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Abstract Primary age-related tauopathy (PART) is char-
acterized by tau neurofibrillary tangles (NFTs) in the
absence of amyloid plaque pathology. In the present study,
we analyzed the distribution patterns of phosphorylated
43-kDa TAR DNA-binding protein (pTDP-43) in the
brains of patients with PART. Immunohistochemistry and
immunofluorescence double-labeling in multiple brain
regions was performed on brain tissues from PART,
Alzheimer’s disease (AD), and aging control cases. We
examined the regional distribution patterns of pTDP-43
intraneuronal inclusions in PART with Braak NFT stages
>0 and < IV, and a Thal phase of 0 (no beta-amyloid
present). We found four stages which indicated potentially
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sequential dissemination of pTDP-43 in PART. Stage I was
characterized by the presence of pTDP-43 lesions in the
amygdala, stage II by such lesions in the hippocampus,
stage III by spread of pTDP-43 to the neocortex, and stage
IV by pTDP-43 lesions in the putamen, pallidum, and
insular cortex. In general, the distribution pattern of pTDP-
43 pathology in PART cases was similar to the early TDP-
43 stages reported in AD, but tended to be more restricted
to the limbic system. However, there were some differ-
ences in the distribution patterns of pTDP-43 between
PART and AD, especially in the dentate gyrus of the
hippocampus. Positive correlations were found in PART
between the Braak NFT stage and the pTDP-43 stage and
density.

Keywords TDP-43 - Primary age-related tauopathy -
Alzheimer’s disease - Neurofibrillary tangle - Hippocampus

Introduction

Primary age-related tauopathy (PART) is defined by the
presence of Alzheimer’s disease (AD)-type neurofibrillary
changes without, or with few amyloid beta (AP) plaques.
PART can be designated “Definite” or “Possible” depend-
ing on the presence of AP plaques. The working classifi-
cation for definite PART is based on the presence of
neurofibrillary tangles (NFTs) along with Braak stage < IV
and Thal AP Phase O [1]. Based on the working neu-
ropathological diagnostic criteria, we have found that
PART is common in the Chinese population as observed in
specimens from our newly-established brain bank. But it is
still not clear whether PART is a subtype of AD or a
distinct tauopathy different from AD [2, 3]. PART, a new
nomenclature, raises awareness of this common
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pathological change and provides a conceptual foundation
for further studies.

TAR DNA-binding protein of 43 kDa (TDP-43) is a
major component that characterizes the most common
pathological subtype of frontotemporal lobar degeneration
(FTLD-TDP) and amyotrophic lateral sclerosis (ALS)
[4-6]. Recently, immunohistochemical examination has
demonstrated abnormal intracellular accumulation of TDP-
43 in neurodegenerative disorders other than FTLD-TDP
and ALS. These include AD (20%-50%), Parkinson’s
disease (7%), Pick’s disease (33%), and hippocampal
sclerosis (70%), as well as Huntington disease and
argyrophilic grain disease in a small proportion of cases
[7]. Based on cerebral immunohistochemistry, the pattern
of TDP deposition in AD has been divided into six distinct
topographic stages by Josephs et al. [8, 9]. Although the
distribution of TDP-43 has been described in AD [9],
FTLD [10], and ALS [11], its distribution pattern in PART
is still unclear.

To address this issue, in the present study we analyzed
the immunohistochemical results for pTDP-43 in 16
definite PART brains, using the phosphorylation-dependent
anti-TDP-43 (pTDP-43, pS409/410) antibody, which
specifically recognizes human TDP-43 phosphorylated at
pSer*® and pSer*'®. TDP-43 is predominantly localized to
the nucleus. Pathological TDP-43 forms abnormal inclu-
sions in neuronal perikarya and neurites, indicating that the
redistribution of TDP-43 to the cytoplasm is a pathogenic
mechanism. By evaluating the distribution pattern of
pTDP-43 in PART, we will be able to better elucidate
the differences between PART and AD.

Materials and Methods
Materials

We investigated three independent groups (Table 1): 16
PART brains, 11 AD (Braak NFT stage > IV and CERAD
plaque density C) and pre-AD (Braak NFT stage Il and
CERAD plaque density C or B) cases, and 9 aging control
cases (with neither NFTs nor AB). All cases were from our

newly-established Brain Bank in the School of Medicine,
Zhejiang University, China. The PART cases had under-
gone a detailed neuroanatomical examination, while the
AD, pre-AD, and aging control cases had only been
checked in the limbic areas, testing the difference in their
distribution characteristics between PART and AD. This
research was approved by the Medical Ethics Committee of
Zhejiang University School of Medicine.

