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Abstract

In this paper we draw the first lines of a novehgdo-behaviour approach to Autism
Spectrum Disorders (ASD). This approach is preskefiten behaviours and upstream to
genes. We first present again our threefold -dihiexperimental and theoretical-
approach to autism, the so-calldg-Motion mis-sight and other temporospatial
processing disordersAccording to our view, subjects with ASD presdram the
beginning of their life different degrees of didapiin processing sensory events online
and in producing real-time sensory-motor adjustsieanhd motor outputs. The
environmental world is changing too fast to be pesed on time by the autistic brain,
leading to the primary communicative, cognitive amditative disorders of persons with
ASD, and to their secondary adaptive and compengatategies. Confirming this view,
we present several results demonstrating that stpwibwn visual and auditory flows
around individuals with ASD enhances their perfano® in imitation, verbal
comprehension and facial expression recognition.enThwe show that these
temporospatial processing disorders are basedmuitisystem dissynchronynd
disconnectivity (MDD),i.e., disorders in neuronal synchronization (hypemd/or
hypersynchronization) and functional connectivitgvdr- and/or under-connectivity)
between multiple neurofunctional territories anthpays. We show tha¥iDD is based



itself on structural and functional abnormalitidstiee brain, and we finally relate these
neuronal and synaptic abnormalities to their gersiunterparts.

Keywords: Autism spectrum disorders; motion; emotion; perceptspeed; temporal
processing; slowing down; rehabilitation; imitatiolsynchronization; connectivity;
neuron; synapse; genes.



[-INTRODUCTION

Autism and other related autism spectrum disorda&D) are known as behavioural
syndromes including verbal, nonverbal and sociapaimments, and restricted or
stereotyped interests and activities, with earlgedn(before 30 months) (WHO, 1992;
APA, 2000), and long-lasting handicapping social angnitive consequences. It is also
widely accepted that these disorders altogethere hewprevalence of about 0.6 %
(Fombonne, 2002), and therefore constitute a majbiic health problem all over the
world.

Although there is an international consensus fonsmering these syndromes as
phenotypic expressions of impairments affecting @¥8elopment, numerous questions
concerning etiopathology and physiopathology os¢haffections are still unsolved, and
their treatment remain consequently disappointiagabse unspecific (e.g., Volkmar &
Pauls, 2003; Tardif & Gepner, 2003).

ASD remain enigmatic for numerous reasons, sometoth are briefly summarized
here: there is noDne Autismbut a constellation of complex and fairly hetenogous
autistic spectrum disordergRapin, 2002), along &ontinuum of autistic disorders
(Grandin, 1995). There is n@ne Causeof autistic disorders, but a multiplicity of
genetic, epigenetic and environmental (ante-, pad post-natal) risk factors affecting
one or several stages of neurodevelopment (e.gpné€de& Soulayrol, 1994; Persico &
Bourgeron, 2006). There is noOne Mechanismof ASD, but numerous
physiopathological mechanisms involving differenages of CNS organization and
integration (neurobiological, neurophysiologic anduropsychological) and affecting
numerous interconnected neurofunctional system#taiges and pathways (e.g., Gepner,
2001; Waterhouse et al., 1996). There is@o¢ isolated autistic disordeamong normal
conditions, but there are various neurodevelopnehsmrders associated with autism
(mental retardation, epilepsy), as well as variduscal and neuropsychological overlaps
between autism and other neurodevelopmental disgrdaich as attention deficit
with/without hyperactivity, language learning impaents — dysphasia, dyslexia - and
obsessive compulsive disorders (e.g., Volkmar &Ifd8003 ; Tardif & Gepner, 2003).
Finally, there is notOne psychological profiledypical of autism, there are various
psychological reactions (depression, anxiety, esstr..) which influence the personality
and behaviour of individuals with ASD in one or #rer direction (Gepner & Tardif,
2006; Gepner, 2006).

New advances in the comprehension and treatmettiese complex diseases are likely
to emerge from a deeper investigation of each |le¥&NS organization (i.e., genetics
and epigenetics, neurobiology, neurophysiologyrogsychology), but also undoubtedly
from interactions between these several levels.

In the present paper, we confront and combine ftata various fields, i.e., genetics,
neuropathology, neurophysiology, neuroimagery asghitive neuroscience, in order to
propose a developmental scenario linking geneset@viour in ASD. The aim of this
article is describe some maldevelopmental cascedesecting gene disorders to their
clinical consequences in ASD. However, we will didsx these maldevelopmental
cascades from observable behaviours, and upsteetrit genetic counterparts.



[1-BIRTH OF A NEW CONCEPT: E-MOTION MIS-SIGHT IN AUTISM

Several arguments coming from (1) clinical obseorest, (2) developmental
psychopathology, (3) self-reports from adults witigh-functioning autism, (4) adult
neuropsychology, and (5) experimental cognitiveropsychology, lead us to suppose
that at least some individuals with autism may exufiisual-motion processing disorders
affecting attention to visual-motion, motion pertiep and/or visuo-motor integration of
motion. This visual-motion integration disorder wasmedE-Motion mis-sight(Gepner,
Lainé & Tardif, 2005; Gepner & Tardif, 2006).

(2) Clinical observations

When we meet a person with autism for the firsetime are generally fascinated and/or
disturbed by the frequent contrast between theipalypresence and psychical absence
of this person. When we observe this person cdyefule rapidly discover that the
‘autistic world’ in which this person lives and nmesvin is obviously different from our
world.

What ever our grid of interpretation is, we prompthink that this person with autism
processes and interprets the world differently th@ndo. People exhibiting so peculiar
manners and behaviours cannot be like us.

Similarly, with some adults having an Asperger sgnte, or with some parents of
individuals with autism, we feel subtle differendestween them and us in the field of
facial speech, ‘eye speech’, empathy, emotionalesgon or social contact.

But how do we differ? Who are the autistic persdrasy do they function? Since Kanner
(1943), this question is still passionately disedlssAs a matter of fact, in the first
description of eleven children with autistic disersi Kanner observed in almost all of
them several behavioural peculiarities that areatly or indirectly related to movement
processingperception and integration of movement, or actiaopsisting in processing
impairments of their surrounding dynamic or statysical and human world, e.g., gaze
and face avoidance ; attraction or aversion for inggvspinning and rolling objects ;
attraction for details of objects, static formszples; motor clumsiness, awkwardness;
sensory-motor disorders (e.g., oculomanual, ocutomar imitative disorders) ; manual,
gestural and postural stereotypes...

All of these symptoms plead for a possible dissamiabetween movement and static
vision in children with autism, with a deficit inawement vision and an excess of static
vision (Gepner, 2001, for a review), as well asd@ensory-motor decoupling (Gepner &
Mestre, 2002a). It should be noted that forty yemgs, Ornitz & Ritvo (1968) have
already examined precisely the autistic perceptinabnstancy and suggested the
existence of a deficit in sensory-motor integratioa., reciprocal modulation between
sensory inputs and motor outputs.

