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ORIGINAL ARTICLE

The common dementias in elderly
population: Limbic Age-Related TDP-
43 Encephalopathy and Primary Age-
Related Tauopathy

Nenad Bogdanovi¢, MD, PhD, Senior Consultant, Professor, Theme Aging'

! Karolinska University Hospital and Karolinska Institute, Stockholm, Sweden

ABSTRACT:

Alzheimer’s disease (AD) is the main cause of dementia and accounts for 60% of dementia syndromes
in people older than 75 years. Alzheimer-like clinical picture is often assumed to be the underlying
cause of dementia in elderly patients. The correct classification of AD and non-AD is mandatory to
study disease mechanisms or new treatment possibilities. A typical clinical picture for AD consists of
a progressive cognitive impairment, brain imaging that is in line with AD, and CSF biomarkers and
APOE genotype supporting the diagnosis of AD. Use of biomarkers have carried out individuals with
mild cognitive impairment who are amyloid-negative addressing a conceptually separate clinical entity
named suspected non-Alzheimer disease pathophysiology (SNAP). SNAP clinical progression can
mimic AD that makes final diagnose and treatment up to 30% uncertain in the clinical centers that are
not using biomarkers. The neurobiological bases non-AD pathologies are common with advancing age
in impaired and clinically normal elderly people. These limbic pathologies include argyrophilic grain
disease, Tangle predominant dementia, TDP-43 proteinopathy with the prevalence of dementia up to
20%. The terms Primary age-related tauopathy (PART) and Limbic-dominant TDP-43 age-related
encephalopathy (LATE) have been proposed as a most common and useful practical clinical construct
to describe this phenomenon in >80 years old individuals. Thus, it is highly important to establish the
correct timely diagnosis and to start an adequate/personalized therapeutic intervention.

KeEyYwWoORDS: SNAP, LATE, PART, atypical Alzheimer, dementia, elderly

SAZETAK:

UOBICAJENE DEMENCIJE U STARIJOJ POPULACHT: LIMBICKA TDP-43 ENCEFALOPATIJA POVEZANA SA STARENJEM
I PRIMARNA TAUOPATIJA POVEZANA SA STARENJEM

Alzheimerova bolest (AD) glavni je uzrok demencije i ¢ini 60% sindroma demencije kod osoba starijih
od 75 godina. Cesto se pretpostavlja da je klini¢ka slika sli¢na Alzheimerovoj temeljni uzrok demencije
u starijih bolesnika. Ispravna klasifikacija AD i ne-AD obavezna je za prou¢avanje mehanizama bolesti
ili novih mogu¢nosti lije¢enja. Tipi¢na klini¢ka slika za AD sastoji se od progresivnog kognitivnog
ostecenja, slikovne slike mozga koja je u skladu s AD-om, biomarkera likvora i genotipa APOE koji
podrzavaju dijagnozu AD-a. Upotreba biomarkera provedena je kod pojedinaca s blagim kognitivnim
oste¢enjem koji su negativni na amiloid adresiraju¢i konceptualno odvojeni klinicki entitet nazvan
patofiziologija suspektne ne-Alzheimerove bolesti (SNAP). Klini¢ka progresija SNAP-a moze oponasati
AD $to ¢ini kona¢nu dijagnozu i lije¢enje do 30% nesigurnima u klini¢kim centrima koji ne koriste
biomarkere. Neurobioloske osnove ne-AD patologija ¢este su s odmakom u dobi kod osteéenih i
klini¢ki normalnih starijih osoba. Ove limbicke patologije uklju¢uju argyrophilic grain disease, Tangle
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predominantnu demenciju, TDP-43 proteinopatiju s prevalencijom demencije do 20%. Pojmovi
primarna tauopatija povezana sa starenjem (PART) i limbi¢ka dominantna TDP-43 encefalopatija
povezana sa starenjem (LATE) predloZeni su kao naj¢es¢i i najkorisniji prakti¢ni klinicki konstruke za

opisivanje ovog fenomena kod osoba starijih od 80 godina. Stoga je vrlo vazno pravovremeno postaviti

ispravnu dijagnozu i zapoceti adekvatnu/personaliziranu terapijsku intervenciju.

KLIUCNE RIJECI: SNAP, KASNO, DIO, atipi¢ni Alzheimer, demencija, starije osobe

THE COMMON DEMENTIAS IN ELDERLY POPULATION:
LimBiC AGE-RELATED TDP-43 ENCEPHALOPATHY AND
PRIMARY AGE-RELATED TAUOPATHY

The most common cause of amnestic dementia in the elderly

is Alzheimer’s disease (AD) and evidence of AD-related neuro-
pathological changes, amyloid plaques and tangles are confirmed
by neuropathology (ADNC). Everyday clinical practice proves
that elderly patients can have cognitive impairment and demen-
tia without having amyloid deposits in the brain.

