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We conducted a comparative analysis for the differ-
ences of these parameters in the elderly groups depend-
ing upon several attributes: illness (inpatients or
outpatients), residence (institution or home), and sex
(male or female).

Materials and methods

Seventy-three male and 71 female geriatric inpatients
(aged 2 65 years) who were admitted to Nagoya Univer-
sity Hospital in the year 1991-1995 were enrolled in the
present study (inpatient group). The major causes of
admission were cerebrovascular disease (17.4%), infec-
tions {12.5%), and malignancy (12.5%). Eighty-eight
male and 149 female geriatric outpatients who were
treated in the hospital were also included (outpatient
group).

Two hundred and 96 nursing home residents were
asked to complete a questionnaire that included items
on amount of food intake, activities of daily living
(ADL) including ability to walk for 10 min without
aid, medications, past history of illness, and participa-
tion in club activities. A total of 68 male and 78
fernale residents were selected according to the selec-
tion criteria; namely that they were independent,
ambulatory, consumed more than 80% of served
meals (total energy intake: 358.5-370.5 K]}, and had
no serious diseases requiring specific treatment.
Informed consent was obtained at the end of 1994
from these participants to take part in the present
study (nursing home group).

In addition, examinees of mass health check-ups who
visited Aichi General Health Center in 1992 were
included and divided into two groups: an ¢lderly group
(aged = 65 years, 68 male and 52 female subjects; health
check-up group) and a younger group {aged 30-
64 years, 417 male and 95 female subjects; control
group).

Most of these examinees were healthy and living in
the community. The demographic characteristics of a
total of 10 subgroups are given in Table 1. The mean
age of each group did not differ with statistical signifi-
cance, except for a significantly lower mean age in the
elderly health check-up group compared to other
female groups.

Fasting blood samples were drawn from the antecu-
bital vein in the morning in inpatients, nursing home
residents, and examinees of mass health check-ups. In
outpatients the blood sampling was also done in the
morning but these samples were not always fasting
ones. The blood was:drawn with examinees in the sit-
ting position, except for inpatients whose blood was
drawn in the supine position on the second day of
admission.  ~

In the groups of inpatients and outpatients and resi-
dents, hemoglobin’ (Hb).-and white blood cell (WBQ)
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Table 1 Numbers and age characteristics of each group

Control

Male

Health check-up

group

Male

Nursing home

Qutpatients

Male

Inpatients

Male

Female

residents

Male

68

Female

Female

Female
52

Female
78

95

417

68

149

88

71

73

n

51467

513166

76.5+71 75.7%6.6 752+6.6 754+63 765160 754+63 723%27

774167

Age (mean £ 5D)

8D, standard deviation.
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levels were determined by hemocytometer. Serum
albumin (Alb), calcium (Ca), sodium (Na), creatinine
(Cr), and total cholesterol (TC) were measured by
multiple analyzer (735-Toshiba™), and in the groups
of residents of nursing home and health check-ups we
transformed the observed data according to the
regression formula (in the case of TC, Y=1.0315X
+0.12887, r=0.9974). These regression formulas
were obtained using several samples. Albumin-
corrected calcium was calculated according to the for-
mula,! with minor modification of Payne’s formula? as
follows: (corrected calcium (mEq/L)=measured Ca
(mEq/L) — 0.355 x Alb (g/dL) + 1.6).

Statistical methods

The values of Hb, Alb, and Cr exhibited a Gaussian dis-
tribution, while those of WBC, Ca, corrected Ca, Na
and TC did not. Statistical analysis was made using
ANOVA after appropriate transformation of these values.
Transformations for these parameters were as follows:
WBC (logx), Ca, corrected Ca (x'?), Na (x*?), and TC (x'7).
For each subgroup the arithmetic mean and standard
deviation were determined, and are shown in the fig-
ures. As a post hoc test, Scheffe’s method was employed
to examine the statistical significance of the differences
among the male and female subgroups; the significance
level was set at P < 0.05. Students’ t-test was also used
for comparison between the sexes in each group.
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Results

As shown in Fig. 1, the mean Hb concentration was
lowest in inpatients, with a stepwise rise from male inpa-
tients to young controls. In women there was a smaller
stepwise rise from inpatients to nursing home residents
but no statistical differences in Hb concentration were
seen among nursing home residents, the health check-
up group, and young controls. The mean Hb concen-
trations were similar in these groups. The gender
differences (male > female) were significant in all pairs
of groups (Table 2).

The WBC count was significantly higher in inpatients
of both sexes than in controls (Fig. 2).

Serum albumin had markedly lower values in inpa-
tients of both sexes and higher values in male controls
(Fig. 3). As seen with Hb concentrations, no differences
in Alb levels were found among female nursing home
residents, the health check-up group, and controls.

Serum levels of Ca and Na were determined in in-
patients, outpatients and nursing home residents. Sig-
nificantly lower values of serum Ca were found in
inpatients than in outpatients and the nursing home
group. Correction of Ca concentration with Alb resulted
in similar values in the three groups (Fig. 4).