(2) Developmental psychopathology
Given that physical and biological movement is uliimus from birth, and that it is
crucial for the development of motor imagery, postgait and motor activity, as well as



for that of imitation, and verbal and emotionalemactions (Gepner, 1997, 2001 for
review), it is not difficult to imagine the varioupossible drastic developmental
consequences of early motion processing disordeasaby.

Since two decades, several studies using familyehoravies identified numerous early
signs of autism in babies aged 0 to 24 months,amous aspects of development, i.e.
perception (visual, auditory, proprioceptive) amhsory-motor behaviours, verbal and
non verbal communication, and socialization (Saeyd®88). Below, we describe early
signs of autism that can be related to a possiieitlin visual-motion perception and/or
visuo-motor integration. These early signs are swones very subtle, and are not
observed in babies who exhibit signs of an autsgitdrome after a period of normal or
guasi-normal development (e.g., a desintegratiserder).

In the first weeks of life, autistic babies may #xhanomalies of gaze contact and ocular
pursuit of moving objects or persons. Around 3 rhenotf life, autistic babies may
present a deficit in attention to familiar persoasd poor facial expressions. Around 6
months, visual contact disorders such as « emmg gasquint, impression of blindness
may remain. At the same time, babies may exhibyjipieal interests for their hands,
details of objects, static forms, and a lack okiest for moving games and objects.
Between 6 and 12 months of life, autistic babies ba impaired in imitating facial
expressions, and present a lack of interest foplpethey generally withdraw from social
interaction; simultaneously, they exhibit new slfnulating sensory and sensory-motor
behaviours, like fingers and hand flapping in frafttheir eyes. In the second year,
autistic children may present a lack of visual raiten (with a peripheric gaze) and joint
attention, and peculiar interests for light sourceslected lights, shadows, wind in
trees...(Sauvage, 1988).

In the domain of motor development, autistic baloiesy present disturbances in some or
all of the milestones of development, includingntyi righting, sitting, crawling and
walking (Teitelbaum et al., 1998). Besides, theagtrently exhibit postural adjustments
disorders, a lack or a delay in anticipating afl&s, as well as in oculo-manual
coordination, a lack of exploration of their enviment , and stereotyped behaviours like
swinging, rocking, swaying (Sauvage, 1988 ; Leary Hill, 1996 for a review).

To summarize, the first signs of autism concerneestly (but not only) visual
development, and consist in dissociation betweervement vision (that is poor,
deficient, aversive) and static vision (that ismal or rather overdeveloped, with a visual
attraction for details), as also found later inldt@n and adults with high-functioning
autism and Asperger syndrome (see Frith, 1989 ;pBlad999 ; Mottron, 2004).
Secondly, whereas autistic babies present a develofal delay in several domains (that
we could name the ‘negative signs of autism’), thksp exhibit atypical self-stimulating
visual and visuo-motor behaviours, i.e., a deviavelopmental trajectory (that we could
name the ‘productive signs of autism’), some ofahhprobably have an adaptive and/or
compensatory value. Third, it is possible to coasttie progression of autistic symptoms
during childhood as successivealdevelopmental cascadei® which impairment of
visual behaviours secondarily impair visuo-motor valepment, as well as
communicative and social interactions between atstau child and his human and
physical environment (Gepner, 2001 ; 2004 ; 208&e also Figure 1 below). Finally, it



is worth noting that all the autistic symptoms tethto audition, which also widely
contribute to language developmental disorderautisian, are lacking in this description
of early signs of autism. We consider these elemealow (see § IV and Figure 2).

(3) Self-reportsfrom adultswith autism

Some adults with high-functioning autism (HFA) gave important testimonies about
their sensory world, some of which are directlyatetl to their difficulties with
movement processing and speed of changes, and neatpey strategies of their sensory
limitations.

For example, Donna Williams, a well-known adult lwiHFA wrote: “The constant
change of most things never seemed to give melamce to prepare myself for them.
Because of this | found pleasure and comfort imgdhe same things over and over
again. | always loved the saying, ‘Stop the wotflevant to get off'. Perhaps I'd been
caught up in the spots and the stars at a time vdtieer children kept developing and so
| had been left behind. The stress of trying taclcatp and keep up often became too
much, and | found myself trying to slow everyttdogin and take some time out... One of
the ways of making things seem to slow down whhrtk or to turn the lights on and off
really fast. If you blinked really fast, people be&d like in old frame-by-frame movies,
like the effect of strobe lights without the cohtbeing taken out of your hands”
(Williams, 1992, p. 39-40).

The main point for our purpose is the difficulty i felt in handling the constant
change of most things and her behavioural strategieslow down these things in order
to prepare herself for them and catch them.

Temple Grandin, another famous adult with Aspesygrdrome wrote*Minor sensory
processing deficits heightened my attraction tdasarstimulation (e.g. airport’'s doors),
whereas a greater sensory processing defect maggecanother child to fear and avoid
the same stimulus. Some of the problems autiséies With making eye contact may be
nothing more than intolerance for the movementefdther person’s eyes. One autistic
person reported that looking at people’s eyes wHiualt because the eyes did not stay
still (...) Distorted visual images may possibly explwhy some children with autism
favor peripheral vision. They may receive moreataie information when they look out
of the corners of their eyes. One autistic persgported that he saw better from the side
and that he didn’t see things if he looked straigihthem” (Grandin, 1995, p. 73-75). As
a spokeswoman for people with autism, Temple Grarahphasizes peculiar visual
behaviours of individuals with autism as a contimuibetween aversion and attraction for
movement, according to the degree of sensory psotgsefect.

(4) Adult neuropsychology

Zihl, von Cramon and Mai (1983) reported the calsa woman aged 43 who suffered
bilateral cerebral lesions affecting the laterahpero-occipital cortex and the underlying
white matter, which selectively affected her movatmeision. The authors report that
« The visual disorder complained of by the patigat a loss of movement vision in all
three dimensions. She had difficulty, for exampiepouring tea or coffee into a cup
because the fluid appeared to be frozen, like @igialn addition, she could not stop



pouring at the right time since she was unabledrceive the movement in the cup when
the fluid rose. Furthermore the patient complairddiifficulties in following a dialogue
because she could not see the movements of theafateespecially the mouth of the
speaker. In a room where more than two other peagle walking she felt very insecure
and unwell, and usually left the room immediatblgcause ‘people were suddenly here
or there but | have not seen them moving'. Theepaxperienced the same problem but
to an even more marked extent in crowded streepdames, which she therefore avoided
as much as possible. She could not cross the diessiuse of her inability to judge the
speed of a car. ‘When I'm looking at the car firstseems far away. But then, when |
want to cross the road, suddenly the car is vergrneShe gradually learned to
‘estimate’ the distance of moving vehicles by teams of the sound becoming louder
This case study lets us measure the extremely apiampact of a selective disturbance
of movement vision affecting a young — previoustymal - woman on her perceptual,
sensory-motor, communicative and social behaviouBgcause of her sensory
impairments, she started to avoid physical andatesients, to live isolated. It is already
possible, on the basis of this study case, to ineaghe various developmental
consequences of a visual-motion processing disoaffecting a baby from the very
beginning of its life.

