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Highlights

The influence of context on neural mechanisms céal®gncoding was studied in ASD
ASD and controls encoded objects presented wititialsor non-social context
Abnormal activation in ASD was predominantly obsehin the social context condition
ASD subjects showed atypical fronto-parietal a¢iorain the social context condition

Socioemotional impairment in ASD extends into damedieyond social cognition



Abstract

Individuals with autism spectrum disorder (ASD) ewft fail to attach context to their
memories and are specifically impaired in procagsicial aspects of contextual information.
The aim of the present study was to investigatenmbedulatory influence of social vs. non-
social context on neural mechanisms during encouir&SD. Using event-related fMRI, 13
boys with ASD and 13 typically developing boys cargble for age and 1Q were
investigated during encoding of neutral objectsented either with a social (faces) or a non-
social (houses) context. A memory paradigm was #ygplied to identify brain activation

patterns associated with encoding of subsequesthilected versus non-recollected objects.

On the behavioural level, no significant betweeougr differences emerged. In particular,

no differential effects of context on memory penfi@nce were observed. Neurally, however,
context-specific group differences were observeskeweral brain regions. During encoding of
subsequently recollected objects presented withica, fASD subjects (compared to controls)
showed reduced neural activation in the bilater&rior frontal gyrus, bilateral middle frontal
gyrus and right inferior parietal lobule. Neurakigation in the right inferior frontal gyrus
was positively correlated with memory performanoecbntrols, but negatively in ASD
individuals. During encoding of subsequently nooetkected objects presented in the non-
social context, ASD subjects showed increasedaaiv in the dorsal MPFC.
Our findings suggest that in ASD subjects, frondmigtal brain regions subserving memory
formation and the association of contextual infdioraare activated atypically when a social
context is presented at encoding. The data addnttings from related research fields
indicating that in ASD, socioemotional impairmenttends into domains beyond social
cognition. Increased activation in the dorsal MPHFC ASD individuals might reflect

supervisory cognitive processes related to theraggpn of a distracting non-social context.
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1. Introduction

Autism spectrum disorder (ASD) is a heterogeneoesirodevelopmental disorder
characterised by impairments in social interactioommunication, as well as restrictive
interests and behaviour (American Psychiatric Asdimn, 1994). In addition, the disorder is
associated with a specific profile of impaired asphred memory processes. Generally
speaking, ASD subjects predominantly show defishgn retrieval of mnemonic information
is not supported by any cues (i.e., free recallagér-Flusberg, 1991), whereas performance
is relatively unimpaired when cued retrieval testg;h as item recognition or cued recall, are
administeredBowler, Gaigg, & Gardiner, 2008; Bowler, Gardin&rGrice, 2000).

Furthermore, based on the observation that ASDrididgials often fail to attach context or
personal meaning to their memories, a few behasl@iudies have investigated memory for
contextual information (e.g., temporal or spatiadormation; also referred to as “source
memory”) in ASD (Bennetto, Pennington, & Rogers9@9 Farrant, Blades, & Boucher,
1998; Russell & Jarrold, 1999). Results from th&tselies are contradictory, presumably due
to differences between the studies in the expetiaheprocedures (e.g., incidental or
intentional encoding of context; supported vs. ppsuted test procedures) and materials
(e.g., type of contextual information) employedeTatter claim is supported by O"Shea et al.
(2005), who found that children with ASD do nobsha generalized memory impairment
for context, but rather a specific deficit wheacial aspectof contextual information (in
particular faces) had to be recalled. This findiitg well with robust evidence for face
processing deficits in ASD and with the notion timatividuals with ASD generally show less
social interest and motivation than typically deyehg (TD) individuals, probably resulting
from a lack of experience with faces during critidavelopmental periods (Dawson, Webb, &

McPartland, 2005; Schultz, 2005).



To our knowledge, the putative differential modatstinfluence of social vs. non-social
context on memory performance in ASD individualss haot been examined to date.
Moreover, the neural mechanisms associated witbetl&luences are largely unknown. In
TD individuals, only few studies have investigateddulatory effects of social or emotional
context information on brain responses during emgpdr retrieval processes. In two
functional magnetic resonance imaging (fMRI) stadi@dult subjects encoded words
embedded in a social/emotional (Skinner, GradyegnBndes, 2010; Maratos, Dolan, Morris,
Henson, & Rugg, 2001) vs. neutral context and wgesnned during retrieval of these words,
when no context was presented. While in both studie behavioural effect of context was
observed, a modulatory influence of context wagatetl on the neural level in two ways:
First, the retrieval of words encoded in socioeomi (vs. neutral) context was associated
with enhanced activation in brain regions implicait® memory formation in general (Spaniol
et al.,, 2009), including the hippocampus, the \a@ateral and dorsolateral prefrontal
cortexand prefrontal areas. Second, during retri@fawords initially embedded in a
socioemotional context, brain structures subsensngioemotional processing (fusiform
gyrus and amygdala) were activated.

Other neuroimaging studies in TD adults have foduse the influence of emotional
context (e.g., positive vs. negative) on neurakesses duringuccessful episodic encoding
(i.e., subsequently recollected material) of ndutr@rmation (Erk et al., 2003; Erk, Martin,
& Walter, 2005). Consistent with Maratos et al.2Dand Skinner et al. (2010), these studies
demonstrated that during successful encoding, emaiticontext differentially modulated
brain activation patterns in regions implicatedriamory formation including the dorsolateral
prefrontal cortex, the hippocampus and the paratti@mpal gyrus (see Spaniol et al., 2009
for a meta-analysis of the involvement of thesesiia successful encoding). Moreover, the

studies by Erk and colleagues could show a difteakrffect of emotional context in brain



areas implicated in socioemotional processingutiolg the amygdala and the fusiform gyrus
(Erk et al., 2003; Erk, Martin, & Walter, 2005).