Significantly lower values of Na were found in inpa-
tients than in outpatients and the nursing home group,
suggesting a higher prevalence of hyponatremia among
elderly inpatients (Fig. 5).
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Figure 1 ‘Mean hemoglobin concentration. IP, 'mpé.tients; OP, outpatients; Home, nursing home residents; Health C, health

check-up group. *F < 0.05; **P < 0.01; ***P < 0.001.
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Table 2 Gender differences between each pair of groups

Hb WBC Alb Ca cor-Ca Na Cr TC
Inpatients * NS NS NS NS NS NS NS
Outpatients el * * *r* NS NS X w*
Nursing home residents #H% o NS S NS #H% *HH *
Health check-up group R NS ** ek *H%
Control * 4 L ®HH EEE NS

Hb, serum hemoglobin concentration; WEBC, white blood cell count; Alb, serum albumin concentration; Ca, serum calcium
concentration: cot-Ca, albumin corrected calcium concentration; Na, serum sodium concentration; Cr, serum creatinine
concentration; TC, serum total cholesterol concentration; NS, not significant.

#P < 0.05; **P < 0.01; ***F < 0.001.
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Figure 2 Mean white blood cell count. IP, inpatients; OP, outpatients; Home, nursing home residents; Health C, health check-

up group. **P < 0.01; ¥**P < 0.001.

There was a tendency for a stepwise decrease in Cr
concentration from inpatients to young controls
(Fig. 6). Remarkable gender differences (male > female)
were found in each pair of groups other than inpa-
tients (Table 2). These distinct gender differences may
support the establishment of a separate reference
range of serum Cr for both sexes in the elderly as well
as younger adults.

The mean levels of serum TC were high in elderly
women other than inpatients, exceeding 220 mg/dL in
outpatients and the health check-up group. Female out-
patients and the health check-up group had signifi-
cantly higher values than inpatients, whereas in men
significantly lower levels in inpatients’ were observed
compared to the health check-up group (Fig. 7). In the
elderly groups other than inpatients, women had signi-
ficantly higher TC-values than men.
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In summary, there were significantly lower levels of
Hb, Alb, Ca, Na, TC, and in contrast higher levels of
WBC and Cr, in inpatients than in other groups in both
sexes. Qutpatients were found to have lower levels of
Hb than the health check-up group and controls, and
higher levels of Cr in men compared to controls. The
gender differences in each pair of groups are summa-
rized in Table 2. There were gender differences in Hb, Cr
(male > femnale), and TC concentrations (male < female;
Table 2). Among women there was no difference in the
levels of any parameters between nursing home resi-
dents, health check-up examinees, and controls.

Discussion

The Hb concentrations were reported to decrease with
age in the community-dwelling male elderly, while no
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Figure3 Mean serum albumin concentration. [P, inpatients; OP, cutpatients; Home, nursing home residents; Health C, health

check-up group. *P < 0.05; ***P < 0.001.

significant decrease was found in women until the age
of 80.° In the present study, among women no differ-
ence was found in Hb concentration between nursing
home residents, health check-up examinees, and con-
trols, It is likely that Hb value does not change with age
in healthy women.

White blood cell count was reported to decrease with
age.** In the present study, although WBC was high in
inpatients, there was no difference in the other four
groups, suggesting the existence of infective or inflam-
matory disease at the time of hospitalization.

Serum albumin is known to be a good indicator of
nutritional status.”* In the present study the Alb levels
in male outpatients, nursing home residents and health
check-up examinees groups were clearly lower than in
the control group. In a recent longitudinal study in
Japan, the Koganei Study, Shiabata reported that Alb
levels declined significantly with age, irrespective of the
presence or absence of disease.'’ In the present study
Alb levels were significantly lower in the inpatient group
than in all of the other groups for both men and
women, which would seem to be strongly affected by
the diseases; the various diseases that were the major
cause of admission may account for the hypoalbumin-
emia at the time of hospitalization. In women, the lack
of significant differences among the control group and

the outpatients, nursing home residents, and health
check-up examinees groups indicates that the levels of
Alb as well as Hb can be maintained in the aged.

Because 45% of total Ca is bound to Alb, serum Ca
levels decline in parallel with Alb. However, it was
emphasized that ionized Ca, which has a key role in bio-
fogical activity,® is maintained at normal levels.!"t?

Albumin-corrected calcium has been calculated
according to Payne’s formula.? However, the boundary
Alb levels were set at 4.0 g/dL., which was lower than the
average levels in our subjects except for inpatient groups
(Fig. 3), so applying this formula directly to our study.
might underestimate Ca levels in many subjects with
Alb levels > 4.0 g/dL. The modified formula of Payne’s
correction’ eliminated the differences resulting from
Alb levels, indicating the need for Alb correction in eval-
uating Ca concentration in the elderly.

The significantly lower Na levels in both mate and
female inpatients are thought to reflect the prevalence of
hyponatremia at the time of hospitalization. This may
be the frequent comorbid condition in terms of electro-
lyte balance among the hospitalized elderly.

