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Nutritional status and risk of amyetrephic lateral selerosis in Japan
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Abstract

Only-a-few human studies:have reported-the relationship between dietary factors and the risk of amyotrophic lateral sclerosis

(ALS). We therefore analyzed- the relationship between.

nacronutrients: (carbohydrate, protein and fat) and the risk of ALS
using a case-control study in Japan. The study comprised 153 ALS

patients.diagnosed by the Bl Bscorial World Federation

of Neurology criteria, and 306 gender- and.age- matche;dfco'r'm'gls randomly selected from the general population. A self-
administered - food frequency questionnaire was used to estimate pre-illness intakes of food groups and nutrients. The

confidence intervals (Cls)., A high inték;e of carbohy

(adjusted OR=2.14, 95% CI 1.05-4.36;. the highest.versus

fat were 0.57 and 0.41 (95% GI 0.21-0:80), respectively:
(95% CI 0.21-0.80) for total fat, 0.30. (95% CI 0
monounsaturated-fatty. acids (MUFAs) and 0.58:(5%

suggest that high intakes of carbohydrate and low intakes of

increased the risk of ALS.

Lrigk factor was assessed by calculating odds ratios (ORs) and 95%
fate was significantly associated with an increased risk of ALS
-thie lowest tertile). ORs for the second and third tertile .of total
ORs for the highest tertile of intake versus the lowest were 0.41
-16-0.5). for saturated fatty acids.(SFAs), 0.35 (95% CI 0.18-0.69) for

:96)for polyunsaturated fatty acids (PUFAs). Qur findings
fat and some kinds of fatty acids may, when combined,
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Intreduction

With the rapidly Westernized dietary habliits and
sedentary lifestyles over the past several decades in
Japan, .the number of amyotrophic.lateral selerosis
(ALS):patients has increased:(1). Several epidemiclo-
gical studies have examined the zisk factors.-of AL S;
mosthave focused onphysical activity (2-4),,skeletal
fractures(5)-and‘heavy metal exposure-at- work (6-8).
Recently, a few such epidemiological studies have
examinedthe relationship:-between dietary factorsand
theriskof A S;mosthave focused onintake ofealcium
and magnesium (9-10) and dietary antiexidants,
particularly vitamin E (11). However, those findings
failed:both qualitatively and quantitatively to provide
any evidence on dietaryfactors, because so.verylittle s
known about the relationship between those-factors

and:the risk of ALS. To the best of our knowledge, no
study’has.yet-examined the relation of macronutrients
‘(carbichydrate, fat, andprotein) to ALS. Thus, using a
food-frequency questionnaire (FFQ), we focused on
thepre-illness dietary risk factors for ALS and assessed
themin.a-case-control study in a Japanese population,

Methods
Subjects-and methods

Study populations. Case subjects were all definite or
prebable ALS patients aged 18 to 81 years who had
been diagnosed based on the El Escorial World
Federation of Neurology criteria (13) in medical
ceniters in the Tokai area of Japan from 1 January
2068:to 31 December 2004,
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ALS was definite in 65% and probable in 35% of
cases. All cases of progressive bulbar palsy (PBP)
were included in this study, whereas famihal
progressive muscular atrophy was excluded. There
was no evidence of coexisting Parkinson’s disease or
related disorders including multisystem atrophy,

We set up two comumunity centrols matched to
each patient for age (%2 'years), gender and
residence based on electoral districts. They were
randomly selected from among the general popula-
tion in the same district as our case subjects.based on
the basic register of residents. Selection was carried
out by a proportional simple random sampling, with
stratification by gender and age groups, using the
basic resident registry.

Data collection. We asked patients to récall their
lifestyle during the three years before the onset of
ALS, and community controls the same before their
interview. When patients were unable to provide any
information on their lifestyle and exposures because
of their seriously impaired conditions or early death,
proxies (mainly spouses) were interviewed. Stan-
dardized in-person interviews were conducted for
patients and for their individually matched control.
Only when this was not-possible was a.proxyinterview
performed. To minimize information bias, when a
case’s.proxy to a case was interviewed, the control’s
proxy to the control was also interviewed-even:if the
control was competent to be interviewed.

