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90 days of age. Calcium deposits were extensive throughout the entire sections of high-Pi
fed mdx mice at 90 days of age.

Low-Pi Mid-Pi High-Pi

Days old

Fig. 5. Alizarin red S-stained cryosections of mdx mice quadriceps muscle. Calcium deposits
are stained red.

5.2 Ectopic calcification in other tissues

Although the presence of calcification is rarely reported in organs of mdx mice other than
skeletal muscle, including the heart and kidneys, these mice exhibit abnormal cardiac
pathology and function (Zhang et al., 2008) and their myocardium is vulnerable (Costas et
al., 2010). Rodent models of muscular dystrophies may have potential for sensitivity to
myocardial calcification when challenged by mechanical or chemical stressors, because such
calcification is commonly observed in the hamster model of muscular dystrophy (Burbach,
1987). For instance, Elsherif et al. (2008) found that dystrophin and {1 integrin double-
knockout mice (p1KOmdx) show exacerbated myocardiopathy and extensive calcification in
the heart, particularly under pregnancy-induced stress. Thus we predicted that high-Pi
intake would also affect calcification in the myocardium of mdx mice.

Calcification in the heart was evaluated by 8 pm cryosections of samples from the three Pi-
diet group mice. We found that high-Pi intake induced relatively few cases of myocardial
calcification in mdx mice at both 60 and 90 days of age (4 of 30 samples). The form of the
crystallization observed in the heart was similar to that of myofiber calcification, although
the amount was considerably less (Fig. 6A, C). The incidence of calcification in the heart was
absent in mdx fed mid-Pi or low-Pi diets. None of B10 mice fed any of the three types of
phosphate diets exhibited myocardial calcification.
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As previously described, klotho mutant mice display a number of age-related diseases,
including soft tissue calcification. Morishita et al. (2010) reported that klotho mice fed a
normal diet show kidney calcification, whereas mice fed a low-Pi diet have reduced
precipitation of calcium in the kidneys. We found that a high-Pi intake results in slight
ectopic calcification in kidneys of mdx mice (Fig. 6B, D) whereas mdx mice fed mid-Pi or
low-Pi diets showed no evidence of calcium deposition in the kidneys. Similar to the
findings in the heart, B10 mice under all phosphate diets also showed no calcification in the
kidneys.

Fig. 6. H&E and alizarin red S-stained cryosections of the heart and kidneys of an mdx
mouse fed a high-Pi diet. H&E-stained cryosections of the heart (A) and kidney (B). Alizarin
red S-stained cryosections of the heart (C) and kidney (D). The bar represents 100 pm.

5.3 Changes in serum biochemistry

We also examined the serum calcium and phosphate concentrations of B10 and mdx mice
fed the three types of Pi diets. The serum phosphate levels of high-Pi fed mdx mice were
significantly higher than those of B10 mice fed the same diet, and mdx mice under mid-Pi
and low-Pi diets (Fig. 7). However, no marked differences in serum calcium concentrations
of mdx mice were detect in the different diet groups. Serum phosphate concentration is
largely influenced by dietary intake, with the over-consumption of phosphate often resuting
to cause hyperphosphatemia (Calvo et al., 1994), secondary hyperparathyroidism with bone
re-sorption (Lutwak et al., 1975), and bone loss (Draper et al., 1979). It is likely that high
phosphate intake leads to overworked kidneys and a reduced rate of calcium and phosphate
filtration.
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Fig. 7. Serum Pi levels of three-month-old B10 and mdx mice fed three types of Pi diets.
Comparison of B10 and mdx mice fed the three Pi diets. (*: p<0.05; **: p<0.01; ***: p<0.001).

6. Effects of ectopic calcification on muscle function of mdx mice

High-Pi intake induced severe ectopic calcification throughout the skeletal muscle of mdx
mice. The presence of ectopic calcification in muscles appeared to have a negative impact on
the force output of skeletal muscle. To date, no studies have reported the pathophysiological
effects of the accumulation of calcium phosphate in muscles. For this reason, we have
investigated the effects of ectopic calcification on skeletal muscle contraction of mdx mice.

For muscle force measurements, in sifu maximal isometric twitch force and tetanic force of
right triceps surae muscle (TSM) were recorded. The isometric force recording system was
custom-made and the experimental protocols were based on the design of Dorchies et al.
(2006). Sixty-day-old B10 and mdx mice fed the three phosphate diets were lightly
anesthetized by diethylether gas and then immobilized on a cork board by covering the bodies
with Novix-II (Asahi Techno Glass, Chiba, Japan). A confined area of skin and myofasia of the
right hindlimb was cut and exposed, and the sciatic nerve was dissected to induce the
analgesic conditions. The knee joint was firmly immobilized by a needle that served as the
fulcrum and the Achilles tendon of the leg was then severed and connected to a platinum
electrode clip associated with a force transducer (DS2-50N Digital Force Gauge; Imada, Aichi,
Japan). A second platinum electrode was directly inserted into the TSM. Experimental trials
were started after the animals recovered from anesthesia. Using this procedure, we avoided
negative effects (i.e. muscle relaxation) of the anesthetic regimen, which we previously
confirmed and were able to collect real data without any disturbances. For the measurement of
maximal single twitch, muscles were stimulated with a square wave pulse (0.5-msec duration)
of stimulation voltage. Tetanic force was measured with 200-msec bursts of frequency set to
100 Hz. Muscle length and weight of TSM were measured to estimate the cross-sectional area
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(CSA) of the muscle (in mm?). The specific twitch and tetanic force were normalized by
dividing the measured force by the CSA. Using manual settings of the optimal muscle length,
maximal twitch contractions were measured within trials up to 20 contractions and all tetanic
force measurements were made at locations where the single twitch force was the greatest.

6.1 Results of maximal single force (MSF) and maximal tetanic force (MTF)
measurements ;

Pre-tests results revealed that B10 mice fed the normal CE-2 diet had significantly stronger
maximal single force in response to single-pulse stimulation than that of mdx mice (data not
shown). This result is consistent with a previous study by Dorchies et al. (2006).
Furthermore, although mdx mice have a heavier body weight and muscle mass of the TSM,
they exhibited weaker muscle force compared with the control mice. This finding was also
consisted with that reported previously (Quinlan et al., 1992), although the muscle mass of
anterior tibial muscle was compared, rather than TSM. Therefore, we are confident that our
isometric force recording system can be used to evaluate and compare muscle forces
between B10 and mdx mice fed the different phosphate diets (Table 1).

