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  Chapter 1

  Neurobiology, diagnosis, and treatment in autism: an introduction


  Daria Riva


  Developmental Neurology Division, Fondazione IRCCS Istituto Neurologico `Carlo Besta', via Celoria 11, 20133 Milan, Italy

  


  Introduction to the subject


  Autism spectrum disorder (ASD) is a heterogeneous, behaviourally-defined neurodevelopmental disorder for which there are, to date, no biomarkers. The variability of the symptoms reflects the multiple biological and environmental influences that are unique to each individual's brain and that shape its abnormal and unique developmental trajectory (Silver & Rapin, 2012). The disorder's core symptoms are synthesized in the well-known triad of impairments identified in 1979 by the pioneering British autism researchers Lorna Wing and Judith Gould; this triad consists of deficits in social interaction and verbal and nonverbal communication and restricted or stereotyped patterns of behaviours and interests. The most frequent comorbidity is that of intellectual disability, which presents in approximately 70­85 per cent of cases (Fombonne, 2009). It is still being debated, however, whether intellectual deficit should be considered a symptom of autism itself or rather an associated disorder. Even the incidence of electroencephalographic abnormalities is rather high, as approximately 30 per cent of children with autism have epilepsy by adolescence (Tuchman et al., 2009). A magnetoencephalographic study found epileptiform abnormalities in almost all subjects with early-onset autism, despite their normal standard scalp EEGs (Munoz et al., 2008). The co-existence of concurrent psychiatric disorders, in particular anxiety and mood disorders, needs also be mentioned (Rosenberg et al., 2011).


  The different combinations of these multiple factors result in a marked phenotypic heterogeneity configured in a spectrum that can be classified into a set of three axes: symptom severity, its neurologic and psychiatric comorbidity, and temporal variability (Amaral, 2008). A continuum takes shape at the extremes of this spectrum: there are, on the one hand, situations that are close to normality and, on the other, serious neurodevelopmental disorders, such as severe developmental delay or intellectual disabilities, and it is at times extremely difficult to form a differential diagnosis between ASD and no spectrum-disorders. It is important to cite here the neurodiversity movement (Sinclair, 1993), according to which autism is not an illness or disease, but merely an atypical, alternative way of being and functioning that society should accept just as it accepts diversity in culture, religion, sexual orientation, and personality. The supporters of the neurodiversity movement argue that people with autism are not incapable of learning certain skills or participating in social interactions. These abilities must simply be learned and practiced in a different way (Walsh, 2011). This certainly represents a fascinating perspective as it recognizes the right of free expression to ASDs, but it could be dangerous because it underestimates the serious impact of this condition on the life of individuals with intellectual impairment and the extreme solitude of high-functioning autistics; in addition, such an attitude provides a disincentive to research.


  From a nosographic viewpoint, the current version of the Diagnostic and Statistical Manual of Mental Disorders includes `autistic disorder', `Asperger's disorder', and `pervasive developmental disorder not otherwise specified' (PDD­NOS) as subtypes of autism. Research has thus far failed to map these clinical phenotypes onto a specific aetiology or developmental pathway leading to each disorder. Today there is an increasing appreciation of the heterogeneity in the disorder's expression along numerous phenotypic dimensions, which overlap with those found in other conditions and in the general population. As a result, the next edition of the Diagnostic and Statistical Manual of Mental Disorders, to be released in 2013, will replace current categorical `subtypes' with a single category labelled `autism spectrum disorder' (Silver & Rapin, 2012).


  Geschwind and Levitt have argued in 2007 that autism should not be considered a single disorder but, rather, as `the autisms'. These authors suggested that there is a potential unifying model, called developmental disconnection, according to which higher-order association areas of the brain that normally connect to the frontal lobe are partially disconnected during development. According to that hypothesis, underconnectivity changes with age in children with ASD because the poorly developed cortical regions of the brain do not produce the stream of external and internal impulses which generate the right connections, and the lack of information flow does not produce a shaping effect on the brain cortices, impeding them from reaching the specialization they were destined for (Lee et al., 2009).


  Prevalence


  Epidemiologic studies have demonstrated a dramatic increase in prevalence. Studies carried out during the 1970­80s indicated 5 cases out of 10,000, but according to recent studies the prevalence is between 1 in every 152 to 1 in every 100 (Leonard et al., 2011; Fombonne, 2009). One epidemiologic study reported that the prevalence of autism in California has risen from 5.8 per 10,000 in 1987 to 14.9 per 10,000 in 1994 (Hertz-Picciotto & Delwiche, 2009). It is improbable that we are witnessing an epidemic, but rather the effect of younger ages at diagnosis, changes in diagnostic criteria, and inclusion of milder cases.


