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of not 10 mg/kg but 20 mg/kg demonstrated a significant
increase in Fos-like immunoreactivity in the unlesioned
striatum (LaHoste et al, 1993; Pollack and Yates, 1999).
Therefore, the dose (20 mg/kg) used in this study is required
for SKF38393 to induce gene expression of c-fos as well as
Homer 1a in normal rats. A larger dose (more than 1 mg/kg) of
quinpirole might produce a considerable increase in Homer 1a
mRNAs. However, it is unlikely because D, receptor antagon-
ism by haloperidol is reported to induce Homer 1a expression
in the striatum and nucleus accumbens (de Bartolomeis et al.,
2002; Polese et al., 2002).

It has been proposed that Homer 1a modulates neuronal
mechanism involving activation of group I mGluRs since it
competes with the binding of Homer 1b and ic to group I
mGluRs and uncouples mGluRs from IP; receptors for calcium
signaling (Brakeman et al., 1997; Kato et al., 1997). Moreover,
Homer 1a expression induces constitutive activity in mGluR,,
and mGluRs by direct binding to carboxy-terminal intracel-

lular domains of these receptors (Ango et al., 2001). Homer 1a-

may therefore play a critical role in synaptic plasticity and
other neuronal responses induced by glutamate receptor

activation (Kato et al., 1998; Morioka et al., 2001; Bottai et al.,

2002; Nielsen et al., 2002). In the striatum, group I mGluRs are
primarily expressed postsynaptically in striatal projection and
subpopulations of intereurons but also mediate inputs from
corticostriatal glutamatergic afferents and nigrostriatal dopa-
minergic afferents (Testa et al., 1994). Medium spiny neurons
in the striosome (patch), projecting directly to dopamine
neurons of the substantia nigra pars compacta, contain D,
receptors that are colocalized with muscarinic M; and
adenosine A, receptors (Silkis, 2001). Taken together, the
present results imply regulation of basal ganglia function by
Homer 1a expression via D, receptor-mediated mechanism.
Interestingly, Tappe and Kuner (2006) recently demonstrated
that striosomal Homer 1a-expressing mice displayed deficits
in motor performance and enhanced behavioral response to
amphetamine, which effects might be attributed to alteration
of dopaminergic activities.

At present, details of the underlying mechanism for D,-like
receptor-mediated induction of Homer 1a expression are not
fully understood. It is most likely that activation of NMDA
receptor by D, receptor stimulation contributes to Homer 1a
expression because of a functional interaction between D,
receptors and NMDA receptors for calciumn signaling in the
basal ganglia (for a review, see Cepeda and Levine, 1998). In
line with this assumption, SKF38393 potentiated NMDA-
induced currents in medium-sized neostriatal neurons possi-
bly though activation of D, receptors (Cepeda and Levine,
1998). Furthermore, Ca®* influx induced by stimulation of
NMDA receptors led to an increase in Homer 1a mRNA levels
(Sato et al.,, 2001). On the other hand, most of the G-protein
coupled receptors including dopamine receptors and mGluRs
may share direct or indirect bindings with each other {Agnati
et al,, 2003). D; receptors and mGluRs are demonstrated to
form heteromeric receptor complex with adenosine A, and A,
receptors, respectively, via intramembrane protein-protein
binding sites (Gines et al., 2000; Ferré et al., 2002). Such a
molecular interaction between D, receptors and mGluRs may
also enhance Homer 1a induction to disrupt multimeric
Homer 1b and 1c protein complexes with mGluRs.

Co-administration of SKF38393 and quinpirole increased
Homer 1a expression in the striatum and nucleus accumbens,
while this effect was not significantly greater than that of
SKF38393 alone. In contrast, the same treatment enhanced c-
fos expression to a greater extent than SKF38393 did alone in
these regions. In line with the present results, a number of
studies using unilaterally 6-hydroxydopamine-lesioned or
reserpine-induced dopamine depleted animals have demon-
strated a synergic interaction between D, and D, receptors on
expression of the IEGs including c-fos (Keefe and Gerfen, 1995;
LaHoste et al., 1993; Paul et al., 1992; Robertson et al., 1992).
Gerfen et al. (1995) propose that, in addition to stimulation of
D,-containing neurons, D, receptor-mediated inhibition of D,-
containing neurons may contribute to potentiation of D,
receptor-induced neural response, resulting in the synergic
effect on gene expression in the striatum. It is not true of
Homer 1a expression in the striatum and nucleus accumbens,
as demonstrated by this study. Alternatively, D; and D,
receptors may exert an opposite effect on Homer 1a expres-
sion because not only D;-like receptor stimulation (Berke et al.,
1998; Yano et al., 2006) but also D,-like receptor blockade (de
Bartolomeis et al., 2002; Polese et al., 2002} is reported to
increase Homer 1a mRNA levels. However, the possibility that
SKF38393 and quinpirole at the doses used in this study might
be insufficient for synergism of D,-like and D,-like receptors is
not fully excluded. A role of D, receptors in mechanism for
action of Homer 1a has yet to be known. Recently, Olson et al.

" (2005) have demonstrated that the Shank scaffold protein

interacting with Homers (1b-d and 2) via the CC-domain is key
to modulation of striatal L-type Ca?* channels by D, receptors.
It is likely that signal transduction cascade of D, receptors as
well as D, receptors can affect the Shank-Homer-IP; receptor
complex linked with ion channel receptors. Further investiga-
tion still remains to elucidate a possible role of D, receptors
and also its interaction with D, receptors for Homer-mediated
neuronal response in the striatum.

It should also be noted that, despite a lack of a significant
effect of single treatment with either dopamine agonist,
combination of SKF38393 and quinpirole significantly
increased Homer 1a mRNA levels in the hippocampus. This
finding implies a synergic action of simultaneous stimulation
of both D; and D, receptors on Homer 1a expression in this
region. Both dopamine receptors and Group I mGhuRs have
been reported to play an important role in hippocampal
synaptic plasticity (Huang and Kandel, 1995; Otmakhova and
Lisman, 1996; Camodeca et al., 1999; Fitzjohn et al., 1999).
Homer 1a is reported to potentiate synaptic AMPA receptor
function in CA1 pyramidal cells, suggesting an involvement of
Homer 1a in hippocampal synaptic plasticity (Hennou et al.,
2003). It is therefore possible that Homer 1la expression
modulates dopamine-glutamate interactions to regulate the
hippocampal function such as memory cognition. Clearly,
further studies employing immunohistochemical quantifica-
tion need to elucidate Homer 1la expression within the
hippocampus following dopamine agonist treatment because,
in this study, the effect of co-treatment with SKF38393 and
quinpirole on Homer 1a mRNA levels was modest (only +24%
of saline control).

Dopamine agonist treatment in this study had no
significant effect on Homer 1a mRNA levels in the medial
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prefrontal cortex or substantia nigra. This is consistent with
our previous study that dopaminergic activation by metham-
phetamine did not affect Homer 1a expression in either region
(Hashimoto et al., 2004). In the prefrontal cortex, stimulation
of serotonin receptor subtypes rather than dopamine receptor
subtypes may induce Homer 1a expression because lysergic
acid diethylamide (LSD), a hallucinogen displaying potent
agonistic activity at serotonin-5-HT,, and/or 5-HT,c recep-
tors, is reported to increase mRNAs of the IEG Ania3, a splicing
isoform of Homer 1a (Nichols and Sanders-Bush, 2002). The
lack of the ability of dopamine agonists to induce Homer 1a
expression in the substantia nigra was strikingly contrast to
enhanced gene expression of c-fos following the dopamine
agonist treatment (Figs. 2E and 3E). It is likely that Homer 1a
expression following D,-like receptor activation occurs region-
specifically in the striatum and nucleus accumbens that
receive the dopaminergic projection from the substantia
nigra pars compacta and ventral tegmental area, respectively,
suggesting an implication for dendrite spine morphogenesis
(Brakeman et al., 1997; Kato et al., 1997).

In conclusion, this study demonstrates that the dopamine
D,-like agonist SKF38393, but not the D,-like agonist quinpir-
ole, increased Homer 1la mRNA levels in the striatum and
nucleus accumbens. Stimulation of D;-like receptors, but not
D,-like receptors, may thus induce gene expression of Homer
1a in the basal ganglia. However, unlike c-fos expression,
simultaneous stimulation of both D,-like and D,-like receptors
may not exert a synergic action on Homer 1a expression in
these regions. The present results provide further evidence for
an important role of Homer 1a in the molecular mechanism of
dopamine-glutamate interactions in regard to regulation of
the basal ganglia function.

4. Experimental procedures
4.1. Animals

- Male Wistar rats (Kyudo Animal Laboratory, Kumamoto,
Japan) weighing 220-240 g were housed four per cage,
maintained on a 12 h light/12 h dark cycle and given access
to food and water ad libitum. All procedures were done in
accordance with Principles of Laboratory Animal Care (NIH
publication no. 86-23, revised 1985).

4.2. Drugs

The D;-like receptor agonist SKF38393 (SIGMA, St. Louis, MO,
USA) and the D,-like receptor agonist quinpirole (SIGMA) were
dissolved in a physiological saline immediately before
treatment.

43. Drug treatment

Rats were divided into four groups (n=10 per group) and
injected subcutaneously (s.c.) with saline (2 ml/kg), SKF38393
(20 mg/kg), quinpirole (1 mg/kg) or combination of SKF38393
and quinpirole, respectively. The doses of SKF38393 and
quinpirole were chosen on the basis of previous studies
showing them to produce a significant increase in Fos-like

immunoreactivity in rat striatum, as discussed earlier
(LaHoste et al., 1993; Pollack and Yates, 1999).

4.4.  Tissue preparation

All rats were decapitated 1 h or 2 h after drug injection
according to the previous study showing that methampheta-
mine-induced Homer 1la expression reached the maximal
level 2 h after injection (Hashimoto et al., 2004). The brain was
quickly removed and stored at ~80 °C. Serial slices of 300 pm
were made from the removed brain in a cryostat at-12°C, and
five brain regions were dissected freehand with a microknife,
as described previously (Nakahara et al., 1990). Total RNA was
prepared from the brain tissue by the method of Chomczynski
and Sacchi (1987).

