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Two views on developmental disorders

• 1. Developmental disorders are frequently 
behaviorally defined

– For example, autism is defined by:
• Deficits in social interaction and the social use of language

• Presence of stereotypical mannerism and/or proscribed 
interests

• 2. Developmental disorders can be caused by 
genetic or environmental insults 

– For example, autism is highly genetic

Hypothesis: As we learn more about the causes of 
autism this will lead to better treatments

Top down –

Behavior

Bottom up –

Causes



Impact of discovering an etiology 

for a development disorder

• Benefit to patient
– More informed care

– Soon? - Personalized medicine

• Benefit to family
– Information about clinical course

– Information about recurrence

– Family and advocacy groups

• Benefit to society
– Clinical information on a population level

– Understanding of mechanisms

– New targets for medicine

– Model systems

– New medicines













Individuals with 

many risk SNPs

Individuals with 

few risk SNPs



First unequivocal GWAS signal in ASD – Ric Anney et al







ASC

SSC



Buxbaum, Daly, Devlin, Roeder, and State, PI



ASC 1 - Summary



Many of the 

ASC genes are 

synaptic



Many of the 

ASC genes 

are involved 

in chromatin 

remodelling



Multiple hit de novo LoF genes

SSC data, S Sanders.



Comparison of Relative Risks

Slide from K Roeder





“In the SSC sample, structured to enrich for de novo CNV 

and LoF mutations, their contribution to the variance in 

liability is 2.6. Yet de novo events can have a large impact 

on liability and 14% of subjects carry such mutations: 

roughly 80% of subjects that are carriers of a de novo CNV 

would not be affected if they were not carriers; likewise, for 

carriers of de novo LoF mutations, 57% would not be 

affected.”

In many/most cases, autism results from the 

interaction of common and rare genetic variation



Many of the ASC genes have been 

implicated in other disorders





ASC+SSC



Combining autism and intellectual disability 

exome data yields insight into both disorders
Ercument Cicek, Lambertus Klei, Silvia De Rubeis, Joseph Buxbaum, Kathryn Roeder, 

Bernie Devlin, DDD (Jeff Barrett, Matthew Hurles, …), ASC, unpublished

For the first time we are showing specificity of autism and NDD genes

ASC+DDD



IT’S NOT WHAT YOU THINK” ®

• PMS (or Phelan McDermid Syndrome) is a genetic 

disorder that often presents with autism

• PMS is caused by mutations in the gene SHANK3







Population of the USA ~320 million

Rate of PMS is minimally ~1/10,000

320,000,000/10,000 = 32,000

For comparison -

Rett syndrome occurs in 1 in 10,000-20,000 births

Fragile X syndrome occurs in 1 in 5000-6000 births (1 in 2500-4000 males)
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About 25% of PMS comes from a 

parent with a balanced translocation

This means that each child in such a family has a 50% 

chance of having PMS



Phelan-McDermid Syndrome 

Foundation
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From cohort studies



Heterozygous Shank3 knockout 

mice show behavioral 

abnormalities (including social 

and motor deficits), and 

evodence for immature 

glutamatergic synapses.



IGF-1 enters the 

CNS, is safe, and 

improves apnea 

measures and 

anxiety and mood 

in Rett syndrome.









What is next for IGF-1 in PMS?
• Rare Disease Clinical Research Network

– Currently 6 PMS sites in the USA
• Mount Sinai (Prof. Alex Kolevzon), Rush, BCH, NIH, 

UTSW, Stanford

• Knowledge-sharing and collaboration with 
European sites
– EU-AIMS

– Spain, France, Germany, etc

• In discussion with Ipsen for reduced cost IGF-1

• NIH funding for additional subjects for IGF-1 trial
– Adding novel biomarkers in this 2nd study

• Autism Science Foundation had provided pilot 
support for IGF-1 in idiopathic autism



The Shank3-deficient rat, 

a novel genetically modified rat model for autism



Hala Harony-Nicolas

Oxytocin reverses social deficits in the Shank3-deficient rat, a novel 

genetically modified rat model for autism

• Why rats?
– They have a substantially larger brain

– The brain regions anatomy and 
connectivity are better identified in rats

• The rat mPFC is considered to be 
homologous in function to PFC in 
human

– The precise cytoarchitecture, 
connectivity, and function of the rat 
mPFC has been worked out in better 
detail

– Broad array of behavioral and 
physiological analyses possible

– A primary choice of pharmaceutical 
industry for studying pharmacokinetic 
properties of novel drug

Dr. Paulina Rychenova and Bill Gibson



Attentional deficits in Shank3-deficient rats



Social recognition memory (SRM) deficits in Shank3-deficient rats 

Social discrimination test

Short-term SRM
Long-term SRM

Shank3-deficient rats display impaired long but not short-

term SRM

1 hour OR 24 hours 

Long-term object location 

dependent memory



Effects of oxytocin on SRM

Oxytocin reverses the long term social recognition memory 

deficits observed in the Shank3-deficient rats

10 min 24 h

Oxytocin intracerebroventricular injection 

In addition to its well-known 

role in modulating 

mammalian social 

behaviors, there is a 

specific role for oxytocin in 

the acquisition of SRM

(Gur et al., Biological 

psychiatry 2014; Ferguson

et al., Nature Genetics

2000).