  Behavioural correlation ­ cerebral processing areas


  Thanks to the clinical acumen of some child psychiatrists such as Leo Kanner (1943), who coined the expression `early infantile autism', a rather accurate description of the disorder's cognitive-behavioural phenotype, psychological hypotheses and theories were outlined that are still considered relevant today. I would also like to mention the `theory of the mind' (Baron-Cohen et al., 1985) and the `weak central coherence theory' (Frith, 1989), which found its continuation in the current underconnectivity theory and in diffusion tensor imaging (DTI) studies (see the chapter in this volume by Chiesa & Minati) because the abnormal flow of information does not render stimuli integration coherent (Just et al., 2004; Kana et al., 2011).


  Recently, cognitive neuropsychology and neuroscience have integrated a viewpoint according to which higher cognitive functions and complex behaviours are the final product of associative connections between specialized cortical areas, the locus of sensory motor elaborations which work together and constitute a complex, widely distributed network in the brain.


  Given the extreme variability of the cognitive-behavioural phenotype of ASD, it is unlikely that there is a single neuroanatomic phenotype to which the disorder's aetiology can be attributed. It can, instead, be hypothesized that it involves complex networks with deficits caused by different subcircuits. Impaired reciprocal social interaction remains the pathognomonic characteristic of ASD and is the expression of a disruption in a discrete set of structures and their connections (i.e., the'social brain') which produce social behaviour and are shaped by it during development in a complex interaction between genes, brain, and the environment (Pelphrey et al., 2011). Bauman & Kemper's meta-analysis in 2005 and Amaral's review in 2008 concluded that the network principally includes the frontal lobes, the cerebellum, the limbic system (in particular the hippocampus and the amygdala), and obviously the white matter, which represents the connections that permit the system to work coherently and in synchrony.


  Currently, one of the most prominent theories concerning the neuropathology of autism is that the brain undergoes a period of precocious growth during early postnatal life followed by a deceleration in age-related growth (Courchesne et al., 2003). A recent longitudinal MRI study on cortical development throughout early childhood (1.5­5 years) has confirmed that by the time the children being studied were 2 and a half years old, both cerebral gray and white matter volumes were enlarged in 41 autistic toddlers, with the most severe enlargement occurring in frontal temporal and cingulate cortices (Schumann et al., 2010). According to cross-sectional MRI studies, the enlargement concerns the total cerebral volume of the gray matter, but to a larger extent of the white matter of the frontal lobes and the radial cortical/subcortical intrahemispheric areas, in particular the long connections (i.e., those between the frontal lobes and the basal ganglia and the interhemispheric ones). The largest and most consistent increases have been reported in the frontal lobes. While there is some evidence of greater increases in the dorsolateral prefrontal and medial frontal cortex, there are no differences or decreases in the orbitofrontal cortex (Amaral et al., 2008).


  Let us now take a look at the cerebral areas that are most frequently impaired in ASD.


  The frontal lobes are associative areas par excellence; they regulate metacognition and metarepresentation. There is an internal modularity, and the crucial areas, as far as ASD is concerned, are the associative ones, where complex integration and elaboration are carried out, that is, Brodmann areas 9 and 46, which process executive functions and sustain flexibility of thought, the capacity to quickly jump from one stimulus to another, to rapidly elaborate new stimuli, taking in information and putting pieces together, and attributing mental states to others (i.e., the `theory of the mind', which is often impaired in ASD). Studies on brain lesions confirm that children with tumors, congenital malformations, or tuberous sclerosis in frontal regions fail in frontal tests, particularly in the presence of clinical or subclinical epileptic foci (Hashimoto et al., 2001). In ASD the increase in gyration (Hardan et al., 2004; Jou et al., 2010a, 2010b) as well as in white matter volume has been demonstrated during the first years of life especially in the frontal regions (Amaral, 2008). fMRI studies, using `theory of mind' paradigms, recently carried out found the recruitment of superior and middle frontal, in addition to anterior cingulate, insula and fusiform gyrus, in healthy subjects (Polosan et al., 2011) and a lower activation in frontal and temporal regions, which is associated with a significantly weaker functional connectivity between the temporoparietal junction (TPJ) and motor areas, in ASD population (Kana et al., 2012).