The renal glomerular filtration rate declines with age;
therefore, creatinine clearance {Ccr) also declines.”® Our
data show no elevation in Cr in the elderly. Because of
decreased muscle mass in the elderly, it is apparent that
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Figure 4 Effects of albumin concentration in the mean serum calcium concentration. Upper, measured calcium concentration;
lowet, albumin-corrected calcium concentration. IP, inpatients; OF, outpatients; Home, nursing home residents. *P < 0.05;

**P < (0.01; ***P < 0.001.

the Cr level does not rise even if Cer declines.”® A clear
gender difference was also seen between elderly men
and women (men > women). The lower Cr levels in
women than in men were thought to be due to lower
muscle mass. The.Cr level was higher in hospitalized
patients, most likely attributable to the impaired renal
function that is a common complication at the time of
hospitalizatidn.

The high serum cholesterol levels found in the
present study suggest a-high prevalence of hypercholes-
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terolemia in the elderly, especially in women. Recent
study has shown that the levels of serum cholesterol are
kept high until 70 years in Japan.'* Unlike the elderly liv-
ing in the community, the inpatient group, who were in
the acute phase of disease, had significantly lower values
than other groups. This is probably due to the influence
of the disease for which they had to be hospitalized, or
indicates malnutrition accompanying the disease.

The nursing home in the present study was estab-
lished before the introduction of the long-term care
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Figure 5 Mean serum sodium (Na) concentration. [P, inpatients; OP, outpatients; Home, nursing home residents. *P < 0.05;
*p < 0,01,
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Figure 6 Mean serum creatinine (Cr) concentration. IP, inpatients; OP, outpatients; Home, nursing home residents; Health C,
health-check-up group. *P < 0.05; **P < 0.01; **#P < 0.001.

insurance system in Japan, where relatively healthy eld- the state of nutrition and morbidity differ from those in
erly lived with a fair degree of independence, and energy special nursing homes today.
intake was controlled at 358.5-370.5 J per day. It is pos- In elderly women the prevalence of hyperlipidemia is

sible that the level of independence including ADL and higher than that in younger women.” Differing from
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Figure 7 Mean serum total cholesterol concentration. IP, inpatients; OP, outpatients; Home, nursing home residents; Health C,

health check-up group. **P <0.01; ***P < 0.001.

those in community dwelling elderly, the serum choles-
terol levels in institution-dwelling elderly may be
affected by the meals provided, which have relatively
fixed calories.

In summary, the most noteworthy finding from the
present study is that the Hb, Alb, and TC levels in rel-
atively healthy women were not lower than those in the
control group. This may be an important finding con-
sistent with good nutrition.

The present study investigated the effects of the
attributes of groups such as inpatients, outpatients,
nursing home residents, and people undergoing health
checks upon the differences in hematological or bio-
chemical parameters. Qur data indicate that major
hematological or biochemical parameters are affected to
a greater extent in inpatients. Morbidity from various
diseases, a variety of comorbid conditions, or malnutri-
tion may account for the different levels of these param-
eters in patients. Female nursing home residents and
health check-up examinees have similar values to
younger controls, which may be connected to the lon-
gevity of women.
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Abstract

Strategies to reduce bed-ridden or house-bound elderly people in Japan

Fujike Ando

Preventive medicine is supposed to be important for reducing bed-ridden{ 'netakiri'. in J apanese) or frail elderly people.
Previous studies showed that only about 30% of the bed-ridden elderly had decreased their ADL levels directly due to dis-
eases. such as cerebrovascular disease or hip fracture. One of the other important causes of ‘Netaliri’ is disused syndrome.
A few weeks after staying in bed. not only muscle power but also bone mineral density and intellectual interest often de-
crease in the elderly. Rehabilitation in daily life is expected to prevent disused syndrome. House-bound { “tojikomori’, in
Japanese) is supposed to be another cause of reduction of ADL. There are miscellaneous causes of tojikomori. Aging is one
of the most important factors, but cannot be modified. Physical, mental. social or environmental factors are also important.
Participation in social activity, improvement of intellectual interest and habitual physical excise, as well as prevention of dis-
eases. is expected to be useful for preventing “tojikomori’ and ‘netakiri’ in the elderly.

Key words ; House-bound, Bed-ridden, Frail elderly, Preventive medicine

(Jpn ] Geriat 2004 ; 41: 61—64)
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Abstract We clarificd the clinical and pathological as-
pects of familial amyotrophic lateral sclerosis (FALS)
with SODI H46R heterozygous mutation in the Miya-
konojo Basin, a region in southern Japan where the preva-
lence of ALS is 11.4 per 10° of the population. We studied
17 patients, including one autopsy case, in three FALS
families with the mutation. The average age at disease onset
in the families was 44.3+8.7 years, and the mean disease
duration was 1217.6 years, with a range of 6 to 30 years.
Ten of 17 patients were unable to walk by the mean age of
56.41£12.2 years. The initial symptom was muscle weak-
ness in the distal leg muscle in all patients. The autopsy
findings of one FALS patient showed atrophy of lateral
and anterior funiculi, decreased numbers of anterior horn
cells, preserved posterior funiculus and absence of neu-
ronal inclusion bodies. Percentages of mutant SODI pro-
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tein measured by mass spectrometry were 14% in erythro-
cytes, 43% in the spinal cord, 47% in the iliopsoas muscle
and 60% in the diaphragm. In this study, we confirmed
that FALS with SODI H46R mutation showed uniform
initial symptoms and slow disease progression with intra-
familial variation of disease severity and that inclusion body
formation is not essential in FALS with this mutation.