4.5. Reverse transcription-polymerase chain reaction
(RT-PCR)

The levels of mRNAs in the discrete brain regions were
quantified by reverse transcription-polymerase chain reaction
(RT-PCR) with an endogenous internal standard, p-actin, as
previously described (Nakahara et al., 1999). RT was performed
on 1 ug RNA for 90 min at 42 °C in a 5 pl reaction mixture
containing 25 mM Tris-HCl (pH 8.3), 50 mM KCl, 5 mM MgCl,,
2 mM dithiothreitol, 1 mM each deoxynucleotide, 10 U AMV
reverse transcriptase (Roche Molecular Biochemicals, Man-
nheim, Germany), 10 U ribonuclease inhibitor (Roche Molecu-
lar Biochemicals) and 0.8 pg oligo (dT) 15 primer (Roche
Molecular Biochemicals). The RT was terminated by heating
the sample at 95 °C for 2 min. The multiplexed PCR was carried
out in a 20 ul reaction mixture containing 10 mM Tris-HCl (pH
8.3), 50 mM KCl, 1.5 mM MgCl,, 2% dimethyl sulfoxide, 0.2 mM
each deoxynucleotide, 0.1 uM each of 5’ and 3’ p-actin-specific
primers, 1 pM each of 5 and 3’ specific primers, 30 ng of
reverse-transcribed total RNA and 0.5 U Taq DNA polymerase
(Roche Molecular Biochemicals). The PCR primers used for
amplification of p-actin and Homer mRNAs were as follows
(GenBank accession number): p-actin (V01217), 5'-TCATGC-
CATCCTGCGTCTGGACCT-3'(forward); 5/-CCGGACTCATCG-
TACTCCTGCTTG-3'(reverse); target sequence=>582 bp; Homer
la (AJ276327), 5'-TGGACTGGGATTCTCCTCTG-3' (forward);
5'-CCATCTCATTTAATCATGATTGC-3' (reverse); target
sequence=309 bp; Homer 1b (AF093267), 5-CCAGTACCCCTT-
CACAGGAA-3' (forward); 5-TGCTTCACGTTGGCAGTG-3'
(reverse); target sequence=259 bp; Homer 1c (AF093268), 5'-
CCAGTACCCCTTCACAGGAA-3' (forward); 5'-TGCTTCAC-
GTTGGCAGTG-3' (reverse); target sequence=295 bp; c-fos
(X06769), 5'-AGTGGTGAAGACCATGTCAGG-3' (forward); 5'-
CATTGGGGATCTTGCAGG-3' (reverse); target sequence=
296 bp. The PCR amplification was performed for 28 (c-fos) or
32 (Homer 1a) cycles, consisting of denaturation (95 °C, 45 s),
annealing (60 °C, 45 s) and extension (72 °C, 75 s). After 6 (c-fos)
or 10 (Homer 1a) cycles, 0.1 uM each of p-actin primer pair was
added to the reaction mixture and PCR cycles were further
continued.

The PCR products were analyzed on a 10% polyacrylamide
gel electrophoresis. Gels were stained with ethidium bromide,
visualized with UV trans-illumination, photographed and
submitted to image analysis. Quantitative image analysis of
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the PCR fragments was performed using the NIH image
program. The levels of mRNAs were calculated as the ratios

of optical density of each PCR product to that of the g-actin-

PCR product.
4.6. Statistical analysis

All data were statistically evaluated with StatView Ver. 4.50
(Abacus Concepts Inc., Berkeley, CA). The mRNA levels relative
to p-actin mRNA levels in the various treatment groups were
subjects to one-way analyses of variance (ANOVA) followed by
post hoc analysis using Fisher PLSD. A probability (P) of less
than 0.05 was considered significant in this study.
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Attitude of Patients
With Mood Disorder
Toward Clinical Trials

in Japan

To the Editors:

Some attitude surveys regarding
clinical trials have been conducted for
the general population, outpatients, and
participants in clinical trials. However, in
most such surveys, the target subjects
tended to be patients with some physical
diseases. To our knowledge, despite a
very high prevalence of depressive dis-
orders in the general population, few
attitude surveys have so far been re-
ported for patients with such a condition.
Although a placebo-controlled trial (PCT)
has been generally considered desirable
- for the development of new antidepres-
sants,! in Japan, PCTs are rarely con-
ducted at the present time. It is also
known that the subject group may not
represent a standard patient population.
Therefore, to promote and conduct better
PCT, it is necessary to investigate the
attitudes of patients with mood disorders
toward clinical trials.

Patients between the age of 20 and
75 years were recruited from Kyushu
University Hospital, Keio University Hos-
pital, or University Hospital of Occupa-
tional and Environmental Health. All
were outpatients diagnosed to have mood
disorders—including depressive disor-
ders, bipolar disorders, and other mood
disorders—based on the criteria of the
Diagnostic and Statistical Manual of
Mental Disorders (Fourth Edition). After
a complete description of the study, the
attitudes of patients toward clinical trials
were thus investigated. The patients were
asked to complete a multiple choice-type
questionnaire developed to survey the
patients’ attitudes conceming participa-
tion in PCT. This questionnaire was
developed by the committee for clinical
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trials of the Japanese Society of Biolo-
gical Psychiatry.

Seventy-seven patients (31 men
and 46 women) with mood disorders
were anonymously investigated. The
mean + SD age was 42.9 + 14.3 years.
Thirty-one (40.3%) of the patients knew
that clinical trials had previously been
conducted for the development of new
drugs, 17 (22.1%) knew the word place-
bo, and 14 (18.2%) knew that PCT had
previously been conducted for a strict
assessment of the efficacy of various
drugs. Most of the patients (16 of 17) with
any knowledge of the word placebo,
however, knew the word placebo effect.
For 42 patients with some knowledge
of clinical trials, the most frequent
opinions about clinical trials were as
follows: (1) clinical trials were necessary
for the development of new drugs, (2)
they were afraid of possible adverse
effects, and (3) it was good that partic-
ipants were able to contribute to the
development of new drugs. After the ex-
planation of PCT to all patients, the most
frequent opinions about PCT were as
follows: (1) clinical trials were necessary
for the development of new drugs, (2)
they were afraid of possible adverse ef-
fects, and (3) they felt unpleasant because
it seemed like an experiment.

Fifteen (19.5%) of the patients
stated that they would participate in
PCT, whereas 27 (35.1%) stated that
they might participate a little and 30
(39.0%) stated that they did not want to
participate at all. There were no signif-
icant associations between the attitude
for participation in PCT and knowledge
about clinical trials (Fisher exact test,
X2 =3.44,df = 6, P = 0.75) or placebo
(Fisher exact test, x* = 3.89,df=6, P =
0.69) or PCT (Fisher exact test, x° =
0.71, df = 6, P = 0.99).

The most frequent reasons why
patients did not want to participate in
PCT were as follows: (1) they were
afraid that their disease status might
worsen, (2) the uncertain effect of drug,
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(3) they were satisfied with existing
drugs, and (4) they were afraid of taking
a placebo. For 29 patients unwilling to
participate in PCT because of fears that
their disease status might worsen, 11 of
the patients said they would participate
in PCT if they were checked and nursed
intensively. Second, for 20 patients
unwilling to participate in PCT with
uncertain effects of the drug as the
reason, 10 of the patients said they
would participate in PCT if the effect of
a trial drug was clearly superior to
existing drugs. Third, for 14 patients
unwilling to participate in PCT with the
reason that they were satisfied with
existing drugs, 4 of the patients said
they would participate in PCT if exist-
ing drugs were not effective enough
against severe diseases. Last, for 13
patients unwilling to participate because
of fears related to taking a placebo, 2 of
the patients said they would participate
in PCT if the probability of taking a
placebo was lower.

In our survey, the most frequent
opinion about clinical trials and PCT was
that they were necessary for the devel-
opment of new drugs, and the most
frequent reason why patients did not
want to participate in such studies was
that they were afraid that their disease
status might worsen. In other psychiatric
diseases, answers about PCT were sim-
ilar to the results of our study. For
example, in a study of 100 patients with
schizophrenia or schizophreniform dis-
order,” the most frequent motivation to
participate in PCT was that PCT was
needed to develop new drugs, and the
most frequent reason for their unwilling-
ness was that patients were afraid of not
receiving medication, thus resulting in a
worsening in their disease status or a
slowing down in their recovery. In terms
of patients with physical diseases or
healthy general people, however, the
attitudes to PCT were somewhat differ-
ent in comparison with those with
psychiatric diseases. For example, in

1
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hypertensive patients,’ the most frequent
motivation for PCT was personal health
benefits. In a survey by Cassileth et al,*
most of the subjects (71%) responded
that patients should serve as research
subjects for clinical trials because of the
potential benefit to others and the
opportunity to increase their scientific
knowledge. When they were supposed to
actually participate in clinical trails,
many subjects stated that they could
receive highly advanced medical care as
their reason for participation. However,
differences in the contents of the ques-
tionnaire may also account for such
reported attitudes, and it will be neces-
sary to use the same questionnaire on
PCT to accurately compare the subjects
with psychiatric and physical diseases.
In general, clinical trials include
problems related to selection bias for
the subjects evaluated. In psychiatric
disease, Hummer et al® reported that
more than 50% of the patients were not
willing to give their consent to a
potential PCT, thus raising doubts about
the generalization of data obtained by
PCT. Amori and Lenox® reported that
symptomatic volunteers for drug re-
search tended to be sadder, more
discouraged, and less interested in
others than were patients drawn from
normal clinical practice. In addition,

Journal of Clinical Psychopharmacology * Volume 27, Number 1, February 2007

depressive disorder patients have been
reported to prefer psychotherapy to
antidepressant treatment.® In a random-
ized trial on antimanic treatment, Licht
et al’ reported a significant difference
in the symptoms between randomized
patients and excluded patients.
Currently, PCTs are difficult to
conduct in Japan, and the Japanese pub-
lic requires more education about such
clinical research before it will be fea-
sible to conduct PCT. Our finding re-
garding the attitude of the patients with
mood disorders toward clinical trials
may help researchers to perform better
PCTs in the future by including more
generalized and less biased subjects.
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Abstract

Homer proteins, which regulate the signaling pathway of metabotropic glutamate receptors, may contribute to the glutamatergic modulation of
dopamine neurons in the basal ganglia. This study examined whether the induction of Homer 1 genes is or not associated with the
methamphetamine-induced dopaminergic neurotoxicity in the discrete brain regions of rats. Basal levels of Homer la and 1c¢ mRNAs in the
forebrain regions were higher than those in the substantia nigra, whereas Homer 1b mRNA levels were higher in the substantia nigra than those in
the forebrain regions examined. A neurotoxic dose (40 mg/kg, i.p.) of methamphetamine increased the mRNA and protein levels of Homer 1ain the
striatum and nucleus accumbens, but not in the medial prefrontal cortex or the substantia nigra. Both Homer 1b and 1c mRNAs were not affected in
any brain regions examined. These results suggest that the induction of Homer la gene may be involved at least in part in the methamphetamine-
induced dopaminergic neurotoxicity, possibly through the glutamate-dopaminergic interaction.

@© 2007 Elsevier Ltd. All rights reserved.

Keywords: Homer; Methamphetamine; Neurotoxicity; Striatum; Nucleus accumbens

1. Introduction

The interactions between dopamine and glutamate within
the various brain regions including the basal ganglia have
significant implications for the pathophysiology of schizo-
phrenia and Parkinson’s disease (Carlsson and Carlsson, 1990).
Many lines of evidence (Morari et al., 1998; Vandershuren and
Kalivas, 2000) suggest the glutamatergic control of dopamine
transmission and vice versa in the striatum, nucleus accumbens
and prefrontal cortex.