Immunohistochemistry

Immunohistochemistry was performed on formalin-fixed,
paraffin-embedded tissues from autopsy cases. Small
blocks of brain were dissected at autopsy and fixed in
formalin in 0.1 mol/L. phosphate buffer (pH 7.4) for
2 days. After cryoprotection in 15% sucrose in 0.01 mol/
L phosphate-buffered saline (PBS, pH 7.4), the blocks were
cut at 3 um on a microtome (Leica, RM2235, Heidel-
berger, Germany). Free-floating sections were incubated
with 3% H,O, for 10 min to eliminate endogenous
peroxidase activity. Before immunostaining, sections
underwent microwave antigen retrieval for 15 min in
citrate buffer (pH 6.0). After washing with PBS containing
0.3% Triton X-100 (Tx-PBS) for 30 min, sections were
blocked in 10% normal serum, and then incubated with the
primary antibody for 24 h in a cold room (4 °C). After
treatment with the appropriate secondary antibody, labeling
was detected using the avidin-biotinylated HRP complex
(ABC) system (Vector Laboratories, Burlingame, CA). The
peroxidase reaction was carried out using a developer
solution containing 0.4 mg/mL DAB and 0.0006% hydro-
gen peroxide dissolved in TBS. For the negative control,
the primary antibodies were omitted and all other steps
were carried out as described above.

In AD, pre-AD, and aging control cases, the presence
and severity of pTDP-43 immunoreactivity was assessed in
the amygdala and hippocampus including the entorhinal
cortex (EC). More extensive anatomical sampling was
performed in the PART cases, allowing pTDP-43 pathol-
ogy to be assessed in the amygdala, hippocampus, EC,
temporal neocortex, frontal neocortex, parietal neocortex,
occipital neocortex, putamen/pallidum/insular cortex (PPI),

Table 1 Demographics and
pathology of all cases.

PART AD and pre-AD Control
Number of cases 16 11 9
Mean age at death & SD (years) 789 £ 7.2 83.8 £ 8.0 579 £ 6.9
Sex, M:F 12:4 6:5 6:3
Median Braak NFT stage 2.5 4 -
Brain weight + SD (g) 1180.8 + 110.8 1181.3 + 68.3 1320.0 £+ 145.4

PART: Braak NFT stage < IV and Thal A Phase 0; AD (7 cases): Braak NFT stage > IV and CERAD SP
density C; Pre-AD (4 cases): Braak NFT stage III and CERAD SP density C or B.
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substantia nigra (SN), medulla oblongata (MO), and
cerebellum. pTDP-43 pathology was semi-quantitatively
scored based on a four-point scale: 0, no detectable pathol-
ogy across the entire section; 1, slight (1-2 inclusions) or
mild (< 5 inclusions in most fields at 100x magnification);
2, moderate (some pathology in most fields at 100x
magnification); and 3, severe (much more pathology in
most fields at 100x magnification). The reproducibility of
the pTDP-43 pathological severity score (0—3) was checked
by two independent researchers blind to case details. The
primary antibodies used and their dilutions were: anti-tau
ATS8 (1:200; mouse monoclonal, Thermo Science, Rock-
ford, IL), anti-amyloid B protein (1:200; mouse mono-
clonal, Sigma-Aldrich, St. Louis, MO), and anti-pTDP-43
(1:600; rabbit polyclonal, Sigma-Aldrich).

Fluorescent Double-Labeling

We used free-floating sections for double-labeling
immunofluorescence of pTDP-43 and phosphorylated tau
in PART and AD cases. The sections were incubated
overnight at 4 °C with pTDP-43 and ATS antibodies. After
washing with Tx-PBS for 30 min, the sections were
incubated overnight at room temperature in a cocktail of
fluorescein isothiocyanate-conjugated goat anti-mouse IgG
(1:250, AF488) and tetramethylrhodamine isothiocyanate-
conjugated goat anti-rabbit IgG (1:500, Cy3). After wash-
ing, the sections were fixed in 2% paraformaldehyde for 15
min for protein protection, followed by washing in
1 x PBS for 30 min. To quench autofluorescence, the
sections were immersed in Sudan Black B solution (0.3%
SBB + 70% ethanol 4+ 1 x PBS) at room temperature for
20 min. Then the sections were washed in a PBS solution
with 0.02% Tween 20 and DAPI for 20 min, washed in
PBS for another 5 min, and mounted on slides. They were
then coverslipped with a fluorescence mounting medium
(Vector Laboratories) and checked using a confocal laser
microscope (Olympus FV-3000).

