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Abstract

The amygdala is related to recognition of faces and emotions, and functional magnetic resonance imaging (fMRI) studies have reported
that the amygdala is habituated over time with repetition of facial stimuli. When subjects are presented repeatedly with unfamiliar faces,
they come to gradually recognize the unfamiliar faces as familiar. To investigate the brain areas participating in the acquisition of familiarity
to repeatedly presented unfamiliar faces, we conducted an fMRI study in 16 healthy subjects. During the task periods, the subjects were
instructed to see presented unfamiliar faces repeatedly and to judge whether the face was male or female or whether the face had emotional
valences. The experiment consisted of nine sessions. To clarify the brain areas that showed increasing or decreasing activation as the
experimental session proceeded, we analyzed the fMRI data using specified linear covariates in the face recognition task from the first
session to the ninth session. Imaging data were investigated on a voxel-by-voxel basis for single-group analysis according to the random
effect model using Statistical Parametric Mapping. The bilateral posterior cingulate cortices showed significant increases in activity as the
experimental sessions proceeded, while the activation in the right amygdala and the left medial fusiform gyrus decreased. Thus, the posterior
cingulate cortex may play an important role in the acquisition of facial familiarity.
© 2003 Elsevier Inc. All rights reserved.
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Introduction et al., 1999; Wright et a., 2001). Disturbance of the neural

system related to such habituation and/or familiarity acqui-

Face perception is the most developed visual perceptual
skill in humans and playsacritical rolein social interactions
(Haxby et a., 2002). Novel, unknown faces, when seen for
the first time, can potentialy represent a threat or a danger
and lead to a rapid shift of attention in the human brain.
However, repeated presentation of those novel stimuli will
make such cognitive responses wane and gradually yield
instead afeeling of aready-seen, i.e., familiar faces (Dubois
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sition to repeatedly presented unknown faces may cause the
disordered social cognition sometimes seen in psychiatric
disorders, in which the patients express exaggerated anxiety
responses to other people, misjudge the approachability and
trustworthiness of those around them, or mistake even fa-
miliar people for an assailants.

The amygdala plays a crucia role in the recognition of
faces and emotions (LeDoux, 2000; Davis and Whalen,
2001). A functional magnetic resonance imaging (fMRI)
study reported that the right amygdala exhibits a greater
response to novel faces than to familiar faces, al with an
emotionally neutral expression (Schwartz et a., 2003). It
has also been revealed that amygdala activation is habitu-
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ated with repeated facial stimuli (Breiter et al., 1996; Wright
et al., 2001; Thomas et a., 2001).

On the other hand, a candidate area participating in the
acquisition of facia familiarity is the posterior cingulate
cortex. It has been reported that the posterior cingulate
cortex is activated commonly in familiar (previously
learned) word recognition minus reading word condition
and familiar face recognition minus gender classification
conditions in an H,™O positron emission tomography
(PET) study (Kim et al., 1999). FMRI studies showed
greater posterior cingulate activation during explicit recog-
nition of famous faces (well-known entertainers, politicians,
and sports figures) than during that of unfamiliar faces
(Leveroni et a., 2000) and activity also increased under
experimental conditions with personally known faces and
voices (friends and relatives of the subjects) relative to the
conditions with unfamiliar ones (Shah et d., 2001). These
studies proposed that the posterior cingulate cortex is a key
area involved in assessing the familiarity of a person.

To our knowledge, however, no prior study has investi-
gated the time course of activation in particular brain areas,
in which the familiarity was gradually acquired over time
with repeated exposure to unknown faces. The purpose and
the new aspects of the present study were to demonstrate
using fMRI that the activation in the posterior cingulate
cortex increases as unfamiliar facial stimuli are presented
repeatedly. It was predicted that the amygdala would show
greater initial response and then habituate to the unfamiliar
faces, while posterior cingulate activity would increase re-
ciprocally as familiarity was acquired.

Materials and methods
Subjects

Sixteen healthy subjects, 8 males and 8 females, partic-
ipated in the present study. Their ages ranged from 22 to 28
years, with a mean age of 24.5 years (standard deviation
(SD), 1.7 years). The subjects had no history of neurological
or psychiatric disease or drug or alcohol abuse. All subjects
were strongly right-handed as assessed by the Edinburgh
Handedness Inventory (Oldfield, 1971). The protocol was
approved by the Ethical Committee of Fukui Medical Uni-
versity, and al subjects gave written informed consent for
the study. None were taking any medication at the time of
the study.

