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ASD: Current situation 

•  1 in 88 children and adults 
is affected 

•  Diagnosis and treatment 
solely rely on clinical 
observation, not cause or 
pathophysiology  

•  No medical treatments that 
significantly improve core 
symptoms;  

•  Which treatment works for 
which child/ person? 



Challenges for treatment development 

•  Understanding of pathophysiological mechanisms is 
poor, due to: 

•  Phenotypic heterogeneity 
–  Symptom quality and severity varies between individuals 
–  2/3 of individuals with ASD have 1+ comorbidities (Simonoff et 

al., 2008) 

•  Genetic heterogeneity 
–  Several hundred ASD risk genes identified;  
–  Together account for 10-20% of cases, individually for <2% 

(Betancur, 2011) 

•  Etiological heterogeneity 
–  Different “autisms” or one/ few final common pathway(s)? 

•  Lack of biomarkers  
–  For patient selection in clinical trials 
–  To estimate treatment response 

 



Overview 

1.  New approaches to identifying etiology-based treatment 
targets 

2.  Biomarker approaches for 
1.  (early) diagnosis 
2.  Patient stratification 
3.  Prognosis 

3.  Qualification advice from an international regulator: the 
European Medicines Agency 



Five integrated programmes 

14 academic partners, 5 EFPIA, 3 SMEs, AS 



 In vitro and in vivo models 

•  Monogenic forms of ASD provide 
new window into a mechanistic 
understanding of ASD-symptoms 
–  Genes involved in regulating synapse 

structure and function (SHANK3, 
CNTNAP2, NRXN1, NLGN3/4X) 

–  Genes involved in transcriptional/ 
translational control (TSC1/2, 
MECP2, NF1, PTEN) 

•  Different risk genes converge on a 
limited number of molecular 
pathways (Voineagu et al., 2011)affecting 
synaptic homeostasis (Bourgeron, 2009) 

•  Hypothesis: Defects of  
Synaptogenesis affect excitatory-
inhibitory balance. 



   Cellular Assays 

Figure2.  Addition of a new Human Genomics workpackage will significantly add to the 
existing EU-AIMS platform in accelerating scientific discoveries leading to new treatments 
of ASD. 
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•  Jack Price (KCL) 
•  Daniel Ursu (Lilly) 
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Goal: Generate ASD patient-specific iPSCs 
Generation and Validation of iPSC lines 

The four 
  

Induced pluripotent cells (iPSCs) from human hair 
Hair sample 

   iPS Colonies   Neural  Neurons  iPS Lines (>P20) 

    Keratinocytes 

Banking 

Keratinocyte approach validated. 
QC criteria defined (ie Pluripotency 
markers (ICC), Alkaline phosphatase, Karyotype 

EB formation) 

Price Lab, KCL 

•  Developed protocol to freeze hair biopsies (Price) 
•  Developed and validated robust differentiation protocol 



Physiological properties of iPSC-derived 
neurons Utilize iPSCs and other cellular systems to define cellular 

phenotypes associated with ASD 

From Spines to Synaptic Proteins and Excitatory Synaptic Currents 

Week  
in vitro 

Control 
cells 

7 57%  

8 89%  
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Andreae Lab, KCL •  Demonstrate basic properties of excitatory and inhibitory 
synaptic currents in control lines (Andrae, KCL) 

•  Evaluate mechanisms of synaptic plasticity, in particular  
long-term depression and long-term potentiation 
(Bischofberger, Uni Basel) 



Identify cellular phenotypes linked to ASD and 
specific CNVs  

Price Lab, KCL 

Time Course of neuronal morphology in SHANK3 cells 
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•  Preliminary findings: Neurons from SHANK3 patients show 
abnormalities in terms of neuronal size and morphology (Jack 
Price, KCL) 

•  Characterisation of ion channels and glutamatergic/ GABA-
ergic receptors: significant increase in AMPA response, 
indicating increased excitatory pathways (Ursu, Lilly)  



Lead 
•  Peter Scheiffele (University 

of Basel) 
•  Thomas Steckler (J&J) 

                               Animal Models 

Figure2.  Addition of a new Human Genomics workpackage will significantly add to the 
existing EU-AIMS platform in accelerating scientific discoveries leading to new treatments 
of ASD. 
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Nlgn3 mutant mice as models for 
non-syndromic forms of ASD 

Patients: NLGN3 R451C (Jamain et al., 2003) 

    CNVs (del.)(Gilman et al., 2011; Levy et al., 2011, Sanders et al., 2011) 

 
Nlgn3 R451C mice (Tabuchi, 2007; Chadman, 2008; Etherton, 2011) 

- Subtle deficits in social interaction 
- Enhanced spatial memory 

Nlgn3 KO mice (Radyuchkin, 2009) 
- Defect in social memory 
- Reduced ultrasonic vocalizations 
- Impairment of olfactory function 
- Hyperactivity 

Nlgn3 mice as models for non-syndromic ASD 

•  Neuroligins: post-synaptic cell adhesion molecules 
(CAMs) at GABAergic and glutamatergic synapses 

•  Reversible Nlgn3 KO 

  

Scheiffele group: Baudouin et al., 2012, Science 



Nlgn3KO mice: cellular, morphological, 
electrophysiological phenotypes 

EU-AIMS  the work leading to these results has received funding from the Innovative Medicines Initiative Joint Undertaking (IMI) 

Occlusion of mGluR-LTD in Nlgn3KO mice 
& elevation of mGluR1 expression 

•  Loss of NL3 from parallel fibre synapses results in 
increased mGluR1 expression, 

•  mGluR LTD at parallel fibre synapses is occluded 
•  Neurons in cerebellum form abnormal synaptic connections 
•  Reminiscent of pathophysiology in Fragile X (convergence 

of potential drug targets between syndromic/ non-syndromic 
forms of ASD 



Genetic rescue in adulthood 

•  Gene was switched on after mice reached adulthood 
•  mGluR1 expression and ectopic synapse formation 

could be reversed 
•  Some behavioural deficits normalised 
•  Potential of symptom amelioration after completion of 

development 
Can mis-wiring of cerebellar afferents be 
rescued after completion of development? 



