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Sleep- and Non-Sleep-Related
Hallucinations — Relationship to Ghost Tales
and Their Classifications

Hirokazn Furuya and Koji Ikezoe
National Omuta Hospital and Kyushu University

Hiroshi Shigeto and Yasumasa Ohyagi
Kyushu University

Hajime Arahata, Ei-ichi Araki, and Naoki Fujii
National Omuta Hospital

To categorize four types of sleep- and non-sleep-related hallucinations experi-
enced by normal people and classify ghost or ghost-like stories by these catego-
ries. A total of 183 reliable tales of ghosts [41 from “Tohno Monogatari” (Tohno
Folktales) and 142 from “Nihon Kaidan Shu” (Ghosts Tales of Japan)] are
classified into hallucinations that are sleep-related hallucinations [hypnagogic
hallucination-like (HyH) and REM sleep behavior disorder or somnambulism-
like (RBDS) tales] and sleep-unrelated [vivid hallucination-like (VH) and high-
way hypnosis-like (HHy) tales] according to the criteria. Sixty to 70% of these
tales can be classified into these four types of hallucinations. Further, sleep-
related hallucinations increased from 17.0% to 36.6% in about 40 years. Our
criteria will be useful to classify hallucinations experienced by normal people and
to elucidate the mechanisms of these kinds of hallucinations experienced in
neurodegenerative or psychological disorders.
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disorder, somnambulism (sleepwalking), the vanishing hitchhiker, progressive posterior
cortical atrophy, Charles-Bonnet syndrome

Supplemental materials: http://dx.doi.org/10.1037/a0017611.supp

Hirokazu Furuya and Koji Ikezoe, Department of Neurology, Neuro-Muscular Center, National
Omuta Hospital, Fukuoka, Japan; and Department of Neurology Neurological Institute, Graduate
School of Medical Sciences, Kyushu University, Fukuoka, Japan; Hiroshi Shigeto, Department of
Neurophysiology, Neurological Institute, Graduate School of Medical Sciences, Kyushu University,
Fukuoka, Japan; Yasumasa Ohyagi, Department of Neurology, Neurological Institute, Graduate School
of Medical Sciences, Kyushu University, Fukuoka, Japan; and Hajime Arahata, Ei-ichi Araki, and Naoki
Fujii, Department of Neurology, Neuro-Muscular Center, National Omuta Hospital, Fukuoka, Japan.

This study was supported in part by a Research Grant (H18-pharmaco-002) for the Research on
Advanced Medical Technology, and a Research Grant (H21-Nanchi-Ippan-067) for the Incurable
Disorders from the Ministry of Health, Labor and Welfare of Japan.

Supplements 1, 2, and 3 are online appendixes.

Correspondence concerning this article should be addressed to H. Furuya, Department of Neu-
rology, Neuro-Muscular Center, National Omuta Hospital, Tachibana 1044-1, Omuta, Fukuoka 837-
0911, Japan. E-mail: furuya@neuro.med.kyushu-u.ac.jp or furuya@oomuta.hosp.go.jp

232

Dreaming © 2009 American Psychological Association
2009, Vol. 19, No. 4, 232-238 1053-0797/09/$12.00 DOL: 10.1037/a0017611



Sleep and Non-Sleep Related Hallucinations 233

Although there are many ghost or ghost-like stories in various cultures around
the world, only two types are currently considered to arise from neurophysiologic
and psychiatric mechanisms. One is the hypnagogic hallucination usually observed
in narcolepsy, when experienced by normal people without other diagnostic crite-
ria, and the other is “highway hypnosis” (Sagberg, 1999), in which fear is a
component. Highway hypnosis is illustrated by tales such as “The Vanishing
Hitchhiker” (Brunvand, 1981) in the United States and “The Ghost Getting into
the Taxi” (Konno, 1975) in Japan. Recently, we suggested the possibility that the
vivid visual hallucinations seen in progressive posterior cortical atrophy (PCA)
share a similar mechanism with some of the ghost tales experienced by normal
people (Furuya, Ikezoe, Ohyagi, Miyoshi, & Fujii, 2006). Furthermore, reports of
rapid eye movement (REM) sleep behavior disorder (RBDS) or somnambulism
(sleepwalking), sometimes resulting in violence to the bed partner, while the
dreamer is dreaming of a ghost or monstrous creature (Stores, 2007) are becoming
more common.