Homer proteins have found to be involved in the molecular
mechanism for the signaling pathway of metabotropic
glutamate receptors (mGluRs) (Brakeman et al., 1997; Kato
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et al., 1997). The Homer family consists of three independent
genes such as Homer 1, 2 and 3. Moreover, Homer 1 comprises
three splicing variants; Homer la, 1b, and 1c (Xiao et al., 1998).
Homer 1a is an immediate early gene (IEG) product that is
rapidly responsive to neuronal activity (Brakeman et al., 1997;
Kato et al., 1997; Berke et al., 1998), while other members of
the Homer family are constitutively expressed. Seizure is
reported to induce Homer 1a dramatically in the hippocampus
(Brakeman et al., 1997; Xiao et al., 1998; Kato et al., 1998;
Morioka et al., 2001; Bottai et al., 2002), striatum and cortex
(Kato et al., 1998), and light stimuli also induced it in the
suprachiasmatic nuclei (Brakeman et al., 1997; Park et al.,,
1997, Nielsen et al., 2002). Recently, dopaminergic modulation
has been demonstrated to affect gene expression of Homer 1a.
Cocaine, a dopamine transporter inhibitor (Brakeman et al.,
1997; Swanson et al., 2001), SKF38393, a D, receptor agonist
(Berke et al., 1998; Yamada et al., 2007), and haloperidol, a D,
receptor antagonist (de Bartolomeis et al., 2002; Polese et al.,
2002), induced the Homer 1a gene expression in the striatum. In
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contrast, SCH23390, a D, receptor antagonist, attenuated
methylphenidate-induced expression of striatal Homer 1la
(Yano et al., 2006). Moreover, Homer 1b- and 1c-knockout
mice displayed enhanced methamphetamine-induced motor
behavior (Szumlinski et al., 2005), while behavioral response to
amphetamine increased in transgenic mice overexpressing
Homer 1la in striatal medium spiny neurons localized
predominantly in the striosome (patch) (Tappe and Kuner,
2006). These findings suggest that Homer la could play a key
role on dopamine—glutamate interactions in the striatum.

Administration of high doses (more than 20 mg/kg) of
methamphetamine is known to cause the neurotoxic effect on
dopamine terminals in the striatum and nucleus accumbens of
rodent brain (Fukumura et al, 1998), as indicated by
degenerative changes in microscopic morphology, depletion
of tissue dopamine contents, decreases in enzymatic activity of
dopamine synthesis and number of dopamine transporters
(Seiden and Ricaurte, 1987). Methamphetamine-induced
increases in extracellular levels of dopamine as well as
glutamate may contribute to oxidative stress and/or excitoxicity
that damage dopamine neurons (Nash and Yamamoto, 1993;
Xue et al., 1996). Because of a possible involvement of Homer
1a in the dopamine-glutamate interaction, the induction of this
protein may be associated with methamphetamine-induced
dopaminergic neurotoxicity.

To test this hypothesis, we examined the effect of a
neurotoxic dose of methamphetamine on gene expression of
Homer 1 in the discrete brain regions of rats.

2. Methods

2.1. Animals

Male Wistar rats (Kyudo Animal Laboratory, Kumamoto, Japan) weighing
220-240 g were housed four per cage, maintained on a 12 h light/12 h dark
cycle and given access to food and water ad libitum. All procedures were done
in accordance with Principles of Laboratory Animal Care (NIH publication no.
86-23, revised 1985).

2.2. Drug treatment

Methamphetamine (Dainippon Pharmaceutical Co., Osaka, Japan) was
dissolved in 0.9% NaCl and injected intraperitoneally (i.p.) in a volume of
1 ml/kg body weight. For analysis of Homer mRNAs, rats were given metham-
phetamine (40 mg/kg, i.p.) 1, 2 and 4 h prior to sacrifice (n =9 for each time
point). Control group of rats received saline 1 h prior to sacrifice (n = 9). For
Western blot assays of Homer 1a, the animals were injected with methamphe-
tamine (40 mg/kg) (n = 10) or saline (7 =10), and then killed 4 h after the
injections. The dose of methamphetamine (40 mg/kg) was chosen on the basis
of the methamphetamine-induced neurotoxicity to produce long-lasting deple-
tion of contents, synthesis rate and transporter numbers of dopamine (Fukumura
et al., 1998; Seiden and Ricaurte, 1987). This dose of methamphetamine was
also employed in the previous study (Nakahara et al., 2003; Thiriet et al., 2001)
demonstrating the time-dependent profile of the IEG c-fos mRNA levels,
together with that of tissue contents of dopamine, serotonin and their metabo-
lites following methamphetamine administration.

2.3. Tissue preparation

The brain was quickly removed and stored at —80 °C. Serial slices of
300 p.m were made from the removed brain in a cryostat at —12 °C, and four

brain regions were dissected freehand with a microknife, as described pre-
viously (Nakahara et al., 1990). Total RNA was prepared from the brain tissue
by the method of Chomczynski and Sacchi (1987).

2.4. Reverse transcription-polymerase chain reaction (RT-PCR)

The levels of mRNAs in the discrete brain regions were quantified by
reverse transcription-polymerase chain reaction (RT-PCR) with an endogenous
internal standard, B-actin, as previously described (Gotoh et al., 2002; Nakahara
et al., 2005; Yamada et al., 2007). RT was performed on 1 pg total RNA for
90 minat42 °Cina5 pl reaction mixture containing 25 mM Tris-HCI (pH 8.3),
50 mM KCl, 5 mM MgCl,, 2 mM dithiothreitol, | mM each deoxynucleotide,
10 U AMYV reverse transcriptase (Roche Molecular Biochemicals, Mannheim,
Germany), 10 U rebonuclease inhibitor (Roche Molecular Biochemicals) and
0.8 ug oligo (dT),;5 primer (Roche Molecular Biochemicals). The RT was
terminated by heating the sample at 95 °C for 2 min. The multiplexed PCR was
carried out in a 20 ! reaction mixture containing 10 mM Tris-HCI (pH 8.3),
50 mM KCl, 1.5 mM MgCl,, 2% dimethyl sulfoxide, 0.2 mM each deoxynu-
cleotide, 0.1 uM each of 5’ and 3' 8-actin-specific primers, | uM each of 5’ and
3 specific primers, 25 ng of reverse-transcribed total RNA, and 0.5 U Taqg DNA
polymerase (Roche Molecular Biochemicals). The PCR primers used for
amplification of B-actin and Homer mRNAs were as follows (GenBank
accession number): B-actin (V01217), 5'-TCATGCCATCCTGCGTCTG-
GACCT-3 (forward); 5'-CCGGACTCATCGTACTCCTGCTTG-3' (reverse);
target sequence = 582 bp; Homer la (AJ276327), 5'-TGGACTGGGATTCT-
CCTCTG-¥ (forward); 5'-CCATCTCATTTAATCATGATTGC-3' (reverse);
target sequence = 309 bp; Homer 1b (AF093267), 5'-CCAGTACCCCTTCA-
CAGGAA-3 (forward); 5'-TGCTTCACGTTGGCAGTG-3'(reverse); target
sequence = 259 bp; Homer 1c (AF093268), 5'-CCAGTACCCCTTCACAG-
GAA-3 (forward); 5'-TGCTTCACGTTGGCAGTG-3 (reverse); target
sequence = 295 bp. The PCR amplification was performed for 28 cycles,
consisting of denaturation (94 °C, 45 s), annealing (60 °C, 45 s), and extension
(72 °C, 75 s). After six cycles, 0.1 pM each of B-actin primer pair was added to
the reaction mixture and PCR cycles were further continued.

The PCR products were analyzed on a 10% polyacrylamide gel electro-
phoresis. Gels were stained with ethidium bromide, visualized with UV trans-
illumination, photographed, and submitted to image analysis. Quantitative
image analysis of the PCR fragments was performed using the NIH image
program. The levels of mRNAs were calculated as the ratios of optical density
of each PCR product to that of the B-actin PCR product.

2.5. Western blot of Homer la

The striatal tissues were lysed by sonication (10%, 15 s; Ultrasonic Cell
Disruptor, Heat System-Ultorasonics, Farmingdale, NY) in 10 volumes of the
lysis buffer (20 mM Tris-HC1, pH 7.4, | mM EDTA and 1% Triton X-100) and
centrifuged at 13,000 x g for 30 min at 4 °C, and then the supernatant was
collected. The protein concentration of supernatant was determined using the
Bradford colorimetric assay (Wako, Pure Chemical Industries Ltd., Osaka,
Japan) following manufacturer’s instructions. The supernatants were mixed
with an equal volume of 2x SDS gel-loading buffer (125 mM Tris-HCI, pH
6.8, 100 mM dithiothreitol, 4% SDS, 0.2% bromophenol blue and 20%
glycerol) and then boiled for 5 min. Aliquots of protein (100 pg/lane) were
separated by sodium dodecy! sulfate-polyacrylammide gel electrophoresis
(SDS-PAGE) containing 12% polyacrylamide. Separated proteins were trans-
ferred to PVDF (polyvinylidenedifiuoride) membranes (Roche, Mannheim,
Germany) using an electrophoretic transfer kit (LKB, Uppsala, Sweden). Non-
specific sites on the PVDF membrane were blocked by incubating in 5% non-
fat dried milk (Amersham, Buckinghamshire, UK) in TBST (20 mM Tris—
HCI, pH 7.6, 137 mM NaCl, 0.1% Tween-20) for 1 h. The membranes were
incubated with a goat anti-Homer !a polyclonal antibody (1:1000; Santa Cruz
Biotechnology, Santa Cruz, CA) for 1 h at room temperature. After washing in
TBST, the membranes were incubated in the anti-goat secondary antibody
conjugated to horseradish peroxidase (1:3000; R&D System, Minneapolis,
MN) for 1 h at room temperature. Immunoblots were washed with TBST,
incubated in ECL solution (Amersham) and apposed to film (Hyperfilm,
Amersham). The intensity of the visualized immunoreactive protein was
quantified using NIH Image software.
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2.6. Statistical analysis

All data were statistically evaluated with StatView Ver. 4.50 (Abacus
Concepis Inc., Berkeley, CA). The mRNA levels relative to B-actin mRNA
levels in the various treatment groups were subject to one-way analyses of
variance (ANOVA) followed by Scheffe's F-test. The optical density of
immunoreactive bands was analyzed using Student’s i-test. A probability (P)
of less than 0.05 was considered significant in this study.

3. Results

Ethidium bromide staining of a polyacrylamide gel revealed
a single band at the expected size of amplification product for
each of the B-actin and the Homer cDNAs. Since no amplified
products were observed when the reverse transcriptase step was
omitted, the contamination by genomic DNA did not interfere
with the signals of PCR products of Homer la, 1b and 1c
cDNAs. The contamination by genomic DNA did not interfere
with the signals of PCR products of B-actin, Homer 1b and
Homer Ic, because these cDNAs were amplified using the pair
of primers derived from different exons of the genes.

To determine the optimal amplifications, PCR was
performed using different amount of reverse-transcribed total
RNA and different numbers of cycles. The results indicated that
amplification was exponential between 18 and 24 cycles for 8-
actin mRNA. Amplification was also exponential between 24
and 30 cycles for Homer la and 1¢ mRNAs. The PCR products
were proportional to RNA input over a range of 5~50 ng total
RNA for B-actin and Homer mRNAs. Twenty-five nanograms
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of reverse-transcribed RNA were amplified for 28 cycles for the
quantitation of relative amount of the Homer mRNAs in the rat
brain.