Materials and procedure

If a small number of individua facial stimuli are smply
repeated, amygdala activity rapidly habituates (Bordi and
LeDoux, 1992). To make subjects habituate to unfamiliar
faces rather more slowly may allow for better detection of
the brain areas that show increasing activity over time with
repeated facial stimuli. We thus devised experimental tasks

as follows. A relatively large number of individual faces
were used as experimental stimuli with a relatively large
number of repetitions. Then, two kinds of task with these
facial stimuli depicting three different emotion types (i.e.,
positive, negative, and neutral) were used, and subjects were
instructed to judge the gender or the emotional valences of
the faces. Since it was difficult for the subjects to habituate
to the tasks per se and to notice the repeated presentation of
the same facial stimuli, the acquisition of familiarity with
the faces would be incidental for them, that is, it was not
integral to the task.

Digitized gray scale pictures of 20 unfamiliar faces (10
males and 10 females) with positive (happy), negative (an-
gry, disgusted, or sad), or neutral emotion, were used as
materials. To establish the validity and reliability of the
facial stimuli used, a sample of 10 healthy controls was
asked to rate each face according to emotion type and
intensity, as described previously (Kosaka et al., 2002).

The experiment consisted of nine sessions (Fig. 1). Each
session was composed of eight blocks, four control and four
face recognition task blocks. Each block was 21 s long,
alternating control and task. A list of 10 faces was assigned
to each block, and the faces were presented at arate of 1.8 s
with a 0.3-s intertrial interval. As described previously, we
used two kinds of task conditions, i.e., gender-discrimina
tion (five sessions: three neutral face sessions, one positive
face session, and one negative face session) and emotion-
judgment (four sessions. two neutral face sessions, one
positive face session, and one negative face session). Before
each experimental session, the subjects were instructed to
judge whether the face was male or femae during the
gender-discrimination task or whether the face had emo-
tional valences or not during the emotion-judgment task and
to respond by pressing one of two buttons of the response
box with their right index and middle fingers. During the
neutral face sessions, al 10 faces per block had neutral
emotion. During the emotiona face sessions, 8 faces had
emotionally positive expression for the positive face ses-
sions or negative expression for the negative face sessions,
and 2 faces had neutral emotion per block. The order of the
nine sessions was counterbalanced across subjects. Twenty
actors' faces were used as the experimental stimuli; each
actor’ sface was presented 2 times per session and presented
18 timesacross all sessions. Under the control condition, the
subjects were instructed to discriminate whether the object
was a circle or a square (figure-discrimination). These stim-
uli were presented at the same rate and in the same format
as the stimuli under the task condition. Before the experi-
ment, a shorter version of the experimental task was admin-
istered to confirm that the subjects could perform at an
average level.

During scanning, the stimuli were projected onto a half
transparent screen using a LCD projector connected to a
persona computer by which the stimuli were generated. The
subjects saw the stimuli through a tilted mirror attached to
the head coail of the scanner.
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Image acquisition and analysis

Functional images of the whole brain were acquired
using T2*-weighted, gradient echo, EPl sequences with a
3-T MR imager (Signa Horizon; Genera Electric Medical
Systems, Milwaukee, WI, USA) and a standard birdcage
head coil. Each volume consisted of 34 axia dlices, with a
dlice thickness of 2.7 mm, with a 0.3-mm gap. The time
interval between two successive acquisitions of the same
image was 3000 ms, the echo time was 30 ms, and the flip
angle was 90°. The digital in-plane resolution was 64 X 64
pixels, with a pixel dimension of 2.97 X 2.97 mm. The
anatomical image was also acquired (2D FSE: TR, 6 s, TE,
66 ms; flip angle, 90°; 256 X 256 matrix; and 112 axial
slices 1.5 mm thick). Tight but comfortable foam padding
was placed around the subject’s head to minimize head
motion. After discarding the first 4 images per session due
to the unsteady longitudinal magnetization, 504 successive
EPI images (7 images per block, 56 images per session)
were subjected to analysis. Image processing and statistical
analysis was performed using Statistical Parametric Map-
ping (SPM99: the Wellcome Department of Cognitive Neu-
rology, London, UK; Friston et al., 1995) implemented in
Matlab 5.3 (The Mathworks, Inc., USA). First, to correct for
dislocations caused by head motion, al EPI images were
realigned. These images were then normalized to the Mon-
treal Neurological Institute (MNI) atlas (Evans et al., 1994)
using the parameter obtained from the normalization pro-
cess of the anatomical image that was coregistered to the
first EPI image beforehand. Finally, the images were
smoothed using an 8-mm Gaussian kernel.

