jects. The only difference between part A and part B is
the subjects’ rotation in part B just before they replace the
cards. The most plausible explanation for their poor
achievement in part B is that the patients were unable to
use the information on changes in their body direction.
In other words, they were defective in the processing of
directional signals of the self, or unable to integrate in-
formation on the registered external spatial locations of
objects with that on their body direction.

There are lines of evidence that the retrosplenial cor-
tex is concerned with spatial navigation. For example, ex-
cision of the retrosplenial cortex of rats can impair spatial
navigation [23, 24]. Recent neuroimaging studies in hu-
mans using PET or fMRI also revealed that the retrosple-
nial area was activated when subjects were involved in a
large-scale navigation task, although the activation was
usually bilateral [25-27]. Moreover, it is noteworthy that
in rats, head direction cells - cells that are excited when
rats are maintaining a certain heading or orientation
within an environment - are found in the retrosplenial
cortex in addition to several neural structures such as the
anterior dorsal nucleus of the thalamus, lateral dorsal
thalamus, lateral mammillary nuclei, striatum, and post-
subiculum [28, 29]. These neural substrates may consti-
tute a functional circuit dealing with directional signals
of the self [28].

References

»1 Aguirre GK, D’Esposito M: Topographical P7 McCarthy RA, Evans JJ, Hodges JR: Topo-
graphical amnesia: spatial memory disorder,
perceptual dysfunction, or category specific
semantic memory impairment? ] Neurol
Neurosurg Psychiatry 1996;60:318-325.
ico-pathologic correlations. ] Neurol Sci 8 Landis T, Cummings JL, Benson DF, Palmer P 14
EP: Loss of topographic familiarity. An envi-
ronmental agnosia. Arch Neurol 1986;43:

disorientation: a synthesis and taxonomy.
Brain 1999;122:1613-1628.

» 2 Kase CS, Troncoso JF, Court JE, Tapia JF,
Mohr JP: Global spatial disorientation. Clin-

1977;34:267-278.
B3 Levine DN, Warach J, Farah MJ: Two visual

systems in mental imagery: dissociation of 132-136.

‘what’ and ‘where’ in imagery disorders due 9 Takahashi N, Kawamura M, Hirayama K,
Tagawa K: Non-verbal facial and topograph-
ic visual object agnosia - a problem of famil-
iarity in prosopagnosia and topographic dis-
orientation (in Japanese). No To Shinkei

to bilateral posterior cerebral lesions. Neu-
rology 1985;35:1010-1018.

P4 Stark M, Coslett HB, Saffran EM: Impair-
ment of an egocentric map of locations: im-
plications for perception and action. Cogn
Neuropsychol 1996;13:481-523.

P>5 Wilson BA, Berry E, Gracey F, Harrison C,
Stow I, Macniven J, Weatherley ], Young AW:
Egocentric disorientation following bilateral
parietal lobe damage. Cortex 2005;41:547-
554.

P 6 Hécaen H, Tzortzis C, Rondot P: Loss of top-

1989;41:703-710.

11

P10 Habib M, Sirigu A: Pure topographical dis-
orientation: a definition and anatomical ba-
sis. Cortex 1987;23:73-85.

Takahashi N, Kawamura M, Shiota J, Kasa-
hata N, Hirayama K: Pure topographical dis-
orientation due to right retrosplenial lesion.
Neurology 1997;49:464-469.

Several experiments in monkeys have shown that the
retrosplenial cortex is reciprocally connected with the
parahippocampal cortical areas, presubiculum, entorhi-
nal cortex, mid-dorsolateral prefrontal cortex, superior
temporal sulcus, and posterior parietal cortex [30-32].
Therefore, the retrosplenial cortex seems to be a pivotal
constituent of both the medial temporal lobe memory
system and head directional system as well as interacting
with the lateral parietofrontal large-scale network, which
contributes to the processing of information on the ego-
centric visuospatial locations of objects.

In conclusion, our 3 cases suggest that the right retro-
splenial lesions were responsible for their HD. The CPT
implied that HD patients cannot integrate information
well on object locations in the space derived from an ego-
centric reference frame and that on changes in body di-
rection. The right retrosplenial cortex may be a place
where these different types of information necessary for
navigation converge. The CPT is a very useful clinical
tool for evaluating patients with HD.

Acknowledgements

We thank Drs. Hiroyuki Kato, Tomoko Ogawa, and Ryohei
Hishida for their help in examining the patients. We also thank
Ms. Noriyo Komori and Ms. Tomomi Miyazaki for their neuro-
psychological assessment of the patients.

»13 ObiT, Bando M, Takeda K, Sakuta M: A case
of topographical disturbance following left
medial parieto-occipital lobe infarction (in
Japanese). Rinsho Shinkeigaku 1992;32:
426-429.

Cammalleri R, Gangitano M, D’Amelio M,

Raieli V, Raimondo D, Camarda R: Transient

topographical amnesia and cingulated cor-

tex damage: a case report. Neuropsychologia
1996;42:321-326.

Suzuki K, Yamadori A, Hayakawa Y, Fujii T:

Pure topographical disorientation related to

dysfunction of the viewpoint dependent vi-

sual system. Cortex 1998;34:589-599.

Katayama K, Takahashi N, Ogawara K, Hat-

tori T: Pure topographical disorientation due

to right posterior cingulated lesion. Cortex
1999;35:279-282.

P17 Alsaadi T, Binder JR, Lazar RM, Doorani T,
Mohr JP: Pure topographical disorientation:
adistinctive syndrome with varied lesion lo-
cation. Neurology 2000;54:1864-1866.

»15

»16

ographic memory with learning deficits. »12 Bottini G, Cappa S, Geminiani G, Sterzi R:

Cortex 1980;16:525-542.

Topographic disorientation - a case report.

Neuropsychologia 1990;28:309-312.

92 Eur Neurol 2010;63:87-93

Hashimoto/Tanaka/Nakano



> 18

P19

»20

»21

»22

Valenstein E, Bowers D, Verfaellie M, Heil-
man KM, Day A, Watson RT: Retrosplenial
amnesia. Brain 1987;110:1631-1646.
Takayama Y, Kamo H, Ohkawa Y, Akiguchi
I, Kimura J: A case of retrosplenial amnesia
(in Japanese). Rinsho Shinkeigaku 1991;31:
331-333.

Katai S, Maruyama T, Hashimoto T, Yanagi-
sawa N: A case of cerebral infarction present-
ing as retrosplenial amnesia (in Japanese).
Rinsho Shinkeigaku 1992;32:1281-1287.
Gainotti G, Aimonti S, Di Betta AM, Silveri
MC: Retrograde amnesia in a patient with
retrosplenial tumour. Neurocase 1998;4:
519-526.