Data Analysis

Data were analyzed using SPSS software for Windows. For
intra-group comparison of means, the Kruskal-Wallis test
was used. Statistical associations between variables were
measured using the Mann—Whitney test.

Results

Accumulation of Phosphorylated TDP-43 in PART

We used a phosphorylation-dependent anti-TDP-43 anti-
body for immunohistochemical staining of brains from 16

definite PART cases, 12 males and 4 females. Their Braak
stages were < IV and Thal AP Phase was 0, with no
concurrent diseases associated with NFTs. The median age
was 78.9 years & 7.2 years (interquartile range, 60 years—
98 years). The  average  brain  weight  was
(1180.8 £ 110.8) g.

pTDP-43 staining showed a large variation in severity
and regional distribution among PART cases (Table 2).
pTDP-43 inclusions were found in the amygdala of all 16
PART cases, in the EC of 13, the subiculum of 10, the CA
region (mainly CA1) of 10, and in the hippocampal dentate
gyrus (DG) region of 3 cases. The number of inclusions
varied among cases. In the cortical areas, pTDP-43
inclusions were found in the temporal cortex in 3 cases
and in the parietal cortex in 2, but not in the frontal or
occipital neocortex. In the subcortical and brainstem areas,
positive pTDP-43 structures were found in the PPI in only
2 cases, but not in the MO or SN region. No pTDP-43-
positive inclusions were found in the cerebellum of any of
the cases (Fig. 1).

There was a correlation between the Braak NFT stage
and pTDP-43 distribution in PART (Fig. 2). The density of
pTDP-43 inclusions in PART was low in stage I-II cases,
moderate in stage III cases, and high in stage IV cases with
statistically significant differences in the means of their
scores (Fig. 3A). Groups at different Braak NFT stages
also showed statistically significant differences in the
means of their scores for both the hippocampus (Fig. 3B)
and the amygdala (Fig. 3C). In PART cases at stages I-III,
pTDP-43-positive neuronal cytoplasmic inclusions (NClIs)
were present in the amygdala and the hippocampus to
various extents, but not in the DG region. The pTDP-43
immunoreactivity was only noted in the DG region of three
PART cases at stage IV, and the density was very low
(Fig. 2D). pTDP-43-positive NCIs were observed in the
neocortex, mild in the temporal and parietal cortex, but
absent in the frontal and occipital cortex. We found a low
density of pTDP-43-positive NCIs in the PPI in PART
cases at stage IV, but they were absent in the SN and MO.
There were statistically significant differences in the means
of the pTDP-43 scores between the amygdala and the
temporal cortex/PPI, as well as between the EC and the
temporal cortex/PPI (Fig. 3D).

In summary, we identified four stages indicative of
potentially sequential dissemination of pTDP-43 in PART:
stage I involved the amygdala, stage II the hippocampus;
stage III the neocortex, and stage IV the subcortical PPI
(Fig. 4).
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Zt?f:fufespi%igp;t:f Case Age Sex NFT Amyg EC Sub CA DG T F P O PPl SN MO C
(Braak)
1 60 M I 1 I S (O
2 4 F 1 1 T T
3076 M1 1 - - - - - - oo
4 80 M 1 1 - - - - - - - -
5 8 M 1 1 I T [
6 91 M I 1 - - - - - -
7 6 F 1 1 - - - - -
8§ 77 M I 1 - - -
9 8 M I 1 - - - - -
10 8 F I 3 303 2 - 1 -2 -1 - - -
11 81 F I 2 5 E
12 8 F I 1 2 2 2 - 1 - - - - - - -
3 74 M IV 3 3003 03 1 - - - - - - - -
14 78 M IV 2 2 2 1 1 - - - - - - - -
15 79 M IV 3 2 2 1 - - - - - -
16 98 M IV 3 303 93 1 1 -1 - 1 - - -

NFT, neurofibrillary tangle; Amyg, amygdala; EC, entorhinal cortex; Sub, subiculum; CA, cornu ammonis;
DG, dentate gyrus; T, temporal cortex; F, frontal cortex; P, parietal cortex; O, occipital cortex; PPI,
putamen/pallidum/insular cortex; SN, substantia nigra; MO, medulla oblongata; C, cerebellum.

—, None; 1, slight/mild; 2, moderate; 3, severe.