"The institutonal ethics committee of the Aichi
Prefectural College of Nursing-and Health approved
the protocol before commencement of the study. All
participants provided informed consent to a verbal
explanation of the study protocol including next .of
kin for case subjects who were severely ill, uncon~
scious, or dead as well as proxy respondents for
control subjects.

Dictary information. Dietary information was ob-
tained by a sclf-administered food frequency
questionnaire (FFQ), consisting of ‘97 commonly
eaten food and beverage items, This FBQ was
validated for food groups by referring to.four 4-day
dietary records (DRs) among.88 men and women in
central Japan, frem 1996 to 1997 (14-15)., The
energy-gender-and age-adjusted test-retest correla-
tion coefficients between the two FFQs administered
at .a one-year interval. ranged from 0.34 to 0.78. The
de-attenuated, energy-, gender- and age-adjusted
correlation coefficients between the second FFQ
and the DRs were larger than 0.40 for most food
groups. Estimates of nutrient intake were computed
using the Standard Tables of Food Compésition in
Japan, Fifth revised and enlarged editdon (Science
and Technology Agency, 2000).

Covariates such as demegraphic characteristics
(age at diagnosis, gender) and -risk facters -were
collected based on the responses to a structured

questionnaire specifically designed for this case-
control study. A behavior pattern was measured by
a 10-item scale designed for a Japanese cohort by
Maeda (16). Subjects who scored between 0 and 16
were considered to exhibit a nom-type A patiern,
which indicated a relaxed and easy-going individual,
while those who scored 17 or greater were considered
as type A, which denotes a set of characteristics that
includes people who are excessively time-conscious,
insecure in their status, highly competitive, hostile
and aggressive, and incapable of relaxation (17).
Smeking status was ascertained in relation to the
number of cigarettes stnoked per day during the year
before the survey (onset of AlLS/interview), and
subjects were categorized into current smokers (at
least one cigarette per day), ex-smokers (smokeless
for at least one year before the survey), and never
smokers, and was further classified into current
smokers and non-smekers (including ex-smokers
and never smokers). Body mass index (BMI) was
calculated as. a subject’s weight (kg) divided by height
(m)-squared as a measure of obesity.

Statistical analysis

The differences in mean values or frequencies
between ALS patients and controls were statistically
examined by unpaired r-test, y> test, or Mantel-
extension test. The odds ratie (OR) and its 95%
confidence interval (CI) were estimated using muld-
ple condidonal logistic regression models to access
the strength of association between ALS and potential
riskfactors (18). Tests for trends in logistic regression
analysis were performed by the exposure variable and
treating the scored variables as a continuous one.

In the adalysis of estimated nutrient intakes, all
the nutridonal variables were natural logarithmically
transformed to improve their normality. Because the
intake of most nutrients is swongly correlated with
total .energy intake, the former was adjusted for the
Jatter using the residuals from linear regression
models. For this analysis, subjects were divided into
three .groups according to the tertle of energy-
adjnsted»-—nunfient intakes among controls.

The latency period for ALS may be longer than a
few:years. To address the possibility that changes in
lifestyle -due to the progression of ALS might have
affected the results, we asked subjects whether they
had altered their lifestyle, including dietary habits,
from three years before the omset of ALS to the date
of the study. We also excluded participants with a
change in lifestyle, extreme daily energy intakes
(<800 or >4000 Kcal for men and <500 or
> 3500 for women) or incomplete FFQ.

Results

A rotal of 194 consecutive patients with ALS were
identified from the study hospitals. Among them, 31
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Table 1. Selected background:characteristics of study. subjects.

