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relevant current data were derived from autopsy cohorts,
the prevalence of LATE-NC may be higher in younger sub-
jects than currently recognized if there is a survival bias
(those with LATE-NC live to older ages), underscoring
the need for more longitudinal studies that incorporate
clinical biomarkers. Since the demographic group made
up of subjects past 85 years of age is predicted to greatly
expand in the coming decades (Gardner et al., 2013;
Nelson et al., 2013), LATE is likely to become a far greater
public health burden in the future unless preventative or
therapeutic strategies are developed.

Genetics of LATE

Genetic studies provide insights into disease-related mech-
anisms and, potentially, future therapeutic targets. The fol-
lowing five genes (in the chronological order in which they
were identified) have been reported to harbour risk alleles
associated with pathological manifestations we refer to as
LATE-NC: granulin (GRN) on chromosome 17q, trans-
membrane protein 106B (TMEM106B) on chromosome
7p, ATP-binding cassette sub-family member 9 (ABCC9)
on chromosome 12p, potassium channel subfamily M regu-
latory beta subunit 2 (KCNMB2) on chromosome 3q, and
apolipoprotein E (APOE) on chromosome 19q (Dickson
et al., 2010; Pao et al., 2011; Beecham et al., 2014;
Murray et al., 2014; Nelson et al., 2014, 2015b; Aoki
et al., 2015; Katsumata et al., 2017; Yang et al., 2018).
See Supplementary Table 1 for summary information on
these genes and their associated phenotypes. For this dis-
cussion, we include the endophenotype that was used in the
published research (usually hippocampal sclerosis) rather
than LATE-NC.

Gene variants in GRN and TMEM106B were shown to
be associated with hippocampal sclerosis and TDP-43 pro-
teinopathy risk using allele tests, based on the known

relationship of those two genes to FTLD-TDP (Baker
et al., 2006; Boeve et al., 2006; Cruts et al., 2006; Van
Deerlin et al., 2010). These gene variants have now been
most consistently associated with risk of LATE-NC. For
the association between the GRN and hippocampal scler-
osis, Dickson et al. showed that hippocampal sclerosis in
aged subjects was associated with the T-allele of the GRN
single nucleotide polymorphism (SNP) rs5848 (Dickson
et al., 2010; Murray et al., 2014). Aoki and colleagues re-
ported that the frequency of the C-allele of TMEM106B
rs1990622 in hippocampal sclerosis was lower than that
in non-hippocampal sclerosis controls (Aoki et al., 2015).
Following the initial studies, the findings were replicated of
increased risk for hippocampal sclerosis associated with each
copy of the T-allele of TMEM106B rs1990622 (Nelson
et al., 2014, 2015b; Dickson et al., 2015; Yu et al., 2015).

Since GRN and TMEM106B were both implicated in
FTLD-TDP, their strong association with LATE-NC pro-
vides compelling evidence for pathogenetic overlap between
FTLD-TDP and LATE. From a mechanistic perspective, the
cognate proteins for these genes have been shown to play
important roles in endosomal/lysosomal biology, and there
is experimental evidence for interaction of these gene prod-
ucts (Chen-Plotkin et al., 2012; Nicholson and
Rademakers, 2016; Klein et al., 2017; Zhou et al., 2017;
Paushter et al., 2018). The TMEM106B gene appears to be
pleiotropic for multiple diseases (Gallagher et al., 2014; Ou
et al., 2015; Hsiao et al., 2017; Cherry et al., 2018;
Chornenkyy et al., 2019), and the LATE-NC risk allele in
TMEM106B may influence healthy brain ageing (Rhinn
and Abeliovich, 2017; Ren et al., 2018). Separate studies
have found that GRN gene products (granulins) play roles
in inflammation and wound repair (Ahmed et al., 2007;
Miller et al., 2013). Notably, the GRN risk variant
rs5848 has been associated with increased inflammatory
mediators in CSF (e.g. AXL and CLU) (Fardo et al.,
2017). More work is required to enable better understand-
ing of how molecular pathways relevant to FTLD-TDP are
involved in LATE.

