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The recognition of threatening faces is important for making social judgments. For example, threatening facial features of
defendants could affect the decisions of jurors during a trial. Previous neuroimaging studies using faces of members of the
general public have identified a pivotal role of the amygdala in perceiving threat. This functional magnetic resonance imaging
study used face photographs of male prisoners who had been convicted of first-degree murder (MUR) as threatening facial
stimuli. We compared the subjective ratings of MUR faces with those of control (CON) faces and examined how they were related
to brain activation, particularly, the modulation of the functional connectivity between the amygdala and other brain regions. The
MUR faces were perceived to be more threatening than the CON faces. The bilateral amygdala was shown to respond to both
MUR and CON faces, but subtraction analysis revealed no significant difference between the two. Functional connectivity ana-
lysis indicated that the extent of connectivity between the left amygdala and the face-related regions (i.e. the superior temporal
sulcus, inferior temporal gyrus and fusiform gyrus) was correlated with the subjective threat rating for the faces. We have
demonstrated that the functional connectivity is modulated by vigilance for threatening facial features.
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INTRODUCTION
The perception of facial threat is critical for human survival.

We perceive threat from facial expressions of emotions, such

as anger and fear [for a review see Staugaard (2010)], and

also from alarming facial features that are unrelated to emo-

tions (Winston et al., 2002), such as, mature faces in polar

opposition to baby-like faces (Dumas and Testé, 2006).

While detecting threatening facial attributes, we make

social judgments in daily encounters (Baas et al., 2007).

For example, unattractive appearances of defendants can

negatively influence juries’ decisions (Sigall and Ostrove,

1975; Porter and ten Brinke, 2009). Threatening facial fea-

tures could be one such form of unattractiveness, eliciting a

sense of danger in the observer (Aronoff et al., 1988). Of the

two aspects of facial threat, we are concerned with the per-

ception of threatening facial features rather than threatening

facial emotions, because threatening facial features make

critical influence on social judgement and impression forma-

tion in our everyday life (Dumas and Testé, 2006).

Functional magnetic resonance imaging (fMRI) studies

have revealed that the amygdala plays a key role in the per-

ception of threatening facial features. For example, a dom-

inating, masculine, angry face radiates a threatening

atmosphere, signalling that the person is untrustworthy

(Schlicht et al., 2010). To evaluate the extent of threat in

terms of untrustworthiness, participants in previous studies

have rated the faces of actors (Winston et al., 2002; Engell

et al., 2007) and computer-generated faces (Todorov et al.,

2008). An increased blood-oxygen-level-dependent (BOLD)

response was observed in the bilateral amygdala when par-

ticipants viewed the faces of university students who were

later rated as untrustworthy by an independent group of

participants (Winston et al., 2002). Since the participants

were not asked to rate the faces for trustworthiness while

being scanned, the amygdala activation was interpreted as

an ‘automatic’ response to the untrustworthy characteristics

of the faces. Engell et al. (2007) further found amygdala

activity was correlated more strongly with group ratings

than individual ratings of facial trustworthiness, which sug-

gested that the amygdala’s automatic response reflected un-

trustworthy features more precisely than individual

conscious judgments. Furthermore, Todorov et al. (2008)

deliberately manipulated targeted features of untrustworthi-

ness on computer-generated faces and measured the
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consequent amygdala activation. The right amygdala showed

a negative linear response to increased untrustworthiness,

whereas the left amygdala showed more activation in

response to faces exhibiting extremes of both trustworthiness

and untrustworthiness. All these studies used the faces of the

general public or computer-generated faces, and therefore,

the authenticity or extremeness of untrustworthy facial

features, not to mention potential facial threat, is

questionable.

Amygdala activation has also been reported in response to

full-blown facial expressions of threatening emotions, such

as anger (Straube et al., 2005) and fear (Bishop et al., 2004;

Williams et al., 2008). These findings are consistent with a

long-held view on the vital role of the amygdala in fear con-

ditioning with rodents, non-human primates and humans

(Morrison and Salzman, 2010; Salzman and Fusi, 2010).

