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Abstract

Introduction: Senile dementia of the neurofibrillary tangle type (SD-NFT) is a subset of dementia in
elderly individuals. Recent studies have reported a correlation between hippocampal sclerosis (HS)
and aging. This study aimed to investigate the relationship between HS and SD-NFT.

Methods: We conducted a clinical and neuropathological review of Japanese patients diagnosed with
SD-NFT. Hematoxylin—eosin and Kliiver—Barrera staining, Gallyas silver impregnation, and
immunohistochemistry were employed. Pathological assessments focused on identifying HS, neuritic
plaques, and phosphorylated transactive response DNA-binding protein 43 (p-TDP-43)-positive
inclusions. Additionally, we quantified the densities of neurofibrillary tangles (NFTs) and ghost
tangles (GTs) within the hippocampal CA1 region.

Results: Nine patients met the criteria for SD-NFT from the patients who underwent consecutive
autopsies from 1994 to 2022 at our institute. The mean ages at onset and death were 84.0 +6.8 years
(range, 7694 years) and 91.0 + 7.0 years (range, 79—101 years), respectively. The mean dementia
duration was 7.0 + 4.0 years (range, 1-13 years). All patients exhibited memory loss although none
were diagnosed with SD-NFT during their lifetime. The mean brain weight was 1124.2 + 132.1 g
(range, 980—-1390 g). Three patients displayed HS. NFT and GT densities were significantly higher in
patients with HS than in those without HS. No significant correlation was found between HS and p-
TDP-43 inclusions in the medial temporal lobe.

Conclusion: In SD-NFT, NFTs are more strongly associated with HS. This finding enhances our
understanding of the pathological underpinnings of HS in SD-NFT.

Keywords: hippocampal sclerosis, neurofibrillary tangles, ghost tangles, senile dementia of the

neurofibrillary tangle type, phosphorylated transactive response DNA-binding protein 43



1. Introduction
Senile dementia of the neurofibrillary tangle type (SD-NFT) is a dementia characterized by memory
loss and is associated with brain aging [1, 2, 3, 4]. Typically, patients with SD-NFT develop
symptoms in advanced age, with a gradual clinical progression [1, 2, 3, 4]. Neuropathologically, SD-
NFT is defined by neurofibrillary tangles (NFTs) in the hippocampal region and a minimal presence
of neuritic plaques throughout the brain in elderly individuals [1, 2, 3]. A distinct pathological feature
of SD-NFT is the presence of numerous ghost tangles (GTs) in the entorhinal cortex. NFT deposition
in SD-NFT is concentrated predominantly in the medial temporal lobe, giving rise to alternative
terms, including limbic NFT dementia, tangle-predominant senile dementia, senile dementia with
tangles, tangle-only dementia, and NFT-predominant dementia [2].

Building on SD-NFT criteria, Crary et al. introduced the concept of primary age-related tauopathy
(PART) [5]. PART is described as a neuropathological state characterized by NFTs in the medial
temporal lobe in the absence of amyloid § deposition. NFT Braak stages remain in the limbic region
in almost all patients with PART-type pathology [5]. PART is a pathological concept; thus, some
patients remain cognitively unaffected, while others have dementia [5, 6]. Recent findings have
suggested that SD-NFT represents a form of cognitive impairment associated with PART pathology
[6].

Hippocampal sclerosis (HS) for aging is defined as neuronal loss and astrogliosis in the
hippocampal CA1 and/or subiculum [7]. Recent studies have reported a correlation between HS and
aging [7], and it is associated with cognitive impairment [8]. In previous studies, HS in aging patients
has been linked to phosphorylated transactive response DNA-binding protein 43 (p-TDP-43)
expression in the hippocampal dentate gyrus, particularly in Alzheimer’s disease (AD) [9]. Some
research has examined the distribution and morphology of NFTs in the hippocampal CA1 region in
SD-NFT cases [10]. However, to the best of our knowledge, in SD-NFT, which is also related to
aging, no comprehensive studies have investigated HS. Therefore, in this study, we aimed to

investigate the presence of HS in patients with SD-NFT.

