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(Delacourte et al, 1999). The data support the notion that
functional abnormality in the parietal association areas should be
a better predictor of AD conversion. However, two longitudinal
studies (Huang et al., 2002; Drzezga et al., 2003) suggested high
predictive value of functional abnommality in the PCC, further
study will be needed to clarify the predictive value of the
finctional abnormality in the PCC.
Unexpectedly, we found decreased rCBF in the right caudate
"nuelens in comparing controls and non-converters. A recent voxel-
based volumetric MR study (Frisoni et al., 2002) revealed reduced
gray matter volume of caudate nucleus in mild AD; however, we
have no good explanation or hypothesis about this finding at the
present moment.

Reduction of ¥CBF in the parahippocampal gyrus in converters

In this study, we found reduced parahippocampal rCBF in
converters. Numerous structural MRI studies have demonstrated
that progressive atrophy of the parahippocampal area including the
entorhinal cortex is a sensitive marker for detecting and predicting
AD (Chetelat and Baron, 2003; Korf et al., 2004; Nestor et al,,
2004). In this study, we did not apply a partial volume effect (PVE)
correction for SPECT imaging; therefore, one could argue that
reduced rCBF in the parahippocampal area could be explained by
partial volume effect. We agree that PVE partially contributes to
the results of our study. However, an atrophy-corrected FDG-PET
study demonstrated hippocampal hypometabolism in AD and MCI
and the study’s anthors concluded that metabolism reductions
exceed volume Josses in MCI (De Santi et al., 2001). Other studies
with MRI-guided FDG-PET also demonstrated hypometabolism of
the limbic systems (de Leon et al., 2001; Nestor et al., 2003a,b)
including the entorhinal cortex in MCL

Limitations of this study

The first limitation of this study is that we did not evaluate the
cross-validity of the predictive value of the SPECT findings using
split-half reliability due to the limited number of non-converters.
To conclude the usefilness of rCBF SPECT in predicting AD
conrversion, our data should be replicated in other cohorts. In this
context, our data may be considered to be preliminary rather than
conclusive. However, other studies conducted by different
research groups using a different imaging method (FDG-PET)
reported similar results to those of the present study (Chetelat et
al,, 2003), and we believe that our predictive model should be
reliable.

Second, we did not perform the correction of partial volume
effects (PVE) for SPECT images. We agree that PVE could partially
contribute to the results of the present study. Even so, the predictive
value of rCBF patterns identified in this study still has diagnostic
value. From a diagnostic point of view, atrophy-related hypoperfu-
sion is a consequence of AD pathology and might improve the
detection of early functional abnormalities.

Finally, some may argue that a 3-year follow-up is not long
enough. We agree that it remains a possibility that some of the
non-converters would develop AD during a longer observation
period, because the logistic model cannot be certain that someone
will not convert AD after the follow-up period. However, we can
still distinguish rapid converters from slow converters or slow
decliners using the initial SPECT study. The results suggest that
the mitial SPECT study can discriminate between rapid decliners
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and slow decliners. Such discrimination is important for both
therapeutic and research purposes.

Conclusion

We demonstrated that the 1CBF reductions in the parietal
association areas and the precunei are a good predictor of
progression from MCI to AD. The data suggest that the initial
rCBF SPECT in individuals with MCI could be a promising
method to accurately predict who would meet diagnostic criteria
for AD in the next 3 years.
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This paper reports a study designed to cxamine the neuronal
correlates for comprchending the signs of American Sign
Language representing numerals in deaf signers who ac-
quired Japancse Sign Language as their first language. The
participants were scanned by functional magnetic resonance
imaging (fMRI) twice on the day of the experiment. The
results of the measurcments revealed that upon learning that
the signs actually have numeric meaning, a network of brain
arcas is activated immediatcly. Many of these arcas have been
previously implicated in numerical processing. The similar
necural network of brain regions responsible for numerical
processing cxists on a nonlinguistical basis and works to
retricve arithmetic facts from presented linguistic material
regardless of the mode of the language.

Digits and number words are considered a very recent
cultural invention in the evolution of the human spe-
cies. Indeed, they arise from the specifically human
and evolutionarily recent ability to create and mentally
manipulate complex symbols. The sense of numeros-
ity, however, is older. Many animals are sensitive to
numerical regularities in their environments, can rep-
resent these regularities internally, and can perform
elementary and approximate computations with nu-
merical quantities (Gallistel, 1990; McComb, Packer,
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& Pusey, 1994; Suzuki & Kobayashi, 2000). Similar
abilities are found in human infants in their first year
of life, well before they begin to produce language
(e.g., Xu & Spelke, 2000). These converging lines of
evidence suggest the existence in the animal and hu-
man brain of specialized neural systems for processing
numbers on a nonlinguistical basis (Kobayashi, Hiraki,
Mugitani, & Hasegawa, 2004).

Substantial experimental evidence points to the
notion that such domain-specific mechanism, or a core
“number sense,” accounts for our uniquely human tal-
ent for formal mathematics. Several lines of evidence
from studies of numerical competence in normal
adults, infants, and young children, who are all hearing,
as well as in nonhuman animals has led many re-
searchers to conclude that the domain-specific system
of knowledge, present in many species, is responsible
for the sense of number and forms the basis for the
complex symbolic manipulation of number developed
by humans (Dehaene, 1997; Gallistel & Gelman, 1992).

Particularly, the findings reported by Barth,
Kanwisher, and Spelke (2003), Dehaene, Dupoux,
and Mehler (1990), and Xu and Spelke (2000) should
be noticeable, in which many tasks that deal explicitly
with exact symbolic numerosities automatically acti-
vate nonsymbolic number representations. More re-
cently, Barth et al. (in press) investigated this issue
more directly in examining whether hearing adults
and hearing preschool children can perform simple
arithmetic calculations on nonsymbolic numerosities.
Results of the five experiments they conducted clearly
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reveal that both the adults and the children with no
training in arithmetic successfully performed approxi-
mate arithmetic on large sets of elements. Success at
these tasks did not depend on nonnumerical continuous
quantities, modality-specific quantity information, or
the adoption of alternative nonarithmetic knowledge.
Thus, they concluded that abstract numerical quantity
representations are computationally functioned and
may provide a foundation for formal mathematics.
Such reasoning is also quite consistent with a
recent neuronal model for the implementation of
elementary numerical abilities proposed based on the
findings from a series of brain-imaging experiments
(see Piazza & Dehaene, 2005, for a review). Piazza
and Dehaene (2005) claim that mathematical ability
results from the integration of two nonnumerical neu-
ral circuits in the brain: the left frontal lobe, which
controls linguistic representations of exact numerical
values, and the parietal lobes, which control visuospa-
tial representations of approximate quantities. Accord-
ing to their view, humans have at least two means of
representing and processing quantity. One is the abil-
ity to make perceptually based judgments and compar-
isons, in which the degree of accuracy varies with set
size. The other allows precise quantification through
the use of symbols, concepts, and rules. Arithmetical
tasks that require exact numerical answers depend on
verbal representations of numbers, whereas tasks re-
quiring estimation or approximation depend on non-
linguistic representations of approximate quantities.
In 2ll, it appears that-a region of parietal cortex
underlies an abstract-semantic number sense and a
region of left prefrontal cortex underlies more specific
operations mediating exact or approximate calculation.
The notion is compelling and provocative. Indeed,
there is a growing literature that presents neuronal
evidence for the explanation given by Dehaene and
his colleagues (see Piazza & Dehaene, 2005, for re-
view). However, it should be noted that all such pre-
vious studies about numerical processing, whether
cognitive ones or neurological ones, have pursued this
issue in hearing subjects who had acquired a spoken
language as their first language by presenting digits or
number words in written form. None of these studies
have worked with deaf subjects who had acquired
a signed language as their first language though natu-

rally evolved signed languages, even though such sub-
jects are known to possess identical levels of linguistic
organization, including phonology, morphology, syn-
tax, and semantics (Klima & Bellugi, 1979; Padden,
1988). In fact, recent investigations into languages
have provided a powerful research opportunity for
exploring the neural basis of the human brain that
works in conjunction in both the manual and vocal
modes for the purpose of language organization
(Emmorey, 2002; Masataka, 2003).

