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Abstract 
In this paper we draw the first lines of a novel gene-to-behaviour approach to Autism 
Spectrum Disorders (ASD). This approach is presented from behaviours and upstream to 
genes. We first present again our threefold -clinical, experimental and theoretical- 
approach to autism, the so-called E-Motion mis-sight and other temporospatial 
processing disorders. According to our view, subjects with ASD present from the 
beginning of their life different degrees of disability in processing sensory events online 
and in producing real-time sensory-motor adjustments and motor outputs. The 
environmental world is changing too fast to be processed on time by the autistic brain, 
leading to the primary communicative, cognitive and imitative disorders of persons with 
ASD, and to their secondary adaptive and compensatory strategies. Confirming this view, 
we present several results demonstrating that slowing down visual and auditory flows 
around individuals with ASD enhances their performance in imitation, verbal 
comprehension and facial expression recognition. Then we show that these 
temporospatial processing disorders are based on multisystem dissynchrony and 
disconnectivity (MDD), i.e., disorders in neuronal synchronization (hypo- and/or 
hypersynchronization) and functional connectivity (over- and/or under-connectivity) 
between multiple neurofunctional territories and pathways. We show that MDD is based 
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itself on structural and functional abnormalities of the brain, and we finally relate these 
neuronal and synaptic abnormalities to their genetic counterparts. 
 
Keywords: Autism spectrum disorders; motion; emotion; perception; speed; temporal 
processing; slowing down; rehabilitation; imitation; synchronization; connectivity; 
neuron; synapse; genes. 
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I-INTRODUCTION 
 
Autism and other related autism spectrum disorders (ASD) are known as behavioural 
syndromes including verbal, nonverbal and social impairments, and restricted or 
stereotyped interests and activities, with early onset (before 30 months) (WHO, 1992; 
APA, 2000), and long-lasting handicapping social and cognitive consequences. It is also 
widely accepted that these disorders altogether have a prevalence of about 0.6 % 
(Fombonne, 2002), and therefore constitute a major public health problem all over the 
world. 
Although there is an international consensus for considering these syndromes as 
phenotypic expressions of impairments affecting CNS development, numerous questions 
concerning etiopathology and physiopathology of these affections are still unsolved, and 
their treatment remain consequently disappointing because unspecific (e.g., Volkmar & 
Pauls, 2003; Tardif & Gepner, 2003). 
ASD remain enigmatic for numerous reasons, some of which are briefly summarized 
here: there is not One Autism, but a constellation of complex and fairly heterogeneous 
autistic spectrum disorders (Rapin, 2002), along a continuum of autistic disorders 
(Grandin, 1995). There is not One Cause of autistic disorders, but a multiplicity of 
genetic, epigenetic and environmental (ante-, per- and post-natal) risk factors affecting 
one or several stages of neurodevelopment (e.g., Gepner & Soulayrol, 1994; Persico & 
Bourgeron, 2006). There is not One Mechanism of ASD, but numerous 
physiopathological mechanisms involving different stages of CNS organization and 
integration (neurobiological, neurophysiologic and neuropsychological) and affecting 
numerous interconnected neurofunctional systems, territories and pathways (e.g., Gepner, 
2001; Waterhouse et al., 1996). There is not One isolated autistic disorder among normal 
conditions, but there are various neurodevelopmental disorders associated with autism 
(mental retardation, epilepsy), as well as various clinical and neuropsychological overlaps 
between autism and other neurodevelopmental disorders, such as attention deficit 
with/without hyperactivity, language learning impairments – dysphasia, dyslexia - and 
obsessive compulsive disorders (e.g., Volkmar & Pauls, 2003 ; Tardif & Gepner, 2003). 
Finally, there is not One psychological profile typical of autism, there are various 
psychological reactions (depression, anxiety, distress…) which influence the personality 
and behaviour of individuals with ASD in one or another direction (Gepner & Tardif, 
2006; Gepner, 2006).  
New advances in the comprehension and treatment of these complex diseases are likely 
to emerge from a deeper investigation of each level of CNS organization (i.e., genetics 
and epigenetics, neurobiology, neurophysiology, neuropsychology), but also undoubtedly 
from interactions between these several levels.   
In the present paper, we confront and combine data from various fields, i.e., genetics, 
neuropathology, neurophysiology, neuroimagery and cognitive neuroscience, in order to 
propose a developmental scenario linking genes to behaviour in ASD. The aim of this 
article is describe some maldevelopmental cascades connecting gene disorders to their 
clinical consequences in ASD. However, we will describe these maldevelopmental 
cascades from observable behaviours, and upstream to their genetic counterparts. 
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II-BIRTH OF A NEW CONCEPT: E-MOTION MIS-SIGHT IN AUTISM 
 
Several arguments coming from (1) clinical observations, (2) developmental 
psychopathology, (3) self-reports from adults with high-functioning autism, (4) adult 
neuropsychology, and (5) experimental cognitive neuropsychology, lead us to suppose 
that at least some individuals with autism may suffer visual-motion processing disorders 
affecting attention to visual-motion, motion perception and/or visuo-motor integration of 
motion. This visual-motion integration disorder was named E-Motion mis-sight (Gepner, 
Lainé & Tardif, 2005; Gepner & Tardif, 2006).  
 
 (1) Clinical observations 
When we meet a person with autism for the first time, we are generally fascinated and/or 
disturbed by the frequent contrast between the physical presence and psychical absence 
of this person. When we observe this person carefully, we rapidly discover that the 
‘autistic world’ in which this person lives and moves in is obviously different from our 
world.  
What ever our grid of interpretation is, we promptly think that this person with autism 
processes and interprets the world differently than we do. People exhibiting so peculiar 
manners and behaviours cannot be like us.  
Similarly, with some adults having an Asperger syndrome, or with some parents of 
individuals with autism, we feel subtle differences between them and us in the field of 
facial speech, ‘eye speech’, empathy, emotional expression or social contact. 
But how do we differ? Who are the autistic persons, how do they function? Since Kanner 
(1943), this question is still passionately discussed. As a matter of fact, in the first 
description of eleven children with autistic disorders, Kanner observed in almost all of 
them several behavioural peculiarities that are directly or indirectly related to movement 
processing (perception and integration of movement, or action), consisting in processing 
impairments of their surrounding dynamic or static physical and human world, e.g., gaze 
and face avoidance ; attraction or aversion for moving, spinning and rolling objects ; 
attraction for details of objects, static forms, puzzles; motor clumsiness, awkwardness; 
sensory-motor disorders (e.g., oculomanual, oculomotor or imitative disorders) ; manual, 
gestural and postural stereotypes... 
All of these symptoms plead for a possible dissociation between movement and static 
vision in children with autism, with a deficit in movement vision and an excess of static 
vision (Gepner, 2001, for a review), as well as for a sensory-motor decoupling (Gepner & 
Mestre, 2002a). It should be noted that forty years ago, Ornitz & Ritvo (1968) have 
already examined precisely the autistic perceptual inconstancy and suggested the 
existence of a deficit in sensory-motor integration, i.e., reciprocal modulation between 
sensory inputs and motor outputs. 
 