In this paper, we suggest two new classifications and outline the criteria of four
types of sleep- and non-sleep-related hallucinations experienced by normal people
and use them to classify the ghost or ghost-like stories.

METHOD
Sources of Ghost Tales

To exclude made-up stories or fiction, we choose collections of tales by two
Japanese folklorists. One is the “Tohno Monogatari (Tohno Folktales),” which was
originally published in 1910 (Yanagita, 2006) (Supplement 1). In this book, more
than 300 short verbal records of face-to-face encounters with ghost in the early 20th
century are recorded. The other is the “Nihon Kaidan Shu (Ghosts Tales of Japan)”
(Konno, 1975), in which about 200 tales of ghosts published in newspapers or
general-interest magazines by the original reporter from 1874 to 1969 are collected
(Supplement 1).

Classification of Four Types of Hallucination

According to the several review papers (Furuya et al., 2006; Stores, 2007), we
developed diagnostic criteria consisting of a central and core features to classify the
ghost tales as far as possible into the four types described below (see Table 1).

1. Hypnagogic Hallucination-Like Ghost Tales

This type of hallucination is in principle the hypnagogic hallucination (HyH)
that occurs in narcolepsy patients. The ghost image is not vivid but often rather
vague, and it sometimes accompanied by a cenesthopathy such as an incubus/
succubus, a sense of being touched, or feeling someone’s breath. The ghost some-
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Table 1. Major Criteria for Classification of Ghost Tales of Normal People. (Three Core Features
Are Sufficient for a Definite Diagnosis, Two for a Probable Diagnosis, and One for a Possible
Diagnosis)

1. Hypnagogic hallucination-like ghost tales (HyH)

Central features (essential for a diagnosis of HyH): HyH appears while the experiencer is sleeping
or when they are awakened from sleep.

Core features:

a. The image of the ghost is clear or vague but not very vivid.

b. It sometimes accompanied by cenesthopathy such as an incubus/succubus, a feeling of being
touched or a feeling of breathing.

c. The ghost sometimes speaks, makes a noise, or converses with the experiencer.

Differential diagnosis: narcolepsy, schizophrenia

2. Highway hypnosis-like ghost tales (HHy)

Central features (essential for a diagnosis of HHy): HHy is ‘a tendency to become drowsy and
suddenly fall asleep, sometimes into the REM stage, when driving an automobile.” In HHy, the
conscious and subconscious minds appear to concentrate on different things. Thus, this
hallucination appears while the experiencer does not recognize the change of consciousness
level.

Core features:

a. The sleep- or trance-like state can occur with the driver (experiencer) sitting in an upright
position and staring ahead.

b. The image of ghost is usually clear but sometimes vague.

c. The ghost sometimes speaks or has a conversation with the experiencer.

Differential diagnosis: complex partial seizure, temporal lobe epilepsy

3. REM sleep behavior disorder or somnambulism like ghost tales (RBDS)

Central features (essential for a diagnosis of RBDS): In REM sleep behavior disorder (RBD), the
loss of motor inhibition leads to a wide spectrum of behaviors during sleep. In the case of
somnambulism, it is usually defined by, or involves the person performing normal actions as if

| awake. Thus, RBDS is closely related to sleep.

| Core features:

? a. The experiencer of RBD often has a dream at the same time, which convinces him/her that the
events were real.

b. The experiencer notices an abnormality in the bedroom or the experiencer himself or a bed
partner after awoken, when the RBD is accompanied by somnambulism.

c. The image of ghost is not as clear as it is in HHy because it is a part of dream.

Differential diagnosis: early stage of DLB (Parkinsonism), drug abuse (including alcoholism),
malingering disorder

4. Vivid hallucination-like ghost tales (VH)

Central features (essential for a diagnosis of VH): VH is similar to the hallucination occurred in
the patient of diffuse Lewy body disease (DLB) or Charles-Bonnet syndrome (CBD). The ghost
appears without any relation to sleep.