Having extended such reasoning into the research
field of numerical processing, recently, Masataka
(in press) investigated the capacity for nonsymbolic
arithmetic performance in deaf adults who acquired
Japanese Sign Language (JSL) as their first language
as well as in hearing adults. In the study, the partic-
ipants performed the numerical subtraction task on
large sets of elements, presented as visual arrays of
dots, for the testing of the capacity for nonsymbolic
arithmetic performance. For the task, the participants
were presented with three visual arrays of dots and
were asked to subtract the second array from the first
and to compare this difference to the number of ele-
ments in the third array (e.g., “56 — 16 = (40) vs. 35).
The results revealed that they could perform simple
arithmetic subtraction on nonsymbolic numerosities.
Their performance levels were even higher than those
of hearing adults who participated in the experiment
as a control group.

Based on these findings, therefore, we attempted to
conduct neuropsychological research as a next step.
Namely, we hypothesized that the neural network of
brain areas for numerical processing would also exist
on a nonlinguistical basis in the deaf adults who par-
ticipated in the experiment of Masataka (in press) and
that it should function normally for the retrieving of
arithmetic facts from presented stimuli independent of
any modality difference in the language by which the
presented stimuli are coded. In order to test this here,
we have undertaken the present experiment with the
participants by presenting signs of American Sign
Language (ASL) representing numerals. Before the
experiment, participants were totally naive to ASL.
During the experiment we compared brain activation
in the participants both before and after learning the
coded representations in the presented ASL signs with
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the use of functional magnetic resonance imaging
(fMRI). Once these representations are learned, a
change in brain activation is thought to accompany the
transcoding of the numerals. We hypothesized that the
network should extensively share the brain regions that
have been previously been implicated in the numerical
processing studies by Dehaene and his colleagues
{Dehaene, 1997; Dehaene et al., 1999).

Method
Participants

Participants were 13 right-handed profoundly deaf
adults (8 males and 5 females) varying in age between
19 and 50, and their parents were all hearing. They were
all involved in the study by Masataka (in press). Though
they had acquired JSL as their first language, the deaf
participants were first exposed to JSL at the age of 3
years when they were first diagnosed to be profoundly
deaf. Thereafter, they started to attend the educational
program by JSL every weekday with their parents.
Until then, their parents were not knowledgeable about
any form of signed language. The participants learned
Japanese in written form through an official elementary
education, which started when they were 67 years old.
All the participants in the group of hearing adults
had normal hearing. They spoke Japanese as their first
Ianguage and had never been exposed to any form of
signed language before. Before this study, the partici-
pants were totally naive to ASL or Finger Alphabet.

Overall Design

Neuroimaging experiments are becoming easier to
carry out with the increasing availability of fMRI
scanners. Preprocessing steps are being streamlined
and automated, enabling data to be processed faster
and more easily. Using fMRI to visualize function
in vivo, neuroscientists have demonstrated that the
mental operations conducted by the human brain can
be empirically measured. Typically, epoch or block
experimental designs have been the workhorse of such
experimentation. In these designs, stimuli are pre-
sented for a period of seconds and alternated randomly
or pseudorandomly over the course of the data acqui-
sition period. Usually two different groups of stimuli
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are prepared: one as task stimuli and the other as
control stimuli. The blood-oxygen-level-dependent
(BOLD) signals are to be compared between the two
stimulus conditions so that we could evaluate the
effects of some characteristics provided with the task
stimuli; which are not present in the control stimuli.
So far, we have undertaken several neuroimaging
studies with this experimental paradigm (Masataka,
Ohnishi, Imabayashi, Hirakata, & Matsuda, 2005;
Ohnishi et al., 2001, 2004), and the present experi-
ment was also undertaken with the same design.

In the present experiment, testing with fMRI was
undertaken twice in a single day with the presentation
of the same set of stimuli to the same group of par-
ticipants. In each testing, strings of four to six ASL
signs, each of which represented a number between
1,000 and 4,000, were presented on 2 monitor as task
stimuli. For control stimuli, a sign was randomly cho-
sen from the repertoire of the Finger Alphabet de-
scribed by Shioda (1985) as a counterpart to each
ASL sign used, and strings of such signs were pre-
sented. The finger movements were close to those of
spelling with the index finger of some capital letters of
the alphabet, such as X and Q.

The participants’ cerebral activation in response to
the ASL signs was measured by subtracting the acti-
vation level of BOLD signals recorded when the
control stimuli were presented from that recorded
when the task stimuli were presented in each testing.
After the first testing, the participants were instructed
about the meaning of each of the ASL signs used in
the experiment. However, they remained naive to Fin-
ger Alphabet. Thereafter, they received the second
testing. Whereas, in the first testing, not only the con-
trol stimuli but also the task stimuli were perceived as
meaningless by the participants, the task stimuli be-
came meaningful in the second testing. By comparing
the cerebral activation between the first and the second
testing, we attempted to examine its practice-related
changes if any.

Procedure

Each of the participants received their first testing with
fMRI measurement, in which they were instructed
to simply “Recognize the meaning of the presented



4 Journal of Deaf Studies and Deaf Education

stimulus, which has been chosen from a foreign
signed language system.” When this testing was fin-
ished, the participants’ performance with regard to
comprehension of the stimuli was scored without the
fMRI measurement. In the scoring of performance,
each participant was presented with the same set of
combinations of signs as those used in the testing
with the fMRI measurement. The participants were
instructed to write an Arabic number represented by
each combination of signs consecutively presented on
the monitor of a personal computer at 3-s intervals.
Thereafter, the participants were taught about the
meaning of each ASL sign used in the testing. They
received “exercises” to decode the meaning by pro-
ducing a JSL sign of the same meaning. In a given
such practice trial, a give single ASL sign was pre-
sented, and the practice continued until the partic-
ipants made “correct answers” in 10 consecutive
trials. Actually it took approximately 20 min on the
average. Upon completion of the exercises, testing
with the fMRI measurement was conducted again
(second testing). As soon as the second testing was
finished, their performance with regard to compre-
hension of the stimuli was scored again without the
fMRI measurement according to the same protocol as
that used after the first testing.

fMRI Analysis

Measurement of cerebral activation was conducted
using BOLD contrast with a2 1.5 T MAGNETOM
Vision plus MR scanner (Siemens, Erlangen, Germany)
using a standard head coil. After automatic shimming,
a time course series of 110 volumes was obtained using
single-shot gradient-refocused echo-planar imaging
(TR = 4,000 ms, TE = 60 s, flip angle = 90 degrees,
in-plane resolution = 3.44 X 3.44 mm, FOV =22 cm,
and contiguous 4-mm slices to cover the entire brain).
Head motion was minimized by placing tight but com-
fortable foam padding around the participant’s head.
The fMRI protocol was a block design with epochs in
which either the task stimuli or the control stimuli
were presented. Each epoch lasted 20 s (equivalent
to five whole-brain fMRI volume acquisitions). The
stimuli were presented using Presentation (neurobeha-
vioral systems) running on a PC and back-projected
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onto a screen located approximately 50 cm from the
subject’s head using a 65536-color liquid crystal dis-
play and an overhead projector. Participants viewed
the screen through a mirror attached to the head coil.
The first five volumes of each fMRI scan were dis-
carded because of the nonsteady condition of the
magnetization, and the remaining 70 volumes were used
for analysis.

