the progression.

The neuropathological classification is based on  
the following: 

a) Evaluation of the anatomical distribution 
of neuronal loss and reactive astrogliosis, and  
additional histological features such as spongiform 
change of the neuropil or vascular lesions. 

b) Evaluation of protein deposits in the  
nervous system; these can be deposited 
intracellularly and extracellularly, and are analysed 
by immunohistochemistry and eventually  
by biochemistry. 

The following proteins are associated with the 
majority of sporadic and genetic adult-onset NDDs:2

a) The microtubule-associated protein tau (MAPT) 
is important for the assembly and stabilisation 
of microtubules. The Tau (MAPT) gene maps to 
chromosome 17q21.2. 

b) Amyloid-E (AE), which derives from the amyloid 
precursor protein (APP). The APP gene maps to 

chromosome 21q21.3. Among others, further genes 
with relevance to the pathogenesis of Alzheimer`s 
disease (AD) and familial disorders include 
presenilin-1 (PSEN1) (chromosome 14q24.3) and 
PSEN2 (chromosome 1q31-42).

c) D-Synuclein is a 140-amino acid (aa) protein that 
belongs to a family of abundant brain proteins (D, 
E, and J-synuclein). The D-synuclein gene locates to 
chromosome 4. 

d) Prion protein (PrP) is a 253-aa protein central in 
the pathogenesis of prion diseases or transmissible 
spongiform encephalopathies. The encoding gene 
of PrP (PRNP) locates to chromosome 20. 

e) Transactive response (TAR) DNA-binding  
protein 43 (TDP-43) is a highly conserved 414-
aa nuclear protein. TDP-43 is encoded by the 
TDP (TARDBP) gene on chromosome 1p36.22. 
Among others, further most relevant genes  
for TDP-43 proteinopathy include progranulin  
(GRN; chromosome 17q21.32) and C9orf72 
(chromosome 9p21).

f) FET proteins, which include the fused in sarcoma 
(FUS), Ewing’s sarcoma RNA-binding protein 1 
(EWSR1), and TATA-binding protein-associated 
factor 15 (TAF15).3 

There are more forms of genetic NDDs  
with abnormal protein inclusions, comprising 
proteins encoded by genes linked to neurological 
trinucleotide repeat disorders such as Huntington`s 
disease, some forms of spinocerebellar ataxias,  
and spinal and bulbar muscular atrophy. Further 
rare, inherited disorders associated with proteins 
and genes include neuroserpin or ferritin-related 
NDDs where the molecular genetic defect resides  
in the ferritin light polypeptide gene. In familial 
British and Danish dementias, with deposition 
of amyloid proteins in the extracellular spaces 
of the brain and in blood vessels, the molecular 
genetic defect is a mutation in the BRI2 gene. There  
are further, mostly hereditary, NDD forms,  
such as spinocereballar ataxias or degenerations  
of basal ganglia and brainstem, where protein  
deposits have not yet been discovered. These 
are mostly related to complex metabolic (e.g. 
mitochondrial, ion channel, etc) alterations requiring 
further characterisation.

From a diagnostic aspect, for the neuropathologists  
a further step is to evaluate the cell-specific 
subcellular localisations of the following:4

a) Extracellular deposits comprise deposits with 
immunoreactivity for AE or PrP. It is of diagnostic 
importance that disease-associated PrP deposits 
also in a synaptic pattern.

b) Major proteins that deposit intracellularly 
include tau, D-synuclein, TDP-43, and FET proteins; 
furthermore, those associated with trinucleotide 
repeat disorders or rare hereditary diseases.

Further stratification is needed to distinguish cell-
types (neurons, astrocytes, or oligodendroglia) and 
subcellular localisations (cell-process, cytoplasm, 
nucleus). These are influenced by genetic variations 
and may associate with di!erent biochemical 
signatures. Current molecular pathological 
classification is summarised in Figure 1, and the list 
of most important diseases is shown in Table 1.

2. The Proteinopathy Concept Underpins the 
Role of Protein Processing Systems

The two major elimination pathways, which control 
the quality of cellular components and maintain cell 
homeostasis, are the ubiquitin-proteasome system 
(UPS) and the autophagy-lysosome pathway (ALP).5 
Chaperones and stress response proteins are in close 
relation to protein processing systems. Widespread 
molecular pathological and biochemical studies 
revealed that there are modifications of proteins 
intrinsic to disease (e.g. phosphorylated, nitrated, 
oligomers, proteinase-resistant, with or without 
amyloid characteristics; cleavage products).2 The 
pathological conformers are also called misfolded 
proteins and are associated with the disruption of 
the homeostasis of the endoplasmic reticulum (ER). 
ER stress and upregulation of related pathways 
are called the unfolded protein response.6 The 
common role of the protein processing systems in 
all NDDs renders these systems as general targets 
for therapeutic approaches. Further changes, which 
are out of the scope of this review, include pathways 
of energetic dysregulation (i.e. oxidative stress 
and mitochondrial instability), molecular damage 
(i.e. lipid peroxidation, DNA oxidation), metabolic 
changes (i.e. alterations of cholesterol metabolism), 
or dysregulation of ion homeostasis and  
adaptation, such as anti-inflammatory cytokines, 
microglial activation, anti-apoptotic, or antioxidant 
processes.7 It needs to be clarified whether the 
altered proteins lead to neuronal damage (if yes, 
which modification like oligomer formation etc.) 
or whether their deposition is merely a reaction of  
the sick cells. 

3. Seeding of Pathological Proteins: The 
Concept of Prion-Like Spreading 

The proteinopathy concept serves as a basis for the 
theory of prion-like spreading of disease-associated 
proteins.8 This stems from the observations that, 
in prion diseases, the disease-associated PrP 
spreads in the nervous system. Recent findings 
implicate disease-associated protein seeds as an 
essential element in the initiation and expansion of 
aggregated proteins in diverse NDDs.9 Although 
human-to-human transmissibility has been proven 
only for prion diseases, several other NDDs were 
suggested to be associated with the prion-like 
spreading of the specific protein characterising it.  
It must be noted that in NDDs the spreading of  
disease alterations seems to be more selective than 
in prion diseases. There are no epidemiological 
evidences, which would suggest a similar 
transmissibility for Parkinson`s disease (PD) or AD. 
However, this issue needs great caution and attention 
in the near future to react adequately on the public 
health level should any further evidence arise.

The notion of prion-like spreading was supported 
by the neuropathological observations in human 
brains that protein deposition of D-synuclein in PD 
and tau in AD follows a hierarchical path defined 
as stages of disease.10,11 Moreover, subjects with PD 
who had long-term survival of transplanted foetal 
mesencephalic dopaminergic neurons developed 
D-synuclein-positive Lewy bodies in grafted neurons, 
suggesting that the disease can propagate from  
host to graft cells.12 Importantly, D-synuclein 
pathology is increasingly detected in peripheral 
tissue,13 thus, spreading from the periphery could 
also be suggested. Analogously, five phases 
of AE deposition as AD-related pathology has 
been reported.14 A similar concept of hierarchical  
spreading in the brain has been suggested for 
TDP-43 in amyotrophic lateral sclerosis (motor 
neuron disease) and FTLD with TDP-43 protein  
deposition.15,16 Cell culture and animal experimental 
models have provided variable support for this  
prion-like theory.8 It is also suggested that 
the considerable variability of NDDs is due to  
di!erent ‘strains’.8 