Data-analysis

First, analysis was performed on an individual basis. The
mean signal intensity of the imaged brain areas was pro-
portionally scaled to 100 arbitrary units for each functional
image volume in order to remove the effect of global signal
change. The expected signal changes caused by the tasks
were modeled with a boxcar function convolved with a
hemodynamic response function and regression analysis
was performed for each and every voxel. Signal drifts below
1/84 Hz were also modeled and excluded from the analysis
to avoid artifacts. The analysis made contrast images that
held percentage of signal change values at each voxel for
the face recognition tasks compared with the control con-
dition. To makeinferences at asingle-group level (Friston et
al., 1999), these images were analyzed with one-sample t
tests on a voxel-by-voxel basis.

First, we clarified the main effect of overal face recog-
nition tasks in the nine sessions. The resulting areas of
activation were characterized in terms of their peak. The
statistical threshold was set at P << 0.05 (corrected) for each
voxel. Second, a subtraction between the images for face
conditions during the gender-discrimination tasks and the
images for face conditions during the emotion-judgment

tasks was conducted. A subtraction among the images for
neutral face conditions, the images for positive face condi-
tions, and the images for negative face conditions was also
conducted. The statistical threshold was set at P < 0.05
(corrected) for each voxel. Third, to clarify the brain areas
that showed increasing or decreasing activation as the ex-
perimental session proceeded, we analyzed the fMRI data
using specified linear covariates (—4, —3, =2, —1,0, 1, 2,
3, 4) in the face recognition task from the first session to the
ninth session. Unless otherwise specified, the statistical
threshold was set at P < 0.05 (corrected) for height in the
analysis of increasing or decreasing activity over time for
each voxel. Activated clusters were superimposed on the
T1-weighted template images. These data were averaged
across the subjects, and the magnitude of increase from the
control condition was plotted as a function of time (nine
sessions).

Results
Behavioral results

Under the control conditions (figure-discrimination task),
the mean (+ SD) percentage of correct responses was 99.3
* 1.1%, and the mean reaction time was 451.3 + 76.6
msec. In the facial task conditions (i.e., gender-discrimina-
tion, and emotion-judgment), the mean percentages of cor-
rect responses were 93.9 = 4.7 and 93.1 + 3.6%, and the
mean reaction times were 671.8 + 84.9 and 811.3 + 107.0
ms, respectively. There were no significant differences in
percentages of correct responses (t = 0.712, df = 15, P =
0.4877) between gender-discrimination and emotion-judg-
ment tasks, while significant differences were found in re-
action time (t = —6.317, df = 15, P < 0.0001). The mean
percentages of correct responses were 93.6 + 4.4 and 93.6
+ 3.4%, and the mean reaction times were 740.0 = 91.0
and 726.1 + 94.6 ms, in thefirst half of sessions (from first
to fifth) and the latter half of sessions (from sixth to ninth),
respectively. There were no significant differences in per-
centages of correct responses (t = 0.007, df = 15, P =
0.9947) and reaction time (t = 0.730, df = 15, P = 0.4766)
between the first half of sessions and the latter half of
sessions. After their experiments, most subjects stated that
they became aware of the faces of the same actors present-
ing repeatedly in the latter sessions.

Imaging results

In the group analysis, areas of significant activation dur-
ing the overall face recognition tasks were the bilateral
inferior frontal gyri [Brodmann areas (BA) 45, 47], middle
frontal gyri (BA 9), superior parietal lobuli (BA 7), inferior
occipital gyri (BA 18, 19), lateral fusiform gyri (BA 37),
supplementary motor area (BA 6), and right entorhinal
cortex (BA 28) (P < 0.05, corrected; Table 1; Fig. 2). The
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Fig. 1. The experimental task design. The experiment consisted of nine sessions. Each session was composed of eight blocks; four control and four face
recognition task (neutral, positive, or negative face condition for neutral face, positive face, or negative face session, respectively) blocks. Each block was
21 slong, aternating control and task. Under the control condition, the subjects were instructed to discriminate whether the object was a circle or a square
(figure-discrimination). Under the task condition, the subjects were instructed to judge whether the face was male or female during the gender-discrimination
task or whether the face had emotional valences during the emotion-judgment task. The order of nine face recognition sessions was counterbalanced across

subjects.