Data were analyzed with Statistical Parametric
mapping software (SPM99, 1999). Scans were real-
igned and spatially normalized to the standard stereo-
tactic space of Talairach using an EPI template
(Talairach & Tournoux, 1988). The parameter for af-
fine and quadratic transformation to the EPI template
that was already fitted to Talairach space was estimated
by least squares means. Data were then smoothed in a
spatial domain (full width at half maximum = § X 8 X
8 mm) to improve the signal-to-noise ratio. After
specifying the appropriate design matrix with a delayed
box-car function as a reference waveform, condition,
slow homodynamic fluctuation (unrelated to the task),
and subject effects were estimated according to the
general linear model and taking temporal smoothness
into account. Global normalization was performed us-
ing proportional scaling. To test the hypotheses about
regionally specific condition effects, the estimates were
compared by means of linear contrasts between each
control and task period. The resulting set of voxel
values for each contrast constituted a statistical para-
metric map of the ¢ statistic SPM {¢}. To account for
interindividual variance, all group analyses were com-
puted using a random-effects model. Further, group
analyses across participants involved a one-sample ¢
test on the images generated by pooling over the ses-
sion of individual contrasts of activation versus control
for each participant. In order to evaluate the learning
of ASL signs, effects at the first and second testing
were analyzed by a paired ¢ test. For these group anal-
yses, we set p <.001 without a correction for multiple
comparisons in order to avoid Type II error, and this
was followed by applying small volume correction
(» < .01) to each cluster to avoid Type I error. The
resulting sets of ¢ values constituted the statistical
parametric maps {SPM (#)}. Anatomic localization
was identified using both MINI coordinates and Talairach
coordinates obtained from M. Brett’s transformations
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(Brett, Johnsrude, & Owen, 2002) and were presented

as Talairach coordinates (Talairach & Tournoux,
1988).

Results

In the first testing, clusters of activated voxels were
identified only in the left visual association areas
(Table 1 and Figure 1). Once the participants had been
instructed on how to comprehend presented ASL
signs, however, the areas of activation became wide-
spread dramatically. The regions included the bilateral
prefrontal cortex, the left premotor area, the bilateral
parietal lobules; and the left middle temporal gyrus as
well as the visual association areas.

The areas of the brain where significant increases
in BOLD activation levels from the first to second
testing were observed included the left prefrontal cor-
tex, the bilateral parietal lobules, and the left middle
temporal gyrus (Table 2 and Figure 2), but no decrease
was found in any brain region. Results of the scoring
with regard to performance on both the ASL number
and Finger Alphabet tasks, which were conducted
after the first and second fMRI measurements, re-
vealed that the percentage of correct responses was
0% for all participants in both scoring sessions and
that no participant could answer correctly in response

to any stimulus. So, activation changed to what were
now seen as linguistic stimuli, even though partici-
pants could not respond correctly to them.

Discussion

Even at the onset of the experiment, the ASL signs
were perceived differently from the signs of the Finger
Alphabet, and the activation of the visual association
area was greater in response to the ASL signs than to
the signs of the Finger Alphabet. This might be
mostly due to the fact that ASL is a naturally evolving
signed language system, whereas the Finger Alphabet
used here was developed for the subsidiary means of
promoting the oral education of deaf children (Shioda,
1985). Given the fact that the participants had been
exposed to JSL after birth, they could have exhibited
a perceptual preference for the ASL stimuli over the
signs of the Finger Alphabet due to their previous
experience with another naturally evolving signed
language system. On the other hand, as has been
suggested previously (Fernald & Simon, 1984;
Masataka, 2000, 2003), the preference for naturally
evolving signed languages could also be due to genetic
programing.

Nonetheless, the much more noticeable implica-
tion of the present results should be the immediate

Table 1 Talairach coordinates and # scores of the activated foci identified at cach testing

Brodmann’s
Brain region arca x y 2 t value
First testing
Left middle occipital gyrus 19 —44 —78 4 6.58
Sccond testing
Right middle frontal gyrus 46 42 17 21 5.26
Left middle frontal gyrus 6,9 -20 18 51 8.39
Left inferior frontal gyrus 9 -38 7 24 6.98
Left middle temporal gyrus 22 ~57 —44 4 5.70
Right superior parictal lobule 40, 7 36 —352 52 6.52
Left superior parictal lobule 7 —34 —61 55 154
Left inferior parictal lobule 40 —42 -37 39 5.12
Right middle occipital gyrus 19 24 —87 8 8.48
Left middle occipital gyrus 18, 19 —20 -97 5 7.05
Left cingulated gyrus 24 -8 8 47 104
Left pulvinar =22 ~29 3 11.6
Left medial dorsal nucleus —6 —13 4 7.72

Note. x, 3, z, Talairach coordinates.
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Figure 1 Images showing the regions of activation in each testing (Talairach coordinates of voxels of peak activation:

A = first testing, B = second testing).

effects of teaching the participants about ASL signs
representing numerals. Significant changes in BOLD
activation caused by the learning included increases in
the activation level of the left frontal lobe and the
bilateral parietal lobes as well as in the left middle
temporal gyrus. The temporal gyrus becomes active

when picking out the forms of motion of biological
entities from other types of motion in the natural
environment (Blakemore & Decety, 2001; Frith, 2001).
Therefore, the participants should have come to view
the ASL signs as meaningful and distinguishable from
the control stimuli. Moreover, the frontal and parietal

Table 2 Talairach coordinates and ¢ scores of the activated foci whose activation increased

from the first to the second testing

Brodmann’s
Brain region arca x ¥ z t value
Left middle temporal gyrus 22 —57 —44 4 5.55
Right superior parictal lobule 7 34 -52 52 6.82
Left superior parictal lobule 7 —34 —60 31 7.16
Left inferior parictal lobule 40 —42 —48 54 6.01
Left middlc frontal gyrus 6, 8 -26 5 61 5.72
Left superior frontal gyrus 6 —10 14 49 5.57
Left precentral gyrus 9 —40 8 36 4.30
Left cingulated gyrus 24 —10 4 48 6.43
Right medial dorsal gyrus 2 -21 7 4.56
Right lateral dorsal gyrus 12 -19 16 442

Note. z, ¥, z, Talirach coordinates.
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Figure 2 Images showing the regions where activation increased from the first to the second testing.