(2) Developmental psychopathology 
Given that physical and biological movement is ubiquitous from birth, and that it is 
crucial for the development of motor imagery, posture, gait and motor activity, as well as 
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for that of imitation, and verbal and emotional interactions (Gepner, 1997, 2001 for 
review), it is not difficult to imagine the various possible drastic developmental 
consequences of early motion processing disorders in a baby. 
Since two decades, several studies using family home movies identified numerous early 
signs of autism in babies aged 0 to 24 months, in various aspects of development, i.e. 
perception (visual, auditory, proprioceptive) and sensory-motor behaviours, verbal and 
non verbal communication, and socialization (Sauvage, 1988). Below, we describe early 
signs of autism that can be related to a possible deficit in visual-motion perception and/or 
visuo-motor integration. These early signs are sometimes very subtle, and are not 
observed in babies who exhibit signs of an autistic syndrome after a period of normal or 
quasi-normal development (e.g., a desintegrative disorder). 
In the first weeks of life, autistic babies may exhibit anomalies of gaze contact and ocular 
pursuit of moving objects or persons. Around 3 months of life, autistic babies may 
present a deficit in attention to familiar persons, and poor facial expressions. Around 6 
months, visual contact disorders such as « empty gaze », squint, impression of blindness 
may remain. At the same time, babies may exhibit atypical interests for their hands, 
details of objects, static forms, and a lack of interest for moving games and objects. 
Between 6 and 12 months of life, autistic babies may be impaired in imitating facial 
expressions, and present a lack of interest for people; they generally withdraw from social 
interaction; simultaneously, they exhibit new self-stimulating sensory and sensory-motor 
behaviours, like fingers and hand flapping in front of their eyes. In the second year, 
autistic children may present a lack of visual attention (with a peripheric gaze) and joint 
attention, and peculiar interests for light sources, reflected lights, shadows, wind in 
trees…(Sauvage, 1988). 
In the domain of motor development, autistic babies may present disturbances in some or 
all of the milestones of development, including lying, righting, sitting, crawling and 
walking (Teitelbaum et al., 1998). Besides, they frequently exhibit postural adjustments 
disorders, a lack or a delay in anticipating attitudes, as well as in oculo-manual 
coordination, a lack of exploration of their environment , and stereotyped behaviours like 
swinging, rocking, swaying (Sauvage, 1988 ; Leary and Hill, 1996 for a review). 
To summarize, the first signs of autism concern especially (but not only) visual 
development, and consist in dissociation between movement vision (that is poor, 
deficient, aversive) and static vision (that is normal or rather overdeveloped, with a visual 
attraction for details), as also found later in children and adults with high-functioning 
autism and Asperger syndrome (see Frith, 1989 ; Happé, 1999 ; Mottron, 2004). 
Secondly, whereas autistic babies present a developmental delay in several domains (that 
we could name the ‘negative signs of autism’), they also exhibit atypical self-stimulating 
visual and visuo-motor behaviours, i.e., a deviant developmental trajectory (that we could 
name the ‘productive signs of autism’), some of which probably have an adaptive and/or 
compensatory value. Third, it is possible to consider the progression of autistic symptoms 
during childhood as successive maldevelopmental cascades, in which impairment of 
visual behaviours secondarily impair visuo-motor development, as well as 
communicative and social interactions between an autistic child and his human and 
physical environment (Gepner, 2001 ; 2004 ; 2005 ; see also Figure 1 below). Finally, it 
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is worth noting that all the autistic symptoms related to audition, which also widely 
contribute to language developmental disorders in autism, are lacking in this description 
of early signs of autism. We consider these elements below (see § IV and Figure 2). 
 
(3) Self-reports from adults with autism  
Some adults with high-functioning autism (HFA) gave us important testimonies about 
their sensory world, some of which are directly related to their difficulties with 
movement processing and speed of changes, and compensatory strategies of their sensory 
limitations. 
For example, Donna Williams, a well-known adult with HFA wrote: “The constant 
change of most things never seemed to give me any chance to prepare myself for them. 
Because of this I found pleasure and comfort in doing the same things over and over 
again. I always loved the saying, ‘Stop the world, I want to get off’. Perhaps I’d been 
caught up in the spots and the stars at a time when other children kept developing and so 
I had been left behind. The stress of trying to catch up and keep up often became too 
much, and I found myself trying to slow everything down and take some time out... One of 
the ways of making things seem to slow down was to blink or to turn the lights on and off 
really fast. If you blinked really fast, people behaved like in old frame-by-frame movies, 
like the effect of strobe lights without the control being taken out of your hands” 
(Williams, 1992, p. 39-40). 
The main point for our purpose is the difficulty Donna felt in handling the constant 
change of most things and her behavioural strategies to slow down these things in order 
to prepare herself for them and catch them. 
Temple Grandin, another famous adult with Asperger syndrome wrote: “Minor sensory 
processing deficits heightened my attraction to certain stimulation (e.g. airport’s doors), 
whereas a greater sensory processing defect might cause another child to fear and avoid 
the same stimulus. Some of the problems autistics have with making eye contact may be 
nothing more than intolerance for the movement of the other person’s eyes. One autistic 
person reported that looking at people’s eyes was difficult because the eyes did not stay 
still (…) Distorted visual images may possibly explain why some children with autism 
favor peripheral vision. They may receive more reliable information when they look out 
of the corners of their eyes. One autistic person reported that he saw better from the side 
and that he didn’t see things if he looked straight at them” (Grandin, 1995, p. 73-75). As 
a spokeswoman for people with autism, Temple Grandin emphasizes peculiar visual 
behaviours of individuals with autism as a continuum between aversion and attraction for 
movement, according to the degree of sensory processing defect. 
 
(4) Adult neuropsychology 
Zihl, von Cramon and Mai (1983) reported the case of a woman aged 43 who suffered 
bilateral cerebral lesions affecting the lateral temporo-occipital cortex and the underlying 
white matter, which selectively affected her movement vision. The authors report that 
« The visual disorder complained of by the patient was a loss of movement vision in all 
three dimensions. She had difficulty, for example, in pouring tea or coffee into a cup 
because the fluid appeared to be frozen, like a glacier. In addition, she could not stop 
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pouring at the right time since she was unable to perceive the movement in the cup when 
the fluid rose. Furthermore the patient complained of difficulties in following a dialogue 
because she could not see the movements of the face, and especially the mouth of the 
speaker. In a room where more than two other people were walking she felt very insecure 
and unwell, and usually left the room immediately, because ‘people were suddenly here 
or there but I have not seen them moving’. The patient experienced the same problem but 
to an even more marked extent in crowded streets or places, which she therefore avoided 
as much as possible. She could not cross the street because of her inability to judge the 
speed of a car. ‘When I’m looking at the car first, it seems far away. But then, when I 
want to cross the road, suddenly the car is very near’. She gradually learned to 
‘estimate’ the distance of moving vehicles by the means of the sound becoming louder ».  
This case study lets us measure the extremely important impact of a selective disturbance 
of movement vision affecting a young – previously normal - woman on her perceptual, 
sensory-motor, communicative and social behaviours. Because of her sensory 
impairments, she started to avoid physical and social events, to live isolated. It is already 
possible, on the basis of this study case, to imagine the various developmental 
consequences of a visual-motion processing disorder affecting a baby from the very 
beginning of its life. 
 
