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Pharmacological therapies for the core symptoms of autism

Skepticism towards the possibilities of drug treatment for autism 
• Unkown patophysiology
• Caused by permanent and irreversible defects during early neurodevelopment

Three milestones during the last decade(s) changed the picture

1) Human genetic studies: Identification of genes contributing to ASD.
2) Mouse models of autism: Neurodevelopmental defects are not necessarily

permanent; maybe reversible
3) The identification of the ’social molecule’ oxytocin.



Human genetics
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Genetics of autism
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Genetic variation: Summary

• One individual carries about 3 million genetic variants. 

• Genetic variation comprises: single‐nucleotide variants (SNVs), tandem repeats, 
short insertions / deletions and copy‐number variants (CNVs). 

• The vast majority of these variants (>95%) are common variants (prevalence > 5%). 

• Approximately 130,000 of the variants are rare variants (prevalence: 0.5–5%)

• Less than 1% of the variants are either unique to the individual or shared by a very 
small number of relatives. 

• Any one individual carries, on average, 18–74 de novo SNVs in their genome, 
including 1–4 located in the exons of their genes .

SNV CNV Tetranucleotide …ATTGATTGATTG…ATTG(n)repeats
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Genes of autism

Monogenetic syndromes associated with high risk of ASD

• Fragile X syndrome – FMR1

• Rett syndrome ‐MECP2 

• Tuberous sclerosis complex – TSC1, TSC2

• Neurofibromatosis – NF1
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Jamain S, Quach H, Betancur C, Råstam M, Colineaux C, Gillberg IC, Soderstrom H, Giros B, Leboyer M, Gillberg C, 
Bourgeron T: Nat Genet. 2003 May;34(1):27‐9.

Rare mutations in autism
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Genes of autism
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1. A 500kb region of the short arm of the chromosome is either missing or duplicated in autism patients. 

2. Now replicated in many studies – accounts for about 1% of autism patient.

3. Highly penetrant but not “autism‐specific”: Also found in patients with MR, Schizophrenia etc.

4. Contains about 25 genes, still not clear which are the most important.  

CNVs in autism
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Major CNVs in autism
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To date, several whole exome (WES) and whole genome 
sequencing studies (WGS) plus CNV analyses, have identified 
ASD genes:
• > 65 genes contain ‘‘likely gene disrupting’’ mutations: loss of function, 

and nonsense, splice site, damaging missense and frameshift indels in 
ASD patients
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Convergence of pathways of autism
Synaptic homeostasis
• Synaptogenes
• Axon guidance
• Dendritic growth
• etc

Synaptic transmission

Signal transduction

Transcription

Protein synthesis and degradation

ASD genes
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Common SNVs/SNPs in autism
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An interplay between rare mutations and genetic background.

’Multiple‐hit‐model’

Bourgeron, Nature Reviews Neuroscience 2015
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Genetics of autism: Summary
• Common, rare and de novo mutations all contribute to the genetic risk of ASD.
• None of the genes identified so far accounts for more of 1% of all cases of ASD.
• The number of genes responsible for ‘monogenic’ forms of ASD is estimated to be 

more than 400.
• Monogenic forms of the disorder account for 10–20% of all ASD cases.
• Monogenic autosomal recessive forms of ASD could account for an additional 3–

6% of the cases. 
• Today, karyotypes, CNV analysis and exome sequencing can detect a genetic cause 

for ASD in almost 25% of the cases. 
• The genetic contribution to ASD may be shaped by a combination of rare 

deleterious variants and a myriad of low‐risk alleles ‐ common SNPs. The interplay 
between rare deleterious variants and common low‐risk alleles will therefore 
influence the phenotypic diversity observed in the population. 
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Translation from genetics to molecular 
pathway and neuronal mechanisms

Induced Pluripotent Stemcells (iPSCs)Animal models
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Social deficits
Sociability
Preference for social novelty

Autism in mice
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Social communication