Keywords FALS - SOD! H46R mutation - Autopsy
case - Mutant protein - Clinical course

Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive neu-
rodegenerative disorder, the cause of which remains un-
known. Familial ALS (FALS) comprises about 5 to 10%
of ALS [18], and about 20% of FALS showed the Cu/Zn
SOD gene (SODI) mutations [6, 23]. Since the discovery
of SOD{ mutations in FALS, many families with different
point mutations of the gene have been reported [1, 2, 5,
13, 18, 22, 26). Clinical features and neuropathological
findings in FALS may differ from those of sporadic ALS
in some respects. There have only been a few reports on the
detailed neuropathological findings in FALS with Cu/Zn
SOD gene mutations {5, 9, 12, 14, 21, 25, 26, 28]. It is im-
portant to investigate the relation between SODI muta-
tions and the clinical and neuropathological findings.

We conducted an epidemiclogical study of FALS in the
Miyakonojo Basin in the southern part of Japan, which
has a population of 210,297. The worldwide prevalence of
ALS is 4-6 per 100,000 [8]. Some regions, such as the Kii
Peninsula and Guam, have a higher prevalence of ALS
[29, 30]. In 1998, the prevalence of ALS in Japan was 3.8
per 100,000, based on the number of ALS patients en-
rolled in the Research for Specific Diseases supported by
the Ministry of Health and Welfare, Yapan. Meanwhile the
prevalence of ALS in the Miyakonojo Basin was 11.4 per
100,000 and was about triple the value for that of Japan as
a whole [20]. Moreover, FALS patients were more pre-
dominant than sporadic ALS patients in this region. In
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Fig.1 One representative pedi-
gree of three FALS families with I
SOD! H46R mutation from the

"

Miyakonojo Basin. Filled sym-
bols represent patients with ALS; I
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left, age at examination or death;
squares represent men; circles,
women; -, patient observed by
other hospitals; ‘=', confirmed
by authors. The arrow indicates

empty symbols, healthy subjects;
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oblique slash, deceased; lower
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the autopsy case, a 5I-year-old 4 [
female at the time of death v i R r
Tablel Clinical features of R
FALS patients with SODJ Family no. F-1 E2 F-3 Total
His46Arg mutation in the No. of patients 4 10 3 17
Miyakonojo Basin R
Age at disease onset (years) 47.5%£11.9 43.247.2 43.0£11.0 44.318.7
Disease duration (years) 0.3+7.7 14.8+7.6 28.016.2 12.1£7.6
Age when unable to walk (years) 61.0+0.0 59.04+13.0 46.5+9.2 56.41+12.2
Interval between onset of symptoms 11.5£7.8 19.2+6.6 17.0+£7.3
and respiratory failure (years)
Tongue atrophy (cases) 0/3 1/6 0/3 1/12
Weakness of unilateral lower limb as 4/4 10/10 3/3 17/17
an initial symptom (cases)
Numbness (cases) 111 3/5 011 41
Dementia (cases) 0/4 0/10 0/3 0/17
Glucose intolerane (cases) 1/1 2/3 12 4/6

those FALS patients, a His46Arg (H46R) mutation in
exon 2 of SODI was detected in at least three FALS fam-
ilies who had no blood relationship and who were from
Miyakonojo City. Interestingly, the patients with the mu-
tation showed intra-familial clinical variations, which sug-
gested that the disease progression was not only deter-
mined by genetic abnormality, but also by other factors
such as environmental factors and other moedifier gene(s).
Here, we report the clinical features of three FALS fami-
lies with SODJ H46R mutation and the neuropathological
findings in one autopsy case.

Materials and methods

Patient evaluation

We studied 17 patients, including one autopsy case, from three
FALS families in the Miyakoncjo Basin. The patients were diag-
nosed as having ALS based on neurclogical examination, blood
tests, electrophysiological study, brain CT/MRI and genetic exam-
ination using DNA obtained from peripheral blood. All patients
had lower motor neuron involvement in at least two limbs with
slow progression. Deep tendon reflexes were increased in only one
patient. These clinical findings partially met the diagnostic criteria
for ALS [24]. Mutations in the Cu/Zn SOD gene (SODI) were
identified by standard sequencing methods [2, 23). All studies were
performed with informed consent.