However, a recent meta-analysis (Ball et al., 2009) indicates

amygdala activation in response to positive, negative and

neutral emotional valence. Contemporary reviews

(Adolphs, 2010; Morrison and Salzman, 2010; Pessoa and

Adolphs, 2010) also agree that amygdala activation is related

to emotional arousal and intensity, regardless of positive or

negative emotional valence.

The studies that we have reviewed so far examined amyg-

dala activation independently. Simultaneous activation of

the amygdala and other regions provides a broader perspec-

tive of neural processes for threat perception. For instance,

threatening emotional faces simultaneously activate both the

amygdala and other regions, such as the insula and the fu-

siform gyrus in social phobics (Straube et al., 2005) and the

insula and the superior temporal sulcus in a sample of

healthy young adults (Williams et al., 2008). However,

co-activation of these different brain regions does not neces-

sarily indicate that they are functionally connected. It is

functional connectivity studies that allow researchers to iden-

tify how different parts of the brain interact and coordinate

with each other based on temporal correlations between spa-

tially remote neurophysiological events (Li et al., 2009).

Functional connectivity between the amygdala and other

regions varies in the degree of connectivity and in the pattern

of neural network. In healthy participants, the fusiform

gyrus showed positive covariation with the right amygdala

and negative covariation with the left amygdala in response

to viewing fearful faces (Das et al., 2005). Increased func-

tional coupling between the amygdala and the fusiform

gyrus has also been reported when the participants observed

facial expressions of disgust and happiness, as well as fear

(Fairhall and Ishai, 2007; Amting et al., 2010).

When clinical populations were compared to nonclinical

controls, reduced functional connectivity between the amyg-

dala and other cortical structures (e.g. cingulate cortex, the

insula, prefrontal cortex and orbitofrontal cortex) has been

revealed in women with posttraumatic stress disorder

(Fonzo et al., 2010), individuals with a social anxiety dis-

order (Hahn et al., 2011) and postnatally depressed mothers

(Moses-Kolko et al., 2010), while they were viewing threat-

ening facial expressions of emotions. The reduced connect-

ivity in the clinical groups was associated with

hypervigilance, that is characteristic to these clinical condi-

tions, and with the diminished regulation between the amyg-

dala and the functionally coupled regions. Given

hypervigilance to identifying threat or enhanced ability to

identify threat in depressed individuals (Watters and

Williams, 2011), social anxiety disorder (Mueller et al,

2009) and posttraumatic stress disorder (Morey et al.,

2009), those healthy people who are better at discriminating

threatening facial features may exhibit the functional con-

nectivity pattern similar to that of the clinical populations

with respect to the degree of connectivity and the pattern of

neural network.

The present study was designed to look for brain activity

in response to perceived threat in the faces of individuals

convicted of first-degree murder compared with faces of the

general public members, and to examine how individual dif-

ferences among young healthy adults in perceiving threaten-

ing facial features interact with functional connectivity

between the amygdala and other brain regions. Our hypoth-

eses were that the amygdala activation would be stronger in

response to prisoners’ faces than control faces, that the func-

tional connectivity between the amygdala and the other

regions related to facial processing (e.g. the fusiform gyrus

and the superior temporal sulcus) and emotional processing

(e.g. cingulate cortex, the insula, prefrontal cortex and orbi-

tofrontal cortex) would differ between the prisoner and con-

trol conditions, and that the extent of connectivity between

the regions would be correlated with the subjective rating of

facial threat.

METHODS
Stimuli preparation

We prepared 60 colour photographs of male faces: one-half

were images of the faces of prisoners convicted of

first-degree murder (MUR), which were obtained from US

prison websites; the other half were control faces with neu-

tral expressions (CON), which were selected from the Centre

for Vital Longevity Face Database (Minear and Park, 2004)

and were roughly matched with respect to race and age. We

used American faces because the status of the prisoners was

likely to be unknown to the Japanese participants.