(5) Experimental cognitive neuropsychology

Since human face is the primary and most powerdurce of information mediating
emotional and verbal communication as well as $atiaraction, it is not surprising that
face processing has often and regularly been studithe autistic population for the past
twenty-five years (Dawson et al., 2005, for a regielndeed, a growing body of data
demonstrated that individuals with ASD generallpgass various aspects of faces in a
different way than typically developing and/or madlyt retarded control subjects.
Peculiarities have been shown in the processirigatdl! identity (Langdell, 1978; Davies
et al., 1994; Deruelle et al.; 2004) and emotidaeilal expressiofHobson et al., 1988),
in lip-reading (de Gelder et al., 1991) and eyesdion detection or interpretation
(Gepner et al., 1996; Baron-Cohen et al., 1995)di8s using fMRI confirmed facial
processing peculiarities in subjects with ASD (€hiey et al., 2000; Schultz et al., 2000;
Hadjikhani et al., 2004; Pierce et al., 2004).

Following this line of neuropsychological explomtj an important question was to
know whether each aspect of face processing isiregpaeparately, or based on more
general and basic impairments affecting the pracgssf environmental physical and/or
social world. In order to answer to this questi@study assessing various aspects of face
processing (identity, emotional expressions, eyectibn detection and lip-reading) was
conducted by our group in young children and adelets with autism. This study
revealed that autistic subjects were particularipaired in whole face processing, visuo-
auditory association (as already shown with sinygeo-auditory stimuli by Martineau
et al.,, 1992) and in processing the facial dynamicas, lips’ movements, eyes’
movements and emotional facial expressions (Gemteanl.,, 1996). These results
suggested that difficulties of children with autigmprocessing faces were neither related
to impairments in recognizing facial identiper se nor to impairments in recognizing



emotional aspects of faceser se but rather to anomalies in processing facial
movements.

To conclude, all the arguments reviewed in thisageaph pushed us to investigate
directly how subjects with ASD process visual moeais, physical movements as well
as biological (and particularly emotional) ones.

1. PREVIOUS AND RECENT WORKS ON PHYSICAL AND BIOLOGICAL
MOTION PROCESSING

In this paragraph, we review available data rel&tephysical and biological movements
processing disorders in subjects with ASD, and wepg@se a first synthetic
neuropsychological view of autism callBeMotion mis-sight

(1) Physical movements processing

As Milne et al. (2005) said, our group was thetfiie assess directly visual-motion
processing in children with ASD. In this first syudGepner, Mestre, Masson & de
Schonen (1995) explored postural reactivity to &ilsu perceived environmental
movements in children with autism and normal cdrahildren.

Vision is known to be an important source of infatian used in postural control. One of
the most relevant hypotheses in this context isékeroprioceptive’ role of optic flow
(Lee & Aronson, 1974). Since the body’s displacetm@enerate a global motion of the
visual scene (i.e., an optic flow) across the egtiand this optical flow specifies the
kinematic properties of the ongoing movements, @ibEl979) established that these
optical flow fields due to ego-motion serve to rege and control a subject’s self-
orientation. It has been clearly demonstratedythjgars ago that humans make postural
readjustments in response to an optical flow (Le&r&nson, 1974). A number of studies
have shown that young infants react posturally twements in their visual environment
as soon as they are able to stand unaided (Buttér8oHicks, 1977), and even earlier
(Jouen, 1988), confirming that visual proprioceptmays a major role in the control of
stance.

Since children with autism have sometimes very p@obal and/or motor performance,
it was necessary to explore their visual-motioncpssing with a reflex-like paradigm,
requiring neither voluntary verbal nor motor answeitt is why we used postural
reactivity to motion vision. Results of our firdudy revealed that, contrary to normal
control children, children with autism have a veogor postural reactivity to this kind of
environmental movements (Gepner et al., 1995). Waak visuo-postural coupling in
autistic children may account for their motor dibances (poor motor control, poor
motor imitation, motor clumsiness...), and is a gomxhample of perception-action
coupling disorder in this population.

In a replication and extension study, we showedl ploatural reactivity of children with
autism was particularly poor whespeed of movementas high (slow movements
inducing a small postural reactivity), whereas dat@h with Asperger syndrome (the
mildest autistic spectrum disorder) were reactiognally, and even maybe overreacting,
to the same kind of stimuli. In other terms, viquastural coupling is deficient in children



with autism, and conversely, children with Aspergaher exhibit a visuo-postural over-
coupling. Thus, visuo-postural coupling (and moenegally, sensory-motor coupling)
may be a good neuropsychological marker of autesmd, possibly a good predictor of the
severity of ASD (Gepner & Mestre, 2002a). Besidks, question ospeed of movement
was raised with this latter study.

Indeed, speed of movement seems to be criticatHddren with ASD. Gepner (1997)
showed that children with autism are impaired ia plerception of moving small squares
in central vision, and that their performance Idta less so as speed of moving points is
high and direction is complex (i.e., less foresésab

As far as direction of movement is concerned, Begtet al. (2003) also showed that
high-functioning subjects with autism exhibit a ide&fin the perception of second order
radial, translational and rotational direction adwvement.

Other works by Spencer et al. (2000) and Milne let(2002) showed that, when
presented with a random dot kinematogram animayeldteral displacements, children
with autism need higher motion coherence to deteavement than normal control
children, i.e., they overall show less optokinetistagmus (OKN) then their controls.
Mestre et al. (2002), using the same motion coleergraradigm but with a video-
oculographic measure of OKN, showed that childreth vautism present particularly
higher motion coherence thresholds than normalrabahildren when speed of motion is
high, thus confirming a rapid visual-motion integpa deficit in autism. A reasonable
interpretation of these results is a lack of spaiporal integration of singular points in
a global coherent motion (a form of central coheeedeficiency). These results are
interpreted by all these authors as an argumena alforsal stream deficiency, an
interpretation being also confirmed by Pellicanale(2005).

Interesting finding on pursuit eye movements defion HFA children (Takarae et al.,
2004) is also to be reported, which suggests aithiahce in the extrastriate areas that
extract motion information, or in the transfer aswal motion information to the sensory-
motor areas that transform visual information iappropriate oculomotor commands.