Core features:

a. The image of ghost is clear or vivid.

b. Hallucinations are purely visual (that is, the ghost never talks or tries to touch the experiencer,
and the image of the ghost is very clear and vivid.)

c. The ghost vanishes into air when the experiencer tries to touch it or throw something at the
ghost.

Differential diagnosis: early stage DLB (Parkinsonism), CBD, drug abuser (including alcoholism),
schizophrenia

times speaks, makes a noise, or shakes the bed or room, and on rare occasions,
converses with the sleeper.

A typical HyH-like ghost tale follows:

One night in July 1961, Mr. Ishida, a chief mechanic, had a dream of a sailor while he was
sleeping in a dormitory room at Tsuiki Air Force Base, Kitsuki County in the nap room at
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Tsuiki Airforce Base, Fukuoka Prefecture, which was a commando-type air force case during
World War II. The sailor wore a uniform and said that he had been killed by being caught
in a spinning airplane propeller. While he was dreaming, Mr. Ishida felt a heavy weight in his
breast and couldn’t move an inch, though he struggled to. Mr. Ishida examined the history
of this air force base and learned that there had been such an accident in the past.
[Newspaper story, Nishi Nippon Shinbun (Western Japan Newspaper), 1961; Konno, 1975].

2. Highway Hypnosis-Like Ghost Tales

Highway hypnosis (HHy; “white-line fever” or “the vanishing hitchhiker”
Brunvand, 1981) has been defined as a tendency to become drowsy and suddenly
fall asleep, sometimes into the REM stage, while driving an automobile (Sagberg,
1999). Theoretically, highway hypnosis is a kind of mental state that also occurs
when a person concentrates on a simple mechanical task, so it may happen in a
relatively frequently and in common situations; for example, workers performing
simple repetitive tasks while deprived of sleep and walkers concentrating on the
road in the night with the aid of faint light of lantern may experience highway
hypnosis. Thus, this type of hallucination seems to be unrelated to sleep at first, and
the hallucinator does not recognize the change in consciousness level. The image of
the ghost is usually clear but sometimes vague.

A typical HHy-like ghost tale follows:

It is said that a ghost appeared at Horaga Tohge (Horaga Mountain Path) on the Hirakata
bypass road at the border between Osaka and Kyoto Prefectures. Three years before, on a
summer night, a taxi driver working in the Kyoto area was driving back from the Osaka area.
He saw a lady in white clothing standing beside the road with her hand raised. When he
stopped the taxi, she got in. After driving several minutes, he felt an abnormal sensation and
turned back to the rear seat to find no one there. He stopped the taxi and carefully looked
for her, but he couldn’t find a trace of her existence. He drove the taxi with fear. Another
taxi driver picked up a woman with disheveled hair, but she also disappeared while he was
driving. Other drivers said that the passenger was male, and yet others said the passenger was
accompanied by children. [Shukan Yomiuri (Weekly Journal Yomiuri), 1968; Konno, 1975].

3. REM Sleep Behavior Disorder or Somnambulism-Like Ghost Tales

In REM sleep behavior disorder (RBD), the loss of motor inhibition leads to
a wide spectrum of behaviors during sleep. Somnambulism, which sometimes
accompanies RBD, is usually defined by or involves the person performing normal
actions as if awake (walking, opening/closing a door or window, and other acts;
Stores, 2007). The sleeper thinks that someone or something like a ghost or
monstrous creature has entered in the bedroom and done something. Thus, the
RBD or somnambulism-like (RBDS) tale is closely related to sleep. Although it is
well known that the RBD is related to REM sleep and somnambulism is related to
non-REM sleep, we classify them into the same group (RBDS) in this paper
because it is sometimes hard to separate them only from the report (Stores, 2007).

