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Abstract

Recent evidence suggests that a rapid, automatic face-detection system is supported by subcortical
structures including the amygdala, pulvinar, and superior colliculus. Early emerging abnormalities
in these structures may be related to reduced social orienting in children with autism, and
subsequently, to aberrant development of cortical circuits involved in face processing. Our
objective was to determine whether functional abnormalities in the subcortical face processing
system are present in adults with autism spectrum disorders (ASD) during supraliminal fearful
face processing. Participants included twenty-eight individuals with ASD and 25 controls group-
matched on age, 1Q, and behavioral performance. The ASD group met diagnostic criteria on the
ADI-R, ADOS-G, and DSM-1V. Both the ASD and control groups showed significant activation
in bilateral fusiform gyri. The control group exhibited additional significant responses in the right
amygdala, right pulvinar, and bilateral superior colliculi. In the direct group comparison, the
controls showed significantly greater activation in the left amygdala, bilateral fusiform gyrus, right
pulvinar, and bilateral superior colliculi. No brain region showed significantly greater activation in
the ASD group compared to the controls. Thus, basic rapid face identification mechanisms appear
to be functional in ASD. However, individuals with ASD failed to engage the subcortical brain
regions involved in face detection and automatic emotional face processing, suggesting a core
mechanism for impaired socioemotional processing in ASD. Neural abnormalities in this system
may contribute to early emerging deficits in social orienting and attention, the putative precursors
to abnormalities in social cognition and cortical face processing specialization.
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Autism spectrum disorders (ASD) are characterized by social deficits, communication
deficits, and restricted, repetitive, and stereotyped patterns of behavior(American Psychiatric
Association, 1994). Of the triad of symptoms, social dysfunction alone diagnostically
differentiates ASDs from other neurodevelopmental disorders. Thus, understanding the
neural basis of social deficits may be critical to identifying autism’s etiology(Schultz, 2005).

Face perception has been a main focus of research in autism because it is a fundamental
component of social cognition. Abnormal face perception in autism spectrum disorders
(ASD) includes poor memory for faces (Boucher et al., 1998), difficulty evaluating
trustworthiness (Adolphs et al., 2001), reduced inversion effect (Hobson et al., 1988),
reduced attention to the eyes (Dalton et al., 2005; Klin et al., 2002; Neumann et al., 2006;
Spezio et al., 2007; Sterling et al., 2008), and abnormal emotional perception (Ashwin et al.,
2006b; Celani et al., 1999; Hobson et al., 1988; Tantam et al., 1989).

Despite well-characterized behavioral abnormalities, the neural circuitry underlying deficits
in face perception in autism remain controversial. One unresolved topic is whether
individuals with ASD have reduced neural sensitivity to faces or abnormally localized
regions of face sensitivity. Several investigators have hypothesized that the fusiform face
area is underdeveloped in autism because of the limited of experience with faces that is a
feature of this disorder. Consistent with this view, the earliest functional imaging studies of
face processing in autism showed clear evidence of reduced activation in the fusiform face
area (Critchley et al., 2000; Hubl et al., 2003; Pierce et al., 2001; Schultz et al., 2000)
combined with increased activation outside of the lateral fusiform gyrus (Pierce et al., 2001;
Schultz et al., 2000). Subsequent studies replicated the finding of reduced fusiform
activation (Dalton et al., 2005; Grelotti et al., 2005; Humphreys et al., 2008; Koshino et al.,
2007; Piggot et al., 2004; Pinkham et al., 2008; Wang et al., 2004), however, many others
did not(Ashwin et al., 2006a; Bird et al., 2006; Dapretto et al., 2006; Hadjikhani et al., 2004;
Hadjikhani et al., 2006; Kleinhans et al., 2008; Pelphrey et al., 2007; Pierce et al., 2001;
Pierce and Redcay, 2008; Wicker et al., 2008). One possible explanation for the
inconsistencies in fusiform face area activation is differences in eye-gaze patterns in ASD.
As noted above, eye-tracking research has identified a pattern of reduced attention to the
eyes when individuals with ASD view pictures of faces. The relevance of this characteristic
to fMRI studies of ASD was identified by Dalton et al(2005), who reported a direct
correlation between time spent fixating on the eyes and activation in the fusiform gyrus and
amygdala. This relationship between atypical eye-gaze patterns and reduced fusiform
activation has also been demonstrated in non-affected individuals(Morris et al., 2007a).
Consequently, Hadjikhani et al(2004; 2006) and others have emphasized that reduced
fusiform activation in ASD may be secondary to differences in visual attention to face
stimuli. As such, it appears to be possible to elicit normal levels of fusiform activation in
individuals with ASD through experimental manipulations such as directing participants to
fixate on the eye region(Hadjikhani et al., 2004; Hadjikhani et al., 2006) or by including
pictures of personally familiar individuals(Pierce et al., 2004; Pierce and Redcay, 2008).