These findings have implications for developing 
therapeutic strategies halting the spreading of 
protein deposits. It must be emphasised that 
vaccinations should aim to distinguish disease-
associated from physiological forms of proteins  
to avoid unexpected complications by interacting 
with the normal forms of proteins.
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Figure 1: Algorithm for the classification of sporadic neurodegenerative disorders. 
FTD: frontotemporal dementia; MD: movement disorder and other motor symptoms; PiD: Pick’s disease; 
FTLDMAPT: frontotemporal lobar degeneration, linked to chromosome 17 caused by mutations in the MAPT 
(tau) gene; AD: Alzheimer’s disease; NFT-Dem: neurofibrillary tangle-dementia; HD: Huntington’s disease; 
SCA: spinocerebellar ataxia; CBD: corticobasal degeneration; SBMA: spinal and bulbar muscular atrophy; 
PSP: progressive supranuclear palsy; TDP: TAR-DNA binding protein; BIBD: basophilic inclusion body 
disease; DRPLA: dentatorubropallidoluysian atrophy; AGD: argyrophilic grain disease; NIFID: neuronal 
intermediate filament inclusion body disease; FXTAS: fragile X-associated tremor/ataxia syndrome; 
FTLDUPS: FTLD with inclusions immunoreactive for the ubiquitin-proteasome system; FTLDNOS: FTLD not 
otherwise specified; NSerp: neuroserpinopathy; NFerr: hereditary ferritinopathy; ALS: amyotrophic lateral 
sclerosis; MND: motor neuron disease; aFTLD-U: atypical FTLD with ubiquitin inclusions; Glia predom: the 
inclusions are predominantly in glial cells; Neuron predom: the inclusions are predominantly in neurons 
GGT: globular glial tauopathies; MSA: multiple system atrophy; PD: Parkinson’s disease; DLB: dementia 
with Lewy bodies; TDP-43: TAR-DNA binding protein-43; FUS: fused in sarcoma; PrP: Prion protein; CJD: 
Creutzfeldt-Jakob disease; GSS: Gerstmann-Sträussler-Scheinker disease; FFI: fatal familial insomnia; CA: 
cerebral amyloidosis.
Adapted from Kovacs et al.2
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3.1 

Hematoxlin-Eosin          Bielschowsky silver       Immunostaining for phospho-Tau (“maturation“) 

Hematoxlin-Eosin          Bielschowsky silver                  Immunostaining for A-beta 
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Semiquantitative score of “neuritic plaques“ (silver staining)-CERAD criteria 
+ 

Immunostaining for A-beta: phases of plaque deposition (Thal et al.) 
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Stages of neurofibrillary degeneration (Braak & Braak stages) 
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Neuropathology of FTLD: Involved 
Proteins and cell types 
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a-synuclein 

Neuropathological phenotypes: Tauopathies 

•  Pick`s disease (FLTD-Tau with Pick bodies) 
•  Progressive supranuclear palsy 
•  Corticobasal degeneration 
•  Globular glial tauopathies 
•  FTLD with MAPT mutations 
 
•  Argyrophilic grain disease 
•  NFT dementia 

Tau 
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Molecular classification of Tauopathies 
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PSP: progressive supranuclear palsy 
CBD: corticobasal degeneration 
GGT: globular glial tauopathy 
AGD: argyrophilic grain disease 
PART: primary age-related tauopathy 

Neuronal predominant tau pathology 
 

Frontotemporal cortical and 
hippocampus involvement 

 
3R tauopathy 

Pick`s Disease: Summary Tau 
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PSP: neuropathology 

Neuronal lesions 
 
Globose neurofibrillary 

tangle 
 

Threads 
 
Cortex 
& 
White matter 

PSP: neuropathology 

Glial immunoreactivity 
 

     Astrocyte 
 
TUFTED ASTROCYTE 
 
 
 
 

   Oligodendroglia 
   COILED BODY 
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CBD: neuropathology 

Neuronal lesions 
 
Small spherical inclusions 

(„CBD bodies“) 
& 
Diffuse granular cytoplasmic 

Tau immunoreactivity 

Threads 
 
Cortex 

   White matter 

CBD: neuropathology 

Glial immunoreactivity 
Astrocyte:   ASTROCYTIC PLAQUE 
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Globular Glial Tauopathies: Summary Tau 

•  Recent studies have highlighted a group of 4-repeat (4R) tauopathies that are 
characterised neuropathologically by widespread, globular glial inclusions (GGIs).  

•  These cases are associated with a range of clinical presentations, which 
correlate with the severity and distribution of underlying tau pathology and 
neurodegeneration. 

•  Significant degeneration of the white matter is a feature of all GGT subtypes. 
•  Three (I-III) subtypes are recognized 

1 3
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characterised by GGIs being described in the literature 
using various and redundant terminologies. In this report, a 
group of neuropathologists form a consensus on the termi-
nology and classification of cases with GGIs. After study-
ing microscopic images from previously reported cases 
with suspected GGIs (n = 22), this panel of neuropatholo-
gists with extensive experience in the diagnosis of neuro-
degenerative diseases and a documented record of previous 
experience with at least one case with GGIs, agreed that (1) 
GGIs were present in all the cases reviewed; (2) the mor-
phology of globular astrocytic inclusions was different to 
tufted astrocytes and finally that (3) the cases represented a 
number of different neuropathological subtypes. They also 
agreed that the different morphological subtypes are likely 
to be part of a spectrum of a distinct disease entity, for 
which they recommend that the overarching term globular 

Abstract Recent studies have highlighted a group of 
4-repeat (4R) tauopathies that are characterised neuro-
pathologically by widespread, globular glial inclusions 
(GGIs). Tau immunohistochemistry reveals 4R immunore-
active globular oligodendroglial and astrocytic inclusions 
and the latter are predominantly negative for Gallyas silver 
staining. These cases are associated with a range of clinical 
presentations, which correlate with the severity and distri-
bution of underlying tau pathology and neurodegeneration. 
Their heterogeneous clinicopathological features combined 
with their rarity and under-recognition have led to cases 

Z. Ahmed and G. G. Kovacs contributed equally to this article.

Electronic supplementary material The online version of this 
article (doi:10.1007/s00401-013-1171-0) contains supplementary 
material, which is available to authorized users.

Z. Ahmed · J. L. Holton · T. Revesz (*) 
Department of Molecular Neuroscience, Queen Square Brain 
Bank,  Institute of Neurology, University College London, Queen 
Square, London WC1N 3BG, UK
e-mail: t.revesz@ucl.ac.uk

E. H. Bigio 
Department of Pathology, Northwestern Alzheimer Disease 
Center, Northwestern Feinberg School of Medicine,  
Chicago, IL, USA

H. Budka · G. G. Kovacs 
Institute of Neurology, Medical University of Vienna, Vienna, 
Austria

H. Budka 
Institute of Neuropathology,  
University Hospital Zurich,  
Zurich, Switzerland

D. W. Dickson 
Mayo Clinic, Jacksonville, FL, USA

I. Ferrer 
Institute of Neuropathology, University Hospital Bellvitge, 
University of Barcelona, CIBERNED, Hospitalet de LLobregat, 
Spain

B. Ghetti · S. Spina 
Department of Pathology and Laboratory Medicine, Indiana 
Alzheimer Disease Center, Indiana University School 
of Medicine, Indianapolis, IN, USA

G. Giaccone 
Fondazione IRCCS Istituto Neurologico Carlo Besta,  
Milan, Italy

K. J. Hatanpaa · C. L. White III 
Department of Pathology, Alzheimer’s Disease Center,  
University of Texas Southwestern Medical Center,  
Dallas, TX, USA