Exploring the neural underpinnings of social versas-social context effects on episodic
memory formation in ASD might help to understandywgersons affected by the disorder
often show deficits in attaching personal meaningantext to their memories. Given the
specific impairment of individuals with ASD in tils®cial domain (Dawson et al., 2005), it is
of particular interest to elucidate whether and mowdulatory influences of social context on
episodic memory in ASD might differ from TD indiwdls. Thus, the main aim of this event-
related fMRI study was to investigate the influenéesocial and non-social context on neural
mechanisms during successful encoding of neuteahstin children and adolescents with
ASD. For this purpose, ASD subjects and a TD cémgroup comparable for age, gender and
IQ were scanned during encoding of neutral objentbedded either in a social (i.e., faces) or
a non-social (i.e., houses) background (contexihs8quently, retrieval was tested using a
recognition task and the data then used to idebtiyn activation patterns associated with
successful encoding (i.e., recollected vs. nonilected objects).

We expected that ASD subjects would show atypicaVation patterns during successful
encoding of objects embedded in a social (butmatmon-social) context. More precisely, we
predicted deviant activation in ASD individuals lmain structures involved in successful
memory formation (i.e., hippocampus, the ventroddteand dorsolateral prefrontal), and
social/face processing (i.e., amygdala, fusiforrmugy. This hypothesis was based on (1)
findings on the modulatory effect of socioemotiomaintext on brain activation in TD
subjects (Skinner et al., 2010; Maratos et al., 128k et al., 2003; Erk et al., 2005) as well
as on (2) neuroimaging studies on face processingSD that have repeatedly reported

abnormal neural activation in the amygdala andukgorm gyrus (Schultz, 2005).



2. Material and methods
2.1 Participants

Thirteen male children and adolescents with ASDwbeh 9 and 19 years of age,
diagnosed with Asperger syndrome={), high-functioning autismn&5) or atypical autism
(n=1), and 13 male controls participated in the stu@yly right-handed subjects (Oldfield,
1971) with an 1Q>80 (based on the WISC-IIl (WechsE91) or WAIS-III (Wechsler,
1997)) were included. Pubertal maturation was atahbliby using Tanner’s Staging (Tanner
& Davies, 1985), a 5-point scale for the assessnoénprimary and secondary sexual
development. Groups did not differ significantlyage, 1Q, or Tanner stages (Table 1).
ASD subjects were recruited from the DepartmentCbild and Adolescent Psychiatry in
Aachen and Marburg. ASD subjects had been diagnpsed to the study by experienced
clinicians according to ICD-10 (World Health Orgaation, 1993) and DSM-IV (American
Psychiatric Association, 1994). Diagnosis was c¢omdid by the Autism Diagnostic
Observation Schedule-Generic (ADOS-G) (Lord et2000; Ruhl, Bdlte, Feineis-Matthews,
& Poustka, 2004), a standardized observationalunstnt for assessing behaviour relevant to
autism, and a semi-structured interview for caregivof children with ASD (Autism
Diagnostic Interview-Revised) (LeCouteur et al.399B0élte, Ruhl, Schmotzer, & Poustka,
2006), which were conducted by certified examin@ss., 1.K.-B.). Additionally, parents
completed the Social Communication QuestionnaingtéiR, Bailey, & Lord, 2003; Bolte &
Poustka, 2006) and the Social Responsiveness &ahstantino, 2002).
With regard to psychiatric comorbidity, one subjesbbwed symptoms of ADHD and one
subject had been diagnosed with comorbid chronidisorder. TD controls were screened to
exclude any psychiatric disorder using the Chilch&8eour Checklist (Achenbach, 1993;

Dopfner, Schmeck, & Berner, 1994).



One ASD participant was medicated with an atypnalroleptic at the time of testing. None
of the other ASD subjects and control subjectsiveceany medication. None of the controls
or ASD subjects suffered from any relevant somatiseurological disorders.

The study was approved by the institutional revimard of the University Hospital of the
RWTH Aachen and was performed in accordance weHatest version of the Declaration of
Helsinki, in compliance with national legislatioAll participants were informed in detall
about the experimental procedures and the aimseo$tudy, and provided written informed
consent (subjects aged 18 years) or assent (subjects aged < 18 years)chitlmren or
adolescents, additional written informed consens whtained from at least one parent/legal
custodian, after the parent(s)/legal custodianés) been informed about all aspects of the

study.

2.2 Procedure

The experiment comprised an (1) encoding and aetBeval session. Scanning was only
performed during the first session since this stiodysed on the influence of social and non-
social context on neural mechanisms during encodresponse collection and stimulus
presentation during the encoding and the retrieeskion were controlled by the software

Presentation 11 (Neurobehavioral Systems, Albady,(SA).

2.2.1 Encoding

Stimulus material during encodinduring the encoding session, N=200 stimuli were
presented Stimuli consisted of an object superimposed on a backgraontext (Fig. 1).
Objects were framed by a red box to clearly sepatam from the backgrounHalf of the
objects (n=100) showed artificial (i.e., man-maglg;,., a tool or an instrument) objects, while

the other half (n=100) represented natural (i.et,/man-made; e.g., a vegetable or an animal)
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objects. All artificial and natural objects werenrsocial, i.e., the stimuli did not contain
(parts of) human characters or social symbols.