Although a much greater understanding of the neural abnormalities related to face
processing in ASD has been obtained, little neuroimaging research has addressed the
putative precursor to face processing abnormalities, i.e. why individuals with ASD do not
preferentially attend to faces in the first place. Typically developing children are born with a
preference for looking at faces (Simion et al., 2007). The development of face specialization
appears to be driven by innate perceptual biases and fine-tuning of the visual system by
experience (Simion et al., 2007). The developmental process of face specialization in infants
with autism is largely unknown because clinical diagnoses are often not made until the 2"
year of life. However, at one year children with autism look less at faces (Osterling and
Dawson, 1994; Osterling et al., 2002) and at two years, autistic toddlers spend less time
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fixating on eyes and more time fixating on mouths than typically developing toddlers (Jones
et al., 2008). Dawson and colleagues have proposed that face processing impairments are
secondary to a primary impairment in social motivation, which is mediated by amygdala
dysfunction and results in failure to attend to socially relevant stimuli including faces
(Dawson et al., 2005).

A limitation of traditional face processing studies that focus on cortical dysfunction is that
development of face specificity in the fusiform gyrus, superior temporal gyrus, and inferior
frontal lobe is a slow, experience driven process and unlikely to explain deficits in social
orienting, etc. that are apparent in toddlers with autism. Instead, we hypothesize that the
neural abnormalities underlying the abnormal development of face perception and reduced
social orienting in ASD may begin at the level of rapid face detection. Johnson (2005)
described a low frequency face detector system consisting of the superior colliculi, pulvinar,
and amygdala. In this system, face information is conveyed with less than 100 ms latencies
(Braeutigam et al., 2001; Eimer and Holmes, 2002; Pourtois et al., 2005; Streit et al., 2003).
Johnson (2005) further proposed that a disruption of this subcortical face processing route,
through its involvement in social orienting, could account for some of the social deficits
present in autism. Thus, the current study used a rapid (23 ms) face processing paradigm to
test the integrity of the subcortical face processing system in ASD. We predicted that the
ASD group would demonstrate reduced activation in the superior colliculus, pulvinar, and
the amygdala. Fusiform face area activation has been reported during subliminal face
processing (Morris et al., 2007b). Thus, we hypothesized that fusiform activation to faces
would be present in both groups with no significant differences based on our previous study
(Kleinhans et al., 2008). Other cortical regions involved in face processing (e.g., temporal
lobes, frontal lobes) were not included in the study because they have not been implicated in
rapid face detection (Johnson, 2005).