Gases:Gr=153)

CGontrol (n=306)

%:-or:mean % or mean p-value

Sex

Men 60.3 60.3

Women 39:7 39.7
Age group

—49 32:6 33,3

50-59 36:4 34.8

60+ 31.0 31.9

Mean.vage-(S'B) 63:7:4£9.2 63.4410.6 0.05
BMI 22.240.2 23.3+£0.3 <0.05
TFype A behavior pattern 4.2 19.6 0.000
Energy intake-(Kcal/day)

<1554 32,7 24.8

1554-1987 20.5 24.8

1987-2418 216 24.8

> 2418 25.1 25.8

were excluded:because they met the-above-exclusion
criteria, resulting-in 153- ALS. patierits .availible:for
the present .analysis. "Fable I shows the- character-
istics .of .cases and controls. The mean ages were
around :63.0. years, accounting for about:60% of the
men among -ALS patients-and community dontrals.
The proportion of proxy interviews was -similar
between - ALS patients- and:-controls.

Table B summarizes. the ORs for - ALS by daily
nutrient-intake. ‘Carbohydrate intake was. gosmve}y
assomated with .the sisk-of ALS. ORs:of the
from the: second to the: hlghest tertile were 4.51:a
2.1 (95% Gl 1.05-4.36; trend p=0:04); respec—
Alvely. The zisk of ALS was. sigtificantly sediced
with:a:-higher intake of total:fat. ORs-for the second
and-third: tertile- were 0.57 and 0.41-(95% CIL-0.21~
0;80;. trend p=0:008), respectively. For fatty acids,
‘ORsfor:the:highest tertile of intake versus the-lowest
were ‘0:30:(95%. CI '0.16-0:58; trend p=0.04) for

“FableH: Gdds atios (ORs) and 95%:

saturated. fatty acids (SFAs), 0.35 (95% CI 0.18-
0:69; trend p=0.003) for monoeunsaturated fatty
acids:| 4s), and.0.58 (95% CI 0.40-0.96; wend

p= =0:044) for polyunsaturated fatty acids (PUFAs).

The Jpercentage of total energy to carbohydrate was

significantly associated with an increased risk of

ALS, while that to total fat was significantly
~assecxated with .2 reduced risk of ALS.

‘Discussion

In the case-control study of SAH, we found higher
intake of carbehydrate, and lower intakes of total fat,
SFAs, and MIJFAs were significantly associated with

anvinereased ALS risk. To the best of our knowledge,
no.epidemiological information was available about

the-relationship between macronutrients and the risk
j S, This is the first epidemiological finding that
ahigh iritake.of carbohydrate may be a risk factor for

‘by:tertiles(T1-T3).of daily.nutrient intakes.

Cut pomts (g)*

OR(95%:CDY
T1/T2 Terr3 TY T2 T3 Trend p
Protein (g) 59.1 81.7 100 10.977 (0:56-1.66) 0.77 (0.36-1.65) 0.50
Fat (g) 44.9 65.7 1.00 0i57 (0:34-0.95) 0.41 (0.21-0.80) 0.008
-Carbohydrate (g) 230.8 295.4 1:00 1,51 (0:89-2.58) 2.14 (1.05-4.36) 0.042
SFA(g) 12:0 18:6 1:00 0:64(0:39-1.02) 0.30 (0.16-0.58) 0.038
-MUFA«(g) 15.4 23.7 1:00 0.71.(0:43-1.17) 0.35 (0.18-0.69) 0.003
PUFA (2 111 15.2 1:00 0:85 (0:51~1.42) 0.58.(0.40-0.96) 0.044
n-3 fatry-acids(g) 2:0 2:8 1.00 0175 (0.:46-1.21) 1.14 (0.70-1.87) 0.61
n-6 fatty acids-(g) 7.3 10.1 1:00 0:82.(0,51-1.31) 1.24 (0.80-1.92) 0.31
n-6/n-3 3.5 41 1:00 075-(047-1.21) 1.11 (0.71-1.72) 0.24
‘Percent of ‘total-energy
gr: 15.1 1:00 1,63 (0:96-2.75) 2.90 (1.77-4.76) 0.000
28.3 1500 10:96 (0:62-1.46) 0.39 (0.24-0.66) 0.001
1.00 0:75:(0.48-1.16) 0.68 (0.39-1.05) 0.069

sararateddfany acids. *Adjusted 1o a mean energy intake of
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ALS, whereas a high intake of total fat, SFA and
PUFA may protect against the enset of ALS. We
also. observed as statstically sxgmﬁcant an gpproxi-
mately 60% reduction in ALS risk in the highest
category of total fat intake compared with the lowest,
and that inverse relationship remained even after
adjusting for confounding factors.