Maguire EA: The retrosplenial contribution
to human navigation: a review of lesion and
neuroimaging findings. Scand ] Psychol
2001;42:225-238.

Heading Disorientation

P23 Sutherland RJ, Whishaw IQ, Kolb B: Contri- »29

»24

»25

P26

»27

»28

butions of the cingulate cortex to two forms
of spatial learning and memory. ] Neurosci
1988;8:1863-1872.

Cooper BG, Mizumori SJY: Retrosplenial
cortex inactivation selectively impairs navi-
gation in darkness. Neuroreport 1999;10:
625-630.

Aguirre GK, D’Esposito M: Environmental
knowledge is subserved by separable dorsal/
ventral neural areas. ] Neurosci 1997;17:
2512-2517.

Ghaem O, Mellet E, Crivello F, Tzourio N,
Mazoyer B, Bethoz A, Denis M: Mental nav-
igation along memorized routes activates the
hippocampus, precuneus, and insula. Neu-
roreport 1997;8:739-744.

Maguire EA, Burgress N, Donnet ]G, Fra-
kowiak RS]J, Frith CD, O’Keefe J: Knowing
where, and getting there: a human naviga-
tion network. Science 1998;280:921-924.
Taube JS: Head direction cells and the neu-
rophysiological basis of a sense of direction.
Prog Neurobiol 1998;55:225-256.

»30

P31

»32

Chen LL, Lin LH, Green EJ, Barnes CA, Mac-
Naughton BL: Head-direction cells in the rat
posterior cortex. I. Anatomical distribution
and behavioral modulation. Exp Brain Res
1994;101:8-23.

Kobayashi Y, Amaral D: Macaque monkey
retrosplenial cortex. 1. Three-dimensional
and cytoarchitectonic organization. ] Comp
Neurol 2000;426:339-365.

Suzuki WA, Amaral D: Perirhinal and para-
hippocampal cortices of the macaque mon-
key: cortical afferents. ] Comp Neurol 1994;
350:497-533.

Morris R, Pandya D, Petrides M: Fiber sys-
tem linking the mid-dorsolateral frontal
cortex with the retrosplenial/presubicular
region in the rhesus monkey. ] Comp Neurol
1999;407:183-192.

Eur Neurol 2010;63:87-93

93



€ The American Society of Lene & Coll Therapy

&

original article

A Phase | Study of Aromatic .-Amino Acid
Decarboxylase Gene Therapy for Parkinson’s

Disease

Shin-ichi Muramatsu', Ken-ichi Fujimoto’, Seiya Kato?, Hiroaki Mizukami®, Sayaka Asari',
Kunihiko Ikeguchi', Tadataka Kawakami', Masashi Urabe?, Akihiro Kume?, Toshihiko Sato®,

Eiju Watanabe?, Keiya Ozawa® and Imaharu Nakano'

TDivision of Neurology, Department of Medicine, Jichi Medical University, Tochigi, Japan; *Department of Neurosurgery, Jichi Medical University, Tochigi,
Japan; *Division of Genetic Therapeutics, Center for Molecular Medicine, Jichi Medical University, Tochigi, Japan; *Utsunomiya Central Clinic, Tochigi, fapan

Gene transfer of dopamine-synthesizing enzymes into
the striatal neurons has led to behavioral recovery in
animal models of Parkinson’s disease (PD). We evaluated
the safety, tolerability, and potential efficacy of adeno-
associated virus (AAV) vector-mediated gene delivery of
aromatic 1-amino acid decarboxylase (AADC) into the
putamen of PD patients. Six PD patients were evaluated
at baseline and at 6 months, using multiple mea-
sures, including the Unified Parkinson’s Disease Rating
Scale (UPDRS), motor state diaries, and positron emis-
sion tomography (PET) with 6-["*Flfluoro-.-m-tyrosine
(FMT), a tracer for AADC. The short-duration response
to levodopa was measured in three patients. The pro-
cedure was well tolerated. Six months after surgery,
motor functions in the OFF-medication state improved
an average of 46% based on the UPDRS scores, with-
out apparent changes in the short-duration response to
levodopa. PET revealed a 56% increase in FMT activity,
which persisted up to 96 weeks. Our findings provide
class IV evidence regarding the safety and efficacy of
AADC gene therapy and warrant further evaluation in a
randomized, controlled, phase 2 setting.

Received 25 January 2010; accepted 5 June 2010; published online
8 fuly 2010. doi:10.1038/mt.2010.135

INTRODUCTION

Dopamine replacement has been the standard pharmacotherapy
for motor impairment in Parkinson’s disease (PD). Although
virtually all patients benefit from levodopa at an early stage of the
disease, severe loss of nigrostriatal nerve terminalsin advanced PD
leads to profoundly decreased activities of dopamine-synthesizing
enzymes, including aromatic L-amino acid decarboxylase (AADC),
an essential enzyme that converts levodopa to dopamine, Failure to
respond to levodopa therapy may result from a reduction in AADC
activity, decreased dopamine storage capacity in synaptic vesicles,
postsynaptic changes in striatal output neurons, and abnormalities

of nondopaminergic neurotransmitter systems."? Systemic admin-
istration of high-dose levodopa enhances oscillations in motor
performance and complications, including hallucinations, due to
dopaminergic stimulation of the mesolimbic system.

One potential treatment for advanced PD is gene therapy
to restore striatum-selective dopamine production. In addition
to AADC, tyrosine hydroxylase, which converts L-tyrosine to
levodopa, and guanosine triphosphate cyclohydrolase I, which
catalyzes biosynthesis of the essential tyrosine hydroxylase
cofactor, tetrahydrobiopterine, are necessary for efficient synthe-
sis of dopamine.’ Viral vector-mediated gene transfer of these
dopamine-synthesizing enzymes has been shown te achieve
behavioral recovery in animal PD models, with efficient trans-
duction of striatal neurons that escape degeneration.** When
tyrosine hydroxylase and guanosine triphosphate cyclohydro-
lase I are expressed in the striatum, levodopa can be synthesized
continuously. This strategy would be useful for reducing motor
fluctuations associated with intermittent levodopa intake. Gene
transfer of AADC alone in combination with oral levodopa admin-
istration would be a safer strategy for initial clinical trials. In the
latter approach, the patients still need to take levodopa to control
motor symptoms, but excess praduction of dopamine could be
avoided by reducing the dose of levodopa. We assessed the safety,
tolerability, and the potential efficacy of intraputaminal infusion
of recombinant adeno-associated virus (AAV) serotype 2 vector
encoding human AADC (AAV-hAADC-2) in patients with mid-
to late-stage PD. We also examined whether the short-duration
response to levodopa, the antiparkinsonian response that parallels
the plasma levodopa levels, would change after gene therapy.”