Half of the objects shown during the encoding sessontained animacy features (e.g., a
bicycle, a penguin), and half of the objects ditlingolve animacy (e.g., an apple; a socket).
To rule out that animacy would potentially confoutine results, the proportion of objects
with vs. without animacy features was counterbaddracross object types (natural/artificial).
Each object was only shown once. The backgroundegbnvas either a photograph of a
neutral face (social context; taken from the Fa&alotions for Brain Activation (FEBA)
database (Gur et al., 2002) or a photograph ofusd¢non-social context). Twenty different
individual context pictures (10 faces and 10 housese employed. Each of these context
stimuli was presented ten times during the entireoding session, each time superimposed
by a different artificial or natural object. Themher of artificial and natural objects shown

with a face or a house, respectively, was countanioad.

Task procedure during encoding: classification taGk each trial, the background (i.e.,
context) was shown first without the object to beaded for 1 sec (see Fig. 1). Then, the
background and the object were presented togetre? fsec. Subjects were instructed to
memorise all objects and to also pay attentionht lhackground. To ensure that subjects
attended to the stimuli, they had to indicate whetihe object was “natural” or “artificial”
(classification task) using their right index orddie finger, respectively. The different trial
types (artificial object + house, artificial objecface, natural object + house, natural object +
face) were presented pseudo-randormhals were separated by a fixation cross (duration
sec) and randomly intermixed with a total of 100l-euents showing a fixation cross for 2

SecC.
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To familiarise participants with task requiremergsbjects practised the task outside the
scanner. Stimuli shown during the practice sesgiere not included into the fMRI stimulus
set.

The experimental paradigm employed was designepatallel encoding of real-world
contextual information while at the same time eimgumaximal experimental control. Unlike
in other fMRI studies on the modulatory influencek social information on memory
formation (e.g., Erk et al., 2003; 2005), we présdntarget objects and contextual
information in the same modality, so that both gecould easily be integrated. Faces and
houses occur very frequently in real-life situaticaand may thus represent ecologically valid
background contexts facilitating incidental encadirMoreover, incidental encoding of
contextual information was further facilitated byoosing background images in unobtrusive

colours.

2.2.2 Retrieval

30 minutes after the end of the encoding sessie®30N objects were presented without a
background context on a computer screen outsidbeobcanner in a separate room. 200 of
these objects had been presented during the emcsedssion (old objects) and 100 objects
(n=50 artificial, n=50 natural) were new objectggafn, half of the new objects contained
animacy features, while the other half did not imeocanimacy characteristics. New and old
objects were intermixed pseudo-randomly. Stimulrevpresented for 3 sec followed by a
fixation cross (1 sec). Subjects were instructednthicate via button press whether they
recollected the respective item (i.e., whether at tbeen presented definitely during the
encoding session), or not. If they did not recadlide item, they could indicate whether they
were sure that it was a new item (i.e., not prexkduring the encoding session) or whether

they were uncertain. Since previous studies sugpastmodulatory effects of context types
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on memory processes are most evident for itemsatieagxplicitly recollected (Skinner et al.,
2010), subsequent data analysis focused on thadish between recollected and non-
recollected items. Furthermore, a preliminary asialyndicated that “uncertain” responses
were not very frequent among participants andttiere were no significant differences in the
number of “uncertain” responses between groups 2(53. and contexts (p=.847),

respectively.

2.3 MRI acquisition

Scanning was performed on a 3 Tesla Trio systemn{&ns, Erlangen, Germany) using a
standard head coil. During the encoding sessiomlevibrain echoplanar T2*-weighted
images (EPIs) were acquired (TE=30 ms, TR=2200 fiiis,angle=90°, FOV=200 mm,
matrix size=6464, voxel size=323.1x3 mn?, 36 slices, slice thickness=3 mm). After
acquisition of functional scans, high-resolutionwéighed anatomical images were collected
using a rapid acquisition gradient-echo (MP-RAGHJsp sequence (TE=3.93 ms, TR=2200

ms, FOV=256 mm, matrix size=28B56, voxel size=41x1 mn7, slice thickness=1 mm).

2.4 Behavioural data analysis

2.4.1 Classification task during encoding

A 2x2 MANOVA with the factors object type (natural vs. artificial)dagroup (ASD vs.
TD) was calculated to analyse the proportion ofrexr object classifications (correctly
judged as artificial or natural) and reaction tinfRJ's) of correct classifications during the
classification task at encodinfhe MANCOVA was followed by 2x2 ANOVAs with the
factor object type and group in case of significantmarginal significant effects (marginal
significant effects were followed up only for ex@tive reasons). A multivariate approach
was chosen to reduce the number of tests andhkeussk of alpha-error inflation.
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2.4.2 Memory task during retrieval

A 2x2 MANOVA with the factor background context (house vs. face)godp (ASD vs.
TD) was calculated to analyse the proportion obllected objects and the RTs to recollected
and non-recollected objects. If significant effeatsre revealedn the multivariate analysis,
the MANCOVA was followed by 2x2 ANOVAs with the ferr background and group.

For new objects, the factor background type was applicable. Consequently,
independent t-tests were conducted to compare graith regard to the proportion of new
objects that were correctly rejected (i.e. corsentbn-recollected). Moreover, RTs to correct
rejections, and RTs to new objects that were irothy classified as “old” (i.e., false alarms)
were compared between groups using independestst-t€éo minimize Type | error, the

alpha-level of .05 was adjusted for these threepasivons applying Holms™ procedure.

2.4.3. Correlational analyses on the relationshgiviieen behavioural data and 1Q/autistic
pathology
To assess the relationship between primary behaliotariables and 1Q, explorative
correlational analyses were performed which arerde=d in the Appendix (A.1). Similarly,
explorative analyses on the relationship betwe@mayy behavioural variables and autistic

pathology (based on the ADOS-G) are summarizedarAppendix (A.1).

