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FIGURE 4 | The figure demonstrates the results of main effect of Group
(controls/patients) in analysis of 2 x 2 x 2 full factorial design. Upper
pictures show cerebral activation on main effect of Group (p < 0.05, voxel
level, FDR-corrected). Gray bars in the upper row represent the distribution of
beta values (mean £ SE) in controls (dark gray color) and patients (light gray
color). The vertical axis, beta values; C, controls; R, patients; L, left; R, right.
**Indicates p < 0.05/5 (Bonferroni correction by 5 ROIs). Color bars in the

5 L MFG [-26 -3 62} R Amygdala [20 -3 21] STG [-54 -21 3] RTPJ [26 -65 53] R occipital {8 -77 2]
o
6 8 6
=2 R >
e —
| f 1
0 0 i t
¢ U 0 —— ° S
o P c P Cc P P <0.05/5
LHFG 1126363 F31265 621 LR 156 6533 s Coconnalis 772 R ceciptatie 77 2
MFG26 3:"] . B0 RIWFGZE-3562] TR n‘éﬁ:d;r’\ oo _-;ﬁo J [48-85 83) R oeoitall-s /QZJ 2 B0 2 t::c:.a.e T .
* graue © Bvane Balue e
{ $ e o
FAY j . . Fay - BAY G
o i3 ] L £ S ﬁﬁ,‘é’v EavE
" { .7 ; NPV C KEV T
seye - 5 y e
REYP L ] Lo e & ] e
sanic ] ¥ qame & R
SAK P o SAKP . . SAMP
oiFe T " [ s H oF.
DiER A e Lo R
o *p<00s
100 5 100 20 160 ° 100 00 ) 505 00 o 100
B B C =:” ¢ -] FRV G - AV G € Fav e
s ® T . Y N ;
Laversity E AP s Latersity k3 FRE Lateraity ’ AP K e
[ g NPV C HEVC index ] Nev e indes i NPV S £ KRV C
an g NEV P s NEVE i} - NEY P [ i nEY R i HEVE
wE € sanc Amypdala saMe 57 k] sanc P i sac - # SAC
1258-32) . sau e £20-321} sat P 52ty - Swue . Swie 1 provts
] RS DEG & oEc H oEc B oFc
i oiFP nDiER DFR oFe

PP . peoos

middle row represent the distribution of beta values (mean + SE) on 5 ROls
and contralateral symmetrical 5 ROls under FAV (red), NFV (blue), SAM (gray),
and DIF (green) conditions—C, controls (dark gray); P patients (light gray).
Color bars at the bottom represent the distribution of laterality index {mean %
SE) on the 5 ROls. *Indicates p < 0.05. MFG, middle frontal gyrus; STG,
superior temporal gyrus; TPJ, temporo-parietal junction; occipital,

occipital lobe.

Table 2 | Peak coordinates (x, y, z) and their z-values of cerebral activation by full factorial design analysis with Group effect {controls and

patients).

Brain regions BA Coordinate

F(1,136) z-value P {FDR-corrected)

x Y

Controls > Patients

L STG 41 ~54 -21 3 23.20 447 <0.05
Patients > Controls
L MFG 6 —26 -1 63 23.40 4.49 <0.05
R MFG 6 27 -1 61 19.50 4.10 <0.05
R SPL 26 —64 52 29.70 5.04 <0.05
Occipital lobe 18 8 ~76 1 21.80 4.34 <0.05
R amygdala 20 -3 -21 18.40 3.99 <0.05
L, left hemisphere; R, right hemisphere; p < 0.05, voxel level, FDR-corrected.
A significantly positive correlation was observed (r = 0.346, p < DISCUSSION

0.05, Figure 10). The other areas were not significantly correlated
with accuracy. These findings suggest that the less the accuracy is,
the less the beta value of FJT at left STG is.

To clarify cerebral function underlying the perception of
voice attractiveness including greeting conversations in patients
with schizophrenia, we investigated the difference of cerebral
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FIGURE 5 | The figure represents cerebral activation on main effect of task [(RIT/GDT): p < 0.05, voxel level, FDR-corrected]. Color bars show the
distribution of beta values (mean + SD) under RJT (red) and GDT (gray). *Indicates p < 0.05—L, left; R, right; dark color, controls; light color, patients.
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Table 3 | Peak coordinates (x, y, ) and their z-values of cerebral activation by full factorial design analysis with task effect (controls and

patients).