2. Methods

2.1. Participants
We analyzed the data stored in the Brain Bank of the Department of Neuropathology, Institute for
Medical Science of Aging, Aichi Medical University. We investigated deceased Japanese patients
who underwent consecutive autopsies from 1994 to 2022. We included patients diagnosed with SD-
NFT. We excluded patients with other neurodegenerative diseases, such as cerebrovascular dementia,
as well as those with early-onset psychiatric conditions. Additionally, patients with argyrophilic grain
pathology in the entorhinal, transentorhinal, and insular cortices were excluded [11], along with cases
with Lewy body pathology in the limbic and diffuse neocortical stages [12].
The patients’ relatives provided informed consent before all autopsies, and the Research Ethics

Committee of Aichi Medical University approved all procedures.
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2.2. Clinical analysis

We retrospectively investigated patients’ sex, age at onset, duration of dementia, age at death, clinical
diagnosis, and brain weight. Clinical data were obtained from medical records and
clinicopathological conferences.

2.3. Tissue preparation

The tissues (left cerebral hemisphere, entire cerebellum, and whole brainstem) were fixed in 20%
formalin for a minimum of 2 weeks [13]. The left cerebral hemisphere was first sectioned coronally
at a thickness of 8 mm using a brain knife and standardized slicer. The brainstem was cut
transversely, and the cerebellum was sectioned sagittally at a thickness of 5 mm. Subsequently,
regions of interest were trimmed for embedding, while entire hemispheric sections were occasionally
embedded in paraffin without trimming. Sections 9 um in thickness were prepared for hematoxylin—
eosin (H&E) staining, Kliiver—Barrera staining, and Gallyas silver impregnation, while sections 4.5
um in thickness were prepared for immunohistochemical analysis. Immunostaining was conducted
on selected paraffin sections using anti-phosphorylated tau (1:1000, mouse monoclonal, clone AT-8§;
Innogenetics, Ghent, Belgium), amyloid-p (1:1000, mouse monoclonal, clone 12B2; UBL, Gunma,
Japan), and p-TDP-43 (1:4000, rabbit polyclonal, clone pS409/410; CosmoBio, Tokyo, Japan). A
standard avidin-biotin complex technique was applied, with diaminobenzidine used as the
chromogen.

2.4. Neuropathological investigation

SD-NFT diagnosis was based on the following clinical and pathological criteria [2]: we
pathologically confirmed a high density of NFTs in the hippocampal region, particularly in the
entorhinal and transentorhinal cortices and the subicular and CA1 regions of the anterior
hippocampus and a poor amyloid B deposition. No definitive criteria exist regarding the neuritic
plaque phase; therefore, we included cases where amyloid B deposition extended within the cerebral
neocortex and hippocampus, classified as Thal phase 2 [14]. This approach aligns with the PART
criteria [5].

We pathologically evaluated HS, NFTs, amyloid B deposition, and p-TDP-43-positive neuronal
inclusions. HS is defined as neuronal loss and severe astrogliosis in subiculum and/or hippocampal
CA1 region [7], which makes hippocampal atrophy. HS was assessed in the anterior hippocampus
using H&E staining (Figure 1). Astrogliosis was evaluated based on the apparent reactive astrocyte
and rarefaction of neuropil using H&E and Kliiver—Barrera staining (Figure 1). We assessed
qualitatively the atrophy of the hippocampus with loupe images of H&E staining and
immunostaining for anti-phosphorylated tau (Figure 2). When the volume of anterior hippocampus

was clearly small at a glance, we regarded hippocampal atrophy as positive.



Figure 1: Hippocampal sclerosis (HS) versus non-HS cases, with hematoxylin—eosin staining. Images
represent the study’s patients. (a) HS showing severe gliosis and neuronal loss. (b) Higher
magnification of (a) reveals gemistocytic astrocytes with eosinophilic-stained. (c) Non-HS cases
exhibit mild gliosis and no significant neuronal loss. (d) Higher magnification of (c) facilitates
detailed assessment. H&E staining, scale bars: (a, ¢) 100 um, (b, d) 50 um.
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Figure 2: Hippocampal atrophy in cases with hippocampal sclerosis (HS) (a); in contrast, non-HS
cases showed no hippocampal atrophy (c). In senile dementia of the neurofibrillary tangle type (SD-
NFT) cases, neurofibrillary tangles extended into the occipitotemporal gyrus, observable on loupe
images, regardless of the presence of HS (b, d). The arrow indicates the sulcus collateralis. (a, ¢):

H&E staining, (b, d): immunostaining for anti-phosphorylated tau, scale bar: 5 mm.

NFTs were identified through immunostaining for phosphorylated tau and were scored according to
Braak staging criteria [15] and PART classification [5]. Amyloid 8 deposition was observed via
immunostaining for amyloid-f and scored according to the Thal phase [14]. Neuritic plaques were
observed via Gallyas silver impregnation and scored according to the CERAD score [16].