For practical reasons, this patient group is called SNAP (suspect-
ed non-Alzheimer disease pathophysiology), which is a construct
introduced by Clifford Jack in 2014 when operational NIA-AA
criteria for preclinical Alzheimer’s disease were formulated. This
term should be avoided in clinical routine. Many years ago,
neuropathological analysis showed that with increased life expec-
tancy, cognitive impairment/dementia can be characterized by
the presence of limbic-dominant TDP-43 age-related encepha-
lopathy neuropathological confirmed (LATE-NC) or by primary
age-related tauopathy neuropathological confirmed (PART-NC)
which, so far, can only be confirmed by autopsy. However, the
prevalence and coexistence of these brain pathologies with high
morbidity and clinical features is still uncertain.

The common pathoanatomical changes for these amnestic types
of dementia are involvement of limbic structures at the onset of

the disease. The role of the hippocampus, thalamic nuclei and
mamillary bodies etc. in providing the necessary neural substrate
for acquiring and retaining new information is well known.

It is unlikely that these structures themselves contain specific
memories, but somehow, they provide a means to store and
retrieve memories, especially those that are being consolidated.
The most extensively studied of these limbic regions is the hip-
pocampus, which has been studied since 1956 in the famous case
of H.M., a patient who showed severe anterograde amnesia after
bilateral amygdalo-hippocampectomy for seizure control (1). To
understand the morpho-clinical characteristics of LATE-NC and

PART-NC, we need to reflect upon the entorhinal cortex/hip-
pocampal anatomy (2). The human hippocampus has anatomi-

cally distinct anterior and posterior segments associated with

different functional specialization, morphology, and connectivity

patterns. Thus, accumulation of neuropathology in different
PART-NC:s of the hippocampus can produce different clinical
pictures. LATE-NC and PART-NC neuropathology is character-
ized by accumulation in the predominantly anterior PART-NC
of the hippocampus, amygdala and entorhinal cortex, indicating

dysfunction in the anterior hippocampal projection areas (Figure

1). In the terminal stages, the neuropathology spreads through-

out the hippocampus towards the rest of the limbic areas.
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Figure 1. Connections of the anterior (A) and posterior
(P) hippocampus in humans (for details see Poppent
2013). Two red arrows indicate the projection pattern
of the anterior and posterior hippocampus, respectively.
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LATE-NC

LATE-NC is neuropathologically characterized by accumula-
tions of transactive DNA-binding protein 43 kDa (TDP-43), a
prevalent neuropathology in old age (3). This condition has been
detected in over 20% of brains in community autopsy series and
PART-NC is particularly common (30%-50%) in people over
80 years of age (4). TDP43 pathology was discovered in 2006 as
a primary pathological feature of frontotemporal lobar degen-
eration with TDP-43 inclusions (FTLD-TDP), amyotrophic
lateral sclerosis and later in hippocampal sclerosis and amnes-
tic cognitive impairment not associated with FTLD/ALS (5).
Additionally, TDP-43 pathology is now considered to occur in
many other conditions (6). Although diagnostic ambiguities still
exist in TDP-43 neuropathological assessments, LATE-NC has
distinctive features including the neuroanatomical distribution
of TDP-43 pathology, clinical features, genetic risk factors and
epidemiology (7,8).

LATE-NC vs ADNC

LATE-NC is strongly associated with amnestic dementia, inde-
pendent of other known brain pathologies. ADNC and LATE-
NC are genetically pleiotropic: Apolipoprotein E €4 is also as-
sociated with increased risk of LATE-NC as in ADNC. TDP-43
pathology may co-localize with tau neurofibrillary tangles.
ADNC and LATE-NC pathological changes are independent
of each other, but up to 80% of individuals with LATE-NC
may have co-morbid ADNC. Many elderly patients with severe

ADNC do not inevitably lead to LATE-NC. It has been sug-
gested that TDP-43 proteinopathy in the context of ADNC is
merely an “added” pathology, analogous to Lewy body pathol-
ogy in the amygdala (9). However, the presence of LATE-NC in
cases with concomitant ADNC is still very important to note,

as ADNC with LATE-NC has a more severe clinical phenotype
than ADNC without LATE-NC (10; 11). The clinical symp-
tomatology is strongly modified by the extent of ADNC, and
possibly with other concomitant pathologies such as hippocam-
pal sclerosis and arteriolosclerosis, associated with LATE-NC.
Recent imaging studies also suggest that brains with ADNC

and co-morbid LATE-NC have more atrophic hippocampi than
those with ADNC alone (3,12-15).