  The role played by the limbic system and in particular the hippocampus and the amygdala is crucial. The hippocampus is an associative structure capable of integrating different stimuli and organizing them in constructs of superior order. The role of the limbic system includes that of acquiring and consolidating memories and learning and processing episodic memory, particularly autobiographic memory, which contextualizes personal memories in space and time. Neuropathologic alterations in the form of increased, although not consistently, neuronal packing in the hippocampal structures (Bauman & Kemper, 1994; Kemper & Bauman, 1998), an increase in the hippocampal dentate gyrus (declarative memory) (Saitoh et al., 2001), and the presence of precocious mesial temporal sclerosis (DeLong & Heinz, 1997) have been reported in the hippocampus.


  The amygdala is linked to decoding emotions, facial expressions, and rapid processing of behaviour consequent to emotional stimuli; for example, rapid decoding of an expression of fear sets into motion behaviours that are functionally valid from both a behavioural and a vegetative viewpoint.


  Structural lesions, tumors, or encephalitis could cause a disturbance in recognizing facial emotions and `reading' someone's thoughts/emotions through their eyes, as confirmed by experimental lesions in animals. Kemper & Bauman (1993) analyzed six post-mortem cases of autism in individuals between 9 and 29 years old (5/6 with mental retardation, 4/6 with seizure disorder), and they reported that the neurons of amygdala appeared unusually small and more densely packed with respect to those in age-matched controls. Sparks et al. (2002) showed an abnormal enlargement of the volume of amygdala in young children with ASD aged 36­56 months in comparison with both the typical developing sample (16.67 per cent on the right side and 13.64 per cent on the left side) and delayed developing group (16.67 per cent on the right side and 17.53 per cent on the left side). In a stereological study Schumann & Amaral (2006) estimated the number and the size of neurons in the amygdala of nine persons with autism aged between 10 and 44 years who did not have seizures compared to ten typically-developing age-matched male controls; they found significantly fewer neurons in the total amygdala and in the lateral nucleus of the subjects than were found in the controls, but not increased neuronal density or decreased neuronal size.


  Those alterations were nonetheless found in extremely different age groups from youngest childhood to adulthood studied cross-sectionally. Since autism is a neurodevelopmental disorder it would seem logical that only samples of subjects with homogeneous ages studied longitudinally can provide conclusive data. Findings gathered until now have uncovered a similar pattern between abnormal growth of the head and growth of the amygdala in subjects from 12 months until 5 years of age. In children between 1 and 5 years old an enlargement of the amygdala is associated with antisocial behaviour (Schumann & Amaral, 2006; Courchesne et al., 2007), while in adolescents/adults, a diminution in dimensions of the amygdala is associated with gaze avoidance (Nacewicz et al., 2006). It should be remembered that decoding facial expressions is extremely complex and makes use of integrated network processes, which involve even the fusiform gyrus (constant facial characteristics) and the superior temporal sulcus (variable facial characteristics such as expression, gaze, and movement of the lips) (Calder & Young, 2005).


  Let us now consider the cerebellum, an associative area that was previously considered crucial only for processing and learning complex motor activities. Today its ability to coordinate cognitive social and emotional behaviour of a higher order by means of its widespread connections with supratentorial cortical associative structures is unanimously recognized. Malfunction of this system causes the `cognitive-affective syndrome', first theorized in 1998 by researchers in Boston (Schmahmann & Sherman, 1998), who described patients with cerebellar pathology. The subjects presented different clinical pictures depending on the intracerebellar localization of their lesion: vermal lesions caused affective and relational disorders, while lesions particularly of the lateral part of the cerebellar hemispheres were related to cognitive deficits. Brain lesion studies have confirmed these data (Schmahmann & Pandya, 2008; Levisohn et al., 2000; Riva & Giorgi, 2000).


  In a study we carried out in 2000, we described a 9-year-old girl with an enormous medulloblastoma cerebellar vermis, whose removal made necessary demolition of the 6th, 7th, and 8th lobes of the vermis (Riva & Giorgi, 2000). After the operation the child presented autistic-like behaviour, that is, she avoided eye contact, refused to be touched, and showed complex stereotyped motor and vocal mannerisms. She also presented a serious agrammatic language disorder typical of the frontal lesion, and while there was some improvement, the patient never returned to her normal state.