RESULTS

Patient disposition and baseline characteristics

Six patients (4 men, 2 women}, mean age 60 (range, 51-68) years,
were enrolled (Table 1). The mean disease duration was 10
(range, 5-18) years, and time on levodopa was 9.3 (range, 5-15)
years. The average baseline daily levodopa and levodopa equivalent
doses were 642 and 808 mg, respectively.

Correspondence: Shin-ichi Muramatsu, Division of Neurology, Department of Medicine, jichi Medical University, 3311-1 Yakushiji, Shimotsuke, Tochigi
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Figure 1 Changes in UPDRS scores. Absolute changes in scores from
baseline to 6 months for individual patients. OFF, off-medication state;
ON, on-medication state; UPDRS, Unified Parkinson’s Disease Rating
Scale.

significant toxicity.**¢* Recently, three phase I clinical trials of
gene therapy for advanced PD demonstrated that AAV vector-
mediated gene delivery into the subthalamic nucleus or putamen
was safe and tolerable.'*"'* In this study, the safety of the AAV vec-
tors for clinical use in the human brain was confirmed. Although
one patient developed a venous hemorrhage in the subcortical
white matter along the trajectory, it is well known that cerebral
bleeding occasionally occurs in association with surgical proce-
dures for deep brain stimulation in which electrodes are inserted
into the basal ganglia through the frontal lobe white matter."***
PET imaging in this patient showed that putaminal AADC expres-
sion was not affected by the subcortical venous hemorrhage and
persisted up to 96 weeks. Thus, the venous hemorrhage was prob-
ably due to the surgical procedure and not gene transduction.
Although the present trial was a small, open-label study, and
the nonblinded, uncontrolled analysis limits the interpretation,
the initial efficacy outcomes are encouraging. Our patients showed
improved motor performance in the OFF state. Levodopa has a
relatively short plasma half-life (60-90 minutes), and antiparkin-
sonian effects observed after levodopa administration have gener-
ally been recognized as short- and long-duration responses. The
short-duration response roughly parallels the plasma levodopa
concentrations and is thought to be closely linked to dyskinesia,
whereas the long-duration response builds up over weeks and
improves trough (worst) motor performance in the OFF state.”
Because the pattern of the short-duration response to levodopa
did not change after gene therapy in our patients, the beneficial
effect on the OFF state appears to be attributed to augmentation
of the long-term response to levodopa.' In the preclinical studies
with animal models of PD, AAV vectors mainly transduced
medium spiny neurons that have dopamine receptors, and extra-
cellular dopamine was increased in the striatum after administra-
tion of levodopa.*”’ The mechanism underlying the long-duration
response is not sufficiently understood, and future study is neces-
sary to determine how nonphysiologic production of dopamine
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Figure 2 Evaluation of patients’ diaries and daily doses of levodopa
equivalents. For each 30-minute interval throughout the day, the
patients recorded whether they were mobile (ON), immobile (OFF),
or asleep. They also recorded the time with troublesome dyskinesias
(Dyskinesia). The graph shows the percentage of hours in a day spent in
each condition at baseline and at 6 months. The numbers on the bars
indicate the mean daily doses of levodopa equivalents (mg). OFF, off-
medication state; ON, on-medication state,

in the striatal neurons could enhance the response. It has been
reported that the sustained long-duration response to levodopa is
greater in patients treated with higher single doses of levodopa.’
Thus, it is likely that increased dopamine in the putamen after
gene transfer may enhance the stable long-duration response.
Motor fluctuations in PD are associated with increased response
to levodopa with a deeper trough in motor performance, rather
than shortening of the response. Improving trough or OFF state
motor function by augmenting the long-term response would
likely reduce motor fluctuation.' Two of three patients in whom
the short-duration response to levodopa was studied showed
increased peak plasma levodopa concentrations after gene therapy.
‘This finding may simply reflect variable absorbance of levodopa,
and it remains to be elucidated whether changes in gastrointesti-
nal absorption could be related to better motor performance in
the OFF state.””

Activities and levels of AADC mRNA and protein are pro-
foundly reduced in advanced PD,* but there are still several types of
AADC-containing cells in the striatum, such as serotonin neurons,
intrinsic dopamine neurons, AADC-containing “D” neurons, and
glial cells.® These cells may act as a local source of dopamine.
However, dopamine produced in nondopamine cells may not be
taken up into dopamine cells and stored in synaptic vesicles, as
dopamine transporter and vesicular monoamine transporter 2 are
also reduced in advanced PD. The functional efficacy of dopamine
produced from exogenous levodopa in these cells may be limited,
at least in primates®® Striatal output neurons, main targets in
AADC gene therapy, play a principal role in dopamine modula-
tion of motor function in the basal ganglia. Dopamine synthesized
in the striatal neurons themselves may more easily stimulate both
synaptic and extrasynaptic receptors.
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5 years of levodopa therapy; a minimum 8-point improvement in the
UPDRS motor score after levodopa intake; and motor complications not
satisfactorily controlled with medical therapy. The main exclusion criteria
were atypical parkinsonism, dementia (MMSE score <20), and previous
neurosurgical treatment for PD.

Vector and stereotaxic infusion. The vector used in this trial was a recom-
binant AAV2 with an expression cassette consisting of a human cyto-
megalovirus immediate-early promoter, followed by the human growth
hormone first intron, complementary DNA of human AADC, and simian
virus 40 polyadenylation signal sequence.”* Clinical grade AAV-hAADC-2
was manufactured by Avigen (Alameda, CA) and provided by Genzyme
{Boston, MA). The patients received AAV-hAADC-2 via bilateral intrapu-
taminal infusions. Two target points were determined in the putamen that
were sufficiently separated from each other in dorsolateral directions and
identified on a magnetic resonance image. One burr hole was trepanned
in each side of the cranial bone, through which the vector was injected
into the two target points via the two-track insertion route. The vector-
containing solution was prepared to a concentration of 1.5 x 10 vector
genome/ml, and 504l per point of the solution were injected at 1 pl/min;
each patient received 3 x 10" vector genome of AAV-hAADC-2.

Neutralizing antibody titers against AAV2 were determined by
measuring B-galactosidase activities in HEK293 cells transduced with
5 x 107 vector genome/cell of AAV2 vectors expressing B-galactosidase in
various dilutions of sera.”

