showed saccadic eye movement, ataxic speech, truncal and
limb ataxia, mild rigidity and bilateral hearing disturb-
ances. He showed no bulbar palsy, pyramidal sign, muscle
atrophy or sensory disturbances. His total score on the
international cooperative ataxia rating scale” was 64. He
showed no orthostatic hypotension or dysuria. His score on
the mini-mental state examination was 24/30, and his total
10 score on the Wechsler adult intelligence scale was 78.
He showed amnesia but no disturbances of daily living
according to amnesia. Brain MRI showed accentuated cer-
ebellar atrophy in the anterior lobe (Fig. 1A) and small
ischemic changes in the cercbral white matter. Single
photon emission computed tomography (SPECT) showed
relatively normal cerebellar perfusion and mild diffuse
hypoperfusion in the cerebrum, but well-preserved in
the precuneus and posterior cingulate. "#I-meta-iodo-
benzylguanidine scintigraphy indicated normal cardiac

T Adachi et al.

uptake. Cerebrospinal fluid examination revealed largely
normal measurements, with the exception of values for two
indicators. The cerebrospinal fluid biomarker amyloid beta
1-42 was reduced (212 pg/mL; cutoff at our institute, >400),
and phosphoryrated tau was elevated (54.6 pg/mL; cutoff
at our institute, <50). Genetic analysis revealed a mutation
of =16 G > T q.22 and insertion of a pentanucleotide repeat
expansion (3.3 kb). The patient’s father (Fig. 2, 1.1) and
older brother (Fig. 2, 11.4) showed the same mutation and
repeat expansion of SCA31. APOE4 genotype showed
€3/e3. The patient was diagnosed as having SCA31 with
mild cognitive impairment due to Alzheimer’s discase
(AD) and administered taltirelin hydrate without effect.
After discharge from our hospital, he lived in a nursing
home. His cognitive function showed a rapid decline and
his daily living activities gradually declined; for example, he
showed agitation and took off his clothing inappropriately.

Fig.1 T2-weighted axial MRI of the patient at ages 73 (A) and 75 (B). Cerebellar anterior lobe shows atrophy. Medial temporal lobe

shows progressive atrophy with white matter hyperintensities.

© 2014 Japanese Society of Neuropathology
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Fig.2 Pedigree of patient in our case study. Black arrow shows the proband. Black boxes indicate patients who showed cerebellar ataxia.

Sometimes he wandered around at midnight. At age 75, he
could not communicate with others (including his caregiv-
ers) and often showed delirium. Furthermore, he could
neither eat nor get dressed on his own. At this point, he was
readmitted to our hospital. We could not assess the cogni-
tive decline because of severe dementia. Brain MRI
showed progressive ventricular dilatation and cortical
atrophy, especially in the medial temporal lobe, along with
changes in white matter (Fig. 1B). We could not perform
SPECT or cerebrospinal fluid examination. The patient
was diagnosed with concomitant AD dementia. After dis-
charge from our hospital, he died of respiratory failure at
the age of 76. The total clinical course was about 11 years.
His father (Fig. 2, I.1) showed dysarthria and ataxia, and
died at the age of 70 with no dementia. His older brother
(Fig. 2,11.4) showed dysarthria and ataxia at the age of 46,
dysphagia at the age of 62, could not walk at the age of 78,
and also showed dementia at the age of 79.

METHODS

Neuropathological examination was conducted according
to the following methods. Six-micrometer-thick serial sec-
tions of formalin-fixed, paraffin-embedded, representative
areas were stained with HE and by the KB method. Selected
sections were stained with Gallyas—Braak silver staining to
test for senile changes. Immunohistochemistry was per-
formed with the following antibodies: anti-phosphorylated
tau (AT8, monoclonal; Innogenetics, Temse, Belgium), anti-
beta amyloid 11-28 (12B2, monoclonal; IBL, Maebashi,
Japan), anti-phosphorylated o-synuclein (pSyn#64, mono-
clonal; DAKO, Glostrup, Denmark), anti-polyglutamine
(1C2, monoclonal; Millipore, Billerica, MA, USA),
anti-calbindin D28 K (KD-15, monoclonal; Sigma, St.
Louis, MO, USA), anti-neurofilament (2F11, monoclonal;
DAXKO, Glostrup, Denmark), anti-glial fibrillary acidic
protein (polyclonal; DAKO, Glostrup, Denmark) and
anti-phosphorylated TDP43 (PSer409/410, monoclonal;

© 2014 Japanese Society of Neuropathology

Cosmobio, Tokyo, Japan). Immunoreactions were visual-
ized by 3,3’-diaminobenzidine tetrahydrochloride. Sections
were counterstained with hematoxylin.

RESULTS

Neuropathology

The brain weighed 1400 g after fixation. Gross examination
confirmed mild temporal lobe atrophy and accentuated
cerebellar atrophy in the anterior lobe (Fig. 3A), grayish
discoloration of cerebral white matter and dilatation of
lateral ventricles (Fig. 4A). The substantia nigra and locus
coeruleus were well pigmented. The dentate nucleus of the
cerebellum showed grayish discoloration. The hippocampus
and amygdala were relatively well preserved.

Microscopic examination revealed severe Purkinje cell
loss that was accentuated in the anterior lobe. The molecu-
lar layer showed moderate gliosis and moderate cell loss in
the granular cell layer (Fig. 3B). The surviving Purkinje
cells were often atrophic and surrounded by a characteris-
tic amorphous material, the so-called halo-like amorphous
material reported by Ishikawa et all (Fig. 3C,D). The
dentate nucleus of the cerebellum showed mild grumose
degeneration. The inferior olivary nucleus showed mild
gliosis. The red nucleus, globus pallidus and subthalamic
nucleus were well preserved. There was no corticospinal
degeneration. Cerebral white matter showed marked
myelin loss and small infarcts were present (Fig. 4B). The
auditory system, including the cochlear nuclei, trapezoid
body, lateral meniscus, superior olivary nucleus and infe-
rior colliculus in the brainstem were well preserved. Cer-
ebellar white matter showed moderate gliosis. The spinal
cord was not examined.

