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Perry Syndrome: A Distinctive Type of TDP-43 Proteinopathy
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Abstract
Perry syndrome is a rare atypical parkinsonism with depression,

apathy, weight loss, and central hypoventilation caused by mutations

in dynactin p150glued (DCTN1). A rare distal hereditary motor neu-

ropathy, HMN7B, also has mutations in DCTN1. Perry syndrome

has TAR DNA-binding protein of 43 kDa (TDP-43) inclusions as a

defining feature. Other TDP-43 proteinopathies include amyotrophic

lateral sclerosis (ALS) and frontotemporal lobar degeneration

(FTLD) with and without motor neuron disease (FTLD-MND).

TDP-43 forms aggregates in neuronal cytoplasmic inclusions

(NCIs), neuronal intranuclear inclusions, dystrophic neurites (DNs),

as well as axonal spheroids, oligodendroglial cytoplasmic inclu-

sions, and perivascular astrocytic inclusions (PVIs). We performed

semiquantitative assessment of these lesions and presence of dynac-

tin subunit p50 lesions in 3 cases of Perry syndrome and one of

HMN7B. We compared them with 3 cases of FTLD-MND, 3 of

ALS, and 3 of hippocampal sclerosis (HpScl). Perry syndrome had

NCIs, DNs, and frequent PVIs and spheroids. Perry syndrome cases

were similar, but different from ALS, FTLD-MND, and HpScl.

TDP-43 pathology was not detected in HMN7B. Dynactin p50 inclu-

sions were observed in both Perry syndrome and HMN7B, but not in

the other conditions. These results suggest that Perry syndrome may

be distinctive type of TDP-43 proteinopathy.

Key Words: Amyotrophic lateral sclerosis, DCTN1, Distal heredi-

tary motor neuropathy 7B, Frontotemporal lobar degeneration with

motor neuron disease, Perivascular astrocytic inclusions, Perry syn-

drome, TDP-43.

INTRODUCTION
Perry syndrome is an autosomal dominant neurodegen-

erative disease characterized by parkinsonism, apathy, depres-
sion, weight loss, and central hypoventilation (1–8). At au-
topsy there is severe neuronal loss and gliosis in the substantia
nigra without Lewy bodies or neurofibrillary tangles (1–6). In
contrast, TAR DNA-binding protein of 43 kDa (TDP-43) pa-
thology is found in the substantia nigra and other extrapyrami-
dal nuclei in Perry syndrome (6). TDP-43 pathology can be
classified by 6 distinct morphologic lesions: neuronal cyto-
plasmic inclusions (NCIs), neuronal intranuclear inclusions
(NIIs), dystrophic neurites (DNs), axonal spheroids, oligoden-
droglial cytoplasmic inclusions (GCIs), and perivascular astro-
cytic inclusions (PVIs) (9). Given the fact that all published
autopsied cases of Perry syndrome displayed TDP-43 pathol-
ogy, Perry syndrome can be considered a TDP-43 proteinop-
athy (6).

TDP-43 was originally reported as a major pathogno-
monic protein in amyotrophic lateral sclerosis (ALS) and fron-
totemporal lobar degeneration (FTLD) with TDP-43 inclu-
sions (FTLD-TDP) (10, 11). Shortly after it was reported as
specific to FTLD and ALS, Amador-Ortiz et al (12) reported
TDP-43 in Alzheimer’s disease (AD) and hippocampal sclero-
sis (HpScl), widening the spectrum of TDP-43 proteinopathy.
Subsequently, TDP-43 pathology has been also reported in
other neurodegenerative diseases, including tauopathies and
a-synucleinopathies (12–25). The morphology and distribu-
tion of TDP-43 pathology differs among each disease (26);
however, there are no reports comparing the distribution of all
6 morphologic lesions of TDP-43 in various TDP-43 proteino-
pathies. The study by Josephs et al (27) evaluated the distinc-
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tive patterns of cortical and subcortical distribution of NCI,
NII, and DNs in various subtypes of FTLD, but it did not in-
clude assessment of glial lesions or spheroids. It also did not
include Perry syndrome. In this report we describe distribution
of all major morphologic types of TDP-43 pathology in Perry
syndrome, FTLD-TDP, ALS, and HpScl.