Lead 
•  Andreas Meyer-Lindenberg 

(CIMH, Germany) 
•  Gahan Pandina (J&J) 

                            Translational Imaging 

Figure2.  Addition of a new Human Genomics workpackage will significantly add to the 
existing EU-AIMS platform in accelerating scientific discoveries leading to new treatments 
of ASD. 
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Translational method development 

EU-AIMS  the work leading to these results has received funding from the Innovative Medicines Initiative Joint Undertaking (IMI) 

Understanding social communication 
in mice 

Stabulation 

Tests 
Stabulation + tests 

Test 
module 2 

Test 
module 1 

From now on Up to now 

Mice Profiler - ICY 
software 
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Understanding social communication 
in mice 

Stabulation 

Tests 
Stabulation + tests 

Test 
module 2 

Test 
module 1 

From now on Up to now 

Mice Profiler - ICY 
software 

EU-AIMS  the work leading to these results has received funding from the Innovative Medicines Initiative Joint Undertaking (IMI) 

Must find the reward location 
out of 56 possibilities 
Location moves after 10 trials 
Unpunished  no consequence 

for an incorrect poke 
Distinct acquisition and recall 

phases 
Very quickly learned and 

naturalistic 
Can also be used to look at 

perseverative responding 
Primary measures are 

searches to find the rewarded 
location and searches as the 
formerly rewarded location 
 

Touchscreen - Spatial search task 
“Mouse city” (Pasteur) Touch screen tests (J&J) 

Integrated behaviour-
EEG analyses (UMCU) 

EU-AIMS  the work leading to these results has received funding from the Innovative Medicines Initiative Joint Undertaking (IMI) 

Magnetic resonance imaging in ASD 
Multi-modal assessments 

Anatomy Structural MRI 

Functional MRI 

MR 
spectroscopy 

Chemical shift [ppm] 

Neural 
activity 
Brain circuitry 
Connectivity 

Neurotransmitters 
Metabolites 

Translational imaging 



Horder et al., 2013, Translational Psychiatry 

•  ASD=28 ,Controls =14 
•  ASD: Reduced Glx in 

Basal Ganglia 

L	
  Basal	
  Ganglia	
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Proof-of-concept for E/I imbalance in animal 
models and patients 

Petrinovic, unpublished data 



Challenges for clinical trials 

•  Clinical and etiological heterogeneity: 
If/ when new treatment targets are found…..Difficult to test 
treatment efficacy as some/ most treatments may only be 
effective in certain biological subgroups 



Current situation 

•  No validated universal or specific biomarkers for ASD 
•  Most (single-site) studies include small and heterogeneous 

samples -> often failure to replicate 
•  Limited power to stratify groups and identify more biologically 

homogeneous subgroups 
•  Use of different (often not standardized) experimental 

measures 
•  Need of outcome measures sensitive to change 
•  Many academics have limited experience with translational 

applications: Experiments are not planned to be used in 
clinical trials or to gain regulatory approval for new treatments 



Why we need biomarkers 

•  Objective measure of a quantifiable process 
•  Risk/ diagnostic biomarker: predict which child will develop 

ASD, detect ASD as early as possible 
•  Stratification biomarker: group patients into biologically 

(more homogeneous) subtypes 
•  Prognostic biomarker: predict the progression of  

symptoms and ‘outcome’ in adulthood 
•  Predictive biomarker: Estimates/ predicts an individual’s 

response to a  treatment 
•  Biomarker as surrogate outcome measure: predicts 

clinical outcome and can therefore be used as a substitute for 
a clinical end-point 



Lead 
•  Jan Buitelaar (Radboud 

University Medical Centre 
Nijmegen) 

•  Eva Loth (KCL) 
•  Lauren Boak (Roche) 

      Clinical Research 

Figure2.  Addition of a new Human Genomics workpackage will significantly add to the 
existing EU-AIMS platform in accelerating scientific discoveries leading to new treatments 
of ASD. 
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Four unique patient cohorts 

4  10 14 24    36 
months 

High-risk siblings 
HR=300, LR=100 

LEAP 
ASD =500, Control =350 

deCODE 
CNV carriers 
N=300, 
Control=300 

6           12             18                     30 yrs 

3                 6           12             18                     30 yrs 

Synaptic Gene Deficit =~80, 
Control =50 



Longitudinal European Autism Project 
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7	
  centres:	
  
KCL	
  
UCAM	
  
RUNMC	
  
UMCU	
  
CIMH	
  
UCBM	
  
+KI	
  twins	
  
	
  

LEAP enrolls a large cohort of participants (400 ASD; 250 TD) 
diverse in age (6-30 years)  and ability levels 



Mul$-­‐modal	
  profile	
  of	
  each	
  volunteer	
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400 ASD, 250 control 
50 ASD discordant twin pairs, 
KI; 20 TD twin pairs 
 