PET. The AADC expression level in the putamen was assessed on PET
imaging with EMT 6 days before surgery and 1 and 6 months after gene
transfer. All patients stopped dopaminergic medications 18 hours before
PET and took 2.5 mg/kg of carbidopa orally 1 hour before FMT injection.
Subsequently, 0.12mCi/kg of FMT in saline were infused into an antecu-
bital vein, and a 90-minute dynamic acquisition sequence was obtained. The
PET and magnetic resonance imaging data were co-registered with a fusion
processing program (Syntegra; Philips, Amsterdam, The Netherlands)
to produce the fusion images. Radioactivities within volumes of interest
drawn in the putamen and occipital lobe were calculated between 80 and
90 minutes after tracer injection. A change in putaminal FMT uptake from
baseline to 24 weeks was assessed using the putaminal-occipital ratio of
radioactivities.

Statistical analysis. Values at baseline and 6 months after gene trans-
fer were compared using Student’s f-test (paired analyses). A two-sided
P value <0.05 was taken to indicate significant differences. Two-way
analysis of variance with Bonferroni correction of P values was used for
the short-duration response to levodopa.
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The present study examined temporal trends and geographic clustering of amyotrophic lateral sclerosis
(ALS) mortality in Japan, during 1995-2004, using vital statistics based on death certificates. ALS was usually
diagnosed by neurologists according to clinical guidelines that complied with the El Escorial Criteria. The
underlying cause of death for ALS was coded as G12.2A. Regression analysis was used to examine temporal
trends. Spatial scan statistic was used to detect any area of elevated risk as a cluster. A total of 12,173 (6864
male and 5309 female) ALS deaths were reported. Annual crude mortality rate per 100,000 population was
1.07 (1.26 for males and 0.89 for females) in 2004. Although the overall temporal trend was stable, the trend
increased in the 70+ years age group (p for trend, <0.001 in males and <0.05 in females), while it declined in
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Mortality the under 70 years age group (p for trend, <0.01 for both sexes). Male preponderance and M/F ratio
Trends remained nearly constant over time. Three clusters were detected: two (p<0.005 in males and p<0.05 in
Cluster analysis females) in northeast and one (p<0.05 in males) in west-central Japan. Further research is needed to clarify
Epidemiology contributing factors for the observed trends and clusters in ALS mortality.

Japan © 2010 Elsevier B.V. All rights reserved.

1. Introduction

Amyotrophic lateral sclerosis (ALS) is still a fatal neurodegener-
ative disease characterized by the selective loss of upper and lower
motor neurons. Five to 10% of cases of ALS are familial; the others
are believed to be sporadic [1]. While advances have been made in
identifying disease-causing genes for familial ALS, very little is known
about susceptibility genes or other risk factors for sporadic ALS. Many
putative environmental risk factors (i.e, heavy metals, solvents,
electrical and electromagnetic fields, poliovirus, mechanical trauma,
heavy physical activity, cigarette smoking, and diet) have been
previously reported; however, age and a family history are the only
established risk factors for ALS [1-4].

Variation in mortality over time and by geographic location,
sex and ethnicity can often be a source of etiological clues [5]. The
mortality rate from motor neuron disease (MND), of which ALS
accounts for 85% or more [1,5], was reported to have steadily increased
from the 1950s to the 1990s in western countries [3,5-10]. In some
European countries and the United States, a greater increase in ALS
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mortality was observed in females than in males in the past 30 years,
causing a decrease in the male to female (M/F) ratio [5,8-10].

Contrary to the trends noted in many other countries, Japan has
shown an unusual pattern of mortality from MND for decades. The
age-adjusted MND mortality rate rose from the mid 1950s, peaking in
the early 1960s, and declined in the early 1970s [11,12]. Thereafter,
the rate slowly increased to that in the early 1950s for a period of
20 years between 1970 and 1990 [11]. A recent study reported that
it decreased from 1995 through 2001, and the M/F ratio slightly
increased [13].

The Western Pacific form of ALS, referred to as ALS and
parkinsonism-dementia complex (ALS/PDC), was identified in the
1950s in three distinct geographic isolates: Guam, western New
Guinea and the Kii Peninsula of Japan [14,15]. Over the past four
decades, the incidence of ALS/PDC has markedly declined in Guam
[14]. On the other hand, a continuing high prevalence and incidence in
Hohara in Mie prefecture [16] and Kozagawa in Wakayama prefecture
[17] in the Kii peninsula are reported, although they temporarily
declined in the 1980s.

In this study we examined the national ALS mortality data of
Japan to reveal the recent temporal trends in ALS mortality and
investigated whether or not any geographic clusters of ALS deaths
exist in particular regions.
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2. Methods

The World Federation of Neurology Research Group on Neuro-
muscular Diseases published the El Escorial Criteria (EEC) in 1994
[18]. Based on these criteria, the research committee on ALS of Japan
has updated the guidelines for diagnosis and treatments of ALS, and
recommended it for clinicians and researchers [19]. ALS was usually
diagnosed by neurologists using guidelines that complied with the El
Escorial Criteria.

In 1995, the Statistics and Information Department of the Ministry
of Health, Labour and Welfare, Japan, changed the coding for disease
classification from that in the ninth version of International
Classification of Diseases (ICD-9) to that in the tenth version (ICD-
10). ICD-9 and ICD-10 designated MND with the respective four-digit
codes of 3352 and G12.2. For the vital statistics of Japan after the year
1995, they added the capital letters A and B to G12.2 to differentiate
ALS from other MND: G12.2A for ALS and G12.2B for primary lateral
sclerosis, progressive bulbar palsy, spinal muscular atrophy, and other
or unspecified MND. They followed the international rules for
mortality statistics based on the underlying cause of death. The
underlying cause of death was defined by the World Health
Organization as the disease or injury that initiated the train of morbid
events directly leading to death or the circumstances of the accident
or violence that produced the fatal injury.

The national ALS mortality data from 1995 through 2004 were
used for our present study. The data used were taken from the
national mortality database of vital statistics based on death
certificates, after obtaining permission for use from the Statistics
and Information Department. The variables in the data file included
the codes of the underlying cause of death for ALS along with age at
death, sex, and place of residence where the deceased had lived. It did
not contain any personal identifiable information (e.g., individuals'
names or residential addresses).

The total number of deaths due to ALS from 1995 through 2004
was counted, and age-specific mortality rates were calculated
according to 5-year age intervals. Annual crude mortality rates in
1995-2004 were calculated as the number of ALS deaths per million
persons per year on the basis of the Japanese population for the
respective year.
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To examine temporal trends in deaths from ALS, annual age-
adjusted mortality rates were calculated by the direct method using
the total population of the 2005 census as a standard population.
Linear regression analysis was used to examine temporal trends in
mortality as well as M/F ratios in individual years as a continuous
variable. Joinpoint regression analysis was used to provide annual
percentage changes (APC) with 95% confidence intervals and p values
for trends [20,21]. It was also performed in the groups of age at death,
<70 and 70+ years. Statistical significance was determined as a p
value for trend less than 0.05.