We did not detect any significant differences in twitch force between B10 mice of the three
phosphate diets groups. However, the high-Pi diet mdx mice had significantly lower
(p<0.001) single force than that of mdx mice fed a mid-Pi diet (Fig. 8A), while maximal
single force was significantly higher in mdx mice fed a low-Pi diet compared with mid-Pi
diet mdx mice. Notably, however, this value was still lower (25% less) than the
corresponding value of B10 mice fed a low-Pi diet.

The maximal tetanic force in response to burst stimulation was also measured for all mice.
Similar to the results of twitch force, B10 mice had significantly higher tetanic force than
mdx mice for all three phosphate diets, whereas no marked differences were detected
among B10 mice. Mdx mice fed a high-Pi diet produced significantly less (p<0.001) tetanic
force than the other mdx mice (Fig. 8B). Based on these findings, we conclude that high-Pi
diet has a greater influence on generating the tetanic force in mdx mice than producing
twitch force. These results strongly suggest that calcium deposits in muscles interfere with
muscle function. The improvement of muscle forces was likely due to the reduction of
ectopic calcification because low Pi-diet did not have a positive effect on force generation in
B10 mice, which have no ectopic calcification. However, it is also likely that other factors
related to dietary phosphate restriction also contribute to improving muscle function.

Table 1. Results of MSF and MTFmeasurements of B10 and mdx mice for the three Pi diet
conditions.
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Fig. 8. MSF and MTF measurements of mdx mice for the three Pi diet conditions. (A) Results
of MSF. (B) Results of MTF (**: p<0.01; ***: p<0.001).

7. Reduced calcification by low Pi diet in a longitudinal study

Although the influence of dietary phosphate intake on the precipitation of calcium in mdx
mice skeletal muscles has been clarified, the effects of phosphate restriction on severe ectopic
calcification remained unclear. To understand the impact of phosphate restriction on the
deposition of calcium, a longitudinal study was conducted for four mdx mice raised on high-
Pi diet from weaning to 60 days of age. At age of 60 days, whole-body images of the mdx mice
were taken by noninvasive CT scanning using a Latheta LTC-200 X-ray micro CT scanner
(Hitachi Aloka Medical, Tokyo, Japan) (Fig. 9). The mdx mice were then divided into two
groups, a continuously fed high-Pi diet group and a low-Pi diet group, until the age of 90 days,
at which point whole-body images of the mice were taken again. The whole-body images and
volume density of ectopic calcification in the lower body (from the top of os coxae to ankle
joint) were compared (Fig. 10). Mice fed a high-Pi diet displayed an increased volume (0.066
cm?®) of ectopic calcification from 60 to 90 days of age, whereas mdx mice fed a low-Pi diet had
a reduced (-0.007 cm?). Thus, it was concluded that the restriction the restriction of dietary
phosphate from the age of 60 days reduced the pre-formed ectopic calcification within one
month, while continuously feeding the mice a high-Pi diet led to more severe calcium deposits.

8. Mechanisms of calcification

The complete mechanism underlying progressive muscle degeneration due to dystrophin
deficit is unclear. Dystrophin-deficient muscles are highly susceptible to the oxidative stress
that results from the early onset of muscle degeneration. Muscle necrosis actively occurs
following the degeneration, leading to fibrosis and calcification of muscle fibers (Vercherat
et al., 2009). It has been suggested that vascular calcification is actively regulated by
osteogenic gene expression in vascular smooth muscle cells (Giachelli, 1999). Attention has
been focused on inorganic phosphate as one of the potential factors regulating the observed
cellular phenotypic changes, as smooth muscle cells in vitro cultured under high-Pi
conditions undergo osteogenesis and form calcium deposits (Jono et al., 2000). As skeletal
muscle satellite cells possess multilineage potential (Asakura et al., 2001; Wada et al., 2002),
they might also undergo osteogenic differentiation under high-Pi conditions.
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A

Fig. 9. 3D images of 60-day-old mdx mice fed a high-Pi diet (left) and the images of the same
mice after 30 days (A,C) Sixty-day-old mdx mice fed a high-Pi diet. (B) The same mdx mice
(90-day-old) fed a low-Pi diet for 30 days. (D) The same mdx mice (90-day-old) fed a high-Pi
diet for 30 days. Bones are shown in grey and ectopic calcification is in light blue.
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Fig. 10. Enlarged 3D images of the lower limbs of mdx mice fed a high-Pi diet (left) and the
images of the same mice fed either low-Pi (top right) or high-Pi diets (bottom right) for 30
days. The numbers represent the volume densities of ectopic calcification in the lower body
(from the top of os coxae to ankle joint).

8.1 Pi-induced osteogenesis and reduced myogenesis in C2C12 cells

To study the effects of Pi on muscle cell differentiation, murine myoblast-derived C2C12
cells were cultured for four days under various Pi concentrations and then immunostained
for the presence of myogenic (myosin heavy chain; MyHC) and osteogenic (Matrix Gla
Protein; MGP) markers. When cultured in normal differentiation medium (Pi=1 mM), the
cells underwent muscle differentiation and formed myotubes. Myogenesis proceeded until
the Pi concentration of the differentiation medium reached 5 mM, while myotube formation
was strongly suppressed at 7 mM. (Fig. 11).

The expression of Runx2, a transcription factor of osteogenesis, increased with the rise of the
Pi concentration (Fig. 12A). The retardation of myogenesis caused by the high Pi
concentration was also evident by the decrease in both the fusion index and myogenin
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expression (Fig. 12A). It was notable that in medium containing 5 mM Pi, myogenesis was
not inhibited and the C2C12 cells differentiated into myotubes, while the expression Runx2
was augmented (Fig. 12B). Further observation revealed that myogenin and Runx2 did not
colocalize in the nuclei of myotubes, rather, Runx2 was localized in the cytoplasm. This
finding suggests that Runx2 is inactive in myogenic cells, as it has been reported that Runx2
activity is regulated by translocation between the nucleus and cytoplasm (Zaidi et al., 2001).
Upregulation of Runx2 expression was observed by Western blotting not only when the
C2C12 cells were cultured under high-Pi conditions, but also when cultured in the presence
of calcium deposits, which were generated by the addition of sodium phosphate and
calcium chloride to the medium (Fig. 12C). Osteocalcin, another osteogenic marker which is
a secreted protein whose expression is regulated by Runx2, was also examined (Fig 12D).
RT-PCR was performed with RNA samples prepared from C2C12 cells cultured under the
various Pi concentrations for four days. Osteocalcin expression was undetectable when the
cells were cultured with 1 mM Pi, but increased with the elevation of the Pi concentration.
We also measured calcium deposition in C2C12 cells cultured under the various Pi
concentrations and found that although the cells did not deposit calcium under normal Pi
conditions, cells cultured in medium containing 3 mM Pi or higher deposited calcium
(alizarin red S-positive cells; Fig. 12E ). The amount of calcium deposits increased
significantly at higher Pi concentrations.

