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Perry Disease: Concept of a New Disease
and Clinical Diagnostic Criteria
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ABSTRACT

Perry disease is a hereditary neurodegenerative disease with autosomal dominant inheritance. It is characterized by parkinson-
ism, psychiatric symptoms, unexpected weight loss, central hypoventilation, and transactive-response DNA-binding protein of
43KkD (TDP-43) aggregation in the brain. In 2009, Perry disease was found to be caused by dynactin I gene (DCTNI), which en-
codes dynactin subunit p150 on chromosome 2p, in patients with the disease. The dynactin complex is a motor protein that is as-
sociated with axonal transport. Presently; at least 8 mutations and 22 families have been reported; other than the “classic” syndrome,
distinct phenotypes are recognized. The neuropathology of Perry disease reveals severe degeneration in the substantia nigra and
TDP-43 inclusions in the basal ganglia and brain stem. How dysfunction of the dynactin molecule is related to TDP-43 patholo-

gy in Perry disease is important to elucidate the pathological mechanism and develop new treatment.
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INTRODUCTION: WHAT IS PERRY
SYNDROME?

Perry syndrome was first reported in 1975 by Perry et al.' in
Canada and was named after his achievement. The original
family presented autosomal dominant inheritance, clinical rap-
idly progressive parkinsonism, depression, weight loss, sleep dis-
turbance, and central hypoventilation."* Later, six families were
reported who had similar symptoms in Canada (1979), the Unit-
ed States (1988), France (1992), the United Kingdom (1993), and
Turkey (2002).>” In 2002, we first reported the Fukuoka-1 (FUK-1)
family in Fukuoka, Japan.® Lechevalier, who reported the French
family, wrote an article in 2005 entitled “Perry and Purdy’s syn-
drome (familial and fatal parkinsonism with hypoventilation and
athymhormia),” and Elibol et al” used the term Perry syndrome
in the article and title.

Perry syndrome (Perry disease) is a hereditary neurodegener-
ative disease with an autosomal dominant inheritance, parkin-
sonism, psychiatric symptoms, unexpected weight loss, central
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hypoventilation, and transactive-response (TAR) DNA-binding
protein of 43kD (TDP-43) aggregation in the brain. This disease
is caused by dynactin I gene (DCTNI), which encodes dynactin
subunit p150. The dynactin complex is a motor protein that is
associated with axonal transport, and the p150 subunit plays an
important role in dynactin function, including its role as a mi-
crotubule binding site. Since the discovery of the DCTNI muta-
tion in 2009, this gene mutation has been screened widely, and
the number of reports is increasing. Presently, at least 8 muta-
tions and 22 families have been reported; other than the “clas-
sic” syndrome, various phenotypes are recognized. Some cases
of an incomplete type lack depression and body weight loss,
and other cases present progressive supranuclear palsy or fron-
totemporal dementia. There was a report of a family with Perry
disease with oculogyric crisis, impulse control disorder, and au-
tonomic nerve symptoms in a clinical course.

Interestingly, before it was found that Perry syndrome is caused
by DCTNI mutation, the same gene mutation had previously
been identified in a familial motor neuron disease (MND). By
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contrast, there was a report that some families had symptoms
of Perry syndrome, but they had the MAPT mutation.

CLINICAL CHARACTERISTICS OF PERRY
DISEASE: ORIGINAL CANADIAN FAMILY

In 1975, Canadian doctor Perry et al.' reported a family origi-
nating in British Columbia with a hereditary neurological dis-
ease that showed a unique clinical course. The affected members
manifested the autosomal dominant disease for three genera-
tions, and the proband developed depression and apathy, with-
drawing from his job at the age of 50 years. During the clinical
course, he developed parkinsonism and additional symptoms
such as fatigue, insomnia, weight loss, and respiratory dysfunc-
tion due to hypoventilation. He did not respond to levodopa well
and died abruptly of respiratory failure at the age of 56 years. His-
topathological findings of the brain showed severe neurodegen-
eration in the substantia nigra without the presence of Lewy
bodies. In the follow-up study, the same family had 10 affected
members. Their clinical course was similar; psychiatric symp-
toms such as depression and apathy preceded, followed by par-
kinsonism, weight loss, and central hypoventilation. Sometimes,
sleep disturbance such as insomnia was involved.? Levodopa was
usually not effective, and the average age of onset was 50 years
(range: 45-54 years) with a mean duration of disease of 5 years
(range: 3-6 years). By 2002, an additional five families with simi-
lar phenotypes of the proband in the original article by Perry were
reported.>” Some cases did not show weight loss or central hy-
poventilation; however, the clinical and pathological findings were
the same. Geographically, the founder effects were not plausible,
and some gene abnormalities might have caused the flaccidity.

