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Target Audience. This talk is aimed at individuals coming from various backgrounds with an 
interest in autism spectrum disorders and neuroimaging. The target audience may include 
mental health professionals, radiologists, psychologists/psychiatrists, and neuroimaging 
scientists. 

 

Objectives. Autism Spectrum Disorder (ASD) encompasses a group of life-long 
neurodevelopmental conditions characterized by a triad of symptoms in (1) impaired social 
communication, (2) social reciprocity, and (3) repetitive and stereotypic behavior 1. The 
aetiology and neurobiology of ASD are complex, and there is significant clinical 
heterogeneity among individuals with ASD 2,3. Developing biomarkers and 
pharmacotherapies for ASD is therefore a challenge. However, there is consensus that ASD is 
associated with neurodevelopmental differences in brain anatomy 4, connectivity 5 and 
neurochemistry (e.g. 6), and that these differences mediate specific autistic symptoms and 
traits. The purpose of this talk is therefore to introduce current concepts and insights into 
the neurobiological underpinnings of ASD, with particular reference to the neuroimaging 
literature. 

 

Methods. The talk will review findings coming from structural Magnetic Resonance Imaging 
(MRI) studies including regions-of-interest approaches as well as spatially unbiased 
techniques (e.g. voxel-based morphometry or surface-based approaches). Moreover, we will 
discuss findings from Diffusion Tensor Imaging (DTI) studies that allow the investigation of 
differences in structural white-matter connectivity, and findings from Magnetic Resonance 
Spectroscopy (MRS) studies to assess differences in brain chemistry. 

 

Results. Taken together, neuroimaging studies demonstrate that ASD is accompanied by an 
atypical neurodevelopmental trajectory of brain maturation. For example, structural 
neuroimaging studies suggest that the brain of toddlers with ASD (2–4 years of age) is, on 
average, larger than that of children without ASD 7. The overall increase in total brain 
volume seems to disappear by the age of 5–6 years after which no significant between-
group differences in total brain volume are typically observed. Moreover, deviations from 
the normal trajectory of brain maturation (in terms of total brain volume) might arise even 
before first symptoms manifest (typically at the age of 2 years) 8, and may be driven by a 
significant increase in cortical thickness 9, rather than an increase expansion of the cortical 
surface. The atypical neurodevelopmental trajectory of brain maturation in ASD also seems 
to be idiosyncratic for different lobes of the brain with frontal and temporal lobes being 
more affected than parietal and occipital lobes 10. Thus, the normal temporal sequence of 
brain development (i.e. from ‘back to front’ 11) seems to be disturbed in ASD, which will not 
only affect the development of isolated brain regions but also the way the brain is 
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connected. ASD has therefore also been described as a ‘neural systems’ condition, which is 
characterized by subtle and spatially distributed neuroanatomical differences in several 
large-scale neurocognitive networks 12. The neural systems most affected by adulthood 
primarily include regions that form part of the (1) fronto-thalamic-striatal system, (2) fronto-
temporal circuitry, and (3) fronto-cerebellar network (see 4 for review). There is also 
evidence that the brain in ASD is atypically connected in terms of its white-matter 
connectivity, particularly between regions mediating autistic symptoms (e.g. limbic and 
language pathways, fronto-striatal circuitry, and corpus callosum). Last, there is evidence 
coming from MRS studies suggesting that ASD is also accompanied by differences in brain 
chemistry and neurotransmission, particularly involving the GABA-ergic system 13, glutamate 
14 and serotonin (5-HT) 15.  

 

Conclusion. Neuroimaging studies demonstrate that neurobiology of ASD is complex, 
implicating several neural systems and their structural and functional connections. However, 
neuroimaging studies have significantly contributed our understanding of the neuroanatomy 
and neurochemistry of the brain in ASD. These studies are therefore important first steps 
that could guide future investigations into establishing biomarkers and developing novel 
pharmacotherapies for the condition. 

 

References 

1. Wing, L. The autistic spectrum. Lancet 350, 1761–1766 (1997). 
2. Abrahams, B. S. & Geschwind, D. H. Advances in autism genetics: on the threshold of 

a new neurobiology. Nat. Rev. Genet. 9, 341–355 (2008). 
3. Geschwind, D. H. & Levitt, P. Autism spectrum disorders: developmental 

disconnection syndromes. Curr. Opin. Neurobiol. 17, 103–111 (2007). 
4. Amaral, D. G., Schumann, C. M. & Nordahl, C. W. Neuroanatomy of autism. Trends 

Neurosci. 31, 137–145 (2008). 
5. Rippon, G., Brock, J., Brown, C. & Boucher, J. Disordered connectivity in the autistic 

brain: challenges for the "new psychophysiology". Int J Psychophysiol 63, 164–172 
(2007). 

6. Corrigan, N. M. et al. Atypical Developmental Patterns of Brain Chemistry in Children 
With Autism Spectrum Disorder. JAMA Psychiatry (2013). 
doi:10.1001/jamapsychiatry.2013.1388 

7. Courchesne, E. Abnormal early brain development in autism. Mol. Psychiatry 7 Suppl 
2, S21–3 (2002). 

8. Schumann, C. M. et al. Longitudinal magnetic resonance imaging study of cortical 
development through early childhood in autism. J. Neurosci. 30, 4419–4427 (2010). 

9. Hazlett, H. C. et al. Early brain overgrowth in autism associated with an increase in 
cortical surface area before age 2 years. Arch. Gen. Psychiatry 68, 467–476 (2011). 

10. Carper, R. A., Moses, P., Tigue, Z. D. & Courchesne, E. Cerebral lobes in autism: early 
hyperplasia and abnormal age effects. Neuroimage 16, 1038–1051 (2002). 

11. Gogtay, N. et al. Dynamic mapping of human cortical development during childhood 
through early adulthood. Proc. Natl. Acad. Sci. U.S.A. 101, 8174–8179 (2004). 

12. Ecker, C. et al. Brain Anatomy and Its Relationship to Behavior in Adults With Autism 
Spectrum Disorder: A Multicenter Magnetic Resonance Imaging Study. Arch. Gen. 
Psychiatry 69, 195–209 (2012). 

13. Coghlan, S. et al. GABA system dysfunction in autism and related disorders: from 

Proc. Intl. Soc. Mag. Reson. Med. 22 (2014)



 3

synapse to symptoms. Neurosci Biobehav Rev 36, 2044–2055 (2012). 
14. Fatemi, S. H. The hyperglutamatergic hypothesis of autism. Prog. 

Neuropsychopharmacol. Biol. Psychiatry 32, 911–author reply 912–3 (2008). 
15. Hranilovic, D. et al. Hyperserotonemia in adults with autistic disorder. J Autism Dev 

Disord 37, 1934–1940 (2007). 
 

Proc. Intl. Soc. Mag. Reson. Med. 22 (2014)