2.5 MRI data analysis

Imaging data were analysed with SPM5 (Wellcome Bepent of Imaging Neuroscience,
London, UK: http://www.fil.ion.ucl.ac.uk) implemesd in MATLAB 7.2 (The Mathworks,
Inc., Natrick, MA, USA). The first five functionaiages of each subject were discarded. The

remaining 550 volumes were realigned, spatiallymadised to standard stereotactic Montreal
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Neurological Institute (MNI) coordinates and spiitimsmoothed with an 8-mm full-width
half-maximum Gaussian kernel. Anatomical imagesewaregistered to the mean EPI image
and normalised into MNI space, applying the paranseterived from normalization of
functional images.

For the statistical analysis, four event types wined for the encoding session dependent
on the background context during encoding and st#jeresponses during the retrieval
session: (1) objects presented with a house wherle wecollected during the retrieval session
(RecolHouse); (2) objects presented with a faceclwhwere recollected during the retrieval
session (RecolFace); (3) objects presented wittuadrwhich were not recollected during the
retrieval session (NonRecolHouse); and (4) objecesented with a face which were not
recollected during the retrieval session (NonReaod.

Events were modeled as stick functions which wevavelved with a model of the
hemodynamic response and its first-order temposaivdtive. Model parameters were
estimated for each voxel according to the Genenaédr Model. To account for residual
movement-related variance, realignment parameteese wncluded into the model as
regressors.

For group analyses, a second-level random-effectédysis was implemented. Individual
contrast images coding for each event type weréysed by a flexible factorial ANOVA
(mixed model; factors: condition §roup Xsubject). Violations of sphericity assumptions
were accounted for by applying the non-sphericigyrection in SPM5 (modelling of
covariate components). The following contrasts vessessed for group differences:

(1) Recol vs. NonRecol: Objects which were recedidcduring the retrieval session vs.
objects which were not recollected during the estal session, i.e. (RecolHouse+RecolFace)

vs. (NonRecolHouse+NonRecolFace); (2) RecolHouseNesmRecolHouse; (3) RecolFace
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vs. NonRecolFace. Additionally, the interaction rast (4) (RecolHouse — NonRecolHouse)
vs. (RecolFace — NonRecolFace) was assessed igp dgifferences.

In addition to the contrasts described above, weptded exploratory whole-brain simple
effect contrasts relative to baseline to decompaoseraction effects and to confirm the
validity of the experimental approach (RecolHousasdine; NonRecolHouse>Baseline;
RecolFace>Baseline; NonRecolFace>Baseline). Sieffdets were calculated separately for
the ASD and the control group and are summarizetienAppendix (Supplementary Tables
A.3-A.6).

Results are reported that met the statistical himielsof p<.001 at the voxel level anak.05,
corrected for multiple comparisons at the clusteel using Gaussian random fields theory.
Cluster-level correction provides a stringent pcbte against false positives. In particular, a
family-wise error (FWE) cluster-level correction @.05 implies that only one out of 20
inferences on random fields (without any true sigmall resolve in a single false positive
cluster. In order to reduce the impact of the wHwken correction procedufer anatomically
andcytoarchitectonicallyircumscribedrain regions, for which we had specified hypotkese
regarding differential group effects, we performadditional region of interests (ROI)
analyses in the hippocampus, the amygdala andugitofm gyrus. ROI definitions were
based on neuroanatomical toolboxes available fddSSRAnatomy Toolbox (Eickhoff et al.,
2005), WFU PickAtlas (Maldjian, Laurienti, Kraft, 8urdette, 2003)). For ROI analyses we
report results with a height thresholdpsf.05 (FWE corrected within each particular ROI at
the voxel-level).

In an additional analysis we tested whether indigldbrain activations were related to
memory performance during the retrieval sessiordividual parameter estimates of
regressors for the conditions RecolHouse and Racellere extracted if group comparisons

for the contrasts RecolHouse vs. NonRecolHouse,RewblFace vs. NonRecolFace yielded
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significant results. Individual parameter estimatesre extracted at voxels showing peak
activation in the group comparisons and were cateel with the number of recollected
objects (either from the social or non-social cahtsondition) as a measure of individual
memory performance.

Moreover, to examine whether 1Q was related torbeditivation patterns during encoding,
we conducted additional whole-brain regression yaeal across both groups with IQ as the
independent variable. These regression analyses eegrducted for the contrasts RecolFace
versus NonRecolFace and RecolHouse versus NonReasdH Similarly, for the ASD group,
we conducted additional whole-brain regression yamesl with the ADOS-G as the
independent variable for the contrasts RecolFaagsugeNonRecolFace and RecolHouse
versus NonRecolHouse. Results from the regressitalyses are also reported at the
statistical threshold gi<.001 at the voxel level amk.05, corrected for multiple comparisons

at the cluster-level using Gaussian random fididsity.

3. Results
3.1 Behavioural results

3.1.1 Classification task during encoding

The MANCOVA with theproportion of correct object classifications andsRaf correct
classifications as dependent variables revealechia effect of object type (F(2,23)=3.74,
p=.039,1,=0.225). Neither the main effect of gro(f(2,23)=0.48, p=.623),=0.040) nor the
interaction between group and object ty{p€2,23)=0.69, p=.514y,=0.056) proved to be
significant. A follow up ANOVA revealed that, @oss both groups, the percent correct
classifications of artificial objects (M=98.0+2.3%)as higher compared to natural objects
(M=96.3+4.8; F(1,24)=6.29, p=.019,=0.208). Moreover, a follow up ANOVA foRTs to

correctly classified objects revealed that respsrseartificial objects (M=1.00+0.15 sec)

17



were marginally faster compared to natural obj@es1.03+0.11 sec; F(1,24)=3.15, p=.089,
1n,=0.1186).
The percent of missing responses was very low athdaot differ significantly between

groups (Mp=1.0+0.9%, Msp=0.6+1.2%; t(24)=1.03, p=.314).