(2) Biological motion processing

Our group was also the first to introduce a nevagigm, i.e.facial motion in order to
further investigate and reinterpret the vast li@m@ on facial processing in autism.
Indeed, we showed that children with autism, commpely to normally developing
children, have relatively good performance in eomd and non emotional facial
recognition tasks when facial expressions are aysul slowly on video (Gepner,
Deruelle and Grynfeltt, 2001). We thus argued tihakdren with ASD are impaired in
rapid facial movements processing, and that thisairment could secondarily explain
gaze avoidance and poor performance in emotiorchihan-emotional facial processing
in these children (Gepner, 2004).

In a replication and extension study, Tardif et(2007) demonstrated that children with
autism recognize significantly more emotional aot-emotional facial expressions and
exhibit more facial-vocal imitation when facial egpsions and their corresponding vocal
sounds are slowed down naturally or artificiallathwhen they are displayed at normal
speed or statically. Based on these results, amupgcreated an original software aimed
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at slowing dowrsimultaneouslyisual and auditory signals of the environmenbider

to facilitate cognitive and imitative abilities autistic children. Our first study using this
software shows thatlowing dowrthe presentation of facial and body gestures ezgsan
voluntary imitation in children with ASD (Lainé etl., in press). Similarly, the same
children with ASD understand better simple and dempgentences when the visual and
auditory presentations of these sentenceslaveed dowr{Lainé et al., 2008). Therefore,
slowing down the speed of facial and vocal eventkaaces imitative, verbal and
cognitive abilities of some children with autisngngrally those having the lower verbal
level and the more severe autistic syndrome. Gikiahdeviant and/or delayed imitation
has been very well documented in individuals witkisam for more than thirty years (see
Smith & Bryson, 1994 and Williams et al., 2004, faviews), even from the very
beginning of their life (Zwaigenbaum et al., 2008hd particularly in the domain of
facial expressions’ imitation (e.g., Hertzig et d1989; Loveland et al., 1994; Rogers et
al., 2003), these studies suggest the existenca kéy-link between visual-motion
processing disorders and deficits of imitation utism, and are of particular interest in
the perspective of rehabilitating imitation defscib this population (Gepner, 2001, 2005;
Gepner et al., 2005).

Blake et al. (2003) also showed that children \aitilism are impaired in the recognition
of human movements (e.g., walking, running or jumgpidisplayed through animated
lighting points, and that their performance was&ated to the severity of their autistic
syndrome. Finally, at the intersection of physieald biological motion processing,
Castelli et al. (2002) showed in a TEP study tlatlta with high-functioning autism or
Asperger syndrome have a hypoactivation of medisefrgntal cortex and superior
temporal sulcus (STS) when they have to attributatal states to animated shapes, and
a diminution of connectivity between extrastriataftex and STS.

3 First synthesis

All these studies confirm that subjects with ASDvédnavisual-motion perception and
integration disorders, that we have named prewomsition mis-sighin autism (Gepner,
2001).

In particular, Gepner & Mestre (2002b) reachedateclusion that children with autism
have a rapid visual-motion integration deficit. Aoding to this hypothesis, some autistic
individuals having major movement processing dissscearly in their life avoid rapid
physical and biological movements (considered asrsive stimuli), thus disrupting
secondarily social interaction. Some of these iiddials, or some autistic persons having
minor motion processing disorders, will search fabituate themselves to, and learn to
handle and cope with such kind of stimuli. To sumig® rapid visual-motion processing
deficit constitutes a core neuropsychological madéeautism and secondarily accounts
for the deficit in social interaction (Gepner & Mies 2002b; Gepner, 2004).

In order to integrate the various developmental segnences nfaldevelopmental
cascadeyof this disorder, we proposed to namE-Motion mis-sigh{see Figure 1).
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Figure 1. Cascades of neurodevelopmental consequences of a visual-motion
integration deficit in autism (from Gepner, Lainé & Tardif, 2005)
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At the neurobiological level, the physiopathologyASD most probably involves the
following pathways: i) the visual magnocellular &y which conveys information on
movement (optic flow), global form and low spatfatquency from retina to lateral
geniculate nucleus and prestriate cortex (Livingst& Hubel, 1988); ii) the dorsal
stream, which receives information from magnocatglystem and distributes them from
prestriate cortex to temporal, parietal, prefrorsald frontal cortices, as well as to
cerebellum and to thalamic mesencephalic and pattictures (Boisacq-Schepens &
Crommelinck, 1994). Among these connections, pedstcerebellar pathways are
crucial since cerebellum plays a major role in sipsed temporal coding of multisensory
inputs (Johnson & Ebner, 2000) and has been foypd-hand/or hyperplastic in autism
(Courchesne et al., 1994a), which supposes hypbloahyperconnectivity according to
a neuromimetic model (Cohen, 1994). In the same, lihwas found that a specific
damage of the cerebellar vermian lobules VI andi¥ltesponsible for a deficit in the
accuracy of ocular saccades (Lewis and Zee, 138),thus may negatively impact
visual-motion integration. Also important are thennections between prestriate cortex
and superior temporal sulcus (STS), since STSasvkrfor its role in biological motion
processing (Allison et al., 2000); iii) finally, éhcerebello-premotor-motor cortices loops,
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which are responsible with basal ganglia for reaktfine-tuning of motor outputs (lIto,

1984; Doya, 2000), and the projections from cetabelto prefrontal, parietal and
temporal cortices which are responsible for motat aognitive learning (Middleton &

Strick, 2000).

This neurophysiological view of ASD takes into aseb the complexity of CNS

connectivity as well as a vast majority of neuradatyand anatomic disorders found in
ASD; this view may also bring interpretation guidek for future research.

IV.OTHER TEMPOROSPATIAL PROCESSING DISORDERSIN AUTISM

Even thoughE-Motion mis-sightmay account for some of the major sensory-motor,
behavioural and communicative disorders presenyechlidren with ASD, it is however
unable to explain autistic symptoms occurring ineotsensory modalities (e.g. auditory
or proprioceptive ones). A crucial question comieaxt was thus to know whether this
visual-motion integration deficit reflects, or résufrom, a more primary and pervasive
neuropsychological deficit. A plausible candida&diclt concerns temporospatial
processingn various sensory modalities.

(1)  Other argumentsfor temporospatial processing disordersin autism

In order to explore the effectiveness of a tempmstal processing deficit in autism in
other sensory modalities, we tested, within a sgrmep of 22 children and adolescents
with ASD, the ability to extract a relevant infortitea among a noisy stimulusn ling
through three types of tasks : a) oculomotor rgagtito visual-motion of a coherent
pattern of lighting points, via the measurementtokinetic nystagmus, b) speech flow
perception and segmentation through categorizaifosimple and complex phonemes,
and c) proprioception and motor anticipation inimdnual load lifting task, through
electromyographic and kinematic index. Resultshef study were as follows (Gepner &
Massion (directed by), 2002).