A cluster is defined as a geographically bounded group of
occurrences of sufficient size and concentration to be unlikely to
have occurred by chance without any assumptions about the shape or
form of the cluster [22]. To detect clusters, the flexible spatial scan
statistic [23-26] was used in our present study. It can detect clusters
of any size and form located anywhere in the study region, whether or
not they cross administrative borders. The most likely cluster can be
detected as that with the maximum likelihood. P values were
obtained using Monte Carlo hypothesis testing, comparing the test
statistic from the observed data set with the test statistics from 999
random data sets generated under the null hypothesis of no
clustering. Statistical significance was determined as a p value less
than 0.05.

The flexible spatial scan statistic can be applied to geographically
aggregated data. So, to eliminate the effects of age, we employed this
statistic using the number of observed and expected deaths from ALS
based on the vital statistics for each of the secondary medical care
zones (SMCZ). At the time of this study, there were 359 SM(Zs for
medical care planning, each of which consisted of neighboring
municipalities in all 47 prefectures of Japan, according to the Medical
Service Law.

3. Results

A total of 12,173 (6864 male and 5309 female) ALS deaths were
reported in Japan in the period between 1995 and 2004. Fig. 1 shows
mortality rates due to ALS by 5-year age groups. The age-specific
mortality rates rose steadily with age group up to the age of 75-
79 years and then sharply declined for those aged 80 years and older.

04 59 10-14 1519 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-50 60-64 65-69 70-74 75-79 80-84 85+
Age (years)

Fig. 1. Age-specific mortality rates from amyotrophic lateral sclerosis (ALS) by sex, Japan, 1995-2004 (M= males and [J = females).
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Table 1
Annual mortality rate per 100,000 population from amyotrophic lateral sclerosis (ALS),
Japan, 1995-2004.

Year Number of deaths Crude mortality rate  Age-adjusted mortality rate®

Total Male Female Total Male Female Male Female M/F ratio

1995 1031 579 452 082 094 071 127 081 156
1996 1166 658 508 093. 107 079 143 090 159
1997 1144 634 510 091 1.03 079 134 0388 152
1998 1179 666 513 093 1.08 ' 079 138 086 1.60
1999 1181 673 508 093 109 078 136 083 1.64
2000 1202 666 536 095 1.07 083 133 086 155
20011225 692 533 096 1.11 082 134 085 157
2002 1337 761 576 105 122 088 143 088 164
2003 1338 749 589 1.05 120 090 138 087 158
2004 1370 786 584 1.07 126 089 141 085 167

2 Direct age-adjusted to the year 2005 census population. P values for trends are
0.200 for males, 0.899 for females and 0.122 for M/F ratios.

Annual crude mortality rates per 100,000 population increased
from 0.94 to 1.26 for males and from 0.71 to 0.89 for females. After
adjustment by age, ALS mortality rates have been stable during this
period in both males and females. Mortality rates were higher for
males than for females over the entire period. The M/F ratios
remained almost constant (Table 1).

After stratification by age, age-adjusted mortality rates showed
completely different temporal trends in the age groups of <70 years
and 70+years (Figs. 2 and 3). Age-adjusted mortality rates have
significantly increased in the older age group (p for trend, <0.001 in
males and <0.05 in females), while they have significantly decreased
in the younger age group (p for trend, <0.01 for both sexes).

The most likely, second, and third clusters are shown in Table 2,
and each cluster is located on maps in Figs. 4 and 5. For males, two
statistically significant clusters were identified, but both clusters
were detected in different regions from the Kii Peninsula. In a part of
the Kii Peninsula including Hohara and Kozagawa villages, which
have been well known hyperendemic ALS foci for many years, a
third cluster containing 236 observed deaths was detected, but it
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was not statistically significant. For females, one statistically
significant cluster was identified. It was adjacent to the most likely
cluster found in males, and some areas of these two clusters
overlapped.

4. Discussion

Previous studies have reported a rise and fall in mortality from
MND or ALS in Japan over the past five decades [11-13]. Our present
study demonstrated that the recent temporal trend in age-adjusted
mortality rate due to ALS was stable during the 10-year period
between 1995 and 2004, since the introduction of ECC and ICD-10.
When stratified by age into <70 and 70+ years at death, we found
opposite directions in age-adjusted mortality rates for the two groups:
a clear upward trend in the older age group and a downward trend in
the younger age group. This pattern is unique compared to those
reported from previous studies [2,3,5,6,8-13]. In the United States,
an increasing trend is seen for all ages except age 45 to 54 years [5].
In the United Kingdom and Norway, the trend is upward in the 60+ or
65+ years age group but it is static in the under 60 years age group
[8,10].

The increased ALS mortality in the older age group is common to all
studies. It is noteworthy that in our present study there was a
decreasing trend in the under 70years age group. One of the
hypotheses explaining this phenomenon is that age at onset may be
chronologically delayed with time. According to a 10-year prospective
population-based study conducted in Italy, mean onset age (SD) has
become slightly higher: 64.2(11.2)years in 1995-1999 and 65.4
(11.1) years in 2000-2004 [27]. Although the data are cross-sectional
in Japan, there is a substantial difference in age at onset between 61.8
(12.2)years in 1989-1999 [17] and 65.4(10.7)years in 2003-2006
[28]. As another hypothetical explanation, it may be that survival
duration has been prolonged by the improvement of treatment such as
pharmacotherapy (e.g., rilusole) combined with nutritional and
respiratory support [1]. Remarkable progress in home-visit nursing
care has been made in Japan, with the universal availability of

Age-adjusted mortality rate per 100,000 population
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Fig. 2. Age-adjusted mortality rates from amyotrophic lateral sclerosis (ALS) in males, Japan, 1995-2004. The annual percentage changes (95% confidence intervals) were 0.5(—0.3,
14), —2.1(—3.2, —1.0) and +3.3(2.1, 4.5) for all age groups, age group of <70 years and age group of 70+ years, respectively.
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Fig. 3. Age-adjusted mortality rates from amyotrophic lateral sclerosis (ALS) in females, Japan, 1995-2004. The annual percentage changes (95% confidence intervals) were 0.0
(=0.7,0.8), —2.3(—3.6, —0.9) and +2.3(0.3, 4.1) for all age groups, age group of <70 years and age group of 70+ years, respectively.

mechanical ventilatory support for ALS patients. A very high
proportion of Japanese ALS patients (29.3%) received tracheotomy
positive pressure ventilation (TPPV) compared to those in North
America and Europe (2.1-5.4%) [28-33]. Based on the large-scale
registered data on patients with ALS in Japan, about 40% of those under
TPPV received care at home and almost 30% survived 9 years or more
after the introduction of TPPV [28]. In our clinical experience, younger
patients and their families are more likely to choose TPPV than older
ones (unpublished). As a result, younger patients could survive longer.
This may lead to prolongation of the age at death, particularly for
younger patients, which may cause mortality to decrease in younger
patients and consequently increase in older patients. To determine the
duration of survival, both age at symptom-onset and age at death are
required, but our present study lacked the former. Further research is
needed to justify the aforementioned hypotheses.