A typical RBDS-like ghost tale follows:

There is a small city named “Bac Nihn,” located 50 km southwest of the capital of Indochina
(Viet Nam). In 1943, in the middle of World War 11, many people were killed in the battle
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between Japanese and French regiments. After the battle, the Japanese army occupied the
French base camp. The Japanese lieutenant colonel lived on the third floor of this building.
One August night, the lieutenant had a strange nightmare. Two or three days later, he
noticed that all the windows on this floor were open in the morning, although he was certain
he had closed them tightly the night before to prevent mosquitoes from entering the room.
During the next night, the lieutenant was awakened by a feeling of tightness in his chest and
was astonished when he unintentionally glanced at the dark edge of the room. A thin
human-like figure lying on the floor suddenly stood up, showing a face without skin or
muscle. It was a human skeleton. The lieutenant jumped up from the bed drawing a Japanese
saber and fought with this skeleton. He swung the sword around and seemed to fight with this
skeleton for one or two hours, but the fight was not settled for the skeleton did not fall down,
even if his sword hit the chest or hand of the skeleton. At the minute dawn broke, the
skeleton immediately disappeared, and the lieutenant colonel found himself sitting on the
floor with the saber. The ghost skeleton appeared in his room for three consecutive nights
while the lieutenant slept in his bed. In the fourth day, he sat up the whole night waiting for
the ghost skeleton, but strange to say, it did not appear. [Newspaper story, Shin-Yuh-Kan
Newspaper, Osaka, 1959; (Konno, 1975)].

4. Vivid Hallucination-Like Ghost Tales

Vivid hallucination (VH) is similar to the hallucinations that occur in patients
with diffuse Lewy body disease (DLB), some types of dementia with Parkinson’s
disease (Diederich, Goetz, & Stebbins, 2005; Nagahama et al., 2007), and Charles-
Bonnet syndrome (CBS) (Terao & Collinson, 2000; Furuya et al., 2006). The ghost
appears without any relationship to sleep at first and is a purely visual hallucination.

A typical VH-like ghost tale follows:

This story is summarized as follows. One night, when Mr. Shinya Nishimaru was 23 years old,
he saw a lady leaning on a concrete wall for the first time. Although it was a dark, moonless
night, he noticed the pattern of her clothing, eyes, and the outline of her face precisely. He
could even see two or three hairs falling on her face. He continued to stare at her, but she
disappeared as soon as he’d crossed in front of her and she had come to the end of his visual
field. Although he tried to touched her or hit her with a club, she disappeared as soon as he
touched her clothes. He tried to communicate with her in some way, she only stared him
without saying a word. At first, she appeared only outdoors, but she began to appear in front
of the house of an acquaintance, and after one year, beside his sleeping bed. For several
weeks, he ignored her, but one night, she looked directly at him. It really gave him a fright.
He could hardly sleep a wink for several days, which felt like a mortal blow to his life. So he
fled the town. After he had returned to Tokyo, the ghost never appeared again. [by Shinya
Nishimaru, Ghost in Kamaishi City (extract), “Michi-e-no-ashi-ire” originally published in
1959 (Furuya et al., 2006)].

Classification and Analysis of Tales
The above tales are classified by the criteria described above in Table 1.
Detailed classifications of each tale are also listed in a supplemental file (Supple-
ment 2),

RESULTS

We analyzed 41 tales from the “Tohno Folktales” (Supplement 1) and 142 tales
from the “Ghosts Tales of Japan” (Supplement 1). The classifications of these tales
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are shown in Table 2. Although there were almost 40-50 years between these two
sources, 60.9% (“Tohno Folktales”) to 67.5% (“Ghosts Tales of Japan™) of all tales
were classified into four types (HyH, HHy, RBDS, and VH, Table 2). In the
“Tohno Folktales,” 17% of the tales of ghosts were sleep related (SR: HyH and
RBDS), and 43.9% were non-sleep-related (NSR: HHy and VH), and the ratio of
SR had increased in “Ghosts Tales of Japan” to 36.6%, while 31.0% were non-
sleep-related (SRINSR = 36.6%:31.0%).

DISCUSSION AND CONCLUSION

Based on our criteria, almost two thirds of the reliable ghost tales were
classified into four types of hallucination, which means that most of them are
attributable to the same mechanisms as neurophysiological and neurodegenerative
or psychological disorders. These results also suggest the possibility that criteria
may be useful to classify the hallucinations experienced by people with neurological
disorders in order to clarify the mechanism.

