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Limbic-predominant age-related TDP-43 encephalopathy (LATE) is a recently established neurodegenerative disease entity.
LATE neuropathological change (LATE-NC) is characterized by a TDP-43 proteinopathy that mainly involves the amygdala and
medial temporal structures, with or without hippocampal sclerosis. LATE-NC is typically observed in individuals aged 80 years or
older and manifests clinically as amnestic memory decline. Herein, we report a case of LATE diagnosed by brain autopsy in an
82-year-old male who had an 11-year history of memory impairment. Pathological examination revealed high Alzheimer disease
neuropathological changes, as well as amygdala-predominant Lewy body pathology. In addition, immunohistochemistry for
TDP-43 revealed neuronal and glial cytoplasmic inclusions in the dentate gyrus of the hippocampus, amygdala, and inferior tem-
poral cortex. Increasing awareness of the newly defined entity LATE will enhance our understanding of the neurodegenerative

processes that occur in the oldest individuals.
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INTRODUCTION

Transactive response DNA binding protein of 43 kDa (TDP-43)
is a ubiquitinated protein associated with diseases, such as amy-
otrophic lateral sclerosis and certain variants of frontotemporal
lobar degeneration."”* TDP-43 proteinopathy is frequently iden-
tified in the limbic area in people aged 80 years and older, and
is associated with Alzheimer disease neuropathologic changes
(ADNC) and/or hippocampal sclerosis.>*

A new term, limbic-predominant age-related TDP-43 enceph-
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alopathy (LATE) has recently been introduced.® LATE neuro-
pathological change (LATE-NC) is defined pathologically as
TDP-43 proteinopathy, in which phosphorylated TDP-43 accu-
mulates in the cytoplasm or nuclei of neurons or in the cyto-
plasm of glial cells localized primarily to the limbic structures.

The clinical characteristics of LATE include amnestic cogni-
tive decline progressing to advanced cognitive deficits. Indi-
viduals with both ADNC and LATE-NC manifest more rapid
and severe cognitive impairment than the persons with ‘pure’
LATE-NC.® Herein, we present the brain autopsy findings of a
patient who presented with persistent cognitive decline and
was found to have both high ADNC and LATE-NC.

CASE REPORT

An 82-year-old male with a known history of dementia was re-
ferred to Chonnam National University Hospital brain bank
(CNUHBB) for brain autopsy. His memory began to decline at
the age of 71 years and further deteriorated thereafter. After the
clinical diagnosis was determined, the patient was prescribed
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an acetylcholinesterase inhibitor. At the age of 73 years, he had
trouble writing and finding his way home. He also had difficul-
ty remembering words and names, and his orientation to time
worsened. He further demonstrated impairment in daily living
activities by failing to pay after eating at a restaurant and by ex-
periencing difficulties with hygiene management. At this time,
he recorded a Mini-Mental State Examination (MMSE) score
of 20 (patient’s score/maximum score): temporal orientation
(4/5), spatial orientation (3/5), registration (3/3), attention and
calculation (2/5), remote memory (1/3), language (7/8), and
copy the diagram (0/1). No family history of dementia or other
neurologic diseases was reported. Axial brain computed to-
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mography images revealed mild atrophy in the bilateral me-
dial temporal and frontal lobes, probably meeting the criteria
for Alzheimer disease (AD) (Fig. 1).° His cognition continued to
deteriorate rapidly: MMSE scores of 17 at 74, 13 at 76, 5 at 77, 4
at 80, and 0 at 82 years of age. The patient died of aggravated
pneumonia at the age of 82 years. Written informed consent
was obtained from a legal surrogate of the patient.

The major pathological findings of his autopsy were sugges-
tive AD. Grossly, atrophy was severe in the neocortex and hip-
pocampus (Fig. 2). Microscopically, neuronal loss and gliosis
were severe in the hippocampus and moderate in the neocor-
tex and amygdala (Fig. 3A). Superficial microvacuolation in