A methodelogical issue in. this study was how we
used FEQ to assess nutritional status. Since .our
FFQ@ used was-not designed-to examine the amount
of selected foods intake, we did not test for-the
reproducibility of each frequency of consuniption-eof
selected:foods. Prewnowsk et al. reported that:mean
frequencies of food consumption were a significant
predictor of dietary outcomes (19). Their findings
strongly suggest that a misclassification ‘may not be
serious enough to produce a spurious pesitive or
inverse.association. In this study, we added BMl-into.
the model. Moreover, we added BMT into the model
as confounding factor. This was because BMI was
significantly higherin. cases:thandn.controls, and:had
a.positive association with several-nutritional factors,
but this was. not significant, These:findings suggest
that BMI may confoundfor.the relationship between
nutritional factors and: the risk of ALS,

In this.study, we have no.clear sxplanation.as.to
the \mderlymg mechanisms.for the: observauen that
a higher intake of carbohydrate iner ::
ALS, while a-higherintake of total-fat, SEA: ;
reduces 4t.. For carbohydzrate intake, scveral studies
have demonstrated that high glucose promotes
apoptotic cell death through the production: of:free
radicals, oxidant stress and reactive -oxygen specxes
(20,21). Carbohydrate metabolisni-was.impaired:
patients ‘with moter ‘neuron disease -and.- !
ebellar disease (24),-while lew glucose .affected cell
growth-and survival (25).

Congerning total fat intake, several gexpenmental
studies -have demonstrated -that
acid type-intake such-as:SEA, MUE
a neuroprotective ¢ffect (26-32).

These experimental findings might .pmwde an
explanation -as ‘to the .mechanism. un¢ {

, relauons‘mp. between high carbahy

carbehydrate and the decrea
antdoxidant defense- inducedby .a: low: mtake of: total
fat -and-some- klnds of fatty acids-inay, in combina-
tion, -increase the risk of ALS. Moreover, our
investigations also revealed.that a-high carbohydrate
and low fat intake might play an important:rele in
the development of ALlS among humans.

There:are severallimitations-to this'study. First, we
used:-prevalent cases where diagnosis was made thhm
four years before the present study, whi
cause-them-some: difficulty in.; reﬁaﬂmg

tiotts before the onset of

information on the average habitual intake frequency
was self-reported retrospectively in both ALS patients
and controls, Patients may have reason to recall or
learn about -a lifestyle in greater detail than controls.
Moreover, since our questionnaire asked for much
information appertaining to three years before
recruitment into the study, some may have reported
dietary habits already altered by the onset of ALS. To
avoidsuch:problems, we confirmed no change in their
lifestyle during the three years before the onset of
-symptoms. “This was necessary because differential
recall.and misclassification seemed to be proportional
to the length of the period from the onset to the
interview. These findings could lead to a misclassifi-
‘catien.of their true long-term dietary exposure and a
weakening of their observed associations.

Secondly, we used a self-administered question-
naire to collect information from both cases and
controls. The authors have discovered no significant
d;.fference in the responses to questions related to
ﬁfés_mle factors such as physical actvity, general life
stress. and dietary habit between self- and inter-
viewer-administered questionnaires (33). Marshall
et.al. reported that 90% of the estimates by spouses
and by respondents to food-frequency question-
naires are within one frequency category of each
other (34). In our study, associations between
magcronutrients and ALS occurrence still remained
after excluding the data obtained from proxy
sespondents . (data not shown). These: findings
suggest that the effect of our collection method on
subjects’ responses would be minimal.

Qur current investigaton had methodolegical
strengths. that were identified according to the most
recent.diagnostic criteria, and adjustment was made
for-gxtensive potential confounders.