We manipulated the photographs using commercial soft-

ware (Adobe Photoshop; Adobe Systems, Inc., San Jose, CA,

USA). After standardizing the size, resolution and luminance,

the photographs were cropped to produce an ellipse-shaped

image that contained only the eyebrows, eyes, nose and

mouth of the individual on a black background.

Prior to the fMRI study, we conducted a behavioural study

to verify the differential degrees of perceived threat in the

faces of the MUR and the CON groups (Supplementary

Methods and Supplementary Fig. S1).
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Participants
The fMRI study tested 18 healthy native Japanese university

students (11 males and seven females; all right-handed; mean

age� s.d.¼ 20.8� 1.5 years) who had not taken part in the

behavioural study. The participants were recruited from a

student agency that referred research participants. All of

the participants gave their written informed consent after

reading, understanding and agreeing to the study protocol,

which was approved by the ethics committee of the National

Institute for Physiological Sciences. Prior to the fMRI experi-

ment, the physical and mental conditions of the participants

were carefully screened to ensure that they were free from

any past or current history of neuropsychiatric illness.

Experimental procedure
We employed an event-related design, consisting of 60 trials

per session. Images of the faces of the convicted murderers

were presented (the MUR condition) in one-half of the

trials, and images of the control faces were presented in

the other half (the CON condition). For each trial, a face

image was displayed for 2000 ms after the exposure of a red

fixation cross for 500 ms. Trials were presented in a rando-

mized order with respect to the 60 photographs and were

separated by a period of exposure to a white fixation cross,

which was presented in a jittered manner, ranging from 7.3

to 10.7 s (average duration¼ 9.0 s). The stimuli were pro-

jected onto a transparent screen that was suspended from

the bore of a magnet at a distance of 75 cm from the par-

ticipants’ eyes. The participants viewed the stimuli through a

tilted mirror attached to the one-channel head coil of the

head-only scanner and responded using a magnetic compat-

ible button box held in the right hand. Tight but comfortable

padding was placed around each participant’s head to min-

imize head movement. We controlled the stimuli and mea-

sured the participants’ responses, using Presentation

software (Neurobehavioral Systems, Inc., Albany, CA, USA).

Participants inside the MRI scanner were asked to press a

button with their right index finger as soon as they saw a face

image and to pay as much attention as possible to each

image so that they could answer a question about the face

once they exited the scanner. At this stage, the participants

were not informed that they would be specifically asked to

evaluate the extent of dangerousness. All participants re-

peated the same task session twice, and each task session

consisted of the presentation of 60 images of faces in differ-

ent randomized orders.

After the scan, each participant entered the MRI control

room and viewed the same face images on the computer

screen in a differently randomized order. For each trial, a

face image was displayed for 2000 ms after the exposure of a

red fixation cross for 500 ms, and the trials were separated by

a 3000 ms period of exposure to a white fixation cross. The

participants rated the extent to which they perceived each

face to be dangerous on a four-point Likert scale where 1

indicated ‘not at all’, 2 indicated ‘a little’, 3 indicated

‘somewhat’ and 4 indicated ‘very’. Presentation software

(Neurobehavioral Systems, Inc.) was used for both stimulus

presentation and response recording.

Image acquisition and pre-processing
We obtained functional images of the whole brain in an

axial-oblique position, using a 3-Tesla MRI scanner

(Allegra, Siemens, Erlangen, Germany). The scanner was

equipped with a single-shot echo-planar imaging (EPI)

sequence [repetition time (TR)¼ 2.0 s, echo time

(TE)¼ 30 ms; flip angle (FA)¼ 808; 64� 64 matrix and 34

slices; voxel size¼ 3� 3� 3 mm] which was sensitive to the

BOLD contrast. In total, 351 images were obtained during

each session. Since we set the amygdala for a region of inter-

est, and because of the amygdala’s proximity to an air–tissue

interface where signal could drop out, we ensured that we

obtained adequate amygdala coverage from each participant

before data analysis. After discarding the first four images

due to unsteady magnetization, the remaining successive

images in each run were analyzed. A high-resolution ana-

tomical T1-weighted image was also acquired (MPRAGE;