NCI composed of dynactin subunit p50 is another patho-
logic feature of Perry syndrome. DCTN1, which encodes the
large subunit of the dynactin complex, p150glued, is essential
for axoplasmic transport. Mutations in DCTN1 were etiologi-
cally linked to Perry syndrome (7). A different mutation in
DCTN1 (G59S) causes distal spinal and bulbar muscular atro-
phy, known as distal hereditary motor neuropathy 7B
(HMN7B) (28). Perry syndrome and HMN7B are genetically
related disorders, but that have different neuropathologic fea-
tures. Neuronal loss has been reported in the hypoglossal nu-
cleus and anterior horn cells of the spinal cord in HMN7B
(29). Although p50-positive NCIs have been reported, TDP-
43 pathology has not been described in HMN7B. Furthermore,
several variants of DCTN1 have been reported in frontotempo-
ral dementia and ALS cases, although the pathogenicity of
these variants has not been proved (30–36). To date, there are
no studies on dynactin pathology in ALS or FTLD; therefore,
it is necessary to clarify whether dynactin pathology, such as
p50-positive NCIs, is specific to HMN7B or if it can also be
found in in ALS and FTLD.

The aims of this study were to compare density and dis-
tribution of morphologic types of TDP-43 pathology in Perry
syndrome and to determine whether dynactin pathology,
namely p50-immunopositive NCI, is a specific finding to
Perry syndrome and HMN7B. To accomplish our aims, we
evaluated the distribution and morphology of TDP-43 and
dynactin pathology in Perry syndrome, HMN7B, FTLD-motor
neuron disease (MND), ALS, and HpScl.

MATERIALS AND METHODS

Case Material
We examined brain samples from 3 Perry syndrome

cases (Case 1: West Virginia family, Case 2: Canada family,
and Case 3: Columbia family) and 1 HMN7B case with
DCTN1 mutations, compared with 3 FTLD-MND, 3 ALS, and
3 HpScl (Table 1). All cases, except the HMN7B case, had
been processed in the Mayo Clinic brain bank for neurodegen-
erative disorders. The clinical history of patients with Perry
syndrome have been previously reported (6, 8, 37), and the
distribution of TDP-43 pathology in 2 of the Perry syndrome
cases have also been reported (Cases 1 and 2) (6). Clinical and
pathologic features of HMN7B, including description of
dynactin p50-positive NCIs have been reported (29). HpScl
was defined as neuronal loss in hippocampal CA1 and subicu-
lum in the absence of other pathologic features of neurodegen-
erative disorders other than mild than age-associated changes
(12). All autopsies were performed after consent of legal next-
of-kin or an individual with power-of-attorney. Studies of au-
topsy samples are considered exempt from human subject re-
search by the Mayo Clinic Institutional Review Board.

Immunohistochemistry
Paraffin-embedded 5-lm-thick sections from the frontal

and temporal cortices, hippocampus, basal forebrain, brain-
stem, and spinal cord were processed for immunohistochemis-
try. Following deparaffinization in xylene and reagent alcohol,
antigen retrieval was conducted by steaming slides in distilled
water for 30 min. All immunohistochemistry was performed
using DAKO EnVision reagents (DAKO, Carpinteria, CA)
and a DAKO Autostainer as previously reported (38).

To assess TDP-43 and dynactin pathology, 17 regions of
the central nervous system (motor cortex, hippocampal den-
tate fascia, CA1, entorhinal cortex, amygdala, putamen,
globus pallidus, hypothalamus, nucleus basalis of Meynert,
substantia nigra, midbrain tegmentum, locus coeruleus, pon-
tine tegmentum, inferior olivary nucleus, hypoglossal nucleus,
medullary tegmentum, and spinal cord anterior horn) were ex-
amined following TDP-43 immunohistochemistry. In the sin-
gle case of HMN7B, only 5 regions were available for study
(substantia nigra, midbrain tegmentum, locus coeruleus, pon-
tine tegmentum, and spinal cord anterior horn). We performed
immunohistochemistry with antibodies against TDP-43
(MC2085, Dr L. Petrucelli, Mayo Clinic, Jacksonville, FL,
1:3000) and p50 (BD Biosciences, San Jose, CA, 1:2500). All
slides were reviewed simultaneously by 2 observers (D.W.D.,
T.M.), who agreed on the presence of TDP-43 immunoreactiv-
ity, defined as NCIs, DNs, PVIs, GCIs, NIIs, and spheroids in
each region. The severity of TDP-43 lesions was graded semi-
quantitatively on a 5-point scale as 0¼ absent; 0.5¼ rarely ob-
served; 1¼ sparse; 2¼moderate; and 3¼ frequent, as shown
in Table 3 and Supplementary Data Table S1. p50 immunore-
activity was detected in only sparse NCIs and scored as pre-
sent or absent in Tables 2 and 3.