As already mentioned above (see Mestre et al.,)2@0& group of subjects with ASD
showed very weak oculomotor reactivity (i.e., au@et occurrence of slow phase
tracking eye movements) to visual-motion of a ceherpattern (especially for high
motion velocities), and higher motion coherencegsholds (i.e., the necessity of higher
percentage of points going in a direction out & wWhole points, for inducing OKN) as
compared to normal children of the same mean ageal@ady shown previously
(Spencer et al., 2000 ; Milne et al., 2002). Trefiait, which supposes a defect in rapid
temporal analysis of visual motion stimuli embeddedoise, is a strong argument for a
degraded temporo-spatial integration in the visuadiality.

Secondly, the same group of autistic subjects sHowedeficit in speech phoneme
categorization. Indeed, compared to normal childvdm categorize an ambiguous
phoneme such as MNA (made of an algorithmic sugmssition of MA and NA) in a
MA or a NA response randomly, autistic children mgategorize MNA in a NA
response. This deviant over-categorization spetdifiappears in autistic subjects when
speech phonemes are displayed at normal speedgeaghéheir phoneme category
perception is normalized when phonemes are slowednd?2 times. This phoneme
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categorization deficit may partly be due to a diffty in processing rapid speech flow,
and thus to a temporal integration deficit in thelitory modality (Tardif et al., 2002). A
similar temporal processing deficit has been founahildren with language-learning
impairmentgTallal, 1976); it has been related to a deficivisual magnocellular system
(Talcott et al.,, 2000) and/or auditory magnocelidgstem (Stein, 2001), and has also
been found to be ameliorated by slowing down trezsb flow (Tallal et al., 1996; Habib
et al., 1999). As already said, autism and languegming impairments very probably
share common physiopathologic mechanisms and newtidnal pathways (Gepner &
Mestre, 2002b). From a neurophysiological pointiefv, since superior temporal sulcus
is involved not only in facial movement processi@dlison et al., 2000), but also in
voice processing (Belin et al., 2000), and thavas found hypoactivated in adults with
HFA in response to vocal sounds (Gervais et aD4Phis region is of strong interest in
the pathophysiology of ASD.

Finally, it also appeared that a subgroup of theesautistic subjects present a deficit in
motor anticipation in a bimanual load-lifting tagschmitz et al., 2002), a result
confirmed by another study (Schmitz et al., 2008)s task requires the rapid processing
of proprioceptive inputs, the correct use of arernél representation, and the precise
timing adjustment of the muscular events. Compé&wetbntrol children who use a feed-
forward mode of control to stabilize their foreamhile lifting an object placed on it
autistic children mostly use a feedback mode otrebnwhich results in slowing down
their movement. In other words, autistic childrea eeacting instead of predicting. This
deficit of accurate timing of anticipatory controbuld partly result from an impaired
processing of proprioceptive inputs at least dutivglearning phase of the task, and thus
from a temporospatial integration deficit in themrioceptive modality. In this context
also, impairments in the structure and/or functafncerebellum, which is crucial for
temporal processing of sensory inputs and motgruist(Massion, 1993), plays a major
role

According to these three series of results, subjacth ASD have deficiencies in the
temporal processing of visual, auditory and progepive stimulion line (Gepner and
Massion (directed by), 2002). Altogether, thesailtsssuggest that subjects with ASD
have a deficit in the temporospatial processingesfsory inflow which is necessary to
detect and integrate visual motion, code and p&eguage and program postural
adjustments. To summarizthe world is changing too fagor at least some autistic
persons, particularly those having the more sewaetestic syndrome. This view could
account for the sensory and social avoidance a$tausubjects (when sensory inflow
induces aversion), for the desynchronization amsdaditinuity in their perception-action
coupling and sensory-motor tuning, as well as foeirt mis-understanding of, and
disorders in their action and interaction with, gig/sical and human world.

In conclusion, our temporospatial processing disohypothesis of autism has the strong
advantage to account for the vast majority of degwelental disorders seen in ASD, and
to be compatible with the major contemporary theorof autism, such as the weak
central coherence theory, the deficit of theorynohd, and the theories of imitation
deficit and executive dysfunction.
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2 Second synthesis. E-Motion mis-sightand other tempor ospatial processing disorders

in autism

We showed that the various deficits affecting visuation, vocal sounds and
proprioceptive processing in a same group of stbjeith autism (Gepner & Massion
(directed by), 2002), may be related to a morecdbaspairment, i.e., a deficit in the
temporospatial processing of multi-sensory evemtorder to take into account all the
neuropsychological previous findings, we called sunthetic approack-Motion mis-
sight and other temporo-spatial processing disordens autism. According to this
approach,subjects with autism present different degrees ie&ldlity in processing
sensory events online and in producing real-times@g/-motor adjustments, motor
outputs and adequate verbal and nonverbal out@agrer et al., 2005) (see Figure 2).

Figure 2. Cascades of neurodevelopmental consequences of a temporal processing
deficit in autism (from Gepner, Lainé & Tardif, 2005)
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V- FROM TEMPOROSPATIAL PROCESSING [IMPAIRMENTS TO
FUNCTIONAL AND STRUCTURAL ABNORMALITIESOF THE BRAIN

(1) Functional abnor malities

We already proposed (Gepner & Massion (dir. byp220rardif et al., 2007) that these
temporospatial processing disorders may be relaedhe neurofunctional level, to a
deficit in temporal encoding of multi-sensory inputemporal couplingf sensory-motor
events, and temporal production of motor outputsyhich cerebellum is known to play
a crucial role (e.g., Johnson & Ebner, 2000). Tgyia go further, Welsh et al. (2005)
argued that disturbances in inferior olive struetwund in autism (e.g., Bailey et al.,
1998; Kemper & Bauman, 1993) and consequently ivoaterebellar pathways, would
disrupt the ability of inferior olive neurons todmne electrically synchronized and to
generate coherent rhythmic output, thus impairhng dbility of individuals with autism
to process rapid information, and therefore slowtngir overall cognitive processing
speed. Fitting very well with this assumption, iasvshown that subjects with ASD
exhibit slowed perceptual and cognitive processed s1s shifting or orientating spatial
attention (Courchesne et al.,, 1994b; Townsend et ¥99). Similarly it was
demonstrated that adults with Asperger syndromeentea delayed cortical activation
from occipital cortex to superior temporal sulcusferior parietal lobe and inferior
frontal lobe, when imitating still pictures of lfprms (Nishitani et al., 2004).

Following Welsh et al. (2005), we propose that dagensory information (rapid sensory
flows) would arrive too quickly to be processedline by the autistic brain, thus
disrupting simultaneous firing (synchronization) rdurons of a same assembly, which
would consequently disorganize, desynchronize arthydinformation processing.
Abnormal temporal synchronization of local neuradtworks within each sensory
modality would in turn produce anomalies of tempbiading between multiple sensory
modalities.