èFollow-­‐up	
  12-­‐24	
  months	
  later	
  



Protocol	
  Split	
  in	
  4	
  schedules	
  
A  
Adults 
18-30 yrs 

 B 
Adolescents 
12-17 yrs 

C 
Children 
6-11 yrs 

D  
mild ID 
12-30 yrs 

Parent Interviews 
Parent Questionnaires 
Self-report Qs 

✔


✔



✔



✔


✔ 
✔



✔


✔ 
✗ 
 

✔


✔



✗ 

MRI 
• Structural scan 
• Resting state 
• DTI 
• Task-related fMRI* 

 
✔



✔ 
✔ 
✔ 

 
✔



✔ 
✔ 
✔ 




✔



✔ 
✔ 
✔✗ 




✔



✔ 
✔ 
✔✗ 

Eye-tracking ✔ ✔ ✔✗ ✔✗ 

Cognition ✔ ✔ ✔ ✗ ✔ ✗ 
EEG (KCL, RUNMC, 
CIMH, UMCU) 

✔ ✔ ✔ ✔ 

Blood, saliva, urine, hair 
sample 

✔ ✔


 
 

✔ ✔ 



Example of protocol in action 



Parent	
  and	
  self-­‐report	
  on-­‐line	
  Ques$onnaire	
  Pla;orm	
  



Example:	
  First	
  visit	
  



fMRI	
  task	
  Pre-­‐training	
  



MRI	
  scan	
  



Breaks	
  



ADOS 



Parents: Vineland, ADI, DAWBA 



Family	
  goes	
  home	
  or	
  stays	
  in	
  hotel	
  overnight	
  



Second day: IQ testing 



Cogni$ve	
  tes$ng	
  

Example:	
  SpaIal	
  working	
  memory	
  –	
  Psytools	
  PlaNorm	
  



EEG + Eye-tracking 



Biological	
  samples	
  

keratinocytes before sufficient reprogramming has occurred
(Hennings et al. 1980). We have adopted a protocol similar to
that of Zhu et al. (2010) in which keratinocytes, after being
transduced with the reprogramming vector, are maintained for
an extended period in low calcium serum-free keratinocyte
growth media before being adapted to hES media. Using this
approach, we observe a similar efficiency of reprogramming
to fibroblasts (∼0.05 %), but with slightly faster kinetics
(colonies are ready to transfer into feeder-free conditions after
21 days). The lower reprogramming efficiency we observe in
keratinocytes compared to the original report (Aasen et al.
2008) has also been observed by others (Carey et al. 2009) and
could be due to a number of factors including the titre of virus
used and the nature of the reprogramming construct. Rather
than individual retroviral vectors for the four reprogramming
factors, we use a polycistronic lentiviral construct flanked
with loxp sites at an MOI of two to increase the likelihood
of deriving lines with single integrands, thus allowing easier
removal of the vector, and decreasing the risk of insertional
mutagenesis (Papapetrou and Sadelain 2011). However, it
should be noted that the iPS field is increasingly moving
towards the use of non-integrating systems such as Sendai
virus (Nishimura et al. 2011), episomal (Yu et al. 2009) and
modified RNA vectors (Warren et al. 2010).

Validation of iPSC pluripotency and quality control

There is no universally agreed set of criteria in the field for
demonstration of pluripotency in hiPSCs, although attempts
have begun to work towards such a goal (Maherali and
Hochedlinger 2008; Daley et al. 2009). Nevertheless, vari-
ous assays to assess pluripotency have been developed and
are essential for the quality control of newly derived iPS
lines. These include immunocytochemical and quantitative
PCR (qPCR) analysis of markers either associated with or
necessary for the maintenance of the pluripotent state. We
routinely assess lines for Oct4, Nanog, Tra1-81 and SSEA4
(Fig. 2a). The expression of alkaline phosphatase is also
associated with pluripotency (Andrews et al. 1984) and is
assessed by a colorimetric assay of enzymatic activity on
lightly fixed cells (Fig. 2a (iv)).

The teratoma assay has generally been considered the gold
standard for demonstrating pluripotency in humanESor iPSCs
(MaheraliandHochedlinger2008;Daleyetal.2009).However,
anumberof serious shortcomingshavebeen identifiedwith this
assay including an absence of agreedobjectiveminimal criteria
forassessingandreportingteratomas(Mülleretal.2010)andthe
reported failure of this assay to robustly distinguish between
partiallyandmorefullyreprogrammediPSCs(Chanetal.2009).

Fig. 1 Derivation of keratinocytes from scalp hair. The root shaft of
each hair was plated onto matrigel-coated dishes, a presoaked coverslip
placed over the top of the dissected hair root, and mouse embryonic
fibroblast-conditioned media with 50 μg/ml gentamicin was added to
each well. Once the keratinocytes had begun to migrate from the hair
shaft onto the matrigel substrate, the media was switched to Epilife with

EDGS supplement (Life Technologies), and the gentamicin was re-
moved. For subsequent passaging, keratinocytes were pretreated for
1 h with Y-27632 (10 μM) before being dissociated with Accutase and
plating onto type I collagen-coated plates in keratinocyte media (with
Y27632 (10 μM) for the first 24 h)

Psychopharmacology (2014) 231:1079–1088 1081

Hair	
  biopsies	
  (frozen	
  
for	
  iPSC	
  generaIon)	
  

Urine	
  sample	
  (at	
  home)	
  

Blood	
  or	
  saliva	
  sample	
  



Challenges	
  for	
  a	
  mul$-­‐site	
  study	
  

•  Standardization:  
–  SOPs for every assessment module 
–  Training of RAs in all assessment modules 
–  Translation 
–  Reliability meetings 

•  Quality control procedures, MRI: standardized pre-
processing 

•  New generation of young researchers trained in 
multi-modal assessments (and analyses) 