K. A. Josephs 
Mayo Clinic, Rochester, MN, USA

Acta Neuropathol 

1 3

spectrum of primary oligodendrogliopathies. As has been 
suggested for the oligodendroglial inclusions of MSA [26], 
GGIs may play a central role in the pathogenesis of GGT. 
The combination of white matter changes and the deposi-
tion of predominantly 4R tau isoforms could be exploited 
in the future using neuroimaging techniques and CSF pro-
tein analysis (respectively), for the detection and diagno-
sis of GGT during life. The aim of reviewing 30 historical 
cases classified as GGT was to draw attention to their exist-
ence and to help improve the nomenclature used to describe 
them. Improving the detection and correct classification 

of GGT cases in the future should increase the number of 
cases available for retrospective clinicopathological char-
acterisation, which will hopefully pave the way for estab-
lishing clinical and neuropathological diagnostic research 
criteria.
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Fig. 2  Classification strat-
egy for GGT in relation to 
other commonly recognised 
4R-tauopathies. Abbreviations: 
CBD corticobasal degenera-
tion, PSP progressive supra-
nuclear palsy, GGT globular 
glial tauopathies, FTLD-MAPT 
frontotemporal lobar degenera-
tion with MAPT mutation, AGD 
argyrophilic grains disease, 
MND motor neuron disease 
features, FTD frontotemporal 
dementia

Table 2  Comparison of GGT and other commonly recognised 4R-tauopathies

GGT globular glial tauopathies, PSP progressive supranuclear palsy, CBD corticobasal degeneration, AGD argyrophilic grains disease, FTLD–
MAPT frontotemporal lobar degeneration with MAPT mutation, 4R 4-repeat
a Tau inclusions identified by phospho-tau immunohistochemistry
b Predominant
c Astrocytic inclusions may be indistinguishable from tufted astrocytes based on morphology alone
d Oligodendroglial inclusions with a globular morphology, described as “stout coiled bodies”, have been reported in FTLD–MAPT [11]
e Unknown

Pathological and biochemical features Has this feature been documented in this particular disorder?

GGT PSP CBD AGD FTLD–MAPT

Neuronal tau inclusionsa Y Y Y Y Y

Oligodendroglial tau inclusionsa Y Y Y Y Y

Coiled body inclusionsb N Y Y Y Y

Globular oligodendroglial inclusionsb Y N N N Yd

Gallyas-positive oligodendroglial inclusions Y Y Y Y Y

Astrocytic tau inclusionsa Y Y Y Y Y

Tufted astrocytes Yc Y N N Y

Astrocytic plaques N N Y N Y

Gallyas-positive astrocytic inclusionsb N Y Y Y Y

4R tau isoforms depositedb Y Y Y Y Y

68 and 64 kDa tau bands Y Y Y Y Y

35 kDa tau bandb Y Y N –e Y
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Argyrophilic Grain Disease 

More neuronal and less glial tau pathology 
 

Limbic system involvement 
 

4R tauopathy 

Gallyas silver staining AT8 tau staining 

Tau 

Saito et al.  
JNEN 2004; 63: 
911-918 
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Feature PART (NFT dementia) Alzheimer disease 
ApoE e3 or e2 very rare e4 frequent e4 

Braak Stage (NFT) Only up to IV V-VI 

Amyloid plaques Virtually absent Frequent 

Amyloid angiopathy Rare Frequent 

Glial tau pathology Rather frequent Rare 

PART/NFT-dementia Tau 
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“tangle-predominant senile dementia”, are imprecise and 
not appropriate for most subjects. PART is almost univer-
sally detectable at autopsy among elderly individuals, yet 
this pathological process cannot be specifically identified 
pre-mortem at the present time. Improved biomarkers and 
tau imaging may enable diagnosis of PART in clinical set-
tings in the future. Indeed, recent studies have identified a 
common biomarker profile consisting of temporal lobe atro-
phy and tauopathy without evidence of Aβ accumulation. 
For both researchers and clinicians, a revised nomenclature 
will raise awareness of this extremely common pathologic 
change while providing a conceptual foundation for future 
studies. Prior reports that have elucidated features of the 
pathologic entity we refer to as PART are discussed, and 
working neuropathological diagnostic criteria are proposed.

Abstract We recommend a new term, “primary age-
related tauopathy” (PART), to describe a pathology that 
is commonly observed in the brains of aged individuals. 
Many autopsy studies have reported brains with neurofibril-
lary tangles (NFTs) that are indistinguishable from those of 
Alzheimer’s disease (AD), in the absence of amyloid (Aβ) 
plaques. For these “NFT+/Aβ−” brains, for which formal 
criteria for AD neuropathologic changes are not met, the 
NFTs are mostly restricted to structures in the medial tem-
poral lobe, basal forebrain, brainstem, and olfactory areas 
(bulb and cortex). Symptoms in persons with PART usu-
ally range from normal to amnestic cognitive changes, with 
only a minority exhibiting profound impairment. Because 
cognitive impairment is often mild, existing clinicopatho-
logic designations, such as “tangle-only dementia” and 
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“We propose a new term, “primary age-related 
tauopathy” (PART), to describe a pathologic 
continuum ranging from focally distributed 
neurof ibr i l lary tangles (NFTs) observed in 
cognitively normal aged individuals, through the 
pathology observed in persons with dementing 
illnesses that have been referred to as “tangle-
predominant senile dementia” (TPSD), “tangle-only 
dementia”, “preferential development of NFT without 
senile plaques”, and “senile dementia of the neurofi- 
brillary tangle type” (SD-NFT), among other names.“ 

Neuropathological phenotypes: TDP-43 

Central element in the classification is the recognition of  
neuritic (DN), neuronal cytoplasmic (NCI) and neuronal nuclear inclusions 

(NNI) in particular anatomical regions 

TDP
-43 

Classification according to: 
• Sampathu et al. (1,2,3) 
• Mackenzie et al. (1,2,3,4) 
• Consensus (A,B,C,D) 

Gabor	
  G.Kovacs	
  WCN2015	
  Teaching	
  
Course/Neuropathology/DemenAa	
  

Appendix A
Molecular classi!cation of frontotemporal lobar
degeneration (FTLD) with genetic correlations
Gabor G. Kovacs and Nigel J. Cairns

Molecular pathology Subtype Gene
FTLD-Tau PiD

PSP
CBD
GGT
AGDa

NFT-dementiaa
FTLD with MAPT mutation MAPT

FTLD-TDP Type A GRN
Type B C9orf72
Type C
Type D VCP
ALS-FTLD-TDP TARDBPb

FTLD-FUS aFTLD-Uc

NIFIDc

BIBDc

ALS-FTLD-FUS FUS

FTLD-UPS FTD-3 CHMP2B

FTLD-NOS DLDH

aFTLD-U, atypical frontotemporal lobar degeneration with ubiquitinated inclusions; AGD, argyrophilic grain disease; ALS, amyotrophic lat-
eral sclerosis (also referred to asmotor neurondisease,MND); BIBD, basophilic inclusion-body disease; C9orf72, chromosome9open reading
frame 72 gene; CBD, corticobasal degeneration; CHMP2B, chargedmultivesicular body protein 2B gene; DLDH, dementia lacking distinctive
histopathology; FTLD, frontotemporal lobar degeneration; FTD-3, frontotemporal dementia linked to chromosome 3; FUS, fused-in-sarcoma
gene; GGT, globular glial tauopathy; GRN, progranulin gene; MAPT, microtubule-associated protein tau gene; NFT, neurofibrillary tangle;
NIFID, neuronal intermediate filament inclusion disease; NOS: not otherwise specified; PiD, Pick’s disease; PSP, progressive supranuclear
palsy; TARDBP, transactive-response DNA-binding protein gene; TDP, transactive-response binding protein; UPS, ubiquitin-proteasome sys-
tem; VCP, valosin-containing protein gene.
a AGD and NFT-dementia each rarely present with clinical features of FTD or with signs of pathological FTLD; however, they are included
here because their pathology may co-exist with other forms of FTLD-tau.