Immunohistochemical analysis with an anti-calbindin
D antibody showed amorphous Purkinje cell dendrites
(Fig. 3E). Small ubiquitin-positive granules were occasion-
ally present in surviving Purkinje cells (Fig. 3F) and cerebel-
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Fig.3 Neuropathologic findings in spinocerebellar ataxia type 31. (A) Gross examination confirmed cerebellar atrophy and the dentate
nucleus showed grayish discoloration. Bar = 1 cm. (B) Low-magnification image of the anterior lobe of the cerebellum. Severe Purkinje cell
loss, moderate gliosis of the molecular layer and moderate cell loss of the granular cell layer were observed. Bar = 300 um. (C) Purkinje
cell atrophy and halo-like amorphous material were evident. Bar =30 um. (D) A small number of Purkinje cells showed sprouting.
Bar = 30 pm. (E) Anti-calbindin immunohistochemistry showed granular deposition of Purkinje cell processes. Bar = 50 um. (F) Anti-
ubiquitin immunohistochemistry showed granular deposition in Purkinje cells. Bar = 50 pm.

Fig.4 Neuropathologic findings of cerebral white matter. (A) Gross examination confirmed grayish discoloration of cerebral white
matter and dilatation of lateral ventricles. (B) Cerebral white matter shows rarefaction of myelin, arteriolosclerosis and small infarction.

HE, bar = 200 pm.

lar white matter. Analysis with an anti-polyglutamine
antibody showed no aggregation of polyglutamine in
Purkinje cells. Senile plaques were widely distributed
throughout the neocortex, hippocampus, precentral gyrus
and thalamus (Fig. 5A; Braak amyloid stage C",Thal Phase

32). There was cxtensive amyloid angiopathy in the
neocortex and cerebellar leptomeningeal vessels (Fig. SB).
Alzheimer-type NFTs involved the entorhinal and
transentorhinal cortex, with only a few scattered in the
hippocampus (Fig. 5C; Braak NFT stage II'"). In contrast,

© 2014 Japanese Society of Neuropathology
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Fig.5 Senile changes in the patient of our case study. (A) Anti-amyloid beta 11-28 immunohistochemistry demonstrated (A) classic and
diffuse plaques in the precentral gyrus, as well as (B) abundant amyloid angiopathy with splitting of the arterial wall. (C) The Gallyas-
Braak silver method revealed mild to moderate neurofibrillary tangles in the entorhinal cortex. (D) Anti-phosphorylated tau
immunohistochemistry demonstrated tau-positive degenerative processes of senile plaques and tau-positive (Gallyas-negative) grains and

neuritis in the frontal cortex. Bar = 200 pm.

ATS8-immunoreactive neurites and processes of neuritic
plaques were widely distributed in the neocortex (Fig. 5D;
AT8 stage IV® CERAD B"). According to the newly
defined scoring system of the National Institute on Aging-
Alzheimer’s Association,” the A, B and C scores were
2, 2 and 2, respectively, and the patient was categorized
as having moderate Alzheimer pathology. ATS-
immunoreactive argyrophilic grains were widely distrib-
uted, although few ballooned neurons or coiled bodies were
present. These grains could not be detected with the
Gallyas-Braak method (BBAR stage 0.5'). There were no
phosphorylated a-synuclein-immunoreactive structures
in the amygdala, medulla oblongata, substantia nigra,
locus coeruleus or sympathetic ganglia. There were no
phosphorylated TDP43-immunoreactive structures in the
hippocampus, medulla oblongata or amygdala.

DISCUSSION

This is the first report of SCA31 with severe dementia at
the terminal stage. In Japan, where it was initially
described, SCA31 represents the fourth most common
form of autosomal dominant cerebellar ataxia.*'’ Clini-

© 2014 Japanese Society of Neuropathology

cally, SCA31 presents with a relatively pure cerebellar
phenotype that includes ataxia, dysarthria, oculomotor
impairments and variable hearing loss.

There are some reports of neuropathologic examina-
tions of SCA31. Clinically, the patient in our case study
exhibited a short clinical course and showed dementia at
the terminal stage. Niimi et a/. reported an autopsy case of
SCA31 with a clinical course of 4 years.® Although their
study encompassed only a short period, pathological
changes and hallmarks of SCA31 were present. In other
case studies, the clinical course was more than 15 years.>®
These reports showed severe Purkinje cell loss in the ante-
rior lobe of the cerebellum and dendritic changes, reminis-
cent of the “somatic sprouting” seen in kinky hair disease.”
In our case study, the cerebellar pathology, especially in
relation to Purkinje cells, was largely consistent with these
reports. However, the halo-like amorphous materials in
our case study showed mild dendritic changes, and cerebel-
lar Purkinje cells were relatively preserved. These observa-
tions might relate to the shorter clinical course of the
disease in our patient.

Our patient’s brain showed the underlying pathology of
dementia at the terminal stage. The frontal cortex showed
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moderate senile plaques, and ATS8-positive neurites and
degencrative processes were widely distributed in the
neuropil. This Alzheimer disease pathology contributed to
cognitive decline at the terminal stage, but the Alzheimer
discase pathology was relatively mild to moderate, whereas
the clinical presentation was severe. In this case, cognitive
decline worsened rapidly within 2 years from mild cogni-
tive impairment to severe dementia. Myotonic tonic dys-
trophy, the same as SCA31 in RNA mediated disorder,
shows tauopathy with tau mis-splicing.” SCA31 may also
contribute to accentuate AD pathology at the terminal
stage. White matter changes, as well as small cortical and
subcortical infarctions, could have influenced the cognitive
decline and mild rigidity. According to arteriolosclerosis,
white matter changes were due to vascular changes.
Schmahmann ef al., who established the concept of cer-
ebellar cognitive affective syndrome,” showed that lesions
of the anterior lobe of the cerebellum produced only minor
changes in executive and visual-spatial functions, so the
severe dementia observed in this study cannot be
explained solely in terms of cerebellar cognitive affective
syndrome. Alzheimer pathologies in our case may be coin-
cidental findings, but further studies are nceded to clear the
cognitive impairment in SCA31.
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Introduction