MATERIALS AND METHODS

Participants

Thirty-one adults with an autism spectrum disorder and 25 typically developing controls
participated in the fMRI protocol. Three individuals with ASD were excluded for excessive
motion. All participants had FSIQ and VIQ = 80. The included ASD group (n=28) was
composed of 11 individuals with autistic disorder, 15 individuals with Asperger’s disorder,
and 2 individuals with pervasive developmental disorder-not otherwise specified. Diagnoses
were confirmed with the Autism Diagnostic Interview- Revised (ADI-R, Lord et al., 1994),
the Autism Diagnostic Observation Schedule (ADOS, Lord et al., 2000), and clinical
judgment based on all available information and DSM-1V criteria (American Psychiatric
Association, 1994). The ASD and control groups did not significantly differ on age, verbal
1Q, performance 1Q, or full-scale 1Q. Clinical and demographic information is reported in
table 1. Control participants were screened for current and past psychiatric disorders, history
of a developmental learning disability, and contraindications to MR imaging.

This study was approved by the University of Washington Human Subjects Institutional
Review Board. Informed written consent was obtained from all study participants.

Behavioral Pretest—Prior to acquiring the fMRI scan, all participants were administered
a behavioral pretest to determine the fastest stimuli presentation rate that could be validly
used for the fMRI experiment. Eighty pictures were shown: 40 neutral faces and 40 houses.
All faces were obtained from the MacBrain Face Stimulus Set. Face stimuli were cropped to
500x500 pixels and converted into grayscale images. The behavioral pre-test was
administered in a testing room on a PC using Presentation® software. The computer monitor
refresh rate was set to 85 Hz and four picture presentation rates pseudorandomly ordered
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throughout the experiment were included: 11.7 ms, 23.4 ms, 35.1 ms, and 58.5 ms.
Participants were shown a picture of a face or a house immediately followed by a masking
scrambled image. The scrambled image was created for each picture (i.e., faces and houses)
by dividing each picture into 25x25 squares and randomly scrambling the squares using
Matlab®. After each picture-mask presentation, a prompt appeared on the screen asking the
participants to indicate with a button press whether a face or a house had been presented.
Participants were given as much time as they needed to respond and instructed to guess even
if they did not perceive anything. Directly following the participant’s response, a fixation
cross appeared in the center of the screen for 2 seconds followed by the next picture-mask
pair. Ten of each stimulus type was shown per presentation rate. This pretest utilized a
forced-choice paradigm (Did you see a face or a house?) rather than the more common
query asking for a yes/no response (e.g., Did you see a face?) in order to minimize the
negative response bias associated with that approach (Pessoa et al., 2005).

fMRI Data Acquisition—Structural and functional MRI were performed on a 1.5T Signa
MR imaging system (General Electric, Waukesha). FMRI series were collected using a
echo-planar pulse sequence (TR/TE 3000/30msec, 21 slices; 6mm thick with 1mm gap,
64x64 matrix, 90 volumes total per run). The fMRI scan lasted 4 minutes 30 seconds. An
SPGR was collected for fMRI registration and anatomical localization (TR= 33
milliseconds, TE= minimum, flip angle =30°, field of view =24 cm, 256 x 256 matrix, scan
thickness =1.5 mm, acquisition plane= coronal plane).

fMRI task stimuli

Pictures of fearful faces, houses and scrambled mask images were used as visual stimuli
throughout the fMRI task. Fearful faces were selected in order to maximize amygdala
activation. All stimuli were prepared as described in the Behavioral Pretest section. The
fearful faces were obtained from the MacBrain Face Stimulus Set. House stimuli included
photographs provided by A. Ishai, N. Kanwisher and M. Eimer and house stimuli developed
by our laboratory. The house pictures were edited for extraneous details in the environment.
Stimuli were projected onto a screen positioned at the foot of the bore. The projector had a
refresh rate of 85 Hz. Presentation® software was used to control the stimuli presentation
timing.

fMRI task—The fMRI task included 78 pictures of individuals with a fearful facial
expression and 98 houses. The task was described to the participants as a series of images
that looked like a flashing checkerboard. Participants were instructed to attend to the
pictures at all times and to press the button each time a fixation cross appeared. The
presence of faces and houses was not mentioned to the participants. The 38 fixation events,
consisting of a fixation cross appearing for 500 ms in the center of the screen, occurred
pseudo randomly throughout the experiment at an average rate of 1 per 7.157 sec (ISl range
=2 sec — 20 sec).