  Since the 1990s the structure most cited in the literature as being altered in autistic persons is the cerebellum (Courchesne et al., 1994); in particular, the 6th and 7th vermal lobules are hypoplastic, especially in young patients and in subjects with mental retardation and epilepsy (Stanfield et al. 2008), even in the context of a cerebellum of increased dimensions until the age of 5. In 1993 Kemper and Bauman found fewer Purkinje cells in the brains they examined and, according to Fatemi et al. (2002), the volume of the Purkinje cells was reduced. It is still not clear if the alteration in the number of those cells was due to the fact that fewer are produced or to a precocious apoptosis (Rout & Dhossche, 2008). In effect, the expression of reelin, which controls migration, was decreased by 40 per cent (Fatemi et al., 2001) and BEL 12, which regulates apoptosis, was decreased by 34 to 51 per cent (Verhoeven et al., 2010).


  From an immunologic point of view, the presence of antibodies from the mother or from the infant itself against neurons of the cerebellum, including Purkinje cells, is a rather frequent finding. Immunologic processes can alter synaptogenesis and neuronal migration and thus have a significant impact on cortical organization. The link is not easy to establish but a recent study reported that the infants with anticerebellar autoantibodies had the most serious clinical symptoms (Goines et al., 2011).


  These data seem to confirm that there is a real anatomic­functional correlation between cerebral areas of the frontal­limbic­cerebellar network and typically altered functions in ASD. Subsequent meta-analyses of neuroanatomic and neuroimaging studies seemed nevertheless to demonstrate that many more areas can be involved (Abrahams & Geschwind, 2010; Amaral et al., 2008). The ASD phenotypic heterogeneity is so vast that the underlying network must necessarily be extremely widespread. It follows that it will be possible to obtain consistent neuroradiologic data only starting from an accurate clinical characterization of large cohorts of subjects.


  Our recent voxel-based morphometry (VBM) study (Riva et al., 2011) comparing ASD children with intellectual disability with typically-developing subjects found reduced volumes of areas of the brain, including the basal forebrain, in ASD. The basal forebrain comprises a group of structures located in the medial and ventral surface of the frontal lobe, which provide projections to a variety of neocortical fields and limbic structures implicated in many cognitive functions and social behaviour patterns (Lam et al., 2006). The basal forebrain activates areas of the cerebral cortex and facilitates learning by using acetylcholine as a prominent neurotransmitter. Volume loss in the basal forebrain is consistent with the hypothesis proposed by Perry et al. (2001), according to which, in autism, the cholinergic system of the basal forebrain is impaired.


  Another underactive system in autism is that of `mirror neurons', which involve the inferior frontal gyrus, the inferior parietal lobule, and the insula. The mirror neurons are implicated in the comprehension of others' actions, intentions, and emotions through connections with the limbic system by means of the accumbens nucleus (Gallese, 2003; Leslie et al., 2004; Rizzolatti et al., 1996). By 1991, Rogers and Pennington hypothesized that the autistic impaired social interaction was due to an imitation deficit. Dysfunctioning of the mirror neuron system has been confirmed by fMRI (Dapretto, 2006) and VBM studies (Riva et al., 2011).


  The important role of white matter in modulating information flow (the developmental disconnection or underconnectivity theory already cited) should also be mentioned. Brain connectivity in children is different from that in adults as early in development the sensory, motor, and perceptual homomodal areas (i.e., of the same kind) are connected to each other, and later, with brain maturation, the connections between homomodal areas and the heteromodal areas increase, and constitute the substrate for the processing of complex behaviours. A resting-state fMRI study demonstrated that higher-level associative areas are activated in the adult, while homomodal primary brain regions are activated in children (Uddin & Menon, 2010).


  Disrupted brain connectivity is considered a possible cause of the autistic disorder: loss of long connections between distant areas of the brain (disconnections) determines an increase in the local connectivity, which often provokes an unruly hyperspecialization (distortions) (Wass, 2011). These perturbations of typical developmental trajectories are affected not only by multiple genetic factors, but also by a wide range of nongenetic, casual, epigenetic environmental risk factors, which interact according to a still undefined modality.


  In order to synthesize and to render more comprehensible the factors influencing the ASD phenotype, I would like to mention a recent article by Rubenstein (2010) which reviewed the genetic mechanisms known to predispose to ASD, attempting to consolidate many of these within cellular/molecular pathways that regulate development of neural systems that underlie cognition and social behaviours. The author hypothesized that there are three additional mechanisms that may contribute to ASD: evolutionary-driven expansion of cerebral and cerebellar size; imbalance in the excitatory/inhibitory ratio in local and extended circuits, which reduces the ability to detect salient signals from noise signals; and the hormonal effects of the male genotype.