Clinically, patients with ADNC who have co-morbid LATE-NC
are on average older (>80 years) had higher ADNC burden and
had poorer cognitive performance and a tendency to manifest
behavioural and neuropsychiatric symptoms than those with
ADNC without LATE-NC. The presence of “mixed” pathologies
is important because the clinical manifestations vary with differ-
ent combinations of pathologies. For example, “pure LATE-NC”
is, on average, associated with a less severe clinical phenotype
than “pure ADNC”. Important to emphasize that the effect of
LATE-NC is limited to reduced, especially episodic memory
that is specifically related to the anatomy and the connectivity
of the anterior hippocampus (16). The combination (ADNC +
LATE-NC) is associated with a more aggressive clinical course

(Table 1).

possible behavioral changes

cognitive impairment

LATE-NC ADNC LATE-NC och ADNC
Protein TDP-43 B-amyloid, tau TDP-43, B-amyloid, tau
Prevalence, cognitive
Impairment/dementia cca 20 % cca 40 % 25-60 % of AD patients
TMEM106B, RBFOX1, APOE, TREM2,
Genetic risk As in LATE-NC or AD
APOE, GRN CLU, B1N1
. §low progression of memory Amnestic and multidomain Severe cognitive impairment/
Clinical features impairment dementia

Rapid functional decline

Anatomy of
neurodegeneration

Hippocampus and amygdala
Top of the temporal lobe
Medial frontal area

Orbital cortex

Hippocampu, amygdala
Inferior temporale lobe
Lateral parietal lobe
Precuneus,

posterior cingular cortex
cingular g

As in LATE-NC and AD

IMiging biomarkers

MRI, F®PET-FDG (bild 3)

MRT, F'®PET-FDG, -amyloid,
- tau

MRT, F'8PET-FDG, -amyloid,
- tau

Table 1.
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LATE-NC vs FTLD-TDP

An important question is whether FTLD-TDP and LATE-NC
cases could be distinguished from each other. The clinical and
pathological boundaries between LATE-NC and FTLD-TDP
have not been fully delineated, (3). LATE-NC histopathology is
like that seen in FTLD-TDP type A (17). Arguments for simi-
larities between LATE-NC and FTLD-TDP include neuroimag-
ing detection of frontal and temporal atrophy in those cases with
autopsy-proven LATE-NC, less dramatic atrophy overall than
FTLD-TDP cases, but still in the same (3,18) or not completely
identical anatomical areas (6). The main differences between
FTLD-TDP and LATE-NC are in epidemiology and clinical
presentation. LATE-NC is much more common and affects
older individuals, with heterogeneous clinical features (3).

PART-NC

Even before the term “primary age-related tauopathy (PART-
NC)” was proposed in 2014, pathologists had observed localized
neurofibrillary degeneration in the brains of aged subjects with
relatively well-preserved cognitive function that was mostly con-
fined to medial temporal regions. These findings were somewhat
informally described as “aging changes” because the character-
istics were considered insufficient for a diagnosis of Alzheimer’s
disease. The newly proposed consensus term (ie, PART-NC)
includes features ranging from the presence of isolated neurofi-
brillary tangles in cognitively normal aged brains to tangle-pre-
dominant senile dementia (TPSD) and argyrophilic grain disease
(AGD) (19,20).

In the common clinical picture, there is profound cognitive
impairment that interferes with daily activities in some affected
individuals within this population. Thus, the consensus term
PART-NC was proposed by researchers of neurodegenerative
diseases as a more objective and quantitative description of
pathological disease status separate from the clinical presentation.
The term PART-NC is inspired by the pathological classification
system for AD of the National Institute on Aging-Alzheimers As-
sociation (21). Since their introduction, the clinicopathological
features of PART-NC have been elucidated more precisely (19,
22-25).

The gross features of a brain with PART-NC may include graded
atrophy primarily located in the medial temporal lobe; often
dominant in the left hippocampus (23) with very mild diffuse
neocortical atrophy that may occur in some cases but without

or very few amyloid plaques (26). In TPSD, AD-type NFTs, in-
cluding ghost tangles, are mainly distributed in the hippocampus
and medial temporal lobe and correspond to Braak stages I-I11
in the majority of patients and to stage IV in rare cases (27).
NFTs can also be observed in subcortical structures, such as the
amygdala, nucleus basalis of Meynert, nucleus accumbens, hypo-
thalamus, thalamus, and the olfactory system (bulb and cortex),
and in the brainstem, including the substantia nigra, locus coer-

uleus, dorsal raphe nucleus, and medulla oblongata, where NFTs
develops at a younger age, sometimes even in teenagers (27).