Prof. Alex Kolevon and the Seaver

Center have FDA approval for a 

clinical trial for this study





• There are many autism genes

• These genes are associated with a very broad spectrum of 
relative risk

• Additive effects likely explain most cases

• Genes map to synaptic, chromatin, and transcriptional 
pathways

• Many-to-many relationships appear to be true for many/most? 
autism genes and neurodevelopmental phenotypes

• However, careful studies can begin to tease these things apart

• There are many examples of genes leading to novel clinical 
trials in autism and developmental delay syndromes

• Over the next few years we will begin to learn which of 
these approaches is having beneficial effects on disability 
in autism



• The Seaver Autism Center
– www.seaverautismcenter.org

– Annual research summary
• http://issuu.com/johndavey/docs/seaver-annualupdate-

2014-15

– Participating 
• theseavercenter@mssm.edu

• The ASC
– https://genome.emory.edu/ASC/

• Participating in autism research through an ASC 
site
– Contact Jessica Brownfeld

• Jessica.Brownfeld@mssm.edu

http://www.seaverautismcenter.org
http://issuu.com/johndavey/docs/seaver-annualupdate-2014-15
mailto:Jessica.Brownfeld@mssm.edu


The ASC continues to sequence new samples – please join us!

ASD trios, ID trios, and epilepsy trios (even OCD and Tourette trios)

Samples in First Publication

14654 samples

(includes 2303 trios)

ARRA ASC case-control (Daly) - 799 

samples (427 cases, 372 controls

ARRA ASC case-control (Sabo) - 933 

samples (444 cases, 489 controls)

ARRA ASC trios (Schellenberg) - 141 

samples (47 trios)

ARRA ASC trios (Sutcliffe) - 131 

samples (44 trios)

Boston Autism Consortium (Daly) -

676 samples (209 trios)

Central Valley of Costa Rica 

(Buxbaum) - 529 samples (177 trios)

Finland (Palotie) - 153 samples (51 

trios)

Germany (Freitag & Chiocchetti) - 1040 

samples (353 trios) 

Middle Eastern (Walsh) - 733 samples 

(255 trios)

PAGES Swedish cases (Buxbaum & 

Hultman) - 435 samples (435 controls)

Seaver Autism Center (Kolevzon)  - 230 

samples (72 trios)

Simons Simplex Collection (State, 

Eichler, Wigler) - 2475 samples (825 

trios)

Swedish controls (Purcell, Daly, Sklar & 

Hultman) - 2526 samples (2526 controls)

TASC (Buxbaum) - 613 samples (203 

trios)

UK 10K trios (Barrett) - 201 samples (67 

trios)

UK 10K case-control (Barrett) - 3039 

samples (367 cases, 2672 controls) 

Current Data Freeze

21287 Samples (including):

1. 9397 SSC samples

2. Samples from first publication

3. 3783 Newly Sequenced Samples 

(includes 1130 trios or quads)

Japan (Aleksic) - 199 samples (65 

trios/quads)

Spain (Parellada) - 438 samples (145 

trios/quads)

PAGES (Sweden) - 280 samples (116 

parents/164 cases) 

Mt. Sinai Seaver (Buxbaum) trios - 54 

samples (18 trios) 

U Penn (Minshew) trios - 113 samples 

(37 trios/quads) 

TASC-LCL DNA - 1958 samples (650 

cases/1268 parents/29 sibs)

TASC-WB DNA - 99 samples (1 case/92 

parents/6 sibs) 

Utah (Coon) - 555 samples (185 

cases/370 parents = 185 complete trios)

Portugal (Barbosa) - 87 samples (29 

Trios) 

Ongoing or Planned Sequencing

Data back this year Sites being recruited

1705 samples 

(includes 272 trios or quads)

5514 samples

(includes 1723 trios)

Japan (Branko Aleksic) - 487 samples (188 

ASD & 299 Controls) 

Hong Kong (Chung) – 350 samples (25 

trios, 275 cases)

PAGES (Sweden) - 278 samples (134 cases 

and 144 controls - includes 40 parents & 12 

complete trios)   

Italy (Persico) – 1947 samples (649 trios)

U Pitt (Minshew) - 481 samples (175 cases, 

306 controls - includes 112 complete trios & 

4 complete quads)

Brazil (dos Santos e Passos-Bueno) –

2256 samples (752 trios)

TASC-LCL (AGRE) - 247 samples (includes 

62 trios, 12 quads, 1 quint)

Argentina (Vanini Sesarini) – 292 

samples (74 trios, 70 cases)

TASC-WB DNA - 4 samples (4 cases) Ohio (Herman) – 669 samples (223 trios)

Mt. Sinai Seaver (Buxbaum) trios - 34 

samples (10 trios/quads)

Additional samples being contributed by 

member sites, including PAGES, 

Germany, Mt. Sinai Seaver, Portugal, 

Turin Italy.

Portugal (Barbosa) - 174 samples (58 

complete trios) 

To be sequenced this year TARGET

1082 samples 

(includes 294 trios or quads)

5000 samples per year,

for the next 5 years.

PAGES (Sweden) - 80 samples (69 cases, 

11 parents)

UC Davis (Tassone) - 743 samples (420 

parents, 5 aff sibs, 105 unaff sibs, including 

210 complete trios/quads)

Miami (Pericak-Vance) - 108 samples (36 

trios) 

Turin Italy (Brusco) - 151 samples (48 trios 

& 7 cases)