TR¼ 2.5 s; TE¼ 4.38 ms; FA¼ 88; 256� 256 matrix and

192 slices; voxel size¼ 0.75� 0.75� 1 mm) for each partici-

pant. We analyzed the data using the SPM8 software

(Wellcome Department of Imaging Neuroscience, London,

UK). Initially, we temporally realigned the signal in each slice

to that obtained in the middle slice by using a sinc interpol-

ation. All of the volumes were then realigned spatially to the

first volume. We next normalized all the volumes to the

standard Montreal Neurological Institute (MNI) space by

using a transformation matrix obtained from the normaliza-

tion process of the mean EPI image of each individual par-

ticipant to the EPI template image. The normalized images

were spatially smoothed with an 8 mm Gaussian kernel.

Statistical analysis
First-level analysis
After pre-processing, we conducted a statistical analysis of

the data from each participant using the general linear

model. In the first level (a fixed-effects model), each event

was modelled as a haemodynamic response function (HRF).

High-pass frequency filters (128 s) were applied to the

time-series data. The images were scaled to a grand mean

of 100 over all of the voxels and scans within a session. The

MUR and CON conditions were modelled separately. The

data from all trials, including the trials in which participants

failed to press the button, were included in the same regres-

sor, because the number of failed trails over the 60 trials was

too small (mean� s.d.¼ 0.94� 1.76) to construct separate

regressors for each. In addition, the six movement param-

eters obtained during the realignment were entered as regres-

sors. Parameter estimates for the MUR and CON conditions,

and for the difference between the conditions, were com-

puted from the least mean-squares fit of the model to the

time-series data. Images of the parameter estimates,
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representing the event-related activity at each voxel, were

created for each condition and each participant. In the para-

metric modulation analysis, the danger rating for each face

(for both the MUR and the CON conditions) obtained after

the scanning session was entered as a covariate. This analysis

investigated the brain region where the signal was paramet-

rically (positively or negatively) modulated by the danger

score for each face stimulus.

Second-level analysis
We analysed the individual contrast images that pertained to

the difference in signal between the MUR and CON condi-

tions, and the main effect contrast that involved both the

MUR and CON conditions, using one-sample t-tests.

Parametric modulation analysis was used to investigate the

brain regions that had a positive or negative relationship

with the danger rating for each face. The statistical threshold

was set at P¼ 0.001, uncorrected for height, and at k > 10

voxels for spatial extent.

Psychophysiological interaction analysis
Psychophysiological interaction (PPI) analysis was used to

investigate the functional relationship between the regions

involved in the processing of threatening facial features

(Friston et al., 1997). PPI analysis was designed to explain

the neural responses in one brain area in terms of the inter-

actions with the influences of another brain region (e.g. the

amygdala) and a task condition. Here, we examined whether

signal coupling between the amygdala and other regions dif-

fered between the MUR and CON conditions. Our specific

hypothesis was that the functional connectivity between the

amygdala and the face-related regions would differ between

the conditions and that the extent of the connectivity be-

tween the regions would correlate with the subjective ratings

of dangerousness. To test this hypothesis, we initially calcu-

lated the difference in danger scores for each participant by

subtracting the mean score for the CON condition from the

mean score for the MUR condition (i.e. MUR–CON). The

difference in danger score was referred to as the ‘vigilance

index’ (i.e. vigilance for threatening facial features of MUR

faces) and represented an individual’s ability to discriminate

MUR faces from CON faces. We investigated the relation-

ship between the extent of the functional connectivity iden-

tified in the PPI analysis and the vigilance index in the

following analysis.