•  Study carried out at ICH GCP level 



Biomarker approaches 
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Episodic 
memory

Working 
memory

RewardEmotional 
regulation

GRM3
(7q21.1–q21.2)

DRD2
(11q23)

COMT
(22q11.2)

MAOA VNTR
(Xp11.23)

5-HTTLPR/SLC6A4
(17q11.1–q12)

PFC
Caudate

Putamen

MB

PFC

OFC

BA 25 AM

HF

a

b

Schizophrenia

Depression

carriers show no clinical diagnostic charac-
teristics. As illustrated below, many risk gene 
associations to brain-based phenotypes are 
observed even in healthy individuals. To the 
considerable degree that susceptibility genes 
contribute to psychiatric risk, this approach 
offers a powerful bottom-up strategy to 
discover biologically valid knowledge about 
previously unknown mechanisms. Imaging 
genetics therefore becomes a guide to the 
discovery of neural circuitry that translates 
genetic effects into behaviour, and endo-

phenotypes implicate endomechanisms. 
Although this approach does not depend on 
the demonstrated heritability of the imaging 
probe used, to increase the prior probability 
of observing biologically relevant neural 
activity, the chosen paradigm must activate 
brain systems that are plausibly related to the 
disease under study based on independent 
evidence. We outline such evidence below 
for neural systems related to schizophrenia.

We stress that although we use the term 
endophenotype in deference to an earlier 

period in the evolution of thinking about this 
genetic strategy, there is nothing ‘hidden’ 
about the biological phenomena in the con-
text of neurobiology and imaging. The term 
intermediate phenotype is preferred, both 
because it implies a biological trait that is in 
a predictable path from gene to behaviour 
and because the phenotypes and mecha-
nisms are not secondary, but probably pri-
mary. This is analogous to its usage in other 
areas of complex medical genetics. From this 
perspective, it might be more correct to refer 

Figure 1 | The complex path from genes to behavioural and disease 
phenotype: mediation through brain circuitry. Multiple genetic risk 
variants affect, through interaction with each other and the environment, 
multiple neural systems linked to several neuropsychological and behav-
ioural domains that are impaired, in differing proportions, in psychiatric 
diseases. No one-to-one mapping exists between genes and neural system 
mechanisms, or between mechanisms and behaviour. As examples, the 
following genetic variants are depicted (chromosomal variation in paren-
theses): GRM3 single nucleotide polymorphism 4 (REF. 57) (7q21.1–q21.2), 
dopamine receptor D2 (DRD2) Taq 1a56 (11q23), catechol-O-methyltrans-
ferase (COMT) Val66Met4,46 (22q11.2), serotonin transporter length 
polymorphism (5-HTTLPR/SLC6A4)6,70 (17q11.1–q12) and monoamine 

oxidase A variable number tandem repeat (MAOA VNTR)92 (Xp11.23). 
These are shown to affect a circuit that links the prefrontal cortex (PFC) 
with the midbrain (MB) and striatum (caudate and putamen) (a), which is 
relevant for schizophrenia, and a circuit that connects the amygdala (AM) 
with regulatory cortical and limbic areas (b), which is implicated in depres-
sion and anxiety (BOX 1). These circuits, in turn, are shown to mediate risk 
for schizophrenia and depression and various neuropsychological func-
tions. Although illustrative, the connections shown correspond to pub-
lished work and show that a given gene will influence a variety of neural 
circuits, which in turn influence several behavioural and clinical 
parameters. BA 25, Brodmann’s area 25; HF, hippocampal formation; 
OFC, orbitofrontal cortex.
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Gene structure : Exon/Intron 

5’ 3’ 

(National Human Genome Research Institute) 

Promotor 

Promotor : Transcription factor binding sites 
Defined where (cells) and when the gene is expressed 
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Stratify by sex 

•  Sex differences in normal 
development 
–  Many aspects of (social) cognition 
–  Brain development and function 
–  Gene expression 

•  Sex differences in ASD  
–  Cognitive profile (Lai et al., 2011, PLOS1) 
–  Brain function (Lai et al., 2013, Biol 

Psychiatry) 
•  Over-recruitment of females:  

–  male: female ratio: 3:1 
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sectional data 

•  Situate each person with ASD on  the TD trajectory 
•  Construct a trajectory for the whole disorder group and 

compare to TD group 
•  Some biomarkers may only be detectable at certain 

developmental stages 
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carriers show no clinical diagnostic charac-
teristics. As illustrated below, many risk gene 
associations to brain-based phenotypes are 
observed even in healthy individuals. To the 
considerable degree that susceptibility genes 
contribute to psychiatric risk, this approach 
offers a powerful bottom-up strategy to 
discover biologically valid knowledge about 
previously unknown mechanisms. Imaging 
genetics therefore becomes a guide to the 
discovery of neural circuitry that translates 
genetic effects into behaviour, and endo-

phenotypes implicate endomechanisms. 
Although this approach does not depend on 
the demonstrated heritability of the imaging 
probe used, to increase the prior probability 
of observing biologically relevant neural 
activity, the chosen paradigm must activate 
brain systems that are plausibly related to the 
disease under study based on independent 
evidence. We outline such evidence below 
for neural systems related to schizophrenia.