Background

Abstract

Background: Fatigue is a common nonmotor symptom of Parkinson’s disease
(PD). Although the causes of fatigue were estimated in the previous reports,
fatigue is not fully understood. To determine the frequency of and factors
related to fatigue in patients with PD, we carried out clinical assessments in
our university hospital. Methods: We used the Japanese version of the Parkin-
son Fatigue Scale (J-PFS). The J-PFS was administered to 110 patients with PD,
and a cutoff point of 3.3 was used for the diagnosis of fatigue. Subsequently,
demographic characteristics, clinical features, and medications utilized were
evaluated to elucidate the factors related to fatigue. In particular, we focused on
the relationship between fatigue and gait disorder assessed via the portable gait
rhythmogram. Results: The frequency of fatigue in patients with PD was
52.7%. Univariate analysis revealed that factors significantly associated with fati-
gue were many motor symptoms and nonmotor symptoms. In addition, multi-
variate analysis revealed that gait disorder and constipation were independent
factors related to fatigue. Furthermore, short-step walking and bradykinesia in
gait disorder had especially a relationship with fatigue. Conclusions: More than
half of our patients were judged having fatigue. Several factors, including motor
and nonmotor symptoms, might be related to fatigue in patients with PD.

Therefore, the causes of fatigue are divided into several
symptoms (Kluger et al. 2013).

The taxonomies of fatigue

Recently, nonmotor symptoms in patients with Parkinson’s
disease (PD) have attracted attention. These nonmotor
symptoms affect quality of life, institutionalization, and
health care costs. Fatigue is one of the nonmotor symptoms
of PD, and it might be critical for patient’s quality of life.
More than half of the patients with PD think that fatigue is
one of the three most difficult symptoms (Friedman and
Friedman 1993). Nevertheless, fatigue in patients with PD
is not commonly identified in the clinical setting. Although
the causes of fatigue were estimated in the previous reports,
fatigue is not fully understood. In the past, fatigue patho-
physiology was discussed, but it was not well characterized.

The taxonomies of fatigue vary; in one, fatigue is divided
into peripheral fatigue and central fatigue (Chanudhuri
and Behan 2000). According to this taxonomy, the fati-
gue of PD is included in central fatigue. Central fatigue
is defined as the failure to initiate and/or sustain atten-
tional tasks and physical activities requiring self motiva-
tion. In contrast, peripheral fatigue is fatigue from
exercise or physical activity, and is defined as the inabil-
ity in sustaining a specific force or work rate. In another
system, fatigue is divided into mental fatigue and physi-
cal fatigue (Okuma 2012). With this classification, it was

© 2014 The Author. Brain and Behavior published by Wiley Periodicals, Inc. This is an open access article under the terms of 643
the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
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reported that both mental fatigne and physical fatigue
were related to fatigue in patients with PD (Lou et al.
2001).

Purpose

In this study, we analyzed fatigue in patients with PD,
and to determine the frequency of fatigue and factors
related to fatigue in PD, we evaluated clinical features,
such as demographic characteristics, motor symptoms,
nonmotor symptoms, and medications. In particular, we
focused on the relationship between fatigue and gait dis-
order. Gait disorder is one of the most well-known motor
symptoms of PD, and it decreases patient’s quality of life,
but it has not been studied in relation to fatigue fully. In
this study, we assessed gait via the portable gait rhythmo-
gram (Mitoma et al. 2010), we evaluated gait from several
points of view, and we investigated its relationship with
fatigue.

Methods

Subjects

The subjects for this study comprised of 110 patients
diagnosed with idiopathic PD in the Department of
Neurology at Tottori University Hospital between April
2011 and December 2011. The clinical diagnosis of PD
was based on the UK PD Society Brain Bank criteria
(Gibb and Lees 1988). PD patients diagnosed with
dementia according to PD dementia criteria of Move-
ment Disorder Society were excluded beforehand (Poewe
et al. 2008).

Diagnosis of fatigue

We used the Japanese version of the Parkinson Fatigue
Scale (J-PES), which was derived from the Parkinson Fati-
gue Scale (PES) in the UK (Okuma et al. 2009). The PFS
was the first questionnaire developed for evaluating fati-
gue in patients with PD, and it consists of 16 items
(Brown et al. 2005). Response options were “strongly dis-
agree,” “disagree,” “do not agree or disagree,” “agree,”
“strongly agree,” which were scored 1 to 5, respectively.
The overall PFS score was calculated as the mean
response across all items (range, 1.0-5.0) and the cutoff
point of 3.3 was used for the diagnosis of fatigne (an
average score of 3.3 or greater indicates the existence of
fatigue) (Okuma et al. 2009). The PFS is available in sev-
eral languages and is used in other countries (Kummer
et al. 2011; Hagell et al. 2012). The utility of the J-PES
for fatigue was reported in patients with PD (Okuma
2012).
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Demographic characteristics, clinical
features, and medications utilized

We analyzed the demographic and clinical characteristics of
each group, including sex, age, age of disease onset defined
from medical interviews, PD duration, degree of severity of
motor symptoms, nonmotor symptoms (depression, apa-
thy, sleep disturbance, excessive daytime sleepiness, REM
sleep behavior disorder [RBD], restless leg syndrome
[RLS], orthostatic hypotension, constipation, visual hallu-
cinations, and olfactory dysfunction), medications (total
levodopa equivalent dose [LEDs], levodopa, pramipexole,
ropinirole, selegiline, and amantadine), and the heart-
mediastinum (H/M) ratio of 123I—meta—iodobezylguanidine
(MIBG) myocardial scintigraphy (Wada-Isoe et al. 2007).
We estimated motor symptoms by using the Hoehn—-Yahr
stage. Nonmotor symptoms were evaluated via question-
naires, including the Geriatric Depression Scale-15 (GDS-
15) (Niino et al. 1991), the Apathy Scale (AS) (Okada et al.
1998), the Pittsburgh Sleep Quality Index (PSQI) (Buysse
et al. 2003), the Japanese version of the Epworth Sleepiness
Scale (JESS) (Takegami et al. 2009), and the REM Sleep
Behavior Disorder Screening Questionnaire (RBDSQ) (Sti-
asny-Kolster et al. 2007). The GDS-15 has been validated
for the diagnosis of depression, the AS for apathy, the PSQI
for poor sleep, the JESS for excessive daytime sleepiness,
and the RBDSQ for RBD. RLS was evaluated using the
diagnostic criteria of the International RLS Study Group
(Allem et al. 2003). Patients were assessed from medical
interviews as positive or negative for orthostatic hypoten-
sion, constipation, visual hallucinations, and olfactory dys-
function.