(5) Experimental cognitive neuropsychology 
Since human face is the primary and most powerful source of information mediating 
emotional and verbal communication as well as social interaction, it is not surprising that 
face processing has often and regularly been studied in the autistic population for the past 
twenty-five years (Dawson et al., 2005, for a review). Indeed, a growing body of data 
demonstrated that individuals with ASD generally process various aspects of faces in a 
different way than typically developing and/or mentally retarded control subjects. 
Peculiarities have been shown in the processing of facial identity (Langdell, 1978; Davies 
et al., 1994; Deruelle et al.; 2004) and emotional facial expression (Hobson et al., 1988), 
in lip-reading (de Gelder et al., 1991) and eye direction detection or interpretation 
(Gepner et al., 1996; Baron-Cohen et al., 1995). Studies using fMRI confirmed facial 
processing peculiarities in subjects with ASD (Critchley et al., 2000; Schultz et al., 2000; 
Hadjikhani et al., 2004; Pierce et al., 2004). 
Following this line of neuropsychological exploration, an important question was to 
know whether each aspect of face processing is impaired separately, or based on more 
general and basic impairments affecting the processing of environmental physical and/or 
social world. In order to answer to this question, a study assessing various aspects of face 
processing (identity, emotional expressions, eye direction detection and lip-reading) was 
conducted by our group in young children and adolescents with autism. This study 
revealed that autistic subjects were particularly impaired in whole face processing, visuo-
auditory association (as already shown with simple visuo-auditory stimuli by Martineau 
et al., 1992) and in processing the facial dynamics, i.e., lips’ movements, eyes’ 
movements and emotional facial expressions (Gepner et al., 1996). These results 
suggested that difficulties of children with autism in processing faces were neither related 
to impairments in recognizing facial identity per se, nor to impairments in recognizing 
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emotional aspects of faces per se, but rather to anomalies in processing facial 
movements.  
To conclude, all the arguments reviewed in this paragraph pushed us to investigate 
directly how subjects with ASD process visual movements, physical movements as well 
as biological (and particularly emotional) ones. 
 
III. PREVIOUS AND RECENT WORKS ON PHYSICAL AND BIOLOGICAL 
MOTION PROCESSING 
 
In this paragraph, we review available data related to physical and biological movements 
processing disorders in subjects with ASD, and we propose a first synthetic 
neuropsychological view of autism called E-Motion mis-sight. 
 
(1) Physical movements processing 
As Milne et al. (2005) said, our group was the first to assess directly visual-motion 
processing in children with ASD. In this first study, Gepner, Mestre, Masson & de 
Schonen (1995) explored postural reactivity to visually perceived environmental 
movements in children with autism and normal control children.  
Vision is known to be an important source of information used in postural control. One of 
the most relevant hypotheses in this context is the ‘ex-proprioceptive’ role of optic flow 
(Lee & Aronson, 1974). Since the body’s displacements generate a global motion of the 
visual scene (i.e., an optic flow) across the retina, and this optical flow specifies the 
kinematic properties of the ongoing movements, Gibson (1979) established that these 
optical flow fields due to ego-motion serve to regulate and control a subject’s self-
orientation. It has been clearly demonstrated thirty years ago that humans make postural 
readjustments in response to an optical flow (Lee & Aronson, 1974). A number of studies 
have shown that young infants react posturally to movements in their visual environment 
as soon as they are able to stand unaided (Butterworth & Hicks, 1977), and even earlier 
(Jouen, 1988), confirming that visual proprioception plays a major role in the control of 
stance. 
Since children with autism have sometimes very poor verbal and/or motor performance, 
it was necessary to explore their visual-motion processing with a reflex-like paradigm, 
requiring neither voluntary verbal nor motor answers: it is why we used postural 
reactivity to motion vision. Results of our first study revealed that, contrary to normal 
control children, children with autism have a very poor postural reactivity to this kind of 
environmental movements (Gepner et al., 1995). This weak visuo-postural coupling in 
autistic children may account for their motor disturbances (poor motor control, poor 
motor imitation, motor clumsiness…), and is a good example of perception-action 
coupling disorder in this population. 
In a replication and extension study, we showed that postural reactivity of children with 
autism was particularly poor when speed of movement was high (slow movements 
inducing a small postural reactivity), whereas children with Asperger syndrome (the 
mildest autistic spectrum disorder) were reacting normally, and even maybe overreacting, 
to the same kind of stimuli. In other terms, visuo-postural coupling is deficient in children 
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with autism, and conversely, children with Asperger rather exhibit a visuo-postural over-
coupling. Thus, visuo-postural coupling (and more generally, sensory-motor coupling) 
may be a good neuropsychological marker of autism, and possibly a good predictor of the 
severity of ASD (Gepner & Mestre, 2002a). Besides, the question of speed of movement 
was raised with this latter study. 
Indeed, speed of movement seems to be critical for children with ASD. Gepner (1997) 
showed that children with autism are impaired in the perception of moving small squares 
in central vision, and that their performance is all the less so as speed of moving points is 
high and direction is complex (i.e., less foreseeable).  
As far as direction of movement is concerned, Bertone et al. (2003) also showed that 
high-functioning subjects with autism exhibit a deficit in the perception of second order 
radial, translational and rotational direction of movement. 
Other works by Spencer et al. (2000) and Milne et al. (2002) showed that, when 
presented with a random dot kinematogram animated by lateral displacements, children 
with autism need higher motion coherence to detect movement than normal control 
children, i.e., they overall show less optokinetic nystagmus (OKN) then their controls. 
Mestre et al. (2002), using the same motion coherence paradigm but with a video-
oculographic measure of OKN, showed that children with autism present particularly 
higher motion coherence thresholds than normal control children when speed of motion is 
high, thus confirming a rapid visual-motion integration deficit in autism. A reasonable 
interpretation of these results is a lack of spatio-temporal integration of singular points in 
a global coherent motion (a form of central coherence deficiency). These results are 
interpreted by all these authors as an argument of a dorsal stream deficiency, an 
interpretation being also confirmed by Pellicano et al. (2005). 
Interesting finding on pursuit eye movements deficits in HFA children (Takarae et al., 
2004) is also to be reported, which suggests a disturbance in the extrastriate areas that 
extract motion information, or in the transfer of visual motion information to the sensory-
motor areas that transform visual information into appropriate oculomotor commands.  
 