Is PART-NC A PART-NC oF THE AD CONTINUUM?
Considering PART-NC as being on the AD continuum, par-
ticularly comparison with limbic-dominant form of AD, has
been discouraged for several reasons (13, 26). First, PART-NC is
associated with lower Braak NFT stages and fewer, or an absence
of, AP plaques. Second, patients with PART-NC have a higher
age of onset, longer disease duration and less severe cognitive
impairment. Third, the frequency of APOE &4 is much lower in
PART-NC than in the normal elderly population, (28). In the
absence of AP, as seen in definite PART-NC, tau-positive NFTs
or argyrophilic grains tend to be more abundant with older age
at death (13). The implications of the association of PART-NC
with diffuse amyloid and neuritic plaques also remain to be
elucidated, although a quantitative threshold for AP deposition,
up to Thal phase 2, has been suggested (19). However, the func-
tional interaction between tau and AP, as well as the relation-
ship between PART-NC and AD, remains to be elucidated (20,
29). It has been suggested that a neuropathological diagnosis of
PART-NC should be applied conservatively to cases where NFT
or argyrophilic grains primarily affects the hippocampus/limbic
area, and where there is a lack of AP deposits and no evidence
of any other dementia characterized by NFT (30). Finally, to
understand the clinicopathological entity of PART-NC, manda-
tory neuropathological analysis is needed to establish which will
provide a solid foundation for a more in-depth understanding of
age-related neurodegenerative changes.

PART-NC- CLINICAL FEATURE

In a longitudinal analysis, increasing accumulation of neurofi-
brillary tangles or argyrophilic grains in PART-NC is associated
with faster cognitive decline. (31). Comparison of longitudinal
changes of cognitive performance in 5 domains (memory, atten-
tion, executive function, language and visuospatial ability) and
in the Mini-Mental State Examination (MMSE) has shown a
highly significant difference between patients with PART-NC
and AD. In all these domains showed AD subjects a faster rate of
decline than PART-NC subjects (32). Brain imaging with MRI
can visualize the differences in anatomy of the atrophic regions
in patients with PART-NC and AD. Atrophic changes in the an-
terior hippocampus are greater than in the posterior PART-NC.
Precuneus and parietal cortex are pathognomonic for AD disease
but not for PART-NC which makes a clear distinction in clinical
practice (Figure 2). Hypometabolic pattern in the brain is also

characteristic of PART-NC (Figure 3).
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MMT 28/30 MMT 27/30

APOE3/3 A-T-N+

Figure 2. Computed tomography of the brain in 80-year-old patient with amnestic cognitive impairment accompanied by behavioral symptoms. Cognitive function has been
slowly deteriorating over several years. Neuropsychological examination has revealed the cognitive impairment (amnestic with executive impairments) in more detail than screening
MMT tests. In the last three years, atrophy accelerated in the anterior hippocampus (upper row), L>R, compared to cortical parts. The second row shows non-atrophied posterior
hippocampus. The patient did not have amyloid or tau pathology in the CSE APOE allele 2/3. The clinical picture and limbic atrophy of lesser degree correspond to PART. For the
final diagnosis, neuropathological analysis is mandatory.

A-T-N4, MMT 28/30

Figure 3. Computerized tomography (a,b) and PET-FDG (c,d) of 81-year-old patient with amnestic cognitive impairment without AD biomarkers in CSF and with APOE
alleles 3/3. Cognitive decline lasted more than seven years and the atrophy accelerated mostly in the limbic areas of the hippocampus V>H with atrophy of the amygdala which
contrasts with otherwise essentially preserved cortex. PET-FDG shows hypometabolism in the limbic area of the hippocampus, cingulate and medial frontal regions. Both precuneus
areas (white arrows) have normal metabolism. The clinical picture with marked limbic atrophy is similar to LATE-NC but neuropathological examination is mandatory for the

final diagnosis.
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PART-NC brains lack the APOE &4 allele, which is strongly
associated with the risk of AD. The frequency of APOE &4 in
PART-NC is approximately 10%, while its prevalence in AD
exceeds 45%. A major genetic risk factor for PART-NC is the
microtubule-associated protein tau (MAPT) gene. H1 haplotype,
is risk factor for subtype of PART-NC, AGD and is also an ac-
cepted risk factor for progressive supranuclear palsy (PSP), corti-
cobasal degeneration (CBD). Patients with PART-NC pathology
have mild cognitive impairment (20). Greater failure has been
noted as another subtype of PART-NC, so-called TPSD, where
the initial symptoms usually include memory disturbances (30).
During disease progression, a relatively well-preserved personality
is seen. Mental disturbances, such as disorientation, depression
and paranoid thinking have also been observed (30, 33).
PART-NC represents a subtype of atypical AD that has a later
onset of symptoms with a slower disease progression. Further
distinction of PART-NC from AD as a distinct disease entity will
rely on prospective biomarker and PET imaging studies. Further
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