A block-design was used to present four different stimulus blocks: fearful faces masked by a
scrambled image (“F”; 30 sec per block), houses masked by a scrambled image (“H”; 30 sec
per block), pairs of scrambled images (“S”; 18 sec per block) (see Figure 1) and a blank
screen (“B”; 9 sec per block), which was presented at the beginning, end, and middle of the
experiment to provide participants a respite from the flashing stimuli. The order of the
blocks was as follows: BSFHFSHBSHFB. The 3 volumes acquired during the first “B”
block were not included in the statistical analyses. During the Fear and House blocks,
pictures were presented for 23 ms then backwards masked with their own scrambled image.
The 23 ms rate was selected based on the results of the behavioral pre-test (see Results
section below). A scrambled image mask was selected instead of a neutral face mask in
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order to guard against confounding supraliminal emotional face processing impairments
with known impairments in neutral face processing in ASD. The duration of the visual mask
varied (range 63 ms- 150 ms) in order to jitter the inter-stimulus interval between the mask
and next picture. Two picture-mask pairs were presented per second; 60 pictures were
presented per 30 second block. During the scramble blocks, two scrambled images were
presented in succession with the same timing parameters as the stimuli in the Fear and
House blocks.

Post scan debriefing—Immediately upon exiting the scanner, each participant was
questioned by NMK about the rapidly presented stimuli. First, the participant was verbally
asked, “Were you able to see the faces and the houses?” If the participant answered no, the
questioning was terminated. If the participant responded “yes,” the examiner asked, “Were
you able to see the facial expressions?” If the participant responded no, the questioning was
terminated. However, the if the participant responded “yes,” s/he was asked, “what type of
facial expressions did you see?” All answers were written down.

fMRI Processing and Statistical Analysis—FMRI data analyses were performed
using the FMRIB Software Library version 3.3 (FSL; http://www.fmrib.ox.ac.uk/fsl/). The
following preprocessing steps were applied: the first three volumes were discarded; motion
correction was conducted using MCFLIRT (Jenkinson et al., 2002); nonbrain structures
were removed using BET (Smith, 2002); data were spatially smoothed using a Gaussian
kernel of FWHM 5 mm and temporally smoothed using a high-pass filter sigma = 96 s.
Time series statistical analyses were carried out using FMRIB's Improved Linear Model
(FILM) with local autocorrelation correction (Woolrich et al., 2001). Individual FMRI data
were registered to the high resolution SPGR and then warped to the MNI152 standard image
with an affine transformation using FLIRT (FMRIB’s Linear Image Registration Tool) and
resampled to 2 mm3 voxels.

Analysis of group-wise effects were conducted using FLAME (FMRIB's Local Analysis of
Mixed Effects), a method for modeling and estimating the random-effects component of the
measured inter-session mixed-effects variance. This method allows inferences to be made
about the wider population from which the sessions/subjects were drawn. Two analyses
were conducted 1) Fear > Scramble; 2) House > Scramble. Seven a-priori regions of interest
(ROI) were defined on MNI152 and tested separately for each statistical analysis. The brain
regions included R/L amygdala; R/L lateral fusiform gyrus; R/L pulvinar; and the superior
colliculi. The right and left amygdala ROIs were hand drawn within our laboratory on the
standard brain using a previously validated method (Honeycutt et al., 1998) and the right
and left fusiform gyrus were hand and drawn on the standard brain within our laboratory,
based on atlas images (Duvernoy, 1999). The right and left pulivinar masks were defined by
the Talairach Daemon. No mask was used for the Superior colliculus; the cluster location
was determined by visual inspection in consultation with the Talairach atlas (Talairach and
Tournoux, 1988).

Statistical corrections for multiple comparisons were conducted using cluster-thresholding
based on Markov Chain Monte Carlo sampling for each ROI. All fMRI results were
corrected for multiple comparisons using this method.