Additionally, we counted the number of NFTs and GTs in the hippocampal CA1 region using the
Gallyas method. Hippocampal CA1 was divided into three equal sections, corresponding to the
following three specific areas within CA1: adjacent to CA2, the central region of CA1, and the area
near the subiculum in the anterior hippocampus (Figure 3). Next, we selected three arbitrary X200
fields obtained using the Gallyas method for each area. We distinguished between pretangle
materials, NFTs, and GTs by stainability and forms (Figure 4). Pretangle materials are at a stage prior
to NFT, and they were pale argyrophilic and their shape was swollen, while NFTs were argyrophilic
and flame-shaped [15]. GTs were extracellular structure and getting less argyrophilic [15, 17]. We

6



counted the number of NFTs and GTs in the CA1 region of the hippocampus using ImagelJ software
(National Institutes of Health, Bethesda, MD, USA) and calculated the density of NFTs and GTs
(Figure 4). We did not contain pretangle materials in NFTs. The GT-to-NFT ratio was calculated by
dividing the density of GTs by that of NFTs.

near CA2

e near the subiculum )

Figure 3: Distribution of neurofibrillary and ghost tangles within CA1. Using Gallyas silver
impregnation, CA1 was divided into the following three sections: near CA2, the center of CA1, and
near the subiculum in the anterior hippocampus. Three arbitrary fields were selected from each of

these sections. Gallyas silver impregnation, scale bar: 200 pm.
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Figure 4: For Gallyas silver impregnation, we assessed neurofibrillary tangles (NFTs) and ghost
tangles (GTs). NFTs appeared black within neuronal cells, while ghost tangles appeared gray with
visible fine fibers. We measured NFTs and GTs in the CA1 region of the hippocampus using Imagel
software in three arbitrary X200 fields obtained with Gallyas silver impregnation for each area.

Gallyas silver impregnation, scale bar: 50 um.

p-TDP-43-positive neuronal inclusions were identified through immunostaining for p-TDP-43 and
scored using a simplified staging system for diagnosing limbic-predominant age-related TDP-43
encephalopathy (LATE) [18]. We excluded p-TDP-43-positive findings associated with other
structures, such as NFTs and granulovacuolar degeneration. p-TDP-43-positive inclusions were
assessed within hippocampal dentate gyrus granule cells at X400 magnification and were categorized
as follows: —, no cells with p-TDP-43-positive inclusions; and +, one positive cell visible in some
fields.
2.5. Statistical analyses
Data are presented as means =+ standard deviations (ranges) . Fisher’s exact test was used to compare
categorical variables, and the Mann—Whitney U test was applied for continuous and ordinal
variables. Statistical significance was set at p < 0.05. Analyses were conducted using EZR software
(Saitama Medical Center, Jichi Medical University, Saitama, Japan), a graphical user interface for R
(The R Foundation for Statistical Computing, Vienna, Austria; version 4.2.2) [19].
3. Results
3.1. Clinical analysis
Nine Japanese patients had SD-NFT. The clinical and pathological information of the patients with
SD-NFT used in this study is presented in Table 1.



Table 1: Clinicopathological profile of participants with senile dementia of neurofibrillary tangle type

Case A B C D E F G H I
Age of onset (years) 80 94 89 77 76 80 82 - 94
Age of death (years) 93 100 101 79 82 87 91 91 95
Duration of dementia
13 6 12 2 6 7 9 - 1
(years)
Sex F F F F M M F M F
paranoid
Clinical diagnosis AD AD AD NPH AD AD ) AD AD
disorder
Brain weight (g) 1025 980 1100 1185 1070 1390 1008 1300 1060
AT-8 NFT stage 3 4 3 3 4 3 3 3 3
CERAD stage 0 A A 0 0 0 A 0 0
Thal phase 1 1 1 0 2 1 1 0 0
PART stage possible definite  possible  definite possible possible possible definite definite
HS + + + - - - - - -
Density of GTs in the
hippocampus CA1 361.6 117.5 303.8 49 493 62.6 86.3 20.4 50.7
(/mm?)
Density of NFTs in the
hippocampus CA1 29 31.5 28.8 355 70.2 45.1 156.1 47.7 342
(/mm?)
Ratio of GTs in the
hippocampus CA1l 12.5 3.7 10.5 1.4 0.7 1.4 0.6 0.4 1.5
(GTs/NFTs)
p-TDP-43 inclusion in
the hippocampal
- - + _ _ + - - -
dentate gyrus
granule cell
LATE stage 0 0 1 0 0 1 0 1 0
Subdur
Combined Lacunar
CNS- Brain al
neuropathological infarction AG
DLBCL abscess hemato
change in putamen
ma