CLINICAL CHARACTERISTICS OF PERRY
DISEASE: THE JAPANESE FUK-1 FAMILY

In the FUK-1 family (Figure 1), 10 affected members (9 men)
or suspected cases were confirmed for three generations.® They
did not have problems in movement or mental development,
and the average age of onset was 48 years (range: 35-61 years),
younger than that in sporadic Parkinsons disease (PD). The mean
duration of disease was 5 years (range: 2-10 years), and this rap-
idly progressive course is similar to the original Perry syndrome.
They also had clinical characteristics such as nonmotor symp-
toms developing around the time of parkinsonism.

Clinical course of the proband (III-4): At the age of 41 years,
his apathy was pointed out by an industrial doctor; at that time,
he had difficulty working due to decreased motivation. He visit-
ed the Department of Neurology at Fukuoka University Hospi-
tal. He did not have complaints but lacked motivation and showed
bradykinesia. His facial expressions were poor, and his voice was
small with mild rigidity in the neck and extremities. His cognitive
function was normal, but he walked forward bending without
swinging his arms. He showed postural tremor, and his tendon
reflex was active in all extremities without the Babinski sign. He
did not show postural instability, dysesthesia, or ataxia. Treatment
with levodopa was initiated, and bradykinesia improved. How-
ever, unexpectedly, he lost body weight, 10 kg in 2 months, and
15 kg in a year. At the age of 44 years, his bradykinesia deteriorat-
ed, and postural instability developed; therefore, he needed par-
tial assistance in daily life temporally. Anxiety and shortness of
breath at night developed. He was reevaluated at our hospital,
and rigidity, akinesia, and postural instability were remarkable,
and the wearing-off phenomenon with dyskinesia was observed.
A plain chest X ray, chest CT, and a pulmonary function test were
normal. On polysomnography (PSG), central hypoventilation
was observed (apnea index, 6.96; mildly abnormal). An arterial
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Figure 1. Pedigrees of the FUK-1 family with Perry disease. Circles indicate women. Squares indicate men. The diagonal lines indicate de-
ceased individuals. Black symbols indicate affected individuals. An arrow indicates proband. Asterisks indicate genetically confirmed indi-
vidual with p.G71Ain dynactin | gene. FUK-1: first reported the Fukuoka-1.



blood gas test on room air showed an increased level of PCO,
(47 mm Hg; normal range, 35-45) with normal PO, (85.2 mm
Hg; normal range, 90-105). After he was transferred to another
hospital, he was found in a coma in the morning because of CO,
narcosis due to respiratory failure, and he needed mechanical
ventilation support. At the age of 46 years, his condition deteri-
orated due to pneumonia and he died of sepsis.

The probands cousin (III-3) manifested neuropsychiatric symp-
toms such as anxiety at the age of 38 years and was diagnosed with
parkinsonism. Levodopa was effective for a while. However, a year
later, the wearing-off phenomenon and peak dose dyskinesia de-
veloped. At the age of 41 years, hypercapnia developed; at the age
of 42 years, he lost 15 kg in body weight in a year. He had repeat-
ed episodes of hypercapnia; therefore, he needed tracheotomy
and mechanical ventilation. Pneumonia recurred, and he died
at the age of 51 years.