  About the first mechanism, defects of distributed development are those that cause defective growth of connection systems represented by abnormalities in axon growth, dendrite growth, and synaptogenesis. These abnormalities are distributed because they involve different sectors of the brain, altering connectivity, and are caused by genes that encode for proteins of axonal growth, such as protocadherin, neurexin, and neuroligin. Local development defects of both connectivity (selective diminution of the corpus callosum of mutated mice [Paul et al., 2007] or of the internal capsule of rats [Garel & Rubenstein, 2004]) are associated with gene mutations that are expressed in neuron populations which share common characteristics, such as GABergic neurons of the basal forebrain and glutamatergic neurons (Long et al., 2009).


  In addition to those listed, there are groups of genes that regulate the development of specific cerebral regions that are involved in the disease. The FGF genes are regulatory genes endowed with organizational properties across the frontal cortex (Grove & Fukuchi-Shimogori, 2003) and the cerebellum (Xu et al., 2000), crucial areas for malfunction of the frontal-limbic-cerebellar network implicated in ASD. The most extraordinary change in the development of the human brain is represented by the increase in the surface of the neocortex and a parallel increase in laminar complexity.


  The second mechanism is represented by the fact that the synapses are poorly developed and are thus unable to select the most salient signal to send to the cortex with respect to the background noise. Molecular alterations would alter the development and function of the synapses in their diversification in inhibitory, excitatory and modulating activities, with consequent modification in the balance between excitatory and inhibitory functions and thus the inability to uncover salient signals. This is the minicolumn hypothesis of Casanova et al. (2002), according to which the minicolumn structure of neurocortex would constitute a self-contained ecosystem of neurons and their afferent, efferent, and interneuronal connections. The minicolumn is a basic functional unit of the brain which processes sensory information. Minicolumns are found in the frontal and temporal lobes. Minicolumns in the brains of autistic patients are narrower, with an altered internal organization; more specifically, their minicolumns reveal less peripheral neuropil space, but increased spacing among their constituent cells. The peripheral neuropil space of the minicolumn is the conduit for inhibitory local circuit projections. A defect in these GABAergic fibres may correlate with the increased prevalence of seizures among autistic patients. Specificity of GABAergic inhibition in the neocortex is focused around its mini- and macrocolumnar organization. GABAergic interneurons are vital to proper minicolumnar differentiation and signal processing (e.g., filtering capacity of the neocortex), thus providing a supposed correlate to autistic symptoms.


  Finally, with regard to the strong male prevalence of the disorder, in 2005 Baron-Cohen and colleagues published his drastic hypothesis in Science that autism is an extreme form of the male brain. Males, in fact, have a greater capacity for concentration, do not love to talk, and are not disposed to understand the mental state of others, whereas women tend to be more intuitive and empathetic. Baron-Cohen affirmed that there is an increased susceptibility for autism to develop in the male brain. Despite the fact that many susceptibility genes such as ARX, FMR 1, MECP 2, and neuroligin are present on chromosome X, this does not account for the strong prevalence of ASD in males. It has been hypothesized that hormones are partly responsible for this prevalence. Hormones, especially the androgens that are transformed into estrogens, are powerful in conformations of the synapses and cortex and also control the GABAergic inhibitory effect. It is possible then that the hormonal effect contributes to the male prevalence of ASD, and it is possible that modulation of sexual male steroids could have a therapeutic value in severe forms of ASD (Rubenstein, 2010).


  Conclusions


  To conclude, there is an enormous hetero- as well as endophenotypic variability with regard to autism: The symptoms point to a pathologic disconnection of a widely distributed network of interconnected specialized areas. More than a lesion, it can be described as a complex, altered development of the brain that changes over time. Genetics and environment also shape the alteration in a dynamic perspective whose mechanisms are complex, intrinsically correlated, and still largely unknown. The efforts of researchers need to be part of a virtuous circle of transactional research, which first provides an accurate phenotype of the illness, then goes on to examine its neuropathology, to identify genes, and to study animal models and cell pathophysiology, and then moves in the direction of identifying pathologic targets that could be modified by therapy, and finally arrives at a treatment based on molecular mechanisms ­ all of these actions combine to restore health and wholeness to the autistic child and is the heart, soul and aim of all our work.
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