Initially, we conducted the PPI analysis separately for the

left and right amygdala as source regions. The analysis com-

prised three regressors: the psychological variable, represent-

ing the task condition; the physiological variable,

representing the signal response in the amygdala; and the

interaction term of these two variables. The psychological

variable was a vector coding for the task condition

(MUR CON)¼ (1–1) convolved with the HRF. We deter-

mined the amygdala source region by using the group ana-

lysis involving both the MUR and the CON conditions.

This analysis identified the bilateral amygdala as the source

region (P¼ 0.05, family-wise error rate (FWE) corrected for

height, and k¼ 20 voxels for spatial extent; right, x¼ 26,

y¼ 4, z¼ –20, left, x¼ –26, y¼ 0, z¼ –18). We obtained

the individual time-series data for the amygdala by extract-

ing the first principal component from a sphere (r¼ 4 mm)

centred on the peak voxel. These time-series data were

mean-corrected and high-pass filtered to remove

low-frequency signal drift. The physiological factor was

then multiplied by the psychological factor, which consti-

tuted the interaction term. The PPI analysis was then carried

out for each participant, which involved the creation of a

design matrix with the interaction term, the psychological

factor and the physiological factor as regressors (Neufang

et al., 2008; Cremers et al., 2010). The data from the two

sessions were included in a single design matrix for each

participant. The PPI analysis generated a contrast represent-

ing regions that had stronger functional connectivity with

the amygdala for MUR faces than for CON faces.

Subsequently, the contrast images for the interaction term

from the PPI analysis were subjected to a second-level group

analysis. We conducted the group analysis separately, using

either the left or the right amygdala as a source region. To

examine how the extent of the functional connectivity be-

tween the amygdala and other regions correlated with the

difference in danger score for the MUR and the CON con-

ditions, we conducted a regression analysis, convolving the

vigilance index as a variable. The search volume was re-

stricted to the left hemisphere for the analysis with the left

amygdala as a source region and to the right hemisphere for

the analysis with the right amygdala as a source region, using

the WFU_PickAtlas software (version 2.4; http://fmri

.wfubmc.edu/cms/software#PickAtlas). The statistical ana-

lysis was conducted at P¼ 0.001, uncorrected for the

height and at k > 10 voxels for the spatial extent.

Small-volume correction for multiple comparisons was also

applied for regions that we had predicted a priori that is the

fusiform gyrus and superior temporal sulcus, using a sphere

with a 10 mm radius (20 mm diameter). A sphere was

centred around a coordinate within the left fusiform gyrus

(x¼�42, y¼�58, z¼�18) and the left superior temporal

sulcus (x¼�54, y¼�48, z¼ 4) as defined by a prior neu-

roimaing study that searched brain regions involved in face

perception, regardless of stimulus format, emotional valence

or task demands (Ishai et al., 2005). Corrected P values were

based on this small-volume correction procedure. The par-

ameter estimates of the PPI were extracted from a spherical

region of interest (ROI; r¼ 4 mm) placed at a peak voxel

using the MarsBaR software (http://marsbar.sourceforge.

net) and plotted against the vigilance index. The time-series

data in each of the regions identified were extracted from a

sphere (r¼ 4 mm) centred on the peak voxel for two typical

participants’ data and plotted against the corresponding time

points in the time-series data extracted from the left amyg-

dala separately for the MUR and CON conditions.
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The extracted time-series data were mean-corrected and

high-pass filtered to remove low-frequency signals.

RESULTS
Behavioural results
The mean� s.d. danger scores for the MUR and CON

conditions were 2.55� 0.22 and 2.26� 0.25, respectively

(Figure 1). A one-way analysis of variance (ANOVA)

showed a significant difference in the mean score between

the conditions (F1,34¼ 13.63, P < 0.001). Individual mean

vigilance indexes (MUR–CON) ranged from �0.10 to 0.57,

with 17 out of 18 people’s individual mean vigilance indexes

(MUR–CON) being positive, leaving only one participant’s

mean index negative (�0.10). The mean� s.d. reaction

times for the MUR and CON conditions were

1167� 200 ms and 1197� 205 ms, respectively. A one-way

ANOVA did not show a significant difference in the mean

reaction time between the conditions (F1,34¼ 0.19, P¼ 0.66).