The autopsy case, a 51-year-old Japanese woman (Fig. 1, III-19),
developed muscle weakness of the left lower extremity at age 34,
Weakness of the right lower and upper extremities had started at
age 36.. She complained of dysesthesia of the left lower extremity
at age 40, She became unable to walk at age 45 and had been
bedridden since age 47. She had dysphagia and dyspnea at age 49.
On newrclogical examination at the same age, she had dysarthria,
dysphagia, tongue atrophy with fasciculation and muscle weakness

Fig.2 The spinal cord findings at cervical (A} and thoracic (B)
levels, Posterior funiculus showed no abnormality, but the anterior
funiculus and spinocerebellar tracts were mildly degenerated.
Kliiver-Barrera, A: x8, B: x10
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with atrophy in all four extremities. She had areflexia, but no
Babinski's sign. Her consciousness, mental faculties and eye move-
ment were normal. No sensory abnormalities were detected clini-
cally and electrophysiologically. She began to use the artificial res-
pirator by nasal intermittent positive pressure ventilation (NIPPV)
at night. She died of lung hemorrhage at ape 5! without any other
bleeding or coagulation abnormality. The total disease duration
was 17 years. Autopsy was performed 6 h after death.

Histopathology and immunohistochemistry

The brain and spinal cord were fixed with 10% formalin and em-
bedded in paraffin for neuropathological study. The paraffin sec-
tions of the motor cortex, cerebellum, brain stem and spinal cord at
the cervical, thoracic and lumbar levels were cut at 5-lum thickness
and stained by the following routine methods: hematoxylin and
eosin (H-E) and Kliiver-Barrera (K-B). Immunocytochemical ex-
amination was performed using the following antibodies: an affin-
ity-purified rabbit polyclonal antibody against human ubiquitin
(DAKO, 1:1,000), a mouse monoclonal antibody against human
glial fibrillary acidic protein (GFAP; Chemicon International, Inc.,
1:100) and an affinity-purified goat polyclonal antibody against
human SOD! (C-17 and N-1, Santa Cruz Biotechnology, Inc.,
1:100). Sections were deparaffinized, then endogenous peroxidase
activity was quenched for 30 min with 0.3% H,0, and washed in
phosphate-buffered saline (PBS, pH 7.2). Normal sera homolo-
gous with the second antibody were used as blocking reagents.
Sections were incubated with the antibodies overnight at 4°C.
A standard avidin-biotin complex method was used for the sec-
ondary antibody step (Vectastain, Elite, Vector Labs).

Fig.3 Anterior horn findings
of spinal cord at the cervical
level. A Numbers of motor
neurons were obviously de-
creased in the anterior horn.
Kliiver-Barrera, x50. B The re-
maining motor neurons were
observed to be normal. Neither
Bunina nor Lewy body-like in-
clusion bedies were present in
the neurons. We could not find
any inclusion bodies in the sec-
tions immunostained with anti-
bodies against ubiquitin and
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Immunoprecipitation of SODIs and on line liquid
chromatography-electrospray jonization mass spectrometry
(LC-ESIMS) analysis

Immunoprecipitation was performed as described previously [13)
with slight modification. In brief, tissues obtained upon autopsy
were homogenized in an ice bath with twice the weight volume of
saline and were centrifuged (23,500 g) to remove the insoluble frac-
tion. Erythrocytes were lysed with a mixture of four volumes of
double-distilled water, and cell debris was removed by centrifuga-
tion (23,500 g). Forty microliters of antibody against human SOD1
{The Binding Site, Birmingham, UK) was mixed with 40 pl of the
soluble fraction of the homogenate and the haemolysate. After 2 b,
the antigen-antibody complexes were collected by centrifugation
(23,500 g), washed in cold saline three times and dissolved in 25 ul
of 2% acetate containing 100 mM dithiothreitol to separate the an-
tibody and SODI. After 15min, 10l of the sample solution was
injected into a LC-ESIMS system. LC-ESIMS analysis was per-
formed as described previously [17].

Results

Clinical features of patients with SODJ H46R mutation

In 17 patients of three FALS families, the ages at disease
onset ranged from 32 to 60 years (average 44.318.7 years),
the ages at death from 46 to older than 88 years (average
58.8+13.7 years) and the mean disease duration was 12.1+

SOD], HE, x225, C The struc-
ture of the motor cortex was
well preserved. Kliiver-Bar-
rera, X25. D Mild and partial
chromatolytic changes were
seen only in a few Betz cells.
Kliiver-Barrera, x250. E Glio-
sis was seen in the hypoglossal
nucleus. Klilver-Barrera, x25.
F The reactive astrocytes in-
creased in the hypoglossal nu-
cleus. HE, x55
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7.6 years. The initial symptom was muscle weakness of a
unilateral lower limb in all patients. The mean interval be-
tween onset of symptoms and some sign in the upper ex-
tremities was 6.624.5 years. The mean age when they
were unable to walk was 56.4+12.2 (n=10). The mean in-
terval between onset of symptoms and inability to walk
was 9.9+6.4 years. The mean interval between the onset
of symptoms and respiratory failure was 17.0+£7.3 years
(n=T). Tongue atrophy was found in only one patient.
Deep tendon reflexes increased in one case and decreased
in four cases at the time of our examination. None of the
patients showed Babinski’s sign or dementia. Four pa-
tients had numbness in their extremities, but sensory dis-
turbance was not detected by neurological examination.
Four of six cases examined by OGTT showed glucose in-
tolerance (Table 1).