b Rare case reports. Note that mutations in the SQSTM1 gene also associate with TDP-43-positive indusions.
c These are also grouped as FTLD-FET (FUS, EWS and TAF15: FET family of proteins). Here we use the term FTLD-FUS to emphasize the point
that ALS and FTLD form a spectrum regarding this type of molecular pathology and ALS-FUS does not show immunoreactivity for all FET
proteins.
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Neuropathological phenotypes: FUS proteinopathies 
FUS 

•  Atypical FTLD-U 
•  Basophilic inclusion body disease 
•  Neuronal intermediate filament disease (alpha-

internexin and neuronal intermediate filament positive 
ALSO) 

These are negative for tau, a-synuclein, TDP-43 
Clinical: bvFTD and extrapyramidal symptoms (+MND) 
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FTLD: Diagnostic algorithm 

Appendix B
Scheme for evaluation of frontotemporal
lobar degeneration (FTLD)
Gabor G. Kovacs and Nigel J. Cairns

Scheme for evaluation of frontotemporal lobar degeneration. Red boxes indicate frontotemporal lobar degeneration (FTLD) type and
blue boxes indicate subtypes. Genetic correlations are not indicated here (see Appendix A). Note that (i) AGD and particularly NFT-dementia
each rarely present with clinical features of frontotemporal dementia or with signs of FTLD; however, they are worth mentioning in this
context because their pathology often overlaps and may co-exist with other forms of FTLD-tau; (ii) aFTLD-U, BIBD and NIFID are also grouped
as FTLD-FET (FUS, EWS and TAF15: FET family of proteins). Here, we use the term FTLD-FUS to be consistent with Appendix A. Details of
tauopathies are described in Chapter 8 and all other FTLD forms in Chapter 12 (this volume). aFTLD-U, atypical frontotemporal lobar
degeneration with ubiquitinated inclusions; AGD, argyrophilic grain disease; BIBD, basophilic inclusion body disease; BIBs, basophilic
inclusion bodies; CBD, corticobasal degeneration; FET (FUS, EWS and TAF15 family of proteins); GGT, globular glial tauopathy; IHC,
immunohistochemistry; NIFID, neuronal intermediate filament inclusion disease; NF, neurofilament (includes neuronal intermediate filaments,
intermediate filament protein and also !-internexin); NFT, neurofibrillary tangles; NOS, not otherwise specified; PiD, Pick’s disease; PSP,
progressive supranuclear palsy; TDP, transactive response-binding protein; UPS, ubiquitin–proteasome system. Adapted from J. Lowe.
Introduction. Frontotemporal lobar degeneration and amyotrophic lateral sclerosis/motor neuron disease. In D. W. Dickson, R. O. Weller (eds).
Neurodegeneration: the Molecular Pathology of Dementia and Movement Disorders, 2nd edn. ISN, Blackwell Publishing, 2011, pp. 389–392.
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In the search for therapeutic modifiers, frontotemporal dementia (FTD) has traditionally
been overshadowed by other conditions such as Alzheimer’s disease (AD). A clinically
and pathologically diverse condition, FTD has been galvanized by a number of recent
discoveries such as novel genetic variants in familial and sporadic forms of disease and the
identification of TAR DNA binding protein of 43 kDa (TDP-43) as the defining constituent
of inclusions in more than half of cases. In combination with an ever-expanding knowledge
of the function and dysfunction of tau—a protein which is pathologically aggregated in
the majority of the remaining cases—there exists a greater understanding of FTD than
ever before. These advances may indicate potential approaches for the development
of hypothetical therapeutics, but FTD remains highly complex and the roles of tau and
TDP-43 in neurodegeneration are still wholly unclear. Here the challenges facing potential
therapeutic strategies are discussed, which include sufficiently accurate disease diagnosis
and sophisticated technology to deliver effective therapies.

Keywords: frontotemporal dementia, frontotemporal lobar degeneration, TDP-43, tau, therapeutics

INTRODUCTION
Frontotemporal dementia (FTD) is the third most common
dementia in modern society, rendering it a critical public
health issue (Onyike and Diehl-Schmid, 2013). However there
is currently a dearth of therapeutics in clinical trials that are
intended for FTD. Although tau has long been recognized as
the principle component of neurofibrillary tangles (NFTs) in
FTD (Joachim et al., 1987) and mutations in the microtubule
associated protein tau (MAPT) are responsible for a subset of
FTD cases (Hutton et al., 1998; Spillantini et al., 1998; D’Souza
et al., 1999), investment in tau therapies has traditionally lagged
somewhat due to the focus on proteotoxicity of other aggre-
gated proteins such as amyloid-beta (Ab) in Alzheimer’s dis-
ease (AD; Schneider et al., 2014). Furthermore, the majority
of advances in genetics—so often a guiding hand for neurode-
generative research in the identification of therapeutic targets—
have occurred only relatively recently in FTD (Hutton et al.,
1998; Watts et al., 2004; Baker et al., 2006; Cruts et al., 2006;
Sreedharan et al., 2008; DeJesus-Hernandez et al., 2011; Renton
et al., 2011), and have uncovered genes such as progranulin
(GRN) and Tar DNA binding protein (TARDBP) with little
preexisting neurological literature. For example, mutation of
the gene TARDBP is pathogenic in amyotrophic lateral scle-
rosis (ALS; Sreedharan et al., 2008) and the encoded protein
TAR DNA binding protein of 43 kDa (TDP-43) has been iden-
tified as a major component of the ubiquitinated inclusions
that characterize approximately half of all FTD cases (Taniguchi
et al., 2004; Shi et al., 2005; Neumann et al., 2006); how-
ever, only 12 publications on this protein existed prior to this
discovery.

Findings such as these can drive promising therapeutic
research. Our understanding of the clinical symptoms, neu-
ropathological features and genetic contributions to FTD has
vastly expanded. At this point, we should be asking if we have
reached the critical mass of knowledge necessary to develop
effective therapeutics for clinical trials and, if not, we must assess
what the remaining hurdles are for therapeutic efforts to have the
highest probability of success. The ability to do so will depend not
only on developing bioactive compounds, but also on sufficiently
accurate diagnosis to determine those persons in early, if not
asymptomatic, stages of degenerative disease. While strides are
being made in many of these areas, there are still numerous chal-
lenges that must be met prior to effective therapeutic intervention
to treat this chronic, multifaceted condition. Fortunately, lessons
learned from the failures of clinical trials in neurodegenerative
diseases such as AD can inform clinical efforts for FTD.