We stress that although we use the term 
endophenotype in deference to an earlier 

period in the evolution of thinking about this 
genetic strategy, there is nothing ‘hidden’ 
about the biological phenomena in the con-
text of neurobiology and imaging. The term 
intermediate phenotype is preferred, both 
because it implies a biological trait that is in 
a predictable path from gene to behaviour 
and because the phenotypes and mecha-
nisms are not secondary, but probably pri-
mary. This is analogous to its usage in other 
areas of complex medical genetics. From this 
perspective, it might be more correct to refer 

Figure 1 | The complex path from genes to behavioural and disease 
phenotype: mediation through brain circuitry. Multiple genetic risk 
variants affect, through interaction with each other and the environment, 
multiple neural systems linked to several neuropsychological and behav-
ioural domains that are impaired, in differing proportions, in psychiatric 
diseases. No one-to-one mapping exists between genes and neural system 
mechanisms, or between mechanisms and behaviour. As examples, the 
following genetic variants are depicted (chromosomal variation in paren-
theses): GRM3 single nucleotide polymorphism 4 (REF. 57) (7q21.1–q21.2), 
dopamine receptor D2 (DRD2) Taq 1a56 (11q23), catechol-O-methyltrans-
ferase (COMT) Val66Met4,46 (22q11.2), serotonin transporter length 
polymorphism (5-HTTLPR/SLC6A4)6,70 (17q11.1–q12) and monoamine 

oxidase A variable number tandem repeat (MAOA VNTR)92 (Xp11.23). 
These are shown to affect a circuit that links the prefrontal cortex (PFC) 
with the midbrain (MB) and striatum (caudate and putamen) (a), which is 
relevant for schizophrenia, and a circuit that connects the amygdala (AM) 
with regulatory cortical and limbic areas (b), which is implicated in depres-
sion and anxiety (BOX 1). These circuits, in turn, are shown to mediate risk 
for schizophrenia and depression and various neuropsychological func-
tions. Although illustrative, the connections shown correspond to pub-
lished work and show that a given gene will influence a variety of neural 
circuits, which in turn influence several behavioural and clinical 
parameters. BA 25, Brodmann’s area 25; HF, hippocampal formation; 
OFC, orbitofrontal cortex.

PERSPECT IVES
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carriers show no clinical diagnostic charac-
teristics. As illustrated below, many risk gene 
associations to brain-based phenotypes are 
observed even in healthy individuals. To the 
considerable degree that susceptibility genes 
contribute to psychiatric risk, this approach 
offers a powerful bottom-up strategy to 
discover biologically valid knowledge about 
previously unknown mechanisms. Imaging 
genetics therefore becomes a guide to the 
discovery of neural circuitry that translates 
genetic effects into behaviour, and endo-

phenotypes implicate endomechanisms. 
Although this approach does not depend on 
the demonstrated heritability of the imaging 
probe used, to increase the prior probability 
of observing biologically relevant neural 
activity, the chosen paradigm must activate 
brain systems that are plausibly related to the 
disease under study based on independent 
evidence. We outline such evidence below 
for neural systems related to schizophrenia.

We stress that although we use the term 
endophenotype in deference to an earlier 

period in the evolution of thinking about this 
genetic strategy, there is nothing ‘hidden’ 
about the biological phenomena in the con-
text of neurobiology and imaging. The term 
intermediate phenotype is preferred, both 
because it implies a biological trait that is in 
a predictable path from gene to behaviour 
and because the phenotypes and mecha-
nisms are not secondary, but probably pri-
mary. This is analogous to its usage in other 
areas of complex medical genetics. From this 
perspective, it might be more correct to refer 

Figure 1 | The complex path from genes to behavioural and disease 
phenotype: mediation through brain circuitry. Multiple genetic risk 
variants affect, through interaction with each other and the environment, 
multiple neural systems linked to several neuropsychological and behav-
ioural domains that are impaired, in differing proportions, in psychiatric 
diseases. No one-to-one mapping exists between genes and neural system 
mechanisms, or between mechanisms and behaviour. As examples, the 
following genetic variants are depicted (chromosomal variation in paren-
theses): GRM3 single nucleotide polymorphism 4 (REF. 57) (7q21.1–q21.2), 
dopamine receptor D2 (DRD2) Taq 1a56 (11q23), catechol-O-methyltrans-
ferase (COMT) Val66Met4,46 (22q11.2), serotonin transporter length 
polymorphism (5-HTTLPR/SLC6A4)6,70 (17q11.1–q12) and monoamine 

oxidase A variable number tandem repeat (MAOA VNTR)92 (Xp11.23). 
These are shown to affect a circuit that links the prefrontal cortex (PFC) 
with the midbrain (MB) and striatum (caudate and putamen) (a), which is 
relevant for schizophrenia, and a circuit that connects the amygdala (AM) 
with regulatory cortical and limbic areas (b), which is implicated in depres-
sion and anxiety (BOX 1). These circuits, in turn, are shown to mediate risk 
for schizophrenia and depression and various neuropsychological func-
tions. Although illustrative, the connections shown correspond to pub-
lished work and show that a given gene will influence a variety of neural 
circuits, which in turn influence several behavioural and clinical 
parameters. BA 25, Brodmann’s area 25; HF, hippocampal formation; 
OFC, orbitofrontal cortex.

PERSPECT IVES
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carriers show no clinical diagnostic charac-
teristics. As illustrated below, many risk gene 
associations to brain-based phenotypes are 
observed even in healthy individuals. To the 
considerable degree that susceptibility genes 
contribute to psychiatric risk, this approach 
offers a powerful bottom-up strategy to 
discover biologically valid knowledge about 
previously unknown mechanisms. Imaging 
genetics therefore becomes a guide to the 
discovery of neural circuitry that translates 
genetic effects into behaviour, and endo-

phenotypes implicate endomechanisms. 
Although this approach does not depend on 
the demonstrated heritability of the imaging 
probe used, to increase the prior probability 
of observing biologically relevant neural 
activity, the chosen paradigm must activate 
brain systems that are plausibly related to the 
disease under study based on independent 
evidence. We outline such evidence below 
for neural systems related to schizophrenia.