3.1.2 Memory task during retrieval

The MANCOVA with the proportion of recollected objects and the RiTeetollected and
non-recollected objects as dependent variablesaledea marginal significant main effect of
group (F(3,23)=2.44, p=.09%,=0.250). No significant effect of background context was
revealed (F(3,23)=0.301, p=.82%,=0.039). Moreover,he interaction between background
context and group was non-significant (F(3,23)=0,G%.615n,=0.077).

Post-hoc explorative ANOVAs revealed that groupd dot differ with regard to the
percentage of recollected items (F(1,24)=2.39, §5:..1,,=0.090 or RTs to recollected items
(F(1,24)=0.13, p=.7231,= .005). By contrast, a significant main effect odgp was revealed
for RT to non-recollected items (F(1,24)=7.46, [d20n,= .237), with faster responses to
non-recollected items in the ASD compared to th&rob group.

No group differences were revealed for the perggntd correct rejections of new objects
(t(24)=-0.47, p=.644). Similarly, RTs of correctjaetions of new objects did not differ
between groups (t(24)=-0.71, p=.487). Moreoversigaificant or marginal significant group
differences emerged with regard to RTs to new abjdtat were incorrectly judged as old
(i.e., false alarms) (t(24)=1.94, p=.064) after Iggmyg Holms™ correction for multiple
comparisons.

The percentage of missing responses was also eerguring the retrieval session and did
not differ significantly between ASD and controbgects (Mp=0.6+0.5%, Msp=0.4+0.6%;

t(24)=0.76, p=.453).
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Response proportions and RTs for the control anD g®up are summarized in Table 2.
Moreover, we report separate group results for giesitivity index d” ' = Z(hits, i.e.,
proportion of recollected objects) Zfalse alarms, i.e, new objects that were incolyect

classified as “old”).

3.2 Fmri results
Separate group results of the mixed ANOVA for ttentcasts Recol > NonRecol and
NonRecol>Recol are provided in the Appendix (Tahl&, A.2). Briefly, controls showed
increased activation to recollected relative to -recollected items in bilateral fronto-
occipital regions, the left superior parietal Iadubilateral inferior temporal gyrus, right
hippocampus and bilateral amygdala. ASD subjecksbérd increased neural activation to
recollected compared to non-recollected objectshan left gyrus rectus, bilateral inferior
temporal gyrus, bilateral fusiform gyrus, right pgeampus and bilateral amygdala. For the
reverse contrast (NonRecol>Recol), controls shosiguificant increases in neural activation
in widespread bilateral fronto-parietal regions e left superior temporal gyrus. In ASD
individuals, stronger activation to non-recollectethtive to recollected items was observed
in bilateral fronto-parietal regions, the middlagilate cortex, right insula and right middle

temporal gyrus.

3.2.1 Between-group differences

The following paragraphs summarise the resultshefgroup comparisons for the contrasts
(1) Recol vs. NonRecol, (2) RecolHouse vs. NonRdcoke; (3) RecolFace vs.

NonRecolFace; and the interaction (4) (RecolHousddonRecolHouse) vs. (RecolFace —
NonRecolFace). Generally, ROI analyses did not alegoup differences in amygdala,

fusiform gyrus or hippocampus activation
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Recol versus NonRecdDifferential brain activations between groups witentified in the
right inferior frontal gyrus (IFG; 52, 22, 26; t22), left middle frontal gyrus (-48, 12, 40;
t=4.48), and right inferior parietal lobule (IPL4,3-50, 50; t=4.78) extending into the right
superior parietal lobule (Fig. 2a). Extraction afgmeter estimates revealed that these group
differences were due to higher activity to recdldelcas compared to non-recollected objects
in controls, while the reverse pattern was foundABD subjects (Fig. 2b). Moreover, a
differential group effect was found in the bilalesuperior medial gyrus/dorsal medial
prefrontal cortex (MPFC; 4, 30, 44; t=4.79), whiwhs accounted for by stronger activity to
non-recollected compared to recollected objectshin ASD group, but no difference in

controls (Fig. 2a/b).

RecolFace versus NonRecolFa€xoup differences in brain activation were detedtethe
right IFG (54, 26, 26; t=4.98) extending into thght middle frontal gyrus and in the left
middle frontal gyrus extending into the left IFGA&; 14, 38; t=4.67) (Fig. 3a). The
differences were accounted for by greater actitatyecollected compared to non-recollected
objects in controls, while the ASD group exhibitsttlonger activation in these two brain
regions to non-recollected as compared to recekteitéms (Fig. 3b).

Moreover, differential group activation was foumdthe right IPL (34, -52, 48;t=4.54), which
was mainly due to increased activity to recollectethtive to non-recollected items in

controls (Fig 3a/b).

RecolHouse versus NonRecolHouBdferential brain activation between ASD subjeatsd
controls was found in the bilateral superior medjgtus extending into the ACC (dorsal

MPFC; -2, 36, 44; t=3.98). This was due to greatgivity for recollected compared to non-
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recollected objects in controls, while the reverdationship was true in ASD subjects (Fig.

4alb).

[RecolHouse — NonRecolHouse] versus [RecolFace -nReoolFace]: For the triple
interaction contrast (memory effect x backgroungraup), no significant group differences

were observed.