An important recent finding by several different groups is
that the APOE "4 allele, which is a risk factor for ADNC
and Lewy body disease, is also associated with increased
risk for TDP-43 proteinopathy in the elderly (Robinson
et al., 2018c; Wennberg et al., 2018; Yang et al., 2018).
Other studies did not find an association between APOE
genotypes and risk for hippocampal sclerosis (Troncoso
et al., 1996; Leverenz et al., 2002; Nelson et al., 2011b;
Pao et al., 2011; Brenowitz et al., 2014; Hall et al., 2019;
but see Farfel et al., 2016). Few subjects with the APOE "4
allele survive into advanced old age without any amyloid-b
plaques (Saunders et al., 1993; Schmechel et al., 1993), and
it remains to be seen exactly how the APOE "4 protein
influences TDP-43 proteinopathy. Nevertheless, recent stu-
dies from large research cohorts have provided additional
insights into the presence of pathogenetic mechanisms that
are shared between neurodegenerative diseases.

Table 2 A statistical analysis of attributable risk from
research volunteers in two clinical-pathological studies
of ageing from Rush University

Neuropathological indices Fraction
attributable
% (95% CI)a

Alzheimer’s disease (ADNC) 39.4 (31.5–47.4)

Vascular disease pathologyb 24.8 (17.3–32.1)

LATE-NC 17.3 (13.1–22.0)

!-Synucleinopathy/Lewy body pathology 11.9 (8.4–15.6)

Shown are fractions of dementia of the Alzheimer type cases that were attributable to

individual neuropathological indices in advanced age. In this sample, the mean age of

death was 89.7 years (SD 6.5 years, range 65–108 years). For these analyses, multi-

variable logistic regression models examined associations of neuropathological indices

with the outcome of Alzheimer’s-type clinical dementia and quantified the percentage

of cases attributable to each. Methods have been described in detail previously (Boyle

et al., 2019). These data give strong indication that the public health impact of LATE is

large, on the same order of magnitude as ADNC, vascular pathologies, and Lewy body

pathology.
a95% CIs were derived using bootstrapping.
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LATE
Limbic predominant age related TDP 43 encephalopathy

Figure 3 Brain regions that are affected in LATE. (A) Post-mortem MRI with autopsy confirmation allows discrimination of regions of

brain atrophy associated with LATE-NC. These data indicate grey matter regions inside and outside of the medial temporal lobe with atrophy in

cases with autopsy-confirmed LATE-NC from a community-based autopsy sample. The figure was prepared similarly to the methods used in

Kotrotsou et al. (2015), with some modifications. Cerebral hemispheres from 539 participants of two cohort studies of ageing (Rush Memory and

Aging Project and Religious Orders Study) were imaged with MRI ex vivo and also underwent detailed neuropathological characterization. The

cortical and subcortical grey matter were segmented into 41 regions. Linear regression was used to investigate the association of regional volumes

(normalized by height) with the score of LATE-NC at autopsy (scores: 0 = no TDP-43 inclusions, or inclusions in amygdala only; 1 = TDP-43

inclusions in amygdala as well as entorhinal cortex or hippocampus CA1, and neocortex; 2 = TDP-43 inclusions in amygdala, entorhinal cortex or

hippocampus CA1, and neocortex, and hippocampal sclerosis pathology) controlling for amyloid plaques and neurofibrillary tangles, Lewy bodies,

gross and microscopic infarcts, atherosclerosis, arteriolosclerosis, cerebral amyloid angiopathy, as well as age, sex, years of education, post-

mortem interval to fixation and to imaging, and scanners. Unique colours have been assigned to different model estimates (units: mm2) for grey

matter regions with significant negative correlation between their volumes and LATE pathology (P5 0.05, false discovery rate-corrected); darker

colours indicate greater brain atrophy in that region. Results are overlaid on both hemispheres of the T1-weighted template of the IIT Human

Brain Atlas (v.4.2). Lateral, medial and inferior to superior 3D views of the results are also shown. (B) Classification of LATE-NC according to

anatomical region(s) affected by TDP-43 proteinopathy. The present working group recommended a simplified staging scheme for routine

assessment of LATE-NC. This requires sampling and TDP-43 immunohistochemical staining of amygdala, hippocampus, and middle frontal gyrus.