We assessed gait as motor symptoms via the portable
gait rhythmogram. The portable gait rhythmogram is a
small device that measures the acceleration in trunk
movements caused by step-in and kickoff in three dimen-
sions, using accelerometers (Mitoma et al. 2010). It is
attached to the patient’s waist to evaluate gait for 10 m.
The results do not include freezing of gait, since patients
actually walk another 2 m before and after the 10 m. We
focused on gait acceleration, gait speed, and step length
in PD patients. Gait acceleration is the index proportional
to floor reaction forces whose unit was measured via
G/100 (G: gravity = 9.8 m/s”) and the most important
end point.

Statistical analysis

Data analysis was conducted with SPSS for Windows,
version 18 (Chicago, IL). The results are presented as
medians £ interquartiles range. In univariate analyses, in-
tergroup differences were analyzed with a Mann-Whitney
U-test, and categorical variances were examined with a

© 2014 The Author. Brain and Behavior published by Wiley Pericdicals, Inc.
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test. Correlation analyses were conducted with the Spear-
man's correlation test, Multivariate analyses were per-
formed via logistic regression analysis, We used the step-
wise forward method, and the variables which had statis-
tical significance in univariate analyses were chosen.
Regarding gait, we selected gait acceleration because it
was the most important end point, and we did not
include gait speed and step length because of multicollin-
earity problems, The goodness-of-fit of the final model
was tested by the Hosmer-Lemeshow method. We used a
level of 95% (P < 0.05) as the criterion for statistical sig-
nificance.

This study was planned and conducted in accordance
with the Declaration of Helsinki. The Ethics Committee

Fatigue in Japanese PD Patients

of the Tottori University Faculty of Medicine approved
the study prior to its implementation.

Results

Frequency of fatigue

We were able to administer the J-PFS and to determine
the demographic characteristics, clinical features (except
for gait), and medications utilized for all 110 PD
patients,

The frequency of fatigue was 52.7% (males: 55.1% PD
duration 10.0 % 5.0 years, females: 50.8% PD duration
8.0 &= 3.0 years).

Table 1. Comparison of patients with PD with and without fatigue diagnosed via the J-PFS.

Overall Without fatigue With fatigue

Variables n= 110 n = 52 n= 58 P-value

J-PFS score 32410 23405 4.0 4 0.5

Demographic factors
Male:Female 49:61 22:30 27:3 0.703*
Age (years) 70.0 £ 6.5 69.5 + 6.0 72.0 £ 7.0 0.256
Age of disease onset (years) 6154+ 7.0 61.0 £ 6.5 63.0 & 8.0 0.592
PD duration (year) 8.0 4 45 7.0+ 45 85+ 45 0.147

Motor symptoms
Hoehn-Yahr stage 20405 2.0+ 05 3.04£1.0 0.001
Acceleration (gait:G/100)’ 2404 7.0 280 £ 55 20.0 £ 5.0 0.002
Speed (gait:m/min)’ 56.5 + 16.0 65.0 + 16.5 45.0 + 16.5 <0.001
Step length (gait:cm)’ 48.5 + 14.5 55.0 :+ 14.0 38.0 4 145 0.001

Nonmotor symptoms
GDS-15 504 25 50+ 15 7.0 4+ 3.0 0.002
AS 17.0 + 4.0 16.0 & 3.5 18.0 + 55 0.026
PSQI 6.0+ 20 55+ 25 7.0+ 25 0.057
JESS 6.0 + 4.0 50+ 25 8.0 x40 0.002
RBDSQ 4.0 £ 2.0 30+£20 40+ 2.0 0.040
Restless leg syndrome (n) 14 (13%) 4 (8%) 10 (17%) 0.243*
Orthostatic hypotension (n) 50 (45%) 19 (37%) 31 (53%) 0.087*
Constipation (n) 84 (76%) 34 (65%) 50 (86%) 0.013*
Visual hallucinations (n) 33 (30%) 11 21%) 22 (38%) 0.063*
Olfactory dysfunction (n) 40 (36%) 16 (31%) 24 (41%) 0.321*
Early H/M ratio (MIBG) 1.58 + 0.21 1.68 + 0.31 1.57 £ 015 0.330
Delayed H/M ratio (MIBG) 1.42 + 0.28 1.60 + 0.47 1.35 £ 0.16 0.192

Medication
Total LEDs (mg) 464 + 173 469 + 189 462 + 157 0.297
Dosage of levodopa (mg) 300 + 100 300 & 100 350 £ 100 0.003
Dosage of pramipexole (mg) 1.5+1.2 1.0+ 1.0 1.5+ 1.2 0.574
Dosage of ropinirole (mg) 45 + 3.5 55+ 45 30420 0.356
Dosage of selegiline (mg) 25+ 15 25+ 15 38415 0.843
Dosage of amantadine (mg) 150 + 69 200 + 125 100 =+ 38 0.210

J-PFS, Japanese version of the Parkinson Fatigue Scale; GDS-15, Geriatric Depression Scale-15; AS, Apathy Scale; PSQI, Pittsburgh Sleep Quality
Index; JESS, Japanese version of the Epworth Sleepiness Scale; RBDSQ, REM Sleep Behavior Disorder Screening Questionnaire; total LEDs, total

levodopa equivalent dose.
Medians =+ interquartile range.
Mann-Whitney U-test.