(2) Biological motion processing 
Our group was also the first to introduce a new paradigm, i.e., facial motion, in order to 
further investigate and reinterpret the vast literature on facial processing in autism. 
Indeed, we showed that children with autism, comparatively to normally developing 
children, have relatively good performance in emotional and non emotional facial 
recognition tasks when facial expressions are displayed slowly on video (Gepner, 
Deruelle and Grynfeltt, 2001). We thus argued that children with ASD are impaired in 
rapid facial movements processing, and that this impairment could secondarily explain 
gaze avoidance and poor performance in emotional and non-emotional facial processing 
in these children (Gepner, 2004). 
In a replication and extension study, Tardif et al. (2007) demonstrated that children with 
autism recognize significantly more emotional and non-emotional facial expressions and 
exhibit more facial-vocal imitation when facial expressions and their corresponding vocal 
sounds are slowed down naturally or artificially than when they are displayed at normal 
speed or statically. Based on these results, our group created an original software aimed 
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at slowing down simultaneously visual and auditory signals of the environment in order 
to facilitate cognitive and imitative abilities in autistic children. Our first study using this 
software shows that slowing down the presentation of facial and body gestures enhances 
voluntary imitation in children with ASD (Lainé et al., in press). Similarly, the same 
children with ASD understand better simple and complex sentences when the visual and 
auditory presentations of these sentences are slowed down (Lainé et al., 2008). Therefore, 
slowing down the speed of facial and vocal events enhances imitative, verbal and 
cognitive abilities of some children with autism, generally those having the lower verbal 
level and the more severe autistic syndrome. Given that deviant and/or delayed imitation 
has been very well documented in individuals with autism for more than thirty years (see 
Smith & Bryson, 1994 and Williams et al., 2004, for reviews), even from the very 
beginning of their life (Zwaigenbaum et al., 2005), and particularly in the domain of 
facial expressions’ imitation (e.g., Hertzig et al., 1989; Loveland et al., 1994; Rogers et 
al., 2003), these studies suggest the existence of a key-link between visual-motion 
processing disorders and deficits of imitation in autism, and are of particular interest in 
the perspective of rehabilitating imitation deficits in this population (Gepner, 2001, 2005; 
Gepner et al., 2005). 
Blake et al. (2003) also showed that children with autism are impaired in the recognition 
of human movements (e.g., walking, running or jumping) displayed through animated 
lighting points, and that their performance was correlated to the severity of their autistic 
syndrome. Finally, at the intersection of physical and biological motion processing, 
Castelli et al. (2002) showed in a TEP study that adults with high-functioning autism or 
Asperger syndrome have a hypoactivation of median prefrontal cortex and superior 
temporal sulcus (STS) when they have to attribute mental states to animated shapes, and 
a diminution of connectivity between extrastriatal cortex and STS. 
 
(3) First synthesis 
All these studies confirm that subjects with ASD have visual-motion perception and 
integration disorders, that we have named previously motion mis-sight in autism (Gepner, 
2001). 
In particular, Gepner & Mestre (2002b) reached the conclusion that children with autism 
have a rapid visual-motion integration deficit. According to this hypothesis, some autistic 
individuals having major movement processing disorders early in their life avoid rapid 
physical and biological movements (considered as aversive stimuli), thus disrupting 
secondarily social interaction. Some of these individuals, or some autistic persons having 
minor motion processing disorders, will search for, habituate themselves to, and learn to 
handle and cope with such kind of stimuli. To summarize, rapid visual-motion processing 
deficit constitutes a core neuropsychological marker of autism and secondarily accounts 
for the deficit in social interaction (Gepner & Mestre, 2002b; Gepner, 2004). 
In order to integrate the various developmental consequences (maldevelopmental 
cascades) of this disorder, we proposed to name it E-Motion mis-sight (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) 

 
At the neurobiological level, the physiopathology of ASD most probably involves the 
following pathways: i) the visual magnocellular system which conveys information on 
movement (optic flow), global form and low spatial frequency from retina to lateral 
geniculate nucleus and prestriate cortex (Livingstone & Hubel, 1988); ii) the dorsal 
stream, which receives information from magnocellular system and distributes them from 
prestriate cortex to temporal, parietal, prefrontal and frontal cortices, as well as to 
cerebellum and to thalamic mesencephalic and pontic structures (Boisacq-Schepens & 
Crommelinck, 1994). Among these connections, prestriate-cerebellar pathways are 
crucial since cerebellum plays a major role in speed and temporal coding of multisensory 
inputs (Johnson & Ebner, 2000) and has been found hypo- and/or hyperplastic in autism 
(Courchesne et al., 1994a), which supposes hypo- and/or hyperconnectivity according to 
a neuromimetic model (Cohen, 1994). In the same line, it was found that a specific 
damage of the cerebellar vermian lobules VI and VII is responsible for a deficit in the 
accuracy of ocular saccades (Lewis and Zee, 1993), and thus may negatively impact 
visual-motion integration. Also important are the connections between prestriate cortex 
and superior temporal sulcus (STS), since STS is known for its role in biological motion 
processing (Allison et al., 2000); iii) finally, the cerebello-premotor-motor cortices loops, 
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which are responsible with basal ganglia for real-time fine-tuning of motor outputs (Ito, 
1984; Doya, 2000), and the projections from cerebellum to prefrontal, parietal and 
temporal cortices which are responsible for motor and cognitive learning (Middleton & 
Strick, 2000). 
This neurophysiological view of ASD takes into account the complexity of CNS 
connectivity as well as a vast majority of neurological and anatomic disorders found in 
ASD; this view may also bring interpretation guidelines for future research. 
 
IV. OTHER TEMPOROSPATIAL PROCESSING DISORDERS IN AUTISM 
 
Even though E-Motion mis-sight may account for some of the major sensory-motor, 
behavioural and communicative disorders presented by children with ASD, it is however 
unable to explain autistic symptoms occurring in other sensory modalities (e.g. auditory 
or proprioceptive ones). A crucial question coming next was thus to know whether this 
visual-motion integration deficit reflects, or results from, a more primary and pervasive 
neuropsychological deficit. A plausible candidate-deficit concerns temporospatial 
processing in various sensory modalities. 
 