CURRENT PHARMACEUTICAL INTERVENTION IN FTD
The current trialed therapy to date for FTD is based on man-
agement of symptoms and does not address cause, and the
rationale for their use is based on efficacy in treating other neu-
rodegenerative disorders or psychiatric conditions with similar
behavioral phenotypes. All of the clinical trials have been small,
and only a handful has been placebo-controlled, double blind
trials (Rabinovici and Miller, 2010). Generally, there is some
evidence to suggest that selective serotonin reuptake inhibitors or
serotonin norepinephrine reuptake inhibitors may be beneficial
for some patients, particularly those with behavioral disturbances
(Boxer and Boeve, 2007; Vossel and Miller, 2008). Antipsychotics
and drugs targeting the cholinergic system appear to be largely

Frontiers in Aging Neuroscience www.frontiersin.org August 2014 | Volume 6 | Article 204 | 1

REVIEW

Neuropathological background of phenotypical variability
in frontotemporal dementia

Keith A. Josephs • John R. Hodges • Julie S. Snowden • Ian R. Mackenzie •

Manuela Neumann • David M. Mann • Dennis W. Dickson

Received: 3 March 2011 / Revised: 10 May 2011 / Accepted: 15 May 2011 / Published online: 26 May 2011
! The Author(s) 2011. This article is published with open access at Springerlink.com

Abstract Frontotemporal lobar degeneration (FTLD) is
the umbrella term encompassing a heterogeneous group of

pathological disorders. With recent discoveries, the FTLDs

have been show to classify nicely into three main groups
based on the major protein deposited in the brain: FTLD-tau,

FTLD-TDP and FTLD-FUS. These pathological groups, and

their specific pathologies, underlie a number of well-defined
clinical syndromes, including three frontotemporal dementia

(FTD) variants [behavioral variant frontotemporal dementia

(bvFTD), progressive non-fluent aphasia, and semantic

dementia (SD)], progressive supranuclear palsy syndrome
(PSPS) and corticobasal syndrome (CBS). Understanding

the neuropathological background of the phenotypic

variability in FTD, PSPS and CBS requires large clinico-
pathological studies. We review current knowledge on the

relationship between the FTLD pathologies and clinical

syndromes, and pool data from a number of large clinico-
pathological studies that collectively provide data on 544

cases. Strong relationships were identified as follows: FTD

with motor neuron disease and FTLD-TDP; SD and FTLD-
TDP; PSPS and FTLD-tau; and CBS and FTLD-tau. How-

ever, the relationship between some of these clinical

diagnoses and specific pathologies is not so clear cut. In
addition, the clinical diagnosis of bvFTD does not have a

strong relationship to any FTLD subtype or specific pathol-

ogy and therefore remains a diagnostic challenge. Some
evidence suggests improved clinicopathological association

of bvFTD by further refining clinical characteristics. Unlike

FTLD-tau and FTLD-TDP, FTLD-FUS has been less well
characterized, with only 69 cases reported. However, there

appears to be some associations between clinical phenotypes
and FTLD-FUS pathologies. Clinical diagnosis is therefore

promising in predicting molecular pathology.

Keywords Frontotemporal lobar degeneration !
Progressive supranuclear palsy ! Tau ! TDP-43 !
FUS
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could be tested in vivo in animal models, with transgenic models
of tauopathy/FTLD-tau an obvious candidate.

A number of challenges present themselves. Primarily, little is
known regarding how progranulin is processed in the brain, with
the majority of knowledge coming from studies in the periphery.
In this environment, the progranulin precursor—composed of
seven and a half repeats of a common 12-cysteine module called
granulin—can be processed proteolytically by elastase and pro-
teinase 3 to produce the individual granulins (Kessenbrock et al.,
2008), which may have distinct effects on biological processes. At
present, it is unknown whether the same mechanisms occur in
the brain or whether loss of full-length progranulin or individual
granulin(s) is the cause of FTLD in familial forms. At least
two studies have suggested that the neurotrophic properties of
progranulin may be due to module granulin activity rather than
the full-length form (Gass et al., 2012; De Muynck et al., 2013).
If distinct biological effects exist for the full-length progranulin
precursor and each individual granulin, the results of elevating the
former in FTD patients may be a complex and multifaceted mix of
therapeutic and unintended side effects. It is consequently imper-
ative to either deconstruct the desirable mechanisms underlying
progranulin function or to demonstrate in vivo the safety, toler-
ability and physiological benefits of increased progranulin levels.
Encouragingly, mice overexpressing progranulin are significantly
rescued from the behavioral deficits induced by middle cerebral
artery occlusion stroke paradigms coincident with a shift to a
more anti-inflammatory profile in transgenic animals (Tao et al.,
2012; Egashira et al., 2013). This shift in inflammatory profile is
consistent with a role for progranulin in modulating neuroinflam-
matory responses (Cenik et al., 2012; Martens et al., 2012; Tanaka
et al., 2013). Progranulin knockout mice—a model of inherited
FTLD due to GRN mutation—provide a useful tool for studying
progranulin deficiency but lack overt TDP-43 aggregation and
nuclear clearance as observed in humans (Ahmed et al., 2010).
Pathology is restricted to hyperphosphorylated, insoluble TDP-
43 that remains largely nuclear (Wils et al., 2012). Such tools
may be necessary to fine tune elevation of progranulin levels,
given its potential role in tumorigenesis (Tangkeangsirisin and
Serrero, 2004; Matsumura et al., 2006; Göbel et al., 2013). In
sum, progranulin therapy is an attractive target for FTLD-TDP,
particularly so for families with heritable progranulin mutations,
but gaps remain in our understanding of disease that may need to
be resolved.

DIAGNOSTIC PROGRESS AND THE HURDLE OF
HETEROGENEITY
CURRENT CLINICAL, IMAGING AND BIOCHEMICAL DIAGNOSTICS
Of equal importance in therapeutic consideration is the ability
to diagnose individuals with specific disease. In this regard, neu-
ropathology remains the dominant driver of disease mechanism
theory and consequently therapeutic hypotheses, but determina-
tion of underlying FTLD-tau or FTLD-TDP early in the disease
process will be essential in any therapeutic endeavor. As alluded
to above, hypothetical therapies may also need to be designed
to individual subtypes of TDP and tau pathology, if no singular
process can be commonly delineated or effectively targeted. There
are a number of diagnostic approaches under consideration that

can be categorized as clinical, biological and those using imaging
technologies.

Clinical-pathological studies of FTD have advanced rapidly,
resulting in several changes in neuropathologic diagnostic and
nosologic criteria for FTLD to reflect these findings (Cairns
et al., 2007). There are probabilistic correlations between the
syndromes and diseases underlying them, which invites some
optimism in disease and subtype diagnosis in symptomatic indi-
viduals (Figure 2; Josephs et al., 2011). SD and FTD-MND are
almost exclusively FTLD-TDP whereas PSPS and CBS are almost
always characterized by tau pathology. PNFA and bvFTD are more
neuropathologically heterogeneous, which is unfortunate given
the high prevalence of bvFTD (in the largest clinicopathological
study to date, bvFTD represented around 45% of FTD). Fur-
thermore, in some cases there are correlations—albeit weaker
ones—between specific subtypes of tau or TDP-43 pathology
and clinical phenotype. For example, FTD-MND is not only
purely FTLD-TDP but is approximately 70% type B and TDP-
43 positive SD almost 85% type C (Josephs et al., 2011). Again,
bvFTD is a much more complex syndrome in terms of either
TDP-43 or tau subtype. However, one intriguing suggestion is
that FTLD-TDP and FTLD-tau may affect distinct, distant brain
networks and that detailed neuropsychological analysis may be
used to differentiate the network—regardless of the syndrome—
and hence pathology (Grossman et al., 2008; Listerud et al., 2009;
Seeley et al., 2009).

While such correlations are interesting on a population level,
there is clear heterogeneity in disease/syndrome pairing and
often overlap between syndromes, meaning there is currently

FIGURE 2 | Relationship between clinical FTD phenotype and

underlying FTLD disease neuropathology. For each clinical subtype on
the left, the bar is divided to show the approximate proportion of cases
which are underpinned by the indicated disease neuropathology. Profound
neuropathological heterogeneity exists for many clinical subtypes,
particularly bvFTD and PNFA. This figure is based on data from Josephs
et al. (2011).
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inclusions were positive on Gallyas silver stain and nega-
tive on tau immunohistochemistry. In comparison to 34 
typical MSA cases, atypical MSA had significantly more 
neuronal inclusions in anteromedial temporal lobe and lim-
bic structures. While uncommon, our findings suggest that 
MSA may present clinically and pathologically as a fronto-
temporal lobar degeneration (FTLD). We suggest that this 
may represent a novel subtype of FTLD associated with 
α-synuclein (FTLD-synuclein).