Pi . 1mM

3mM . 5mM 7m,

MGP
MyHC

Nuclei§

100um

Fig. 11. Immunocytochemistry of C2C12 cells cultured under various Pi concentrations.
Cells were immunostained for MyHC (green), MGP (red), and nuclei (blue).

8.2 Pi-induced calcification in primary cultures of skeletal muscle cells

Cells isolated from mdx skeletal muscle tissue were cultured in normal Pi (1.3 mM) to high-
Pi (6 mM) medium to study the effects of Pi in primary culture cells. The cells formed
myotubes when cultured in normal medium, whereas myotube formation was strongly
inhibited under high-Pi conditions. The results of both alizarin red S and von Kossa staining
revealed that numerous calcium deposits were present in cells after ten days of culture in
high-Pi medium, but none detected in cells cultured in normal medium (Fig. 13). Therefore,
Pi induces osteogenesis in myoblasts, resulting in calcification while inhibiting myogenesis.
We conclude that the calcification of skeletal muscle is mainly due to the elevation of
intracellular Pi levels.
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Fig. 12. Immunocytochemistry and RT-PCR of C2C12 cells cultured under various Pi
concentrations (1, 3, 5, and 7 m). (A) The fusion index, myogenin expression, and expression
of Runx2 were quantified. The fusion index and ratio of nuclei expressing myogenin
decreased, while the ratio of Runx2-expressing nuclei increased with increasing Pi
concentration. (B) Close observation of cells cultured in medium containing 5 mM Pi by
staining with Hoechst 33258 to show the nuclei, or immunostained for myogenin or Runx2.
(C) Western blotting of C2C12 cells cultured under increased Pi or Ca concentrations. (D)
RT-PCR for osteocalcin in C2C12 cells cultured under various Pi concentrations. (E)
Quantification of calcium deposites generated by C2C12 cells cultured under various Pi
concentrations. (*: p<0.05; **: p<0.01).
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Phase Contrastimage Alizarinred S Kossa
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Fig. 13. Calcification of mdx mouse muscle-derived primary culture cells. Calcium deposits
were stained red or black with alizarin red S and von Kossa staining, respectively. No
calcification was observed when cells were cultured in normal medium containing 1.3 mM
Pi. The von Kossa-stained samples were counterstained with nuclear fast red, and myotubes
appear pink. The bar represents 100pm.

9. Conclusion

In this study, we reviewed the mechanisms underlying calcification in skeletal muscle cells
following the elevation of intracellular Pi concentrations and revealed the effects of dietary
phosphate intake on ectopic calcification in mdx mice. Both in vivo and in vitro, high-Pi
conditions lead to the precipitation of calcium in mdx mice. We have demonstrated that the
presence of ectopic calcification in skeletal muscle exacerbates the impaired muscle function
of mdx mice, which represents a novel finding. The main goal of our studies is to
understand the effects and efficacy of nutritional components on muscular dystrophy as a
prior therapy. The effects of dietary phosphate intake on muscle pathology and kidney
function need to further elucidated in future studies. Furthermore, the therapeutic potential
of nutrition, particularly phosphate intake, should be considered when treating patients
with DMD.
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Interactions between mood and cognition have drawn much attention in the fields of psychology and
neuroscience. Recent neuroimaging studies have examined a neural basis of the mood-cognition
interaction that which emphasize the role of the prefrontal cortex (PFC). Although these studies have
shown that natural mood variations among participants are correlated with PFC activity during
cognitive tasks, they did not control for personality differences. Our aim in this study was to clarify
the relationship between natural mood and PFC activity by partialling out the effects of personality.
Forty healthy adults completed self-report questionnaires assessing natural mood (the Profile of Mood
States) and personality (the NEO Five-Factor Inventory and the Behavioral Inhibition/Activation
Systems scales). They performed verbal and spatial working memory (WM) tasks while their PFC
activity was measured using optical topography, a non-invasive, low-constraint neuroimaging tool.
Correlation analysis showed that the level of negative mood was inversely associated with PFC activity
during the verbal WM task, which replicated our previous findings. Furthermore, the negative
correlation between negative mood and PFC activity remained significant after controlling for
participants’ personality traits, suggesting that natural mood is an independent contributing factor of
PFC activity during verbal WM tasks.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Over the past decades, psychologists have shown that many
cognitive processes, such as working memory (WM), are closely
related to a person’s subjective mood (Mitchell and Phillips, 2007).
Neuroimaging studies have begun to elucidate the underlying brain
mechanisms, which have implicated the prefrontal cortex (PFC) as a
key region responsible for the mood-cognitive interaction (Pessoa,
2008). For instance, a functional magnetic resonance imaging (fMRI)
study showed that dorsolateral PFC activation during an N-back
working memory (WM) task was decreased when negative mood
was induced by the viewing of aversive film clips (Qin et al,, 2009).
Another fMRI study reported that PFC activity during WM tasks
(using words and faces as stimuli) was modulated by positive and
negative mood inductions in a stimulus-specific (words vs. faces)
manner (Gray et al, 2002). Although some studies have demon-
strated how brain activations related to cognitive processes are
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affected by emotions using cognitive tasks involving emotional
stimuli (e.g., emotional Stroop tasks), they did not directly focus
on the interaction between mood and WM (Canli et al, 2004;
Herrington et al., 2005). Thus, the relationship between mood and
PFC activity during WM tasks is still worth investigating.