(1) Other arguments for temporospatial processing disorders in autism 
In order to explore the effectiveness of a temporospatial processing deficit in autism in 
other sensory modalities, we tested, within a same group of 22 children and adolescents 
with ASD, the ability to extract a relevant information among a noisy stimulus on line, 
through three types of tasks : a) oculomotor reactivity to visual-motion of a coherent 
pattern of lighting points, via the measurement of optokinetic nystagmus, b) speech flow 
perception and segmentation through categorization of simple and complex phonemes, 
and c) proprioception and motor anticipation in a bimanual load lifting task, through 
electromyographic and kinematic index. Results of this study were as follows (Gepner & 
Massion (directed by), 2002). 
As already mentioned above (see Mestre et al., 2002), the group of subjects with ASD 
showed very weak oculomotor reactivity (i.e., a reduced occurrence of slow phase 
tracking eye movements) to visual-motion of a coherent pattern (especially for high 
motion velocities), and higher motion coherence thresholds (i.e., the necessity of higher 
percentage of points going in a direction out of the whole points, for inducing OKN) as 
compared to normal children of the same mean age, as already shown previously 
(Spencer et al., 2000 ; Milne et al., 2002). This deficit, which supposes a defect in rapid 
temporal analysis of visual motion stimuli embedded in noise, is a strong argument for a 
degraded temporo-spatial integration in the visual modality.  
Secondly, the same group of autistic subjects showed a deficit in speech phoneme 
categorization. Indeed, compared to normal children who categorize an ambiguous 
phoneme such as MNA (made of an algorithmic superimposition of MA and NA) in a 
MA or a NA response randomly, autistic children over-categorize MNA in a NA 
response. This deviant over-categorization specifically appears in autistic subjects when 
speech phonemes are displayed at normal speed, whereas their phoneme category 
perception is normalized when phonemes are slowed down 2 times. This phoneme 
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categorization deficit may partly be due to a difficulty in processing rapid speech flow, 
and thus to a temporal integration deficit in the auditory modality (Tardif et al., 2002). A 
similar temporal processing deficit has been found in children with language-learning 
impairments (Tallal, 1976); it has been related to a deficit in visual magnocellular system 
(Talcott et al., 2000) and/or auditory magnocellular system (Stein, 2001), and has also 
been found to be ameliorated by slowing down the speech flow (Tallal et al., 1996; Habib 
et al., 1999). As already said, autism and language learning impairments very probably 
share common physiopathologic mechanisms and neurofunctional pathways (Gepner & 
Mestre, 2002b). From a neurophysiological point of view, since superior temporal sulcus 
is involved not only in facial movement processing (Allison et al., 2000), but also in 
voice processing (Belin et al., 2000), and that it was found hypoactivated in adults with 
HFA in response to vocal sounds (Gervais et al., 2004), this region is of strong interest in 
the pathophysiology of ASD.  
Finally, it also appeared that a subgroup of the same autistic subjects present a deficit in 
motor anticipation in a bimanual load-lifting task (Schmitz et al., 2002), a result 
confirmed by another study (Schmitz et al., 2003). This task requires the rapid processing 
of proprioceptive inputs, the correct use of an internal representation, and the precise 
timing adjustment of the muscular events. Compared to control children who use a feed-
forward mode of control to stabilize their forearm while lifting an object placed on it 
autistic children mostly use a feedback mode of control, which results in slowing down 
their movement. In other words, autistic children are reacting instead of predicting. This 
deficit of accurate timing of anticipatory control could partly result from an impaired 
processing of proprioceptive inputs at least during the learning phase of the task, and thus 
from a temporospatial integration deficit in the proprioceptive modality. In this context 
also, impairments in the structure and/or function of cerebellum, which is crucial for 
temporal processing of sensory inputs and motor outputs (Massion, 1993), plays a major 
role  
According to these three series of results, subjects with ASD have deficiencies in the 
temporal processing of visual, auditory and proprioceptive stimuli on line (Gepner and 
Massion (directed by), 2002). Altogether, these results suggest that subjects with ASD 
have a deficit in the temporospatial processing of sensory inflow which is necessary to 
detect and integrate visual motion, code and parse language and program postural 
adjustments. To summarize, the world is changing too fast for at least some autistic 
persons, particularly those having the more severe autistic syndrome. This view could 
account for the sensory and social avoidance of autistic subjects (when sensory inflow 
induces aversion), for the desynchronization and discontinuity in their perception-action 
coupling and sensory-motor tuning, as well as for their mis-understanding of, and 
disorders in their action and interaction with, the physical and human world.  
In conclusion, our temporospatial processing disorder hypothesis of autism has the strong 
advantage to account for the vast majority of developmental disorders seen in ASD, and 
to be compatible with the major contemporary theories of autism, such as the weak 
central coherence theory, the deficit of theory of mind, and the theories of imitation 
deficit and executive dysfunction. 
 



 

 

14 

(2) Second synthesis: E-Motion mis-sight and other temporospatial processing disorders 
in autism 
We showed that the various deficits affecting visual-motion, vocal sounds and 
proprioceptive processing in a same group of subjects with autism (Gepner & Massion 
(directed by), 2002), may be related to a more basic impairment, i.e., a deficit in the 
temporospatial processing of multi-sensory events. In order to take into account all the 
neuropsychological previous findings, we called our synthetic approach E-Motion mis-
sight and other temporo-spatial processing disorders in autism. According to this 
approach, subjects with autism present different degrees of disability in processing 
sensory events online and in producing real-time sensory-motor adjustments, motor 
outputs and adequate verbal and nonverbal outputs (Gepner 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 ABNORMALITIES OF THE BRAIN 
 