Acute administration of methamphetamine (40 mg/kg, i.p.)
significantly increased Homer 1a mRNA levels in the striatum at
1 h (+66% of the pre-drug basal levels, F3 35 = 6.48, P < 0.01),
2h (+155%, F33=353, P<0.001) and 4h (+84%,
F330=35.3, P<0.001) after methamphetamine (Fig. 1).
Homer la mRNA levels were also increased significantly in
the nucleus accumbens at 1 h (+60%, F3 3; = 3.26, P < 0.05)and
2h (+94%, F33,=8.01, P <0.01) after methamphetamine.
Methamphetamine did not affect Homer 1a mRNA levels in
the medial prefrontal cortex and substantia nigra. The rank
order of the density of Homer la mRNA was as follows:
the striatum > medial prefrontal cortex > nucleus accum-
bens > substantia nigra (Fig. 1). The level of Homer 1a mRNA
in the striatum was a fivefold higher than that in the substantia
nigra.

Homer 1b mRNA levels could be detected in the substantia
nigra, but not in other regions examined, under the standard
experimental condition, while Homer 1c mRNA were detected
with homogeneous distribution in all brain regions examined.
Acute administration of methamphetamine (40 mg/kg, i.p.) did
not affect gene expression of Homer 1b or Ic in any brain
regions (Table 1).

As shown in Fig. 2, Homer la protein in the striatum
migrated with a band of the molecular weight of 30kDa
estimated using prestained molecular weight marker. Quanti-
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Fig. 1. Time-dependent effects of a neurotoxic dose of methamphetamine on Homer 1a mRNA levels in the rat brain. Rats were killed 1, 2 or 4 h after a single
injection of methamphetamine (40 mg/kg, i.p.). The values represent mean + S.E.M. of nine animals. P < 0.05 and ”*P < 0.01 compared with saline-treated groups
(S) using Scheffe’s F-test.
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Table 1

Time-dependent effects of a neurotoxic dose of methamphetamine on lhc mRNA levels of Homer 1b and Ic in the discrete regions of rat brain

Gene and brain region

Homer mRNA levels relative to B-actin mRNA

Saline Time (h) following methamphetamine (40 mg/kg, i.p.)
1 2 4
Homer 1b
Substantia nigra 0.36 £ 0.07 0.35 £ 0.07 029 £ 0.03 0.33+0.03
Homer Ic e
Medial prefrontal cortex 0.99 + 0.05 0.85 £ 0.07 0.85+0.10 0.81 £0.05
Nucleus accumbens 0.96 +£0.13 0.95 + 0.08 1.01 £ 0.06 0.97 £ 0.04
Striatum 1.17 £ 0.06 0.90 + 0.09 0.88 + 0.07 1.07 £ 0.04
. Substantia nigra 092 +£0.10 0.99 £ 0.15 0.88 + 0.06 1.03+0.14

Data are presented as mean + S.E.M. of eight animals.

tative analysis of Western blot showed a small but significant
increase in Homer la protein (+18%, d.f.=18, t=2.61,
P < 0.05, Student’s t-test, two-tailed) 4 h after administration
of methamphetamine (40 mg/kg, i.p.). We replicated the same
experiment independently and then also found a significant
increase in the striatal Homer la protein (+23%, d.f. =12,
1=244, P<0.05, Sludent s r-test, two-tailed) (data not
shown).

4. Discussion

The most striking finding of the present study was that
methamphetamine induced gene expression of Homer 1la, but
nor 1b or Ic, in the striatum and nucleus accumbens. These
results further support the hypothesis that the induction of
Homer 1a may play an important role in the dopamine—
glutamate interaction in the basal ganglia.

Homer la selectively blocks binding of Homer 1b and Ic to
the group 1 mGluRs (Xiao et al., 1998; Kato et al., 1998).
Homer 1b and lc are constitutively expressed and form a
physical linking mGluRs with the inositol triphosphate (IP3)
receptors (Tu et al., 1998). Activation of the group 1 mGluRs,
mGIuR,;, and mGluRs, stimulates phospholipase C and
generates IPs, resulting in the release of Ca?* from intracellular
Ca®* stores (Nakanishi, 1994). Therefore, Homer la may

disrupt the coupling between mGluRs and IP; receptors and
then inhibit glutamate-induced release of intracellular Ca*
Moreover, the expression of Homer la is reported to mduce
activation of mGluR,, and mGluRs (Ango et al., 2001). Our
results suggest the methamphetamine-induced modification of
excitatory synapse in the striatum and nucleus accumbens.
The dose employed in this study of methamphetamine
(40 mg/kg) is sufficient to produce the methamphetamine-
induced neurotoxicity to produce long-lasting depletion of
contents, synthesis rate and transporter numbers of dopamine
(Fukumura et al., 1998; Seiden and Ricaurte, 1987). Such a
dose of methamphetamine induces hyperthermia and an
excessive increase in extracellular dopamine levels reflected
by a decrease in tissue dopamine levels in mice orratsat 1 to4 h
post-treatment of methamphetamine, all of which effects lead
to dopaminergic deficits that is evident 24 h after and long
persisted (Binienda et al., 2006; Fukumura et al., 1998; Thiriet
et al., 2001). Simultaneously, methamphetamine induces
expression of several genes in association with the dopami-
nergic neurotoxicity, as revealed by microarray studies (Xie
et al., 2002). The IEG c-fos is also induced in relation to the
methamphetamine-induced dopaminergic neurotoxicity (Naka-
hara et al., 2003; Thiriet et al., 2001) because null mutation of c-
fos is reported to exacerbate the methamphetamine-induced
dopaminergic deficits (Deng et al., 1999). Moreover, multiple

A) (8) 25
— *
36.9- § 20} .
2
—_— e -~ = - - = [ }
28.9- B 15
8
S M S MS M S M SM =
2 101
. Q
. e
36.9- 8 5|
—— - - v— -— - — -— o - ‘6_
28.9- o)
0 L J

Saline Methamphetamine
Treatment

Fig.2. Effect of a neurotoxic dose of methamphetamine on the protein expression of Homer la in rat striatum. (A) Photograph of Western blot of rat striatum obtained
from saline (S) or methamphtamine (M) treatment group; (B) quantitative Western blot analysis. The values represent mean + S.E.M. of 10 ammals *P <0.05

compared with saline-treated group using Student’s ¢-test.
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factors including hyperthermia, mitochondrial disruption,
generation of reactive species, alterations of dopamine
transporter and vesicular monoamine transporter-2 activities,
and changes in glutamate signaling, have been thought to
contribute to the methamphetamine-induced dopaminergic
neurotoxicity (Riddle et al., 2006). Methamphetamine
increases extracellular levels of not only dopamine but also
glutamate in the striatum and nucleus accumbens, which may
cause exicitoxicity that damages nerve terminals (Nash and
Yamamoto, 1993; Xue et al, 1996), while the mGluRs
antagonist prevents the methamphetamine-induced neurotoxi-
city in a temperature-independent manner (Battaglia et al.,
2002). Taken into account with an interaction between Homer
la and mGluR; as discussed earlier, the present results imply
that the induction of Homer 1a expression may be involved at
least in part in the methamphetamine-induced neurotoxicity. In
this regard, Tappe and Kuner (2006) recently demonstrated that
striosomal Homer la-expressing mice enhanced the ampheta-
mine-induced stereotyped behavior as well as c-fos expression,
suggesting a critical role of striosomal Homer la in
dopaminergic responses to amphetamines. While c-fos
expression in response to neurotoxic methamphetamine is
observed widely throughout the various brain regions including
prefrontal cortex and hippocampus (Thiriet et al., 2001), the
present results demonstrate the region-specific induction of
Homer 1a in the striatum and nucleus accumbens, of which
dopamine terminals are most vulnerable to the neurotoxic effect
of methamphetamine (Seiden and Ricaurte, 1987).

A high dose of methamphetamine is also known to exert a
neurotoxic effect on serotonergic terminals in the cortical areas
(Seiden and Ricaurte, 1987), while methamphetamine at the
dose used in this study did not induce Homer 1a expression in
the medial prefrontal cortex. In the prefrontal cortex, lysergic
acid diethylamide (LSD), a hallucinogen displaying potent
agonistic activity at serotonin-5-HT, and/or 5-HT4c recep-
tors, is reported to increase mMRNAs of the IEG Ania3, a splicing
isoform of Homer 1a (Nichols and Sanders-Bush, 2002). The
psychotomimetic phencyclidine that blocks NMDA receptor
channels also induces Homer 1a in the same region (Cochran
et al., 2002). Taken together with our previous data (Yamada
et al.,, 2007), gene expression of Homer 1a in response to
methamphetamine is likely to occur region-specifically in the
striatum and nucleus accumbens that abundantly receive the
dopaminergic projection from the substantia nigra pars
compacta and ventral tegmental area, respectively.

Details of the mechanism by which methamphetamine
induces gene expression of Homer 1a has yet to be known.
Excessive increases in extracelluar levels of both dopamine and
glutamate may be involved (Nash and Yamamoto, 1993; Xue
et al., 1996). The striatal Homer 1a was induced to the maximal
level 2 h after methamphetamine, which time-dependent profile
is similar to that of Homer 1a induction with the dopamine D,
receptor agonist SKF38393 (Berke et al., 1998; Yamada et al.,
2007). Glutamate is reported to induce Homer 1a much slower
(the maximal level at 4 h) in cerebellar granule cell culture
(Sato et al., 2001). Moreover, activation of D, receptors may
affect the methamphetamine-induced dopaminergic neurotoxi-

city due to induction of neuronal nitric oxide synthase mRNA
expression in the striatum, which increases reactive species
levels (Riddle et al., 2006). Therefore, the methamphetamine-
induced D, receptor stimulation, as occurs following admin-
istration of methamphetamine, may induce Homer 1a mRNA in
the striatum. It is most likely that activation of NMDA receptor
by D, receptor stimulation contributes to Homer 1a expression
because of a functional interaction between D, receptors and
NMDA receptors for calcium signaling in the basal ganglia
(Cepeda and Levine, 1998). Most of the G-protein coupled
receptors including dopamine receptors and mGluRs may also
share direct or indirect bindings with each other. However, it
remains unclear whether a non-toxic dose (not more than 5 mg/
kg) of methamphetamine induces or not Homer 1a expression.
Further studies need to elucidate the molecular mechanism of
Homer 1a induction under stimulated conditions. :

Basal levels of Homer la mRNAs were higher in the
forebrain regions than those in the midbrain. In contrast, Homer
1b mRNA levels were higher in the substantia nigra than those
in other regions examined. Homer 1b allows translocation and
clustering of mGluRs at dendritic synaptic sites, while the
induction of Homer la expression triggers translocation -of
mGluR; from soma to dendrites (Ango et al., 2000; Tadokoro
etal., 1999; Roche et al., 1999). Taken together with the present
findings, the mGluRs may exist at axon and/or dendrites in the
forebrain and at soma in the substantia nigra, respectively. The
large amounts of Homer 1a induced in the striatum and nucleus
accumbens may translocate the mGluRs at synaptic sites and
enhance the excitability of the synapses after methampheta-
mine. ‘

In conclusion, a neurotoxic dose of methamphetamine
induced Homer 1a gene in the striatum and nucleus accumbens,
but not in the medial prefrontal cortex, suggesting that the
induction of Homer 1a gene may be associated at least in part
with the methamphetamine-induced dopaminergic neurotoxi-
city. This finding may imply a possible involvement of Homer
1a in the pathophysiology of neurodegenerative diseases in the
basal ganglia such as Parkinson disease.