The probandss father (II-2) manifested depression at the age of
43 years. Anti-depressants were administered, but he attempted
suicide twice. At the age of 44 years, bradykinesia developed and
gradually progressed. At the age of 47 years, akinesia, bradyki-
nesia, resting tremor, and rigidity were observed, and he was di-
agnosed with PD; levodopa was initiated. At the age of 48 years,
he was admitted to the hospital because of respiratory failure,
and tracheostomy and mechanical ventilation were necessary.
His akinesia worsened, and he became bedridden. Since the on-
set, he lost 15 kg in body weight. At the age of 49 years, he died
of respiratory failure.

The clinical course of this family was similar to that presented
in Perry’s original article (Figure 2). Thus, we reported these data
to Neurology in 2002 as the first Japanese family with Perry dis-
ease.® All seven reported families, including this family, presented
“classic” Perry syndrome, and later were found to have the DNCT1
gene mutation.

To study the clinicopathology of Perry syndrome and identify
the causative gene, we started joint research with the Mayo Clin-
ic in 2001. We succeeded in collecting the data of families with
Perry syndrome other than the second Canadian family, which
had already been reported at that time. During the research, un-
reported families with Perry syndrome were newly identified from
Hawaii and Japan. Detailed descriptions of the clinical course,
brain tissues in autopsy, and DNA samples (74 persons including
17 affected members from 8 families) were collected.

PATHOLOGICAL FINDINGS OF PERRY
DISEASE—A NEW TDP-43
PROTEINOPATHY

Pathological reports on Perry disease described neuronal loss
in the substantia nigra and locus ceruleus, with rare obvious in-
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Figure 2. Clinical course of the proband.

clusions and no or few Lewy bodies."® In previous reports, im-
munohistochemical staining for a-synuclein had not yet been
performed; thus, the pathological study in the FUK-1 family first
confirmed the absence of Lewy bodies in the substantia nigra and
other sites by a-synuclein antibody immunostaining.® Wider et
al.'? also studied the neuropathology of 8 cases of Perry disease
and described severe degeneration in the substantia nigra and
inclusions with positivity of TDP-43 in residual neurons. The in-
clusions were observed in the basal ganglia and brain stem, such
as the substantia nigra, globus pallidus, neuronal intranuclear
inclusions (NII), neuronal cytoplasmic inclusions (NCI), dystro-
phic neurites (DN), and glial cytoplasmic inclusions (GCI). The
inclusions were positive for ubiquitin but negative for tau and
a-synuclein.

TDP-43-positive inclusions were found in ubiquitin-positive
frontotemporal lobar degeneration (FTLD-U), frontotemporal
dementia-motor neuron disease (FTD-MND), and amyotrophic
lateral sclerosis (ALS), and they were reported as ubiquitinated
NCI, NII, and partial glial inclusions.'""> TDP-43 proteinopathy
can be classified into six pathological types based on the shape
of the inclusions: NCI, NII, DN, axonal spheroid, GCI, and peri-
vascular astrocytic inclusion (PVI) (Figure 3). TDP-43 pathol-
ogy is mainly associated with ALS, frontotemporal lobar degen-
eration (FTLD), and the mixed type of frontotemporal lobar
degeneration and motor neuron disease (FTLD-MND). Perry
disease is characterized by NCI, DN, frequent PVI and spher-
oids, and its inclusion shape and distribution are different from
ALS, FTLD-MND, and hippocampal sclerosis (HpScl). Other
than TDP-43 pathology, dynactin p50 inclusions were only ob-
served in Perry disease (Figure 3) but not in ALS, FTLD-MND,
or HpScl. Perry syndrome is considered a unique TDP-43 pro-
teinopathy, and inclusions were mainly observed in the substan-
tia nigra, globus pallidus, and brain stem. Only Perry disease has
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Figure 3. Immunohistochemistry for TDP-43 and p50 on tissue from previously reported patients with Perry disease.® NCls in the medul-
lary 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 NCls in the medullary tegmentum (G). Scale bars = 10 ym (A-G). TDP-43: transactive-response
DNA-binding protein of 43 kD, NCI: neuronal cytoplasmic inclusions. Mishima et al. J Neuropathol Exp Neurol. 2017;76:676-682 (41).

distinct pathological findings of those unique distributions in
TDP-43 proteinopathy."