3.2.2 Correlations of local brain activation witlemory performance

In controls, activation in the right IFG (54, 26@3)dor the condition RecolFace was positively
related to the number of recollected objects presewith a face during encoding (r=.560;
p<.05), while a negative correlation was found BDAindividuals (r=-.752; p<.01).
Non-significant results were obtained for correlatl analyses between behavioural
performance data and activity in the remaining rbreegions, in which the contrasts
RecolHouse vs. NonRecolHouse and RecolFace vs. dmiRace yielded differential group

results (all ps>.05).

3.2.3 Correlations of brain activation with 1Q atite ADOS-G
Regression analyses did not reveal significantioglahips between brain activation and
IQ across both groups. Similarly, non-significaesults were obtained in the regression

analyses on the effect of autism severity (baseth@e ADOS-G) on brain activation patterns.

4. Discussion
The present fMRI study was set up to investigaeittiluence of social vs. non-social
context on episodic memory formation in individuagh ASD and TD subjects. On the

behavioural level, no differences between ASD arid groups emerged. Further, no
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differential effect of context on subsequent menmyformance was observed. At the neural
level, however, activation patterns during objeotagling differed between the groups
depending on the context in which objects weregresl. It may seem striking that although
at the behavioural level, no differential effectaild be observed, distinct neural mechanisms
were detected between groups. In this context wagh stressing that functional measures

can be more sensitive than behaviour (Wilkinsondligan, 2004).

4.1 Behavioural data

Our data are in accordance with previous studidseaithy individuals that also did not
observe modulatory effects of social vs. non-soca@itext on memory performance using
recognition tasks (Erk et al., 2005; Maratos & Rug@01; Maratos et al., 2001; Skinner et
al., 2010). Recognitions tasks, as opposed torfreall tasks (Erk et al., 2003), may be less
sensitive in detecting an influence of context aemmry at the behavioural level (Maratos et
al. 2001). In future studies, it remains to beifikd whether memory performance in ASD
might be modulated by social context when freelt@saopposed to item recognition is used
during retrieval (Bowler, Gardiner, & Bertholli€2004; Bowler et al., 2008). Furthermore, if
possible, such studies should investigate largeiptss of ASD and TD subjects to increase

statistical power to detect potential (group) eteaf context on memory performance.

4.2 fMRI data
We observed strong similarities in ASD and TD indials related to the subsequent memory
effect (SME, i.e., increased activation associatgth subsequently recollected vs. non-
recollected objects). However, direct group corngoar revealed that activation patterns of
the SME differed between groups in the IPL, IFGddhe frontal gyrus, and superior medial

gyrus. Further assessment of group differences n@gpect to context type showed that these
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differences were context-specific. More precisajyoup differences in the IPL, IFG and
middle frontal gyrus were found for the social @tcondition, whereas group differences in

the superior medial gyrus were identified in th@+social context condition.

4.2.1 Encoding of objects presented with a so@akground

In line with our hypothesis, atypical activationtgeans in ASD subjects were predominantly
observed in the social context condition. This ifigdis in accordance with the notion that
individuals with ASD generally show markedly reddcsocial interest in social stimuli
(Dawson et al., 2005). Interestingly, group differes for the SME in the IFG and middle
frontal gyrus were driven by increased activatiomirty the encoding of recollected vs. non-
recollected objects in controls, while the reverses true in ASD subjects.

Several fMRI studies have shown that activatiorafsolateral and ventrolateral prefrontal
regions is associated with successful encodinggssms (see Spaniol et al., 2009 for a meta-
analysis). It has been argued that these regionseste memory formation by supporting
manipulation, regulation and monitoring of memompgesses (Fletcher & Henson, 2001).
Moreover, previous research on context-dependemiane processes has shown increased
activation in these prefrontal regions when itemns auccessfully encoded in a social
compared to a neutral context (Harvey, Fossatiefdge, 2007).

The positive correlation between right IFG actigatand the proportion of recollected objects
presented with a face in controls supports the obléhe ventrolateral prefrontal cortex in
successful encoding. An inverse SME (i.e., incréas®ivation associated with subsequently
non-recollected vs. recollected objects) in ASDjeciis in regions implicated in successful
encoding suggests a profound dysregulation in merfmation when a social context is
presented during encoding. The activation patterd$D subjects in the ventrolateral and

dorsolateral prefrontal cortex may reflect tasklgvant mental activity resulting in a failure
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of successful object encoding (Shrager, Kirwan, &uig, 2008). This conclusion is
supported by our finding of a negative relationghgbween IFG activity and retrieval success
in ASD subjects. However, given the absence ofwamadl behavioral performance deficit in
ASD subjects relative to controls, affected induats seem to possess compensatory
strategies to successfully encode objects presemitbda social context. In future studies of
ASD, it would be of great interest to examine tlméeptial role of compensatory cognitive
mechanisms during encoding of items embedded atialscontext.

The encoding task employed in the present studgedldigh demands on subjects, as they
were requested to maintain attention to both tasdvant (objects) and task-irrelevant
information (background context). Thus, group dgfeces in the activation of the
dorsolateral and ventrolateral prefrontal cortexghmialso be explained by differential
recruitment of attentional control processes (Kdnet al., 2005) in control versus ASD
subjects (see, e.g., Solomon et al., 2009), pdatigas there is robust evidence for deficits in
executive function in ASD (Solomon, Ozonoff, Cumgs, & Carter, 2008; Rossion &
Gauthier, 2002). However, the fact that differen#ativations in the IFG were correlated
with memory performance supports the notion thatfmdings in lateral prefrontal regions
are indeed linked to memory formation processes.