Accumulation of Phosphorylated TDP-43 in AD
and Pre-AD

It has been reported that TDP-43 is present in AD and the
aging human brain [12, 13]. Since pTDP-43 inclusions in
our PART cases tended to be more restricted to the limbic
system, we selected 11 AD and pre-AD and 9 aging control
cases from our brain bank to compare the pTDP-43
distribution in the above regions. The mean age of the AD
and pre-AD cases was 84.2 years + 7.4 years, with an
average brain weight of 1157.3 g £ 71.8 g. The mean age
of the control cases was 57.1 years + 6.8 years, with an
average brain weight of 1293.0 g £ 146.9 g. pTDP-43
inclusions were found in all AD and pre-AD cases (11/11)
with variations in frequency and regional distribution
(Table 3). No pTDP-43-positive inclusions were found in
any of the control cases (Table S1).

In the limbic region of the 11 AD and pre-AD cases, the
density of pTDP-43 inclusions was low in those at Braak
stage III, moderate at stage IV, and high at stage VI
(Fig. 5). The pTDP-43 pathology in the DG of AD cases
was more severe than that of PART cases. In PART cases,
no pTDP-43 pathology was found in the DG in cases with
NFT Braak stages I-III, and it was very sporadic in cases at
stage IV. Compared to the PART cases, pTDP-43 pathol-
ogy in the DG was evident in pre-AD cases at stage III,
severe in AD cases at stage IV, and more severe in AD
cases at stage VI (Fig. 5).

@ Springer

Two major types of pTDP-43 pathology were found in
the PART, AD and pre-AD cases. They were characterized
predominantly either by long aggregates in dendrites
(neuritic type), or by perikaryal pTDP-43 inclusions
(cytoplasmic type). Fluorescence double-labeling showed
that tau-positive neuropil threads and pTDP-43-positive
dystrophic neurites were co-stained in the hippocampus,
some neurons showing neuritic-type immunoreactivity for
both markers (Fig. 6).

Discussion

Here, we found that pTDP-43 expression in PART cases
could be classified into 4 stages, indicative of the
sequential involvement of brain regions. This finding
differs from the report on FTLD describing four patterns
of pTDP-43 [10]. In that report, pattern I was characterized
by pTDP-43 lesions in the orbital gyrus, gyrus rectus, and
amygdala; pattern II showed pTDP-43 lesions in the
middle frontal, anterior cingulate gyrus and anteromedial
temporal lobe, the superior and medial temporal gyri,
striatum, red nucleus, thalamus, and pre-cerebellar nuclei;
pattern III involved the motor cortex, bulbar somatomotor
neurons, and the anterior horn of the spinal cord; and
pattern IV was characterized by pTDP-43 lesions in the
visual cortex. In ALS, four stages of pTDP-43 pathology
have also been reported—stage 1 with lesions in the
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Fig. 1 Phosphorylated TDP-43 pathology in PART cases. A Neuronal
cytoplasmic inclusions (NCIs) (thick arrows) and a dystrophic neurite
(DN) (thin arrow) in the amygdala. B Neurofibrillary tangle-like
structures in the entorhinal cortex. C Small round NCIs in the
subiculum. D Neurofibrillary tangle-like structures in the pyramidal
layer of the CA1 region. E One NCI in a granule cell in the dentate

agranular motor cortex, brainstem motor nuclei, and spinal
motoneurons; stage 2 with involvement of the prefrontal
neocortex, brainstem reticular formation, pre-cerebellar
nuclei, and red nucleus; stage 3 involved the prefrontal and
postcentral neocortex and striatum; and stage 4 showed
pTDP-43 inclusions in anteromedial portions of the
temporal lobe, including the hippocampus [11]. This
pattern also differs from our findings in PART cases.
Intracellular accumulation of TDP-43 has been reported
in patients with dementia other than FTLD and ALS,
including AD. Regarding the distribution of TDP-43
pathology in AD, Amador-Ortiz et al. first classified it
into limbic and diffuse types, and indicated that limbic
involvement was more common [14]. Subsequently, TDP-
43 pathology in AD was found to spread from limbic
structures to association cortices [15]. Recently, Josephs
et al. suggested a six-level TDP-43 staging scheme for AD,
which starts from the amygdala (stage I), to the EC and
subiculum (stage II), to the DG of the hippocampus and
occipitotemporal cortex (stage III), to the insular cortex,

gyrus. F A neurofibrillary tangle-like structure (arrow) in the temporal
cortex. G A neurofibrillary tangle-like structure (arrow) in the parietal
cortex. H A neurofibrillary tangle-like structure (arrow) in the PPI.
I No positive pTDP-43 structures in the cerebellum. Scale bar,
200 pm.