Pathological findings
Macroscopic findings

The 51-year-old FALS patient showed diffuse muscular
atrophy in all four extremities. The right lung showed
acute congestion, but there were no significant findings in

Fig.4 Oculomotor nuclens (A: x63), Clarke'nucleus and inter-
mediolateral column (B: x63), Onufrowicz nucleus (C: x127) and
posterior root ganglion (I: x135) showed no degeneration. Kli-
ver-Barrera

e

the left lung. There were no other bleeding sites or vascu-
lar abnormalities. There were no abnormalities in the other
visceral organs. Coronal sections of the brain were unre-
markable. The spine showed only atrophy of the anterior
roots of the spinal cord.

Microscopic findings

Lateral and anterior funiculi of the spinal cord showed at-
rophy, but the posterior funiculus was preserved. Spino-
cerebellar tracts were particularly degenerated in the lat-
eral funiculus (Fig. 2A, B). In the anterior horn, the num-
ber of anterior horn cells decreased, and there was ab-
sence of neuronal inclusion bodies in the remaining cells
(Fig. 3A). Neither Bunina nor Lewy body-like inclusion
bodies were present in the neurons (Fig.3B). Immuno-
staining with antibodies against ubiquitin or SODI also
showed no inclusion bodies in the cells. The structure of
the motor cortex was well preserved (Fig. 3C). Mild and
partial chromatolytic changes were seen only in a few
Betz cells (Fig. 3D). Gliosis was seen in the hypoglossal
nucleus (Fig. 3E, F). The oculomotor nucleus, Clarke’s col-
umn, intermediolateral column, Onufrowicz nucleus and
posterior root ganglion appeared normal (Fig. 4A-D). The
cerebellar cortex appeared normal.

LC-ESIMS analysis

Percentages of mutant SODJ protein measured by the
LC-ESIMS system using various tissues from the autop-
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Fig.5 Mass spectra of human SODIs immunoprecipitated from
various tissues from this patient with SOD! H46R mutation. Per-
centages of mutant SOD/ protein were 43% in the spinal cord,
47% in the iliopsoas muscle, 60% in the diaphragm and 14% in
erythrocytes

sied patient were 43% in the spinal cord, 47% in the il-
iopsoas muscle, 60% in the diaphragm and 14% in ery-
throcytes (Fig. 5).

Discussion

We have diagnosed these familial cases as having ALS
based on clinical and neuropathological findings. Our pre-
vious study showed that the prevalence of ALS in the
Miyakonojo Basin was three times higher than that seen in
Japan as a whole[20]. Therefore, we speculated that ALS
patients were clustered in this region, though the preva-
lence was not as high as that in the Kii Peninsula[29].
This region has been developed as one cultural area since
ancient times, and the cultural exchange with places out-
side of the basin might have been limited. From this his-
torical background, FALS may have accumulated in this
area. Our genetic study showed that most of the FALS in
the Miyakonojo Basin had the SODI H46R mutation. In
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this study, we analyzed the clinical features and neu-
ropathological findings in FALS with SOD/ H46R muta-
tion in this area.

The characteristic clinical features of FALS with H46R
mutation were muscle weakness in the distal part of the
lower extrernity as the initial symptom, slow progression,
relatively rare cranial nerve involvement and transient up-
per motor neuron signs. The disease progression in FALS
with H46R mutation was rather slow in comparison with
other types of SODI mutations [1, 3, 19}, but the disease
severity was different if inter- or intra-family. The symptoms
in the upper extremities appeared between 2 and 15 years,
and respiratory failure appeared 6 years at the earliest and
30 years at the latest after the initial symptoms in the legs
appeared. The intervals between the initial symptomns and
inability to walk were also varied, as shown in Table 1.
More interestingly, some pairs of parents and children
showed remarkable differences in ages at disease onset,
These data suggest that some environmental and other ge-
netic factor(s) are related to the onset and progression of the
disease in addition to the genetic background.

In this paper we reported the detailed neuropathologi-
cal findings of a patient with H46R SODI mutation and
compared the pathological findings with those in other
SODI mutations: A4T [28], A4V [5], H4BRG [26],
E100G[9], I113T [21, 25], TTG126xxG [12] and H46R
[19] (Table?2). The characteristic findings in our patient
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with SOD1 H46R with 17-year disease duration are ab-