We stress that although we use the term 
endophenotype in deference to an earlier 

period in the evolution of thinking about this 
genetic strategy, there is nothing ‘hidden’ 
about the biological phenomena in the con-
text of neurobiology and imaging. The term 
intermediate phenotype is preferred, both 
because it implies a biological trait that is in 
a predictable path from gene to behaviour 
and because the phenotypes and mecha-
nisms are not secondary, but probably pri-
mary. This is analogous to its usage in other 
areas of complex medical genetics. From this 
perspective, it might be more correct to refer 

Figure 1 | The complex path from genes to behavioural and disease 
phenotype: mediation through brain circuitry. Multiple genetic risk 
variants affect, through interaction with each other and the environment, 
multiple neural systems linked to several neuropsychological and behav-
ioural domains that are impaired, in differing proportions, in psychiatric 
diseases. No one-to-one mapping exists between genes and neural system 
mechanisms, or between mechanisms and behaviour. As examples, the 
following genetic variants are depicted (chromosomal variation in paren-
theses): GRM3 single nucleotide polymorphism 4 (REF. 57) (7q21.1–q21.2), 
dopamine receptor D2 (DRD2) Taq 1a56 (11q23), catechol-O-methyltrans-
ferase (COMT) Val66Met4,46 (22q11.2), serotonin transporter length 
polymorphism (5-HTTLPR/SLC6A4)6,70 (17q11.1–q12) and monoamine 

oxidase A variable number tandem repeat (MAOA VNTR)92 (Xp11.23). 
These are shown to affect a circuit that links the prefrontal cortex (PFC) 
with the midbrain (MB) and striatum (caudate and putamen) (a), which is 
relevant for schizophrenia, and a circuit that connects the amygdala (AM) 
with regulatory cortical and limbic areas (b), which is implicated in depres-
sion and anxiety (BOX 1). These circuits, in turn, are shown to mediate risk 
for schizophrenia and depression and various neuropsychological func-
tions. Although illustrative, the connections shown correspond to pub-
lished work and show that a given gene will influence a variety of neural 
circuits, which in turn influence several behavioural and clinical 
parameters. BA 25, Brodmann’s area 25; HF, hippocampal formation; 
OFC, orbitofrontal cortex.
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carriers show no clinical diagnostic charac-
teristics. As illustrated below, many risk gene 
associations to brain-based phenotypes are 
observed even in healthy individuals. To the 
considerable degree that susceptibility genes 
contribute to psychiatric risk, this approach 
offers a powerful bottom-up strategy to 
discover biologically valid knowledge about 
previously unknown mechanisms. Imaging 
genetics therefore becomes a guide to the 
discovery of neural circuitry that translates 
genetic effects into behaviour, and endo-

phenotypes implicate endomechanisms. 
Although this approach does not depend on 
the demonstrated heritability of the imaging 
probe used, to increase the prior probability 
of observing biologically relevant neural 
activity, the chosen paradigm must activate 
brain systems that are plausibly related to the 
disease under study based on independent 
evidence. We outline such evidence below 
for neural systems related to schizophrenia.

We stress that although we use the term 
endophenotype in deference to an earlier 

period in the evolution of thinking about this 
genetic strategy, there is nothing ‘hidden’ 
about the biological phenomena in the con-
text of neurobiology and imaging. The term 
intermediate phenotype is preferred, both 
because it implies a biological trait that is in 
a predictable path from gene to behaviour 
and because the phenotypes and mecha-
nisms are not secondary, but probably pri-
mary. This is analogous to its usage in other 
areas of complex medical genetics. From this 
perspective, it might be more correct to refer 

Figure 1 | The complex path from genes to behavioural and disease 
phenotype: mediation through brain circuitry. Multiple genetic risk 
variants affect, through interaction with each other and the environment, 
multiple neural systems linked to several neuropsychological and behav-
ioural domains that are impaired, in differing proportions, in psychiatric 
diseases. No one-to-one mapping exists between genes and neural system 
mechanisms, or between mechanisms and behaviour. As examples, the 
following genetic variants are depicted (chromosomal variation in paren-
theses): GRM3 single nucleotide polymorphism 4 (REF. 57) (7q21.1–q21.2), 
dopamine receptor D2 (DRD2) Taq 1a56 (11q23), catechol-O-methyltrans-
ferase (COMT) Val66Met4,46 (22q11.2), serotonin transporter length 
polymorphism (5-HTTLPR/SLC6A4)6,70 (17q11.1–q12) and monoamine 

oxidase A variable number tandem repeat (MAOA VNTR)92 (Xp11.23). 
These are shown to affect a circuit that links the prefrontal cortex (PFC) 
with the midbrain (MB) and striatum (caudate and putamen) (a), which is 
relevant for schizophrenia, and a circuit that connects the amygdala (AM) 
with regulatory cortical and limbic areas (b), which is implicated in depres-
sion and anxiety (BOX 1). These circuits, in turn, are shown to mediate risk 
for schizophrenia and depression and various neuropsychological func-
tions. Although illustrative, the connections shown correspond to pub-
lished work and show that a given gene will influence a variety of neural 
circuits, which in turn influence several behavioural and clinical 
parameters. BA 25, Brodmann’s area 25; HF, hippocampal formation; 
OFC, orbitofrontal cortex.
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820 | OCTOBER 2006 | VOLUME 7  www.nature.com/reviews/neuro

!"#$%&'()
*+",-(.)