regions have been reported to be regions that partic-
ipate in numerical processing (Dehaene, Spelke, Pinel,
Stanescus, & Tsivkin, 1999; Piazza & Dehaene, 2005).
Obviously, upon learning that the presented signing
actions actually have numeric meaning, a network of
brain areas that has been previously implicated in
numerical processing could immediately become
activated. Although behavioral measures were not
recorded during the scanning in this experiment, the
participants certainly could not decode the numerical
meaning of the presented stimuli even after the teach-
ing in spite of the fact that the exact same stimuli were
presented repeatedly on the day of the experiment.
Similar findings have recently been reported by
Masataka et al. (2005), who conducted a study de-
signed to examine the neuronal correlates of reading
Roman numerals and the changes that occur with ex-
tensive practice on that task. Hearing participants
were scanned by fMRI three times on the first day
of the experiment and one last time following 2-3
months of practice on the task, allowing the compar-
ison of brain activations with varying levels of practice
given on the same day and across 2-3 months of train-
ing. The results of the fMRI measurements revealed
that upon learning that these alphabetical symbols ac-
tually have numeric meaning, a network of brain areas,
many of which have been previously implicated in
numerical processing, can be immediately activated.
This can occur even though the participants are not
yet able to decode the meaning of the presented stim-
uli at all. Further, although the participants became
much more skilled at the decoding after subsequent
intensive practice, varying levels of such practice did
not affect the pattern of the subsequent activation.
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Taken together with the results of the study of
Masataka, the present findings also confirm the fact
that the neural network of brain regions responsible
for numerical processing is activated once participants
start processing the presented stimuli numerically
regardless of whether their attempts are successful.

In all, the network exists on a nonlinguistical basis
and functions for the retrieval of arithmetic facts from
presented linguistic material regardless of the mode of
the language, that is, a region of parietal cortex under-
lies an abstract-semantic number sense, and a region
of left prefrontal cortex underlies more specific oper-
ations mediating exact or approximate calculation.
Particularly, the fact that linguistic representations of
exact numerical values are controlled in the brain’s left
hemisphere even in native signers should be intrigu-
ing. It is well known that spoken language is repre-
sented in the brain’s left hemisphere. However, much
is mysterious about whether the brain sites involved in
language processing are determined exclusively by the
mechanisms for speaking and hearing, or whether they
also involve tissue dedicated to aspects of the pattern-
ing of natural language.

Actually, in order to investigate the problem, the
existence of naturally evolved signed languages of deaf
people has provided a powerful research opportunity
because they possess identical levels of linguistic or-
ganizations with spoken languages (Klima & Bellugi,
1979). To date, however, available evidence has pro-
voked controversy (Corina, Bavelier, & Neville, 1998;
Hickok, Bellugi, & Klima, 1998a). Pioneering lesion
studies of brain-damaged deaf adults (Bellugi, Poizner,
& Klima, 1989; Hickok, Bellugi, & Klima, 1998b) have
shown that deaf signers suffer aphasic symptoms in
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signed language following left-hemisphere lesions that
are similar to those seen in Broca’s and Wernicke’s
aphasia in hearing patients. Because lasting deficits
to signed language processing were not observed after
lesions to the right hemisphere, they concluded that
the contribution of the right hemisphere may not be
central to the processing of natural signed language.
Nevertheless, findings from brain-imaging studies,
which have been conducted more recently, neither
fully concur with this view nor are they consistent
across studies. In a large study of Neville and col-
leagues with the use of fMRI, neural activity was
mvestigated while Deaf and hearing participants
processed sentences in ASL and written English
(Bavelier et al., 1998; Neville et al., 1998). As the
English stimuli, written sentences were presented in
30-s blocks, which alternated with 30-s blocks of
consonant strings. As the ASL stimuli, ASL sentences
were presented, which alternated with strings of
nonsign gestures. At the end of each run, participants
were required to decide whether or not specific sen-
tences and nonsense strings had been presented.
When statistical analysis of the MR signal deter-
mined which areas of the brain were more active dur-
ing the language processing blocks, compared to the
blocks with nonsense stimuli, elevated activation was
found within left-hemisphere structures that are clas-
sically linked to language processing for both hearing
and deaf native ASL signers. These same areas were
also found to be active when English sentences were
read by native speakers. Moreover, comparable in-
crease in neural activation was identified in the equiv-
alent areas within the right hemisphere of both deaf
and hearing signers. On the other hand, the present
results present evidence against such contribution of
the right hemisphere with respect to language repre-
sentation of exact numerical values in the numerical
processing at the manual mode by deaf adults.
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Abstract

Extraordinal activation of nigrostriatal and mesolimbic dopaminergic systems (midbrain dopaminergic system) is thought to be one of
the most important etiologies for schizophrenia, though the reason why unusual hyperactivation of the dopaminergic system occurs in
the schizophrenic brain is quite obscure. Dysbindin, one of the most susceptible genes for schizophrenia, has been reported to be reduced
in the schizophrenic brain. In situ hybridization analysis showed the mRNA expression of dysbindin in the mouse substantia nigra. Fur-
thermore, suppression of dysbindin expression in PC12 cells resulted in an increase of the expression of SNAP25, which plays an impor-
tant role in neurotransmitter release, and increased the release of dopamine. On the other hand, up-regulation of dysbindin expression in
PC12 cells showed a tendency to decrease the expression of SNAP25. These data suggest that dysbindin might regulate the dopamine
release of the dopaminergic system via modulation of the expression of SNAP25.

© 2006 Elsevier Inc. All rights reserved.

Keywords: Schizophrenia; Dysbindin; Dopamine; SNAP2S; PC12

Schizophrenia is a devastating psychiatric disorder with
a lifetime prevalence of about 1% worldwide, which com-
monly leads to a chronic course. As to the etiology of
schizophrenia, little is known at the molecular level. As a
possible pathophysiology, unusual neurotransmissions
such as dopaminergic and glutamatergic systems have been
suggested for the mechanism of symptoms for schizophre-
nia [1-7]. Furthermore, it has been agreed that acceleration
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of dopaminergic systems is closely related to expression of
psychotic symptoms. In support of this, antipsychotic
drugs work via their action on dopaminergic receptors
[1,2] and dopamine-enhancing drugs mimic psychotic
symptoms [3,4]. However, underlying molecular mecha-
nism why dopaminergic systems are accelerated in the
schizophrenia is still unclear.

On the other hand, several lines of studies have revealed
that schizophrenia is a multifactorial disorder influenced by
genetic, neurodevelopmental, and social factors [8,9] In
particular, it has been reported that chromosome 6p is
one of the most susceptible regions in linkage studies of
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schizophrenia [10,11]. Genetic variants in a gene on 6p22.3,
dysbindin (DTNBP1), which is identified as a protein inter-
acting with dystrobrevins [12], have been shown to be asso-
ciated with schizophrenia [13]. Since then, many reports
support the etiological relation between dysbindin and
schizophrenia [14-24]. However, precise pathophysiology
of schizophrenia on molecular level is still quite unclear.
Attracting our particular interest is that a recent report
showed that expression of dysbindin mRNA tends to be
decreased in the substantia nigra in the brain of patients
with schizophrenia [25], suggesting the physiological inter-
action between decrease in dysbindin and increase in dopa-
minergic transmission in the schizophrenia.

As for neurotransmitter release, SNAP25, which is a
component of stable SNARE (soluble NSF attachment
protein receptors) core complex and relates to the synaptic
vesicle membrane docking and fusion pathway [26-28], is
involved in schizophrenia; the alteration of SNAP25
expression level in schizophrenia has been reported in
many studies [29-35]). A previous study showed that
down-regulation of dysbindin in cortex primary cultures,
mostly glutamatergic neurons, resulted in reduction of
SNAP25 expression and glutamatergic release [14]. Howev-
er, involvement of dysbindin in dopaminergic release has
not been reported yet. In this paper, we examined the effect
of dysbindin on SNAP25 expression and dopaminergic
release in dopaminergic cells.