TDP-43-positive inclusion is considered specific for FTLD-U,
FTD-MND, and ALS. However, TDP-43 inclusions have been
found widely in Lewy body disease, Guam Parkinson dementia
complex, Alzheimer’s disease, and HpScl.'*!* Therefore, its speci-
ficity is doubtful. Presently, it is considered a common cellular
reaction, and its pathological significance is notable. To confirm
that TDP-43 is directly involved in the pathogenesis, and the
TDP-43 gene (transactive-response DNA binding protein) mu-
tation was shown to cause familial ALS."” In Perry disease, FTLD-
U, FTD-MND, and ALS, TDP-43-positive inclusions are dom-
inant pathological findings, and they could have a common
pathogenesis, different from other diseases, with a combination
of a-synuclein- or tau-positive inclusions. Interestingly, the clini-
cal symptoms of Perry disease overlap with sporadic PD despite
those facts. Severe neuronal loss in the substantia nigra that is
always observed in the pathological findings of Perry disease
likely causes clinically progressive parkinsonian syndrome. How-
ever, what are pathological backgrounds for other major symp-
toms, such as apathy, depression, weight loss, and central hy-
poventilation? We noted the respiratory center in the ventrolateral
medulla of the autopsied brain and showed that the density of
neurons with positive immunostaining for neurokinin-1 recep-
tors (NK-1R), tyrosine hydroxylase, and tryptophan hydroxylase

was significantly decreased.'e NK-1R-positive neurons in the ven-
trolateral medulla are considered preBetC neurons, which is im-
portant for respiratory rhythm. In animal experiments, the de-
struction of those neurons leads to impaired respiration, such
as irregular respiration and a decreased ventilation response to
CO;. Degeneration of preBetC neurons likely causes respiratory
symptoms in patients with Perry disease. Additionally, we showed
neuronal loss in raphe nuclei (serotonergic neurons), which is
another respiratory center. Abnormal serotonergic neurons in the
medulla are considered the cause of sudden infant death syn-
drome. This impaired respiratory center can lead to hypoventi-
lation in Perry disease. Furthermore, a decrease in aminergic
neurons in the locus ceruleus and ventral tegmental area was
observed that might be associated with depression and apathy.
The specific pathological findings that can explain weight loss
remain unclear. However, orexin-positive neurons in Meynert's
basal ganglion are decreased in Perry disease, indicating that the
dysfunction of the hypothalamus could cause weight loss in Perry
disease and might require further detailed neuropathological
examination."”

PERRY DISEASE AND DYNACTIN GENE
MUTATION

In 2009, we collaborated with the Mayo Clinic and identified



the DCTNI mutation on chromosome 2p in patients with Perry
disease." In all 8 families, 5 closely arranged mutations (p.G71A/
E/R, p.T72P, p.Q74P) were found in DCTNI exon 2. Those mu-
tations were not found in the control groups or patients with oth-
er familial parkinsonism and were confirmed to be the caus-
ative gene.

Before the discovery of the gene mutation in Perry disease, a
different point mutation (p.G59S) had been reported in a family
with familial spinal and bulbar muscular atrophy.'** Later, other
mutations were reported in families with ALS and FTLD, but
they have not yet been confirmed to be the causative gene.*"*
DCTNI encodes the main subunit p150 glued of the dynactin
protein complex.”

P150 glued exists as a dimer and is a direct connecting site be-
tween the dynactin complex and microtubules. Dynactin is as-
sociated with cargo transport and retrograde axonal transport
among organelles, such as the endoplasmic reticulum and Golgi.
Multiple bound complexes, including dynactin, acts with dynein
through microtubules and the p150 glued subunit and are in-
volved in various cargo transport through other subunits.

In the N-terminal region of p150 glued, the cytoskeleton-as-
sociated protein cytoskeleton-associated protein glycine-rich
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(CAP-Gly) domain exists.** Interestingly, both the five DCTNI
mutations in Perry disease and p.G59S mutation in familial MND
exist in the CAP-Gly domain. An experiment showed that, in the
MND mutant p.G59S and Perry disease mutant (p.G71R and
p-Q74P), the microtubule-binding affinity of p150 glued is de-
creased.” In cells transfected with DCTNI p.G71R, p.Q74P, and
p.G59S, the intracellular distribution of dynactin protein was dif-
ferent from that of the wild type.”® Thus, the mutant proteins lead
to the aggregation of dynactin (toxic gain of function) and loss
of function in dynactin/dynein.