neural activity during the emotion-judgment task was higher
than that during the gender-discrimination task in the bilat-
eral middle and inferior frontal gyri (BA 9, 45, 46, 47),

Table 1
The areas activated during all facial recognition tasks
Area BA Coordinates Z vaue
X y z
L inferior frontal gyrus 45/47 —-30 32 -2 502
R inferior frontal gyrus 45/47 40 28 -2 493
L middle frontal gyrus 9 —48 22 36 559
R middle frontal gyrus 9 50 18 36 59
L superior parietal lobe 7 -30 —66 4 429
R superior parietal lobe 7 26 —66 40 548
L inferior occipital gyrus 18/19 —-34 -8 —-14 589
R inferior occipital gyrus 18/19 0 -84 0 632
L latera fusiform gyrus 37 -36 —-52 =20 477
R latera fusiform gyrus 37 38 -—-62 —-18 380
Supplementary motor area 6 2 16 60 494
R entorhinal cortex 28 18 -28 -6 491

Note. L, left; R, right; BA, Brodmann ares; X, v, z, stereotaxic coordi-
nates as given in the Talairach and Tournoux atlas. The statistical threshold
was set to P < 0.05 (corrected).

supplementary motor area (BA 6), right parietal cortex (BA
40), and middle temporal gyrus (BA 22) (corrected, P <
0.05). However, there was no significant difference in acti-
vation among neutral, positive, and negative face conditions
(corrected, P < 0.05).

Table 2 presents the brain areas that showed increasing
or decreasing activation as the experimental sessions pro-
ceeded, which were analyzed using specified linear covari-
ates. The neural activitiesin the bilateral posterior cingulate
cortices [BA 23, 31; (—2, —32, 22) and (6, —32, 22) at
Talairach coordinates (Talairach and Tournoux, 1988)] sig-
nificantly increased over time (corrected, P < 0.05; Fig. 3).
On the other hand, there were no significant voxels that
showed the decreasing activity over timethresholded at P <
0.05 (corrected). Since the hypothesis existed for the habit-
uation effects on the amygdaloid activity which have been
reported previoudly (Breiter et al., 1996; Wright et al., 2001;
Thomas et a., 2001), the statistical threshold was reset for
the analysis of decreasing activity at P < 0.001 (uncorrect-
ed) for height and clusters larger than 10 contiguous voxels.
The activity in the bilateral amygdalae [(—18, —14, —16)
and (22, —10, —18)] and theleft medial fusiform gyrus[BA



Fig. 2. Horizontal slices of the main effect of overall face recognition tasks in the nine sessions. The statistical threshold was P < 0.05, corrected for multiple
comparisons at the cluster level. The Z score is asindicated by the color bar, the statistical significance increasing as red proceeds to white. Images are shown
in the Talairach space (Talairach and Tournoux, 1988) with the z coordinate label. The left side of the brain corresponds to the left side of the image and

the frontal region to the top.
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Table 2
The areas showing decreasing or increasing activation as the
experimental sessions proceeded

Area BA Coordinates Z vaue

X y z

Increasing activity
L posterior cingulate cortex  23/31 -2 =32 22 460
R posterior cingulate cortex  23/31 6 —32 22 465
Decreasing activity
L amygdala -18 -14 -16 350
R amygdala 22 -10 -—-18 353
L medial fusiform gyrus 19/37 —-14 -60 -6 371

Note. L, left; R, right; BA, Brodmann ares; X, v, z, stereotaxic coordi-
nates as given in the Talairach and Tournoux atlas. The statistical threshold
was set to P < 0.05 (corrected) for the analysis of increasing activity and
to P < 0.001 (uncorrected) for decreasing activity.

19, 37; (—14, —60, —6)] was significantly decreased as the
sessions proceeded at the lenient threshold, although the left
amygdala never demonstrated a greater activation relative to
the control conditions through all sessions (Fig. 4). In the
individual analysis, the neural activities in these cortical
regions had a tendency to show similar patterns of activa-
tion.

Discussion

We observed that the response of the posterior cingulate
cortex increased and that of the amygdala decreased as the
experimental sessions proceeded in the present study.