While most neuroimaging studies examined the mood-cognition
interaction using laboratory-based mood-induction procedures, it
should be noted that experimentally induced and natural moods in
our daily lives are not necessarily identical. Experimentally induced
moods are qualitatively different from natural mood in many
aspects such as intensity, stability, and persistency (Rusting, 1998;
Sison and Mather, 2007). It has been argued that experimentally
induced moods tend to be more intense than natural mood (Sison
and Mather, 2007). Induced moods are also susceptible to demand
characteristics (Sison and Mather, 2007; Westermann et al.,, 1996),
which may involve an emotion-regulation process (Ochsner and
Gross, 2005); therefore, they would have different influences on
cognition than natural mood. Moreover, experimentally induced
moods are typically elicited by viewing or listening to ~10 min of
emotional stimuli (e.g., film clips and music) and rapidly disappear
after the experiment (Qin et al., 2009). Thus, they usually have acute
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effects on cognition. On the other hand, natural mood is formed in
daily life and often lasts much longer (hours to days or weeks).
Indeed, experimentally induced moods and natural moods some-
times exert completely opposite effects on cognitive performance
(Parrot and Sabini, 1990). In recent neuroimaging research using
optical topography (OT) (Maki et al, 1995), which can measure
brain activity under natural circumstances (e.g., sitting on a chair in
an office or living room), researchers have focused on the relation-
ships between natural mood and PFC activity during cognitive tasks.
For example, Suda et al. (2009) showed that individuals who
reported higher levels of psychological fatigue in daily circum-
stances exhibited lower levels of PFC activation during a verbal
fluency task (VFT). A study from our group also showed that natural
variations in negative mood among healthy adults are inversely
correlated with PFC activity during a verbal WM task (but not during
a spatial WM task) (Aoki et al., 2011). Here, we define the WM as
“the temporary retention of information that was just experienced
but no longer exists in the external environment” (D’Esposito, 2007),
and use simple delayed response tasks. These studies have demon-
strated that the PFC plays an important role in the interaction of
natural mood and cognition, extending the findings of fMRI studies
that relied on experimentally induced moods.

One important limitation of these OT studies, however, is that
none controlled for personality differences among participants.
Personality traits of individuals are known to affect natural mood
in daily lives (Gable et al., 2000) and to be associated with PFC
activity during cognitive tasks including WM (Gray and Braver,
2002; Kumari et al,, 2004). Thus, observed correlations between
natural mood and PFC activity can be “spurious relationships”
that just indirectly reflect the associations between personalities
and PFC activity. To show that natural moods may be an
independent contributing factor of PFC activity during cognitive
tasks, one should separate the relationship of natural mood with
PFC activity from that of personality.

In this study, we investigated whether the relationship
between natural mood and PFC activity during cognitive tasks is
explained by personality differences. First, we intended to repli-
cate our previous findings: natural variations in the negative
mood levels of healthy adults (as indicated by the scores of the
Profiles of Mood States [POMS]) were inversely correlated with
PFC activity during a verbal WM task, but did not correlate
with PFC activity during a spatial WM task (Aoki et al., 2011). The
POMS is a self-report questionnaire that is suitable for evaluating
individuals’ natural moods in their current life situations (Aoki et al,,
2011; Canli et al,, 2004; McNair and Heuchert, 2003). Next, we
examined whether and how the correlation between natural mood
and PFC activity would change after the effects of personality were
partialled out. We focused on two sets of personality variables:
Neuroticism and Extraversion measured using the NEQ Five-Factor
Inventory (NEO-FFI) (Costa and McCrae, 1992), and the Behavioral
Inhibition System (BIS) and Behavioral Activation System (BAS)
measured using the BIS/BAS scales (Carver and White, 1994). These
measures have often been used to investigate the relationships
between personality and brain activity (Canli, 2004; Canli et al,
2004; DeYoung et al., 2009; Gray and Braver, 2002).

2. Methods
2.1. Participants

Forty healthy adults (10 females, 30 males; mean age=38.4 yr, S.D.=7.4 yr, and
range=25-52 yr) participated in this study. Three males were left-handed as
determined by the Edinburgh Handedness Inventory (Oldfield, 1971), while the
other 37 participants were right-handed. Inclusion or exclusion of the left-handed
participants did not affect the main findings reported in this article. Of note, none had
participated in our previous study (Aoki et al, 2011); thus, the sample was

completely independent. The study was approved by the Ethics Committee of
Hitachi, Ltd. All participants provided written informed consent prior to participation.

2.2. Mood and personality measures

Natural moods of the participants were assessed using a short form of the
Japanese version of the POMS (Yokoyama et al., 1990). The participants rated 30
mood-related adjectives on a 5-point scale ranging from 0 (“not at all”) to 4
(“extremely”) on the basis of how they had been feeling during the past week
(McNair et al, 1971; Yokoyama et al, 1990). While the POMS has six mood
subscales (tension, depression, anger, vigor, fatigue, and confusion), the positive
mood score (Pos: the score for the vigor subscale) and the negative mood score
(Neg: the sum of the scores for the other five subscales) were used in the analysis,
as in previous studies (Aoki et al., 2011; Canli et al., 2004).

Personality was assessed using the Japanese version of the NEO-FFI
(Shimonaka et al., 1999) and the BIS/BAS scales (Takahashi et al., 2007). The
NEO-FFI is a 60-item self-report questionnaire that assesses the “Big Five”
personality traits (Neuroticism, Extraversion, Openness, Agreeableness, and Con-
scientiousness) (Costa and McCrae, 1992). We particularly focused on Neuroticism
and Extraversion, because these two personality variables have been extensively
studied for their neurobiological substrates (Canli, 2004; Canli et al., 2004). The
BIS/BAS scales consist of 20 statements describing how a person reacts to
potentially punishing or rewarding events. The participants rated each item on
the basis of how much it held true for them using a 4-point scale (1=does not
hold true; 4=holds true) (Carver and White, 1994; Takahashi et al., 2007).

2.3. WM tasks

The tasks were presented through the Platform of Stimuli and Tasks (software
developed by Hitachi Ltd., Central Research Lab.). The participants performed two
types of WM task (verbal and spatial), each of which had two load (two- and
four-item) conditions. Thus, four task conditions were included in total: Verbal/2
items, Verbal/4 items, Spatial/2 items, and Spatial/4 items.

The WM tasks had a delayed-response paradigm (Fig. 1A). Each trial started
with a 1500-ms presentation of the target stimuli (S1), which was followed by a
delay of 7000 ms. A probe stimulus (S2) was then presented for 2000 ms or until
the participant made a response, The inter-trial interval was determined such that
the duration between the S2 onset of a trial and the S1 onset of the next trial was
randomized between16 and 24 s. We expect that this randomization of the inter-
trial intervals reduces the influence of participants’ anticipations toward the task
onset and spontaneous low-frequency oscillations. Only a fixation cross was
presented during the interval and the delay period. A change in the brightness
of the fixation cross (500 ms prior to S1 onset) was used as a visual cue for trial
onset. Auditory cues, 1000- and 800-Hz pure tones of 100-ms duration, were
presented at the onsets of the visual cue and S2, respectively.