CLINICAL DIVERSITY OF PERRY DISEASE

The clinical uniformity of Perry disease has led to the identi-
fication of affected families, understanding of its pathogenesis,
and the discovery of the causative gene. Since the discovery of
the gene, familial parkinsonism has been screened worldwide,
and not only “classic” clinical manifestations are considered but
also diverse phenotypes in patients with Perry disease. Since the
discovery of DCTNI mutation in 2009, 14 families have been
newly reported (Table 1). Eight pathogenic mutations (p.F52L,
p-G67D, p.G71A/E/R, p.T72P, p.Q74P, and p.Y78C) have been

Table 1. Previously described Perry disease families with genetic confirmation

DCTN1 mutation

Other clinical

Four cardinal sign of Perry disease

Author (amino-acid substitution) WL D/apathy HV features
Perry et al."? 1975, 1990 Canada G71R (211G > A) + + + +
Purdy et al.? 1979 Canada G71E (212G >A) + + + +
Roy et al.* 1988 USA T72P (214A>C) + + + +
Lechevalier et al.® 1992 France G71E (212G > A) S a a +
Bhatia et al.® 1993 UK G71A (212G > C) + - + -
Elibol et al.” 2002 Turkey G71R (211G >A) + + + +
Tsuboi et al.® 2002 Japan (FUK-1) G71A (212G > C) + + + +
Farrer et al.® 2009 USA (Hawaii) G71A (212G > C) NA NA NA NA
Ohshima et al.* 2010 Japan (FUK-4) Q74P (221A>C) + - + +
Newsway et al.® 2010 UK G71R (211G >A) + + - +
Aji et al.? 2013 UK G67D (200G > A) + - + + Slow vertical saccade
Araki et al.?® 2014 Japan (OMT) F52L (156T > G) + - - + Late onset
Caroppo et al.*® 2014 France G71E (212G > A) + + + + SLT;)‘}::EZ?;S?CMG’
Chung et al.?® 2014  South Korea (case 1) G67D (200G > A) + + + +
South Korea (case 2) G71R (211G >A) + + + + Vertical gaze palsy
South Korea (case 3) Y78C (233A> G) + - - - Oculogyric crisis
Tacik et al.¥” 2014 New Zealand Y78C (233A> G) + + + +
USA G71R (211G >A) + + + +
Pretelt et al.?® 2014 Colombia G71R (211G >A) + + + + Slow vertical saccade
Barreto et al.*® 2015 Portugal F52L (156T > G) + + + + PSP phenotype
Konno et al.*® 2017 Poland G71E (212G > A) + - + +