To our knowledge, this study is the first to shdwatt brain regions subserving memory
formation in TD indiviudals are activated atypigaith ASD subjects when a social context is
presented during encoding. Deficits in processifigsarial information consitute a core
diagnostic characteristic of ASD and have beermédpotlight of ASD research during the
last decades. In particular, there is robust ewgdirevidence that persons affected by the
disorder show deviant face processing styles tteatrearked by a diminished interest in faces
(especially in socially relevant aspects of fademh early on (Schultz, 2005). Our results add

to findings from related research fields indicatthgt in ASD, impaired social cue processing
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affects domains beyond social cognition since aata grovide direct evidence that social
processes atypically modulate memory processesi@iet al., 2008; Gaigg et al., 2008).
Differential brain activation in the right IPL wakie to greater activation in controls during
the encoding of recollected vs. non-recollectedects] presented with a face, but no
difference in ASD subjects. Like dorsolateral amshtvolateral prefrontal cortex, the IPL is
implicated in successful encoding processes (Spahi@l., 2009). Moreover, this region has
been linked specifically to the association of eatuwal information (Erk et al., 2005).
Interestingly, ASD subjects show specific memorypainments for social aspects of
contextual information (in particular faces) (O"8het al., 2005), indicating a specific deficit
of linking social context stimuli with items to lemembered. Accordingly, we suggest that
in the present study, ASD individuals might havidethto link background faces to objects
that were subsequently recollected. However, dineeubjects in our study were not asked to
recollect contextual information during retrievéhis claim remains speculative. In future
studies it would be of particular interest to egply test source memory for context to
investigate whether the absence of a SME in the ight be associated with specific
impairments in ASD individuals to encode social teah together with to be remembered
items.

In ASD subjects, no atypical modulation of actieatin the amygdala and the fusiform gyrus
was observed for the social context condition,alth these regions have been repeatedly
implicated in the pathophysiology of the disord8chultz, 2005), and have been linked to
social context effects in healthy subjects (Skineteal., 2010; Maratos et al., 2001). Given
that emotional faces provide more salient sociakdhan neutral ones, it would be interesting
to use emotional facial expressions in future ssido further explore modulatory influences

of social context on memory processes in ASD.
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4.2.2 Encoding of objects presented with a nonasdgckground

The only significant group difference for the SMBem items were presented in the context
of houses was located in the superior medial gytish forms part of the dorsal MPFC. This
effect was mainly due to greater activation durihg encoding of non-recollected vs.
recollected objects presented with a house in A8Bbjests. Among other functions, the
dorsal MPFC has been implicated in goal directeua®ur. Activation in this region has
been reported during tasks that require cognitimetrol and online error monitoring (see
Ridderinkhof et al., 2004 for a meta-analysis). lime with the result pattern in ASD
individuals, increased activation in the dorsal MPk healthy subjects during cognitive
control tasks has been reported for incorrect iveab correct trials (e.g., Fitzgerald et al.,
2010). Moreover, evidence suggests that dorsal MRie@ivation directly mediates
performance adjustments, e.g., by post-error slgwihreaction times (di Pellegrino et al.,
2007). Given these findings, we performed an exgiloe post-hoc analysis and found that
activation during encoding of non-recollected otgelended to be related to higher reaction
times for non-recollected items in ASD (r=.53; 2D but not in control subjects (r=.30;
p=.315).

Thus, based on previous research and the presehihds, we suggest that ASD subjects
relative to controls engaged more in cognitive omnjprocesses during unsuccsessful
encoding of objects presented in the non-socialestnlt might be speculated that houses (in
comparison to faces) are more interesting contgmtui for subjects with ASD and may
therefore interfere to a greater extent with foegsattention on the objects to be encoded.
Thus, increased cognitive control may be engagedeifocus on the task at hand, i.e.,
memorizing the objects (irrespective of contextyl aeciding whether they are artificial or
non-artificial. In support of this idea, it has beshown that subjects with autism show

preferential attention to object stimuli (incompam to social stimuli) (Sasson, Turner-
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Brown, Holtzclaw, Lam, & Bodfish, 2008) and are degrone to distraction from facial
stimuli that are not relevant for task executiofR Brown, Jones, & Hanley, 2011).

Episodic memory, at least as traditionally conceafited, encompasses not only the “what” of
an event and contextual knowledge about it, bub asmporal and spatio-temporal
information about an event (for a review of thensition of the concept see Tulving, 2002).
The present study primarily focused on the quedtimn contextual information linked to an
“event” modulates subsequent recollection of thisne. Due to restrictions inherent to our
highly controlled experimental approach, other atpef episodic memory (e.g., temporal
and spatio-temporal associations) were not explicargeted. However, during retrieval,
subjects were at least implicitly required to réac whether they had seen the respective
object in the scanner during the encoding phases., spatio-temporal and temporal
associations were at least implicitly assessed.aorore comprehensive understanding of
episodic memory processes in ASD, future fMRI stadshould more explicitly target these

important aspects of episodic memory in individwdfected by the disorder.

4.2.3 Correlations of brain activation with 1Q attlie ADOS-G

In the present study, we did not find a significaffect of autism pathology (based on the
ADOS-G) on brain activation during the encodingtaghis finding can be explained by the
fact that the ADOS-G, while being the gold stand&wd diagnostic assessment, is not
particularly appropriate for deriving a quantitativneasure of impairment (and thus not
particularly suited for investigating brain-behawaelationships).