In the verbal WM task, two (in the two-item condition) or four (in the four-
item condition) Japanese characters in Hiragana were presented as S1, and a
Japanese character in Katakana was presented as S2. Hiragana and Katakana,
syllabaries in the Japanese writing system, represent the same set of syllables with
different symbols. The participants indicated by pressing a button whether the
character presented as S2 corresponded to any of the characters presented as S1.
Because the characters presented as S1 and S2 were presented in different
Japanese morphograms (i.e., Hiragana and Katakana), the participants were
prompted to make their judgments on the basis of the phonetic information
conveyed by the characters, not on the basis of their form. In the spatial WM task,
S1 was the location of two (in the two-item condition) or four (in the four-item
condition) white squares out of eight locations, and S2 was the location of a white
square, The participant’s task was to judge whether the location of the white
square presented as S2 was identical to any of the locations of the white squares
presented as S1.

24. Procedure

Participants completed the POMS questionnaire at the beginning of the
experiment. Next, they received computer-automated instructions that were
followed by a brief practice session to familiarize them with the tasks. OT
measurements were then conducted while the participants performed the WM
tasks. The tasks were organized into two sessions, one for the verbal WM task and
the other for the spatial WM task, with the order counterbalanced across
participants. Each session consisted of 16 trials (eight for each WM-load condi-
tion), and sessions were separated by a short break (approximately 1 min).
The duration of the OT measurements was approximately 15 min, and the whole
experiment took about 45 min. The participants’ personalities were assessed after
the OT measurement.
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Fig. 1. Task and settings. (A) Schematic diagrams of verbal and spatial WM tasks. Participants were instructed to remember a “target” stimulus (the stimulus to be
memorized, S1) and report whether the character (verbal WM task) or location of a white square (spatial WM task) presented in a subsequent “probe” stimulus (the
stimulus to be judged, S2) was identical to one of the items in S1. (B) Locations of OT channels (47 measurement points) registered in MNI space based on spatial
registration (Singh et al., 2005). (C) Definition of activation period. Graph shows oxy- and deoxy-Hb signal changes during WM tasks for a representative channel (Ch 22),
averaged across all blocks, task conditions, and participants. The 5-s activation period (starting 5 s after S1 onset) is indicated by the green rectangle. Gray rectangles
indicate time periods for S1 and S2 presentation. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

2.5. OT measurement

We used a 47-channel OT system (ETG-7100, Hitachi Medical Corporation,
Japan) to measure hemodynamic activity in the PFC. The system uses two
wavelengths of near-infrared light (695 and 830 nm), and the relative changes
in the oxy- and deoxy-Hb concentrations were calculated on the basis of the
modified Beer-Lambert law (Maki et al., 1995). A 3 x 10 probe set consisting of 30
optodes (15 near-infrared light sources and 15 detectors), with an inter-optode
distance of 30 mm, was placed on the participant’s forehead. This configuration
formed 47 measurement points (i.e., channels [Chs]), each one corresponding to a
source~detector pair (Fig. 1B). The average power of each light source was 2 mW
(for both wavelengths), and the sampling rate was set to 10 Hz.

To estimate the locations of the OT channels in the Montreal Neurological Institute
(MNI) space, we used a spatial registration method (Okamoto and Dan, 2005; Singh
et al, 2005). The three-dimensional coordinates of the 30 optode locations and scalp
landmarks (based on the international 10-20 system: Fp1, Fp2, Fz, T3, T4, C3, and C4)
were recorded for 11 volunteers using a 3D-magnetic space digitizer (3D probe
positioning unit for OT system, EZT-DM101, Hitachi Medical Corporation, Japan). These
data were input to an algorithm (downloaded from http://www.jichi.ac.jp/brainlab/
tools.html) and used to estimate the MNI coordinates of the 47 OT channels.
Probabilistic anatomical labeling based on the Talairach Daemon database (Lancaster
et al,, 2000, 2007) was also performed for each OT channel (Okamoto et al., 2009). The
results of the spatial registration were used to create activation/correlation maps.

2.6. Data analysis

Analysis was performed using the plug-in-based software Platform for Optical
Topography Analysis Tools (developed by Hitachi Ltd., Central Research Lab.) run
on MATLAB (The MathWorks, Inc., USA). We mainly analyzed the oxy-Hb signal
because previous studies indicated that the contrast-to-noise ratio for the oxy-Hb
signal is higher than that for the deoxy-Hb signal (Sato et al, 2011b; Strangman
et al,, 2002). Indeed, a number of previous OT studies investigating PFC activity

during cognitive tasks have focused exclusively on the oxy-Hb signal (Kopf et al.,
2011; Ruocco et al., 2010). The time-continuous data of Hb (both the oxy- and
deoxy-Hb) signals recorded during a session were divided into 28.5-s task blocks,
such that each block consisted of a 4-s pre-task period (starting 4 s before the S1
onset), an 8.5-s task period (during the 1.5-s S1 presentation and the 7-s delay
period), a 12-s recovery period (starting immediately after S2 onset), and a 4-s
post-task period. Blocks containing an oxy-Hb signal change larger than
0.4 mM* mm over two successive samples (200-ms period) were discarded on a
channel-by-channel basis, which provided an objective criterion for rejecting data
contaminated by motion artifacts (Aoki et al., 2011; Sato et al., 2011a). The Hb
signals of the remaining blocks were smoothed with a 5-s moving average and
baseline-corrected by linear regression based on the least squares method using
the data from the pre-task and post-task periods of each block.

To evaluate an individual’'s PFC activation in response to the WM tasks, we
calculated ‘activation values’ for each task condition in a channel-wise manner
with the same method used in our previous study (Sato et al., 2011a). First, a 5-s
‘activation period’ (starting 5 s after S1 onset, taking into consideration the delay
of hemodynamic responses to neuronal activity) was determined as the time
window of interest. The window included the peak of the oxy-Hb signal increase
during the task block (Fig. 1C). The mean oxy-Hb signal values (expressed in
mM* mm) during the activation and pre-task periods (defined as above) were
calculated for each block. The differences between these values (i.e., the oxy-Hb
signal values during the activation period minus those during the pre-task period)
were averaged across blocks and divided by the standard deviations (across
blocks) to take into account the trial-to-trial variability (Sato et al., 2011a).