Abbreviations: AD, Alzheimer’s disease; AG, Argyrophilic grain; CERAD, Consortium to Establish a Registry for
Alzheimer’s Disease; CNS-DLBCL, diffuse large B-cell lymphoma of the central nervous system; GTs, ghost
tangles; HS, hippocampal sclerosis; LATE, limbic-predominant age-related TDP-43 encephalopathy; NFT,
neurofibrillary tangle; NPH, normal pressure hydrocephalus; PART, primary age-related tauopathy; p-TDP-43,
phosphorylated transactive response DNA-binding protein 43; SD, standard deviation

The participants comprised three males and six females. The mean ages at onset and age at death
were 84.0 + 6.8 years (range, 76-94 years) and 91.0 + 7.0 years (range, 79—-101 years), respectively.
The mean duration of dementia was 7.0 + 4.0 years (range, 1-13 years). Patient H had dementia;
however, its duration was not recorded. All patients recorded dementia symptoms, such as memory
loss; seven of the nine patients were diagnosed with “AD,” and patient D was diagnosed with normal
pressure hydrocephalus based on the clinical course and imaging studies. None of the patients were
diagnosed with SD-NFT while alive. Patient G had severe psychiatric symptoms following the
development of dementia. She complained of discomfort in the nasopharynx and dizziness, although
no functional problems were detected clinically. The patient was diagnosed with a paranoid disorder.
3.2. Neuropathological investigation
The mean brain weight of all patients was 1124.2 £ 132.1 g (range, 980—1390 g). All patients had
Braak stage III or IV based on immunostaining. One (11.1%), five (55.6%), and three (33.3%)
patients had Thal phases 2, 1, and 0, respectively. Four (44.4%) and five (55.6%) patients were
classified as having definite and possible PART, respectively. Five patients (55.6%) had additional
neuropathological findings. Patient D had argyrophilic grains, which were observed in the ambient
gyri.

3.3. Comparison between hippocampal sclerosis and no hippocampal sclerosis
Three of the nine patients (33.3%) had HS, while six (66.7%) did not have HS (Table 2).

Table 2: Comparison of age at death, disease duration, clinical diagnosis, brain weight, densities of ghost tangles
(GTs), and neurofibrillary tangles (NFTs) in hippocampal CA1 and p-TDP-43 inclusion in hippocampal dentate

gyrus granule cells between patients with and without hippocampal sclerosis.

SD-NFT with HS (n=3) SD-NFT with no HS (n=6) p-value
Age at death, years 98+3.6 (93-101) 88.6£5.4 (79-95) 0.072*
Duration of disease, years 10.3£3.1 (6-13) 4.8£3.3 (1-9) 0.229°
Clinical diagnosis 1°
Alzheimer’s disease 3 3
Normal pressure hydrocephalus 0 1
Paranoid disorder 0 1
Brain weight, g 1035+49.5 (980-1100) 1188.6£142.9 (1008—1390) 0.25°
Density of ghost tangles in the
261.0£104.2 (117.5-361.6) 53.1£19.6 (20.4-86.3) 0.024*

hippocampus CA1, /mm?
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Density of NFTs in the hippocampus

29.7+1.2 (28.8-31.5) 04.8+42.5 (34.2-156.1) 0.024*
CAl, /mm?
Density of NFTs and ghost tangles in
290.7+103.0 (149.0-390.6) 117.9458.1 (68.1-242.4) 0.048°
the hippocampus CA1, /mm?
Ratio of ghost tangle in hippocampus
8.9+3.8 (3.7-12.5) 1.0£0.4 (0.4-1.5) 0.024°
CA1 (ghost tangles/NFTs)
LATE stage (mean) 0.33 0.33 1?
p-TDP-43 inclusion in hippocampal
dentate gyrus granule cells
+ 1 1 1°
- 2 5

Data are expressed as mean + standard deviation (range) or number. * Mann—Whitney U test, °Fisher’s exact test
Abbreviations: HS, hippocampal sclerosis; LATE, limbic-predominant age-related TDP-43 encephalopathy; NFTs,
neurofibrillary tangles; p-TDP-43, phosphorylated transactive response DNA-binding protein 43; SD-NFT, senile
dementia of the neurofibrillary tangle type

None of the patients had a history of epilepsy, seizures, hypoxia, or ischemia. No significant
differences were found in age at death, duration of dementia, or brain weight between patients with
HS and those without HS. Three of the nine patients (33.3%) had p-TDP-43-positive neuronal
inclusions in the medial temporal lobe, classified as LATE stage 1. Among HS cases, patient C had
p-TDP-43 inclusions in the amygdala, while patient F without HS had p-TDP-43 inclusions in the
hippocampal dentate gyrus granule cells.