Although few people in the world believe these sometimes incredible stories
today, several news stories reported rumors of ghosts after the disastrous tsunami
in Thailand in 2004 (Ghost stories of Koh Phi Phi Don, Thailand. (2005). Shu-kan
Shincho (Weekly Shincho). Tokyo: Shincho Sha, 13 Jan. 2005. P. 34 (Supplement
3). Even today, rumors of ghosts become common in areas afflicted by great
disasters and stir up unrest among the residents. In addition, members of cults or
fanatical religious communities often have epiphanic experiences, which are in-
duced by sleep deprivation or prolonged repetition of a simple task. These cult
members sometimes complain of hallucinations at an early stage and are slowly
influenced by harmful psychological effects. These criteria are so simple that every
clinician who is consulted by such a patient can analyze the pattern of the halluci-

Table 2. Classification of Ghost Tales or Ghost-Like Stories in Japan

The Tohno Folktales Ghosts Tales of Japan
(41 tales; Yanagita, 2006) (142 tales; Konno, 1975)

1. HyH 6/41 (14.6%) 50/142 (35.2%)
Definite 1 4
Probable 3 29
Possible 2 17

2, HHy 4/41 (9.8%) 14/142 (9.86%)
Definite 0 4
Probable 1 9
Possible 3 1

3. RBDS 1/41 (2.4%) 2/142 (1.41%)
Definite 0 1
Probable 0 1
Possible 1 0

4, VH 14/41 (34.1%) 30/142 (21.1%)
Definite 0 4
Probable 11 20
Possible 3 6

5. Unclassifiable 16/41 (39.0%) 46/142 (32.4%)
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nation easily. Not only neurologists and psychologists, but general physicians
should pay attention to such complaints.

In conclusion, we propose the possibility that two thirds of the ghost tales may
be classified into one of four types of hallucinations experienced by normal people.
Such hallucinations may share the same mechanisms as neurodegenerative or
psychological disorders.
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Abstract. Presenilin 1 (PSI) gene mutations are the major causes of early-onset familial Alzheimer’s disease. Acceleration
of apoptosis is one of the major pathogenic mechanisms of PS1 mutants, and PS1 mutants have also been reported to induce
overproduction of amyloid-{3 protein 42. Here, we investigated aberrancy in activation of initiator caspases related to two PSJ
gene mutations, [143T and G384A. Acceleration of apoptosis, elevation of caspase-3/7 activity, and significant increases in
caspase-4, -8 and -9 activities during apoptosis induced by several agents were found in these mutant PSi-transfected cells.
Interestingly, thapsigargin treatment enhanced caspase-4 and -9 activities in I143T-mutant PS1-transfected cells, while hydrogen
peroxide treatment enhanced caspase-4, -8 and -9 activities in G384A-mutant PS1-transfected cells, indicating diverse apoptosis-
promoting effects of PSI gene mutations. In addition, treatment with a 3-secretase inhibitor or -y-secretase inhibitor significantly
attenuated the effects of the PS1 mutants on caspase-3/7 activation and recovered cell viability. Our present data suggest that
these PS1 mutants accelerate the activation of initiator caspases and promote apoptosis, which may be associated, at least in part,
with amyloid-3 production.

Keywords: Alzheimer’s disease, apoptosis, caspase, presenilin, J-secretase, -y-secretase

INTRODUCTION this may result in cognitive dysfunction and dementia

in AD [3]. Recently, a novel 56-kD A4 oligomer,

Alzheimer’s disease (AD) is the most devastating
and common dementia in elderly people. To date,
the amyloid-3 protein (Af), an approximately 4-kD
protein derived from the amyloid-3 protein precursor
(ABPP), has been suggested to play a major role in the
pathogenesis of AD [1]. AS ending at amino acid 42
(AB42) is a minor but pathogenic form with high ag-
gregativity and neurotoxicity [2]. Extracellular Af5 49
forms oligomers that are toxic towards synapses, and

*Corresponding author: Yasumasa Ohyagi, MD, 3-1-1 Maidashi,
Higashi-ku, Fukuoka 812-8582, Japan. Fax: +81 92 642 5352;
E-mail: ohyagi@neuro.med.kyushu-u.ac.jp.

namely Af3*56, has been reported [4].