Materials and methods

In situ hybridization. The template cDNA for probes (the sequence
corresponding to nucleotides 39-1289 of mouse Dysbindin, GenBank
Accession No. NM_025772) was subcloned into pGEM-T vector (Pro-
mega, Madison, WI, USA). **S-labeled RNA probes were synthesized by
in vitro transcription using T7 and SP6 RNA polymerase. In addition, the
sense probes were synthesized as negative controls. For the 3°S-labeled
probes, brains of adult male C57/BL6 mice were freshly frozen and 14 ym
cryosections were fixed in 4% formaldehyde in 0.1 M phosphate buffer
(PB) pH 7.4, treated with proteinase X (10 pg/ml) for 3 min, and postfixed
in the same fixative, acetylated with acetic anhydride, dehydrated in
ascending alcohol series, and air-dried. The sections were incubated for
12h at 55°C in hybridization buffer (50% formamide, 0.3 M NaCl,
20 mM Tris-HCI, 10% dextran sulfate, 1x Denhardt’s solution, 500 pg/ml
yeast tRNA, 20mM dithiothreitol, and 200 pg/ml salmon testis DNA)
containing one of the 3*S-labeled ¢cRNA probes. After hybridization,
sections were washed with 50% formamide/2x standard sodium citrate
(SSC) at 65°C and incubated with 1 pg/ml RNaseA in RNase buffer
(0.5M NaCl, 10 mM Tris-HCl, and 1 mM EDTA, pH 8.0) for 30 min at
37°C. After rinsing with RNase buffer, sections were washed in 50%
formamide/2x SSC at 65 °C, rinsed with 2x SSC and 0.1x SSC, dehy-
drated in alcohol, and air-dried. The slides were exposed to Kodak Bio-
Max MR film for | week. Films were developed, and black and white
images of mRNA expression were obtained. The slides were then coun-
terstained with thionine. The film autoradiograph and the thionine-stained
sections were captured by a scanner (Epson, Tokyo, Japan) and a CCD
camera (OLYMPUS, Tokyo, Japan) connected with a stereomicroscope
(Carl Zeiss, Oberkochen, Germany), respectively.

Cell culture. PC12 cells were plated in tissue culture dishes precoated
with Cellmatrix TypeIV (Nitta Gelatin, Osaka, Japan) and maintained in
Dulbecco’s modified Eagle’s medium (Invitrogen, Carlsbad, CA, USA)
supplemented with 5% FBS, 10% heat-inactivated horse serum, and
antibiotics in 5% CO, atmosphere at 37 °C.
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Plasmids and electropolation. Full-length human dysbindin ¢DNA
(GenBank Accession No. AF394226) was cloned into pEGFP-CI vector
(Clontech, Palo Alto, CA, USA) and an empty pGFP-Cl vector was used
as negative control. 6x 10° PC12 cells were used in each transfection
experiment with the Nucleofector™ (Amaxa Biosystems, Cologne, Ger-
many). Cells were spun down at 90 g for 5min, and the medium was
removed. Then they were re-suspended in 100 I Nucleofector™ solutionV
(Amaxa Biosystems) at room temperature followed by addition of 2 pg of
vectors. The mixture was transferred to a 2 mm electropolation cuvette
(Amaxa Biosystems) inserted in the Nucleofector™ and program U-29 was
used for transfecting the cells. Immediately after transfection, 500 ul of
culture medium was added to the cuvette and the sample transferred into
collagen-coated 6-well plates with 2 ml culture medium in each well. After
transfection, the cells were cultured for additional 24 h and then subjected
to Western blot analysis or dopamine secretion assays.

SIRNA design and RNA interference. To inhibit Dysbindin synthesis,
we used 5-AAGUGACAAGUCAAGAGAA-3' siRNA, the sequence of
which is corresponding to nucleotides 175-197 of human Dysbindin
mRNA. Scrambled siRNA 5-UUCUCUUGACUUGUCACUU-3, the
target of which is not present in mammalian cells, was used as a pegative
control. Both sense and antisense strands with two base overhangs were
synthesized by NIPPON-EGT (Toyama, Japan) in desalted form. Trans-
fection of both siRNAs was carried out using Lipofectamine2000 (Invit-
rogen) according to manufacturer’s protocol. To transfect the siRNA to
the cells, 500 Wl Opti-MEM (Invitrogen), 5 ul Lipofectamine2000, and
250 pmol siRNA per well were used. After transfection, the cells were
cultured for 72 h and then subjected to Western blot analysis or dopamine
secretion assays.

Antibodies. Polyclonal anti-dysbindin antibody was produced as
described  previously = [36). Briefly, the peptide synthesized
(QSDEEEVQVDTALC: 320-333 amino acid residue of human dysbindin,
with no homology in any mammalian protein) was conjugated with
malejmide-activated keyhole limpet hemocyanin and immunized to two
rabbits. The titer was measured by ELISA and sera of high titer against
the peptide were obtained from both rabbits. The sera were affinity
purified by a column conjugated with the immunized peptide. Monoclonal
anti-GFP antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA),
monoclonal anti-B-actin antibody (Chemicon, Temecula, CA, USA), and
monoclonal anti-SNAP25 antibody (BD Transduction Laboratories,
Lexington, KY) were used in Western blot analysis.

Western blot analysis. PC12 cells were collected after washing with PBS
and lysed in TNE buffer (20 mM Tris-HCI, pH 7.5, 150 mM NaCl, and
1mM EDTA) containing 1% NP-40 and protease inhibitor cocktail
(Roche, Sydney, Australia), incubated on ice for 30 min, and centrifuged
at 15000g for 30 min. Lysates were boiled with SDS sample buffer
(0.125M Tris-HCl, pH 6.8, 10% 2-mercaptoethanol, 4% SDS, 10%
sucrose, and 0.004% bromophenol blue) for 5 min and subjected to SDS-
PAGE. The proteins were transferred onto PVDF membranes and
blocked for 30 min at room temperature in PBS containing 5% BSA and
0.05% Tween 20. Membranes were blotted overnight at 4 °C with poly-
clonal anti-dysbindin antibody (1:500), monoclonal anti-GFP antibody
(1:1000), monoclonal anti-B-actin antibody (1:1000), and monoclonal anti-
SNAP25 antibody (1:500). The membranes were then incubated for 1 h at
room temperature with anti-rabbit or anti-mouse IgG HRP-linked anti-
body, respectively (1:10000; Cell signaling Technology, Beverly, MA,
USA). Immunoblotting was visualized by chemiluminescence using the
ECL kit (Amersham Biosciences, Buckinghamshire, UK). The immuno-
blotting experiments were performed at least three times and they were
quantitatively analyzed by capturing images on films using a scanner
(Epson, Tokyo, Japan) in conjunction with the Imagel software (version
1.34s, National Institutes of Health, USA). The data were expressed as
means &= SEM for at least three independent experiments. Statistical
analysis was performed by Students’ t-test. p-values reported are two
tailed.