To characterize spheroids in Perry syndrome, we also
performed immunohistochemistry with antibodies to phos-
phorylated neurofilament protein (SMI-31, BioLegend, San
Diego, CA, 1:40 000) and amyloid precursor protein ([APP],
EMD Millipore, Billerica, MA, 1:2000), which are frequently
used as markers of a range of axonal lesions (39, 40).

Immunoelectron Microscopy
We used the subthalamic nucleus to perform immuno-

electron microscopic evaluation of the fine structure of the
inclusions in Perry syndrome. One millimetre cubes were
dissected from the subthalamic nucleus of formalin-fixed au-
topsy brain (Case 3), and processed according to protocols
published previously (41). Immunogold labeling was per-
formed using a rabbit polyclonal antibody to TDP-43 (Protein-
Tech Group, Rosemont, IL), and affinity-purified rabbit poly-
clonal antibody to phospho-TDP-43 (pS409/410, Dr L.
Petrucelli, Mayo Clinic, Jacksonville, FL). Goat-anti rabbit
IgG conjugated with 18 nm colloidal gold particles was pur-
chased from Jackson ImmunoResearch Laboratories, West
Grove, PA. Thin sections were stained with uranyl acetate and
lead citrate and examined with a Philips 208S electron micro-
scope fitted with a Gatan 831 Orius digital camera (Gatan,
Pleasanton, CA).
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RESULTS

Morphology of Lesions With TDP-43
Immunohistochemistry

Graphical display of semiquantitative scores for NCIs,
DNs, PVIs, and GCIs in Perry syndrome, FTLD-MND, ALS,
and HpScl is found in Figure 1. Six types of TDP-43-
immunopositive morphologic lesions (NCIs, DNs, PVIs,
GCIs, spheroids, and NIIs) were observed in Perry syndrome

(Fig. 2). The distribution and density of each morphologic le-
sion in Perry syndrome, FTLD-MND, ALS, and HpScl are
summarized in Supplementary Data Table S1. Five morpho-
logic lesions, except NIIs, were seen in all Perry syndrome
cases. One case (Case 1) had NIIs in the nucleus basalis of
Meynert and pontine tegmentum. The majority of TDP-43 le-
sions were NCIs and DNs, but PVIs were also relatively fre-
quent. All Perry syndrome cases had TDP-43-positive spher-
oids that were most frequently detected in the substantia nigra,
and less often in the globus pallidus. The spheroids were posi-
tive for SMI-31, APP, and p50 (Supplementary Data Fig. S1).
Five types of lesions, except spheroids, were observed in
FTLD-MND, with NCIs being the most frequent lesion type.
In ALS, NCIs, and GCIs were frequent, but DNs were only
seen in the motor cortex in ALS. PVIs, spheroids, and NIIs
were not seen in ALS. All 6 morphologic lesions were seen in
HpScl. The majority of TDP-43 lesions in HpScl were NCIs
and DNs. In addition, PVIs were frequent in HpScl. One
HpScl case had TDP-43-positive spheroids in the globus pal-
lidus (Supplementary Data Table S1).

TABLE 1. Demographic and Clinical Data in Perry Syndrome, FTLD-MND, ALS, HpScl, and HMN7B

Case Age Sex Brain Weight (g) Clinical Diagnosis Pathologic Diagnosis DCTN1 Mutations

1 44 M 1480 Perry syndrome Perry syndrome T72P

2 54 M 1420 Perry syndrome Perry syndrome G71R

3 60 F 1200 Perry syndrome Perry syndrome G71R

4 49 M 1420 FTD FTLD-MND NA

5 67 F 940 ALS FTLD-MND NA

6 61 M 1220 FTD-MND FTLD-MND NA

7 66 M 1260 ALS ALS NA

8 58 F 1220 ALS ALS NA

9 72 F 1060 ALS ALS NA

10 94 F 1160 AD HpScl NA

11 77 F 1020 AD HpScl NA

12 95 F 1000 Normal HpScl NA

13 76 M NA HMN7B HMN7B G59S

AD, Alzheimer disease; ALS, amyotrophic lateral sclerosis; F, female; FTD, frontotemporal dementia; FTLD-MND, frontotemporal lobar degeneration with motor neuron dis-
ease; HMN7B, distal hereditary motor neuropathy 7B; HpScl, Hippocampal sclerosis; M, male; NA, not available.