Episodic 
memory

Working 
memory

RewardEmotional 
regulation

GRM3
(7q21.1–q21.2)

DRD2
(11q23)

COMT
(22q11.2)

MAOA VNTR
(Xp11.23)

5-HTTLPR/SLC6A4
(17q11.1–q12)

PFC
Caudate

Putamen

MB

PFC

OFC

BA 25 AM

HF

a

b

Schizophrenia

Depression

carriers show no clinical diagnostic charac-
teristics. As illustrated below, many risk gene 
associations to brain-based phenotypes are 
observed even in healthy individuals. To the 
considerable degree that susceptibility genes 
contribute to psychiatric risk, this approach 
offers a powerful bottom-up strategy to 
discover biologically valid knowledge about 
previously unknown mechanisms. Imaging 
genetics therefore becomes a guide to the 
discovery of neural circuitry that translates 
genetic effects into behaviour, and endo-

phenotypes implicate endomechanisms. 
Although this approach does not depend on 
the demonstrated heritability of the imaging 
probe used, to increase the prior probability 
of observing biologically relevant neural 
activity, the chosen paradigm must activate 
brain systems that are plausibly related to the 
disease under study based on independent 
evidence. We outline such evidence below 
for neural systems related to schizophrenia.

We stress that although we use the term 
endophenotype in deference to an earlier 

period in the evolution of thinking about this 
genetic strategy, there is nothing ‘hidden’ 
about the biological phenomena in the con-
text of neurobiology and imaging. The term 
intermediate phenotype is preferred, both 
because it implies a biological trait that is in 
a predictable path from gene to behaviour 
and because the phenotypes and mecha-
nisms are not secondary, but probably pri-
mary. This is analogous to its usage in other 
areas of complex medical genetics. From this 
perspective, it might be more correct to refer 

Figure 1 | The complex path from genes to behavioural and disease 
phenotype: mediation through brain circuitry. Multiple genetic risk 
variants affect, through interaction with each other and the environment, 
multiple neural systems linked to several neuropsychological and behav-
ioural domains that are impaired, in differing proportions, in psychiatric 
diseases. No one-to-one mapping exists between genes and neural system 
mechanisms, or between mechanisms and behaviour. As examples, the 
following genetic variants are depicted (chromosomal variation in paren-
theses): GRM3 single nucleotide polymorphism 4 (REF. 57) (7q21.1–q21.2), 
dopamine receptor D2 (DRD2) Taq 1a56 (11q23), catechol-O-methyltrans-
ferase (COMT) Val66Met4,46 (22q11.2), serotonin transporter length 
polymorphism (5-HTTLPR/SLC6A4)6,70 (17q11.1–q12) and monoamine 

oxidase A variable number tandem repeat (MAOA VNTR)92 (Xp11.23). 
These are shown to affect a circuit that links the prefrontal cortex (PFC) 
with the midbrain (MB) and striatum (caudate and putamen) (a), which is 
relevant for schizophrenia, and a circuit that connects the amygdala (AM) 
with regulatory cortical and limbic areas (b), which is implicated in depres-
sion and anxiety (BOX 1). These circuits, in turn, are shown to mediate risk 
for schizophrenia and depression and various neuropsychological func-
tions. Although illustrative, the connections shown correspond to pub-
lished work and show that a given gene will influence a variety of neural 
circuits, which in turn influence several behavioural and clinical 
parameters. BA 25, Brodmann’s area 25; HF, hippocampal formation; 
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carriers show no clinical diagnostic charac-
teristics. As illustrated below, many risk gene 
associations to brain-based phenotypes are 
observed even in healthy individuals. To the 
considerable degree that susceptibility genes 
contribute to psychiatric risk, this approach 
offers a powerful bottom-up strategy to 
discover biologically valid knowledge about 
previously unknown mechanisms. Imaging 
genetics therefore becomes a guide to the 
discovery of neural circuitry that translates 
genetic effects into behaviour, and endo-

phenotypes implicate endomechanisms. 
Although this approach does not depend on 
the demonstrated heritability of the imaging 
probe used, to increase the prior probability 
of observing biologically relevant neural 
activity, the chosen paradigm must activate 
brain systems that are plausibly related to the 
disease under study based on independent 
evidence. We outline such evidence below 
for neural systems related to schizophrenia.
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genetic strategy, there is nothing ‘hidden’ 
about the biological phenomena in the con-
text of neurobiology and imaging. The term 
intermediate phenotype is preferred, both 
because it implies a biological trait that is in 
a predictable path from gene to behaviour 
and because the phenotypes and mecha-
nisms are not secondary, but probably pri-
mary. This is analogous to its usage in other 
areas of complex medical genetics. From this 
perspective, it might be more correct to refer 