One of the major causes of early-onset familial AD
(FAD) is mutations in the presenilin (PS) I and PS2
genes [5]. PS1/2 have been reported to reside in the
endoplasmic reticulum (ER)-Golgi compartment [6],
lysosomal membrane [7], lipid rafts [8], plasma mem-
brane [9], and even in mitochondria {10]. PS1/2 are
multifunctional proteins, and one of their major func-
tions is y-secretase activity by forming the y-secretase
complex with nicastrin, Aph-1 and Pen-2 [11]. ~-
secretase cleaves the C-terminal fragment of AGPP to
generate AS and AGPP intracellular domain (AICD),
although many other proteins, such as Notch-1, have
also been reported to be its substrates [12]. Also,

ISSN 1387-2877/09/$17.00 © 2009 — IOS Press and the authors, All rights reserved



552 K. Miyoshi et al. / Enhancement of caspase activation by PSI mutants

PS1/2 regulates intracellular Ca?t homeostasis, pro-
tein trafficking, 8-catenin stability and protein degrada-
tion, indicating that it is multi-functional [13]. There-
fore, various pathogenic mechanisms of PSI1/2 gene
mutations have been suggested, such as increased
Af4 generation [14], increased vulnerability to ER
stress [15], disruption of intracellular Ca?* homeosta-
sis [16] and ultimate acceleration of apoptosis process-
es [17]. Neuronal apoptosis may also contribute to
sporadic AD [18]. Various caspases are activated dur-
ing apoptosis. Some major apoptosis pathways, the
Fas-receptor-mediated pathway, mitochondrial path-
way, and ER stress pathway, are well known, and
caspase-8, -9 and -4/12 are specific initiators or effec-
tors of these pathways, respectively [19]. Caspase-3
activation is the ultimate common pathway at the fi-
nal stage of the apoptosis process. To date, no direct
evidence for the effects has been obtained by measur-
ing the specific activation of these initiator caspases in
mutant PS/ gene-transfected cells. Two types of PS1
gene mutations, 1143T and G384A, were reported in
Belgian families with early-onset FAD [20]. These mu-
tations were reported not to alter PS1 processing [21],
but to decrease (-catenin stability [22]. 1143 T-mutant
PS1 affects intracellular trafficking of Trk [23], while
G384A-mutant PS1 causes a remarkable increase in
ApB4o generation [24]. Here, we examined whether
apoptosis and activation of initiator caspases are en-
hanced in cells expressing these two mutant PS/ genes
in the same or different manner.

MATERIALS AND METHODS
Cell culture, transfection and apoptosis inducers

Human neuroblastoma cell line SH-SYSY cells were
cultured in DMEM containing 10% fetal bovine serum
(FBS). Human wild-type, I1143T-mutant and G384A-
mutant PS1 cDNAs were subcloned into the pCEP4
vector (Invitrogen, Camarillo, CA, USA) and transfect-
ed to SH-SYSY cells by the calcium phosphate method
or lipofection [23,25]. Stably transfected cells were se-
lected by hygromycin B-containing medium. Control
cells were transfected with vector only. The following
agents were used to induce apoptosis: staurosporine
(STS; Biomol, Plymouth Meeting, PA, USA), a protein
kinase C inhibitor; etoposide (ETP; Sigma), a topoi-
somerase I inhibitor; thapsigargin (TG; Biomol, Ply-
mouth Meeting, PA, USA), an ER Ca%t-ATPase in-
hibitor; MG132 (Calbiochem, San Diego, CA, USA),

a proteasome inhibitor; and hydrogen peroxide (H 5O9;
Sigma), an oxidative stress inducer. These agents, with
the exception of HoO2, were resolved in dimethyl sul-
foxide (DMSO).