The present time course of decreased changesin the right
amygdala activation is supported by other studies, which
showed habituated amygdala responses to the emationally
valenced faces (Breiter et a., 1996; Wright et al., 2001) or
familiar “ingroup” faces (Hart et a., 2000). These studies
reported less amygdala activation during the second (late)
scan than during the first (early) scan. There was a possi-
bility that the subjects became habituated to unfamiliar
facial stimuli or perceived unfamiliar faces as familiar ones
gradually with repeated stimulus exposures, even if the
familiarity acquisition was not integral but incidental to the
task. In fact, most of our subjects stated after the experi-

ments that they became aware of same actors faces pre-
senting repeatedly in the latter half of sessions. Since we
incorporated two different tasks, i.e., gender-discrimination
and emotion-judgment, together into the experiment and
there were no significant differences in percentages of cor-
rect response and reaction time between the first haf of
sessions and the latter half of sessions, it is unlikely that the
reduced amygdala signal in the present study was due to a
habituation effect to the experimental task per se. Moreover,
the order of emotional face sessions and neutral face ses-
sions was counterbalanced across subjects, and neutral face
conditions were more frequent than positive face or nega-
tive face conditions. There was no significant difference in
activation among the neutral, positive, and negative face
conditions. Taken together, it is also unlikely that the amyg-
dala signa reduction was due to a habituation effect to
emotion. Thus, it is suggested that the right amygdala re-
sponse shown in the present study reflects habituation to
repeated presentation of unfamiliar facial stimuli per se.

Our results showed that the bilateral lateral fusiform gyri
were significant activation areas during all face recognition
tasks compared with the control conditions. The signal
change in the medial portion of the left fusiform gyrus was
significantly decreased over time at the lenient threshold,
although this activation was not significant during the face
recognition relative to the control conditions. While face
recognition activates more inferior and lateral aspects of the
fusiform gyrus, object recognition such as the present con-
trol condition activates more medial aspects of the fusiform
gyrus (Chao et d., 1999; Isha et a., 2000; Joseph, 2001).
The decreased MR signal in the left medial fusiform gyrus
may reflect that activation in this portion was relatively
persistent during the figure discrimination under the control
conditions instead of decreasing participation in face recog-
nition as the task block proceeded.

As for the posterior cingulate cortex, greater activation
was reported during explicit recognition of famous faces
compared to during that of recently encoded faces or unfa-
miliar faces seen for the first time (Leveroni et al., 2000) or
during implicit recognition of familiar (friends’) faces and
voices relative to during that of unfamiliar faces and voices
(Shah et a., 2001) in fMRI studies. Kim et al. (1999) aso
reported that explicit recognition of familiar (previously

Fig. 3. The brain areas and signal change showing increasing activation as the nine experimental sessions proceeded. (Top row) The bilateral posterior
cingulate corticesincreasing activity superimposed on the MNI normalization T1-weighted template in sagittal and transverse images. The statistical threshold
was P < 0.05, corrected for multiple comparisons at the cluster level. The left side of the brain corresponds to the |eft side of the image and the frontal region
to the top. The Z score is as indicated by the color bar, the statistical significance increasing as red proceeds-to white. (Bottom left) Statistical parametric
maps are shown in standard anatomical space. The three-dimensional information was collapsed into two-dimensional sagittal, coronal, and transverse images
(i.e,, maximum intensity projections viewed from the right, back, and top of the brain). (Bottom right) MR signal change in the bilateral posterior cingulate
cortices over time. The light blue line represents the signal change in the right posterior cingulate cortex, and the deep blue line represents the left posterior
cingulate cortex.

Fig. 4. The brain areas and signal change showing decreasing activation as the nine experimental sessions proceeded. (Top row) The bilateral amygdalae and
the left medial fusiform gyrus decreasing activity superimposed on the MNI normalization T1-weighted template in transverse images. The statistical
threshold was P < 0.001, uncorrected for multiple comparisons at the voxel level and clusters larger than 10 contiguous voxels. Other details are the same
as described in the legends of Fig. 3. (Bottom right) MR signal change in the bilateral amygdalae over time. The pink line represents the signal change of
the right amygdala, and the red line represents the left amygdala
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learned) faces and words was associated with increased
neura activity in the posterior cingulate cortex relative to
that of novel faces and words using PET. These studies
suggested that the posterior cingulate cortex participates in
assessing the familiarity of a person. Further, Henson et al.
(2002) demonstrated that implicit processing of two re-
peated presentations of familiar or unfamiliar facial stimuli,
in which subjects judged whether a face was famous or
nonfamous during fMRI, produced increased responses
from the first to second presentation (the “repetition en-
hancement” effect) in several regions, including the bilat-
eral posterior cingulate cortices. However, they had not
described differences in the repetition effects between fa-
miliar and unfamiliar facial stimuli in this region. In the
present study, the MR signal in the bilateral posterior cin-
gulate cortices elevated little by little over time with the
repetition of facia stimuli. In consideration of the refer-
ences described above, the increasing activity in the poste-
rior cingulate cortex may reflect the neural process, in which
the subjects perceive unfamiliar faces as familiar with re-
peated presentation. These findings suggest that the poste-
rior cingulate cortex plays an important role in the acquisi-
tion of facial familiarity.