ventral striatum, basal forebrain, and inferior temporal
cortex (stage IV), to the SN, inferior olive, and midbrain
tectum (stage V), and finally to the basal ganglia and
middle frontal cortex (stage VI) [9]. However, the patho-
logical pattern of TDP-43 expression in PART cases was
still unknown. To address this issue, we performed
immunohistochemical analysis using a phosphorylation-
dependent anti-TDP-43 antibody in the above areas of our
PART cases. Furthermore, pTDP-43 pathology in the
limbic system was compared between PART and AD
cases.

We found a high frequency of pTDP-43 pathology in the
PART cases, among whom there appeared to be a hierarchy
in its anatomical distribution and severity. This suggests a
progressive evolution of PART, with pTDP-43 expression
spreading from the amygdala to other limbic structures
first, and then to the association cortices, and finally to the
PPI. Based on our findings on the anatomical location of
pTDP-43 expression and the density (severity scores) of
pTDP-43-positive cells in the PART brain, it is possible
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Fig. 2 Phosphorylated TDP-
43-positive structures in PART
cases at different Braak stages.
A A few neuronal cytoplasmic
inclusions (NCIs) (thick arrows)
and dystrophic neurites (DNs)
(thin arrow) in the amygdala of
a PART case at Braak stage 1.
B Moderate NCIs (thick arrows)
and DNs (thin arrows) in the
amygdala of a PART case at
Braak stage III. C Massive NCIs
and DNs in the hippocampus of
a PART case at Braak stage IV.
D One NCI in a granule cell of
the dentate gyrus of a PART
case at Braak stage IV. All
images are at 100x magnifica-
tion. Scale bar, 200 um.
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Fig. 3 Correlation between Braak stages and pTDP-43 density scores
in PART cases. A—C Mean pTDP-43 pathology scores in PART cases
at four Braak stages (A), in the hippocampus (B), and in the amygdala

that there is a spatial sequence of pTDP-43 pathology
dissemination with the amygdala involved first, followed
by the EC and subiculum, then the CA and DG (Fig. 3D,
E).
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Although the amygdala is the starting-point for both
PART and AD, the evolving pattern in PART cases differs
from that in AD based on our findings and the reported
TDP-43 staging scheme of AD. First, pTDP-43 stage II of
PART involved the entorhinal, subiculum, and CA regions
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Fig. 4 Pathology of PART from representative cases at four stages.
Stage I, scant-sparse pTDP-43 immunoreactive inclusions are present
only in the amygdala. Stage II, moderate-frequent inclusions are
present in the amygdala and the entorhinal cortex, but not in the
dentate gyrus and the temporal cortex. Stage III, inclusions spread to
the temporal and parietal cortices. Stage IV, inclusions spread to the

PPI. The pathology starts from the amygdala and then progresses to
other limbic structures before involving the neocortex and PPIL
Among the neocortical regions, the temporal and parietal lobes were
less frequently involved, while the frontal and occipital lobes were
not affected in our PART cases. Arrows indicate NCIs. Scale bars,
200 pm.

Table 3 pTDP-43-positive

structures in AD and pre-AD Case no. Age Sex SP (CERAD) NFT (Braak) Amyg EC Sub CA DG

cases. 1 93 F B 111 - 2 1 - -
2 69 F C il 1 1 1 1 1
3 79 F C Il - 1 1 1 -
4 90 M C 11 1 1 1 - -
5 78 M C v 1 1 - - -
6 81 F C v 3 2 1 1 2
7 83 M C v 1 1 1 1 -
8 98 F C v 2 2 - - -
9 79 M C VI 1 2 2 1 -
10 85 M C VI 3 3 3 3
11 88 F C VI 3 3 3 3 2

AD, Braak NFT stage > IV and CERAD SP density C; Pre-AD, Braak NFT stage III and CERAD SP
density C or B; SP, senile plaque; NFT, neurofibrillary tangle; Amyg, amygdala; EC, entorhinal cortex;
Sub, subiculum; CA, cornu ammonis; DG, dentate gyrus.

—, None; 1, mild/slight; 2, moderate; 3, severe.