In the subsequent group analysis, we performed channel-wise statistical tests on
the activation values. Significant PFC activation at the group level for each task
condition was assessed by using one-sample ¢ tests of the activation values (vs. zero).
The differences in PFC activation across task conditions were evaluated using two-way
repeated-measures analysis of variance (ANOVA) of the activation values with the WM
types (verbal, spatial) and the WM loads (two items, four items) as within-subject
factors. To analyze the relationships between mood, personality, and PFC activity (and
also task performance), we calculated correlation coefficients between the question-
naire scores, behavioral measures (accuracy and reaction time [RT]), and activation
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values for each task condition. We used the Spearman rank correlation because the
relationships between questionnaire scores and behavioral or neural measures are not
necessarily regarded as linear (Schroeter et al, 2004). To examine whether the
correlations were influenced by confounding factors such as age, gender, handedness,
and task performance (both accuracy and RT), we also performed partial correlation
analysis. Performance measures were included as control variables because task
performance could be related to PFC activity (higher task performance tended to be
associated with greater PFC activation, particularly for the spatial WM task: see
Supplementary Table S1 and Fig. S1). In these channel-wise analyses, we used the false
discovery rate (FDR) method to correct for multiple comparisons among the 47
channels (Singh and Dan, 2006). The false discovery rate (FDR) threshold was set to
0.05 for each topographical map in order not to report more than 5% false positives (on
average). We also used permutation tests to calculate “map-wise” P-values (Groppe
et al, 2011), which indicate the probabilities associated with the following null
hypothesis (Hp): “there is no significant correlation between the POMS scores and
PFC activity during the WM task in any of the 47 channels consisting of an OT map.”
We set the “test statistics” as the number of channels, in a map consisting of 47
channels, whose uncorrected P-values (determined by the channel-wise Spearman

correlation analysis) were lower than 0.05. Under the null hypothesis, the value of the

test statistics is expected to be 2.35 (=5% of 47 channels) on average and follow a
Poisson distribution due to false positives. For each map-wise test, we performed
10,000 permutations of the POMS scores of participants and computed the test
statistics for each permuted data set to generate a distribution of the test statistics
(see Supplementary Fig. 52). By comparing the value of the test statistics for the actual
(non-permuted) data with this distribution, we obtained a map-wise P-value, Permu-
tation tests can successfully control the familywise error rate and automatically adjust
to the degree of correlation between multiple tests (Groppe et al., 2011). Thus, they are
particularly suitable for the analysis of multi-channel OT data (Singh and Dan, 2006).

We performed several additional analyses to examine the correlations between the
POMS scores and other measures of PFC activation. First, we checked if the differences
in the oxy-Hb signal changes between the two-item and four-item conditions (4
items -2 items), as well as the sums of the oxy-Hb signal changes between the two
conditions (2 items+4 items), were correlated with the POMS scores. Second, we
tested whether the second peak of the oxy-Hb signals during the WM tasks (Fig. 1C)
correlated with the POMS scores. Third, we tested whether the correlations between
the POMS scores and the deoxy-Hb signal during the first and second peaks were
significant. These results are reported in Supplementary Tables S2 and S3.

3. Results
3.1. Mood and personality scores

The mood and personality scores of participants are shown in
Table 1. The distributions of these scores matched those obtained
from the Japanese normative samples (Shimonaka et al.,, 1999;
Takahashi et al.,, 2007; Yokoyama et al., 1990).

Correlations between mood and personality scores are shown
in Table 2. Significant correlations were observed between the Pos
and Extraversion scores (rho=0.61, P<0.001) as well as the Pos
and BAS scores (rho=0.55, P < 0.001). Similarly, significant corre-
lations were observed between the Neg and Neuroticism scores
(rho=0.50, P=0.001) as well as between the Neg and BIS scores
(rho=0.44, P=0.004).

3.2, Task performance

The accuracy and RT data are shown in Table 3. Two-way
repeated-measures ANOVA was used to examine the effects of

Table 1
Basic statistics for mood and personality scores.
Factors Mean S.D. Range
Mood
Pos 7.3 3.7 0-14
Neg 29.2 17.0 2-87
Personality
Neuroticism 23.2 6.6 7-37
Extraversion 244 6.3 14-37
BIS 18.5 3.6 10-25
BAS 37.7 5.1 28-52

Note: Pos: POMS positive mood scores; Neg: POMS negative mood scores.

Table 2
Correlations between mood and personality scores,
Factors Pos Neg Neuroticism Extraversion BIS BAS
Mood
Pos -
Neg -032* -
Personality
Neuroticism —0.11 0.50%* -~
Extraversion  0.61"* -0.39* -~0.27 -
BIS -0.27 0.44* 0.58* -0.36% -
BAS 0.55** -036% -0.16 0.53** -022 -

Note: Pos: POMS positive mood scores; Neg: POMS negative mood scores.
All values are Spearman’s rank correlation coefficients.

* P < 0.05; uncorrected.
** P« 0.005; uncorrected.

Table 3
Task performance.

Task conditions Accuracy (%) RT (ms)
Mean S.D. Mean S.D.
2 items 96.9 638 1235 200
Verbal WM 4 items 95.6 9.2 1335 211
. 2 items 953 105 1116 186
Spatial Wi 4 items 93.1 8.9 1201 255

WM type (verbal/spatial) and WM load (2 items/4 items) on task
performance. A significant main effect of WM load on RT (F=77.9,
P < 0.001) was observed, which indicates slower responses under
the higher WM-load conditions (i.e., 4 items). A significant main
effect of WM type (F=7.15, P=0.011) and a significant
WM-type x WM-load interaction (F=4.42, P=0.042) were also
observed, suggesting that the participants took longer to perform
the verbal WM task than the spatial one. The WM-load effects on
RT (RTs in the 4-item conditions minus those in the 2-item
conditions) were larger for the spatial WM task (99.9 ms for the
verbal WM task and 174.6 ms for the spatial WM task; t=2.10,
P=0.042; paired t-test). This was due to the RT difference in the
2-item conditions between the verbal and spatial WM task
(t=3.86, P < 0.001; paired t-test). RTs in the four-item conditions
were not different between the tasks (t=1.13, P=0.266; paired
t-test). The main effects and the interaction were not significant
for accuracy (F< 2.47, P> 0.124), which was possibly due to the
ceiling effect (especially for the WM-type main effect).