Regarding the M/F ratio of ALS mortality over time, we found male
preponderance that remained stable in our present study. This finding
is inconsistent with the reported narrowing of the male to female gap
in mortality [4,8-10] and incidence [2-4,34]. As some authors pointed
out, the reduced M/F ratio may be partly caused by the changing
lifestyle (e.g., smoking) of women, which has become more similar to
that of men, in western countries [3,4,34]. According to OECD health
data, for example, the prevalence of smoking has become similar for

both sexes in western countries, but it is still markedly different
between sexes in Japan (58.8% for males and 15.2% for females in
1995; 46.9% for males and 13.2% for females in 2004 ) [35]. In addition,
we have to take into account gender difference in socioeconomic
status that might affect patients' choice of treatment and long-term
care. But we could not examine this factor because of the limited data
in our current study. Further investigation is required to verify
potential factors explaining the M/F ratio of ALS mortality over time.

The present study identified three statistically significant clusters
of ALS mortality. Two (A1 in Fig. 4 and B1 in Fig. 5), which partially
overlapped, were located in the northeastern part of the mainland of
Japan. As shown in Fig. 4, one more cluster (A2) was geographically
separated from the other (A1), at a short distance from the Kii
Peninsula. In the Kii Peninsula, a cluster (A3) was observed but it did
not reach statistical significance at the SMCZ level. Recent epidemi-
ological surveys reported a continuing high incidence and prevalence
in the subfoci of Hohara and Kozagawa villages of the Kii Peninsula
[16,17,36]. Our cluster analysis may not be able to detect clustering in
the two villages, which are much smaller units of area than SMCZ.
These four clusters (A1-A3 and B1) are promising candidate areas for
further analytical studies on ALS.

The limitations of our present study should be taken into account.
One is case ascertainment for ALS based on the underlying cause of

Table 2

Geographic clusters of ALS mortality detected using flexible spatial statistics, Japan, 1995-2004.
Cluster Approximate cluster location® Number of SMCZs®  Expected cases ~ Observed cases  Relative risk  p value
Males (N =6864)
Most likely cluster A1: a part of Niigata-Gunma-Nagano-Fukushima 12 115.70 181 1.56 0
Second cluster A2: a part of Hyogo-Kyoto-Osaka 7 182.16 254 1.39 0.03
Third cluster A3: a part of Kii Peninsula (Wakayama-Mie-Nara-Osaka) Tl 178.34 236 1.32 036
Females (N =5309)
Most likely cluster ~ B1: a part of Gunma-Tochigi-Saitama 12 118.67 178 1.50 0.02
Second cluster B2: a part of Hokkaido Island 1 172,54 231 134 026
Third cluster B3: a part of Aichi-Gifu-Shizuoka-Shiga 12 276.71 384 1.26 03

? The clusters of A1-A3 and B1--B3 correspond to those on maps in Figs. 4 and 5, respectively.

b Abbreviated secondary medical care zones.
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Fig. 4. Geographic clusters of age-adjusted deaths from amyotrophic lateral sclerosis (ALS) for males, Japan, 1995-2004. A1, A2 and A3 are the most likely, second and third
geographic clusters, respectively (black (A1 and A2) and gray (A3) clusters with and without statistical significance, respectively).

death recorded on death certificates. This is not so serious, however,
considering the following points: (1) ALS was usually diagnosed by
neurologists, (2) the number of neurologists was large (e.g., 8555 as of
March 31, 2009), and (3) neurologists have generally followed the
clinical guidelines based on ECC since the recommendation of its use
by the research committee on ALS of Japan [18,19]. The other is
regional disparity affecting geographic clustering (e.g., number of
neurologists and access to specialized medical care). Taking the
following points together, it seems that the degree of regional
disparity is small. The average number of neurology clinics/depart-
ments was 4.75 per 100,000 population [37]. The areas with higher or
lower concentrations of neurology clinics/departments were not
consistent with the locations in which the clusters of ALS mortality
were detected in our present study. Basically, all ALS patients have
been guaranteed free medical access by the provision of financial aid
from universal medical insurance since 1961, countermeasures
against intractable diseases including ALS since 1972, and nursing-
care insurance since 2000.

In conclusion, we have provided new evidence of ALS mortality in
Japan during the 10-year period between 1995 and 2004: 1) The
overall temporal trend in age-adjusted ALS mortality is stable. 2) The
trend is going up in the 70+ years age group while it is going down in
the under 70 years age group. 3) Male preponderance and M/F ratio
remain nearly constant. 4) Some geographic clusters are detected.
Current thinking on complex diseases like ALS is that multiple genetic
and environmental factors contribute to disease liability [38]. Further
research is needed to clarify contributing factors for the observed
trends and clusters in ALS mortality.
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Is lesion of Exner’s area linked to progressive
agraphia in amyotrophic lateral sclerosis with
dementia? An autopsy case report
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Abstract. Agraphia, as a neuropsychological symptom of ALS, especially ALS with dementia (ALS-D), has recently attracted
more attention. However, the brain lesion responsible has not been identified. Here we present an autopsy case of ALS-D
of a patient with obvious agraphia, without aphasia, that also presented cerebrospinal degeneration with TDP-43-pathology
compatible with ALS-D. Of the pre-motor frontal lobe cortices, degeneration and immuno-histochemical pathology were most
obvious in the caudal area of the left middle frontal gyrus, or Exner’s area. Assuring this area plays a pivotal role in the kanji
and kana formation used in writing the Japanecse language, this case of ALS-D showed both agraphia and Exner’s area stressed
pathological lesions. It may thus be the first case to indicate an intimate relationship between the neuropsychological symptoms
and an associated lesion for ALS-D.