More detailed TDP-43 immunohistochemical staging schemes that are directly relevant to LATE-NC were previously published by Josephs et al.

(2014a, 2016) and Nag et al. (2018). MFG = middle frontal gyrus.
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association between severe ADNC and cognitive impair-
ment in all age groups (Nelson et al., 2009; Abner et al.,
2011), subjects who die after 80 years of age often have
exhibited cognitive decline exceeding expectation given the
severity of ADNC (Kawas and Corrada, 2006; Savva et al.,
2009; Nelson et al., 2012). LATE-NC is an important con-
tributor to this apparent clinicopathological mismatch (see
below).

Historically, the first-recognized pathological manifest-
ation of LATE was profound hippocampal neuron loss
and gliosis, collectively termed hippocampal sclerosis. In a
landmark study, Dickson et al. (1994) identified 13 elderly
subjects with dementia and hippocampal sclerosis, yet who
lacked substantial ADNC. Other larger autopsy series that
included subjects with dementia and hippocampal sclerosis
were later reported (Crystal et al., 2000; Barker et al.,
2002; Leverenz et al., 2002; White et al., 2002; Zarow
et al., 2005; Attems and Jellinger, 2006; Brayne et al.,
2009). In 2006, phosphorylated TDP-43 was discovered
as the disease protein in the ubiquitylated inclusions that
are signatures of amyotrophic lateral sclerosis (ALS) and

most cases of frontotemporal lobar degeneration (FTLD),
known as FTLD-TDP (Neumann et al., 2006; Cairns et al.,
2007a). TDP-43 protein, encoded by the TARDBP gene
(Ou et al., 1995), is a protein that binds to RNA and
DNA as well as to other proteins, and serves multiple func-
tions in gene expression regulation at the levels of both
transcription and translation (Cohen et al., 2011; Guo
and Shorter, 2017). Expressed in most human tissues and
cell types, TDP-43 is predominantly non-phosphorylated
and localized mostly within nuclei, while in disease states
the protein is phosphorylated and often translocated to the
cytoplasm (Neumann et al., 2006).

Following the detection of TDP-43 proteinopathy in
FTLD-TDP and in the large majority of ALS cases
(Mackenzie et al., 2007), TDP-43 proteinopathy was also
discovered in the brains of subjects over age 80 years with-
out FTLD or ALS, but often with comorbid hippocampal
sclerosis and/or ADNC (Amador-Ortiz et al., 2007a, b). In
subjects with ADNC, LATE-NC represents a common
comorbid lesion that lowers the threshold for developing
dementia (Josephs et al., 2014b, 2015). In retrospective
studies, age-related TDP-43 proteinopathy has been asso-
ciated with a progressive amnestic syndrome that mimicked
the Alzheimer’s clinical syndrome (Pao et al., 2011;
Brenowitz et al., 2014). TDP-43 proteinopathy, hippocam-
pal sclerosis pathology, and the associated amnestic demen-
tia increases with advanced age, while the prevalence of
severe ADNC decreases in extreme old age (Nelson et al.,
2011a, b, 2013; Brenowitz et al., 2014). The presence of
pathological TDP-43 in these cases suggests a novel disease
mechanism in older adults. As there is currently no univer-
sally agreed upon terminology or staging system for
common age-related TDP-43 proteinopathy, this condition
is under-studied and not well recognized even among inves-
tigators in the field of dementia research. The promotion of
research and increasing awareness of this disease are the
primary motivations for developing the new term LATE,
and for the recommendations that follow.