Subtraction analysis and parametric modulation
analysis
The activation in the amygdala region did not differ signifi-

cantly between the MUR and CON conditions. However, the

group analysis involving both the MUR and CON conditions

revealed significant activation in the bilateral amygdala

(Figure 2). In the parametric modulation analysis, the amyg-

dala activity did not show a significant (positive or negative)

association with the danger ratings.

PPI analysis

The subtraction of danger ratings MUR–CON (i.e. vigilance

index) was significantly correlated with the extent of func-

tional connectivity between the left amygdala and the pos-

terior part of the left temporal lobe (Figure 3). These clusters

were located in the superior temporal sulcus, fusiform gyrus

and inferior temporal gyrus (Table 1).

The data on the extent of functional connectivity extracted

from these clusters were plotted against the vigilance index

(Figure 4A). Positive values on the vertical axis of the cor-

relation scatter plots indicate that the connectivity between

the regions was positive for the MUR condition and negative

for the CON condition. In contrast, negative values on the

Fig. 3 Top: significant results for the PPI analysis using the left amygdala as a source
region rendered on the SPM8 template image. The coordinates, T-value and voxel size
of three clusters in the left posterior temporal lobe are listed in Table 1. White lines
in the brain template indicate the location at y¼ –52 mm (anterior) and
y¼ –68 mm (posterior) in the coronal section shown in the bottom of the figure.
Bottom: the image on the left shows two clusters in the superior temporal sulcus
(superior) and the fusiform gyrus (inferior). The image on the right shows a cluster in
the inferior temporal gyrus.

Fig. 2 Significant activation in the bilateral amygdala in the group analysis involving
both the MUR and the CON conditions superimposed on the SPM8 canonical image.
The statistical threshold was set at P¼ 0.05, FWE corrected for height, and at k¼ 20
voxels for spatial extent. The amygdala region in the left and right hemispheres was
used as a source region for the PPI analysis.

Fig. 1 Mean danger scores for the control faces (white) and the prisoners’ faces
(grey). Bars indicate one s.d. The double asterisk denotes a significant difference
in the mean danger score between the faces (P < 0.01).
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vertical axis indicate that the connectivity between the re-

gions was negative for the MUR condition and positive for

the CON condition. The negative correlations for all three

brain regions suggest that those participants who rated the

prisoners’ faces as more dangerous than the control faces

showed lower functional connectivity between the amygdala

and the face-related regions for the MUR condition com-

pared with the CON condition. The plots for two typical

participants are shown in Figure 4B. These data showed

weakened coupling of activity in the face-related regions

with activity in the amygdala under the CON condition

compared with the MUR condition for Participant 1, and

under the MUR condition compared with the CON condi-

tion for Participant 2.

We found no significant relationship between the extent

of the functional connectivity and the vigilance index when

using the right amygdala source.

DISCUSSION
The present study investigated brain activity in response to

perceived threatening facial features in two sets of face

photographs, murderers (MUR) and controls (CON), and

the relationship with subjective ratings of threat. Our first

novel finding was that the extent of functional connectivity

between the amygdala and the face-related regions (i.e. the

superior temporal sulcus, fusiform gyrus and inferior tem-

poral gyrus) was negatively correlated with the subtraction of

subjective rating score (MUR–CON) (i.e. the vigilance

index) representing vigilance for threatening facial features.

In other words, those vigilant participants who rated MUR

faces more dangerous than CON faces showed decreased

connectivity while viewing MUR faces, as compared to

those who were not so vigilant.