*y? test.

175 patients were able to be assessed (without fatigue:with fatigue = 40:35).

© 2014 The Author. Brain and Behavior published by Wiley Pericdicals, Inc.
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Table 2. Correlation between the J-PFS and other continuous vari-
ables

K. Tanaka et al.

Table 3. Comparison of patients who were assessed for gait and
were not.

Spearman’s p P-value
Demographic factors
Age (years) 0.182 0.057
Age of disease onset (years) 0.074 0.442
PD duration (year) 0.227 0.017
Motor, nonmotor symptoms
Hoehn--Yahr stage 0.325 0.001
Acceleration (gait:G/100)’ —-0.281 0.009
Speed (gait:m/min)’ —~0.409 <0.001
Step length {gait:cm)’ —0.355 0.001
Early H/M ratio (MIBG) -0.024 0.822
Delayed H/M ratio (MIBG) —0.101 0.353
GDS-15 0.370 <0.001
AS 0.288 0.002
PSQI 0.251 0.008
JESS 0.269 0.004
RBDSQ 0.233 0.014
Medication
Total LEDs (mg) 0.155 0.105
Dosage of levodopa (mg) 0.368 <0.001
Dosage of pramipexole (mg) 0.067 0.708
Dosage of ropinirole (mg) -0.144 0.464
Dosage of selegiline (mg) 0.106 0.511
Dosage of amantadine (mg) -0.244 0.364

J-PFS, Japanese version of the Parkinson Fatigue Scale; GDS-15, Geri-
atric Depression Scale-15; AS, Apathy Scale; PSQI, Pittsburgh Sleep
Quality Index; JESS, Japanese version of the Epworth Sleepiness Scale;
RBDSQ, REM Sleep Behavior Disorder Screening Questionnaire; Total
LEDs, total levodopa equivalent dose.

'75 patients were able to be assessed (without fatigue: with
fatigue = 40:35)

Demographic features related to fatigue

In univariate analyses, none of the demographic factors,
(gender, age, age of disease onset or PD duration) was
related to fatigue (Table 1). In analyses calculated via
Spearman’s correlation test, PD duration was only corre-
lated with the J-PFS score (Table 2).

Motor symptoms related to fatigue

In univariate analyses, the severity of Hoehn—Yahr stage,
decreased gait acceleration, reduced gait speed, and short-
step length were all related to fatigue (Table 1). Of the
110 patients with PD, 75 were able to be assessed for gait
via the portable gait rhythmogram. We could not assess
35 patients either because they could not walk by them-
selves or because we could not contact some of them.
The 35 patients who could not be assessed for gait were
older and have worse motor function than the 75 patients
who could be assessed for gait (Table 3). In analyses cal-
culated via Spearman’s correlation test, the severity of
Hoehn-Yahr stage, decreased gait acceleration, reduced

646

Assessed for Not assessed for

gait, n =75 gait, n = 35 P-value
Male:Female 33:42 16:19 1.000'
Age (years) 69.5 £ 5.5 75.0 £ 7.0 0.007
Age of disease 60.0 =+ 6.5 66.0 £ 7.0 0.019
onset (years)
PD duration (year) 80+ 4.0 85+ 55 0.608
Hoehn-Yahr stage 20+ 05 30+£1.0 0.029

Medians + interquartile range.
Mann-Whitney U-test.
2 test.

gait speed, and short-step length were also correlated with
the J-PES score (Table 2).

Nonmotor symptoms related to fatigue

In univariate analyses, depression, apathy, excessive daytime
sleepiness, REM sleep behavior disorder, and constipation
were related to fatigue. The frequencies of sleep disturbance,
orthostatic hypotension, and visual hallucinations in the
patients with fatigue were higher than those patients with-
out fatigue, but the differences did not reach the statistical
significance (Table 1). In analyses calculated via Spearman’s
correlation test, depression, apathy, sleep disturbance,
excessive daytime sleepiness, and REM sleep behavior disor-
der, were correlated with the J-PFS score (Table 2).

Relationship factors of dopamine
replacement therapy with fatigue

In univariate analyses, only the dosage of levodopa was
related to fatigue. Dosages of other medications (LEDs,
pramipexole, ropinirole, selegiline, and amantadine) were
not related to fatigue (Table 1). In analyses calculated via
Spearman’s correlation test, the dosage of levodopa was
also correlated with the J-PFS score, but other medica-
tions were not correlated with fatigue (Table 2).

Results of multivariate analyses

In multivariate analyses of the patients we could assess
for gait, gait acceleration and constipation were found to
be independent factors related to fatigue (Table 4).

Discussion

Frequency of fatigue

We calculated the frequency of fatigue in Japanese patients
with PD, and more than half had fatigue. Previously, the

© 2014 The Author. Brain and Behavior published by Wiley Periodicals, Inc.

— 265 —



K. Tanaka et al.

Table 4. Logistic regression model predicting patients with fatigue
via the J-PFS (n = 75).

95% of Cl for

f Odds ratio odds ratio P-value
Acceleration ~0.106 0.899 (.836-0.968 0.005
(gait:G/100)
Constipation 1.408 4.088 1.174.14.235 0.042

1-PFS, Japanese version of the Parkinson Fatigue Scale; Cl, confidence
interval; GDS-15, Geriatric Depression Scale-15; AS, Apathy Scale;
JESS, Japanese version of the Epworth Sleepiness Scale; RBDSQ, REM
Sleep Behavior Disorder Screening Questionnaire.

Nagelkerke R2 0257, Hosmer-Lemeshow test: 7 test = 4.949,
P = 0.763.

Model contained Hoehn-Yahr stage, gait acceleration, GDS-15, AS,
JESS, RBDSQ, constipation, and dosage of levodopa.

frequency of fatigue in patients with PD was reported in
various areas, and in many, it ranged from 37% to 56%
(Fabbrini et al. 2013), so the frequency of fatigue in our
patients is similar to that reported in various studies.
Although both physical and mental fatigue are involved in
PD, the PFS takes mainly physical fatigue into account. It
does not account for mental fatigue, so the fatigue of
patients with PD in our study placed a disproportionate
emphasis on physical fatigue (Falup-Pecurarin 2013). Nev-
ertheless, several nonmotor symptoms were related to fati-
gue and evaluated via the J-PES in this study. From the
results, it is possible that nonmotor symptoms also con-
tribute to fatigue assessed via the J-PFS.