Keywords: Amyotrophic lateral sclerosis with dementia (ALS-D), fronto-temporal lobar degeneration with TDP-43 proteinopathy
(FTLD-TDP), progressive agraphia, Exner’s area

1. Imtroduction ing progressive agraphia without aphasia, and discuss
its clinicopathological relationship.

Amyotrophic lateral sclerosis with dementia (ALS-
D) is a nosological condition presenting motor neuron
disease (MND) and dementia. The clinical features
of dementia in ALS-D are of the frontal lobe type,
and ALS-D is located within a framework of fronto-
temporal lobar degeneration (FTLD) [1]. Although
analysis of language function in ALS-D is considered
difficult to carry out, due to severe bulbar palsy, we
previously reported that writing disorder may exist in
the early stage [2]. Another report, in Japanese, also
describes writing disorder in a patient with ALS-D [3].
Here we describe an autopsied case of ALS-D, present-

2. Case history

A 73 year-old Japanese woman, with a history of
breast cancer, was admitted to our hospital with speech
disorder and personality change. Her family histo-
ry provided no clues as to onset of these changes.
Six months before admission, she became disoriented
about dates and resistant to correction, and after three
months, while playing cards with her family, she began
missing her turn and became argumentative about con-
tinuing. At about the same time, her speech began to
be slurred and became difficult, and her activities were

slow down.
*Corresponding author: Kenji Ishihara, Department of Neurology, e , s _
Showa University School of Medicine, Hatanodai 1-5-8, Shinagawa- On admission, she showed no abnormality except

ku, Tokyo 142-8666, Japan. Tel.: +813 3784 8781; Fax: +81 3 3784 for evidence of the surgery for breast cancer. She was
1936; E-mail: k-ishihara@mvj.biglobe.ne.jp. cooperative during the neurological examination and

ISSN 0933-4180/10/$27.50 © 2010 ~ IOS Press and the authors. All rights reserved



154 K. Ishihava et al. / Agraphia in ALS-D

cognizant of time and place. Her answers to questions
were cogent. She could name objects and repeat sen-
tences correctly, although her speech was slurred, slow-
pitched, monotonous, and difficult. The tongue showed
no atrophy nor fasciculation. Her facial expressions
were fairly normal. Althoughthere was no amyotrophy
in the extremities, muscle tone was spastic, especially
in the lower extremities. Jaw jerk and tendon reflex
were exaggerated. Pathological grasping reflex, Hoff-
man reflex and Trémner reflex were induced bilateral-
ly. Planter reflex was flexor bilaterally. No cerebellar
ataxia was observed. As is mentioned later, her writing
arrors were, however, of great interest. She was not
conscious of her illness and scored 7/18 on the frontal
assessment battery [4]. Hasegawa’s dementia rating
scale (revised) was 23/30, suggesting mild cognitive
impairment (normal range is above 21/30) [5]. Rou-
tine laboratory data were all within normal limits in-
cluding those for syphilis, anti-human T cell leukemia
virus 1 antibody, thyroid function, vitamin B, and folic
acid. The cerebrospinal fluid examination was unre-
markable. Needle electromyography performed on the
longue, diaphragm, and anterior tibial muscle revealed
mild chronic denervation. Magnetic resonance images
‘MRI) of the head revealed atrophy of the anterior part
of the temporal and frontal lobes, slightly predominant
on the right. Single photon emission computed tomog-
-aphy (SPECT) images disclosed decreased uptake of
Tacer, bilaterally, in the frontal and temporal lobes. Af-
er discharge she was observed as an outpatient, but her
mental condition and motor symptoms gradually dete-
-lorated. About five months after discharge, gastros-
omy was performed for severe dysphagia. At which
iime, she had tetraparesis and could not respond to
‘he examiner’s instructions. She was transferred to the
wrsing hospital. Tracheostomy was not performed,
and artificial ventilation not administered at the request
>f her family. The total duration of her illness was 18
nonths and she died of sudden respiratory failure.

3. Analysis of language function

Japanese language uses two distinct writing systems:
<ana characters, composed of simple phonograms with
imambiguous phonetic readings, and kanji characters, a
system of several thousand morphograms or ideograms.

On admission, her speech showed severe dysarthria
ind little intonation, and sounds and syllables were in-
sonsistent. She occasionally had telegraphic speech
ind paraphrasia during spontaneous speech. The

results of the WAB, examined during the first two
weeks of admission, revealed spontaneous speech
was non-fluent due to severe dysarthria. Repeti-
tion was mildly impaired. Although she could re-
peat nine words (cach word was composed of two
to ten characters) and two short sentences (each
sentence was composed of eight and nine charac-
ters) without an error, she made two errors in re-
peating a long sentence composed of 20 characters,
ie. “FILWIHEEZ IADOU X 5 itz AR EVY (Put
fresh sweat alcohol into five gourds, in English). Ob-
jectnaming was mildly impaired (18/20), however, she
could name all objects given phonemic cues. Sentence
completion and responses in conversation were slightly
impaired (8/10 and 8/10, respectively). As shown in
Yes/No questions (60/60) and auditory word recogni-
tion (59/60), comprehension was not impaired.

In contrast to the results described above, her
writhing was severely impaired.  Although writ-
ing speed was slow, her formation of written char-
acters showed no distortion. She made five er-
rors in writing the same sentence as used in rep-
etition: “H LWHEZEEODD L Sl Az &vw
(she made two errors in repetition). She made four
errors during writing six kanji words (each word was
composed of two kanji characters), two errors in six
kana words (each word was composed of three or
four kana characters), and thirteen errors in four sen-
tences {(each sentence was composed of nine or ten
characters). Most of the errors were omission of
kana characters and adjuncts, such as postposition-
al particles. For example: “HiE 1A TET™ instead

written, as normal, using a mixture of kanji and kana,
and an English translation is: “There is a tree on the
mountain”. “0” and “{Z” are both particles, written
in kana letters. And “’k#3” is the subject of the sen-
tence, composed of “A”(“tree” ) and “23”( a postpo-
sitional particle). “%” is one of the so-called “okuri-
gana”, or kana characters added after kanji to indicate
inflection. Other types of errors were substitution or
addition of letters. Her ability to copy both letters
and sentences was unimpaired. She could copy the
sentence “FTLVVHIBEZTARD Uk d il ANz s
without an error.

After about three months, during follow up at the
outpatient clinic, perseverative errors and paragraphia
emerged. Moreover, morphology of her written char-
acters became slightly distorted.

When tube feeding was necessary, she was no longer
able to hold writing implements.
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Fig. 1. Superficial spongiosis of the left frontal lobe cortices, a: superior frontal gyrus, b: middle frontal gyrus, ¢: inferior frontal gyrus, d:
precentral gyrus. Severe spongiosis in the middle frontal (b) and precentral (d) gyri are shown. HE stain. Scale bar = 400 um. (Colours are
visible in the online version of the article; http://dx.doi.org/10.3233/BEN-2010-0276)

Fig. 2. Subcortical white matter of the left frontal lobe. a: superior frontal gyrus, b: middle frontal gyrus, ¢: inferior frontal gyrus, d: precentral
gyrus. Numerous macrophages are observed in the middle frontal (b} and precentral (d) gyri. HE stain. Scale bar = 200 um. (Colours are visible
in the online version of the article; http:/dx.doi.org/10.3233/BEN-2010-0276)

4. Neuropathological findings

General pathological examination revealed severe
thinning of the diaphragma.