(mainly CA1), but did not involve the DG. No pTDP-43
was found in the pyramidal cell layer of the DG in any of
our PART cases at Braak stages I-III. Only 3 PART cases
at Braak stage IV showed very few pTDP-43 NClIs in the
pyramidal cell layer of the DG, which differs from reports
in AD and our findings in the AD as well as the pre-AD

cases. Second, PART cases at pTDP-43 stage III showed a
low density of pTDP-43 NClIs in the temporal and parietal
neocortex, but not in the frontal and occipital cortex. Third,
PART cases at pTDP-43 stage IV showed sporadic pTDP-
43 pathology in the PPI areas. No pTDP-43 pathology was
found in the midbrain (SN and MO) and the middle frontal
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Fig. 5 Phosphorylated TDP-43-positive structures in the limbic
system of AD and PART cases at different Braak stages. A A few
NCIs (arrows) in the amygdala of an pre-AD case at stage III. B Some
neurofibrillary tangle-like structures in the amygdala of an AD case at
stage IV. C Massive NCIs and dystrophic neurites (DNs) in the

pTDP43
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Fig. 6 Double-labeling immunofluorescence images for tau tangles
and pTDP-43 pathology in pyramidal neurons of the hippocampal CA
region. Representative images of tau and pTDP-43 staining in an AD
case (A) and a PART case (B). Tau-positive neuropil threads (green)
and pTDP-43-positive DNs (red) in pyramidal cells of the CA region
are co-localized; there is also co-localization of tau and pTDP-43 in
some neuronal cytoplasmic inclusions. Scale bar, 50 pm.

cortex in our cases. In general, PART mainly affected the
limbic system.

We found that pTDP-43 pathology was present in the
amygdala and other limbic structures in all AD and pre-AD
cases (11/11, 100%), but negative in all aging control cases

@ Springer

hippocampus of an AD case at stage VI. D One NCI in a granule cell
of the dentate gyrus of a PART case at stage IV. E Some NClIs in the
dentate granule cells of an AD case at stage IV. F Massive NClIs in
granule cells of the dentate gyrus of an AD case at stage VI. Scale bar,
200 pm.

(0/9). Since the case selection procedure and the anatom-
ical regions evaluated were not the same as those of
previous reports, it is to be expected that the incidence of
pTDP-43 differs from that of those studies [16—18]. There
was also a correlation between the NFT Braak stage and
pTDP-43 density: the higher the Braak stage, the more
severe the pTDP-43 pathology, especially the pTDP-43
density in the granule cell layer of the DG. The DG pTDP-
43 pathology was evident in pre-AD cases at Braak stage
IIT and was more severe in AD at Braak stage VI. In our
PART cases, the density of DG pTDP-43 NCIs was very
low in Braak stage IV and negative in all Braak stage [-III
cases. DG pathology is an indicator of memory impair-
ment. The discrete patterns of pTDP-43 pathology in the
DG of PART and AD cases may reflect difference in their
clinical manifestations. Based on this finding, we hypoth-
esize that a difference in the density of pTDP-43 NCIs in
the DG is one of the key parameters that differentiate
PART from AD, and may also reflect differences in their
clinical manifestations [19-21]. Furthermore, the majority
of the pTDP-43 pathology observed in PART cases was
similar to tau morphology. They displayed tangle-like,
short thread-like or coiled body-like structures. Fluorescent
double labeling showed that at least a subset of TDP-43-
positive neurites manifested with tau pathology in the same
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neurons, suggesting that the TDP-43 pathology found in
this study may be related to PART pathology in some way
[22].

The present study is the first to elucidate a relationship
between pTDP-43 pathology and the phenotypes of PART.
First of all, pTDP-43 expression in various brain areas
suggests that pTDP-43 pathology is common in the PART
brain. Second, the distribution of pTDP-43 pathology in
our PART cases is similar to that reported in AD, but tends
to be more restricted to the limbic system. The pTDP-43
pathology in PART differs to some extent from that in AD,
especially in the DG. Furthermore, the evolving pattern of
pTDP-43 pathology in the limbic system in PART suggests
that there might be a process leading to pTDP-43
dissemination from the EC to the DG. Finally, the co-
existence of abnormal deposition of pTDP-43 and phos-
phorylated tau in PART was discernible. Since the pattern
of pTDP-43 pathology in PART is similar to that reported
in AD with low TDP-43 stages, it might be possible that
pTDP-43 pathology contributes to both neurodegenerative
diseases [23]. Further studies using larger cohorts with
more detailed clinical and pathological data are needed to
elucidate the clinical impact of pTDP-43 pathology in
PART [24-27].
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