References

Ango, E, Pin, J.-P.,, Tu, J.C,, Xiao, B., Worley, P.F, Bockaent, J., Fang, L., 2000.
Dendritic and atonal targeting of type 5 metabotropic glutamate receptor is
regulated by Homer 1 proteins and neuronal excitation. J. Neurosci. 20,
8710-8716.

Ango, F,, Prezeau, L., Muller, T,, Tu, J.C., Xiao, B., Worley, PF,, Pin, J.P.,
Bockaert, J., Frgni, L., 2001. Agonist-independent activation of metabo-
tropic glutamate receptors by the intracellular protein Homer. Nature 411,
962-965.

Battaglia, G., Fornai, F,, Busceti, C.L., Aloisi, G., Cerrito, F., De Blasi, A.,
Melchiomi, D., Nicoletti, F., 2002. Selective blockade of mGlu5 metabo-
tropic glutamate receptors is protective against methamphetamine neuro-
toxicity. J. Neurosci. 22, 2135-2141.

Berke, 1.D., Paletzki, R.F,, Aronson, G.J., Hyman, S.E., Gerfen, C.R., 1998. A
complex program of striatal gene expression induced by dopaminergic
stimulation. J. Neurosci. 18, 5301-5310.

Binienda, Z K., Przybyla, B.D., Robinson, B.L., Salem, N., Virmani, A., Amato,
A., Ali, S., 2006. Effects of L-camnitine pretreatment in methamphetamine
and 3-nitropropionic acid-induced neurotoxicity. Ann. N. Y. Acad. Sci.
1074, 74-83. )



232 K. Hashimoto et al./Neurochemistry International 51 (2007) 227-232

Bottai, D., Guzowski, J.F., Schwarz, M.K., Kang, S.H., Xiao, B., Lanahan, A.,
Worley, P.F,, Seeburg, P.H., 2002. Synaptic activity-induced conversion of
intronic to exonic sequence in Homer 1 immediate early gene expression. J.
Neurosci. 22, 167-175.

Brakeman, R.P,, Lanahan, A.A., O’Brien, R., Roche, K., Bames, C.A., Huganir,
R.L., Worley, PF,, 1997. Homer: a protein that selectively binds metabo-
tropic glutamate receptors. Nature 386, 284-288.

Cepeda, C., Levine, M.S., 1998. Dopamine and N-methyl-p-aspartate receptor
interactions in the neostriatum. Dev. Neurosci. 20, 1-18.

Carlsson, M., Carlsson, A., 1990. Interactions between glutamatergic and
monoaminergic systems within the basal ganglia-implications for schizo-
phrenia and Parkinson's disease. Trends Neurosci. 13, 272-276.

Chomczynski, P., Sacchi, N., 1987. Single-step method of RNA isolation by
acid guanidinium thiocyanate-phenol-chloroform extraction. Anal. Bio-
chem. 162, 156-159.

de Bartolomeis, A., Alojo, L., Ambesi-Impiombato, A., Bravi, D., Caraco, C.,
Muscettola, G., Barone, P., 2002. Acute administration of antipsychotics
modulates Homer striatal gene expression differentially. Mol. Brain Res. 98,
124-129.

Cochran, S.M., Fujimura, M., Morris, BJ., Pratt, J., 2002. Acute and delayed
effects of phencyclidine upon mRNA levels of markers of glutamatergic and
GABAergic neurotransmitter function in the rat brain. Synapse 46, 206-214.

Deng, X., Ladenheim, B., Tsao, L.-1., Cadet, J.L., 1999. Null mutation of c-fos
causes exacerbation of methamphetamine-induced neurotoxicity J. Neu-
rosci. 19, 10107-10115.

Fukumura, M., Cappon, G.D., Pu, C., Broening, H.W., Vorhees, C.V., 1998. A
single dose model of methamphetamine-induced neurotoxicity in rats:
effects on neostriatal monoamines and glial fibrillary acidic protein. Brain
Res. 806, 1-7.

Gotoh, L., Kawanami, N., Nakahara, T., Hondo, H., Motomura, K., Ohta, E.,
Kanchiku, L., Kuroki, T., Hirano, M., Uchimura, H., 2002. Effects of the
adenosine A; receptor agonist N®-cyclopentyladenosine on phencyclidine-
induced behavior and expression of the immediate-early genes in the
discrete brain regions of rats. Mol. Brain Res. 100, 1-12.

Kato, A., Ozawa, F., Saitoh, Y., Fukazawa, Y., Sugiyama, H., Inokuchi, K.,
1998. Novel members of the Vesl/Homer family of PDZ proteins that bind
metabotropic glutamate receptors. J. Biol. Chem. 273, 23969-23975.

Kato, A., Ozawa, F., Saitoh, Y., Hirai, K., Inokuchi, K., 1997. Vesl, a gene
encoding VASP/Ena family related protein, is upregulated during seizure,
long-term potentiation and synaptogenesis. FEBS Lett. 412, 183-189.

Morari, M., Marti, M., Sbrenna, S., Fuxe, K., Bianchi, C., Beani, L., 1998.
Reciprocal dopamine-glutamate modulation of release in the basal ganglia.
Neurochem. Int. 33, 383-397.

Morioka, R., Kato, A., Fueta, Y., Sugiyama, H., 2001. Expression of vesl-1S/
homer-1a, a gene associated with long-leh’n potentiation, in the brain of the
epileptic E] mouse. Neurosci. Lett. 313, 99-101.

Nakahara, T., Hirano, M., Matsumoto, T., Kuroki, T., Tatebayashi, Y., Tutsumi,
T., Nishiyama, K., Ooboshi, H., Nakamura, K., Yao, H., Shiraishi, A., Waki,
M., Uchimura, H., 1990. Regional distribution of DNA and RNA in rat
brain: a sensitive determination using high-performance liquid chromato-
graphy with electrochemical detection. Neurochem. Res. 15, 609-611.

Nakahara, T., Hunter, R.J., Preedy, VR., Martin, C.R., Reilly, M.E., 2005.
Practical method for determining mRNA levels in alcohol-exposed tissues
and its application to experimental pathology. In: Preedy, V., Watson, R.
(Eds.), Comprehensive Handbook of Alcohol Related Pathology, vol. 3.
Elsevier, London, pp. 1611-1618.

Nakahara, T., Kuroki, T., Ohta, E., Kajihata, T., Yamada, H., Yamanaka, M.,
Hashimoto, K., Tsutsumi, T., Hirano, M., Uchimura, H., 2003. Effect of the
neurotoxic dose of methamphetamine on gene expression of Parkin and
Pael-receptors in rat striatum. Parkinsonism Related Disord 9, 213-219.

Nakanishi, S., 1994. Metabotropic glutamate receptors: synaptic transmission,
modulation, and plasticity. Neuron 13, 1031~-1037.

Nash, J.E,, Yamamoto, B.K., 1993. Effect of d-amphetamine on the extracellular
concentrations of glutamate and dopamine in iprindole-treated rats. Brain
Res. 627, 1-8.

Nichols, C.D., Sanders-Bush, E., 2002. A single dose of lysergic acid diethy-
lamide influences gene expression patterns within the mammalian brain.
Neuropsychopharmacology 26, 634-642.

Nielsen, H.S., Georg, B., Hannibal, J., Fahrenkrug, J., 2002. Homer-1 mRNA in
the rat suprachiasmatic nucleus is regulated differentially by the retinohy-
pothalamic tract transmitters pituitary adenylate cyclase activating poly-
peptide and glutamate at timé points where light phase-shifts the
endogenous thythm. Mol. Brain Res. 105, 79-85.

Park, H.T,, Kang, E.K., Bae, K.W., 1997. Light regulates Homer mRNA
expression in the rat suprachiasmatic nucleus. Mol. Brain Res. 52, 318-
322.

Polese, D., de Serpis, A.A., Ambesi-Impiombato, A., Muscettola, G., de
Bartolomeis, A., 2002. Homer 1a gene expression modulation by antipsy-
chotic drugs: involvement of the glutamate metabotropic system and effects

- of p-cycloserine. Neuropsychopharmacology 27, 906-913.

Riddle, E.L., Fleckenstein, A.E., Hanson, G.R., 2006. Mechanism of metham-
phetamine-induced dopaminergic neurotoxicity. AAPS J. 8, E413-E418.

Roche, K.W,, Ty, J.C., Petralia, R.S., Xiao, B., Wenthold, R.J., Worley, P.F,
1999. Homer 1b regulates the trafficking of group I metabotropic glutamate
receptors. J. Biol. Chem. 274, 25953-25957.

Sato, M., Suzuki, K., Nakanishi, S., 2001. NMDA receptor stimulation and
brain-derived neurotrophic factor upregulate Homer la via mitogen-acti-
vated protein kinase cascade in cultured cerebellar granule cells. J. Neu-
rosci. 21, 3797-3805.

Seiden, L.S., Ricaurte, G.A., 1987. Neurotoxicity of methamphetamine and
related drugs. In: Meltzer, H.Y. (Ed.), Psychopharmacology: The Third
Generation of Progress. Raven Press, New York, pp. 359-366.

Swanson, C.J., Baker, D.A., Carson, D., Worley, PF.,, Kalivas, P.W., 2001,
Repeated cocaine administration attenuates group I metabotropic glutamate
receptor-mediated glutamate release and behavioral activation: a potential
role for Homer. J. Neurosci. 21, 9043-9052.

Szumlinski, K.K., Lominac, K.D., Kleschen, M.J1., Oleson, E.B., Dehoff, M.H.,
Schwarz, M.K., Seeburg, PH., Worley, P.F,, Kalivas, P.W., 2005. Behavioral
and neurochemical phenotyping of Homerl mutant mice: possible rele-
vance to schizophrenia. Genes Brain Behav. 4, 273-288.

Tadokoro, S., Tachibana, T., Imanaka, T., Nishida, W., Sobue, K., 1999.
Involvement of unique lucien-zipper motif of PSD-Zip45 (Homer Ic/
vesl-1L) in group 1 metabotropic glutamate receptor clustering. Proc. Natl.
Acad. Sci. USA 96, 13801-13806.

Tappe, A., Kuner, R., 2006. Regulation of motor performance and striatal
function by synaptic scaffolding proteins of the Homer! family. Proc. Natl.
Acad. Sci. USA 103, 774-779.

Thiriet, N., Zwiller, J., Ali, S.E, 2001. Induction of the immediate early genes
egr-1 and c-fos by methamphetamine in mouse brain. Brain Res. 919, 31—
40.

Tu, J.C., Xiao, B., Yuan, J.P.,, Lanahan, A.A., Leoffert, K., Li, M., Linden, D.J.,
Worley, P.E,, 1998. Homer binds a novel proline-rich motif and links group
1 metabotropic glutamate receptors with IP3 receptors. Neuron 21, 717-
726.

Vandershuren, L.J., Kalivas, PW., 2000. Alterations in dopaminergic transmis-
sion in the induction and expression of behavioral sensitization: a critical
review of preclinical studies. Psychopharmacology 151, 99-120.

Xiao, B., Tu, J.C., Petralia, R.S., Yuan, J.P,, Doan, A., Breder, C.D., Ruggiero,
A., Lanahan, A.A., Wenthold, R.J., Worley, P.F,, 1998. Homer regulates the
association of group 1 metabotropic glutamate receptors with multivalent
complexes of Homer-related, synaptic proteins. Neuron 21, 707-716.