In:summary; the present study suggests that high
intakes of carbehydrate and low intakes of fat may,
when combined, increase the risk of ALS. Larger
studies-with:mare detailed information are needed to
draw -2 firm conclusion on whether fat intake,
including fatty acids, confers protection against

S in Japan. Further investigations of Western
«populatlons are:also required to assess the effects of
macronutrients on ALS.
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Immunohistochemical expression of IGF-I
and GSK in the spinal cord of Kii and
Guamanian ALS patients

Tameko Kihira,'? Ai Suzuki,! Tomoyoshi Kondo,' Ikuro Wakayama,? Sohei Yoshida,?
Kazuko Hasegawa® and Ralph M. Garruto*

'Department of Neurology, Wakayama Medical University, Wakayama City, Wakayama Prefecture, 2Kansai University of
Health Sciences, Kumatori, Osaka Prefecture, *Sagamihara National Hospital, Sagamihara, Kanagawa Prefecture, Japan,
and *The State University of New York at Binghamton, Binghamton, New York, USA

Insulin-like growth factor-1 (IGF-I) is a potent survival
factor for motor neurons in animals, and glycogen synthase
kinase-3f3 (GSK-3P) is suspected to play roles in apoptosis
and tau phosphorylation. Here we report the immunologi-
cal expression of IGF-I, GSK-3p, phosphorylated-GSK-
30/B (p-GSK-30/B) and phosphorylated-tau in the spinal
cord and hippocampus of Kii and Guam amyotrophic
lateral sclerosis (ALS) patients. Sixteen ALS patients (10
Japanese sporadic, 3 Kii and 3 Guam ALS) and 14 neuro-
logical controls (10 Japanese and 4 Guamanian) were exam-
ined. The immunoreactivity for each antibody was rated by
the percentages of positive neurons to total anterior horn
neurons in each patient and was analyzed statistically. Many
normal-looking neurons from Japanese sporadic ALS, Kii
ALS and Guam ALS patients, as well as from Japanese and
Guam controls, were positive for anti-IGF-I antibody. A
positive correlation between IR scores for anti-IGF-I anti-
body and clinical durations of Japanese sporadic ALS
patients was found in this study (P < 0.0001). This suggested
that IGF-I might have a protective effect against ALS
degeneration. In Japanese sporadic ALS patients, abnormal
as well as normal-looking neurons showed significant high
IR scores for anti-GSK-3f antibody than those of controls.
Anterior horn neurons from Guam and Kii ALS patients
characterijstically showed weak staining for anti-GSK-3p
antibody but were markedly positive for anti-pGSK-30/
antibody compared to those from both Japanese controls
and Japanese sporadic ALS patients, and showed the
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co-localization of IGF-I and p-GSK-3o/B. This suggested
that the IGF-I signaling pathway in Guam and Kii ALS
patients might function to phosphorylate GSK-3f to protect
neurons from ALS degeneration. Neurofibrillary tangles
(INFTs) in the hippocampus and spinal cord from Kii and
Guam ALS patients showed the co-localization of PHF-tau
and p-GSK-30/B by a confocal laser scanning technique.
The predominant expression of p-GSK-30/p compared to
GSK-3p in spinal motor neurons and the co-localization of
p-GSK-30/f and PHF-tau in NFI-laden neurons in the
hippocampus and spinal cord were characteristic findings of
Kii and Guam ALS patients.

Key words: GSK-3B, Guam-ALS, IGF-], Kii-ALS, phos-
phorylated GSK.

INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a neurodegenera-
tive disease that affects upper and lower motor neuron
systems. The Koza/Kozagawa area and Hobara area in the
Kii Peninsula and Guam Island were high incidence areas
of ALS between the 1950s and 1980s.!? Although the high
incidence in Guam has disappeared,® high incidences of
ALS have continued in focus areas in the Kii Peninsula.**®
ALS patients in these focus areas showed upper and lower
motor neuron signs with/without parkinsonism or a long
clinical duration and the characteristic appearance of
NFTs, especially in the temporal cortex, hippocampus,
amygdala, hypothalamus, brainstem and spinal cord.® Many
ALS patients from the Hobara area in Kii Peninsula and
Guam Island have familial traits, but those from the Koza/
Kozagawa area in Kii Peninsula are almost always sporadic
cases.** Although gene analysis, including a superoxide dis-
mutase 1, tau, apoE and neurofilament heavy chain, has
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been performed, gene abnormalities were not found in
ALS patients from the focus area in the Kii Peninsula.’