This view is also referred to themporal binding deficit hypothests autism proposed
by Brock et al. (2002) according which autistic iinduals would suffer a deficit in
synchronization of high frequency (30-100 Hz) gamactivity between distant neural
networks. In a recent study, however, and conttartheir own theoretical prediction,
individuals with autism showed an overaltreasedgamma-activity whilst identifying
the presence or absence of an illusory Kanizsaes{iqown et al., 2005).

We therefore propose that, according to the typestohuli they are exposed to,
individuals with autism would suffer neurdissynchronyi.e., either neural hypo- or de-
synchronization (e.g., for rapidly moving or chamgsensory stimuli) or neural hyper- or
over-synchronization (e.g., for local or static smy stimuli), that would be both
responsible for impaired attentional, perceptive/ancognitive acts in these patients.
For example, in some individuals with autism, aaloceural desynchronization within
visual and auditory pathways respectively woulduwaturingeveryday-lifefacial motion
and vocal sounds processing, resulting in diffiesltto extract a relevant information
from these relatively rapid sensory flows, and wowenerate a distant neural
desynchronization between these sensory pathwesgslting in difficulties to associate
these rapid visual and auditory cues into a coltietenfied and meaningful pattern. A
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variety of cognitive functions, such as percepgraluping, attention—dependent stimulus
selection and sensory-motor integration, which radlyninvolve oscillatory neuronal
responses in th@ andy-band (high frequency oscillations), have been shdow be
impaired in ASD (see Uhlhaas & Singer, 2006, foedaew). However, the same authors
claim for further studies to confirm and strengthieis new approach of autism and other
brain disorders and mental diseases.

Given that multiple areas and pathways have beemdfoor supposed to function
inadequately in subjects with ASD, and especiaflg wisual magnocellular system
(Gepner & Mestre, 2002a; Deruelle et al., 20049, dbrsal stream (Spencer et al., 2000;
Pellicano et al., 2005; Villalobos et al., 2005he cerebellum (Courchesne, 1997), the
mirror neuron system (Oberman et al., 2005; Daprettal., 2006)and the superior
temporal sulcus (Castelli et al., 2002; Gervaial£t2004) we suppose that in the general
context of visual and auditory processingnalti-system temporal dissynchro(tyypo-
and/or hyper-synchronization) within and/or betwede key neural networks and
pathways mentioned above may be a crucial neurbpsygical mechanism of ASD,
responsible for various attentional, perceptivenssey-motor, communicative and
cognitive impairments in this pathology.

Besides, given the equivalence between functionahnectivity and neural
synchronization (which can be considered as tenhpocanectivity), the spatial
counterpart of thismultisystem temporal dissynchrong therefore amultisystem
functional disconnectivityunder- and/or over-connectivity) within/betweerultiple
neurofunctional networks.

Functional under- or over-connectivity in the braih individuals with autism have
already been hypothesized (Brock et al., 2002; ¢msne & Pierce, 2005; Belmonte et
al., 2004). Studies using functional magnetic rasae imaging (fMRI) confirmed in the
last 8 years that functional connectivity (i.e.cippocal modulation and co-activation)
between cortical areas or between cortical andastibal areas is frequently impaired in
these disorders (Wickelgren, 2005; Minshew & Wit 2007; Geshwind & Levitt,
2007). For example, functional connectivity betwestructures has been shown to be
increased or reduced in individuals with ASD durhegt (increased in Kennedy et al.,
2006; reduced in Cherkassky et al., 2006) and duseveral cognitive tasks such as
facial processing (reduced in Hadjikhani et al.Q2@nd Pierce et al., 2004; reduced or
increased in Wicker et al., 2008), visuo-motor doaation (increased in Mizuno et al.,
2006 and Turner et al., 2006), theory of mind fiomihg (reduced in Castelli et al.,
2002), executive function (reduced in Just et @073, working memory (Koshino et al.,
2005), sentence comprehension (reduced in Judt, &084) and ‘thinking in pictures’
(reduced in Kana et al., 2006).

(2)  Structural abnormalities

Turning now to the structural abnormalities of tirain, the relatively rare post-mortem
studies of autistic brains have uncovered varidigsadions, such as i) reduced neuronal
size and increased cell packing density in the depmpus, amygdala, and anterior
cingulate gyrus (Bauman and Kemper, 1985), but aisthe neocortex (Bailey et al.,

1998), ii) reduced number of Purkinje cells in terebellum (Ritvo et al., 1986), iii)
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reduced complexity and extent of dendritic arbarpyramidal neurons of hippocampus
(Raymond et al., 1996). However, many observati@veal that the autistic brain in
childhood differ from that of the adult (Bauman akdmper, 2005). More recently,
studies of the amygdala showed an abnormal pattfegnowth with an overall decrease
number of neurons (Schumann & Amaral, 2006). Fnathinicolumns in brain from
patients with autism have been found to be moreenaus, smaller and less compact in
their cellular configuration in the frontal and teomal regions as compared with those of
controls (Casanova et al., 2002).

Anatomic neuroimagery in the last 20 years confadntbat several cortical and
subcortical areas can be impaired in persons wiD Aparticularly the frontal and
temporal cortices, cerebellum (Courchesne et &044a), hippocampus and amygdala
(Schumann et al., 2004), but also sometimes sitnigand thalamus (Haznedar et al.,
2006) and corpus callosum (Paul et al., 2007) &a#angelo & Tsatsanis, 2005 for a
review).

In adults, grey matter is reduced in various areasduding associative cortices,
hippocampus and amygddkag., Herbert et al., 2003; Petropoulos et al0g20but it can
also sometimes be increased in frontal and tempmaudices (Hazlett et al., 2006). A
study using proton magnetic resonance spectroscopaging revealed widespread
reductions in grey matter neuronal integrity andyafunction of cortical and cerebellar
glutamatergic neurons of subjects with ASD (De\4tal., 2007). Other studies reported
an overall enlargement of brain volume associatétth wmcreased subcortical white
matter in all lobes but particularly the frontab# (Herbert et al., 2003, 2004). And
abnormalities of the structural integrity of whiteatter with a decreased cellularity or
density were found in children (Friedman et al.0@0as well as in adults with ASD
(Keller et al., 2007). Moreover, MRI studies in yau children with ASD found a
transient brain overgrowth (between 2 and 4 yeadskalf), including grey and white
matter, followed or not by a retarded growth oraarest of growth (Courchesne et al.,
2001; Hazlett et al, 2005; Courchesne et al., 2003 review).

All these abnormalities suggest that the pathophygy of ASD involve many aspects of
CNS formation, such as reduced programmed celhd@pioptosis) and/or increased cell
proliferation, impaired cell migration with disrgat cortical and subcortical
cytoarchitectonics, abnormal cell differentiatiorittwreduced neuronal size, impaired
synaptogenesis (Bauman and Kemper, 2005), butaatsoglial and microglial activation
and neuroinflammation in both white and grey mafiargas et al., 2005).