Xie, T., Tong, L., Barrett, T., Yuan, J., Hatzidimitriou, G., McCann, U.D,,
Becker, K.G., Donovan, D.M., Ricaurte, G.A., 2002. Changes in gene
expression linked to methamphetamine-induced dopaminergic neurotoxi-
city. J. Neurosci. 22, 274-283. '

Xue, C.-J., Ng, J.P, Li, Y., Wolf, M.E., 1996. Acute and repeated systemic
amphetamine administration: effects on extracellular glutamate, aspartate,
and serine levels in rat ventral tegmental area and nucleus accumbens. J.
Neurochem. 67, 352-363.

Yamada, H., Kuroki, T., Nakahara, T., Hashimoto, K., Tsutsumi, T., Hirano, M.,
Maeda, H., 2007. The dopamine D, receptor agonist, but not the D, receptor
agonist, induces gene expression of Homer la in rat striatum and nucleus
accumbens. Brain Res. 1131, 88-96.

Yano, M., Beverley, J.A., Steiner, H., 2006. Inhibition of methylphenidate-
induced gene expression in the striatum by local blockade of D, dopamine
receptors: interhemispheric effects. Neuroscience 140, 699-709.



AN - EERIBAYNEY T -V 3 VOB
IZBA3 5 A

ER o oEEY AEEBT) BR BT BH BER
ZH K70 AE R m ERY ABasSa)
CmE BRY Bk #%) mk B

mem% Mﬁ%vﬁ
- LD

RREBE. SEN - SHANRAD)\CU7 -3, SRS, BE

E E:(HW) afff - - £EmSZmyney
F—arvE2HEMERBLLDR L SFTMEE
BoBEBIEOVWTHELL., IR) BRBBEE
BEXEBEFVEREIC I IERTLOFEIVE
kA —D7alS LML BRX 19 8T
bol:. (FHEK a2 LB cHEolEN
FME2ITORREPHBE L. 27, BROHER
BEEANORHENEY - BERE L OBEIED
WT, HERE, 7TV AVERGHEZRWT
AT, HR) ATIVAVERSHD S, B
EREICIE WCST OfRfirEWHEEE LT
ZERMBRVEIRE. Tul S ARiBROLE D
- hiX, BEREHE, Bl, TMT-B, £1Q, 5%
Q, Btk IQ cERLRWBEMNS LN
WAIS-R O FHIEH T, BB, QHESK, B
A, REVEBRCHUBL TV, (B3E) AN -
EHRMOTHINEY F—a iR, FHRTHE
MEEEETHY, BHMBEEZUEBETZILDTES
TulSLAD—DOThHhdLEDLRS.

FUHIC
EENMEIC L AEREBEEEY b oA T
BEMINEY)F—avit, BHEE, BEF
BMOXKM, HEVIIEEDEE, Bovi-HCH

SOMEERVICE T, REXET 52 L 4L
ELidAabns, BEZBRORM, HEVIRET
L7zBE.LE, IIEASmMORRE LY, R
BEZBOXRIMZ, HEFROFEHA~DERD S
WIET 2372532, 207:0F MmN NEY
T—Ya v ilBnTiR, RABE~NDT Su—F
DHEHT, BEFBORE L BELOET IO
THRHHAADEEL 250,
CHOXBBELIYVAAL LTROERET
075 L%, AN - £FmHINEYF—Va
YRTHD. I, O R OEENFEOT,Q
MEWEE, @/ V=T L BNA, OEHOE
B, O F—20—BICHBLBEEENHEE, ©F
BEOERLZEM, O ABRMLER - B AEFEY
B, OFHEWLEROFM, FHHE LTS
DY, RBIZH ETLBRMINEYF—2a v
DEHPTH, (77210 - Effizghoohs7as
FH] LLTHEINTYS,
SBATLOFEI VRS ¥y — (BUTF, O
Btr¥—) Tid, BEE£5EEOERMERES
FEETFNVEEIISEL, 2002 FEIL, TOE
B - &8RN To 5 4k BRLTDEAARE
RITHB L DTV, HREZLIIOVTO]

* Investigation of outcomes of comprehensive-holistic cognitive rehabilitation program.
VBRI FEAVERE ¥ — | ©810-0072 BRI EIE 1-2-8
Yukihiko Ueda, CP, Misako Nagayoshi, MD, Masako Takahashi, STR, Rie Ishii, RPT, Atsuko Yasuno, OTR, Megumi Uchida,
STR, Masayo Kawai, CP, Azusa Ono, CP, Momoyo Takamiya, OTR, Toshihide Kuroki, MD, PhD, Atsuko Shionaga, MD !

Fukuoka City Handicapped Person’s Welfare Center
(%% 12006 £ 5 A 23 H)

HEY N - 35% 45 - 389~396 - 2007 &£ 4 A

0386-9822/07/ ¥ 500/ /JCLS 389




rﬁ ' KEER

£8E0 |

Ry

cP3 [ sT1 | ot2 | oT1 | cp1 | sT2 |

9:00
10:00
10:30

'

11:10

11115
'

11:55

=T

] ﬁy77byz

12:00

13:00
J

14:00

14:10
[

15:20

| Bl

bl

15:30

16:00 . HUIFLUR
16:30

ho77LU A

®1 RyvI7ETOISLOEE

EFOBEFE 1 RELTHELLY, F0#ks
RELDHMZ, TUVSLABRLHILLIOT, &K
BBV TiX, 705 4A%, 2EBOME,
ZOFHIIER L - S EROBE IOV THE
5.

IR - AR

1. @ ®

I, 2002~2004 FEILERL VS —D TS0y
SLIZESML-ERREEEEL D 194 (B
17 %, ktt2 %) T, £&IT 17~59 & (B
342 5%), XZETOHMII3I»A~14 £ 82 A
(FH 441 208) THolz. HEHEX, EI
OFNFHELEIZ L o T, NHEABESLS 1 FEIC
fTThhs., 727201, 2B E2EB L2 VEIEE
PRFDOIOWIERT Lo lzr — R, ®T
DESTHEIMTbN. 7O0r S5 ASmEEE
1~2% (EH14E5H»RB) Tholz, BRLEE
WRELDNOITRE LTIE, kE24 (10%),
FRE S & (26%), KFAS5E (26%), LHZERH
ER 2% (10%) Thot-.

2, EEYY—IEEIF I EEHmNTBAVNE

V7—>ar7as5 A
A% v 739 % T, NERIZERGEL(CP)3 &,

EREEEL (ST) 24, FEEFEEL (O 2 4%,
BEREL (PT) 1%, UNEYF—varVEL
ETHol. R¥ vy 7,707 ARBEE 1
N

IO7UrT A0, BEICERR, &
AE v THRBOAFET)I L THS. Thid
TR D OT 1 ZVEEMET, PT XEEWEET, ST
BEERET,CPRAY VLY VI ELBF R
THLo TV EHBETF — 2 F 7N (multidisci-
plinary team model) " L 3R % o TW5B, 70/ S
L3, H2 E, KELEEOFHE 10 B 30 5700
FRABIZTo 72, BEE, 151 O@BINER
(40 43, B1[E), 5~6 AD/NTV—THEE (60
&, B2ME), 10~13 AOKTV— T (60~
9043, H2ME) PLENILoTWA,

1) ERIFIE
HEE1ZBIFLT 1 ZOEFELEFDE,
EES - BHROABEFEEOMLEERSIBRM L —

Y TEAY ) TR To. ARy Y

ZTI}, MEEEPRET Y bO— U LT
5 €= 3 v RRATEIRE R T o7 0, RE,
B, 2RTOMBE~OMLEDRE 17572 Y
Lic. $72, 7V~ 7NEOBM % BRI S €5
ZE, EFHICES 2R ABBRECT Sk

390 BEYN-35%45-2007%F4 8



THIEDELRVEIIITL.

2) Jh—7il&

INTV—THEE LTI, [BEDRE - AAETF
TWv—7] C, BEEE, A&EY, HHHEC
DVTDLEBRE *1To72. [B@MIN—T) T,
8l TARBE L XBEHNOIHEEITo 72, 612
FANERINV—F] T, V=Y VAFNV L —
= (SST) %4707

KIV—TIge LT3, [Bakrsv—-7] &
[F332=74]EDBY, EHEL/ 7 V—TF4
FTIvZARERAL, £EMO%2»T, BHOED
ARELTWZ L2 BWICT o).

(KT V—TITid, BIME (BT, x ¥25-)
PELOHLFHEELHSL, EHLTRET
A LEfTol:. Thi3fEHREZILDBENVHE
RO T TII AL, HENOBLETT
5, ILEBEEZTNTIRET L0, 2ER
FROFB>EZESELZ L HBE L7,

(232574 TR, &@AVN—, £2%F Y
7, KIE, REBVSNT H%0T, X% v 7»
LbHENTF—TIZonT, XU NN—ZBHD
ZieTrw, BERLE. 20%, AUNA-0D%
RISHTHIEENLZIAL MY, A% v 7, RIE,
REZ»PLBRON/, F—<IF, BE - YNY
V7F—vary - Kk - pE - 4F - AEORPH
LEIEIN, FlELTR,[BEILL-TEkoR
bREZSORMTL? FoOBERMMH?], [V
NEYTF—=2a VIR LRI, BRITAD
DE, RERTEDLELIDRA»? /%5 TH 5.
CNIZER CMHELSETERRT S L) 24
B, 232 —-avilEThs ERERIC, B
EXMBORTHL, HEIEEICOVWTETO
THCZEIREST, MUBHBIL, XEBEDOR
Z2b 68N, UNEYF—2a it aE
BEFEZIHIEEFHEME LTV,

3) REOBM

REOSMOBESR, B Y V7L,
[BEFH  DHBEFINV—7), [232=51]
Tho-.

BEIA Y 2 ¥ 7id, RAOBRIFNEDREIC
10~15 5347V, RECORBE~OMNE, KiEH
BOX M VAMME, £ 5 —TOINFELREAN

RSB DO FEEIIOVTE LL 57,
T, [BEZR  ZAEE SN — T ~FAL
—HIIBMT A LT, BRBREREIZOWT
DELVWHEZRT, RALBEIOWTLEhE
BRICELERDL)ICrZL%BE LT,
[FI2=F 4] ~OBMIZ, HEH»SDUY %
&, AANOBEZ LW EBMICIRZ 8L L
72, XIS, FROBLAIKE ST, KALKE
L TCORBITLIZEES &£ o TWBIESHSH
5720, [II2=F 14| OB, EADKE
DAHORMBICEDL ) EEYE>TWVWHEDR%
MY, FANHTIELFZEZ B2 S
LD 5.
3. BRAUBICHEALLER
ANOHFETEMER L LT, 8, BREREER,
EEHE, VNEYF—Ya 28I CoEd
v/, BEOEEEL LTI, BRbRERE
¥EEFVEECHEASNEERE (§H 1~
8 mWIIrEEIREV)YEHV.
RHBEEOBEEIIX, Y7 AT —BAHEER
% (WAIS-R), 22%2U0AWFX b, PLA b - X
A% - FTAFMA-B(IMT-A-B), V4 A2
YUV =V =F AT TFTAVEER
(WCST), V3= 3 — F{TEISEERE (RBMT)
AW, BREREOBIEICR, K570 74—
VigZE (POMS), HEREREY, TBEMBE4E
WG (SDL) %A L. £ %1TE) - &

- ho#EzE, EAFEEE (RA - KR, N—

V- ATy R (Bl) EAV, BEZTRORE
BEE LTI, BESERMIC BT 5 AR NGEE & Rk
lDEX BV,

4., HERFE
EHICIEBRETCIR2VWLO, TAEHRIM
ZRELVDDOPBZHEITNTNE 1D, /U1
SAM)y /REERFER L. EEEMOMEL
FARB DI, AT yOMBBEREEN T TY
ANBIESHT R, TusIagRELTOTTS
T ARIBOBREOEDREICIL, T4NVAT R
Y OFFRIEAARE % AV,

5. REMNERE

Tur s AEMBEBLFREIHLT, UNE
V7= 3 OMBRAED-DIFHEZIT) Z &

BEVN-35%48 200754 8 391



PEANCHBEL, TREZBTEY, EHERICEET
s R EHA L.