TABLE 2. Distribution of p50-Positive NCIs in Perry Syndrome,
FTLD-MND, ALS and HpScl

Region Perry syndrome FTLD-MND ALS HpScl

1 2 3 4 5 6 7 8 9 10 11 12

Motor cortex � � � � � � ��� � � �
Hippocampal dentate fascia � � � � � � ��� � � �
CA1 � � � � � � ��� � � �
Entorhinal cortex � � � � � � ��� � � �
Amygdala � � � � � � ��� � � �
Putamen � � � � � � ��� � � �
Globus pallidus � � � � � � ��� � � �
Hypothalamus � � � � � � ��� � � �
Nucleus basalis of Meynert � � � � � � ��� � � �
Substantia nigra � � NE � � � ��� � � �
Midbrain tegmentum � þ þ � � � ��� � � �
Locus coeruleus þ � � � � � ��� � � �
Pontine tegmentum � þ � � � � ��� � � �
Inferior olive nucleus � � þ � � � ��� � � �
Hypoglossal nucleus � � þ � � � ��� � � �
Medullary tegmentum þ þ þ � � � ��� � � �
Spinal cord anterior horn � � � � � � ��� � � �

p50-positive NCIs were presence (þ) or absence (�).
ALS, amyotrophic lateral sclerosis; FTLD-MND, frontotemporal lobar degeneration

with motor neuron disease; HpScl, Hippocampal sclerosis; NCIs, neuronal cytoplasmic
inclusions; NE, not evaluated.

TABLE 3. TDP-43 and p50 Staining in HMN7B

Region p50 TDP-43 Pathology

NCIs DNs PVIs GCIs Spheroids NIIs

Substantia nigra þ � � � � � �
Midbrain tegmentum þ � � � � � �
Locus coeruleus þ � � � � � �
Pontine tegmentum þ � � � � � �
Spinal cord anterior horn þ � � � � � �

p50-positive NCIs were presence (þ) or absence (�). TDP-43 pathology was scored
on 5-point scale as—(0), absent;þ (0.5), rarely observed; þþ (1), sparse; þþþ (2),
moderate and þþþþ (3), frequent.

DNs, dystrophic neurites; GCIs, oligodendroglial cytoplasmic inclusions; HMN7B,
distal hereditary motor neuropathy 7B; NCIs, neuronal cytoplasmic inclusions; NIIs,
neuronal intranuclear inclusions; PVIs, perivascular astrocytic inclusions; TDP-43,
TAR DNA-binding protein of 43 kDa.

Mishima et al J Neuropathol Exp Neurol • Volume 76, Number 8, August 2017

678

D
ow

nloaded from
 https://academ

ic.oup.com
/jnen/article/76/8/676/3966745 by guest on 09 April 2024

Deleted Text: R
Deleted Text: al
Deleted Text: al
Deleted Text: al
Deleted Text: al


Distribution of TDP-43 Pathology
The substantia nigra was the region most affected with

respect to TDP-43 pathology in Perry syndrome. The motor
cortex and entorhinal cortex were not affected in 2 cases of
Perry syndrome (Cases 1 and 2), but 1 case (Case 3) had DNs
in the motor cortex and entorhinal cortex. All 17 regions had

TDP-43 pathology in FTLD-MND. The hippocampus, amyg-
dala, and hypoglossal nucleus were the most severely affected.
In ALS, the most affected regions were motor cortex, hypo-
glossal nucleus, and spinal cord anterior horn. ALS also had
TDP-43 pathology of the medullary tegmentum, inferior olive
nucleus, midbrain tegmentum, substantia nigra, nucleus basa-

FIGURE 1. Distribution and density of TDP-43 morphological lesions; neuronal cytoplasmic inclusions (NCIs) (A), dystrophic
neurites (DNs) (B), perivascular astrocytic inclusions (PVIs) (C), and oligodendroglial cytoplasmic inclusions (GCIs) (D). MC,
motor cortex; Hp, hippocampal dentate fascia; EC, entorhinal cortex; Amg, amygdala; Put, putamen; GP, globus pallidus; Hyp,
hypothalamus; nbM, nucleus basalis of Meynert; SN, substantia nigra; Mid T, midbrain tegmentum; LC, locus coeruleus; PT,
pontine tegmentum; IO, Inferior olive nucleus; XII, hypoglossal nucleus; Med T, medullary tegmentum; SC, spinal cord anterior
horn; TDP-43, TAR DNA-binding protein of 43 kDa.
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lis of Meynert, and putamen. The hippocampus, entorhinal
cortex, and amygdala were severely affected in HpScl. In con-
trast, the motor cortex, hypoglossal nucleus, medullary teg-
mentum, and spinal cord anterior horn did not have TDP-43
lesions in HpScl.