5
% %D sence of inclusion bodies in the cell, very mild change in
2 ‘g g Y v U wW v the lateral funiculus, loss of anterior homn cells at any level
REB 12 2 ZZaz 4z of the cervical, thoracic, lumbar, and sacral spinal cord and
= no degeneration in the posterior funiculus, Clarke’s nu-
o cleus, posterior root ganglion or Onufrowicz nucleus. Al-
2 LA+ 2.222 ., though Ot.u et al. have reported that the posterior fumc1_1—
lus was slightly degenerated and the number of neurons in
N Clarke’s column was reduced in their patient with SODI
E H46R mutation and 40-year disease duration [19], this
S2 difference might be related to the longer disease duration
gg 2 2 2.,.,2, 4 in their patient. Interestingly, our autopsied patient
showed spinocerebellar tract degeneration and severe loss
5 of anterior horn cells, but very mild changes in the corti-
- E cospinal tract. This indicates that the lower motor neuron
& g g n was more degenerated than the upper motor neuron in this
WOEl 4+ H 4 FE patient. These spinal cord findings were similar to those

of spinal progressive muscular atrophy (SPMA) and con-
stitute the clinical features in the FALS families with
SODI] H46R mutation in the Miyakonojo Basin. In addi-
tion to the above spinal cord findings, we were the first to
describe the central nervous system findings in FALS
with §OD1 H46R mutation that were not described by
Ohi et al. {19]. We observed almost normal Betz cells in
the motor cortex, but gliosis in the hypoglossal nucleus

Clarkes
nucleus

Posterior
funiculus

g that was related to her tongue atrophy. No gliosis was
E found in the oculomotor nucleus, although Kato et al. have
83 reported mild neuronal loss with gliosis in the nucleus in
BB + 4+ o+ 4+

the patient with TTG126xxG mutation [12].

Neural cell inclusion bodies are usually found in FALS
with SODI mutation [9, 11, 12, 27, 28], but no inclusion
bodies were found in our and in previously reported pa-
tients, regardless of intensive histological survey [19].
These data suggest that inclusion body formation is not al-
ways concerned in the etiology of FALS with SOD1 H46R
H+ + + 4+ + 1+ 4+ H mutations.

Histidine 46 is located in the active site of SODI, near
the binding site for copper [14]. The H46R mutation in

Anterior
horn cell

loss
+
+
+
+
+
+
+
+
+
+
+

Cortico-
spinal
tract

Table 2 Comparison of pathological findings of patients with the SODI mutation. - No degeneration, * slight degeneration,+ degeneration, NS not stated, * the mean age of

E% this site must affect SOD/ dysfunction in a different way
gé o EQ . oo compared to other mutation sites and may induce the
aE - MmN N - oX g characteristic clinical features that we have shown in this
study. A transgenic rat expressing the mutated human
SODI (H46R) gene showed more mutant SODI product,
o » less enzymatic activity of the SODI and slower disease
& C W o T O WM O — progression than occurred in other mutations 116]. These

<< = TR I T =N Y -T S s ? . . .. .
f , : s findings in the animal model were similar to those seen in
g 2 patients with SODJ H46R, although the animal model

g5 . . Q showed inclusion bodies.

E E = We studied the mutant SOD1 protein concentration in
fg — v 08 ek 1 several tissues obtained from the autopsied patient with
@18 §% § 8822 E T e SOD] H46R mutation, The relative amounts of mutant
5| << T THEE= T SODI to normal SOD1 are highest in the diaphragm, fol-
‘-E i~ lowed by the spinal cord and skeletal muscle, and lowest
3 = _ = in erythrocytes. If the same analysis was done using iso-
g C S <o 9 _~ % ] = lated anterior horn cells, mutant SODI concentration would
& s N E = = g E = probably be higher than that in the entire spinal cord. This
Ple cE 7 = % g Eg =zl T @ mutant SODI protein may be involved in the motor neu-
g8 £ 23 £33 0% % s B, ronopathy in FALS. Mourelatos et al. have reported that
e 2 Eons 5 = E 5 & & the fragmentation of the Golgi apparatus (GA) of motor
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neurons in ALS represented an early change of the or-
ganelle that may be involved in the pathogenesis of ALS
[15]. The fragmentation of GA, however, was seen not
only in ALS, but also in corticobasal depeneration and
Creuizfeldt-Jakob disease {7]. Therefore, GA fragmenta-
tion is not specific to motor neurons in ALS. Recently, on
the ‘gain of function’ hypothesis, several reports suggest
that mutant SOD! proteins or intermediate filament ag-
gregates cause an impediment in axonal transport, mito-
chondrial dysfunction or ubiquitin proteosome dysfunc-
tion and lead to motor neuron death in ALS [4, 10]. It is
critical to clarify how the mutant SOD! proteins are in-
volved in motor neuron death in FALS with no inclusion
body. -

In conclusion, we confirmed that FALS with S0DJ
H46R mutation showed uniform initial symptoms and slow
disease progression with intra-familial variation of dis-
ease severity and that inclusion body formation is not nec-
essary for disease onset and progression of ALS with this
mutation.
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Early pathological changes in the parkinsonian brain
demonstrated by diffusion tensor MRI
K Yoshikawa, Y Nakata, K Yamada, M Nakagawa

...................... I T T T P T P TP

See Editarial Commentary, p 352

Objective: To determine whether the fractional anisofropy
{FA} of magnefic resonance diffusion tensor imaging is
decrecsed in the nigrostriatal projection in parkinsonian
patients.

Methods: FA values were compared in the extropyramidal
system of 12 patients with Parkinson's disease and eight age
matched normal controls.