Ultrasonic vocalisations

Restricted and repetitive behaviors

Self‐grooming
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Phentotypes in mouse models of autism
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Reversibility of neurodevelopment
Possible to reverse symptoms and brain abnormalities caused by ’autism‐

genes’?
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Conditional knock‐in mouse model allows
re‐expression of SHANK3 in adulthood

Adult Shank3 re‐expression increased the spine 
density in the striatum



SAHLGRENSKA AKADEMIN

Adult Shank3 expression rescued 
repetitive grooming and social interaction

Restoring Shank3 expression in adulthood did not 
rescue anxiety and rotarod deficits
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Pharmacology of autism

• Causal treatment ‐ From mouse to human

• Symptomatic treatment
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Causal treatment ‐ From mouse to human
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Causal treatment ‐ From mouse to human
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Science Translational Medicine, 2016
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Adults Adolescents

Complete
methylation

Partial
methylation
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Science Translational Medicine, 2012
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Remarks on Clincial trials
• Possible to translate results from mice to human? 

• Choice of treatment group

• Target engagement

• Selection of outcome measures 

• The impact of the placebo effect

ORGANISATIONSNAMN (ÄNDRA SIDHUVUD VIA 
FLIKEN INFOGA-SIDHUVUD/SIDFOT)
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Pharmacological treatments under development
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CM-AT, 

CM-AT, 
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Symptomatic treatment
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Oxytocin

• Bonding
‐ Parental behavior
‐ Pair‐bonding behavior

• Social cognition
‐ Social recognition

• Aggression
• Anxiolysis
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Thus, oxytocin seems to influence different human social 
behaviors.

How?

• Reduce anxiety 

• Increase social motivation 

• Increase salience of social cues  ‐ social attention
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Oxytocin treatment and autism

‐ symptom relief
‐ increased eye gazing
‐ improved emotion recognition
‐ etc

Andari, E. et al. PNAS 107, 4389‐4394 (2010)
Anagnostou, E. et al. Mol Autism 3, 16 (2012)
Domes, G. et al. Biological psychiatry 74, 164‐171 (2013)
Gordon, I. et al. Proc Natl Acad Sci U S A 110, 20953‐20958 (2013)
Watanabe, T. et al. JAMA Psychiatry 71, 166‐175 (2014)
Yatawara C et al, Mol Psychiatry. (2015) 
Althaus M et al, Neuropsychologia. 79(Pt A):53‐69 (2015)
Auyeung B et al, Transl Psychiatry. 5:e507 (2015)
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Oxytocin treatment in autism
• Single dose intranasal spray improves social awareness and use of 
appropriate social aproach behaviors in context, appropriate use of of
eye contact, gestures, and understanding and recognition of facial
expression – in individuals with and without autism.

• Promising, but contradictory, results from ’clinical trials’ of continous
oxytocin treatment on diagnostic symptoms of autism.

• Combination of oxytocin and behavioral therapy should be evalutated
in patients.

• Development of alternative treatment strategies is on‐going e.g. by 
increasing endogenous oxytocin by melanocortin receptor agonist
melanotan‐II, in animal models.

• Are subgroups of patients more responsive to oxytocin and others?  
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Concluding Remarks
• Autism can probably be caused by altered synaptic function
/ synaptic homeostasis probably causing imbalance
between excitation (glutamate) and inhibition (GABA) of 
relevant neural circuits.

• Studies in mice suggest that neurodevelopmental events 
and autism‐like symptom may be reversible in adulthood.

• Several drug targets have beed identified in mice studies, 
which are and should be evaluated.

• Several drugs are under development.
• Oxytocin may turn out to be helpful in improving social 
fucntioning in autism patients. 
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Future directions
• Genetic subgroups with respect to rare mutations should be 
evaluated to symptoms and treatment response.

• Identification of the common variants

‐ Genome‐wide studies of huge samples of patients and controls

‐ Identification of sub‐groups of patients, and their genetics.

‐ Investigating the genetics of endophenotypes of ASD e.g. eye‐
tracking measures during social attention

• Evaluation of other animal models e.g. zebrafish; maybe having 
better validity than mice, and allows drug screening.
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