(1) Functional abnormalities 
We already proposed (Gepner & Massion (dir. by), 2002; Tardif et al., 2007) that these 
temporospatial processing disorders may be related, at the neurofunctional level, to a 
deficit in temporal encoding of multi-sensory inputs, temporal coupling of sensory-motor 
events, and temporal production of motor outputs, in which cerebellum is known to play 
a crucial role (e.g., Johnson & Ebner, 2000). Trying to go further, Welsh et al. (2005) 
argued that disturbances in inferior olive structure found in autism (e.g., Bailey et al., 
1998; Kemper & Bauman, 1993) and consequently in olivo-cerebellar pathways, would 
disrupt the ability of inferior olive neurons to become electrically synchronized and to 
generate coherent rhythmic output, thus impairing the ability of individuals with autism 
to process rapid information, and therefore slowing their overall cognitive processing 
speed. Fitting very well with this assumption, it was shown that subjects with ASD 
exhibit slowed perceptual and cognitive processes such as shifting or orientating spatial 
attention (Courchesne et al., 1994b; Townsend et al., 1999). Similarly it was 
demonstrated that adults with Asperger syndrome present a delayed cortical activation 
from occipital cortex to superior temporal sulcus, inferior parietal lobe and inferior 
frontal lobe, when imitating still pictures of lip forms (Nishitani et al., 2004).  
Following Welsh et al. (2005), we propose that rapid sensory information (rapid sensory 
flows) would arrive too quickly to be processed online by the autistic brain, thus 
disrupting simultaneous firing (synchronization) of neurons of a same assembly, which 
would consequently disorganize, desynchronize and delay information processing. 
Abnormal temporal synchronization of local neural networks within each sensory 
modality would in turn produce anomalies of temporal binding between multiple sensory 
modalities.  
This view is also referred to the temporal binding deficit hypothesis of autism proposed 
by Brock et al. (2002) according which autistic individuals would suffer a deficit in 
synchronization of high frequency (30-100 Hz) gamma activity between distant neural 
networks. In a recent study, however, and contrary to their own theoretical prediction, 
individuals with autism showed an overall increased gamma-activity whilst identifying 
the presence or absence of an illusory Kanizsa shape (Brown et al., 2005).  
We therefore propose that, according to the type of stimuli they are exposed to, 
individuals with autism would suffer neural dissynchrony, i.e., either neural hypo- or de-
synchronization (e.g., for rapidly moving or changing sensory stimuli) or neural hyper- or 
over-synchronization (e.g., for local or static sensory stimuli), that would be both 
responsible for impaired attentional, perceptive and/or cognitive acts in these patients. 
For example, in some individuals with autism, a local neural desynchronization within 
visual and auditory pathways respectively would occur during everyday-life facial motion 
and vocal sounds processing, resulting in difficulties to extract a relevant information 
from these relatively rapid sensory flows, and would generate a distant neural 
desynchronization between these sensory pathways, resulting in difficulties to associate 
these rapid visual and auditory cues into a coherent, unified and meaningful pattern. A 
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variety of cognitive functions, such as perceptual grouping, attention–dependent stimulus 
selection and sensory-motor integration, which normally involve oscillatory neuronal 
responses in the β and γ-band (high frequency oscillations), have been shown to be 
impaired in ASD (see Uhlhaas & Singer, 2006, for a review). However, the same authors 
claim for further studies to confirm and strengthen this new approach of autism and other 
brain disorders and mental diseases. 
Given that multiple areas and pathways have been found or supposed to function 
inadequately in subjects with ASD, and especially the visual magnocellular system 
(Gepner & Mestre, 2002a; Deruelle et al., 2004), the dorsal stream (Spencer et al., 2000; 
Pellicano et al., 2005; Villalobos et al., 2005),  the cerebellum (Courchesne, 1997), the 
mirror neuron system (Oberman et al., 2005; Dapretto et al., 2006), and the superior 
temporal sulcus (Castelli et al., 2002; Gervais et al., 2004), we suppose that in the general 
context of visual and auditory processing a multi-system temporal dissynchrony (hypo- 
and/or hyper-synchronization) within and/or between the key neural networks and 
pathways mentioned above may be a crucial neuropsychological mechanism of ASD, 
responsible for various attentional, perceptive, sensory-motor, communicative and 
cognitive impairments in this pathology.  
Besides, given the equivalence between functional connectivity and neural 
synchronization (which can be considered as temporal connectivity), the spatial 
counterpart of this multisystem temporal dissynchrony is therefore a multisystem 
functional disconnectivity (under- and/or over-connectivity) within/between multiple 
neurofunctional networks.  
Functional under- or over-connectivity in the brain of individuals with autism have 
already been hypothesized (Brock et al., 2002; Courchesne & Pierce, 2005; Belmonte et 
al., 2004). Studies using functional magnetic resonance imaging (fMRI) confirmed in the 
last 8 years that functional connectivity (i.e., reciprocal modulation and co-activation) 
between cortical areas or between cortical and subcortical areas is frequently impaired in 
these disorders (Wickelgren, 2005; Minshew & Williams, 2007; Geshwind & Levitt, 
2007). For example, functional connectivity between structures has been shown to be 
increased or reduced in individuals with ASD during rest (increased in Kennedy et al., 
2006; reduced in Cherkassky et al., 2006) and during several cognitive tasks such as 
facial processing (reduced in Hadjikhani et al., 2004 and Pierce et al., 2004; reduced or 
increased in Wicker et al., 2008), visuo-motor coordination (increased in Mizuno et al., 
2006 and Turner et al., 2006), theory of mind functioning (reduced in Castelli et al., 
2002), executive function (reduced in Just et al, 2007), working memory (Koshino et al., 
2005), sentence comprehension (reduced in Just et al., 2004) and ‘thinking in pictures’ 
(reduced in Kana et al., 2006). 
 
(2) Structural abnormalities 
Turning now to the structural abnormalities of the brain, the relatively rare post-mortem 
studies of autistic brains have uncovered various alterations, such as i) reduced neuronal 
size and increased cell packing density in the hippocampus, amygdala, and anterior 
cingulate gyrus (Bauman and Kemper, 1985), but also in the neocortex (Bailey et al., 
1998), ii) reduced number of Purkinje cells in the cerebellum (Ritvo et al., 1986), iii) 
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reduced complexity and extent of dendritic arbors in pyramidal neurons of hippocampus 
(Raymond et al., 1996). However, many observations reveal that the autistic brain in 
childhood differ from that of the adult (Bauman and Kemper, 2005). More recently, 
studies of the amygdala showed an abnormal pattern of growth with an overall decrease 
number of neurons (Schumann & Amaral, 2006). Finally, minicolumns in brain from 
patients with autism have been found to be more numerous, smaller and less compact in 
their cellular configuration in the frontal and temporal regions as compared with those of 
controls (Casanova et al., 2002). 
Anatomic neuroimagery in the last 20 years confirmed that several cortical and 
subcortical areas can be impaired in persons with ASD, particularly the frontal and 
temporal cortices, cerebellum (Courchesne et al., 1994a), hippocampus and amygdala 
(Schumann et al., 2004), but also sometimes striatum and thalamus (Haznedar et al., 
2006) and corpus callosum (Paul et al., 2007) (see Santangelo & Tsatsanis, 2005 for a 
review). 
In adults, grey matter is reduced in various areas including associative cortices, 
hippocampus and amygdala (e.g., Herbert et al., 2003; Petropoulos et al., 2006), but it can 
also sometimes be increased in frontal and temporal cortices (Hazlett et al., 2006). A 
study using proton magnetic resonance spectroscopic imaging revealed widespread 
reductions in grey matter neuronal integrity and a dysfunction of cortical and cerebellar 
glutamatergic neurons of subjects with ASD (DeVito et al., 2007). Other studies reported 
an overall enlargement of brain volume associated with increased subcortical white 
matter in all lobes but particularly the frontal lobe (Herbert et al., 2003, 2004). And 
abnormalities of the structural integrity of white matter with a decreased cellularity or 
density were found in children (Friedman et al., 2006) as well as in adults with ASD 
(Keller et al., 2007). Moreover, MRI studies in young children with ASD found a 
transient brain overgrowth (between 2 and 4 years and half), including grey and white 
matter, followed or not by a retarded growth or an arrest of growth (Courchesne et al., 
2001; Hazlett et al, 2005;  Courchesne et al., 2007 for a review). 
All these abnormalities suggest that the pathophysiology of ASD involve many aspects of 
CNS formation, such as reduced programmed cell death (apoptosis) and/or increased cell 
proliferation, impaired cell migration with disrupted cortical and subcortical 
cytoarchitectonics, abnormal cell differentiation with reduced neuronal size, impaired 
synaptogenesis (Bauman and Kemper, 2005), but also astroglial and microglial activation 
and neuroinflammation in both white and grey matter (Vargas et al., 2005). 
 