4. Discussion
This study examined HS in patients with SD-NFT. Approximately 30% of the included patients had
HS, and patients with HS had more NFTs and GTs than those without HS in hippocampal CA1.

HS related to aging is defined by the following two neuropathological changes: neuronal loss and
astrogliosis in CA1 and subiculum [20]. Several conditions, other than aging, can result in neuronal
loss and astrogliosis in the hippocampus, including hypoglycemia and hypoxia, epilepsy, and
frontotemporal lobar degeneration [20, 21]. Thus, it is essential to distinguish HS due to aging from
tissue damage caused by these conditions. In this study, none of the patients had any histories and
neuropathological findings of hypoglycemia, hypoxia, and epilepsy; the nuclei initially appeared
pyknotic and became more eosinophilic, indicating hypoglycemia in the caudate nucleus and
putamen [17] and hypoxia in Purkinje cells [17]. Additionally, the absence of neuronal loss in the
subiculum was not observed in epilepsy [21]. Furthermore, we did not observe the degeneration of
frontotemporal lobes. Thus, we believe neuronal loss and astrogliosis in the hippocampus observed
in this study are indicative of HS related to aging.
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HS can combine with neurodegenerative disorders, including AD, argyrophilic grain disease,
Parkinson’s disease, corticobasal degeneration, and progressive supranuclear palsy [9, 22, 23]. The
studies of the HS in these disorders are limited; however, patients with AD are relatively more
studied. Moreover, 24% of the patients with AD have HS [24] compared to <10% of those without
AD [7]. In this study, slightly more patients (33%) had HS. Both AD and SD-NFT are related to
aging [2, 6, 17, 18]; thus, more patients would tend to have HS. Significant differences have been
found in the age of death and duration of dementia between patients with HS and those without HS
[22, 24]. However, no such differences were found in our study. We believe this may be due to the
small number of patients with SD-NFT.

In this study, one of the characteristic neuropathological findings in patients with SD-NFT
combined with HS was the number of NFTs. NFTs are neuronal inclusions comprising
hyperphosphorylated tau proteins [17]. GTs represent remnants of NFTs following neuronal loss due
to phosphorylated deposition [17, 26]. Neuronal loss can lead to HS, and we observed a significant
difference in GT and NFT densities between HS and non-HS cases. The specific mechanisms
underlying NFT-related gliosis remain unclear; however, tau protein is known to exert toxic effects
on neurons [27]. For example, there are some hypotheses that NFTs have toxicity that impairs normal
cellular functions or influences normal tau function [28]. The presence of numerous NFTs and GTs
may contribute to hippocampal gliosis, a characteristic of HS in SD-NFT.

TDP-43 inclusion was found in patients with amyotrophic lateral sclerosis and frontotemporal lobar
degeneration, as well as in aged individuals with AD and/or HS without amyotrophic lateral sclerosis
and frontotemporal lobar degeneration [9, 18]. Recently, it has been reported that HS has been
associated with p-TDP-43 inclusion, with TDP-43 inclusions observed in 86% of patients with HS,
and approximately 80% of them had AD [22]. In AD, patients with HS had p-TDP-43 inclusion in
hippocampal dentate gyrus granule cells [9]. AD and p-TDP-43 inclusions appear to be related,
partly because amyloid  and p-TDP-43 inclusion co-existed in AD [25]. The relationship between
tau and p-TDP-43 inclusion was unclear in AD [29]. In the present study, NFTs were significantly
more numerous in HS than no-HS group whereas p-TDP-43 inclusions did not significantly differ
among two groups. In SD-NFT, minimal amyloid B deposition may be related to less p-TDP-43
inclusions regardless of HS. We believe that in SD-NFT, HS is more related to NFTs than p-TDP-43
inclusions.

In conclusion, HS and p-TDP-43 inclusions are generally connected [7, 9, 18]; however, there may
be a group where HS and NFTs are related. In SD-NFT, HS appears to be associated with NFTs, and
NFT deposition contributes to cognitive impairment. Neuropathological assessment through autopsy

remains essential for understanding dementia.

Acknowledgments

We thank all patients, their relatives, and the clinicians who referred patients to our institute.

12



Declarations of interest

The authors declare no conflicts of interest.