LATE neuropathological changes

LATE-NC is a TDP-43 proteinopathy of advanced age,
especially in subjects older than age 80. Following the con-
vention proposed by a working group for the neuropatho-
logical criteria of Alzheimer’s disease (Montine et al.,
2012), we use LATE to refer to the disease, and LATE-
NC as the term to indicate LATE neuropathological
changes. The term LATE is intended to encompass several
previously used designations related to TDP-43 proteinopa-
thy that may be associated with cognitive impairment,
including hippocampal sclerosis, hippocampal sclerosis of
ageing, hippocampal sclerosis dementia, cerebral age-
related TDP-43 with sclerosis, and TDP-43 pathologies in
the elderly (for reviews see Kuslansky et al., 2004; Lippa
and Dickson, 2004; Nelson et al., 2013, 2016b; Dutra
et al., 2015).

Box 1 LATE and LATE-NC summary
points

! LATE-NC features

! A sampling and staging system for routine autopsy diagnosis

is proposed to characterize the anatomical distribution of

TDP-43 proteinopathy

! Stage 1: amygdala only

! Stage 2: + hippocampus

! Stage 3: + middle frontal gyrus

! Hippocampal sclerosis pathology may be observed (and

should be reported), but is neither necessary nor sufficient

for diagnosis of LATE-NC

! LATE-NC is present in 420% (up to 50%) of individuals past

age 80 years according to large community-based autopsy

series

! LATE is associated with substantial disease-specific cognitive

impairment, usually an amnestic dementia syndrome (‘dementia

of the Alzheimer’s type’)

! The overall public health impact of LATE is on the same order

of magnitude as Alzheimer’s disease neuropathological changes;

the diseases are often comorbid, but which pathology is more

severe varies greatly between individuals

! Genetic risk factors for LATE have some overlap with FTLD-

TDP and with Alzheimer’s disease

! There is no molecule-specific biomarker for LATE. This is an

important area of need for use in clinical trials (including as a

potential exclusion criterion for Alzheimer’s disease clinical

trials) and longitudinal studies of the clinical and pathological

progression of LATE
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“probably the most important 
paper on dementia in the last 

five years“ 

Prof Robert Howard  
old age psychiatry University College London 
https://twitter.com/ProfRobHoward
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Dr. David Bennett, from the Rush Alzheimer's Disease Center in Chicago, 
(01/2018)

“Looking at the big picture, during the past 15 years, more than 400 clinical 
trials of therapeutics for Alzheimer disease have been registered, with a 
failure rate of nearly 100% in those trials for which results have been 
reported. The report by Atri et al adds 3 more failed trials to this list.”
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• Aduhelm wurde in zwei Phase-III-Studien mit rund 3.200 Probandinnen und Probanden getestet.  

• Die Ergebnisse waren widersprüchlich. Trotzdem hatte Biogen im Oktober 2020 in Absprache mit der 
Arzneimittelbehörde FDA einen Zulassungsantrag gestellt. 
  

• Die FDA hat dem Antrag im Juni 2021 in einem beschleunigten Verfahren zugestimmt.  

• Die Zulassung ist für Hersteller Biogen mit der Auflage verbunden, eine weitere Studie 
durchzuführen, die den Nutzen von Aduhelm belegen soll. 



Kann Aduhelm die Alzheimer-Krankheit heilen? 
• Nein, Aduhelm kann Alzheimer weder heilen noch den Krankheitsverlauf stoppen. Allenfalls eine leichte 

Verzögerung der kognitiven Einbußen scheint möglich. 

Hat Aduhelm Nebenwirkungen? 
• In den Studien wurden Nebenwirkungen beobachtet, die bei höherer Dosierung verstärkt auftraten. 

Rund 35 Prozent der Probanden, welche die höchste Dosierung verabreicht bekamen, hatten leichte 
Schwellungen des Gehirns, die bei Aussetzen der Dosierung wieder abnahmen.






