Other roles of the posterior cingulate cortex have been
also reported. Severe metabolism reduction in the posterior
cingulate cortex in patients with Alzheimer’s disease and
diffuse Lewy body disease was reported using PET, and it
has been suggested that this hypofunction is related to
learning and memory impairment in early stages of Alzhei-
mer’s disease (Minoshima et al., 1994, 1997, 2001; Reiman
et al., 1996). Activation of this region has been described
during verbal memory (Grasby et al., 1993) and during the
encoding of episodic memory (Fletcher et a., 1995). It is
suggested that the posterior cingulate cortex is involved in
the retrieval of autobiographical memories elicited by fa-
miliar name-cued recall (Maddock et a., 2001). The in-
creased activation of the posterior cingulate cortex in the
present study may thus be related not only to the acquisition
of facial familiarity, but also to implicit monitoring of re-
trieved facial memories.

While the response of the right amygdala decreased as
the sessions proceeded, the hilateral posterior cingulate ac-
tivation increased in the present study. There are few reports
on a direct neural network between the posterior cingulate
cortex and amygdala. However, the posterior cingulate cor-
tex has anatomical connections with the hippocampal for-
mation and close functional association with the medial
temporal memory systems (Olson and Musil, 1992; Koba-
yashi and Amaral, 2000). The hippocampal formation also
has strong reciprocal connections with the amygdala. More-
over, while the posterior cingulate cortex is reciprocaly
connected to regions involved in emotional processing, in-
cluding the anterior cingulate cortex (Baleydier and Mau-
guiere, 1980; Vogt et al., 1992), the anterior cingulate also
has reciprocal connections with the amygdala (Musil and

Olson, 1988; Sesack et al., 1989; Zeng and Stuesse, 1991).
Thus, the posterior cingulate cortex and amygdala may
work reciprocaly, via other brain regions such as the hip-
pocampus or the anterior cingulate cortex, in the habituation
and acquisition of familiarity to unfamiliar facial stimuli
presented repeatedly, as in our experiment.

The left amygdala revealed no activation compared to
the control-conditions through the present nine sessions. We
have previously reported that the right amygdala is gener-
aly involved in face processing per se, whereas the left
amygdalais specifically associated with information with a
negative valence (lidakaet al., 2001). Schwartz et al. (2003)
showed that novel facial stimuli with neutral expressions
activated only the right amygdala more than familiar faces.
The reason for the lack of left amygdala activation in the
present study may be that facial stimuli with an emotionally
neutral expression and with a positive emotion were used in
five and two of the nine sessions, respectively, while there
were only two sessions using faces with negative emotion.
Further, the left amygdala appeared to show a significant
increasing negative response to the facial stimuli relative to
the control conditions over the nine sessions. If the amyg-
dala and posterior cingulate cortex work reciprocally in the
repetitive presentation of the unfamiliar facial stimuli, it
may be speculated that the former activity even including
the left side was suppressed relatively as the latter activity
increased.

The amygdala plays a centra role in processing the
socia relevance of information gleaned from faces (Haxby
et a., 2000, 2002). Its greater activation to unknown than
known faces has suggested that unknown faces could be
detected as a potential threat (Dubois et al., 1999; Schwartz
et al., 2003). We have reported that patients with schizo-
phrenia show greater amygdala activation during emotional
face judgment tasks than healthy controls and speculated
that the exaggerated amygdala activation may reflect im-
paired gating of sensory input containing emotion in schizo-
phrenia (Kosakaet al., 2002). It is possible that patients with
schizophrenia show no or less habituation of amygdala
responses to unfamiliar facial stimuli used in our previous
study than to rapid habituation in the control subjects. Such
an impairment of amygdala habituation may cause schizo-
phrenics to mistake even familiar people as untrustworthy,
dangerous, or potential assailants. In consideration of the
present results, less increasing posterior cingulate response
to repetitive unfamiliar facial stimuli may also be a putative
maker in patients with schizophrenia who exhibit such cog-
nitive impairments in social interaction.
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