Dopamine secretion assay. PC12 cells grown on collagen-coated 6-well
plates were washed with 2 ml of basal medium containing 150 mM NaCl,
SmM KCl, 2mM CaCl,, 10mM Hepes, and pH adjusted to 7.4 with
NaOH and subsequently incubated for 15 min in basal medium as basal
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secretion or high potassium medium containing 100 mM NaCl, 50 mM
KCl, 2mM CaCl,, 10 mM Hepes, and pH adjusted to 7.4 with NaOH as
stimulated secretion.

To determine ‘released dopamine’, 1/100 volume of 0.2 M EDTA-2Na,
0.2 M Na,S,05 and 1/30 volume of 60% perchloric acid were added to the
collected medium. To determine ‘intracellular dopamine’ after harvesting
the medium, the attached cells were extracted with 2% perchloric acid
containing 2mM EDTA-2Na and 2 mM Na,8;0s. Both samples were
centrifuged at 12,000g for 30 min at 4 °C. Dopamine levels in 500 pl of the
supernatant were determined in a fully automated HPLC-fluorometric
system (Model HLC-725CA Catecholamine Analyzer, Tosoh, Tokyo,
Japan) using the diphenylethylenediamine condensation method [37]. The
amount of dopamine released in the medium is defined as ‘released
dopamine’, and the amount of dopamine in cells after releasing of dopa-
mine is defined as ‘intracellular dopamine’. ‘Total dopamine’, ‘basal
dopamine secretion ratio’, ‘evoked dopamine secretion ratio’, and ‘accel-
erated dopamine release ratio’ are defined as follows.

“Total dopamine’ = ‘released dopamine’ + ‘intracellular dopamine’.
‘Basal dopamine secretion ratio’ = ‘released dopamine’ in the low K™
medium/‘total dopamine’ in the low K medium.

‘Evoked dopamine secretion ratio’ = ‘released dopamine’ in the high
K* medium/‘total dopamine’ in the high Kt medium.

‘Accelerated dopamine release ratio’ = ‘evoked dopamine secretion
ratio’/‘basal dopamine secretion ratio’.

The data were expressed as means = SEM for at least three indepen-
dent experiments. Statistical analysis was performed by Students’ z-test.
p-values reported are two tailed.

Results

Localization of dysbindin with special reference to the
coexistence of dopamine in the substantia nigra

If dysbindin is related to dopamine release, it is likely that
dysbindin is localized in the dopaminergic neurons. Previous
reports showed the presence of dysbindin mRNA in substan-
tia nigra where there is a huge collection of dopaminergic
neurons in human brain [25] and the presence of dysbindin
protein in substantia nigrainrodent brain[12]. Thus, we con-
firmed whether the dysbindin mRNA is expressed in rodent
brain, especially in midbrain. As a result of in situ hybridiza-
tion analysis, the dysbindin mRNA was detected in rat and
mouse brains (data not shown), and the expression of dys-
bindin mRNA in substantia nigra pars compacta was con-
firmed in mouse as same as in human (Fig. 1). This result
suggests the possibility of the functional involvement of dys-
bindin in midbrain dopaminergic systems.

Dysbindin effects on SNAP25 expression level in PCI12 cells

To disclose the effects of dysbindin on dopaminergic
neurons, we used clonal rat pheochromocytoma (PC12)
cells as a tool for in vitro analysis, which synthesize, store,
and release dopamine in a similar manner as neurons [38].
The expression of dysbindin mRNA and protein in PC12
cells was confirmed using RT-PCR and Western blot anal-
ysis (data not shown). As recent report showed that dysbin-
din regulated neurotransmitter release (glutamate) via
SNAP25 expression in primary cultures, mostly glutama-

Fig. 1. Expression pattern of dysbindin mRNA in the adult mouse
midbrain. Film autoradiographs of in situ hybridization on coronal brain
sections with 3°S-labeled probes (upper panel) show the signal of
dysbindin mRNA in the substantia nigra pars compacta (arrow). The
same sections were stained by thionine and identified exact brain region
(lower panel). Scale bar; 2 mm.

tergic neurons [14], we examined the effect of dysbindin
expression level on SNAP2S expression in PC12 cells. To
knockdown the expression of dysbindin in PC12 cells, we
performed lipofection of siRNA for dysbindin. We quanti-
fied SNAP25 and B-actin proteins when we succeeded to
suppress the dysbindin protein expression (approximately
50% reduction compared with control condition). As
shown in Fig. 2a, SNAP25 protein expression was
increased by 34% in dysbindin knockdown cells without
alteration of f-actin protein expression. We also quantified
SNAP2S and B-actin proteins when dysbindin was overex-
pressed by transfection of GFP-tagged human dysbindin in
PC12 cells. GFP-tagged human dysbindin was detected by
anti-GFP antibody (Fig. 2b) and by anti-dysbindin anti-
body (data not shown). The expression level of SNAP25
and B-actin did not significantly change in dysbindin-over-
expressed PC12 cells (Fig. 2b). These findings suggest a
possible regulation of SNAP25 expression by dysbindin
in dopaminergic cells.

Functional interaction between dysbindin and dopamine

To evaluate functions of dysbindin in dopaminergic
cells, we examined the effect of dysbindin on dopaminergic
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Fig. 2. Western blotting of the lysates of dysbindin-knockdown and
dysbindin-overexpressed PC 12 cells. (a) Western blotting of the
lysates of dysbindin-knockdown PCI2 cells. PC12 cells were treated
with dysbindin-siRNA (Dys-siRNA; 100nM) or scramble-siRNA
(Scramble; 100 nM) for 72h and collected. Lysates were immuno-
blotted with anti-dysbindin antibody (top panel), anti-SNAP2S5 anti-
body (middle panel), and anti-B-actin antibody (bottom panel). Data
are shown as a percentage of the control group. Data represent
means = SEM (n=3). *p<0.0l compared with control (Scramble).
(b) Western blotting of the lysates of dysbindin-overexpressed PC12
cells. Cells were transfected with GFP or GFP-dysbindin (GFP-Dys)
with the Nucleofector™. Cell lysates were collected 24 h after the
transfection and immunoblotted with anti-GFP antibody (top panel),
anti-SNAP25 antibody (middle panel), and anti-B-actin antibody
(bottom panel). Data represent means + SEM compared with control
(GFP) (n=3).

a b
2
s 125 8 450
B g
o= 100 ‘.5: 125
2 5£ 100
SE 75 3 E
o Q 8
@O < 75
;.’"6 50 Q3 50
oR B
5 25 8 25
& 5
o o § 0
W@ \of 3@
¥ N © )
& & c,«'b‘(\
Y &
N
d e
°
125 2 125
g 5
£~ 100 =~ 100
52 52
5 75 2E 75
o2 <o
2% 50 D% 50
<R 3
a~ 25 B> 25
g £
] 0 & 0
s 0 (23
O“Q '0*6 © é(?
R
&

Fig. 3. Effect of dysbindin on dopaminergic release in PC12 cells. (a—c) Data
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release using dysbindin-knockdown or overexpressed
PC12 cells As shown in Fig. 3a, knockdown of dysbindin
in PCI2 cells, which caused an increase of SNAP2S
protein as described above, did not affect the basal dopa-
mine secretion ratio, however, accelerated dopamine
secretion ratio was significantly increased (Fig. 3b). To
examine whether dysbindin has an effect on dopamine
synthesis in PC12 cells, we measured the amount of total
dopamine in dysbindin-knockdown PC12 cells. No signif-
icant change of total dopamine level was observed
(Fig. 3c). Then we investigated the effect of overexpres-
sion of dysbindin in PCI12 cells, which reduce the
SNAP2S expression, on dopamine release and dopamine
synthesis. The basal dopamine secretion ratio of PC12
cells was not affected by overexpression of dysbindin
(Fig. 3d), and the accelerated dopamine secretion ratio
of PC12 cells tended to be decreased (11%) by overexpres-
sion of dysbindin, but not significant (p = 0.079) as com-
pared with control (GFP-overexpressed) cells (Fig. 3e).
Total dopamine in dysbindin-overexpressed PC12 cells
was measured, but no significant change of total dopa-
mine level was observed (Fig. 3f). These results suggest
that the endogenous dysbindin protein has an inhibiting
effect on dopaminergic release in neurons but is unlikely
to have direct implication with dopamine synthesis.