Keywords Multiple system atrophy · Frontotemporal 
lobar degeneration · Neuropathology · Pick body-like 
inclusions · α-Synuclein

Introduction

Multiple system atrophy (MSA) is a sporadic, adult-onset, 
neurodegenerative disease characterized clinically by cer-
ebellar ataxia, parkinsonism and autonomic dysfunction 
with variable pyramidal signs [6, 21]. MSA encompasses 
three disorders that were at one time considered separate 
entities based on differing pathologic and clinical fea-
tures: olivopontocerebellar atrophy (OPCA), striatonigral 
degeneration (SND), and Shy–Drager syndrome (SDS) 
[10]. In 1989, Papp and Lantos [30] described argyroph-
ilic glial cytoplasmic inclusions (GCI) in oligodendro-
cytes in MSA, and GCI are now considered the pathog-
nomonic lesions of MSA. The discovery that GCI were 
composed of α-synuclein led to classification of MSA as an 
α-synucleinopathy, a designation shared with Lewy body 
disease (LBD) presenting clinically as Parkinson’s disease 
or dementia with Lewy bodies [8, 36, 38, 43].

Glial cytoplasmic inclusions can be found through-
out the central nervous system, being most numerous in 

Abstract Multiple system atrophy (MSA) is a sporadic 
neurodegenerative disease clinically characterized by cer-
ebellar signs, parkinsonism, and autonomic dysfunction. 
Pathologically, MSA is an α-synucleinopathy affecting 
striatonigral and olivopontocerebellar systems, while neo-
cortical and limbic involvement is usually minimal. In this 
study, we describe four patients with atypical MSA with 
clinical features consistent with frontotemporal demen-
tia (FTD), including two with corticobasal syndrome, one 
with progressive non-fluent aphasia, and one with behavio-
ral variant FTD. None had autonomic dysfunction. All had 
frontotemporal atrophy and severe limbic α-synuclein neu-
ronal pathology. The neuronal inclusions were heterogene-
ous, but included Pick body-like inclusions. The latter were 
strongly associated with neuronal loss in the hippocampus 
and amygdala. Unlike typical Pick bodies, the neuronal 
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brainstem, and cerebellum. According to Aoki et al. [2], we 
used a four-tiered scoring system (none—0, mild—1, mod-
erate—2, severe—3) for the evaluation of α-synuclein NCIs 
regardless of their morphology (ring, NFT, or Pick body 
like). The selection was blinded to the clinical diagnosis, 
age, gender, and macroscopic observations. We observed 
α-synuclein immunoreactive NCIs in the granule cells of 
the dentate gyrus in seven cases (38 %). Five out of seven 
cases (online supplemental file 1) showed only relatively 
few NCIs in the dentate gyrus and CA1/Subiculum (score 
1) (Fig. 1a, b). There was a lack of α-synuclein immunore-
active thin neurites and eosinophilic Pick body-like spheri-
cal inclusions in the hematoxylin and eosin (H&E) staining. 
Three of these five cases did not show clinical symptoms 
of dementia. Gait disturbance, parkinsonism, cerebellar 
symptoms, and dementia (not compatible with FTD) were 
reported in the two additional cases (57- and 71-year-old 
women) during the final 24 months of illness (total dura-
tion of illness was 120 and 75 months, respectively). Both 
brains showed Aβ plaques (both Thal phase 3) [9] and neu-
rofibrillary degeneration (both Braak stage II) [1, 3]. In the 

Atypical multiple system atrophy (aMSA) is a term recently 
introduced by Aoki et al. to describe cases that show hall-
mark neuropathological changes of glial cytoplasmic inclu-
sions (Papp–Lantos bodies) characteristic of MSA, while 
clinically presenting with frontotemporal dementia (FTD) 
syndromes associated with frontotemporal lobar degen-
eration (FTLD) and severe limbic and cortical α-synuclein 
neuronal pathology [2]. The authors evaluated FTD syn-
drome cases and showed that the evaluation of α-synuclein 
immunoreactive neuronal cytoplasmic inclusions (NCIs) 
in the hippocampus (dentate gyrus and CA1/Subiculum) 
seems to be of great importance [2]. We aimed to determine 
if these morphological features in the hippocampus are reli-
able to identify similar cases in our archives.

We evaluated α-synuclein immunostaining in the hip-
pocampus from a cohort of 18 neuropathologically con-
firmed MSA cases [10]: all cases contained characteris-
tic Papp–Lantos bodies and NCIs in the basal ganglia, 

Electronic supplementary material The online version of this 
article (doi:10.1007/s00401-015-1455-7) contains supplementary 
material, which is available to authorized users.

 * Gabor G. Kovacs 
 gabor.kovacs@meduniwien.ac.at

1 Department of Pathology and Molecular Medicine, 
Thomayer Hospital, Prague, Czech Republic

2 Third Faculty of Medicine, Institute of Pathology, Charles 
University in Prague, Prague, Czech Republic

3 Institute of Neurology, Medical University of Vienna, AKH 
4J, Währinger Gürtel 18-20, 1097 Vienna, Austria

4 Laboratory of Neuropathology, Department of Pathology 
and Neuropathology, State Neuropsychiatric Hospital 
Wagner-Jauregg, Medical School, Johannes Kepler 
University Linz, Linz, Austria

5 Department of Neurology, St. Janos Hospital, Budapest, 
Hungary

6 Department of Neurology, Medical University of Vienna, 
Vienna, Austria

7 Department of Neurology, Salzkammergut-Klinikum, 
Vöcklabruck, Austria

8 Department of Molecular Pathology and Neuropathology, 
Chair of Oncology, Medical University of Lodz, Lodz, 
Poland

9 Department of Neurology and Center of Clinical 
Neuroscience, First Faculty of Medicine, Charles University 
in Prague, Prague, Czech Republic

Classical Papp-Lantos bodies (glial cytoplasmic inclusions) 
 

 + neuronal a-synuclein pathology in the FT lobe and hippocampus! 



28.07.15 

15 

Dementia with Lewy bodies 
Fig. 4 Lewy body disease
Classification.
Immunohistochemical detection
of a-synuclein in (a, scale bar
250 lm) dorsal motor nucleus
of the vagus nerve and (b, scale
bar 125 lm) substantia nigra
neurons as examples of
‘‘Brainstem-predominant
LBD’’, (c, scale bar 50 lm)
amygdala as an example of
‘‘Amygdala-predominant
LBD’’, (d, scale bar 200 lm)
anterior cingulate gyrus as an
example of ‘‘Limbic
(Transitional) LBD’’, and (e–h,
scale bar 100 lm) superior
temporal gyrus as an example of
‘‘Neocortical (diffuse) LBD’’
with varying levels of LBD
severity: mild (e), moderate (f),
severe (g), and very severe
(h) [38]. Anti-alpha-synuclein
was antibody KM51
(Novocastra, Newcastle, UK)

Table 4 Classification of Lewy body disease

None No LBs or related changes in IHC for α-synuclein

Brainstem-predominant LBs in medulla, pons, or midbrain

Limbic (Transitional) LBs in cingulate or entorhinal cortices, usually with 
brainstem involvement