There are many hypotheses about the pathogenesis of
sporadic and Kii ALS, including glutamate-induced excito-
toxic injury, oxidative damage, exposure to toxins such as
compounds in cycad seeds or minerals, disorganization of
intermediate filaments and loss of neurotrophic support
for motor neurons such as IGF-I, glial cell line-derived
neurotrophic factor (GDNF), brain-derived neurotrophic
factor (BDNF), and vascular endothelial growth factor
(VEGF) ¥

IGF-I is a potent neuroprotective survival factor for
motor neurons, acting as a major neurotrophic factor
and promoting neuronal proliferation and differentiation
during normal brain development. The biological functions
of IGF-I are mediated by binding to the extra-cellular
domain of IGF-I receptor (IGF-IR), which leads to phos-
phorylation and activation of the downstream signaling
cascades for cell survival, namely the phosphatidylinositol
3-kinase (PI3-K)/P-Akt pathways.!®? Glycogen synthase
kinase-3B (GSK-3p), a serine threonine kinase, is a critical

downstream element of the PI3-K/P-Akt cell survival
pathway, and its activity can be inhibited by Akt-mediated
phosphorylation and down-regulated by phospho-GSK-
30/B. GSK-3p is suspected to play roles in inflammation,
apoptosis and tau polymerization'**; however, little infor-
mation is available on changes in IGF-I and GSK-3p series
expressions in the spinal cord of ALS. In the present study
we reported immunoreactivity of the IGF-I and GSK-3[
signaling pathways in the spinal cord of ALS patients, with
special reference to Kii and Guam patients.

MATERIALS AND METHODS

Patients

Sixteen ALS patients (10 sporadic Japanese ALS patients,
3 Kii ALS patients with long clinical duration,3 Guam ALS
patients with short clinical duration) and 14 neurological
controls (10 Japanese patients, 4 Guam patients) were
examined (Table 1). Controls 1-14 did not show any clini-
cal signs or histological findings of spinal cord involvement.

Table 1 Sixteen amyotrophic lateral sclerosis (ALS) patients and 14 neurological controls were examined

Sex Age at  Duration  Family history Clinical diagnosis Spinal cord  Pathological
death examined findings

J-control-1 F 78 6Y6M - Parkinson disease L -
J-control-2 M 72 6YTM - Parkinson disease L -
J-control-3 M 61 9Y - Left putaminal hemorrhage C -
J-control-4 F 79 3Y - Ileus L -
J-control-5 F 53 oM - Gastric cancer L -
J-control-6 F 58 15Y - Diabetic neuropathy L -
J-control-7 F 58 M - Pancreatic carcinoma L -
J-control-8 F 64 30Y - Limb-girdle muscular dystrophy C -
J-control-9 M 59 ™ - Suprasellar lymphoma C -
J-control-10 F 64 1Y - Cholangioma L -
G-control-11 F 68 u.c. - Uremia L -
G-control-12 M 56 u.c. - Liver cirrhosis L -
G-control-13 F 65 u.c. - Cerebral hemorrhage L -
G-control-14 M 63 u.c. - Pulmonary embolism L -
Mean £ S.D. 64.1 8.9 -

MND-1 F 61 18Y - Kii ALS L +
MND-2 F 54 20Y - Kii ALS L +
MND-3 M 37 6YSM - Kii ALS L ++
MND-4 M 43 2Y5M - J-sporadic ALS L +
MND-5 M 53 3Y3M - J-sporadic ALS L ++
MND-6 F 55 2Y2M - J-sporadic ALS L ++
MND-7 M 67 1Y8M - J-sporadic ALS L +
MND-8 M 60 1YOM - J-sporadic ALS L ++
MND-9 M 72 2Y3M - J-sporadic ALS L +
MND-10 M 68 1Y10M - J-sporadic ALS L ++
MND-11 M 68 3M - J-sporadic ALS L +
MND-12 F 65 6Y8M - J-sporadic ALS L +
MND-13 M 62 1Y4M - J-sporadic ALS L -
MND-14 F 52 2Y - Guam ALS L ++
MND-15 F 54 3y - Guam ALS L ++
MND-16 M 72 2Y - Guam ALS L +