Behavioral Testing

Behavioral Pre-test—Independent samples t-tests were used to test for group differences
in performance on the behavioral pretest. Performance (number of errors) was tested for
each presentation rate separately. The maximum number of errors per presentation rate was
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20; thus chance performance (i.e., 50% correct) was 10 errors. Because this was a forced-
choice design, a response of either face or house was obtained for every trial. The ASD
group performed significantly worse that the control group at the 11.7 ms presentation rate
(ASD errors mean = 6.57, SD = 3.10; Control errors mean = 5.44, SD = 2.10; p = .007). No
significant between group differences were observed at the slower present rates [23.4 ms:
ASD errors mean = 2.43, SD 1.60, Control errors mean = 2.32, SD = 1.70; p .831. 35.1 ms:
ASD errors mean = 0.61, SD 0.87, Control errors mean = 1.04, SD = 1.06; p = .471. 58.5
ms: ASD errors mean = 0.18, SD = 0.48, Control errors mean = 0.48, SD = 1.23; p=.064]. In
order to match both groups on performance, the presentation rate for the fMRI experiment
was set at 23.4 ms. Follow-up testing was conducted to determine if there were within-
group or between-group differences at the 23.4 ms presentation rate in the ability to perceive
faces compared to houses. There were no significant between group differences in number
of errors for the face stimuli (ASD mean = .143, SD =.591, Control mean = .250, SD =..
610; p = .523) or the house stimuli (ASD mean = 2.3, SD = 1.441, Control mean = 2.167,
SD = 1.606; p =.716). However, paired t-tests showed that both groups were significantly
worse at detecting the houses than the neutral faces [ASD mean difference = -2.179, SD =
1.541; p <.0001; Control mean difference = -1.917, SD = 1.717; p < .0001]. These data
suggest that different levels of awareness were present for the face stimuli compared to the
house stimuli. Further inspection of the behavioral data revealed that differences in
performance between the faces and houses persisted at all presentation rates except for the
58.5 ms rate. The use of fearful faces in the fMRI experiment was expected to exacerbate
the performance difference between faces and houses. Because or main purpose was to
investigate the rapid subcortical face processing system, we determined that the best solution
was to present the stimuli at the fastest rate that the ASD and control groups were matched
on faces (i.e., 23.4 ms). The house processing condition was included for exploratory
purposes; thus comparisons to the fearful faces results should be interpreted with caution
and a direct statistical comparison was not reported because we felt the results were not
valid or interpretable. Because our participants performed above chance on the behavioral
pre-test, indicating a rudimentary level of awareness, we consider our experiment to be
assessing supraliminal visual processing. However, when considering these finding in the
context of the larger literature on face processing, it is important to note that most similar
paradigms in the literature, including those by Rauch et al (see e.g., 2000) upon which this
paradigm is based, consider presentation rates below 30 ms to be subliminal.

fMRI Behavioral Performance—Between-group differences on the fMRI behavioral
task were tested using independent samples t-tests. There were 38 events throughout the
experiment, with no significant between group differences in performance (ASD hits: mean
=37.86, Control hits: mean = 37.88, p = .893; ASD false alarms: mean = .38, Control false
alarms: mean = .21, p = .285).

Post-scan debriefing results—Data were obtained from all study participants except
one control. In the ASD group, 26/28 (93%) participants reported being able to see the faces;
of those, 14/26 (54%) reported seeing facial expressions at least occasionally. Of the control
participants, 21/24 (88%) reported being able to see the faces and 14/21 (67%) reported
seeing facial expressions at least occasionally. Responses that were typical for both groups
included: surprised, shocked, angry, excited. Very few participants used the terms “scared”
or” fearful”.

fMRI Results

Fear > Scramble—Both the ASD and control groups showed significant activation in the
bilateral fusiform gyrus. Paralleling previous studies (Das et al., 2005; Liddell et al., 2005;
Morris et al., 1999) the control group exhibited additional clusters of significant activation in
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the right amygdala, right pulvinar, and bilateral superior colliculi. In the direct group
comparison, the controls showed significantly greater activation in the left amygdala, right
and left fusiform gyrus, right pulvinar, and bilateral superior colliculi. No brain region
showed significantly greater activation in the ASD group compared to the controls. (see
Table 2, Figure 2).