Assays for cell viability and activities of caspase-3/7,
-4, -8 and -9

Cultured cells at approximately 80% confluence
were harvested and distributed into 96-well plates at
1 x 10* cells/well, and were cultured on the same
plates for 24 h before the assays. For cell viabil-
ity assays, a CellTiter-Blue™ Fluorometric Viabil-
ity Assay Kit (Promega, Madison, WI, USA) was
used. Since caspase-3 activity is indistinguishable from
caspase-7 activity, caspase-3/7 activity was measured
using the Caspase-Glo™ Reagent (Promega, Madi-
son, WI, USA) with the luminometer (MTP800 AFC
Microplate-Reader; Corona Electric Japan, Tokyo,
Japan).

The caspase-4, -8 and -9 activities were measured
using a Fluorometric Assay Kit (BioVision, Mountain
View, CA, USA). In these assays, Ac-LEVD-AFC,
Ac-IETD-AFC and Ac-LEHD-AFC were used as spe-
cific substrates for caspase-4, -8 and -9, respectively.
Briefly, cells were distributed into 6-well dishes at 1.5
x 108 cells/well, incubated for 24 h and then treat-
ed with the above-described apoptosis-inducing agents.
After lysis of the cells in lysis buffer (50 mM HEP-
ES pH 7.4, 0.1% CHAPS, 5 mM DTT, 0.1 mM ED-
TA), the protein concentrations were determined us-
ing a BCA Protein Assay Kit (Pierce, Rockford, IL,
USA) and adjusted to appropriate concentrations (0.8
1.2 mg/L). The caspase-4,-8 and -9 activities were mea-
sured by the fluorescence levels using a fluorescence
plate reader (MTP800 AFC Microplate-Reader; Coro-
na Electric Japan, Tokyo, Japan). The caspase activities
were expressed as AAFU, and relative activities were
expressed according to the corresponding activities in
control cells treated with each agent.

Western blotting of GRP78, Bid and Bax

Western blotting was performed as reported in our
other report [26]. After treatment with each apoptosis
inducer for 24 h, cells were lysed in 2% sodium dode-
sylsulfate (SDS). Each 10 ug of total protein was elec-
trophoresed in an SDS-15% polyacrylamide gel and
electro-transferred onto a PVDF membrane (Millipore,
Bedford, MA, USA). The membrane was blocked with
5% skim milk in TBST (25 mM Tris-HCI pH7.6, 150
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Fig. 1. Cell viability (left panels) and caspase-3/7 activity (right panels) of SH-SYSY cells after treatments. Treatments are staurosporine (STS)
for 6 h (A), etoposide (ETP) for 48 h (B), thapsigargin (TG) for 24 h (C), MG132 for 24 h (D) or hydrogen peroxide (H2032) for 6 h (E). Control
(Ctl), wild-type PS1-transfected (Wt) and mutant PS1-transfected (I1143T or G384A) cells were examined. Cell viability was expressed relative to
the viability of untreated cells. Caspase-3/7 activity was expressed relative to the corresponding baseline activity. **p < 0.001; ***p < 0.0001.

mM NaCl, 0.1% Tween-20) for 1 h and then incu-
bated with anti-GRP78/Bip polyclonal (1:1,000 dilu-
tion; Imgenex, San Diego, CA, USA), anti-Bid poly-
clonal (1:1,000 dilution; Cell Signaling Tech, Danvers,
MA, USA) or anti-Bax polyclonal (1:1,000 dilution;
Santa Cruz, CA, USA) primary antibodies in TBST
for 2 h at room temperature. The membrane was in-
cubated with the appropriate horseradish peroxidase-
conjugated secondary antibody (1:1,000 dilution; Vec-
tor Lab, Burlingame, CA, USA) in TBST for 1 h,
and antigen-antibody complexes were detected using

an ECL Western Blotting Detection Reagent System
(Amersham Bioscience, Piscataway, NJ, USA).

(B-secretase (BACE) and ~y-secretase inhibitors

The effect of AS on caspase activities was investi-
gated using a [-site AGPP-cleaving enzyme (BACE)
inhibitor and -y-secretase inhibitor. Appropriate con-
centrations were determined according to previous re-
ports for the BACE inhibitor [27] and -y-secretase in-



