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Autism Spectrum Disorders

Biomarkers are not 
required for an ASD 

diagnosis but are more 
common in ASD than in 
the general populations



AUTISM SPECTRUM 
DISORDERS

SHANK3
NLG4

CNTNAP2
…

AUTISM SPECTRUM
DISORDERS

Residential proximity to freeways

Parental Occupational Exposures
… 

AUTISM SPECTRUM
DISORDERS

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjCv8_ulczSAhWK5xoKHTXdBjQQjRwIBw&url=https://www.niehs.nih.gov/health/topics/science/gene-env/&bvm=bv.149093890,d.d2s&psig=AFQjCNGpVk2Qc0L55o1IDhJn538Y9QKvYQ&ust=1489243314203274
https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjCv8_ulczSAhWK5xoKHTXdBjQQjRwIBw&url=https://www.niehs.nih.gov/health/topics/science/gene-env/&bvm=bv.149093890,d.d2s&psig=AFQjCNGpVk2Qc0L55o1IDhJn538Y9QKvYQ&ust=1489243314203274
https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjCv8_ulczSAhWK5xoKHTXdBjQQjRwIBw&url=https://www.niehs.nih.gov/health/topics/science/gene-env/&bvm=bv.149093890,d.d2s&psig=AFQjCNGpVk2Qc0L55o1IDhJn538Y9QKvYQ&ust=1489243314203274
https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjCv8_ulczSAhWK5xoKHTXdBjQQjRwIBw&url=https://www.niehs.nih.gov/health/topics/science/gene-env/&bvm=bv.149093890,d.d2s&psig=AFQjCNGpVk2Qc0L55o1IDhJn538Y9QKvYQ&ust=1489243314203274




ENVIRONMENTAL FACTORS:

1. Advanced age of parents (Sanders et al., Nature
2012; Reichenberg et al., Arch Gen Psychiatry 2006)

1. Low body weight at birth (Eaton 2001)

2. Multiple pregnancies (distance between the pregnancies
lower of 12 months; Cheslack-Postava et al, 2011)

3. Maternal infection during gestation (rubella virus, flu and 
cytomegalovirus)

4. Chemical contaminants to which the mother and/or the
baby is exposed [ethanol, valproic acid, thalidomide;
organophosphates]
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CHARGE (Childhood Autism Risks from Genetics and the Environment) was

launched in 2003 as a study of 1,000 to 2,000 children with differing patterns of

development. The goal is to better understand the causes and contributing

factors for autism or developmental delay. Three groups of children are being

enrolled in the CHARGE study: children with autism, children with

developmental delay who do not have autism and children from the general

population. All of them are evaluated for a broad array of exposures and

susceptibilities.

The participants

Children enrolled in the study must:

• Be between 24 and 60 months of age

• Have been born in California

• Have parents who speak either English or Spanish

• Live with at least one biological parent





Under the auspices of CDC, began recruiting about 2700 children aged two to five

The study includes developmental evaluations, questionnaries, a review of medical
records and analysis of blood, cheek-cell and hair-samples to examine genetic make-
up exposures to environmental chemicals

SEED



Funded by NIH is enrolling up to 1200 families that have a child with autism and
are preparing to have another baby

The study intends to look for any interplay between environmental factors and
genetic susceptibility that might contribute to autism risk in their next child

EARLI



 Concordance of 60-80% in monozygotic twins

 Concordance of 20-30% in dizygotic twins

 4:1 frequency ratio boys:girls (8:1 in AS and 1:1 when IQ <50)

Causes of Autism Spectrum Disorders: 
strongest evidence is genetic
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Linkage and associations studies indicate many genes underlying
Autism Spectrum Disorders: GABA-β3, 5-HTT, MET, PTEN, En2,
UBE3a, CNTNAP2, neurexins, neuroligins, shanks and genes for
comorbid neurodevelopmental disorders including FMR1, MECP2,
TSC