House > Scramble—The ASD group had no significant clusters of activation. The
control group exhibited significant activation in the right and left medial fusiform gyrus. In
the direct group comparison, controls evidenced significantly greater activation in the right
amygdala compared to ASD (see Table 3).

DISCUSSION

This study explored the neural correlates of rapid face processing in individuals with ASD.
Participants viewed supraliminally (23.4 ms) presented faces depicting fear masked by a
scrambled image during fMRI imaging. Consistent with our hypotheses, substantially
reduced activation was observed in subcortical face processing brain networks in the ASD
group. The control group activated bilateral fusiform gyrus, bilateral superior colliculi, right
amygdala, and right pulvinar in response to the masked fearful faces. In contrast, the ASD
group only showed significant activation in the bilateral fusiform gyrus. Significantly
greater activation in the controls compared to the ASD group was observed in the left
amygdala, bilateral fusiform, right pulvinar, and superior colliculi. Note that the cluster of
activation that is labeled “superior colliculi” may include inferior colliculi activation as well.
Our scan parameters and behavioral task were not designed to differentiate the two
structures. This is a limitation of the current study.

We did not predict reduced fusiform face area activation based on the results of our previous
study of neutral faces (Kleinhans et al., 2008), which did not find any difference in overall
activation in the fusiform or the amygdala. It is possible that fusiform activation appeared
more normal previously because of the limited task demands and neutral stimuli type that
were utilized. Individuals with autism may need longer exposure to a faces to in order to
reach the same level of BOLD activation as typical controls. Furthermore, given that the
previous study used neutral faces and the current study used fearful faces, it may be that
fusiform activation is not modulated by the emotional valence of a face to the same degree
as a neurotypical adult. We propose that reduced fusiform face area activation in ASD may
be directly related to reduced amygdala activation. This theory is consistent with known
structural and functional connectivity between these brain regions in healthy controls (Ishai
et al., 2004) and previous studies showing abnormal connectivity between these regions
(Conturo et al., 2008; Kleinhans et al., 2008) in ASD.