Relative factors of fatigue

Past studies have indicated that many factors, including
depression, excessive daytime sleepiness, sleep distur-
bance, motor symptoms, PD duration, and female gender
are related to fatigue in PD (Karlsen et al. 1999; Alves
et al. 2004; Havlikova et al. 2008; Okuma et al. 2009
Beiske et al, 2010; Valko et al. 2010; Kummer et al. 2011;
Metta et al. 2011; Van Dijk et al. 2013). In our study,
demographic features, such as gender, age, age of disease
onset, and PD duration had little influence on fatigue.
These results indicate that fatigue does not have the rela-
tion with demographic features. Motor symptoms, such
as Hoehn-Yahr stage, gait acceleration, gait speed, and
step length were related to fatigue. Gait acceleration was
independently related to fatigue in multivariate analysis.
In addition, gait speed and step length were also indepen-
dent relative factors in the multivariate analysis including
gait speed or step length instead of gait acceleration (Sup-
porting information). These results indicated that there is
a close relationship between gait disorder and fatigue.
Although there are some reports describing a relationship

© 2014 The Author. Brain and Behavior published by Wiley Periodicals, Inc.
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between gait disorder and fatigue in PD patients (Garber
and Friedman 2003; Rochester et al. 2004, 2006; Rahman
et al. 2008), they were not enough because they were not
evaluated as to what kind of gait disorder was related to
fatigue. Gait disorder in patients with PD has several vari-
eties, such as freezing of gait, short-step walking, festina-
tion, bradykinesia, etc. Decreased gait acceleration (floor
reaction forces) was related to these gait disorders and
was the most important end point. In our study, reduced
gait speed and short-step length, as well as decreased gait
acceleration, were related to fatigue, so short-step walking
and bradykinesia as slow gait cycle walking might be
more related to fatigue than festination as fast gait cycle
walking. Nonmotor symptoms, such as depression, apa-
thy, excessive daytime sleepiness, RBD, and constipation,
were related to fatigue. Among them, constipation was an
independent factor related to fatigue. There are some
reports that indicate the relationship between other non-
motor symptoms and fatigue, but the relationship
between constipation and fatigue has not been reported
previously to the best of our knowledge. Therefore, this
may be a new insight about fatigue for PD patients. Auto-
nomic nervous systems might be relative factors with fati-
gue, so we investigated the relationship between fatigue
and MIBG myocardial scintigraphy. MIBG myocardial
scintigraphy was reported to have a relationship with
other nonmotor symptoms, such as olfactory dysfunction
and orthostatic hypotension (Oka et al. 2010; Manabe
et al. 2011), but it was not related to fatigue in this study.
Regarding dopamine replacement therapies, only the dos-
age of levodopa was related to fatigue, whereas total LEDs
was not related. This may be because we could not use
other medications, such as dopamine agonists, easily for
patient with nonmotor symptoms as the medication that
made these symptoms worse (judging from our study,
patients with fatigue were likely to have other nonmotor
symptoms which got worse by other medications, such as
excessive daytime sleepiness, visual hallucination, etc.). In
the previous study, the relationship between fatigue and
levodopa was reported (Schifitto et al. 2008), but there is
not another. These results indicated that medication has
little influence on fatigue in PD patients.

Limitations

There are a few limitations of this study. First, the defini-
tion of fatigue in the patients in our study placed a dis-
proportionate emphasis on physical fatigue, because we
assessed fatigue via the J-PFS. Next, regarding motor
symptoms, the evaluation of patients who could not walk
by themselves was not sufficient, since we assessed the
motor symptoms, except for Hoehn-Yahr stage, via por-
table gait rhythmography. In the gait assessment, we
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could not evaluate freezing of gait. Finally, we did not
study a true random sample of patients with PD, since
our study population consisted of only those patients
who visited our hospital.

Conclusion

Many PD patients had fatigue as reported in the past,
and various factors, such as motor symptoms and non-
motor symptoms, were related to fatigue, but it was not
clear which of these symptoms related to fatigue caused
fatigue or if these symptoms occurred from fatigue. How-
ever, these symptoms had no small effect on fatigue, so
we should pay attention to fatigue in clinical settings.
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Picture.

A 76-year-old man complained of orthostatic hypotension
and a disturbance of micturition. Six months later, gastric
carcinoma was diagnosed and partial gastrectomy was per-
formed. Two months after the operation, the patient was re-
ferred to our neurology department due to repeated syncope.
A neurological examination revealed urinary retention and
orthostatic hypotension; however, no gastrointestinal symp-
toms, cardiac dysfunction or extrapyramidal signs were ob-
served. A head-up tilt test showed severe hypotension (base-
line, 160/105 mmHg; at 60°, 112/77 mmHg), and the level

of plasma catecholamine secretion was decreased. Further-
more, a decreased heart/mediastinum ratio (1.58) was evi-
dent on “I-metaiodobenzylguanidine scintigraphy. Pure
autonomic failure (PAF) was diagnosed according to the di-
agnostic criteria of the American Autonomic Society and
American Academy of Neurology (1). Alpha-synuclein im-
munostaining demonstrated intraneuritic alpha-synuclein de-
posits in Auerbach’s plexus of the resected stomach (Pic-
ture). These findings support the concept that PAF repre-
sents an alpha-synucleinopathy (2).
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Absfract, Rare non-synonymous variants of TREMZ have recently been shown (0 be associated with Alzheimer's disease
(AD) in Caucasians. We here conducted a replication study using a well-characterized Japanese sample set, comprising 2,190
late-onsct AD (LOAD) cases and 2,498 controls, We genotyped 10 non-synonymous variants (Q33X, Y38C, R47H, T66M,
N68K, D8N, T96K, R98W, HI157Y, and L21IP) of TREM2 reported by Guetreiro ef al. (2013) by means of the TagMan and
dideoxy sequencing melhods. Only three variants, RA7H, HI57Y, and L2 1 1P, were polymorphic (range of minor aliele frequency
[MAF], 0.0002-0.0059); however, no significani association with LOAD was observed in these variants. Considering low MAF
of variants examined and our study sample size, further genctic analysis with a larger sample set is needed to firmly evaluate
whether or not TREM2 is associated with LOAD in Japanese.