Neocortical (Diffuse) LBs in frontal, temporal, or parietal cortices usually 
with involvement of brainstem and limbic sites, 
which may include amygdala

Amygdala-predominant LBs in amygdala with paucity of LBs in the above 
regions

Results from the tiered approach to assessment of LBD in Table 1 should be reported as described here. Neocortical (diffuse) LBD is considered
adequate explanation of dementia (italicized). It is important to note that this classification is focused on the clinical context of cognitive
impairment or dementia. LBD also occurs early in olfactory bulb, and even can occur outside of the brain
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TERM Remark 

Lewy body disease Neuropathological term: includes all diseases 

Diffuse/transitional/brainstem-
predominant Lewy body disease 

Neuropathological term: describes the distribution 
 

Dementia with Lewy bodies Clinical term: the neuropathology associated with it is mostly Lewy body 
disease 

AD with amygdala Lewy bodies Diagnostic category 

AD with incidental Lewy bodies Clinical and neuropathological features 

Parkinson disease dementia Clinical term; There is no gold standard for the neuropathological diagnosis 
of DLB or Parkinson`s disease dementia 

Modified from: Lowe J and Kalaria R. Dementia; In: Love S, Budka H, Ironside JW, Perry A: Greenfield`s Neuropathology, 9th Edition, CRC Press 
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Abstract We present a practical guide for the imple-
mentation of recently revised National Institute on Aging–

Alzheimer’s Association guidelines for the neuropathologic

assessment of Alzheimer’s disease (AD). Major revisions
from previous consensus criteria are: (1) recognition that

AD neuropathologic changes may occur in the apparent

absence of cognitive impairment, (2) an ‘‘ABC’’ score for
AD neuropathologic change that incorporates histopatho-

logic assessments of amyloid b deposits (A), staging of

neurofibrillary tangles (B), and scoring of neuritic plaques
(C), and (3) more detailed approaches for assessing com-

monly co-morbid conditions such as Lewy body disease,

vascular brain injury, hippocampal sclerosis, and TAR
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fit between clinical and pathologic features is imper-
fect and that the best that can be accomplished at
present is a probability statement about the likeli-
hood that the neuropathologic findings account for
dementia. This approach has been adopted in the
proposed DLB criteria which assess the likelihood
that the neuropathologic findings predict the clinical
syndrome of DLB. The likelihood that the observed
neuropathology explains the DLB clinical syndrome
is directly related to the severity of Lewy-related pa-
thology, and inversely related to the severity of con-
current AD-type pathology. This approach is based on
studies that demonstrate that clinical diagnostic ac-
curacy for DLB is higher in patients with low bur-
dens of AD-type pathology.7,8,88 This revision is
prompted by the body of literature that deals with
clinicopathologic correlations in DLB and the desire
to implement more rigorous and specific neuropatho-
logic criteria than currently exist. The proposal obvi-
ously requires further research to test its validity.
The proposal can be summarized as follows.

• Cases should be assigned a likelihood that the
dementia can be attributed to AD pathology us-
ing the NIA-Reagan criteria, which employs the
CERAD method for assessing neuritic plaques86

and a topographic staging method for neurofi-
brillary degeneration comparable to that pro-
posed by Braak and Braak.89

• Lewy body type pathology should be assigned
according to the previous guidelines in the orig-
inal Consensus report.1 Semiquantitative grad-
ing of Lewy body severity should be adopted
rather than counting LB in various brain
regions.

• The following scoring system for LB is recom-
mended (figure):

0 ! None
1 ! Mild (sparse LBs or LNs)
2 ! Moderate (more than one LB in a low power

field and sparse LNs)
3 ! Severe (four or more LBs and scattered LNs

in a low power field)
4 ! Very severe (numerous LBs and numerous

LNs)

While brainstem nuclei are affected in virtually
every case of LB disease, the severity of brainstem
pathology is highly variable. Similarly, there is a
range of severity of involvement in the various limbic
and neocortical regions; thus, for most areas a range
of severity is acceptable. The pattern of regional in-
volvement is more important than total LB count.
Table 2 presents a scheme for assigning LB disease
type by assessing the regional pattern of Lewy-
related pathology using CERAD-like scoring for LB.

Table 3 shows criteria for allocating a probability
that neuropathologic findings will be associated with
a DLB clinical syndrome taking account of both AD
and LB type pathology.

As in the NIA-Reagan criteria, SP types should be
subclassified as diffuse and neuritic but for diagnostic
purposes, only neuritic plaques should be considered.

Specification for the assessment of vascular pa-
thology in DLB was made in the original consensus
statement document and in the absence of further
significant research findings it is recommended to
continue using this approach.

Neuropathologic research strategies. A scheme
to stage Lewy-related pathology in the brain has
been proposed for PD.90 The validity of staging and
its relevance to DLB remains to be determined by its
application to brains of prospectively studied individ-
uals with a range of cognitive and extrapyramidal
dysfunction. Similarly, while considerable research
has been reported on Lewy-related pathology in the
amygdala and periamygdaloid cortex using immuno-
staining for alpha-synuclein, additional studies are
warranted in prospectively studied cohorts in order
to understand possible clinical correlates of this pa-
thology in DLB as well as in AD, where this may be
the only brain region with alpha-synuclein patholo-
gy.91,92 Critical to this issue is the clinical signifi-
cance, if any, of this pattern of alpha-synuclein
pathology. As such, the presence or absence of LB in
the amygdala should be documented in all cases of
dementia reaching neuropathologic autopsy. Deter-
mining the presence of alpha-synuclein pathology in
the amygdala in other dementias is a related re-
search objective.

It is clear from several case studies that familial
cases of DLB occur93,94 and that LBs are commonly

Table 2 Assignment of Lewy body type based upon pattern of Lewy-related pathology in brainstem, limbic, and neocortical regions

Lewy body type
pathology

Brainstem regions Basal forebrain/limbic regions Neocortical regions

IX-X LC SN nbM Amygdala Transentorhinal Cingulate Temporal Frontal Parietal

Brainstem-
predominant

1-3 1-3 1-3 0-2 0-2 0-1 0-1 0 0 0

Limbic (transitional) 1-3 1-3 1-3 2-3 2-3 1-3 1-3 0-2 0-1 0

Diffuse neocortical 1-3 1-3 1-3 2-3 3-4 2-4 2-4 2-3 1-3 0-2

Brain regions are as defined anatomically in the original Consensus report.1

IX ! 9th cranial nerve nucleus; X ! 10th cranial nerve nucleus; LC ! locus ceruleus; SN ! substantia nigra; nbM ! nucleus basalis of
Meynert.
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seen in familial cases of AD.95 There are recent re-
ports that triplication of the alpha-synuclein gene
(SNCA) can cause DLB, PD, and PDD whereas gene
duplication is associated only with motor PD, sug-
gesting a gene dose effect.96 However, SCNA multi-
plication is not found in most patients with LB
disease.97 Continued clinical, pathologic, and genetic
evaluation of familial cases of DLB and AD is there-
fore an important and potential highly informative
area for continued research.

Clinical management. Patient management in
DLB is complex and includes early detection, investiga-
tion, diagnosis, and treatment of cognitive impairment;
assessment and management of neuropsychiatric
and behavioral symptoms; treatment of the move-
ment disorder; and monitoring and management of
autonomic dysfunction and sleep disorders.98 The ev-
idence base for making recommendations about the
management of DLB is limited and what follows is
based upon consensus opinion of clinicians experi-
enced in treating DLB.