We also tested the neural correlates of rapid house processing for exploratory purposes.
However, it is important to note that ability to correctly identify the house stimuli at 23.4 ms
was significantly worse than the ability to identify the fearful face stimuli in both groups.
Because of this confound, we did not directly test the fearful face stimuli to the house
stimuli. The ASD group did not show any significant activation to the rapidly presented
house stimuli compared to scrambled images, while the control group had significant
activation in the bilateral fusiform gyrus. In the direct group comparison, the control group
showed significantly greater activation than the ASD group in the right amygdala. Further
inspection of the data revealed that the group difference in the amygdala is related to
differences in response to the scramble-scramble stimuli, as both groups showed greater
activation to the scramble-scrambled images compared to masked houses. We are unsure
how to interpret this result, as we did not have any a-prior hypotheses regarding amygdala
activation to scrambled images.
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These findings are notable considering that behavioral testing conducted outside of the
scanner showed nearly identical ability to discriminate between neutral faces and houses
presented at this rapid rate. However, the distinct patterns of activation between the groups
suggest that the stimuli were not being processed in the same manner or with the same
depth. During the processing of fearful faces, the ASD group activation was restricted to the
fusiform gyri, which plays a role primarily limited to face identification (Johnson, 2005).
The controls, in contrast, activated the fusiform and subcortical structures (pulvinar, superior
colliculi, and amygdala) involved in face detection and emotional processing (Johnson,
2005). Although our behavioral paradigm was not complex enough to probe subtle levels of
processing, previous behavioral studies provide supporting evidence that subliminal stimuli
are processed abnormally in autism (Hall et al., 2007; Kamio et al., 2006). Johnson (2005)
proposed that the subcortical rapid face detection system is the starting point for the
development of face specialization. Rapid face detection follows a series of steps: the retina
sends direct projections to the superior colliculus, which project to the pulvinar in the
thalamus, which in turn project to the amygdala (LeDoux, 1996). Face information is
transmitted in under 100 ms through this subcortical system (Braeutigam et al., 2001; Eimer
and Holmes, 2002; Pourtois et al., 2005; Streit et al., 2003). Unlike the cortical pathway,
which is sensitive to high spatial frequency images of faces (Livingstone and Hubel, 1988;
Merigan and Maunsell, 1993), the subcortical pathway processes low spatial frequency
information and is thought to be involved in social orienting to faces (Adolphs and Tranel,
2003; Vuilleumier et al., 2003). Abnormalities in social orienting and attention have been
assessed in ASD using experimental paradigms and eye-tracking studies. Typically
developing individuals fixate on the eyes more frequently than other facial features (Haith et
al., 1977; Janik et al., 1978). In contrast, individuals with autism display aberrant eye
tracking patterns throughout the lifespan. By two years of age, toddlers with autism fail to
show a preference for looking at the eye region (Jones et al., 2008). Further, those children
who spend the least amount of time fixating on the eyes display the most socially impaired
behavior (Jones et al., 2008). Adults with autism viewing still images of faces (Neumann et
al., 2006; Sterling et al., 2008) and naturalistic social scenes (Klin et al., 2002) still show
reduced attention to eyes. Because we did not use a neutral face as a mask and utilized only
one emotional expression, we cannot discern whether the current findings are specific to
emotional face processing or present to faces in general. It is possible that the neural
abnormalities observed in this study maybe present in response to emotionally salient
stimuli generally.

The observed BOLD signal differences, particularly in structures such as the amygdala, may
be mediated by grey matter abnormalities. Amygdalar abnormalities have been widely
documented and include reduced numbers of neurons (Schumann and Amaral, 2006),
volumetric deviations from age-matched controls (Aylward et al., 1999; Munson et al.,
2006; Nacewicz et al., 2006; Pierce et al., 2001; Schumann et al., 2004; Sparks et al., 2002),
biochemical alterations (Endo et al., 2007; Gabis et al., 2008; Otsuka et al., 1999; Page et
al., 2006), and impaired activation. The thalamus has not undergone the same scrutiny as the
amygdala; however some clues exist to the structural integrity of this brain region in ASD.
Most studies have not found volumetric differences in the thalamus (Hardan et al., 2006;
Hardan et al., 2008a; Hardan et al., 2008b; Haznedar et al., 2006; Tsatsanis et al., 2003)but
see(Waiter et al., 2004)); however, the expected linear relationship between thalamic
volume and whole brain volume is not present in adults with ASD (Hardan et al., 2006;
Hardan et al., 2008a; Hardan et al., 2008b; Tsatsanis et al., 2003) suggesting abnormal
connections between the thalamus and cortical structures. In addition, biochemical
alterations consisting of reduced n-acetyl aspartate, phosphocreatine and creatine, and
choline-containing compounds have been reported in children with autism (Hardan et al.,
2008b). One study has reported regionally variations in glucose metabolic mapping in the
thalamus in ASD (Haznedar et al., 2006) with reduced metabolic activity in the ventral
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thalamus and increased metabolic activity in the pulvinar in the ASD group relative to the
controls (Haznedar et al., 2006). Studies of the superior colliculi in ASD are extremely
limited. One volumetric study of the midbrain, which included the superior and inferior
colliculi found no difference in a midline measurement (Hsu et al., 1991) in autism.
However, a previous fMRI study by our group found reduced functional connectivity
between the fusiform face area and the superior colliculi during face processing in ASD
(Kleinhans et al., 2008).