Due to the aim of creating homogenous groups, aidi-functioning ASD individuals
and control subjects with an 1Q of 80 or higher evarcluded in the present study. The
restricted 1Q range in our sample might explain ek of an association between IQ and

brain activation during the encoding task.
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4.3 Limitations

A limitation of the present fMRI study is the rath@mall number of ASD and control
subjects that were included. However, our ASD sangpCklinically well characterized based
on gold standard instruments, rendering potentitliences by outliers unlikely. Moreover,
even in our rather small sample, we were able tovstignificant between-group differences
in activation patterns after applying establishedections for multiple comparisons. Despite
these considerations, the findings of our studyoulbtedly need to be replicated in future

studies including a larger number of ASD and cdrgubjects.

4.4 Conclusions

A deeper understanding of the neural processeesubhg memory formation in ASD and
the identification of modulatory influences of cexi is important to elucidate why persons
suffering from ASD often have difficulties to attacontextual meaning to their memories.
The present study provides important first insight® the neural mechanisms of memory
formation in ASD, and the modulatory effects offeliént context types. In future studies,
neural mechanisms of memory retrieval could be stigated along with explicit tests for
recall of context. The results of the present sttotyoborate and extend previous findings on
atypical modulatory effects of social processingocognitive functions in persons suffering
from ASD. We provide support for the idea that abaémpairments in ASD extend to

domains beyond social cognition.
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Tables

Table 1 Demographic data of the study sample

controls ASD group p
(n=13) (n=13)
age (Mean, SD) 14.2 (2.8) 15.9 (3.0) .150
age range (Min-Max) 10.3-18.3 9-19.4
IQ (Mean, SD) 111.5 (14.7) 108.0 (14.1) 546
IQ range (Min-Max) 94-139 80-134
Tanner stage 3.4 (1.6) 3.9(1.3) .646
Tanner stage range 1-5 1-5
ASD=autism spectrum disorder; Min=Minimum; Max=Maxim.
Table 2 Performance during the retrieval session
controls ASD group
(M, SD) (M, SD)
Response proportions (%)
Old objects: Recollected items 62.3 (11.2) 54.6.71
Old objects: Non-recollected items 37.2 (11.0) 49%7)
New objects: Correct rejections 92.1 (7.6) 93.7)6
Sensitivity index d” 1.9 (0.6) 1.8 (0.5)
Reaction times (ms)
Old objects: Recollected items 1284.5 (139.3) 1263863.0)
Old objects: Non-recollected items 1712.7 (137.9) 5008 (253.2)
New objects: Correct rejections 1505.1 (367.4) 159362.6)
New objects: False alarms 1534.6 (176.4) 1356.8.07

Response proportions and reaction times for prelyaseen objects correctly judged as old
(recollected items) or incorrectly judged as neanfnecollected items), and for correct rejections

of new objects or false alarms to new objects.
ASD=autism spectrum disorder.
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Figuresand Figure legends

Fig. 1

L

Trialin 1he socal comext condilion
nabural = 1 = artificial = 2

¥
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Trial in the non-social context candition

Fig. 1 Classification task during encoding: experimeritaktcourse.
On each trial, the context (social or non-sociakpectively) was shown first without the
object to be encoded. Then, the background andoliject were presented together and

subjects indicated whether the object was “natural‘artificial”.
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Fig. 2a

Fig. 2b
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Fig. 2 Recol versus NonRecol

(a) Differential activation of controls and adolests with autism spectrum disorder (ASD)
for the whole-brain contrast Recol versus NonR&tahe right inferior frontal gyrus (IFG),
superior medial gyrusleft middle frontal gyrus and right inferior pamétiobule (IPL),
SPM(T) overlaid on a MNI single-subject templatdugter-level corrected at p<.05 for
multiple comparisons across the whole brain). (b¢ Graphs depict parameter estimates of

each activation, error bars indicate S.E.
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Fig. 3a

Fig. 3b
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Fig. 3 RecolFace versus NonRecolFace

(a) Differential activation of controls and adolests with autism spectrum disorder (ASD)
for the whole-brain contrast RecolFace versus NooRace in the right inferior frontal
gyrus (IFG), left middle frontal gyrus and rightfenior parietal lobule (IPL), SPM(T)
overlaid on a MNI single-subject template (cludeael corrected at p<.05 for multiple
comparisons across the whole brain). (b) The grajdpct parameter estimates of each

activation, error bars indicate S.E.
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Fig. 4a

Fig. 4b
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Fig. 4 RecolHouse versus NonRecolHouse

(a) Differential activation of controls and adolests with autism spectrum disorder (ASD)

for the whole-brain contrast RecolHouse versus NmoRHouse in the superior medial gyrus,
SPM(T) overlaid on a MNI single-subject templatéugter-level corrected at p<.05 for

multiple comparisons across the whole brain). (hg Graphs depict parameter estimates,

error bars indicate S.E.
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Appendix A.1

Correlational analyses on the relationship between behavioural data and |Q/autistic
pathology

To examine whether IQ was related to the proportibreorrect object classifications and
reaction times (RTs) of correct classificationsingrthe classification task at encoding, we
conducted an explorative analysis and includedd@ aovariate in the 2x2 MANOVA with
the factors object type and group. This analysisrait reveal a significant effect of 1Q on
encoding parameters (p=.299). Similarly, in sup@etary analyses we examined whether 1Q
had a significant influence on key retrieval parterge (proportion of recollected objects; RTs
to recollected and non-recollected objects) anduded IQ as a covariate in the 2x2
MANOVA with the factor background context and grodmain, no significant effect of 1Q

was revealed (p=.986).

Moreover, in explorative analyses we examined wéretine ADOS-G significantly correlated
with behavioural parameters during encoding (pridporof correct object classifications and
RTs of correct classifications) and retrieval (pdwn of recollected objects; RTs to
recollected and non-recollected objects). Howewadircorrelations were found to be non-

significant (all ps>.073).
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