VI- FROM CEREBRAL TO GENETIC ABNORMALITIES

Data from numerous epidemiological twin and fanskydies provide substantial
evidence that ASD are amongst the most heritabheptex brain disorders (Bacchelli
and Maestrini, 2006). In the last decade, over dd@fitional and/or functional candidate
genes for autism have been analyzed. Data fromea@home screens in multiplex
families strongly indicate that at least 10 geras] probably much more, interact to
cause autism (Risch et al., 1999). Cytogenetic @balities in individuals with autism
have been found in virtually every chromosome {@ilfy, 1998). But the identity and
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number of genes involved are not yet known: tharclievolvement of a specific single
gene has indeed not been conclusively identifiext¢Belli and Maestrini, 2006). What is
currently accepted is that ASD candidate genesdmpooducts known to play a role in
brain development and/or neurotransmission (Muhieale 2004), i.e., mutations
affecting genes implicated in neuronal and cortarginization, in synapse formation, in
synaptic transmission and neuromodulation have fimerd to be associated with ASD.

(1) Genesimplicated in neuronal and cortical organization

The protein Reelin, which is coded by a gene witadalizes to a site of chromosomal
translocation at 7¢g22, is potentially involved iaunonal migration (Fatemi, 2005) and
cortical layering during development (Forster et 2006), and alterations in this protein
can affect cortical and cerebellar development (Heh al., 2000). Mutations in the
RELN gene and impaired Reelin signaling in ASD @raitet al., 2005) are consistent
with the cell migration defects found in autism {Bg et al. 1998) and cerebellar
neuronal abnormalities which are among the moreistant findings in ASD (Bauman
& Kemper, 2005).

The neurotrophin family, including nerve growth tfac (NGF), brain-derived
neurotrophic factor (BDNF), neurotrophin-3 and m¢rophin-4 (Hallbook, 1999)
contains interesting candidates in the pathobioloiggSD. In fact their main functions
during neurodevelopment involve not only regulataincell proliferation and neuronal
migration, but also modulation of axonal and dei@mgrowth and synapse formation
(Huang & Reichardt, 2001), i.e., stages of neurettgpment that are strongly suspected
to be impaired in ASD (see below). Besides, ela&eels of BDNF have been found in
the blood of children with ASD (but also with mentatardation) in several studies
(Nelson et al., 2001; Miyazaki et al., 2004), antbaantibodies against BDNF were also
found in serum of children with ASD but also witther related or associated syndromes
(Connoly et al., 2006).

(2) Genesimplicated in synapse for mation

Neuroligins are cell adhesion molecules, localizest-synaptically at glutamatergic
synapses (NLGN1, NLGN3 and NLGN4X/Y) or GABAergignapses (NLGNZ2).
Mutations in the coding sequences of X-linked NLGh®l NLGN4 have been identified
in individuals with ASD and mental retardation (damet al., 2003; Laumonnier et al.,
2004). Although these mutations have not been fonrsgveral other studies (Vincent et
al., 2004; Gauthier et al., 2005) and probably @xpless than 1% of ASD (Persico &
Bourgeron, 2006), they shed light on the possihleial role of synapse abnormalities in
ASD: indeed, the post-synaptic expression of négird induces the formation of fully
functional presynaptic terminals in contacting axomoreover, the association of
NLGNs with scaffolding proteins is likely to regtéathe glutamate-GABA equilibrium
(Chih et al., 2005), which is impaired in the newabnetworks of 30-50% of patients
with ASD having clinical or infra-clinical epilepgffuchman & Rapin, 2002; Hughes &
Melyn, 2005).

Another geneSHANKS3 located in the 22q13 region, has been found tddbeted in two
brothers with ASD and delayed expressive speechrafiduet al., 2007). This gene
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regulates the structural organization of dendspmes (Boeckers et al., 2002) and is a
binding partner of neuroligins (Meyer et al., 2004)

Finally, performing the largest linkage scan in 8 I@milies with at least two individuals
affected by ASD, théutism Genome Project Consortium (2007) found thetbmosome
11p12-p13 and genes encoding neurexins (and partetNRXN1) were implicated.
Neurexins have been shown to induce postsynapfitereintiation in contacting
dendrites, while neuroligins induce presynapti¢edéntiation in glutamatergic synapses;
the neurexin-neuroligin complex is fundamentallyportant for glutamatergic as well as
GABAergic synaptogenesis (Graf et al., 2004; Vagaqx et al., 2006).

(3) Genesimplicated in neurotransmission and neuromodulation

First, several studies reveal that variants of gegmcoding neurotransmitter receptors
and transporters might be susceptibility factors neodulators of the behavioural
phenotype of ASD, but probably not sufficient oredi causes of ASD.

The most studied gene involved in neurotransmisssoritherefore SLC6A4, which
encodes the serotonin transporter (5-HTT). Whe@eask et al. (1997) found preferential
inheritance of a short promoter variant of SLC6A# affected individuals, others
reported that a long promoter variant of the 5-Hifansporter was inherited more
frequently by affected family members (Klauck et 4097; Yirmiya et al., 2001). But
these data are contradicted by reports of littlen@rassociation between ASD and the
serotonin transporter promoter variants (e.g., Maest al., 1999; Persico et al., 2000).
According to Persico & Bourgeron (2006), these dittory results are likely to be
compatible with a small effect of SLC6A4 gene vatsaon 5-HT blood levels and on
ASD status, with perhaps greater effects on thdicadrgray matter overgrowth
characterizing autistic children aged 2 to 4 yedds(Wassink et al., 2007). Besides an
interaction between SLC6A4 and ITGB3 (another cdat® gene in the serotonin
metabolic and neurotransmission pathway) has beandfto play a role in autism
aetiology and in determining serotonin levels, lng evidence for a common
mechanism underlying the association of platelepenserotoninemia with ASD
(Coutinho et al., 2007).

In this category of genes, several lines of evideslso strongly suggest the involvement
of glutamate receptors in the physiopathogeny dDABuhle et al., 2004). For example,
excessive glutamatergic activity is associated wathileptiform activity, which is
frequently associated with autism (Hussman, 20@Récently, increased levels of
glutamate have also been found in adults with au¢Shinohe et al., 2006).

A study using proton magnetic resonance spectrosdopaging revealed widespread
reductions in gray matter neuronal integrity andyafunction of cortical and cerebellar
glutamatergic neurons in subjects with ASD (DeViod al., 2007). Upregulated
expression of the glutamate transporter gene wpsrtesl in postmortem studies of
autistic brain tissue (Purcell et al., 2001). Ma& the ionotropic glutamate receptor 6
(GluR6) gene on chromosome 6q21 is significantgoamted with autism by Linkage
Disequilibrium and multipoint linkage analysis, amd surveyed autistic population
possessed a single amino acid substitution in GlwRB a higher frequency than a
control population (Jamain et al, 2002). Finallge tmetabotropic glutamate receptor
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GRMS8 in the chromosome 7q31-g33 autism suscepyibllbcus exhibits Linkage
Disequilibrium with autism (Serajee et al., 200B)e effects of these polymorphisms are
not well known but they raise the possibility tlséditerations in glutamate signaling are
associated with some forms of ASD.