TDP-43 Immunoelectron Microscopy
Using 2 different antibodies to TDP-43, we showed

NCIs contained granule-associated filaments in the subthala-

mic nucleus (Fig. 3), similar to what we have previously re-
ported in AD (41). The estimated diameter of the filaments
was 10-nm and they were straight filaments.

Dynactin Immunohistochemistry
p50-positive NCIs were observed in the medullary teg-

mentum in all cases of Perry syndrome (Fig. 2; Table 2). The
midbrain tegmentum, locus coeruleus, pontine tegmentum, in-
ferior olive nucleus, and hypoglossal nucleus had p50-positive
NCIs in Perry syndrome (Table 2). HMN7B had p50-positive
NCIs in all regions evaluated (i.e. the substantia nigra, mid-
brain tegmentum, locus coeruleus, pontine tegmentum, and
spinal cord anterior horn) (Table 3). In contrast, p50-positive
NCIs were not detected in ALS, FTLD-MND, and HpScl
(Table 2). These results suggest that of the cases included in
this study, p50-positive NCIs are specific to those caused by
mutations in DCTN1 (i.e. Perry syndrome and HMN7B).

DISCUSSION
In the present study, we describe distinctive distribution

patterns of TDP-43 lesions among TDP-43 proteinopathies.
PVIs and spheroids were more frequent in Perry syndrome
than in other TDP-43 proteinopathies, and immunoelectron
microscopy indicated that the ultrastructural characteristics of
the inclusions in Perry syndrome were different from ALS or
FTLD. Taken together, TDP-43 pathology in Perry syndrome
represents a distinctive subtype of TDP-43 proteinopathy not
captured in the current scheme (Types A–D) for FTLD (42) or
the recently proposed Type E in a rare form of rapidly progres-
sive FTLD (43).

Although NCIs were the most frequent type of TDP-43
pathology in all diseases studied, abundant PVIs and spheroids
were characteristic features of Perry syndrome. TDP-43-
positive PVIs have been described in a range of disorders, in-
cluding Perry syndrome (6), FTLD-TDP, familial diffuse
Lewy body disease (9), multiple system atrophy (44), progres-
sive supranuclear palsy (45), and a patient with schizophrenia
and superimposed dementia (46); however, they were not de-
tected in our small series of ALS. This needs to be confirmed
in a larger series of ALS cases. Although the pathologic role
of PVIs remains unknown, the presence of TDP-43 pathology
in astrocytic end-feet, demonstrated unequivocally by Lin et al
(9) with double labeling immunoelectron microscopy for
TDP-43 and glial fibrillary acidic protein, raises the possibility
that neurodegenerative diseases with TDP-43 pathology may
be associated with loss of blood–brain barrier integrity.

The different frequency of TDP-43-positive spheroids is
a new finding of the present study. Neuroaxonal spheroids
were frequent in Perry syndrome, but rare in HpScl and not
found in this small series of ALS and FTLD-MND. Interest-
ingly, spheroids in Perry syndrome (Supplementary Data Fig.
S1) and HpScl (data not shown) were immunostained by the
p50 antibody. The dynactin complex is essential for many axo-
nal transport functions (47); therefore, p50 might be useful in
demonstrating degenerating axons in certain disorders. While
APP is the standard marker for demonstrating axonal transport
interruption in a wide range of disorders (39), p50 may have

FIGURE 2. Immunohistochemistry for TDP-43 and p50 on
tissue from 3 cases with Perry syndrome; neuronal cytoplasmic
inclusions (NCIs) in the medullary tegmentum (A), dystrophic
neurites in the substantia nigra (B), perivascular astrocytic
inclusions in the locus coeruleus (C), spheroids in the
substantia nigra (D), oligodendroglial cytoplasmic inclusions
in the globus pallidus (E), neuronal intranuclear inclusions in
the nucleus basalis of Meynert (F), and p50-positive NCIs in
the medullary tegmentum (G). (D) TDP-43-positive spheroids
are most frequently seen in the substantia nigra (arrows).
High-magnification image is shown in the inset. Scale
bars¼10 lm in (A); 100 lm in (D).
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more specificity. In addition to spheroids, Perry syndrome was
characterized by many TDP-43-positive DNs; however, the
morphology and distribution of the DNs were distinct from
FTLD-TDP Type C, where abundant DNs are detected in tem-
poral cortices, but minimal elsewhere (27). These findings
suggest that axonal pathology may be a central component of
the Perry syndrome pathogenesis.