3.3. Group average of PFC activity during WM tasks

The PFC was reliably activated in response to the WM tasks, as
shown in the group-level activation maps (Fig. 2A) and the time
courses (Fig. 2B). One-sample t tests of the activation values
(calculated as described in Section 2 (Methods)) showed signifi-
cant increases in the oxy-Hb signal during the activation period of
the WM tasks for all conditions (t > 2.29, FDR < 0.05). Two-way
repeated-measures ANOVA revealed a main effect of WM-load on
the activation values for eight channels (Chs 4, 5, 6, 7, 22, 24, 41,
43; F> 8.07, FDR < 0.05), confirming greater PFC activation under
higher WM-load conditions. Neither a significant WM-type main
effect (F<9.40, FDR > 0.05) nor a WM-type x WM-load interac-
tion (F < 8.96, FDR > 0.05) was observed.

The overall activation patterns and the locations of activation
foci (channels for which the activation values were greatest)
were highly similar across task conditions, as shown in Fig. 2A.
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Fig. 2. Hb-signal changes during verbal and spatial WM tasks. (A) Activation maps showing oxy-Hb signal changes in response to the WM task for each task condition.
Color scale indicates Student’s t values (one-sample t tests of activation values vs. zero) for each channel. Channels with significant t values (FDR < 0.05) are circled with a
bold black line. (B) Time courses for oxy- and deoxy-Hb signal changes for a representative channel (Ch 22), representing grand average (with standard error bars) across

all participants. Green rectangles indicate activation periods.

To examine the similarity of PFC activation patterns across task
conditions, we calculated the correlations between the activation
values for any two task conditions on a channel-by-channel basis
(see Supplementary Table S4). The activation values between
different task conditions were highly correlated (median
rho > 0.42, P <0.007), especially between the conditions within
each WM type (median rho > 0.54, P < 0.001).

3.4. Relationships between mood scores and PFC activity

The relationships between the POMS scores (i.e., Pos and Neg)
and PFC activity for the WM tasks were examined using correla-
tion analysis performed on a channel-by-channel basis (Fig. 3; see
also Supplementary Table S1).

The Pos scores were not significantly correlated with activa-
tion values for any task condition (map-wise P > 0.304, permuta-
tion test). However, the correlation between the Neg scores and
the activation values for the Verbal/4-item condition was sig-
nificant (map-wise P=0.018, permutation. test). The strongest
correlation was observed in Ch 34 (rho= —0.48, FDR=0.07; see
Fig. 4), which was located in the anterior PFC (BA 10) as estimated
using the spatial registration method (Lancaster et al., 2007;
Okamoto et al., 2009; Tzourio-Mazoyer et al., 2002). When we
used P-values derived from one-tailed tests on the ground of our a
priori hypothesis that the Neg scores would be negatively corre-
lated with the PFC activity during the verbal WM task, nine
channels survived the FDR-corrected threshold (Chs 3, 13, 22, 23,
24, 32, 33, 34, and 43; rho=-048 to -0.39, FDR<0.05).
Moreover, when we controlled for several confounding variables
(age, gender, handedness, accuracy, and RT), significant correla-
tions were found for five channels (Chs 24, 33, 34, 35, and 43;
rho=—0.62 to —0.47, FDR < 0.05). These channels comprised a
“cluster” located in the anterior PFC. In contrast, no significant
correlation was found between the Neg scores and the activation
values for the other task conditions (map-wise P> 0.115, permu-
tation test). Critically, the correlations between the Neg scores
and activation values for the Verbal/4-item condition were still

significant for 18 channels after the Neuroticism and Extraversion
scores were included as additional controlling variables (Chs 3, 4,
9, 13, 15, 23, 24, 25, 26, 33, 34, 35, 40, 41, 42, 43, 44, 45;
rho=—0.65 to—0.43, FDR < 0.05). Significant correlations also
survived in four channels when we controlied for the BAS and
BIS scores in addition to age, gender, handedness, accuracy, and
RT (Chs 24, 33, 34, and 35; rho=-0.55 to —0.50, FDR < 0.05).
Larger range and standard deviation of the Neg score (Table 1) did
not account for these results, because similar results (i.e., sig-
nificant correlations after controlling for personality effects) were
obtained for the POMS fatigue subscale, whose range and stan-
dard deviation were comparable with other mood and personality
variables (see Supplementary Fig. S3).

We also examined whether activation differences between the
two-item and four-item conditions for the WM tasks were
associated with the POMS scores. For this purpose, we calculated
correlations between the differences in the activation values (the
4-item conditions minus 2-item conditions) and the POMS scores.
However, there was no significant correlation in any condition,
either between Pos or Neg scores (map-wise P > 0.164, permuta-
tion test; see Supplementary Table S2).

3.5. Relationships between personality scores and PFC activity

We also examined the correlations between personality scores
and PFC activity. Among the four personality variables, no
significant correlation was observed in any task condition (map-
wise P> 0.054, permutation test), with an exception of the
correlation between the BAS scores and PFC activity for the
Verbal/2-item condition (map-wise P=0.006, permutation test;
Ch 25; rho=0.55, FDR < 0.05). Moreover, this correlation was no
longer significant when mood scores (the Pos and Neg) and the
other confounding variables (age, gender, handedness, accuracy,
and RT) were controlled for (map-wise P=0.085, permutation
test). Thus, we found no evidence for a direct relationship
between personality and PFC activity independent of participants’
moods.
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Fig. 4. Correlation plot of mood scores with PFC activity. Negative correlation
between individuals’ Neg scores and activation values for the Verbal/4-item
condition. Plot shows the relationship for the channel with the lowest rho value
(Ch 34).

4. Discussion

Our aim of this study was to clarify the relationship between
natural mood and PFC activity while controlling for personality
differences among individuals. We found that the level of nega-
tive mood (as indicated by the POMS negative mood scores) was
inversely correlated with PFC activity during a verbal WM task
under a high WM-load condition, which was consistent with the

results of our previous study (Aoki et al., 2011). Moreover, this
relationship remained significant even after controlling for indi-
vidual differences in personality traits (Neuroticism-Extraversion
or BIS-BAS) in addition to other confounding factors (i.e., age,
gender, handedness, and task performance). These results suggest
that natural negative mood has a unique relationship with PFC
activity during verbal WM tasks, which is not attributed to the
effects of personality.

4.1. PFC activity during verbal and spatial WM tasks

We observed significant PFC activations during the WM tasks
for all task conditions. The activation pattern was highly compar-
able to those reported in our previous studies using essentially
the same tasks (Aoki et al., 2011; Sato et al., 2011a) and to those
reported in other OT studies using WM tasks (Ehlis et al., 2008;
Schecklmann et al., 2010; Schreppel et al., 2008; Tsujimoto et al.,
2004). Moreover, it was consistent with those found in many
studies of WM tasks using other neuroimaging modalities such as
fMRI and positron emission tomography (Smith and Jonides,
1999; Smith et al, 1996; Wager and Smith, 2003). We also
observed a WM-load dependency of PFC activity (i.e., higher
activation under a high WM-load condition compared to that
under a low WM-load condition) for several channels, as pre-
dicted. Taking these findings together, we conclude that OT is
suitable for measuring WM-related activity in the PFC.