VI- FROM CEREBRAL TO GENETIC ABNORMALITIES 
 

Data from numerous epidemiological twin and family studies provide substantial 
evidence that ASD are amongst the most heritable complex brain disorders (Bacchelli 
and Maestrini, 2006). In the last decade, over 100 positional and/or functional candidate 
genes for autism have been analyzed. Data from whole-genome screens in multiplex 
families strongly indicate that at least 10 genes, and probably much more, interact to 
cause autism (Risch et al., 1999). Cytogenetic abnormalities in individuals with autism 
have been found in virtually every chromosome (Gillberg, 1998). But the identity and 
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number of genes involved are not yet known: the clear involvement of a specific single 
gene has indeed not been conclusively identified (Bacchelli and Maestrini, 2006). What is 
currently accepted is that ASD candidate genes encode products known to play a role in 
brain development and/or neurotransmission (Muhle et al., 2004), i.e., mutations 
affecting genes implicated in neuronal and cortical organization, in synapse formation, in 
synaptic transmission and neuromodulation have been found to be associated with ASD.  
 
(1) Genes implicated in neuronal and cortical organization 
The protein Reelin, which is coded by a gene which localizes to a site of chromosomal 
translocation at 7q22, is potentially involved in neuronal migration (Fatemi, 2005) and 
cortical layering during development (Forster et al., 2006), and alterations in this protein 
can affect cortical and cerebellar development (Hong et al., 2000). Mutations in the 
RELN gene and impaired Reelin signaling in ASD (Fatemi et al., 2005) are consistent 
with the cell migration defects found in autism (Bailey et al. 1998) and cerebellar 
neuronal abnormalities which are among the more consistent findings in ASD (Bauman 
& Kemper, 2005).  
The neurotrophin family, including nerve growth factor (NGF), brain-derived 
neurotrophic factor (BDNF), neurotrophin-3 and neurotrophin-4 (Hallbook, 1999) 
contains interesting candidates in the pathobiology of ASD. In fact their main functions 
during neurodevelopment involve not only regulation of cell proliferation and neuronal 
migration, but also modulation of axonal and dendritic growth and synapse formation 
(Huang & Reichardt, 2001), i.e., stages of neurodevelopment that are strongly suspected 
to be impaired in ASD (see below). Besides, elevated levels of BDNF have been found in 
the blood of children with ASD (but also with mental retardation) in several studies 
(Nelson et al., 2001; Miyazaki et al., 2004), and auto-antibodies against BDNF were also 
found in serum of children with ASD but also with other related or associated syndromes 
(Connoly et al., 2006). 
 
(2) Genes implicated in synapse formation  
Neuroligins are cell adhesion molecules, localized post-synaptically at glutamatergic 
synapses (NLGN1, NLGN3 and NLGN4X/Y) or GABAergic synapses (NLGN2). 
Mutations in the coding sequences of X-linked NLGN3 and NLGN4 have been identified 
in individuals with ASD and mental retardation (Jamain et al., 2003; Laumonnier et al., 
2004). Although these mutations have not been found in several other studies (Vincent et 
al., 2004; Gauthier et al., 2005) and probably explain less than 1% of ASD (Persico & 
Bourgeron, 2006), they shed light on the possible crucial role of synapse abnormalities in 
ASD: indeed, the post-synaptic expression of neuroligins induces the formation of fully 
functional presynaptic terminals in contacting axons. Moreover, the association of 
NLGNs with scaffolding proteins is likely to regulate the glutamate-GABA equilibrium 
(Chih et al., 2005), which is impaired in the neuronal networks of 30-50% of patients 
with ASD having clinical or infra-clinical epilepsy (Tuchman & Rapin, 2002; Hughes & 
Melyn, 2005).  
Another gene, SHANK3, located in the 22q13 region, has been found to be deleted in two 
brothers with ASD and delayed expressive speech (Durand et al., 2007). This gene 
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regulates the structural organization of dendritic spines (Boeckers et al., 2002) and is a 
binding partner of neuroligins (Meyer et al., 2004).  
Finally, performing the largest linkage scan in 1168 families with at least two individuals 
affected by ASD, the Autism Genome Project Consortium (2007) found that chromosome 
11p12-p13 and genes encoding neurexins (and particularly NRXN1) were implicated. 
Neurexins have been shown to induce postsynaptic differentiation in contacting 
dendrites, while neuroligins induce presynaptic differentiation in glutamatergic synapses; 
the neurexin-neuroligin complex is fundamentally important for glutamatergic as well as 
GABAergic synaptogenesis (Graf et al., 2004; Varoqueaux et al., 2006).  
 
(3) Genes implicated in neurotransmission and neuromodulation 
First, several studies reveal that variants of genes encoding neurotransmitter receptors 
and transporters might be susceptibility factors or modulators of the behavioural 
phenotype of ASD, but probably not sufficient or direct causes of ASD.  
The most studied gene involved in neurotransmission is therefore SLC6A4, which 
encodes the serotonin transporter (5-HTT). Whereas Cook et al. (1997) found preferential 
inheritance of a short promoter variant of SLC6A4 in affected individuals, others 
reported that a long promoter variant of the 5-HTT transporter was inherited more 
frequently by affected family members (Klauck et al., 1997; Yirmiya et al., 2001). But 
these data are contradicted by reports of little or no association between ASD and the 
serotonin transporter promoter variants (e.g., Maestrini et al., 1999; Persico et al., 2000). 
According to Persico & Bourgeron (2006), these contradictory results are likely to be 
compatible with a small effect of SLC6A4 gene variants on 5-HT blood levels and on 
ASD status, with perhaps greater effects on the cortical gray matter overgrowth 
characterizing autistic children aged 2 to 4 years old (Wassink et al., 2007). Besides an 
interaction between SLC6A4 and ITGB3 (another candidate gene in the serotonin 
metabolic and neurotransmission pathway) has been found to play a role in autism 
aetiology and in determining serotonin levels, providing evidence for a common 
mechanism underlying the association of platelet hyperserotoninemia with ASD 
(Coutinho et al., 2007). 
In this category of genes, several lines of evidence also strongly suggest the involvement 
of glutamate receptors in the physiopathogeny of ASD (Muhle et al., 2004). For example, 
excessive glutamatergic activity is associated with epileptiform activity, which is 
frequently associated with autism (Hussman, 2001). Recently, increased levels of 
glutamate have also been found in adults with autism (Shinohe et al., 2006). 
A study using proton magnetic resonance spectroscopic imaging revealed widespread 
reductions in gray matter neuronal integrity and a dysfunction of cortical and cerebellar 
glutamatergic neurons in subjects with ASD (DeVito et al., 2007). Upregulated 
expression of the glutamate transporter gene was reported in postmortem studies of 
autistic brain tissue (Purcell et al., 2001). Moreover, the ionotropic glutamate receptor 6 
(GluR6) gene on chromosome 6q21 is significantly associated with autism by Linkage 
Disequilibrium and multipoint linkage analysis, and a surveyed autistic population 
possessed a single amino acid substitution in GluR6 with a higher frequency than a 
control population (Jamain et al, 2002). Finally, the metabotropic glutamate receptor 
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GRM8 in the chromosome 7q31-q33 autism susceptibility locus exhibits Linkage 
Disequilibrium with autism (Serajee et al., 2003). The effects of these polymorphisms are 
not well known but they raise the possibility that alterations in glutamate signaling are 
associated with some forms of ASD. 
Other lines of evidence support defects in the GABAergic inhibitory system in ASD. 
Given its role in inhibiting excitatory neural pathways and its expression in early 
development (see below), it is not surprising that the GABAA receptor gene cluster 
(which contains genes for 3 of the receptor’s subunits: GABRB3, GABRA5 and GABRG3 
in chromosome 15q11-13) is implicated in ASD (e.g., Menold et al., 2001; Dykens et al. 
2004).  
In addition to the GABA receptor genes themselves, genes involved in the differentiation 
and migration of GABAergic neurons have also been associated with ASD. Mutations in 
ARX (which encodes a transcription factor thought to regulate the development of 
GABAergic neurons in the basal ganglia and cortex, Friocourt et al., 2006) can lead to 
epilepsy, movement disorders, cortical malformations, mental retardation and autism 
(Turner et al., 2002).  
To summarize, deficiencies in GABA receptor expression or function, but also 
deficiencies in the differentiation and the migration of GABAergic neurons into the 
cortex appear to be involved in ASD. These findings are consistent with the idea that 
ASD can be caused by a reduced activity of GABAergic pathways, leading to 
hyperexcitability in neural networks and disorders in filtering out excessive stimuli from 
environmental and intrinsic sources (Rubenstein & Merzenich, 2003; Hussman, 2001). 
 