Fig. 2. Gross findings of a case with comorbid high Alzheimer disease neuropathologic changes, amygdala-predominant Lewy body disease, and limbic-
predominant age-related TDP-43 encephalopathy (LATE) neuropathological changes. (A) The lateral view shows diffuse neocortical atrophy with remark-
able involvement of the frontal cortex and temporal pole. (B) Coronal sections show thinning of the medial temporal lobe with dilatation of the temporal
horn of the lateral ventricle (arrowhead) and severe atrophy of the hippocampus (tailed arrow).
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Fig. 3. Histopathological features of a case with LATE-NC. (A) The amygdala shows remarkable neuronal loss and gliosis. (B) Superficial microvacuola-
tion in cortical layer Il (black arrows) is observed in the inferior temporal cortex (A and B, hematoxylin and eosin; original magnification, x100). (C) The
hippocampus shows an abundance of neurofibrillary tangles and neuritic plaques, consistent with high Alzheimer disease neuropathologic changes
(Gallyas silver stain; original magnification, <40). (D) Alpha-synuclein immunostaining highlights abundant Lewy bodies solely in the amygdala, consistent
with amygdala-predominant Lewy body disease. (E) Immunohistochemistry for TDP-43 indicates neuronal cytoplasmic inclusions (NCls) in the dentate
gyrus of the hippocampus. (F-H) Abundant NCls and a few dystrophic neurites are observed in the amygdala (F), entorhinal cortex (G), and hippocampus
(H). (1) NCls are sparsely present in the insula (D-F, original magnification, x200; G-, original magnification, x400).
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cortical layer IT was present in the inferior temporal area (Fig.
3B). Neurofibrillary tangles were frequent in the entorhinal cor-
tex, hippocampus, and neocortex (Fig. 3C). Neuritic plaques
were frequent in the neocortex. Amyloid deposition extended
up to CA4 of the hippocampus. Based on scores of A3 (Thal am-
yloid phase 4), B3 (Braak neurofibrillary tangle stage VI), and
C3 [Consortium to Establish a Registry for Alzheimer’s Disease
(CERAD) neuritic plaque score frequent], the pathological find-
ings were compatible with high ADNC. a-Synuclein immunos-
taining revealed multiple Lewy bodies in the amygdala, but
none in the midbrain or cingulate (Fig. 3D), consistent with
amygdala-predominant Lewy body disease (LBD). Immuno-
histochemistry for TDP-43 revealed neuronal cytoplasmic in-
clusions (NCIs) in the dentate gyrus of the hippocampus (Fig.
3E). Abundant NCIs and some glial cytoplasmic inclusions were
observed in the amygdala, entorhinal cortex, hippocampus, su-
biculum, and inferior temporal cortex (Fig. 3E G, and H). NCIs
were sparsely present in the insula (Fig. 3I). The frontal cortex,
basal ganglia, and midbrain lacked TDP-43-positive inclusions.
The TDP-43 pathology of the case indicated LATE-NC stage 2.°

DISCUSSION

We report the autopsy findings of a patient with severe amnes-
tic syndrome, who in fact had LATE-NC. The brain pathology
exhibited high ADNC, amygdala-predominant LBD, and LATE-
NC. Previous studies have indicated that cases with coexisting
ADNC and LATE-NC are more likely to show hippocampal at-
rophy than subjects with ADNC only.” Indeed, structural alter-
ation of the amygdala reportedly indicates underlying LATE-NC
and may be linked to cognitive decline.’ The current case showed
severe hippocampal atrophy in association with both high ADNC
and LATE-NC. The amygdala showed notable neuronal loss
and gliosis in association with ADNC, LBD, and LATE-NC.
Although TDP-43 proteinopathy largely confined to medial
temporal areas has been reported,*® a consensus definition of
LATE has been reached only recently. The consensus staging
scheme for LATE-NC is a three-tier system encompassing hi-
erarchical spreading of TDP-43 proteinopathy from the amyg-
dala (stage 1) to the hippocampus (stage 2) and middle frontal
gyrus (stage 3),° which represents a simpler system than the pre-
viously proposed six-stage scheme.’ To prevent under-recogni-
tion of LATE-NC during brain autopsyj, it is critical to perform
TDP-43 immunohistochemistry on three anatomical sections,
as proposed previously." The prevalence of LATE-NC increases
gradually with age, while that of severe ADNC decreases." Con-
sequently, LATE plays a pivotal role in amnestic-type cognitive
impairment among the rapidly growing oldest old population.’
For confirmation of LATE-NC, it is important to differentiate
it from frontotemporal lobar degeneration with TDP-43 pro-
teinopathy (FTLD-TDP). In comparison to those with LATE-NC,
most patients with FTLD-TDP are diagnosed at a younger age
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and show severe symptoms, such as behavioral problems or
language issues.”” LATE-NC typically involves the limbic re-
gions, whereas FTLD-TDP affects the neocortices more widely.

There were several limitations to the current case report. First,
the interval between brain imaging and brain autopsy was long,
and brain imaging was not performed close to the death of the
patient. Second, no other examinations, such as amyloid posi-
tron emission tomography or genetic analysis, were carried out
to elucidate the etiology of LATE. Nevertheless, this case is note-
worthy, because it is the first autopsy-proven case of LATE to
be documented in South Korea and will assist other neurolo-
gists and pathologists in identifying LATE cases.

In conclusion, we suggest that LATE-NC can occur as a com-
bined pathology or a single entity. When brain autopsy is per-
formed in cases with amnestic memory decline, routine TDP-43
immunohistochemistry should also be performed in critical
anatomic locations. Because there is no biofluid or neuroimag-
ing biomarker for determining LATE status in vivo, acquisition
of postmortem data would facilitate the diagnosis and treatment
of cognitive impairment among the oldest individuals, which
is important given the continual aging of society.
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