Lin and Dickson (41) previously reported the ultrastruc-
ture of TDP-43-positive NCIs in various neurodegenerative
diseases. In the present study, immunoelectron microscopic
study revealed that the TDP-43-positive NCIs in Perry syn-
drome had similar ultrastructural features to those found in
AD, but different from those found in FTLD-MND or ALS
(41). In some AD cases, granule-coated filaments are present
in neurons that also have neurofibrillary tangles with double
immunogold labeling for tau (41). We speculate that the
granule-associated filaments in Perry syndrome may contain
dynactin, although we could not confirm this hypothesis. The
ultrastructure of TDP-43-positive NCIs and unique pattern of
TDP-43-positive PVIs and spheroids indicate that TDP-43 pa-
thology in Perry syndrome is distinctive form of TDP-43
proteinopathy.

We found extensive TDP-43 inclusions in motor and ento-
rhinal cortex of 1 Perry syndrome patient (Case 3) despite the
lack of motor neuron symptoms, which differs from the minimal
cortical pathology reported in Cases 1 and 2 by Wider et al (6).
We hypothesize that longer disease duration in Case 3 may ac-
count for this difference in TDP-43 pathology distribution. The
6 years symptomatic duration of Case 3 was longer than that of
both Cases 1 and 2 (3 years) (6). Indeed the average disease du-
ration of Perry syndrome is only 5 years (8). To confirm this hy-
pothesis, additional autopsy cases of Perry syndrome, especially
those with long disease duration are needed.

We confirmed that all Perry syndrome cases have p50-
positive NCIs, although we did not detect p50-positive NCIs
in the substantia nigra, the most affected region in Perry syn-
drome. We speculate a factor that may contribute to the pau-
city of p50-positive NCIs is the severe neuronal loss in the
substantia nigra in Perry syndrome. Not surprisingly, p50-
positive NCIs were not observed in ALS and FTLD. This find-
ing may suggest that DCTN1 does not contribute significantly

to pathogenesis of ALS and FTLD. Despite the low frequency
of p50-positive NCIs, they were detected in all Perry syn-
drome cases and thus they represent a pathologic hallmark of
Perry syndrome. We previously reported colocalization of
TDP-43 and p50 within inclusions was rare in Perry syndrome
(7). It remains to be determined whether there is a direct link
between TDP-43 and dynactin pathologies in Perry syndrome.

TDP-43 immunohistochemistry in a case of HMN7B
was first demonstrated in this study and TDP-43 inclusions
were not detected. We confirmed that Perry syndrome is path-
ologically different from HMN7B in distribution of neuronal
loss and presence of TDP-43 pathology, although these are ge-
netically related disorders.

There are some limitations of our study. First, the num-
ber of autopsy cases we examined was small. Since Perry syn-
drome is a rare neurodegenerative disease, only a few cases
are available for neuropathologic research. This small sample
size may decrease the power in determining pathologic differ-
ences between the disorders. Second, given the retrospective
nature of this study, clinical information was limited. Third,
ALS and FTLD-MND cases included in this study did not
have screening for DCTN1 mutations. To clarify the possible
relation between a variant of DCTN1 and TDP-43 pathology
or clinical phenotype, ALS or FTLD-MND cases with the var-
iant of DCTN1 should be analyzed. Additional studies with
more cases harboring DCTN1 mutations will be required to
elucidate the clinical consequences of TDP-43 pathology.

In conclusion, we demonstrate that Perry syndrome has
TDP-43 pathology with a predilection for the extrapyramidal
motor system and characterized by abundant NCIs, DNs,
PVIs, and spheroids. This pattern is clearly different from that
in ALS, FTLD-MND, and HpScl. TDP-43 immunoelectron
microscopic findings of Perry syndrome were also different
from those of ALS or FTLD-TDP. Taken together, the results
of our study indicate that Perry syndrome is a distinctive type
of TDP-43 proteinopathy.
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