Nonpharmacologic interventions. Nonpharmaco-
logic interventions have the potential to ameliorate
many of the symptoms and functional impairments
associated with DLB, but none has yet been system-
atically evaluated. Cognitive dysfunction and associ-
ated symptoms such as VH can for example be
exacerbated by low levels of arousal and attention
and strategies to increase these by social interaction
and environmental novelty may reduce their pres-
ence and impact.

Pharmacologic treatments. Motor parkinsonism.
Levodopa can be used for the motor disorder of both
DLB and PDD.18,19 Medication should generally be
introduced at low doses and increased slowly to the
minimum required to minimize disability without ex-
acerbating psychiatric symptoms. Anticholinergics
should be avoided.

Neuropsychiatric symptoms. Visual hallucina-
tions are the most commonly experienced psychiatric
symptom and are often accompanied by delusions,
anxiety, and behavioral disturbance. When pharma-
cologic intervention is required the options include
cholinesterase inhibitors (CHEIs) or atypical anti-
psychotic medications. Open label studies have dem-
onstrated the effectiveness of all three generally

available CHEIs in DLB and PDD but placebo con-
trolled trial data are only available to date for riv-
astigmine.27,28 The reported reduction in symptom
frequency and intensity of VH appears to be medi-
ated at least in part by improved attentional func-
tion and the presence of VH is associated with
greater cognitive improvement.47 Side effects of hy-
persalivation, lacrimation, and urinary frequency
may occur, in addition to the usual gastrointestinal
symptoms, and a dose dependent exacerbation of ex-
trapyramidal motor features may occur in a minor-
ity. If CHEIs are ineffective or if more acute
symptom control of behavior is required, it may be
difficult to avoid a cautious trial of an atypical anti-
psychotic. The clinician should warn both the carer
and patient of the possibility of a severe sensitivity
reaction.26 Typical antipsychotics should be avoid-
ed.55 Novel atypicals with potentially more favorable
pharmacologic properties, such as quetiapine, cloza-
pine, and aripiprazole, may have theoretical advan-
tages over traditional agents in LB disease99-101 but
controlled clinical trial data are needed.

Depression is common in both DLB and PDD and
there have been no systematic studies of its manage-
ment. At the present time SSRI and SNRIs are prob-
ably preferred pharmacologic treatment. Tricyclic
antidepressants and those with anticholinergic prop-
erties should generally be avoided. Apathy is also
common and may improve with CHEIs.27 Sleep disor-
ders are frequently seen in LB disease and may be
an early feature. RBD can be treated with clonaz-
epam 0.25 mg at bedtime, melatonin 3 mg at bed-
time, or quetiapine 12.5 mg at bedtime and titrated
slowly monitoring for both efficacy and side effects.53

CHEIs may be helpful for disturbed sleep.102

Cognitive symptoms. CHEIs may be of benefit
for the fluctuating cognitive impairments with im-
pact on global function and activities of daily liv-
ing.103 The effect size in DLB is reported as being
generally larger than seen with the same drugs
when used in AD.104 Only limited data on long-term
effects are available105 and there are none about pos-
sible disease-modifying effects.
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Table 3 Assessment of the likelihood that the pathologic findings are associated with a DLB clinical syndrome

Alzheimer type pathology

NIA-Reagan Low
(Braak stage 0–II)

NIA-Reagan Intermediate
(Braak stage III–IV)

NIA-Reagan High
(Braak stage V–VI)

Lewy body type pathology

Brainstem-predominant Low Low Low

Limbic (transitional) High Intermediate Low

Diffuse neocortical High High Intermediate

DLB ! dementia with Lewy bodies; NIA ! National Institute on Aging.
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Figure 2. Overview of the spectrum of human prion diseases (microphotograph of florid 
plaque from a representative case of variant Creutzfeldt-Jakob disease,,courtesy of 
Professor James Ironside, Edinburgh, UK). 

 
 
2.5.2. PrP immunostaining patterns 
 

Since there is a lack of conformation-specific antibodies suitable for immunohistochemical studies, 
the detection of disease-associated PrP immunoreactivity requires epitope retrieval methods. In non-
diseased brains conventional immunohistochemistry for PrP reveals diffuse neuronal and neuropil 
immunostaining, which is thought to represent PrPC. This should be distinguished from the following 
immunostaining patterns that are thought to be characteristic for prion diseases and became evident 
after specific pretreatment of sections [22]: (I) fine deposition (diffuse/synaptic pattern); (II) coarser 
depositions (these include granules, patchy/perivacuolar - deposits); (III) plaques (with amyloid 
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Abstract: Prion diseases are fatal neurodegenerative conditions in humans and animals. 
In this review, we summarize the molecular background of phenotypic variability, 
relation of prion protein (PrP) to other proteins associated with neurodegenerative 
diseases, and pathogenesis of neuronal vulnerability. PrP exists in different forms that 
may be present in both diseased and non-diseased brain, however, abundant disease-
associated PrP together with tissue pathology characterizes prion diseases and associates 
with transmissibility. Prion diseases have different etiological background with distinct 
pathogenesis and phenotype. Mutations of the prion protein gene are associated with 
genetic forms. The codon 129 polymorphism in combination with the Western blot 
pattern of PrP after proteinase K digestion serves as a basis for molecular subtyping of 
sporadic Creutzfeldt-Jakob disease. Tissue damage may result from several parallel, 
interacting or subsequent pathways that involve cellular systems associated with 
synapses, protein processing, oxidative stress, autophagy, and apoptosis.  

 
Keywords: Creutzfeldt-Jakob disease; prion; spongiform encephalopathy. 

 

1. Definition of disease and objectives of the review 
 

Prion diseases are fatal disorders affecting the nervous system of several species, characterized by: 
(1) progressive loss of neurons; (2) lack of classical inflammation; (3) appearance of vacuolation in the 
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novel forms), TDP-43 proteinopathy (13.3 %), vascular 
lesions (48.9 %), and others (15.1 %; inflammation, meta-
bolic encephalopathy, and tumours). TDP-43 proteinopa-
thy correlated with hippocampal sclerosis (p < 0.001) and 
Alzheimer-related pathology (CERAD score and Braak 
and Braak stages, p = 0.001). The presence of one specific 
variable (cerebral amyloid angiopathy, Aβ parenchymal 
deposits, TDP-43 proteinopathy, α-synucleinopathy, vascu-
lar lesions, non-Alzheimer type tauopathy) did not increase 
the probability of the co-occurrence of others (p = 0.24). 
The number of observed pathologies correlated with AD-
neuropathologic change (p < 0.0001). In addition to AD-
neuropathologic change, tauopathies associated well with 
dementia, while TDP-43 pathology and α-synucleinopathy 
showed strong effects but lost significance when evaluated 
together with AD-neuropathologic change. Non-AD neuro-
degenerative pathologies and their combinations have been 
underestimated, but are frequent in reality as demonstrated 

Abstract Neurodegenerative diseases are characterised 
by neuronal loss and cerebral deposition of proteins with 
altered physicochemical properties. The major proteins are 
amyloid-β (Aβ), tau, α-synuclein, and TDP-43. Although 
neuropathological studies on elderly individuals have 
emphasised the importance of mixed pathologies, there 
have been few observations on the full spectrum of pro-
teinopathies in the ageing brain. During a community-based 
study we performed comprehensive mapping of neurode-
generation-related proteins and vascular pathology in the 
brains of 233 individuals (age at death 77–87; 73 examined 
clinically in detail). While all brains (from individuals with 
and without dementia) showed some degree of neurofibril-
lary degeneration, Aβ deposits were observed only in 160 
(68.7 %). Further pathologies included α-synucleinopathies 
(24.9 %), non-Alzheimer tauopathies (23.2 %; including 
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