The brain weighed 1060 g prior to fixation. Macro-
scopic examination revealed circumscribed atrophy of
the anterior temporal and frontal lobes bilaterally. Both

lateral ventricles were slightly dilated. The substantia
nigra was significantly depigmented.

Sections of paraffin-embedded tissue were stained
with hematoxylin and eosin (H & E), Kliiver-Barrera,
and Bodian stains. In addition, immunohistochemistry
for selected areas was performed using anti-ubiquitin
(Dako; Japan; 1:100), anti-tau (AT8; Innunogenetics;
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Table 1
Summary of lesion distribution

leston (gyrus) neuronal loss  superficial spongiosis  macrophage invasion  TDP pathology
superior frontal mild moderate none mild
middle frontal mild severe severe moderate
mferior frontal mild mild none mild
precentral severe severe severe moderate

a = oy

c d

Fig. 3. Neuronal intra-cytoplasmic inclusions in the cortical neurons. a: superior frontal gyrus, b: middle frontal gyrus, c: inferior frontal
gyrus, d: precentral gyrus. Numerous inclusions can be seen in the middle frontal (b) and precentral (d) gyri. Anti-phosphorylated-TDP-43-
immunostain. Scale bar = 80 um. (Colours are visible in the online version of the article; hitp:/dx.doi.org/10.3233/BEN-2010-0276}

1:1000), and anti-phosphorylated-TDP-43 (p403/404,
Cosmo Bio; California; 1:1000) antibodies.

Superficial spongiosis, neuronal loss, gliosis and rar-
efaction of the neuropil were observed in the frontal
and temporal lobe cortices, especially in the precentral
gyrus and posterior part of the middle frontal gyrus bi-
laterally (Fig. 1). Superficial spongiosis was also ob-
served in the other frontal cortex, but to a lesser de-
gree. Plenty of macrophages were observed in the sub-
cortical white matter of these areas (Fig. 2). There were
several clusters of macrophages in the deeper cortical
layer of the precentral gyrus, indicating loss of Betz
cells. Moderate neuronal loss was observed in the tran-
sitional area between CA1 and subiculum. Only a few
neurofibrillary tangles were observed in the parahip-
pocampal gyrus. No pathological change was observed
in the left parietal and occipital lobes.

The pyramidal tracts showed almost complete ax-
onal loss in the bilateral cerebral peduncles and pyra-
mids. Neurons in the hypoglossal and ambiguous nu-

clei were preserved in number, however a few Bunina
bodies were observed in the remaining neurons. The
substantia nigra showed severe neuronal loss and glio-
sis with no Lewy bodies. The locus ceruleus showed
mild neuronal loss and two Lewy bodies. The cerebel-
lum was unremarkable. There were no neurofibrillary
tangles in the brainstem or cerebellum.

In the spinal cord, moderate to severe loss of anterior
horn cells and several Bunina bodies in the remaining
neurons were observed. The pyramidal tracts showed
almost complete axonal loss in the lateral columns.
The posterior columns were unremarkable. Neurons in
Onuf’s nucleus were preserved in number.

Immuno-histochemistry showed ubiqutin and TDP-
43-positive and tau-negative neuronal intracytoplasmic
inclusions in the hipocampal dentate gyrus and frontal
lobe cortex (Fig. 3). We detected these inclusions in
the middle frontal and precentral gyri much more than
in other frontal lobe cortices. Only a small number
of TDP-43 positive dystrophic neurites were observed.
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TDP-43 positive neuronal intranuclear inclusions and
glial cells were not observed.

Summary of the pathological changes including im-
munohistochemistry are shown in Table 1.

5. Discussion

The presented case features a combination of pro-
gressive pseudobulbar palsy, frontal lobe type demen-
tia, pyramidal tract signs and progressive amyotrophy.
MRI revealed atrophy of the frontal and temporal lobes.
Decreased blood flow in the frontal and temporal lobes
was demonstrated by SPECT images. Pathological fea-
tures of the case are: degeneration of both upper and
lower motor neurons, degeneration of frontal and tem-
poral lobes, Bunina bodies of the remaining lower mo-
tor neurons and TDP-43 pathology. These features are
fully compatible with the diagnosis of ALS-D.

In progressive nonfluent aphasia, agraphia with ef-
fortful writing containing spelling error and agramma-
tism may be observed [6]. Agrammatism refers to
omission or incorrect use of grammatical terms, includ-
ing articles, prepositions, auxiliary verbs, inflexions,
and derivations. From an initial stage, the presented
patient showed progressive speech output disorder due
to pseudobulbar palsy. Although telegraphic speech
and occasional paraphasia were observed, frequency
of such errors was quite less than that of writing er-
rors. As shown in the WAB result, comprehension,
naming and repetition were almost preserved when ob-
vious agraphia was observed. Therefore, we believe
the agraphia observed in our case did not derive from
aphasia. Although perseverative errors were observed
at a late stage, this can be attributed to frontal lobe
dysfunction.

Omission of kana letters in Japanese and related
syntactic errors in English have been reported in ALS
with or without dementia [2,3,7,8]. The writing er-
rors observed in our case concur well with previous
descriptions. Although the lesion associated with pure
agraphia is thought to be in the left frontal or parietal
lobe [9], detailed clinicopathological analysis of ALS
is unreported. A single autopsied case from the Unit-
ed States suggests that the left frontal or parietal lobe
may be linked with the lesion responsible for syntactic
errors in writing [7]. However, pathological findings
related to agraphia were not described.

QOur case reveals a left frontal lobe lesion with em-
phasis on the caudal part of the middle frontal gyrus,
combined with immuno-histochemistry and other ALS-

related indicators. Frontal and temporal lobe le-
sions including the hippocampal dentate gyrus have al-
ready been associated with dementia symptom in ALS-
D [1]. A detailed description of each neuropsycho-
logical symptom and lesign remains to be elucidated,
however.

The posterior part of the left middle frontal gyrus
(Exner’s area) is thought to play a pivotal role in writ-
ing letters and lesions there to cause agraphia [10,11].
Only a small number of cases of pure agraphia due
to circumscribed lesions in Exner’s area have been re-
ported thus far [12-15]. Reports from Japan reveal
phonological errors such as omission and paragraphia
of kana letters associated with Exner’s area lesion in
cerebrovascular disease [15-17]. These errors concur
well with the writing disorders observed in our case.

In the case described here, lesion distribution in the
left frontal lobe was concentrated in Exner’s area and
no pathological change was observed in the left parietal
lobe, which is another lesion associated with agraphia.
We believe this is the first report that links clinico-
pathology in progressive agraphia without aphasia and
detailed pathological examination including immuno-
histochemistry. Of course, further accumulation of
clinicopathological examination focusing ALS-D and
agraphia would be required to clarify our hypothesis.
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