DCTN1: dynactin | gene, P: parkinsonism, WL: weight loss, D: depression, HV: hypoventilation, FUK-1: first reported the Fukuoka-1, FUK-4: fourth
reported the Fukuoka-4, NA: not available, OMT: Omuta family, PSP: progressive supranuclear palsy.
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discovered to date (Figure 4), elucidating the diverse phenotypes
of the same gene mutation. In 2010, a family with DCTNI-p.
G71R mutation was newly identified. The proband presented
disinhibition, axial rigidity, frequent falls, and downward gaze
palsy. MRI findings revealed midbrain atrophy similar to the
phenotype of progressive nuclear palsy. Levodopa was responsive
to parkinsonism initially. Later, he showed central hypoventila-
tion characteristic of Perry disease, but his clinical course has been
different from the classic type.*® Another patient from the UK
manifested anxiety and depression; in his mid-forties, he devel-
oped hypotension, neck rigidity, apraxia of eyelid opening, and
behavioral abnormalities, including disinhibition due to dysfunc-
tion of the frontal and temporal lobes and midbrain. Later, he de-
veloped weight loss and central hypoventilation and was diag-
nosed with Perry disease with DCTNI-p.G67D mutation.” The
age of onset varied widely among affected individuals in the same
family from Japan (FUK-4/DCTNI-p.F52L), whose progression
was relatively slow and included a member with onset at age 70
years.”® One of them showed marked atrophy of the frontal and
temporal lobes and midbrain during long-term hospitalization
under mechanical ventilation. From Korea, three families with
DCTNI mutation were reported, and they included patients with
oculogyric crisis and supranuclear gaze palsy.” Of 21 families
diagnosed with familial progressive supranuclear palsy (PSP),
one family had DCTNI1-p.G71E. Two members of this family
had PSP-like symptoms, and one had typical Perry disease. In
the clinical course, various symptoms developed, such as behav-
ior abnormalities associated with FTLD, apathy, eyelid twitch-
ing, grasp reflexion, tongue apraxia, and dystonia. The effect of
levodopa was limited, and levodopa-induced dyskinesia and hal-
lucination were manifested.” In two Asian patients who had been
diagnosed with familial parkinsonism, later clinically diagnosed
with PSP, DNA screening identified DCTNI-p.K56R in the pa-
tients. However, we did not include this report in our Table 1 be-
cause it did not describe the details of their clinical course in-
cluding the characteristic symptoms of Perry disease.”

DIAGNOSTIC CRITERIA OF PERRY
DISEASE

Since the discovery of the dynactin gene abnormality in 2009,
more than 20 families have been reported during these 10 years.
Early detection of Perry disease is still difficult; in most cases, the
patients are diagnosed with PD or progressive supranuclear pal-
sy until marked weight loss or central hypoventilation develops.
In some cases, the patients die of respiratory failure abruptly, mak-
ing the diagnosis more difficult before death. Some patients with
Perry disease diagnosed by gene mutation manifested differently
from classic Perry syndrome, and it was necessary to establish
the unified international diagnostic criteria before death. The re-
search, which promoted an international joint research, analyzed
87 previously reported cases and the results are shown in Table
2. The clinical diagnostic criteria for patients with confirmed
DCTNI mutation are shown in Table 3. Four major signs are par-
kinsonism, apathy or depression, central hypoventilation, and
unexpected weight loss, which were also described in the origi-
nal article by Perry. Approximately 35% of patients had all four
major signs at diagnosis; however, the four signs generally devel-
oped gradually in the clinical course.”?

Parkinsonism includes rigidity (60%), tremor (52%), brady-
kinesia (38%), and postural instability (23%), which are usually
more symmetrical than sporadic Parkinson disease. Although
there are various descriptions regarding levodopa responsiveness
in the previous reports, for most of the cases, including ours, le-
vodopa was effective when used in the early stage, but motor com-
plications appeared early and the effect was eventually dimin-
ished."® In some cases, such as sporadic PD, motor complications
associated with levodopa were observed.>***3%* We reported
a case with impulse control disorder and punding seen in the
clinical course.”

More than 70% of patients show depression or apathy, which
is characteristic of this disease. Central hypoventilation is life-
threating feature in cases with Perry disease and is observed in
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approximately 70% of patients; attention must be given to this
manifestation. Respiratory failure is sometimes unpredictable;
however, some patients show tachypnea or dyspnea before respi-
ratory failure. PSG performed in some patients showed irregu-
lar respiration and apnea during sleep. Apnea in PSG revealed
central-type hypoventilation because no contradictory move-
ment of the chest and abdominal wall was detected. When apnea
is prolonged, it can lead to sudden death.* Unexpected weight
loss usually presents after parkinsonism manifests, and it de-
creases rapidly, mostly 10-15 kg of loss in a year; the weight loss
then stops at a low weight level.

In the diagnostic criteria, imaging findings are described as
supporting features. MRI reveals normal findings or atrophy of
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the frontal and temporal lobes or midbrain.**** On single-pho-
ton emission CT (SPECT) and fluorodeoxyglucose positron emis-
sion tomography (PET), decreased blood flow and decreased
metabolism are observed in the frontal and temporal lobes.”***

On a dopamine transporter image using SPECT or PET, up-
take in the striatum was consistently decreased. This manifesta-
tion was also shown in a gene mutation carrier (T72P) who had
not yet developed symptoms; therefore, degeneration of striato-
nigral neurons occurs before a carrier manifests symptoms.”***
On metaiodobenzylguanidine myocardial scintigraphy, which
evaluates cardiac sympathetic nerve terminal, a decrease was
shown in two patients.