Discussion

In this study, we showed that suppression of dysbindin
expression in PCl12 cells resulted in an increase of the
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of dysbindin-knockdown PC12 cells. Data are shown as a percentage of the

control group. Data represent means & SD (n = 3). *p < 0.05 compared with control (Scramble). (d-f) Data of dysbindin-overexpressed PCI2 cells. Data
are shown as a percentage of the control group. Data represent means & SEM (n = 4). Dopamine levels were determined as described in Materials and
methods. (a,d) The basal dopamine (DA) secretion ratio, (b,e) the accelerated dopamine secretion, and (c,f) total dopamine.
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expression of SNAP25. In dysbindin-knockdown PC12 cells,
the accelerated dopamine secretion ratio increased, however,
the basal dopamine secretion ratio did not, suggesting that
dysbindin inhibits the dopaminergic release under the high
K* stimulation in dopaminergic cells. SNAP25 induces
Ca”*-dependent secretion and a recent report showed that
SNAP25 knockout mice eliminated stimulus-evoked neuro-
transmitter release, but not spontaneous neurotransmitter
release [39]. The findings seem not to conflict with our results
and to support the possibility that dysbindin might regulate
the dopamine release of the dopaminergic systems via mod-
ulation of the expression of SNAP2S. A previous study
reported that in mouse mutant coloboma (Cm/+), which
expresses only 50% of normal SNAP2S5 protein concentra-
tion throughout the brain, there are no significant differences
in basal release of dopamine, but KCl-induced release of
dopamine was blocked in dorsal striatum [40], suggesting
the functional implication of SNAP2S5 on dopaminergic sys-
tems. As dysbindin mRNA was tended to be decreased in the
substantia nigra in the brain of schizophrenia [25], it is likely
that reduction of the dysbindin protein leads to the increase
of SNAP25 and up-regulation of SNAP25 activates the
dopaminergic transmission to increase the dopamine release.
On the other hand, our data showed dysbindin did not alter
the total dopamine level in PC12 cells, suggesting dysbindin
is unlikely to have direct implication on dopamine synthesis.
To elucidate the function of dysbindin in dopaminergic cells,
further investigations into details of dopamine dynamics,
such as metabolism and turn over, are required.

In addition to dopaminergic system, involvement of dys-
bindin in glutamatergic system has been reported [14,41].
The interaction between dopaminergic systems and gluta-
matergic systems has reported in many studies [42].
NMDA hypofunction causes hyperstimulation of striatal
D2 receptors and D2 stimulation decreases NMDA trans-
mission in corticostriatal glutamatergic tracts. Interesting-
ly, a present report showed that down-regulation of
dysbindin in cortex primary cultures resulted in reduction
of SNAP25 expression and glutamatergic release [14]
These results seem to be the opposite of our data. However,
if dysbindin acted on both glutamatergic systems in cortex
and dopaminergic systems in midbrain, both hypoglutama-
tergic states and hyperdopaminergic states could be
explained by reduction of dysbindin in schizophrenic brain,
that is very compatible with the pathophysiology of schizo-
phrenia, and that suggests the possibility that dopamine/
glutamate positive feedback loops may be enhanced by
the reduced expression of dysbindin in cortex and midbrain
of schizophrenia patients. We need more consideration to
elucidate the effects of dysbindin on dopaminergic and
glutamatergic transmissions.
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Abstract

Bipolar disorder (BPD) is a severe, chronic, and life-threatening illness, and its pathogenesis remains
unclear. Recently, a functional polymorphism (—116C/G) of the X-box binding protein 1 (XBPI) gene was
reported to be a genetic risk factor for BPD. Moreover, the endoplasmic reticulum stress responses were
impaired in cultured lymphocytes from BPD patients with the —116G allele and only valproate rescued
such impairment among three major mood stabilizers. In this context, we hypothesized that BPD patients
with different genotypes respond differently to mood stabilizers. We investigated the association between
the —116C/G polymorphism of the XBP1 gene and lithium response in Japanese patients with BPD. We
found that lithium treatment is more effective among BPD patients with the —116C allele carrier than in
patients homozygous for the —116G allele. The association between the —116C/G polymorphism and
clinical efficacy of mood stabilizers should be further investigated in a prospective study with a larger

sample.
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Introduction

Bipolar disorder (BPD) is a severe, chronic, and life-
threatening illness characterized by recurrent episodes
of mania and depression. Despite extensive research,
its pathogenesis is still unclear. Lithium is listed as a
first-line agent for the treatment of BPD by American
Psychiatric Association guidelines (APA, 2002). How-
ever, a significant percentage of patients with BPD
show partial or no response to lithium treatment
(Abou-Saleh, 1987). Psychopathological and biological
markers that predict lithium response in BPD are not
yet elucidated. Therefore, many researchers explored
psychopathological and biological markers for lithium
response in BPD, and several genetic markers are
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considered to be good candidates for lithium response
(for reviews, see Gelenberg and Pies, 2003; Ikeda and
Kato, 2003).

Recently, a functional polymorphism (—116C/G) of
the X-box binding protein 1 (XBP1) gene that plays a
pivotal role in endoplasmic reticulum (ER) stress
response was shown to confer susceptibility to BPD
(Kakiuchi et al., 2003). The single nucleotide poly-
morphism (SNP) in the promoter region of the XBP1
gene was significantly more common in Japanese
patients with BPD [odds ratio (OR) 4.6] and over-
transmitted to affected offspring in trio samples of the
NIMH Bipolar Disorder Genetic Initiative. The XBP1-
dependent transcription activity of the —116G allele
was lower than that of the —116C allele, and induction
of XBP1 expression after ER stress was markedly re-
duced in the cell with the G allele. Moreover, valproate
rescued the impaired response of the cell with the G
allele by inducing ATF$, the gene upstream of XBPI,
although lithium and carbamazepine did not. Based
on the observations, we hypothesized that BPD
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patients with different genotypes respond differently
to treatment with mood stabilizers such as lithium and
valproate.

The aim of the study was to examine the possible
association between lithium response and the XBP1
—116C/G polymorphism in patients with BPD.