Brain regions BA Coordinate

F(4, 136) z-value P (FDR-corrected)

X y

L PrCG 6

—50 —4
R MFG 8 27 27
LIFG 47 —51 21
R insula 13 38 5
L STG 22 -b9
R STG 22 62 5
L Claustrum -36 -10
L cerebellum -12 -43

42 18.50 4.00 <0.05

43 16.00 3.70 <0.05
-9 23.90 4.54 <0.05
-3 19.70 4.13 <0.05
-2 30.80 5.13 <0.05
-5 19.00 4.0 <0.05
-2 22.20 4.39 <0.05
-21 20.20 4.13 <0.05

L, left hemisphere; R, right hemisphere; p < 0.05, voxel level, FDR-corrected.

activation between control subjects and schizophrenia patients
while they were judging favorability or gender of vocaliza-
tions. In our present experiment, the left IFG-STG was acti-
vated in the processing of favorability judgment in both controls
and schizophrenia patients. Although cerebral activation in the
left STG was reduced in schizophrenia, cerebral activation in
the right MFG, right IPL, and right amygdala was increased.
Further, by correlation analysis between psychiatric symptom
and cerebral activation of favorability, we confirmed that posi-
tive and negative symptoms in schizophrenia are closely related
to cerebral dysfunction in the left STG and right MFG-IPL
(Figure9).

FRONTOTEMPORAL FUNCTION TO AUDITORY ATTRACTIVENESS AND
ITS DYSFUNCTION IN SCHIZOPHRENIA

Our results by full factorial design also exhibited main effect
of experimental Task (FJT/GDT) in the left STG and left IFG
(Figure 5, Table 3). Recent auditory fMRI studies demonstrated
that the cerebral function of STS is important to grasp auditory
social cues (Saarela and Hari, 2008; Scharpf et al,, 2010). Further,
a recent fMRI study concerning auditory attractiveness demon-
strated the importance of the functional connection between STG
and IFG (Bestelmeyer et al,, 2012). In accord with these findings,
our results showed left STG-IFG activation in the recognition of
auditory attractiveness including social communications.
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FIGURE 6 | Positive correlation between psychiatric symptom and cerebral activation under RIT > GDT contrast (univariate analysis). Positive symptom
is red color, Negative symptom is blue color. Purple color indicates both symptoms. Statistical threshold: p < 0.25, FDR-corrected; L, left; R, right side.

= Positive symptom
== Negative symptom

== Positive and Negative

Table 4 | Positive correlation between PANSS and cerebral activation under RIT minus GDT, p < 0.0001 uncorrected (p < 0.25, FDR-corrected),

R, right hemisphere.

Brain regions BA Coordinate z-value P (uncorrected) P (FDR-corrected)
x y z

L SFG 6 —6 9 55 3.73 <0.0001 <0.25

R SFG 6 9 8 60 4.04 <0.0001 <0.25

R MFG 9 51 6 36 3.77 <0.0001 <0.25

L STG 38 -50 12 -8 3.72 <0.0001 <0.25

RIPL 40 40 —43 49 416 <0.0001 <0.25

FIGURE 7 | Positive correlation between severity of hallucinatory
behavior and cerebral activation under RIT > GDT contrast. Purple color
bar shows z-value. Statistical threshold: p < 0.25, FDR-corrected; R, right;
A, anterior; P posterior.

Before the experiment, we hypothesized that left STG-IFG
activation by auditory attractiveness could be impaired in
schizophrenia. Predictably, cerebral activation in schizophrenia
patients was greater in the bilateral prefrontal regions in

comparison with control subjects (Figure 5). A recent study indi-
cated that brain activity in the left prefrontal regions reflected the
overall perceived attractiveness of the voices (Bestelmeyer et al,,
2012). Further, another fMRI study indicated that the left ventro-
lateral prefrontal cortex, bilateral dorsal IFG, and medial frontal
cortex are activated when the subjects judged whether pairs of
human individuals were friends or enemies (Farrow et al., 2011).
These reports indicate that prefrontal regions are associated with
the judgment of favorability and friendliness. In our present
study, hyper-frontality and hypo-temporality in schizophrenia
patients could designate the dysfunction of left STG-IFG when
they judged favorability.