Other lines of evidence support defects in the GARfc inhibitory system in ASD.
Given its role in inhibiting excitatory neural pathys and its expression in early
development (see below), it is not surprising ttitee GABA. receptor gene cluster
(which contains genes for 3 of the receptor’s sitstuABRB3 GABRA5andGABRG3

in chromosome 15q11-13) is implicated in ASD (eMgenold et al., 2001; Dykens et al.
2004).

In addition to the GABA receptor genes themselgeses involved in the differentiation
and migration of GABAergic neurons have also bessoaated with ASD. Mutations in
ARX (which encodes a transcription factor thougbtregulate the development of
GABAergic neurons in the basal ganglia and cortgiqcourt et al., 2006) can lead to
epilepsy, movement disorders, cortical malformatjomental retardation and autism
(Turner et al., 2002).

To summarize, deficiencies in GABA receptor expamssor function, but also
deficiencies in the differentiation and the migoatiof GABAergic neurons into the
cortex appear to be involved in ASD. These findiags consistent with the idea that
ASD can be caused by a reduced activity of GABAergathways, leading to
hyperexcitability in neural networks and disordergiltering out excessive stimuli from
environmental and intrinsic sources (Rubenstein &2énich, 2003; Hussman, 2001).

(4) Genesimplicated in voltage-gated ion channel

Recent studies reviewed by Krey & Dolmetsch (20§igwed that functional mutations
in genes encoding voltage-gated”Cehannels can lead to ASD. One of these studies
reports the Timothy syndrome, a new multisystemordisr including cardiac
abnormalities and autism, which is due to a reafyrde novoCACNALC calcium
channel mutation (Splawski et al., 2004), i.e., atation preventing voltage-dependent
channel inactivation and leading to prolonged irv@gt* currents.

Furthermore, mutations have been found in genesdamg other ion channels. These
include several point mutations IBCN1A and SCN2A which encode the voltage-
activated N& channels Nd.l1 and Nal.2 respectively, which are associated with
childhood epilepsy and autism (Weiss et al., 20a8)e of the mutations in SCN1A lies
in the calmodulin binding site of the channel aaduces its affinity for C&/calmodulin.
Finally, another study reports a decrease ifi-@etivated K channel (Bl activity due

to a disruption of the B&, gene KCNMAYJ) in one subject with ASD (Laumonnier et al.,
2006). The reported decrease in &Kchannel activity, together with the reduced
inactivation of voltage-gated &achannels in autistic patients suggests that sammasf

of ASD are related to abnormally sustained increadentracellular C# levels (Krey &
Dolmetsch, 2007).
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VII- FROM GENETIC TO BEHAVIOURAL ABNORMALITIES: A SYNTHESIS

In this paragraph, we wish to synthesize and summéne large body of data presented
above in a plausible step-by-step scenario linkjjege abnormalities to behavioural
impairments in ASD.

Most of the gene abnormalities reviewed above impgmaptogenesis (neuroligins,
neurexins, Shank3) and neurotransmission (serotcemsporter, receptors of GABA and
glutamate, voltage-gated ion channels), i.e., tbatact and functional interaction
between neurons. Even abnormalities of genes iedolin neuronal migration or
differentiation, by their consequences on the cactbn of neural networks, impact
communication and temporospatial binding betweemrores (e.g., Belmonte &
Bourgeron, 2006; Welsh et al., 2005). In particulaccording to Rubenstein &
Merzenich (2003), cortical networks in ASD may Heamacterized by an imbalance
between excitation and inhibition due to abnorrediin GABAergic and glutamatergic
transmitter systems, which lead to hyperexcitgbditd unstable cortical networks.
These abnormalities affecting neurotransmissiorectly account for the disorders
occurring in functional connectivity (under- and/@wver-connectivity) and neural
synchronization (hypo- and/or hyper-synchronizgtibetween cortical, cerebellar and
subcortical territories seen in ASD (see abovept tivas calledthe multisystem
disconnectivityand dissynchrony (MDD) hypothesi$ ASD (Gepner & Tardif, 2006;
Tardif et al., 2007).

Given that when a group of neurons cannot fire Baneously (i.e., become electrically
synchronized), it cannot generate a coherent rhigtotput, thus impairing its ability to
process informatioronline (see e.g., the case of neurons in inferior olimel &he
olivocerebellar pathway, Welsh et al., 2005) andi@aarly rapid information, it is not
surprising that thi®/DD results in abnormalities in perceiving and intéiggrapid and
transient sensory events (Gepner & Mestre, 2002mh as rapid physical movements
(Gepner & Mestre, 2002a), rapid facial movementar dif et al., 2007) and rapid speech
flow (Tardif et al., 2002) in some people with ASBailing to process rapid sensory
events would consequently explain their difficidt@nd peculiarities to process, imitate,
understand and produce emotional and verbal evantsme and interact adequately
with the physical and human world (Gepner et &0% Gepner & Tardif, 2006; Gepner,
2006; Lainé et al., in press). All in all, tfi#DD would be responsible for impaired and
peculiar attentional, perceptive and/or cognitivetsain subjects with ASD, and
particularly for their slowed down perceptual amgjmitive processes (Courchesne et al.,
1994b; Townsend et al., 1999). Slowing down visaad auditory events of the
environment of persons with ASD could enhance tipgrformance in recognition,
comprehension and imitation of emotional facial resgions, language and gestures
(Tardif et al., 2007 ; Lainé et al., 2008 ; Lairtéak, in press), and might therefore open
new perspectives for rehabilitating these persons.



22

VII- PERSPECTIVES

Our global approach of ASD, aimed at understandireglinks between behaviours and
their underlying neurobiological bases, revealg thgairments at the level of human

communication and interaction, which constitute ¢tbee of autism, are correlated with

disorders at the level of neuronal communicatiod iateraction. We propose to name it
a “neuronal to human communication disorders” apgpincof ASD.

Much work is necessary to further investigate theseironal communication and

interaction disorders, at cellular and molecularels. As far as we are concerned, we
collaborate with a neurobiologist, Francois Féromg a research program (granted by
Fondation de France) aimed at studying the genantt proteomic (and if possible

functional) properties of stem cells-derived negtcextracted from olfactory mucosa of
adults with ASD and normal control adults. An elephysiological analysis of these

stem cell-derived neurons (if possible), combinethwyenomic and proteomic analyses
of the same neurons, should provide new insightstime physiopathology of ASD and

may uncover novel therapeutic strategies.
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