Keywords: Alzheimer's disease, Japanese, rare variants, SNP, TREM2

INTRODUCTION

Alzheimer's disease (AD) is the main cause of
dementia in the elderly. AD is thought to be caused
by complex interactions between genetic and environ-
mental factors. A twin study demonstrated that the
heritability of late-onset AD (LOAD) is approximately
60~80% [1]. It is also assumed that multiple genesfloci
contribute to LOAD development {2]. Rare non-
synonymaus mutations of APP, PSEN/, and PSEN2
are well known to cause Familial cases of early-onset
AD (EOAD) {31, which accounts for several percent

- 271 —

of AD. Concerning LOAD, genome-wide associa-
tion studies with large numbers of subjects have been
conducted, based on the common diseases-common
variants hypothesis. As a resull, over a dozen genes
other than APOE have been to be associated with the
susceptibility to LOAD [4-10].

TREMZ2 was rccently identified as a novel sus-
ceptibility gene for LOAD in Caucasians by (wo
independent study groups [11, 12], both studies being
performed on the basis of the common diseases-
rare variants hypothesis. A noleworthy fact is that
the most significant noa-synonymous variant, R47H
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(rs75932628: CGC-—»CAC; and minor allefe fre-
quency [MAF] < about 1%), located within exon 2
ol TREM2, shows an odds ratio (OR) range of 2.0-5.0
[11, 12], which is almost equal to the risk magnitude
for the APOE-e4 allele {13, 14]. The association of
this variant with LOAD {15--19] as well as EOAD [20]
has been reproducibly confirmed in multiple Caucasian
populations. As to Asians, at present there bas only
been one genetic association study on TREM2 variants
and LOAD, a northern Han Chinese population being
involved [21]. In that study, it was demonstrated that
no TREM2 variants, including R47H, examined show
significant association with LOAD [21]. It is assumed
that TREM2 may be a Caucasian-specific susceptibility
gene for AD. Therelore, in this study we attempted to
replicate the association of TREM2 with LOAD utiliz-
ing a Japanese sample set, comprising 4,688 subjects
in totak.

SUBJECTS AND METHODS
Subjects

This study was approved by the Institutional Review
Board of Niigata University and by all participaling
institutes. All subjects were Japanese and anony-
mously genotyped.

We prepared @ Japancse sample set, compris-
ing 2,190 LOAD cases (clinically-verified, n = 1,977,
and neuropathologically-characterized, n=213) and
2,498 ‘controls  (clinically-verified, n=2,128; and
neuropathologically-characterized, n=370) (Table |).
From power analysis on the basis of Guerreiro et al.’s
study with Caucasians {11], this sample scel was
estimated to be large enough o detect risk alie-
les with an OR of 1.1-2.5 (range of risk allele
frequency = 0,01-0.99, a=0.05, power =80%) [29].
A large proportion of the clinically-verilied subjects
were the same (74.8%) as those in the overall sample
set used in owr previous genctic study on GABZ [22].
The LOAD paticnis met the criteria of the National
Institute of Neurclogical and Communicative Dis-
orders and Stroke-Alzheimer’s Discase and Related
Disorders Association for a diagnosis of probable
AD {23]. Non-dementia controls were recruited from
among elderly people living in an unassisted manner
in the local community. Mini-Mental State Exami-
nation [24], Clinical Dementia Raling [25], and/or
Function Assessment Slaging {26] were applied to
assess the severity of the cognilive impairment, All
neuropathologicatly-characterized subjects were uti-
lized in our recent genetic swdy on SORLI (271

Extraction and quantification of genomic DNA, and
APOE genotyping are described elsewhere {27, 28],
The APOE alleles exhibited strong association with
LOAD, as expected: pyere = 6.71E-171 with x2 test
( ){3 value = 783.7, degree ol freedom = 2), and ORgy/43
(95% confidence interval [C1])=4.81 (4.26-5.42) and
OR 2703 (95% CI=0.59 (0.46-0.76).

TREM?2 variants and genotyping

To determine whether or not TREM2 is associ-
ated with LOAD in Japanese, we tocused on 12
non-synonymous variants of this gene, which were
examined in Guerreiro ef al’s study with Cau-
casians [1H]: Q33X (rs104894002), Y38C (15 1D, nat
available), R4TH (1575932628), R62H (1s143332484),
TO6M  (rs201258663), NO6BK (s ID, not avail-
able), D8TN (rs142232675), TI6K (rs2234253),
R9SW (1s147564421), R136Q (rs149622783), HIS7Y
(rs2234255), and L211P (rs2234256). However, two
variants, R62H and R1360Q, were excluded since one
(RG2H) did not satisfy the design criteria for the
TagMan® genotyping assay and the other (R136Q) did
not work well on TagMan® genotyping. Consequently,
we determined the genotypes of the remaining ten
TREM2 variants using the TagMan® method (Table 2,
Supplementary Table ). Heterozygotes were further
evaluated by means ol dideoxy DNA sequencing.
Information on sequencing primers is available on
request.

Statistical analysis

To detect genotyping errors, a Hardy-Weinberg
cquilibrium (HWE) test based on Fisher's exact test
was conducted, From a 2 x 2 contingency table {case-
control status and genotype [MM and Mm]), we
compuited genolypic p {pg,_,,,m),pg) based on Fisher’s
exact test and OR with 95% Cl as the relalive risk off
disease tor cach polymorphic variant. We further per-
formed multiple variant analysis as one of gene-based
case-control association studies: distribution ol minor-
allele carriers (Mm) and non-carriers (MM) as (o three
polymeorphic variants, R47H, HI57Y and L2V P, was
compared belween cases and coatrols on the basis of
x¥ test from a 2 x 2 contingency table. Subjects with
undetermined genotype data in these varviants were
omitted for this analysis, with 4,582 subjects remain-
ing. We used SNPAlyze software (DYNACOM, Japan;
hitp/fwww.dynaconvcojp/) for these statistical anal-
yses, as described in detail elsewhere [35].