This finding resembles the diminished connectivity that

clinical samples exhibited compared to non-clinical samples,

but in a different neural network (i.e. the cingulate cortex,

the insula, prefrontal cortex, orbitofrontal cortex) with the

amygdala (Fonzo et al., 2010; Moses-Kolko et al., 2010;

Hahn et al., 2011). In terms of the network with the amyg-

dala, our results are more consistent with the previous stu-

dies that showed simultaneous activation of the amygdala

and the fusiform gyrus (Das et al., 2005; Straube et al.,

2005; Fairhall and Ishai, 2007; Amting et al., 2010), and

the amygdala and the superior temporal sulcus (Williams

et al., 2008). Where there are differences between our results

and the findings from the foregoing studies, these may be

due to a combination of stimulus (threatening facial features

vs threatening facial emotions) and sample (nonclinical vs

clinical) factors. While this hypothesis can be only verified

with future experiments with different combinations of the

two factors, we would like to make a tentative interpretation

of the decreased connectivity between the amygdala and the

facial areas in those participants who are more vigilant for

threatening facial features.

Mather et al. (2010) considered weaker connectivity,

though in the different network from ours, to represent

social withdrawal and stronger connectivity to represent

support-seeking behaviour. The activation patterns of our

results may also be construed as a withdrawal response

from MUR faces and an approach response to CON faces.

Withdrawal in this context is seen as a freeze response to

threat (Bracha et al., 2004); an adaptive response in humans

that takes place before flight and fight responses or when

escape is impossible or fighting would be pointless. Future

research should include explicit measures of freezing behav-

iour and confirm that the functional connectivity represents

a freeze response.

Reduced connectivity between the posterior superior tem-

poral sulcus, the fusiform gyrus and the amygdala has been

linked to the pathophysiology of social perception deficits in

autism (e.g. Pelphrey and Carter, 2008). Using the same

prisoners’ faces as stimuli, we found that individuals with

very high-functioning autism could distinguish prisoners’

faces from control faces equally well as neurotypical individ-

uals who were matched for non-verbal ability (Miyahara

et al., 2010). In our previous study, however, a pair of

MUR and CON faces was presented on a sheet of paper in

order for the participants to compare their perceived dan-

gerousness. It would be interesting to examine whether the

connectivity in the neural network differed between the neu-

rotypical individuals and those with autism when viewing

facial stimuli presented in the same method as the current

study.

Our results demonstrated functional connectivity only in

the left hemisphere in response to an implicit instruction to

view faces with potentially threatening features. In a system-

atic review and meta-analysis, Baas et al. (2004) found that

the left amygdala tended to be activated more often than the

right amygdala in response to threat. Moreover, systematic

reviews and meta-analyses by both Baas et al. (2004) and

Wager et al. (2003) consistently highlighted the difficulties

in determining the hemispheric specialization of the amyg-

dala for emotions, due to the limited number of studies

available and the use of various research protocols. Some

recent studies (e.g. Habel et al., 2007; Williams et al.,

2008) have referred to laterality of amygdala activation; how-

ever, they have also used different research paradigms and

not all have investigated functional connectivity. We are,

therefore, currently unable to explain our finding of

Table 1 Results of psychophysiological interaction analysis

Region name L/R BA x, y, z T Voxels

Superior temporal sulcus* L 22 �48, �50, 10 4.89 22
Fusiform gyrus* L 37 �46, �52, �18 4.59 19
Inferior temporal gyrus L 37 �56, �68, �10 4.22 26

L/R, left/right, BA, Brodmann’s area.
*P < 0.05 corrected for multiple comparisons after small-volume correction.
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Fig. 4 Results of the PPI analysis. (A) Correlation plots (left, superior temporal sulcus; middle, fusiform gyrus; and right, inferior temporal gyrus) showing negative correlations
between the extent of functional connectivity and the subjective rating of facial dangerousness (i.e. the vigilance index). The vertical axis indicates the extent of functional
connectivity between the amygdala and each of the face-related regions. The horizontal axis indicates the difference in the danger scores between the prisoners’ faces and the

continued
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significant functional connectivity only in the left hemi-

sphere. Nonetheless, we believe that our results make a sig-

nificant contribution to the accumulating body of data that

will eventually clarify the laterality of amygdala activation

through future research.