B R

. HEBERY

7075 ABETOANOFRETFENER, Dotk
4 EASIREE, 178 - BE), BERROBENE
EHBEOMBEHERIICTYT. BEHAME
WCST ORFE L EOHBENH Y, WCST DERH
7Y —, WAIS-R OFEM1Q, Mk, HiE =
wmrEOHEBE Ho7. LIL, BERELOM
I EESEBRAL NP o7z,

EEREIL, Bl, RBMT L IEQOHME?H D,
TMT-A + B, WCST Ok & BOHELVH - 7.

PRUABVT A FOEEHIE, TMI-A-B L&
D A8, RBMT, WAIS-R D5, POMS DiES

EIEEDOFEEY D o 7=,

POMS DA% - BEiRIX WAIS-R O HIi L B D
S Y, IS5 i, TMT-A, WAIS-R DFEAK,
POMS D&Y, &%, RELL IEDHE, MmEks A
DHEENH o7, LL, IO LBERBERE
EDORICEELABEALN o7, HEHIZ,
PRUAVT R POELEE EOHE, TMT-A -
B LENHEEIH o/, E5IC, HEREBRE,
SDL & EDHENTH o 7-.

KADEESIEHEIE, WAIS-R DS EEM 1Q, HfE,
HHLBOMEEH D, KRiKOEEDFMIE,
WAIS-R OFEAR, BERERE L EOHMAND -
7-.

KA EREDORESFMNOZEX, WAIS-R DERE
#1Q, EME, Fl, POMS DRI L ORIZE D
BATA BT, '

] 1 AOREIRNZTH, RAEEE, BB, 78 - 86N,

) 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17
1 RIEFH ) -
2 BRHTONM —-062"* —
3 @R —0.04 017 -
4 MERE —-018 —020 —0.21 —
5 Bf - -021 —028 —023 080** —
6 BENIVE FA 0.13 005 031 —007 004 —
7 CRER —004 —022 023 051 057* 0.16 -
8 =2 013 009 043 —0.15 —005  083°* —039 —
9 HEUBL IE —0.26 027 —022 026 0418 0.25 026 003 -
10 ®” 035 —0.15 —025 —0.07 —~003 0.35 009 033 0.31 -
11 TMT A 027 ~—006 032 —054* —054* 009 —031 —002 -—065°" —031 —
12 B 029 -—008 052 —058* ~063* 003 —038 —022 —074** —080** 096** —
13 WCST B|RAFIU—| —0.48 013 —053* 048 033 —0.16 020 —0.11 005 —025 —0.15 ~—0.02 -
14 e 047 =004 052*—053* —053 023 —008 008 —012 0.19 0.36 031 —087** —
15 £y MEGER| 010 —035 028 018 041 —045 050 —049 —016 ~—002 —023 —013 018 —0.41 -
168 RBMT SPS -0.29 033 029 074** 064° —021 0.24 —0.18 0.67* 005 0.87** —087** 031 -053 024 —
17 sS -0.32 025 —028 073** 066 —020 011 —0.15 064* 018 —083** —087** 024 —050 021 088*" —
18 WAIS-R £1Q 005 —003 —035 039 027 -032 0.33 —0.39 0.40 031  =0.60** =045 018 =027 018 063* 069**
18 BEgIQ 001 —013 —053* 024 015 -—064"* 027 —074*" 022 006 —0.43 —029 046 -—051° 039 057 058°
20 BbEtE 1Q ~0.06 021 009 034 019 -014 020 —0.12 0.44 030 —056* —045 —0.10 —009 0.10 0.69°* 0.74**
21 it 02t =021 —~057* 025 000 —042 0.08 —0.33 0.24 044  ~037 —040 030 —028 028 042 044
22 0] -0.26 017 021 ~022 =014 -—009 —021 —008 0.44 000 —026 —010 —002 —019 =0.t3 024 03
23 8 030 —0.8 —053* 036 016 -—0.32 030 —0.39 0.26 034 —039 —032 038 —041 026 064* 068*"
24 =154 019 039 —044 021 008 -—029 0.18 —0.25 0.16 017  —=037 —020 023 —012 010 026 028
25 b4 -002 —0.12 —048* 015 023 —057* 015 —065° 007 -001 —029 —0.21 039 =047 031 044 049
26 il —006 —000 —036 047 016 —061** 016 —076*° —003 —024 —0.22 0.06 045 —044 040 046 042
27 et —0.15 031 —0.11 024 017 —026 015 —020 0.41 019 -055* -035 ~—002 -012 018 064* 061°
28 %] -0.03 007 022 024 008 —022 —013 —008 031 006 —037 —017 ~012 =003 016 040 048
29 Bk ~0.32 020 000 045 037 —0.37 056" —~0.54 029 ~—015 —045 —040 021 ~042 0.64** 059 055*
30 HyEbE | -005 011 014 040 036 —O0.11 027 —008 0.30 030 -053* —047 —0.21 002 014 058" 062°
3 we 14 —-0.38 —-024 033 030 0.02 013 020 053*  049* -—0.72** —068** —008 —004 —008 041 049
32 POMS R - %8 —0.16 034 002 —016 000 0.02 022 —036 —005 —0.00 0.25 008 —017 025 ~0.19 —020 —0.17
33 32 ~0.07 0.16 008 —027 -004 0.02 012 —027 ~024 —~017 048° 047 —003 009 —0.18 —039 —0.34
34 =/ -0.32 027 009 012 019 —031 022 —054 —009 009 -001 =—013 —000 —009 008 012 022
35 ENh —0.41 026 —033 035 038 0.26 029 009 055* 046 —053* -~0.82** 000 —008 —007 046 046
36 bibi] —0.36 025 -025 015 009 —0.25 008 —049 —007 -—0.14 016  —001 041 —039 —002 -002 004
37 REL —0.17 019 —021 009 014 -~026 028 —062*° -—008 —008 0.16 0.02 0.05 001 010 004 005
38 TMD —0.08 011 —0.02 —0.07 000 —0.20 0.18 —050 ~031 —-0.15 0.42 0.32 0.16 —0.04 —006 —0.37 —031
39 BERZARE ~0.21 0.14 —0.10 007 =003 0.33 066" —0.18 03 022 -—004 ~—0.16 0.02 013 018 . 000 —0.15
40 SDL —0.40 022 —025 024 0N 0.42 016 008 054 0.16 012 —033 024 —007 —015 015 005

&) **p<0.01, *p<0.05

392 -

WAV 35545200744 B



2. AFITYALERAHA

BENEREEZ?EZETRERECRLEEND 5
DA - BE - TRHOERBEHARL DI, B
ERELAELHEZ b OLHE Y MILEY, BE
REZ#BZERELTHT I H VARG %
To&Z s (R=099, R?=0.97, R*?=0.90,
F=13.80, p=0.069), WCST DEHt, BERE
WHEWEEL 52 TWAERLH D (p=0.057,
BHE—0.757) T EMRVIEERT.

3. 703 L0O%HR

Tur T ARBROSREOPREIIR2 D
hThb. BERE, BI -B, &£ 1Q,
#1Q, EME IQ ILAFELUBSHAL NI,

&EB
B

SCEICE L TH, RBMT @ SPS & SS IZIiZHFE

EiRASNED o722, TRIEETH S [ B34
CEBEENH SN,

SHIZWAIS-R OTHIEE (B2) Cit, e
(z=-3.05, p<0.01), LEZHK (Z=—2.13, p<
0.01), #A (Z=—2.41, p<0.05), HZ (z=—2.50,
p<0.05) DEEIHEL TV -,

4, 21Q DHELMOIEEDIEES

RIZTOT AL DLEIQDHELEEDS
LEBEERVWETEDIZ, £1Q07uys o
BoEL, \OFKFFNER, BERE, B0
BZH7 R bOOHE, NEHEE oMHBrHE~
7. TORER, QOO T LEEROELE
BB b OBER, FAHNORERE (Y
£2%2 0.62, p<0.01) & BI DAIHEAME (FHEIER% 0.65,
p<001) THo/:. EEHME, LT COHM,
M e OMICIAERELHBEAL L 5
7-.

BERBOEECHI S ETHEOERRS

C18 A8 20 Rt 22 e e RS e 30 3 e e Y as L a8 L

0.80** —

081** 039 —

0.62** 0.76** 031 -

023 026 025 005 —

0.85** 0.84** 054°- 0.74** 004 —

056° 0.73** 0.19  0.69**~-008 066" —

0.68** 090°* 026 052* 020 0.73°° 0.66°° —

061** 086°* 023 054* 020 062°° 053* 082°* —

079** 053* 082°* 043 021 052* 025 035 049° —

0.66** 029 084°° 013 047° 037 010 018 020 070 —

043 020 058°* 012 006 025 —009 015 023 045 029 —

064" 014 087°* 011 009 026 —004 000 006 0.75"* 0.75** 0.59°* —

057* 035 049" 040 021 041 060°* 025 005 035 049° 003 045 —

=018 —028 —007 —047° —024-028 —037 -008 —0.14 —0.14 —0.19 007 011 —031 —

—012 —022 =-009 —055* —0.11-022 -039 002 —007 —0.16 —0.04 002 005 —036 085*° —

014 —004 027 —018 0.10-0.10 —040 004 —000 007 —15 0.47* 043 —0.17 068°° 059** —

017 008 010 021 011 001 —008 002 0063 023 —009 011 017 018-0.02 -032 015 —

001 —003 009 —020 —0.11-000 —026 004 —006 —009 002 032 0.13 —022 068°* 069** 0.72°*—-0.10 —

005 001 008 —014 —030-003 —015 010 013 004 —009 036 021 —024 085"* 070 068°°—003 0.79** —
—006 —0.12 =003 =034 —022-012 -029 003 —-002 —017 —006 018 0.1 —0.34 085*" 091** 0.76**—030 0.85*> 0.85"* —
=015 —001 —016 020 =-002-0.19 -003 —023 012 —0.05 —040 0.10 -006 —0.18 003 —-024 —004 088*-016 015 -0.11 —
=021 —0.14 —016 012 =025-023 —010 —0.13 0.16 —0.18 —045 —0.00 =013 —021 023 001 011 068° 018 042 022073 —