HIGH RISK INFANTS

Recurrence risk of 18% 
(25.9% in males and 9.6% in females)





GENETIC COMPLEXITY: 2193 genes (99

syndromic autism related genes and 2135 non-syndromic autism related genes),
4617 Copy Number Variations (CNVs) and 158 linkage regions associated with ASD



Mendelian Syndromes

Rare variants: 1% of cases

Common Alleles

12p13.33 (CACNA1C) Timothy Syndrome
15q11.2 (UBE3A) Angelman Syndrome
Xq27.3 (FMR1) Fragile X Syndrome
9q34.13 (TSC1) Tuberous Sclerosis type 1

2p16.3 (NRXN1) ASD, ID, language delay, SCZ
3p13 (FOXP1) ID, ASD
22q13.33 (SHANK3) ASD
Xp22.32-p22.31 (NLGN4X) ASD, ID, TS, ADHD
Xq13.1 (NLGN3) ASD

1q42.2 (DISC1)
7q22.1 (RELN)
7q36.3 (EN2)



“One-to-many” phenomenon
Identical highly penetrant variants in different
individuals carry large effects but for a wide range
of outcomes, including ASD, epilepsy, intellectual
disability and schizophrenia

“Many-to-one” relationship

The number of genes predicted to carry risk for
ASD has steadily increased (now reaching well into
hundreds) with no single locus accounting for
more than 1% of cases



Stuart, the older but smaller of the two
brothers, can speak. But he’s still very
limited in how he communicates.

Timmy is non-verbal and tends to wander
the house searching for things to “get
into”.

Family with a mutation
in the Neuroligin 4 gene





300-1000 

genes associated to 
ASD

20-40 network 
of genes

5-10 
biological 
pathways



TRANSCRIPTOMIC

Voineagu I et al. Nature, 1-5 (2011)





Immune dysfunction in ASD
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Goines PE, Ashwood P, Cytokine dysregulation in autism spectrum disorders (ASD): Possible role of the environment, Neurotoxicol Teratol (2012)

Maternal inflammation during early pregnancy (viral or bacterial infections)

Elevated levels of circulating pro-inflammatory cytokines





Penzes et al., Nat Neuroscience 2011 
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Dendritic spine pathology in 
neuropsychiatric disorders



Variations in the 
number of neurons

Brain weight is heavier 
in autistic children

Courchense E. et al, Jama, 2011

Prefrontal cortex:

n = 7 n = 6

between 2 and 16 years



Variations in the 
number of neurons

In the prefrontal cortex is observed a 
greater number of neurons

Reasons of the greater number of neurons 
should be searched at the prenatal level:

Uncontrolled proliferation?
A reduced apoptosis? Or both?

Courchense E. et al, Jama, 2011



HYPERCONNECTIVITY in children with ASD

Hyperconnectivity is predictive of autistic symptoms: children with 
hyperconnectivity have more severe deficits in the social domain

Controls ASD

Supekar K et al., Cell Rep. 2013 Nov 14; 5(3): 738–747

What are the consequences of this neuronal
overload?



Excitatory/Inhibitory Imbalance
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GABA

• during the embrional and
perinatal phases: this
neurotransmitter depolarizes
targeted cells and triggers
calcium influx
• in the mature brain GABA acts
as an inhibitory transmitter

GABA regulates many processes
during development:

Cell proliferation
Migration
Differentiation
Synaptic maturation
Apoptosis



Animal models in 
which was found

an alteration of the 
balance E/I



Despite these observations, there are no 
biological markers for autism because:

• The few candidate biomarkers were not detected
in ALL autistic patients

• Biomarkers found are often associated with other
neurodevelopmental disorders



PRECISION MEDICINE: the need of subtyping



A total of 21 university-affiliated clinical sites

SPARK will collect information and DNA for 
genetic analysis from 50,000 individuals with 

autism — and their families 







The future…



Thank you for your attention
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