The statistical significance was set at p<0.085.
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1034 A. Miyasitite et al. / No Association of TREM2 with LOAD in Jupanese

Table |
~ Demographics of the study sample set

No. of subjects Age APOE allele frequency

(Female %} Mean (8B) Range g2 &3 g4

Cases 2,190 (70.1) 74.2(6.2)  57-102 Q02 067 0.31
Centrols 2,498 (54.9) 76.3(6.6)  65-105  0.05 0.87 0.08

SD, standard deviation.

RESULTS AND DISCUSSION

We attempted to replicate the association of TREM2
with LOAD in a Japanese sample sel, comprising
4,688 subjects in total: cases, n=2,190; and controls,
n=2,498 (Table 1). Three variants, R47H, HI157Y,
and L.21 1P, were found to be polymorphic; however,
the remaining seven, Q33X, Y3BC, T66M, N68K,
D87N, T96K, and R98W, did not show polymor-
phisms (Table 2, Supplementary Table 1). The MAF
of the variants, R47H, HIS7Y, and L21!P, were
less than 0.0t (Supplementary Table 1). Concerning
variant R47H [H1, 12}, three heterozygous subjects
were observed: one clinicaliy-verified case (female,
age at onsel of 76 years old, and APOE-£3%3) and
two neuropathologically-characterized controfs {one
female, age at death of 99 years old, and APOE-
€3*3; and one male, age at dealh of 79 years old,
and APOE-£3%3). Variant L21 1P exhibited the high-
est MAF among them: 0.0041 in cases and 0.0059
in controls {Supplementary Table ). Varianis R47H,
HIS57Y, and L2 P were all is HWE (Supplementary
Table 1). In both single and multiple variant analyses,
we observed no significant association of TREM2 with
LOAD (Table 2).

TREM?2 is mainly expressed in microglia in the brain
[30]. This protein directly interacts with a type [ trans-
membrane adapter protein, DAP12 [30]. Recent whole
transcriptome analysis of microglia, purified from
mouse brains by means of flow cytometry, revealed
that TREM?2 belongs to a DAP12-centered protein net-
work, in which multiple microglial marker proteins
such as Cd68 are included [31]. A TREM2-DAP2sig-
naling pathway is involved in innate immune responses
as well as the differentiation of myeloid progeni-
tor cells into mature microglia [30, 32). Microglia
ptay an important role in the clearance of amyloid-
B protein in the brain [33). Thus, i is likely that
genomic variants of not only TREM2 but also other
genes involved in the TREM2-DAPI2 signaling path-
way may accelerate amyloid plagque deposition through
microglial dysfunction [34]. Although none of the rare
non-synonymous TREM2 variants investigated here
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exhibited association with LOAD in our sample sets
(Table 2), we could not rule out the possibility that
TREM? is one of the crucial proteins for AD trom the
point of view of biological functions of this protein.

In conclusion, we were not able to detect the sig-
nificant association of TREM2 variants examined with
LOAD in Japanese, which is consistent with a recent
study involving Chinese [2{]. On the other hand,
TREM?2 has been reproducibly shown to be strongly
associated with both LOAD {15-19] and EOAD (20}
in multiple Caucasian sample sets. Given these data,
TREM?2 may contribute to the susceptibility of LOAD
only in Caucasians, i.e., not or only weakly in Asians,
However, considering the very low MAF of variants
investigated (Table 2, Supplementary Table 1) and our
study sample size (Table 1), a large-scale meta-anatysis
is further needed to comprehensively evaluate whether
or not TREM?2 is associated with LOAD in Asians,
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Table 2

Genotypic distribution of three polymorphic variants. R47R. HIS7Y, and L211P. on TREAM? in Japanese
Single variant analysis Allele Cases (frequency) Controls {frequency) Pyenutgpe” ORpm (95% CIY"
Variant dbSNP M m MM Mm mm MM Mm mm
R47H 75932628 G a 2,171 (0.9995) 1(0.0005) 0(0.0) 2477¢0.9992)  2(0.0008) 0{0.0) 1.OOE+00 0.57 {0.05-6.30)
HIS7Y 152234255 C 3 2.147 {09971 6(0.0028) 0(0.0y 2474 (0.9984) 4(0.0016;  0(0.0) 3.29E-01 1.7340.49-6.13)
L211P rs2234256 T c 2,161 (0.9917)  18(0.0083) 0(0.0) 2461 (09834) 29¢0.0116) 000 3.04E-01 0.71 (0.39-1.28)
Multiple variant analysis Combind genotype Cases (frequency) Controls (frequency) Pencrgn” ORepe2 (95%: CI¥
Combind  Combind CG-1 CG-2 CG-1 CG-2 others CG-1 CG-2 others
variant dbSNP
R47H- 375932628~ Ga-CC-TT.
HIS7Y- 52234255 GG-CC-TT  GG-Ce-TT. 2.104 (0.9883)  25(0.0117)  Q0.0) 24194098613 34(0.0130)  00.0) 5.26E-01 0.35 (050-1.42)
L21p 32234256 GG-CC-Te

In single variant analysis. only three varians, L211P HIS7Y. and R47H. are shown here since heterozygotes (Mm) were observed. M. major allele: m. minor allele: MM, major genotype: Mm.
heterozygous genotype: mm. minor genotype: CG. combined genotype. “Fisher’s exact test: PORu (95% C1) for the heterozygote (Mm): “chi-squared test {degree of freedom = 1): YORca-y
(95% C1) for CG-2 (Ga-CC-TT. GG-Ct-TT. and GG-CC-T¢).
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