In our study, cerebral activation to favorability judgment
was reduced in the left STG, while it was increased in the
MFG, amygdala, TPJ, and occipital lobe in the right hemi-
sphere. A recent fMRI study suggested that paradoxical brain
activation in schizophrenia patients with auditory hallucination
may be caused by both reduced activation due to impaired
brain function in auditory processing and increased activa-
tion due to disturbance of attention bias toward internally
generated information (Jardri et al, 2011; Kompus et al.,
2011). In accordance with this recent study, less activation
in schizophrenia could represent impairment of favorability
judgment in auditory processing, whereas greater activation in
schizophrenia may reflect disturbance of attention bias toward
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Table 5 | Positive correlation between the severity of hallucinatory behavior and cerebral activation under RIT minus GDT, p < 0.0001

uncorrected (p < 0.25, FDR-corrected), R, right hemisphere.

Brain regions BA Coordinate

z-value P {uncorrected) P (FDR-corrected)

R PsCG 2 48

o

455 <0.0001

-19 30 <0.25
R PrCG 6 48 -16 30 4.10 <0.0001 <0.25
R MFG 9 48 8 42 3.72 <0.0001 <0.25
R IPL 40 45 -33 46 414 <0.0001 <0.25
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FIGURE 8 | The figure shows the distribution of correlations between horizontal axis shows EHI score (—100 represents extremely left-handed; 100
activation in STG (in main effect of Group) and handedness score (EHI) represents extremely right-handed). Plus marks, left hemisphere; triangles,
in all participants. The vertical axis shows beta value in STG, and the right hemisphere; FAV {red), NFV (blue), SAM (gray), DIF (green).

internally generated information by the appearance of auditory
hallucination.

CEREBRAL LATERALITY TO AUDITORY ATTRACTIVENESS IN
SCHIZOPHRENIA

Interestingly, our results in schizophrenia patients exhibited
enhanced right-lateralization to auditory attractiveness mainly
in MFG and IPL (Figure4). Previous fMRI studies concern-
ing language processing have demonstrated that schizophrenia
patients show either reduced left hemispheric activation (Kiehl
and Liddle, 2001; Kircher et al.,, 2001; Koeda et al., 2006) or
reversed language dominance (Woodruff et al, 1997; Menon
et al., 2001; Ngan et al, 2003; Bleich-Cohen et al, 2009).
Conversely, previous fMRI studies concerning non-linguistic pro-
cessing in schizophrenia indicated reduced right hemispheric
activation (Koeda et al., 2006), reversed right-lateralized activa-
tion (Mitchell et al., 2004), or enhanced right-lateralized activa-
tion (Bach et al., 2009). In accordance with the latter report, our

results showed greater right prefrontal and inferior parietal acti-
vation during favorability judgment in schizophrenia (Figure 4).
In the analysis by full factorial design, main effect of Group
(controls/patients) revealed greater activation of schizophrenia in
the right hemisphere compared with controls (Figure4). This
result also indicates enhanced right hemispheric activation by
auditory attractiveness in schizophrenia. It could be speculated
that these strong right hemispheric activations compensate the
dysfunction of left STG-IEG related to auditory attractiveness
(Figure 4).