We found no statistical difference in PFC activity between the
verbal and spatial WM tasks. These tasks are thought to induce
different PFC activation patterns: verbal WM tasks activate the
left PFC relatively more, whereas spatial WM tasks activate the
right PFC relatively more (Smith et al., 1996). However, such
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laterality-based distinction between verbal and spatial WM tasks
remains elusive (Ray et al., 2008). Drawing conclusions from our
data concerning the activity difference in the PFC between verbal
and spatial WM tasks is difficult because the visual stimuli and
task performance were not perfectly matched across the WM
types in the present study. Further studies are needed to clarify
whether and how verbal and spatial WM functions are associated
with differential PFC activation.

Time courses of the hemodynamic responses also replicated
the results of our previous studies (Aoki et al., 2011; Sato et al.,
2011a). As expected, the oxy-Hb signals increased in response to
the presentation of the target stimulus (S1), and they reached
maximum during the pre-defined activation period. The oxy-Hb
signals increased again after the presentation of the probe
stimulus (S2). Such two-peaked temporal activation patterns
were similar across all four conditions (Fig. 2B). The two peaks
may be associated with the WM processes of encoding/main-
tenance and retrieval, respectively.

4.2. Negative mood and PFC activity during verbal WM task

Our first aim was to replicate our previous work (Aoki et al.,
2011). We found significant negative correlations between the
level of negative mood and PFC activity only in the verbal WM
task but not in the spatial WM task, despite the fact that group
averages of PFC activity were statistically equivalent for these
tasks. This result is highly consistent with our previous finding
based on a completely independent sample (n=29), which also
revealed a specific correlation between negative mood and
PFC activity during a verbal WM task (Aoki et al., 2011).
Such reproducibility of the results across the studies suggests a
reliable relationship between negative mood measured with the
POMS and PFC activity during the verbal WM task. Furthermore,
our results are in agreement with previous OT and fMRI studies,
which showed that PFC activity during cognitive tasks is attenu-
ated when the participants have higher levels of negative mood
(Qin et al., 2009; Suda et al., 2009).

Note that we did not restrict the correlation analysis to the
channels that showed significant activation for the WM tasks.
We included all 47 channels to control the sensitivities of the
correlation maps with the same multiple comparison adjustments
among the 47 channels. This approach can be a useful method to
identify individual differences in brain activity as a previous study
‘that focused on individual differences demonstrated correlations
in brain regions where significant activations were not found at
the group level (Canli et al., 2002).

The difference in the relationships of mood with PFC activity
between the verbal and spatial WM tasks is also consistent with
previous studies. Behavioral experiments have shown that verbal
and spatial cognitive functions are selectively modulated by
mood states (Bartolic et al., 1999; Gray, 2001), although under-
lying brain mechanisms remain to be elucidated. The selective
effects of neurotransmitters (e.g., dopamine and serotonin) on
mood and cognitive functions possibly mediate such specific
interactions between mood and cognition (Ashby et al., 1999;
Robbins and Roberts, 2007), which should be clarified in future
studies.

The difference between verbal and spatial WM in relation to
negative mood has another implication to the present results.
While the effect of extracerebral hemodynamic changes (e.g., skin
blood flow) should be taken into consideration in interpreting OT
data, it is unlikely that the present observation concerning the
correlation between negative mood and PFC activity is due to
these changes because they cannot account for the task-specific
correlation between negative mood and verbal WM tasks. '

4.3. Relationship between mood and PFC activity independent
of personality effects

Our second aim was to separate the contributing factors of
natural mood and personality to inter-individual variations in PFC
activity during WM tasks. We assessed both the natural mood and
personality of participants and evaluated the effect of each factor
using partial correlation analysis. This approach has been used to
separate the effects of mood states and personality traits in
previous behavioral psychological and neuroimaging studies

_ (Bishop, 2009; Canli et al, 2004; Suhr and Tsanadis, 2007).

The correlation between negative mood and PFC activity during
the verbal WM task was not attenuated after personality scores
were included as control variables, suggesting that the observed
relationship between negative mood and PFC activity during the
verbal WM task is not an indirect association intervened by
personality effects. This extends our previous findings by showing
the unique contribution of natural mood on PFC activity, which is
not simply attributed to personality differences among
individuals.

Another approach for separating the effects of mood and
personality is to adopt within-subject design and measure mood
and brain activity of the same individuals for multiple occasions
(Liston et al., 2009). Using this approach, we recently showed that
changes in the levels of depressed mood within individuals are
negatively correlated with PFC activity during the same verbal
WM task (Sato et al,, 2011a). This study also demonstrated that
the relationship between natural mood and PFC activity is
independent of some trait factors, which is in line with the
present results.

Although natural mood and personality are closely related,
they are psychologically distinctive constructs. While recent
growth in “personality neuroscience” has begun to elucidate
neurobiological substrates for personality (DeYoung et al.,
2009), they might not fully cover the neurobiological substrates
for natural mood. For example, the relationships of personality
with brain activity may reflect genetic variations among indivi-
duals, whereas those of mood may reflect the levels of cortical
neurotransmitter concentrations that vary within individuals
from time to time. The present results showing the unique
relationship between natural mood and PFC activity independent
of personality are important for considering the distinction of the
neural substrates of mood and personality. '

4.4, Limitations

There are some limitations to be discussed in this study. First,
the gender ratio in the participants was imbalanced
(female:male=1:3). However, we speculate that our finding is
not dependent on a gender difference because the partial correla-
tion analysis controlled for gender replicated the results. More-
over, Canli et al. (2004) did not mention any evidence of a
fundamental difference between male and female participants
in how brain activation is associated with either personality trait
or mood state. It might be interesting in the future study to
examine gender differences in terms of the relationship between
brain activity and mood states with larger and more gender-
balanced samples.

Second, we need to consider limitations of our WM tasks.
Although we found greater activation values in a high-load
(4-item) condition than in a low-load (2-item) condition in eight
channels, we did not find significant correlations of the negative
mood with the PFC activity related to the contrast between the
two load conditions. This might be because the WM-load differ-
ence between the two conditions was relatively small. Indeed, the
accuracies were not significantly different between the two-item