Funding

This work was supported by Grants-in-Aid from the Research Committee of CNS Degenerative
Diseases, Research on Policy Planning and Evaluation for Rare and Intractable Diseases, Health,
Labour and Welfare Sciences Research Grants, Ministry of Health, Labour and Welfare, Japan (Y.
Iwasaki). This work was also partly supported by the Japanese Agency for Medical Research and
Development (AMED) under Grant Number JP21wm0425019(M. Yoshida).

13



References

[1] M. Yamada, Y. Itoh, E. Otono, N. Suematsu, M. Matsushita, Dementia of the Alzheimer type and
related dementias in the aged: DAT subgroups and senile dementia of the neurofibrillary tangle type,
Neuropathology. 16 (1996) 89-98. https://doi.org/10.1111/.1440-1789.1996.tb00162.x.

[2] M. Yamada, Senile dementia of the neurofibrillary tangle type (tangle-only dementia):
neuropathological criteria and clinical guidelines for diagnosis, Neuropathology. 23 (2003) 311-317.
https://doi.org/10.1046/j.1440-1789.2003.00522.x.

[3] K. Noda, K. Sasaki, K. Fujimi, Y. Wakisaka, Y. Tanizaki, Y. Wakugawa, Y. Kiyohara, M. lida, H.
Aizawa, T. Iwaki, Quantitative analysis of neurofibrillary pathology in a general population to
reappraise neuropathological criteria for senile dementia of the neurofibrillary tangle type (tangle-
only dementia): the Hisayama study, Neuropathology. 26 (2006) 508—-518.
https://doi.org/10.1111/j.1440-1789.2006.00722 .

[4] K.A. Jellinger, C. Bancher, Senile dementia with tangles (tangle predominant form of senile
dementia), Brain Pathol. 8 (1998) 367-376. https://doi.org/10.1111/j.1750-3639.1998.tb00160.x.

[5] J.F. Crary, J.Q. Trojanowski, J.A. Schneider, J.F. Abisambra, E.L. Abner, 1. Alafuzoff, S.E.
Arnold, J. Attems, T.G. Beach, E.H. Bigio, N.J. Cairns, D.W. Dickson, M.Gearing, L.T. Grinberg,
P.R. Hof, B.T. Hyman, K. Jellinger, G.A. Jicha, G.G. Kovacs, D.S. Knopman, J. Kofler, W.A.
Kukull, I.LR. Mackenzie, E. Masliah, A.M.T.J. Montine, M.E. Murray, J.H. Neltner, [.Santa-Maria,
W.W. Seeley, A.Serrano-Pozo, M.L. Shelanski, T. Stein, M. Takao, D.R. Thal, J.B. Toledo,

J.C. Troncoso, J.P. Vonsattel, C.L. White 3rd, T. Wisniewski, R.L. Woltjer, M. Yamada, P.T. Nelson,
Primary age-related tauopathy (PART): a common pathology associated with human aging, Acta
Neuropathol. 128 (2014) 755-766. https://doi.org/10.1007/s00401-014-1349-0.

[6] H. Honda, K. Sasaki, H. Hamasaki, M. Shijo, S. Koyama, T. Ohara, T. Ninomiya, Y. Kiyohara,
S.0O. Suzuki, T. Iwaki, Trends in autopsy-verified dementia prevalence over 29 years of the Hisayama
study, Neuropathology. 36 (2016) 383—-387. https://doi.org/10.1111/neup.12298.

[7] P.T. Nelson, F.A. Schmitt, Y. Lin, E.L. Abner, G.A. Jicha, E. Patel, P.C. Thomason, J.H. Neltner,
C.D. Smith, K.S. Santacruz, J.A. Sonnen, L.W. Poon, M. Gearing, R.C. Green, J.L. Woodard, L.J.
Van Eldik, R.J. Kryscio, Hippocampal sclerosis in advanced age: clinical and pathological features,
Brain. 134 (2011) 1506—1518. https://doi.org/10.1093/brain/awr053.

[8] L. Sordo, T. Qlan, S.A. Bukharl, K.M. Nguyen, D.C. Woodworth, E. Head, C.H. Kawas, M.M.
Corrada, T.J. Montlne, S.A. Sajjadi, Characterization of hippocampal sclerosis of aging and its
association with other neuropathologic changes and cognitive deficits in the oldest-old, Acta
Neuropathol. 146 (2023) 415-432. https://doi.org/10.1007/s00401-023-02606-9.