Mean £ S.D. 58.9 10.0

Pathological findings were shown as —: negative~minimum, -+ mild, ++: moderate, +++: severe neuronal loss with gliosis.
C, cervical spinal cord; G-control, Guam-control; J-control, Japanese control; L, lumbar spinal cord; M, months; u.c., unclear; Y, years.
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Table 2 The antibodies used in immunohistochemistry are shown in (a), and antibodies for triple staining by confocal laser scanning are

shown in (b)

(a) Antibody Species Source Dilution
IGF-1 Mouse mAb Chemicon International, USA 1:60
IGF-IR Mouse mAb Chemicon International, USA 1:100
Phospho-Akt (Serd73) Rabbit mAb Cell Signaling Technology, USA 1:50
Phospho-Akt (Thr308) Rabbit mAb Cell Signaling Technology, USA 1:100
GSK-3B Rabbit mADb Cell Signaling Technology, USA 1:100
Phospho-GSK-30/8 (Ser21/9) Rabbit polyclonal Cell Signaling Technology, USA 1:100
PHF-Tau (AT-8) Mouse mAb Innogenetics, Ghent, Belgium 1:500
(b) Antibodies for triple stainings by Species Source Secondary antibody
a confocal laser scanning

IGF-1 Mouse mADb R&D Systems, USA Alexad88(anti-mouse IgG)
GSK-38 Rabbit mAb Cell Signaling Technology, USA Alexa350(anti-rabbit 1gG)
Phospho-GSK-3 ao/f (Ser21/9) Goat polyclonal Santa Cruz, CA Alexa594(anti-goat 1gG)
PHF-tau Mouse mAb Innogenetics, Ghent, Belgium Alexad88(anti-mouse IgG)
GSK-3B Rabbit mAb Cell Signaling Technology, USA Alexa350(anti-rabbit 1gG)
Phospho-GSK-3 o/p (Ser21/9) Goat polyclonal Santa Cruz, CA Alexa594(anti-Goat IgG)

PHE, paired helical filament; GSK, glycogen synthase kinase.

Control 7 showed metastasis on the spinal dura mater
without invasion into the spinal cord.

Immunohistochemistry

The cervical and lumbar spinal cords and hippocampus
were obtained at autopsy and were immersed in formatin.
The duration of formalin fixation was 2 months in both
ALS patients and controls. From each case, 6-um
paraffin-embedded sections were cut and subjected to
immunohistochemical, histometric, confocal laser scan-
ning and routine histological examinations, including HE,
Bodian and K-B staining. Immunohistochemical examina-
tions were performed using the ABC system (Vectastain
DAB kit, Vector Laboratories, Burlingame, CA, USA)
and visualization with 3, 3’-diaminoventidine (DAB). The
sections were pretreated with 0.3% hydrogen peroxide in
PBS for 30 min at room temperature (RT) to reduce non-
specific staining by endogenous peroxidase. After rinsing
twice with PBS, sections were blocked with 2.5% normal
bovine serum in PBS at RT for 30 min. Primary antibod-
ies were applied to the sections overnight at 4°C. The sec-
tions were then incubated with peroxidase-streptavidin
conjugate (Elite Kit: Vector Laboratories, Burlingame,
CA, USA), and the binding of primary antibodies was
visualized by DAB (Wako Pure Chemical Industries,
Tokyo, Japan) and 0.02% hydrogen peroxide. The anti-
bodies used are shown in Table 2a. For confocal laser
scanning microscopy examination, rabbit anti-IGF-I
antibody was mixed with either anti-GSK-3j, anti-p-
GSK-30/B or anti-tau antibodies, and incubated with sec-
tions overnight at 4°C. After rinsing twice with PBS, the
sections were incubated with fluorescent-labeled second
antibodies for tau for 2 h at RT (Table 2b). Triple immu-
nolabeling was visualized using a Radiance 2100/K-2

Confocal Laser Scanning Microscope System (Bio-Rad
Japan, Tokyo, Japan) with LaserSharp2000 software
according to the manufacturer’s instructions. To avoid the
effects of auto-fluorescence from lipofuscin, Sudan black
B pretreatment was performed.’® As a negative control,
sections were treated with non-immunized IgG or the
primary antibody was omitted; neither of these control
methods produced marked staining.