PSYCHIATRIC SYMPTOMS AND AUDITORY ATTRACTIVENESS IN
SCHIZOPHRENIA

Our results revealed a positive correlation between psychiatric
symptom (total PANSS score, positive and negative symptom)
and cerebral activation under FJT vs. GDT contrast at left STG-
IFG and right prefrontal and superior/inferior parietal cortex
(Figure 6 and Table 4). In both positive and negative symptoms,
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FIGURE 9 | Summary of cerebral response to auditory attractiveness
and psychiatric symptom in schizophrenia: red circle shows the
area of positive correlation between cerebral activation and total
PANSS score; red dashed line shows the area of positive
correlation between cerebral activation and hallucinatory behavior;

Cerebral Response to

Vocal Attractiveness

(Voice Sensitive
Regions)

Controls > Patients Q Positive Correlation with Psychiatric Symptom

Patients > Controls f: h} Positive Correlation with Hallucinatory Behaviour

sPL
IPL(TPY)

light blue area represents greater activation in patients than in
controls; pink area represents less activation in patients than in
controls. MFG, middle frontal gyrus; IFG, inferior frontal gyrus; aSTG,
anterior superior temporal gyrus; SPL, superior parietal lobe; TPJ,
temporo-parietal junction; IPL, inferior parietal lobe.

Accuracy (%)

r=0.346

[ Patients :

@ i
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FIGURE 10 | Correlation between beta value of RIT at left STG and
accuracy. The circles show control subjects. The rectangles show
schizophrenia patients.

almost the same regions were correlated with cerebral activation
for auditory attractiveness. Left STG-IFG activation was observed
in the favorability judgment (Figure 5). These findings could be
considered to reflect the dysfunction of the left STG-IFG region
in the recognition of auditory attractiveness. Crucially, cerebral
activation in the right prefrontal and superior/inferior parietal
region was positively correlated with the severity of auditory
hallucination (Figure 7, Table 5). These areas also demonstrated
greater activation under FJT vs. GDT contrast in schizophrenia
(Figure 5, Table 3). These findings indicate that greater activa-
tion to the favorability judgment in schizophrenia is related to
severity of auditory hallucinations. Previous studies indicate that
the right MEG/IFG-IPL region is closely related to self-referential
processing (Fossati et al., 2003; Canessa et al., 2005; Uddin et al,,
2005). Especially, one study demonstrated that right fronto-
parietal regions as well as left prefrontal and parietal regions were
activated when subjects understood the context related to social

communications when two persons exchange goods, i.e., if you
give me one, I will give you the other (Canessa et al., 2005).
Further, another study exhibited that right dorsal IFG was acti-
vated in the processing of social alliance {friendliness) (Farrow
et al., 2011). These previous findings support that the right
MFG/IFG-IPL region associates with the recognition of social
communications such as judgment of favorability. These activa-
tions could be attributed to representing the dysfunction of the
fronto-parietal region in the processing of social communications
by auditory hallucinations.

Recent fMRI studies investigated cerebral function when the
subjects mentalize the other person’s thoughts and behavior.
These reports indicate that the role of the temporal-parietal
junction is closely associated with comprehending the men-
tal states of others (Siegal and Varley, 2002; Finger et al,
2006; Shamay-Tsoory et al., 2006; David et al,, 2008). A recent
study investigated cerebral activation in the processing of self-
other distinction. This study demonstrated that the increase in
cerebral activation in the right IPL correlated positively with
the strength of psychiatric symptoms in schizophrenia (Jardri
et al,, 2011). Further, recent studies of schizophrenia reported
that functional connectivity in the fronto-temporal network
was decreased when the subjects comprehended the behavior
of the other person (Das et al,, 2012), or when the subjects
listening to the other person’s speech compared it with self-
generated speech (Mechelli et al,, 2007). Findings of greater
right prefrontal-parietal activation (Figure4) in schizophrenia
may reflect brain activation due to comprehending other per-
son’s mental states through auditory hallucination as well as
dysfunction of the fronto-temporal region in perception of vocal
attractiveness.

In summary, when cerebral function in auditory attractiveness
including social conversations was investigated, cerebral activa-
tion was revealed in the left STG and left IFG. Particularly,
in schizophrenia, less activation was observed at the left STG
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compared with control subjects. In addition, greater activation in
schizophrenia was confirmed in the right fronto-parietal region.
Further, cerebral response in this region was correlated with the
severity of auditory hallucinations. These findings suggest that
dysfunction in the left fronto-temporal regions is related to the
ability to appropriately assess the attractiveness of vocal commu-
nications in schizophrenia. The right fronto-parietal region could
offset cerebral dysfunction to auditory attractiveness including

social communications.
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