[9] C.A. Amador-Ortiz, W.L. Lin, Z. Ahmed, D. Personett, P. Davies, R. Duara, N.R. Graff-Radford,
M.L. Hutton, D.W. Dickson, TDP-43 immunoreactivity in hippocampal sclerosis and Alzheimer’s
disease, Ann. Neurol. 61 (2007) 435—445. https://doi.org/10.1002/ana.21154.

[10] E. Iseki, S. Tsunoda, K. Suzuki, N. Takayama, H. Akatsu, T. Yamamoto, K. Kosaka, Regional

quantitative analysis of NFT in brains of non-demented elderly persons: comparisons with findings

14


https://doi.org/10.1046/j.1440-1789.2003.00522.x
https://doi.org/10.1111/j.1440-1789.2006.00722.x
https://doi.org/10.1093/brain/awr053
https://doi.org/10.1002/ana.21154

in brains of late-onset Alzheimer’s disease and limbic NFT dementia, Neuropathology. 22 (2002) 34—
39. https://doi.org/10.1046/j.0919-6544.2001.00425 .x.

[11]Y. Saito, N.N. Ruberu, M. Sawabe, T. Arai, N. Tanaka, Y. Kakuta, H. Yamanouchi, S.
Murayama, Staging of argyrophilic grains: an age-associated tauopathy, J. Neuropathol. Exp. Neurol.
63 (2004) 911-918. https://doi.org/10.1093/jnen/63.9.911.

[12] I.G. McKeith, B.F. Boeve, D.W. Dickson, G. Halliday, J.P. Taylor, D. Weintraub, D. Aarsland, J.
Galvin, J. Attems, C.G. Ballard, A. Bayston, T.G. Beach, F. Blanc, N. Bohnen, L. Bonanni, J. Bras, P.
Brundin, D. Burn, A. Chen-Plotkin, J.E. Duda, O. El-Agnaf, H. Feldman, T.J. Ferman, D. Ffytche, H.
Fujishiro, D. Galasko, J.G. Goldman, S.N. Gomperts, N.R. Graff-Radford, L.S. Honig, A. Iranzo, K.
Kantarci, D. Kaufer, W. Kukull, VM.Y. Lee, J.B. Leverenz, S. Lewis, C. Lippa, A. Lunde, M.
Masellis, E. Masliah, P. McLean, B. Mollenhauer, T.J. Montine, E. Moreno, E. Mori, M. Murray, J.T.
O’Brien, S. Orimo, R.B. Postuma, S. Ramaswamy, O.A. Ross, D.P. Salmon, A. Singleton, A. Taylor,
A. Thomas, P. Tiraboschi, J.B. Toledo, J.Q. Trojanowski, D. Tsuang, Z. Walker, M. Yamada, K.
Kosaka, Diagnosis and management of dementia with Lewy bodies: fourth consensus report of the
DLB Consortium, Neurology. 89 (2017) 88—100. https://doi.org/10.1212/WNL.0000000000004058.
[13]Y. Iwasaki, Brain cutting and trimming, Neuropathology. 42 (2022) 343-352.
https://doi.org/10.1111/neup.12787.

[14] D.R. Thal, U. Riib, M. Orantes, H. Braak, Phases of AB-deposition in the human brain and its
relevance for the development of AD, Neurology. 58 (2002) 1791-1800.
https://doi.org/10.1212/wnl.58.12.1791.

[15] H. Braak, 1. Alafuzoff, T. Arzberger, H. Kretzschmar, K. Del Tredici, Staging of Alzheimer
disease-associated neurofibrillary pathology using paraffin sections and immunocytochemistry, Acta
Neuropathol. 112 (2006) 389—404. https://doi.org/10.1007/s00401-006-0127-z.

[16] S.S. Mirra, A. Heyman, D. McKeel, S.M. Sumi, B.J. Crain, L.M. Brownlee, F.S. Vogel, J.P.
Hughes, G. van Belle, L. Berg, The consortium to establish a registry for Alzheimer’s disease
(CERAD). Part II. Standardization of the neuropathologic assessment of Alzheimer’s disease,
Neurology. 41 (1991) 479-486. https://doi.org/10.1212/WNL.41.4.479.

[17] D. Ellison, S. Love, L. Chimelli, B.N. Harding, J.S. Lowe, H.V. Vinters, S. Brandner, W.H.
Yong, A Reference Text of CNS Pathology Neuropathology, third ed., Edinburgh, London, New
York, 2013.