Methods
Subjects

A total of 66 patients with BPD (20 BP I disorders
and 46 BP 1I disorders) were recruited at Hokkaido
University Hospital. They were composed of 38 males
and 28 females with a mean age of 506 yr (s.0.=
11.9yr) and a mean age at onset of 344yr (s.0.=
114 yr). All subjects were biologically unrelated
Japanese. Consensus diagnosis was made for each
patient by at least two psychiatrists according to DSM-
IV criteria (APA, 1994). The presence of concomitant
diagnoses of mental retardation, drug dependence,
or other Axis I disorder, together with somatic or
neurological ilinesses that impaired psychiatric evalu-
ation, represented exclusion criteria. Patients had been
treated with lithium carbonate and its serum concen-
tration was maintained between 0.4-1.2 mequiv/1
at least for 1yr. Treatment response to lithium was
determined for each patient from all available
information including clinical interview and medical
records, by at least two psychiatrists according to cri-
teria described by Kato et al. (2000). Briefly, lithium
responders were defined as those patients who had
less frequent and/or severe relapse, including no
relapse, during lithium treatment than prior to lithium
treatment. Among 66 patients, 43 patients were
determined as responders and 23 patients as non-
responders. In the 23 non-responders, 15 patients had
been treated with valproate at least for 1 yr. We sec-
ondarily evaluated the treatment response to valpro-
ate using the same criteria as for response to lithium.
After complete description of the study, written
informed consent was obtained from every subject.
The study protocol was approved by the ethics com-
mittees of Hokkaido University Graduate School of
Medicine and the National Center of Neurology and
Psychiatry.

Genotyping

Venous blood was drawn from the subjects and

genomic DNA was exiracted from whole blood

according to the standard procedures. Genotypes for

the —116C/G SNP were determined using the TagMan
"-exonuclease allelic discrimination assay, described
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previously (Hashimoto et al., 2004). Briefly, probes
and primers for detection of the polymorphism were:
forward primer 5-CTGTCACTCCGGATGGAAATA-
AGTC-3, reverse primer 5"ATCCCTGGCCAAAGG-
TACTTG-3, probe 1 5-VIC-CTCCCGCACGTAAC-
MGB-3’, and probe 2 5-FAM-TCCCGCAGGTAAC-
MGB-3". PCR cycling conditions were: 95°C for
10 min, 45 cycles of 92 °C for 15 s and 60 °C for 1 min.

Statistical analysis

Difference in clinical features between responders and
non-responders to lithium treatment was analysed
using the y* tests for categorical variables and the
t tests for continuous variables. The presence of
Hardy-Weinberg equilibrium was examined by using
the #* test for goodness of fit. Genotype and allele
distributions between responders and non-responders
to lithium treatment were analysed by the x* test for
independence. Association between genotype and
serum lithium levels was analysed by analysis of
variance (ANOVA). All p values reported are two-
tailed. Statistical significance was defined at p<0.05.

Results

The clinical characteristics of patients with BPD are
shown in Table 1. Significant differences were not
found in clinical features between patients who were
defined as responders and non-responders to lithium
treatment. Allele frequencies and genotype distri-
butions of the —116C/G polymorphism of the XBP1
gene among responders and non-responders to lith-
ium treatment are shown in Table 2. The genotype
distributions for the total patients, responders, and
non-responders were both in Hardy—Weinberg equi-
librium (total patients: x*=1.19, df.=1, p=0.28;
responders: y*=1.8, d.f.=1, p=0.18; non-responders:
¥¥=0.13, df.=1, p=0.72). Serum lithium levels in
responders did not differ among XBP1 genotypes
[C/C 0.64 (5.0.=0.10) mequiv/1; C/G 0.66 (s.0.=0.24)
mequiv/1; G/G 053 (5.0.=0.18) mequiv/l; F=1.83,
p=0.17, ANOVA]. On the other hand, there was a
trend towards increased serum lithium levels in non-
responders homozygous for the —116G allele [C/C
0.48 mequiv/1 (n=1); C/G 0.53 (5.0.=0.16) mequiv/1;
G/G 0.69 (5.0.=0.19) mequiv/1], but it did not reach
statistical significance (f=2.0, d.f.=20, p=0.059, ¢ test
comparing patients with C/G and G/G).

There was a trend towards an increased frequency
of the —116C allele in the responders rather than non-
responders (y*=3.72, df.=1, p=0.054; OR 2.18, 95%
CI 0.98-4.87). Subsequent Mantel-Haenszel tests
showed a differential genotype distributions between
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Table 1. Background and clinical characteristics of bipolar (BP) patients

Lithium-treated patient
Responders vs.
Total (66) Responder (43) Non-responder (23) non-responders
Sex
Males 38 (57.6%) 28 (65.1%) 10 (43.5%) $F=287,d.f=1,
Females 28 (42.4%) 15 (34.9%) 13 (56.5%) p=0.09
Diagnosis
BP1 20 (30.3%) 14 (32.6%) 6(26.1%) 22=030, df.=1,
BPII 46 (69.7 %) 29 (674 %) 17 (73.9%) p=0.59
Psychotic features
Present 7 (10.6 %) 6(14.6%) 1(4.3%) ¥=146,df.=1,
Absent 59 (89.4%) 37 (854 %) 22 (95.7%) p=023
History of rapid cycling
Present 10 (15.2%) 4(9.3%) 6 (26.1%) ¥¥=3.28, df.=1,
Absent 56 (84.8%) 39 (90.7 %) 17 (73.9%) p=0.07
Medication
Lithium monotherapy 14 (21.2%) 11 (25.6%) 3(13.0%) y¥=141,df.=1,
Presence of co-administration® 52 (78.8%) 32 (74.4%) 20 (87.0%) p=0.24
t test
Age (yr)° 50.6+11.9 51.1+11.3 49.7413.1 t=044, df.=64,
p=0.66
Age at onset (yr)® 3444114 34.0+11.7 35.1+11.0 +=0.38, df.=64,
p=0.70
Serum lithium concentration® 0.62+0.20 0.62+40.21 0.62+0.19 t=0.03 d.f. =64,
(mequiv/D) p=0.98

2 Aditional administration of valproate, carbamazepine, antidepressants, antipsychotics are included.

b Continuous variables are shown as mean +s.0.

responders and non-responders (x*=4.30, d.f.=1,
p=0.038). Thus, we examined the C allele carriers and
non-carriers separately, and found that the C allele
carriers were significantly more common in the re-
sponder group than the non-carriers (y*=4.34, d.f. =1,
p=0.037; OR 3.00, 95% CI 1.05-8.58).

The genotype distributions among responders and
non-responders to valproate treatment are shown in
Table 3. There was no association between the
—116C/G polymorphism of the XBP1 gene and
response to valproate (x*=1.25, d.f. =2, p=0.54).

Discussion

We investigated the possible association between the
XBP1 gene and the response to lithium treatment in
BPD for the first time. Our resulis suggest that lithium
treatment is more effective in BPD patients with the
—116C allele of the XBP1 gene than in patients
homozygous for the G allele.

Kakiuchi et al. (2003) proposed that impaired
response against ER stress in BPD patients with the
G allele might be one of the possible cellular and
molecular pathophysiology of BPD. Among three
representative mood stabilizers, only valproate res-
cued this impairment of ER stress response in cultured
lymphocytes, although lithium or carbamazepine did
not. These findings suggested that the effectiveness of
lithium on BPD patients with the G allele might be
weaker than those with the C allele. Our clinical
observations were consistent with the proposed mech-
anisms. A possible explanation for the mechanisms
of the better efficacy of lithium treatment in —116C
carriers is that —116C carrier patients might have
other cellular and molecular impairments, which lith-
ium could influence in the nervous system, e.g. inhi-
biion of glycogen synthase kinase-3, inositol
monophosphatase and N-methyl-p-aspartate receptor
activity, activation of the BDNF/Trk pathway, or en-
hancement of neurogenesis and neuronal progenitor
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