BEYN 3554520074 8

393



394

% 2 70Y5LEROBBMEFIFHEORE

n | & hR{E | & PR(E z{B BEmR=E
EERE 19 4 "5 —3.00 0.003**
BI 18 | 100 (89) | 100 (94) —2.07 0.038*
HEASHE FA 17 105 103 —0.28 0.977
K& 14 745 725 —0.25 0.807
= 13 32 15 —0.63 0.529
HMEUAWL IE 17 15 2 —-1.71 0.087
iR 17 5 5 —0.29 0.776
TMT A 19 201 148 —1.65 0.099
B 15 251 197 —2.37 0.006**
WCST Eﬁmrju— 16 4 4 —0.05 0.959
®E 16 7 4 —0.76 . 0.450
Ty NgersEEE | 16 1 1 —1.22 0.222
RBMT SPS 14 175 13.5 —0.70 0.944
S 14 6.5 45 0.00 1.000
= 14 9.5 10.0 —1.93 0.054
. BEE 14 8 (7.0) 8 (7.8) —2.04 0.041*
WAIS-R £1Q 19 79 94 —3.79 0.000***
-~ BEMIQ 19 82 92 —3.36 0.001**
BEMEIQ 19 82 84 —2.77 0.006™**
POMS A% - TE 19 56 50 —0.31 0.760
3D 19 61 56 —0.20 0.840
CRb . 119 51 53 —0.31 0.760
CSEH 119 48 46 —0.14 0.888
COEH ] 19 53 48 —0.74 0.459
R 19 59 53 —0.81 0.420
TMD 19 242 213 —0.61 0.542
EE@ERE 13 33 30 —0.27 0.789
sbL 12 37 38 —1.16 0.248
) Bi é:%éﬁlamﬂs’&{ tlatﬂtb\ﬁb\brc;t,\r_&)(..}ﬁamwu%]{ﬁfij-btm%
***p<0.001, **p<0.01, *p<0.05
19
17}
15 **p<001, *p<0.05
YE 13t
i *
fe 11¢
oc &
w 9 A i
S 7
(LB OB LB K LR
N & B B =B s B B @b #
#w OB OB B B & K # v 8
fon]

B 2 WAIS-R TIIREODZEIL

FFSFPRE (7] 40, 1&*40) TRELDSDDTEVEY, T

ECRLTHD

BAYN

+35%4%5 20074 A




Z R

1. AROEZNTHLEOERDOEE
»P2UAWVT A b, TMT-A - B, RBMT, WAIS-
R D%, POMS DIENOBICEELHBENAL
ni-Z ki3, BEN, BHEUERY-F, iE,
ZLTHENLEOBICHEENHLILERL TS
EBRbha., S5IZENE, SDL, HEREBERE
EAEELRMHBERLTWAEI LSS, ZOEN
DOEED, BABINEYF—La VIZBWTE
ETHLIENRBEND.
mERMORE L BB 1Q LOHEE, KA
EENMMENIFECIIEREY L ) ERICE
BTEBLILERLTWBEEDNSE, L2L,
POMS DREL L BEDOHEFALONL Z L0 5,
BEIBROBREIBWVIZE, 2%, khEE)
BEZNTWAIEILEHNEREIIE LT VEE
Zbhad, F7z, BEIEEEDZIT WAIS-R DL
CEOMBERLTYS., ZOEMIEITHEEY
RTHRED—DEEHLNBEBWZ Lt BER

ELKRBBTEE-0I1CE, RakEodsE, &

CICETREEOUBEBIVLETHIHLEZLNS,
AT T ANVEIFEGHORBRIT, BEREIC,
DIED L2 TH L {12 WCST DR FEAHE <
FELTVWAERSH LI EEZRLTV. 20
ZEDD, Lezak? b, TOREY HIEEREY S
THEREDHEHMEBE L TWAE LI, Z0EsE
SRR AR E D EERE £ 5B IR b T 1EE
D—DOThHHLEDLNS,

2. 7075 L0%R

TR LRBOFREORE IS, Kk
F—D7ursrk 1-2EBBTHEILIZES
T, St 1Q, BifEtt 1Q ¥ &L &AM By HEEE,
HELEESEORENAONS, F/2, BERE
17V 7%ETAH. 51T, WAIS-R D TFHIE
BokE R, S2ABEOL22TY, & CICEESR,
EEDOY )2z, £ - BEE, FHOLEAY -
F, ZITBEOYEBFERLTVABY, Zho
DRI OYER, £RR/UBEHINEY 57—
Yary7uy 7 Ak ERKL7: Prigatano 5V X
%, 7005 AEMNE 18 ADEMEM 1Q, &K,
a5, s AT —-REREOREEESN, 17 A

DFHBI LR TERIEE LS, LI mey
HEBELTWS, 72721, Prgatano SO T &5 4
ulE6ﬁﬁ,ﬁ4E%6#ﬁﬁﬁofﬁb,%
Ty —DTUTTLEIERE, HEOSETE
WHH 5.

EIQOHBLEREOHE» 51, Y+

Y —DT U YT ATIIBEE ICREE SR 23

&, TLAREEBEIRETHLEITL, £ 1Q
DYEFREVIEPFRBEEN. Lrl, =4
2 H ARG T TOREC, PR ORE S,
ZIQ DHEL BMHENALNLWI L2, I
e BHICRGET A 2 LREBTS 2 L5, 2
FTLOIDKRELEEFEABT LI, 4HEOH
ENOETEZ V.

3. FRAEORRESEDOERE
SROREICIIFEHES 2 V202, HKEE
DRENME = X5 L THERETE Twivw, JER
RELTYH, REOUBPREEEOYLEF, T
BEL +HICBERTEST, I-REETRLAE
BELFERLTWAE SOOI ATHLIZL DD
57, ZhHDYES, FHMERELEIAShTY
2, BETHMHESYOHETIR, LEHN - £
KRB 7TE T T AR DABTOYGEEIT,
WAIS-R OD&HH, RBMT, %2 AT X FE|C
HEFALNTVE ZEhL, SER SR
BREOWEN, AW - £FHN T 075 L 0%
HEPOD 6 SNh ) iionTid, 4%

 BREORYDH 5.

AR - EERN IO T L3, EREELH
SOMEROEZEND S, K TIERIEHETD
HEDRFbH D99, SEOAEN S, L
DEIBRREELDLOD, &L - TITERF
TOEBITHTH D, BHBEIRETS LN
TEA7UTSLD—DOTHLEBRDNS. 5%,
BRI E L b OB ORAREIZIT TR,
RIEREE, BEZR, FLTHELLED THE
FTAHIENTELTOTSL%, SHIZEREY
LHILEDBULETHS)). FO0IF, 707 T
LAABFOBEN KRG L, ERBEOHRBELE
NRTZEDPRTARTH 5.

REYN 35545200754 A 395



K7 hHE, BLOFADTHNICELDEEKETSHZ
ATEE L. 7RI AKRED TV AW -EET
TLEENAVE LY S —DHEREK, BRY Y
F— a3 YEMERONM BIRK, HASZEFRICLLY
Btz LET. T, KRXERKCH ) TigEn 2
éiLtAmTk%k%Huﬂ+ﬁ tH 2E BHdgc
DL BB LETET.

X B

1) Ben-Yishey Y, Dillar L ; Cognitive remediation in trau-
matic brain injury : update and issues. Arch Phys Med
Rehabil 74  204-213, 1993

2) Ben—Yishey Y, et al | Neuropsychological rehabilitation :
quest for a holistic approach. Semin Neurol 5 . 252-258,
1985

3) Prigatano GP, et al . Neuropsychological rehabilitation
after closed head injury in young adults. J Neurol Neuro-
surg Psychiatry 47 . 505-513, 1984

4) Malec JF, Basford IS :Postacute brain injury
rehabilitation. Arch Phys Med Rehabil 77 . 198-207, 1996

5) Cicerone KD, et al ; Evidence-based cognitive rehabilita-
tion . recommendations for clinical practice. Arch Phys
Med Rehabil 81 : 1596-1615, 2000 '

6) SkEERWF, LHZEE, BERT - M EEEE
TAHAUEN - EHmHINEY T - arTurI s
DER. #EY,>33:73-81, 2005

7) King JC, et al . Prescriptions referrals order writing, and
the rehabilitation teamfunction, Delisa JA, Gans BM
(ed) : Rehabilitation Medicine : Principles and Practice
3rd ed, pp269-285, Lippincott—Raven Publ, Philadelphia,

1988

8) Rosser R, et al | Valuation of the quality of life ; some
psychometric evidence, Jones-Lee MW (ed) : The Value
of Life and Safety, pp159-170, Elsevior, North Holland,
Amsterdam, 1982

9) Rosenberg M (%), IAEET - R) . B@ani:
HOOFAEORHE. HE CEFZ 30 : 64-68,1982

10) WABMZ, KEEDTF, 50 H BELFERE
SDL 3 & UF SF-36 |2 81} 2 MBS D F A & A8
BT A1RE, EEMEMAREHEA T/ IET
LA, pp 133-135, 2003

11) Prigatano GP - i (&), AHRE - 2 GR) : WBEO
INEY T = a r—EOEERFE—, pp132-
139, [EBHZEMAR, 1986

12) Lezak MD (%), =# #§ - H4AKER (BR) 1 L ¥y
7 - W OEERRE SR, pp 350-353, BlEHIK,
2005

13) Ponsford J (&), BEHIEF (BR) . 4MBHEREHEHZD Y
NEYF—var—BHOEREFEDIDIZ—, pp
61-94, FASEIE, 2000

14) Thonstone B, Stonnigton HH (), IAMEF - 2 (GR) :
BARBERED YN ) F—Taryr—)nEYF—
YaVEMROIZOOERH A4 F—, pp29-55, FHR
M hit, 2004

15) BFIERIEF, REFRE, FEHELT : BSME oK
BEREE DR —E KRR E 7 — & R— 2 D5 »
b—. NMRBEEHT 2 : 35-40, 2004

16) KEMW: 72V W BT BEBHEINEY 57—
¥ a YOIk L Head Trauma Program DRBA. #H4)
N 22 1 483-489, 1994

rZB%ﬂB'I’iW

H B :200746H 158 (&) ~6H 178 (RH)
& B EMEVLEBERREEV S -EFN
B%#HE
M T RAREMERR [R50
F & EBEGENRES
W A1) ANBICKT S EHEGEOER
2) RARMEREERBERE TS E
HEIREO KR

3) LHEOEERS, FArEIF—
o & EEREL, (FEEEL, SEEEL, E
BT 2783 BOBHEMMEOTEELRH
BHEFEB 104
ZEEAL 80,000 1 (BINE, AR, BARESE)
BLAANE  BMEEEIC, K& (Lho%) - B

% 36 Bl EHERBEREEREES

1 - M5 - B S - BBk - Bk
BFEESE TRRANI 2, TidFTBHED
T awv,

HLAA - BVwEhbes .
&444-3505 [ T4 ET FHIR 5-1

ERRMLEEEREF LYY -8 %W
BEREAN
Fio b ELHEGHRERESEER - &
ZHVE

Tel 0564-48~2831 Fax 0564-48-2832
*5 17 0 LAEREHEETR (ZRE) 26 PI0E
1B EHEGREZEENET FNX A ba-2
STEP1 # RI&IGICCRIBRICHM@ L 3. #Fii
LEODEER I TBHWEbETE W,

396 BEY N -35%4%5-2007F4 A