[18] P.T. Nelson, D.W. Dickson, J.Q. Trojanowski, C.R. Jack, P.A. Boyle, K. Arfanakis, R.
Rademakers, 1. Alafuzoff, J. Attems, C. Brayne, I.T.S. Coyle-Gilchrist, H.C. Chui, D.W. Fardo, M.E.
Flanagan, G. Halliday, S.R.K. Hokkanen, S. Hunter, G.A. Jicha, Y. Katsumata, C.H. Kawas, C.D.
Keene, G.G. Kovacs, W.A. Kukull, A.L. Levey, N. Makkinejad, T.J. Montine, S. Murayama, M.E.
Murray, S. Nag, R.A. Rissman, W.W. Seeley, R.A. Sperling, C.L. White, L. Yu, J.A. Schneider,
Limbic-predominant age-related TDP-43 encephalopathy (LATE): consensus working group report,
Brain. 142 (2019) 1503—1527. https://doi.org/10.1093/brain/awz099.

15


https://doi.org/10.1093/jnen/63.9.911
https://doi.org/10.1212/wnl.0000000000004058
https://doi.org/10.1111/neup.12787
https://doi.org/10.1212/wnl.58.12.1791
https://doi.org/10.1007/s00401-006-0127-z
https://doi.org/10.1093/brain/awz099

[19] Y. Kanda, Investigation of the freely available easy-to-use software ‘EZR’ for medical statistics,
Bone Marrow Transplant. 48 (2013) 452—458. https://doi.org/10.1038/bmt.2012.244.

[20] G.A. Jicha, P.T. Nelson, Hippocampal sclerosis, argyrophilic grain disease, and primary age-
related tauopathy, Continuum (Minneap Minn). 25 (2019) 208-233.
https://doi.org/10.1212/CON.0000000000000697.

[21] M. Thom, Review: hippocampal sclerosis in epilepsy: a neuropathology review, Neuropathol.
Appl. Neurobiol. 40 (2014) 520-543. https://doi.org/10.1111/nan.12150.

[22] S. Nag, L. Yu, A.W. Capuano, R.S. Wilson, S.E. Leurgans, D.A. Bennett, J.A. Schneider,
Hippocampal sclerosis and TDP-43 pathology in aging and Alzheimer disease, Ann. Neurol. 77
(2015) 942-952. https://doi.org/10.1002/ana.24388.

[23] T.G. Beach, L. Sue, S. Scott, K. Layne, A. Newell, D. Walker, M. Baker, N. Sahara, S.H. Yen,
M. Hutton, R. Caselli, C. Adler, D. Connor, M. Sabbagh, Hippocampal sclerosis dementia with
tauopathy, Brain Pathol. 13 (2003) 263-278. https://doi.org/10.1111/.1750-3639.2003.tb00027.x.
[24] C. Zarow, M.W. Weiner, W.G. Ellis, H.C. Chui, Prevalence, laterality, and comorbidity of
hippocampal sclerosis in an autopsy sample, Brain Behav. 2 (2012) 435-442.
https://doi.org/10.1002/brb3.66.

[25] A.M. Herman, P.J. Khandelwal, B.B. Stanczyk, G.W. Rebeck, C.E-H. Moussa, f-amyloid
triggers ALS-associated TDP-43 pathology in AD models, Brain Res. 1386 (2011) 191-199.
https://do0i.10.1016/j.brainres.2011.02.052.

[26] J.P. Brion, D.P. Hanger, M.T. Bruce, A.M. Couck, J.F. Durand, B.H. Anderton, Tau in Alzheimer
neurofibrillary tangles. N- and C- terminal regions are differentially associated with paired helical
filaments and the location of a putative abnormal phosphorylation site, Biochem. J. 273 (1991) 127—
133. https://doi.org/10.1042/bj2730127.

[27] S.P. Martin, B.A. Leeman-Markowski, Proposed mechanisms of tau: relationships to traumatic
brain injury, Alzheimer’s disease, and epilepsy, Front. Neurol. 14 (2024) 1287545.
https://doi.org/10.3389/fneur.2023.1287545.

[28] T.F. Gendron, L. Petrucelli, The role of tau in neurodegeneration, Mol. Neurodegener. 4 (2009)
13. https://doi.org/10.1186/1750-1326-4-13.

[29] A. Meneses, S. Koga, J. O’Leary, D.W. Dickson, G. Bu, N. Zhao, TDP-43 Pathology in
Alzheimer’s disease, Mol. Neurodegener. 16 (2021) 84. https://doi.10.1186/s13024-021-00503-x.

16


https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1212/con.0000000000000697
https://doi.org/10.1111/nan.12150
https://doi.org/10.1002/ana.24388