Our initial hypothesis that there would be differential

amygdala activation in response to MUR and CON faces

was not supported by our fMRI data. In contrast, our be-

havioural data showed that the participants rated the MUR

faces as more dangerous than the CON faces after the scan.

In other words, it was likely that the participants might be

more threatened by MUR faces than CON faces in the scan,

but the amygdala did not seem to care. This finding appears

contradictory to the notion of the amygdala’s automatic

(Winston et al., 2002) and unconscious (Engell et al.,

2007) processing of untrustworthy faces. In a seminal

review, Adolphs (2010) concluded that such an old view

should be revised in favour of a new one holding that the

amygdala is not essential in the automatic and unconscious

process; it would mostly play a modulatory role in the net-

work along with the temporal cortex. Our data on functional

connectivity between the amygdala and other temporal

regions are consistent with this new view of the amygdala’s

role in threat perception.

There is still a possibility that the implicit experimental

task used in our study might have lowered the sensitivity to

detecting minor differences in facial threat. Previously, both

implicit and explicit tasks were reported to facilitate

increased amygdala activity. Two studies employed implicit

tasks and asked participants to first view faces in the fMRI

scanner and to rate arousal (Straube et al., 2005) and trust-

worthiness (Todorov et al., 2008) afterwards. An explicit task

of facial affect recognition (Williams et al., 2008) also

increased amygdala activity significantly when fearful faces

were present. One study directly examined the difference in

bilateral amygdala activation for the identification of facial

affect and revealed greater activation in the explicit condi-

tion than in the implicit condition (Habel et al., 2007). These

studies differed from our study that investigated threatening

facial features and used the implicit task in the scanner to

later rate dangerousness. However, the facial expressions of

emotions included threatening emotions (i.e. fear and anger)

(Straube et al., 2005; Habel et al., 2007; Williams et al., 2008)

and the explicit condition to identify facial expressions of

emotions facilitated greater bilateral amygdala activation

than the implicit condition (Habel et al., 2007). A future

study, using an explicit task to rate facial threat in the

scan, might produce a differential amygdala activation

between MUR and CON conditions.

It is also possible that the murderers’ faces, which did not

portray full-blown angry or fearful expressions, were not of

sufficient intensity to lead to a heightened amygdala re-

sponse. Alternatively, the race of the faces might have led

to an equivalent amygdala response whether the faces were

MUR or CON. The Japanese participants might have per-

ceived all the Americans’ neutral faces as similarly arousing,

if not threatening, due to the unfamiliarity in their daily life.

Finally, expecting a necessary increase in amygdala activity

in the MUR condition relative to the CON condition may be

problematic because the activity in the amygdala on its own

may not be as important as the amygdala’s role as a modu-

lator (Adolphs, 2010; Pessoa and Adolphs, 2010). Indeed, a

meta analysis by Wager et al. (2003) indicates that even when

a particular brain area is identified as central to processing of

a stimulus, only 30–65% of imaging studies result in

increased activation in that area. It seems likely that the

amygdala’s activation communicated to other brain areas,

as measured in the functional connectivity analyses, will

often be most important, possibly helping to ready an indi-

vidual for an appropriate response.

In conclusion, the present study revealed that the extent of

functional connectivity between the amygdala and the

face-related regions was correlated with individuals’ subject-

ive perceptions of the threat in faces. Further research is

needed in which functional connectivity analysis is applied

to examine (i) the difference between implicit and explicit

tasks; (ii) any differences between clinical and nonclinical

samples, in the connectivity between the amygdala and the

other regions, in response to the same facial stimuli.

SUPPLEMENTARY DATA
Supplementary data are available at SCAN online.
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