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• The cause is unambiguous and uncontested
• There is an easy and accurate test for this syndrome
• There is very high conversion

– If the test is positive there is 80-100% likelihood that the syndrome will 
manifest

• There are cell and animal models with highest construct validity
– Translational biomarkers have been developed

• There is good preclinical evidence that reversing the causal deficit will 
lead to improvements, even if given later in life

• Unbiased estimates of prevalence place it at ~1:15,000 live births
– Orphan designation, but not vanishingly rare

• Very engaged family foundation with registries of patients
• Expert sites are doing extensive phenotyping and can identify key 

clinical endpoints
• FDA is very supportive

– Works with families; More flexible about endpoints/indications; PRV is likely
• If a drug is successful, there is reasonable path for the same drug to also 

get an indication in related disorders
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Social cognition vs general cognition?







• Not a single pathway by any stretch of the imagination
– Precision medicine is critical

• Overwhelmingly dominant
– We are most powered for de novo mutations, which are generally 

dominant
– Second allele that can be manipulated

• Primarily LoF
– But we know the genetic mechanism for many of the recurrent genes)

• Can show a U-shaped curve
• However, tend to be very severe
• In certain cases, it has been shown that late re-expression has 

benefit
– Also, behavioral therapies have some efficacy even later in disease

• Top genes are “fairly” common
• Top genes are highly penetrant







• 22q11.2
– Del: Digeorge Syndrome, Velocardiofacial Syndrome; 

anxiety, depression, attention-deficit/hyperactivity disorder 
(ADHD), autism; higher rates of schizophrenia.

– Dup: Severe congenital anomalies and developmental 
delays, autism. 

• 7q11.23
– Del: Williams Syndrome
– Dup: Developmental delay, intellectual disability, autism, 

speech-language delays

• 17p11.2
– Del: Smith-Magenis Syndrome; global developmental 

delay, moderate intellectual disability, autism
– Dup: Potocki-Lupski syndrome; language delay, moderate 

intellectual disability, autism. 

• 16p11.2
– Del: mild intellectual disability, language delay, autism 
– Dup: mild intellectual disability, autism.



Tend to be very severe







Mutations in top genes are “relatively” common

DDX3X
1-3% of ID in girls;

SHANK3
0.5% of ASD; 0.5% of ID

ANDP
0.2% of ASD; higher in ID?

Etc

1:15,000-1:20,000



OR 20-70 OR ~ 5

ASC – Top genes are highly penetrant



• Not a single pathway by any stretch of the imagination
– Precision medicine is critical

• Overwhelmingly dominant
– We are most powered for de novo mutations, which are generally 

dominant
– Second allele that can be manipulated

• Primarily LoF
– But we know the genetic mechanism for many of the recurrent genes)

• Can show a U-shaped curve
• However, tend to be very severe
• In certain cases, it has been shown that late re-expression has 

benefit
– Also, behavioral therapies have some efficacy even later in disease

• Top genes are “fairly” common
• Top genes are highly penetrant



• The cause is unambiguous and uncontested – SHANK3 loss
• There is an easy and accurate test for this syndrome – genetic test
• There is very high conversion – ”fully” penetrant

– If the test is positive there is 80-100% likelihood that the syndrome will 
manifest

• There are cell and animal models with highest construct validity
– Translational biomarkers have been developed – EEG etc

• There is good preclinical evidence that reversing the causal deficit will 
lead to improvements, even if given later in life – mouse models

• Unbiased estimates of prevalence place it at ~1:15,000 live births
– Orphan designation, but not vanishingly rare – good objective data

• Very engaged family foundation with registries of patients - PMSF
• Expert sites are doing extensive phenotyping and can identify key 

clinical endpoints – RDCRN
• FDA is expected to be very supportive

– Works with families; More flexible about endpoints/indications; PRV is likely
• If a drug is successful, there is reasonable path for the same drug to also 

get an indication in related disorders – SHANK2?, EEG biomarker



• There is no syndrome called 
Mizuyaf syndrome
– (Mizuyaf is Hebrew for ‘forged’)

• However, there are at dozens of 
NDD syndromes with many of 
these properties
– And the fraction with most of them 

will increase with more 
experimentation



ADNP; DDX3X; FOXP1; SHANK3
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