Histometry

Immunoreactivity for anti-IGF-I, GSK-3B and p-GSK-
30/B antibodies was rated by the percentage of immunopo-
sitive neurons to total neurons in the anterior horn of the
spinal cord which were counted in two sections (30 pm
intervals) for IGF-I and in one section for each GSK-3f
and p-GSK-30/p in each patient using the nucleus (> 10 m
in diameter) as a marker. Neurons were morphologically
classified as normal-looking, chromatolytic, atrophic and
degenerative, as mentioned in the previous study” The
abnormal neurons in this study were defined as chroma-
tolytic, atrophic or degenerating. The correlation between
the percentage of immunopositive neurons and clinical
duration of ALS was examined.

The area used for histometrical examination was the
anterior part from the line vertical to the anterior median
fissure through the central canal.

Statistics

Statistical comparisons were made by Mann-Whitney
U-test and Wilcoxon test, using P < 0.05 as the significance
level. Pearson’s correlation coefficient and the regression
coefficient were calculated.
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Fig.1 Anterior horn neurons in spinal cords from a Japanese control (J-contro}-1, A~E) were mildly positive for anti-IGF-I antibody (A),
markedly positive for anti-IGF-IR (B) and anti-p-(Thr308)-Akt antibodies (C), and positive for anti-glycogen synthase kinase-3b (anti-
GSK-3p) (D) and anti-p-GSK-30/B antibodies (E). Those from a Guam control (G-control-14, P-T)) showed a similar staining pattern for
these antibodies (P-S), except for p-GSK-30/f antibody, for which they showed marked positive staining (T). A sporadic Japanese
amyotrophic lateral sclerosis (ALS) patient motor neuron disease (MND)-4 (F-J) was mildly positive for anti-IGF-I (F), anti-IGF-IR (G),
anti-p-(Thr308)-Akt antibodies (H) and weakly positive for anti-p-GSK-30/8 antibodies (J), showing marked positive staining
for anti-GSK-3p antibodies (I). In a Kii ALS patient (MND-3, K-O), anterior horn neurons were markedly positive for anti-IGF-I (K),
anti-IGF-IR (L), anti-p-Thr(308) Akt (M) and anti-p-GSK-3¢/B antibodies (O); however, they showed weak staining for anti-GSK-38
antibody (N). Anterior horn neurons from a Guam ALS patient (MND-14, U-Y) were mildly positive for anti-IGF-1 (U) and markedly
positive for anti-IGF-IR (V), anti-p-(Thr308)-Akt (W) and anti-p-GSK-30/B antibodies (Y); however, they showed weak staining for
anti-GSK-3f antibody (X). Immunohistochemical examinations were performed using the ABC system and visualization with DAB, and
were counterstained with hematoxylin. A bar indicates 50 pm.

RESULTS mildly positive for anti-p-GSK-30/p antibodies (Fig. 1E).
Staining for anti-p-(Serd478)-Akt antibody was mild in
these neurons (data not shown). Guam controls also

showed a similar staining pattern with these antibodies

Immunostaining

The cytoplasm of normal-looking anterior horn neurons in
the spinal cords of Japanese controls were mildly positive
for anti-IGF-I antibody (Fig. 1A), markedly positive for
anti-IGF-IR (Fig. 1B) and anti-p-(Thr308)-Akt antibodies
(Fig. 1C), scattered positive for anti-GSK-3p (Fig. 1D), and
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(Fig. 1P-S), except for p-GSK-30/B antibody, which
showed marked positive staining (Fig. 1T). Sporadic Japa-
nese ALS patients were mildly positive for anti-IGF-I
(Fig. 1F), anti-IGF-IR (Fig. 1G), and anti-p-(Thr308)-Akt
antibodies (Fig. 1H), and weakly positive for anti-p-GSK-
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