Results: Pafients with Parkinson's disease hod significantly
decreased FA in the region of interest along ¢ line between
the substantia nigra ond the lower part of the putamen/
caudate complex, in which most of the nigrostrictal
dopominergic neurones are included. Loss of FA in ihis
region was obvious even during the early dlinical stoges of
Parkinson’s disease.

Condlusions: Assuming that the loss of FA pardllels the
neuronal change in the brain, the results are consistent with
the view that more than half the dopaminergic neurones in
the nigrostrictal projection are lost before the onset of
Parkinson’s disease. Close comparison of FA in the basal
ganglia may contribute to the early diagnasis of Parkinson's
disease. :

neurones projecting from the substantia nigra in the

midbrain o the neostriatum in patients with idiopathic
Parkinson's disease has led to the use ol 1-dopa treatment,
which markedly improves the prognosis of parkinsonian
patients.' *

According to pathological studies, at least 70-80% of
dopaminergic neurones were lost before the onset of
Parkinson’s discase.* A significant amount of dopaminergic
neurone loss during the early stages of Parkinson’s disease
was also suggesied by functional imaging of these neurones
using positron emission tomography (PET} with L-['®F]-
fluorndopa,! or single photon emission compuler tomography
{SPECT} with ['#}1]-pCIT!

Recently, magnetic resonance (MR) diffusion . tensor
imaging of the brain has allowed visualisation of neuronal
projcctions in the central nervous system,” or estimation of
the neuronal changes in the white matter of ¢ither normal
subjects’ or patients with ncurological discases such as
amyotrophic lateral sclerosis* and multiple sclcrosis,” through
a decrease in the fractional anisotropy (FA) value derived
from the MR tensor image. In the present study, we
compared FA values in the extrapyramidal system of normal
subjects with those of parkinsonian paticnts.

Thc discovery of the sclective loss of dopaminergic

METHODS

Twelve patients with Parkinson's disease (mean {SD) age,
71.3 {7.7) years) were compared with eight age matched
normal subjects (70.1 (8.4) years). Seven patients with

J Neurol Neurosurg Psychiotry 2004;75:481-484. dai: 10.1136/jnmp.2003.021873

“progressive supranuclear palsy (PSP) (74.6 (7.3} ycars) were
also studied. As patienis with PSP show brain atrophy,
including atrophy of the basal ganglia, it is suggested that
they may serve as positive controls for FA change showing a
robust decrease.

Parkinson’s discase was diagnosed using the UK Brain
Bank criteria.” The patients were separated into two groups,
depending on the Hoen and Yahr rating scale': patients in
stage 1 or 1I were classified as the earlier group {(n=7; 70.0
(3.7) years), and those in stage IIT or morc were classified as
the advanced group (n=5; 73.2 {2.4) years),

The diagnosis of PSP was according to the NINDS-SPSP
¢criteria.'’ Normal subjects were examined by neurologisis,
and no abnormality was confinmed.

Informed consent for the study was obtained from cach
subject before the examination. MR imaging (MR} was donc
with a 1.5 T bmager (“Gyroscan Intera”, Philips Medical
Systems, Best, Netherlands), berween August 1 2001 and
October 31 2002, In addition Lo conventional T1 weighted
images (repetition time (TR) 611 ms, echo time {TE) 13 ms)
and T2 weighted images (TR 4754, TE 100, diffusion tensor
fmages (DTT) were obtained. The imaging sequence of DTI
was as follows: ficld of view 230x230 mm; matrix 128x37
with SENSE; SENSE reduction lactor = 2 (matrix is 128x74
cquivalent); TR/TE = 6000/88; flip angle = 90% itwo b valuces
{0 and 800 s/mm?); 36 slices; 3/0 mm slice/gap. Diffusion
sensitisation was done in six dircctions."

FA values of 15 regions of interest {ROI) from a single
hemisphere were compared between normal subjects and the
patient groups. The investigators (KY and YN} were blinded
to the patient's name and group. ROTs were delermined (sce
below) on conventional MRT, and the mean FA values in the
corresponding DTI were measured.

According to the landmarks, four ROIs were allocated on
MR plane “b* and “c” (fig 1A, 1C, and 1D}: ova! ROIs sized
41 mm? in the candate head, putamen, nucleus ventralis
lareralis, and subcortical white matter of the premotor cortex
(arca 6).

The remaining 11 ROIs were set on an axial MR image in
the basal ganglia {plane “a” in fig 1A and 1B). The plane
immediately below the AC-PC line roughly included struc-
tures such as the substantia nigra, subthalamic nucleus, and
the lower part of the globus pallidus, putamen, and caudate
nucleus.™ This plane is also suggesied (o include most of the
nigrostriatal neurones.” ' Eleven oval ROIs sized 20 mm?
were arrayed along a line between the substantia nigra and
the caudate/putamen complex at the same interval so that
the ROIs covered the majority of the dapaminergic neurones
between the structures {fig IB).

To avoid the influence of molion, the subject’s head was
firmly fixed to the holder during acquisition. In addition, we

Abbreviations: DT, diffusion lensor image; FA, fractional aniseiropy
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