Table 2. Summary of clinical characteristics in patients with Perry disease

Clinical features Characteristics and frequency

Age at onset!
Age at death’

49 years (range, 35-70 years)
55 years (range, 39-81 years)

Di duration™™® .
1sease duration duration (> 21 years)

H H H 1,2,3,33
Typical disease progression symptoms in the late stages
Cause of death’
Parkinsonism: 95%
Depression/apathy: 71%
Respiratory symptoms: 67%
Weight loss: 49%

Frequency of the 4 cardinal signs'

5.5 years (range, 2-14 years). Except for a single patient carrying the F52L mutation with a long disease

Initial depression/apathy (56%), generally followed by weight loss and parkinsonism, and then respiratory

Respiratory failure/pneumonia (61%). Sudden death occurred in 15% of the previously reported patients

Frontal signs (disinhibition, hyperorality, primitive reflexes, and dysexecutive syndrome): 19%

Frequency of other clinical

symptoms' Dysphasia: 14%

Cognitive impairment: 16%

Oculomotor disorders (vertical saccades and supranuclear gaze palsy): 16%

Sleep disorders (insomnia and sleep apnea syndrome): 21%

Additional clinical features without

in five patients
exact frequency-516.34.35 P

Hallucination in two patients

Autonomic dysfunction (erectile dysfunction, anhidrosis, pollakiuria, orthostatic hypotension, and constipation)

Table 3. Diagnostic criteria of Perry disease

Clinical features Laboratory features

Cardinal Supportive

A) Parkinsonism*
of onset

B) Apathy or depression

C) Respiratory symptoms?
D) Unexpected weight loss

E) Positive family history of parkinsonism or
respiratory symptoms

a) Rapid disease progression within five years

b) Onset younger than 50 years

Cardinal
1) Genetic test: mutation in the DCTN7 gene

2) Pathology: nigral neuronal loss and
TDP-43 pathology in the brainstem and
basal ganglia

Definite: presence of A) and E) plus cardinal laboratory features of 1) positive genetic test or presence of A), B), C), and D) plus cardinal laboratory

features of 1) positive genetic test or presence of A), B), C), and D) plus cardinal laboratory features of 2) TDP-43 pathology. If evidence of other mu-
tations or neurodegenerative disease pathology is present, both cardinal laboratory features must also be observed. Probable: presence of A), B), C),
D), and E). Possible: presence of A) and E) plus supportive clinical features of a) or b). *parkinsonism requires two or more among rigidity, tremor (with

postural tremor acceptable), bradykinesia, and postural instability, trespiratory symptoms require the exclusion of cardiac and pulmonary diseases.
DCTN1: dynactin | gene, TDP-43: transactive-response DNA-binding protein of 43 kD.
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CONCLUSIONS

Perry disease was identified only by symptomatology until
2009; however, presently, it should be regarded as a single clinical,
pathological, and genetic entity. Thus, we proposed to change the
name from syndrome to disease in 2018.% Perry disease is char-
acterized clinically mainly by parkinsonism, apathy-depression,
unexpected weight loss and central hypoventilation, and patho-
logically by TDP-43 proteinopathy. Its symptoms are similar to
sporadic PD in the early stage of disease because of the symp-
toms, treatment effect with levodopa, and presence of motor
complications. Nonmotor symptoms of Perry disease, such as
weight loss, depression, apathy, sleep disturbance, and respira-
tory dysfunction, are also seen in sporadic PD to some extent.
Thus, some features of Perry disease clinically and pathologically
overlap with other sporadic neurodegenerative diseases and are
genetically shared with other MNDs. In the future, research to
elucidate the pathogenesis of Perry disease should also be asso-
ciated with other sporadic or familial neurodegenerative diseases
(PD, multiple system atrophy, FTLD-U, or ALS).
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