Figure 1 | The complex path from genes to behavioural and disease 
phenotype: mediation through brain circuitry. Multiple genetic risk 
variants affect, through interaction with each other and the environment, 
multiple neural systems linked to several neuropsychological and behav-
ioural domains that are impaired, in differing proportions, in psychiatric 
diseases. No one-to-one mapping exists between genes and neural system 
mechanisms, or between mechanisms and behaviour. As examples, the 
following genetic variants are depicted (chromosomal variation in paren-
theses): GRM3 single nucleotide polymorphism 4 (REF. 57) (7q21.1–q21.2), 
dopamine receptor D2 (DRD2) Taq 1a56 (11q23), catechol-O-methyltrans-
ferase (COMT) Val66Met4,46 (22q11.2), serotonin transporter length 
polymorphism (5-HTTLPR/SLC6A4)6,70 (17q11.1–q12) and monoamine 

oxidase A variable number tandem repeat (MAOA VNTR)92 (Xp11.23). 
These are shown to affect a circuit that links the prefrontal cortex (PFC) 
with the midbrain (MB) and striatum (caudate and putamen) (a), which is 
relevant for schizophrenia, and a circuit that connects the amygdala (AM) 
with regulatory cortical and limbic areas (b), which is implicated in depres-
sion and anxiety (BOX 1). These circuits, in turn, are shown to mediate risk 
for schizophrenia and depression and various neuropsychological func-
tions. Although illustrative, the connections shown correspond to pub-
lished work and show that a given gene will influence a variety of neural 
circuits, which in turn influence several behavioural and clinical 
parameters. BA 25, Brodmann’s area 25; HF, hippocampal formation; 
OFC, orbitofrontal cortex.
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Genetically driven molecular subgroups 
Task 3. Network-based stratification of patients with ASD  
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Bourgeron, Institut Pasteur 
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EMA/CHMP/SAWP/135047/2014 CONFIDENTIAL 
Procedure No.: EMEA/H/SAB/048/1/QA/2014/PED 
Product Development Scientific Support Department  
 

Qualification advice List of Issues 
Clinical outcomes in ASD 

 

Summary 
 
The European Autism Interventions - A Multicentre Study for Developing New Medications 
(EU-AIMS) is a project funded and run under the Innovative Medicines Initiative (IMI). Among 
the aims of this project is to develop and validate new methodologies for the advancement of novel 
therapies to treat Autism spectrum disorders (ASD). The project is managed by an international 
consortium of research academic institutes and industry.  
 
Rationale for seeking advice 
The EU-AIMS consortium requests CHMP Qualification Advice on the suitability of the proposed 
accelerated longitudinal study (WP04, task2) to qualify a series of biomarkers, neuroimaging 
methodologies and clinical outcome measures to aid future drug development. Specifically, is the study 
appropriately designed to achieve the following: 
a) To identify biomarkers (neuroimaging, eye-tracking, cognition, biochemistry, proteomics, 

genomics, etc.) that can be used to stratify patient groups and that predict clinical outcome of 
patients with ASD. 

b) To comparatively assess dimensional measures that map to core symptomatic domains of ASD 
and provide clinically meaningful measures of the progression of the ASD phenotype over time. 

 
Future pharmacological interventions would primarily target the paediatric population, where 
management of core symptoms of ASD, such as social motivation and language would be most 
effective in the support of learning, which would be later reflected in the level of independent 
functioning in adulthood. Therefore, the present study investigates longitudinally the ASD population 
from children to young adults. 
 
 
Scientific discussion 
 
Clinical Outcomes 
SRS-2 contains 65 questions and now comprises 4 forms: for children 2.5 to 4 years, for children 4 to 
18, an adult form to be completed by a relative or a friend and an adult form for self-report 
(Constantino and Gruber 2012). There are 65 questions with 4 possible answers (not true to nearly 
always true) to evaluate social impairment. 5 treatment subscales are available for social awareness, 
social cognition, social communication, social motivation, and restricted interests and repetitive 
behaviour. 
 
The reference Frazier 2013 relates to the first version of the SRS and uses a hybrid model of DSM-5. 
Although SRS is deemed sensitive for the detection of developmental impairments its specificity to 
autism has been challenged (Aldridge et al., 2012). 
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•  EMA broadly endorsed population selection criteria, 
biomarker approaches and methodologies 

•  Key recommendations: 
•  Need to establish sensitivity and specificity across all 

biomarker modalities 
•  Need to define cut-offs for stratification biomarkers 
•   Large number of endpoints/ analyses recognized: 

Replication will be required, particularly to validate 
biomarkers as surrogate end points. 
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18 

France 

Australia 

US China 

EU-AIMS collaborations 

Canada POND 

18 

France 

Australia 

US China 

EU-AIMS collaborations 

Canada POND 

Sharing protocols, SOPs, data-sharing agreements for pooling and 
replication 



So, we need biomarkers 

•  To guide clinical diagnosis 
•  Stratify people according to ‘biology’ 
•  Evaluate prognosis 
•  When validated/ qualified, aid in population selection for 

clinical trials 
•  Assess effect of treatment/ intervention on symptom 

progression 
•  EU-AIMS – EMA collaboration: Important step towards a 

shared understanding of biomarker criteria between 
academia, industry, regulators. 



Summary 

Animal 
Models

Four clinical cohorts

Behaviour and cognition

Cellular and molecular phenotypes

Brain structure, function, biochemistry

Infants at risk    LEAP    ASD-CNV carriers   Synaptic gene deficits

Genomics

Biologically homogeneous subgroups

New 
treatment 
targets

Clinical 
trials

 Patient
-derived 
induced 

pluripotent 
stem cells

Loth, Spooren, Murphy, Lancet Psychiatry, 2014 
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EU-AIMS Clinical Network 

May	
  indicate	
  mulIple	
  sites	
  in	
  the	
  same	
  city/
area	
  

Aim: to facilitate future (transnational) clinical trials  
78 sites from 37  countries 

Map	
  courtesy	
  of	
  San	
  Jose,	
  April	
  
2006	
  	
   Ø  Currently 78 

partners from EU-
AIMS/ COST/ ECNP 
and new centres 

Ø  Goal: to collect 
information about 
ASD patient cohorts 
and assessment 
methods 

Ø  On-line survey, 50 
partners responded 

Ø  Next: collaborative 
platform for data-
sharing 

Lead: Tony Charman, KCL 