We propose that early-emerging deficits in social orienting and attention and social deficits
that persist throughout the lifespan in ASD may be associated with neural abnormalities in
the subcortical face processing system. The majority of fMRI studies of face processing in
ASD have focused on cortical structures, particularly the fusiform gyrus and the superior
temporal gyrus. However, the discrepancy between the timing of the emergence of social
deficits and the development of cortical structures necessitates that the foundation of such
impairments must be driven by earlier developing neural circuitry. For example, studies of
typical brain development indicate that temporal lobe grey matter volume (Giedd et al.,
1999) and cortical thickness (Shaw et al., 2008) peak in late childhood to early adolescence.
Cortical thickness of the inferior temporal lobe, which includes the fusiform gyrus, is largest
at approximately 11 years of age (Shaw et al., 2008). The superior temporal gyrus, which is
associated with eye gaze(Johnson, 2005) and the interpretation of actions and social
intentions of others (Pelphrey et al., 2004), reaches full maturity even later at approximately
15 years of age (Shaw et al., 2008). Typical adult face processing networks continue to
develop through late childhood and adolescence (Aylward et al., 2005). For example, a
developmental fMRI study of face processing, Aylward et al (2005) found that adolescents
between 12-14 showed greater fusiform activation to faces compared to houses. This face-
specific fusiform activation was not observed in the younger sample (ages 8-10), suggesting
the cortical face-specificity may not fully develop until adolescence is reached. Together,
this literature renders it unlikely that abnormalities in the brain networks involved in higher
order social processing drive the rudimentary deficits in social orienting and attention
present in infants and toddlers with ASD.

Are abnormalities in the subcortical face processing system specific to autism? ASD appears
to be the only neuropsychiatric disorders to show hypoactivation across the entire
subcortical face processing system. Other psychiatric disorders including generalized
anxiety disorder (Monk et al., 2008), post-traumatic stress disorder (Bryant et al., 2008;
Rauch et al., 2000), and major depression (Sheline et al., 2001) show significantly increased
amygdalar activation in response to masked faces. This pattern of amygdala hyperarousal
has been interpreted to be related to hypervigilance for threatening stimuli (Monk et al.,
2008). Individuals with schizophrenia, like those with ASD, show reduced amygdala
activation to masked emotional faces (Das et al., 2007); however, activation in the superior
colliculus and pulvinar is significantly increased compared to controls. Notably, individuals
with ASD and schizophrenia share a deficit in emotional processing and have atypically
reduced attention to the eyes of facial expressions (Das et al., 2007). Thus, it appears that
widespread hypoactivation of the subcortical face processing system may be unique to ASD
and related to deficits in social orienting and emotional evaluation. More comprehensive
research across a variety of neuropsychiatric disorders will be necessary to confirm this
proposal.

We found striking hypoactivation of the subcortical face processing system in high
functioning individuals with ASD related to supraliminal face detection. This system is
critical to automatic social orienting and perceptual processing of emotionally-relevant
stimuli. The lack of engagement of this system may be the proximal cause the
neurobiological basis of face processing impairments in ASD related to a putative lack of
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experience with faces. A review of the literature further suggests that this pattern of
dysfunction of the subcortical face processing system may be specific to individuals with
ASD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Example stimuli and presentation times. Each target was presented for 23 ms then masked

with the scrambled image.
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Figure 2.

This is a composite picture of all the ROI-basedsignificant clusters of activation for the
contrast fearful face > scramble. The contrast ASD > control is not pictured because there
were no significant clusters of activation. Clusters were thresholded at p < .05, corrected for
multiple comparisons.
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Figure 3.

Bar graph of average activation for the contrast fearful face > scramble within the A) Left
Amygdala, B) Right Pulvinar, and C) Superior Colliculi. The Controls are shown in blue and
the ASD group is shown in red.
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