(4) Genes implicated in voltage-gated  ion channel 
Recent studies reviewed by Krey & Dolmetsch (2007) showed that functional mutations 
in genes encoding voltage-gated Ca2+ channels can lead to ASD. One of these studies 
reports the Timothy syndrome, a new multisystem disorder including cardiac 
abnormalities and autism, which is due to a recurrent, de novo CACNA1C calcium 
channel mutation (Splawski et al., 2004), i.e., a mutation preventing voltage-dependent 
channel inactivation and leading to prolonged inward Ca2+ currents.  
Furthermore, mutations have been found in genes encoding other ion channels. These 
include several point mutations in SCN1A and SCN2A, which encode the voltage-
activated Na+ channels Nav1.1 and Nav1.2 respectively, which are associated with 
childhood epilepsy and autism (Weiss et al., 2003). One of the mutations in SCN1A lies 
in the calmodulin binding site of the channel and reduces its affinity for Ca2+/calmodulin. 
Finally, another study reports a decrease in Ca2+-activated K+ channel (BKCa) activity due 
to a disruption of the BKCa  gene (KCNMA1) in one subject with ASD (Laumonnier et al., 
2006). The reported decrease in BKCa channel activity, together with the reduced 
inactivation of voltage-gated Ca2+ channels in autistic patients suggests that some forms 
of ASD are related to abnormally sustained increases of intracellular Ca2+ levels (Krey & 
Dolmetsch, 2007). 
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VII- FROM GENETIC TO BEHAVIOURAL ABNORMALITIES: A SYNTHESIS 
 
In this paragraph, we wish to synthesize and summarize the large body of data presented 
above in a plausible step-by-step scenario linking gene abnormalities to behavioural 
impairments in ASD.  
Most of the gene abnormalities reviewed above impact synaptogenesis (neuroligins, 
neurexins, Shank3) and neurotransmission (serotonin transporter, receptors of GABA and 
glutamate, voltage-gated ion channels), i.e., the contact and functional interaction 
between neurons. Even abnormalities of genes involved in neuronal migration or 
differentiation, by their consequences on the construction of neural networks, impact 
communication and temporospatial binding between neurons (e.g., Belmonte & 
Bourgeron, 2006; Welsh et al., 2005). In particular, according to Rubenstein & 
Merzenich (2003), cortical networks in ASD may be characterized by an imbalance 
between excitation and inhibition due to abnormalities in GABAergic and glutamatergic 
transmitter systems, which lead to hyperexcitability and unstable cortical networks.  
These abnormalities affecting neurotransmission directly account for the disorders 
occurring in functional connectivity (under- and/or over-connectivity) and neural 
synchronization (hypo- and/or hyper-synchronization) between cortical, cerebellar and 
subcortical territories seen in ASD (see above), that was called the multisystem 
disconnectivity and dissynchrony (MDD) hypothesis of ASD (Gepner & Tardif, 2006; 
Tardif et al., 2007). 
Given that when a group of neurons cannot fire simultaneously (i.e., become electrically 
synchronized), it cannot generate a coherent rhythmic output, thus impairing its ability to 
process information online (see e.g., the case of neurons in inferior olive and the 
olivocerebellar pathway, Welsh et al., 2005) and particularly rapid information, it is not 
surprising that this MDD results in abnormalities in perceiving and integrating rapid and 
transient sensory events (Gepner & Mestre, 2002b), such as rapid physical movements 
(Gepner & Mestre, 2002a), rapid facial movements (Tardif et al., 2007) and rapid speech 
flow (Tardif et al., 2002) in some people with ASD. Failing to process rapid sensory 
events would consequently explain their difficulties and peculiarities to process, imitate, 
understand and produce emotional and verbal events on time, and interact adequately 
with the physical and human world (Gepner et al., 2005; Gepner & Tardif, 2006; Gepner, 
2006; Lainé et al., in press). All in all, this MDD would be responsible for impaired and 
peculiar attentional, perceptive and/or cognitive acts in subjects with ASD, and 
particularly for their slowed down perceptual and cognitive processes (Courchesne et al., 
1994b; Townsend et al., 1999). Slowing down visual and auditory events of the 
environment of persons with ASD could enhance their performance in recognition, 
comprehension and imitation of emotional facial expressions, language and gestures 
(Tardif et al., 2007 ; Lainé et al., 2008 ; Lainé et al., in press), and might therefore open 
new perspectives for rehabilitating these persons. 
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VII- PERSPECTIVES 
 
Our global approach of ASD, aimed at understanding the links between behaviours and 
their underlying neurobiological bases, reveals that impairments at the level of human 
communication and interaction, which constitute the core of autism, are correlated with 
disorders at the level of neuronal communication and interaction. We propose to name it 
a “neuronal to human communication disorders” approach of ASD. 
Much work is necessary to further investigate these neuronal communication and 
interaction disorders, at cellular and molecular levels. As far as we are concerned, we 
collaborate with a neurobiologist, François Féron, into a research program (granted by 
Fondation de France) aimed at studying the genomic and proteomic (and if possible 
functional) properties of stem cells-derived neurons, extracted from olfactory mucosa of 
adults with ASD and normal control adults. An electrophysiological analysis of these 
stem cell-derived neurons (if possible), combined with genomic and proteomic analyses 
of the same neurons, should provide new insights into the physiopathology of ASD and 
may uncover novel therapeutic strategies. 
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