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and ensure traceability for future clinical implementation. In parallel, two new digital intervention tools will be developed for 
cognitive training and for improving patient’s empowerment (WP6). Then, in a prospective clinical study, we will validate 
the efficacy of personalized strategies on functional outcome in subjects with early psychosis (WP7), based on the 
initial DSS (WP4) and 
using phenotypes defined 
in WP1-3 and WP6 tools. 
A final refined DSS (WP4) 
will be proposed using 
WP7 prospective data. 
Implementation in non-
academic clinical settings 
will be conducted in pilot 
centers. Lastly, we will 
ensure and assess the 
socio-economic impact of 
PsyCARE and promote 
knowledge transfer and 
acceptability from patient, 
practitioners’ and payers’ 
perspectives (WP8). 

2 .2  DESCRI PTI ON BY W ORKPACKAGES ( W P)  AND TASKS 

WP1: Identifying biological markers for guiding therapeutic interventions 

WP Leader : O. Kebir (INSERM)  
Deputy WP leader : B. Chaumette (INSERM),  

A. Hosmalin (INSERM)  

WP Start date  M0 WP End date  M60 

The main objective is to identify peripheral biomarkers for WP4 and WP7, to stratify the population by their 
neurodevelopmental load and to adapt medical intervention on the individual profile on actionable factors (WP4 & 7) and to 
detect the stage and diagnosis and predict the outcome (final DSS - WP4).  
Performance indicators: sensitivity > 90% and a specificity > 80% for the SNParray to detect CNV ; sensitivity and specificity 
> 90% for the prediction of the outcome by a detection and disease panel of seric biomarkers combining proteomic and 
methylomic research findings 

Overall methodology: We will use cost-effective strategies to detect multiomic biomarkers (combining genetic, methylomic, 
proteomic). The initial analysis will take advantage from previous existing data or samples from patients with Schizophrenia 
spectrum disorders from existing cohorts PsyDev+ (SCZ, bipolar disorders, schizotypy, controls and relatives)(20) and 
ICAAR+ (Ultra High Risk, FEP, Help seeker controls)(21) available from CHSA-CPN U894. Then, the samples collected 
during the prospective study in WP7 will be analyzed.  

We will systematically detect the Copy-Number Variants (CNVs) and measure the polygenic risk score (PRS) (task 1.1). 
This task will participate to compute a neurodevelopmental risk and will be added to the composite developmental score 
(WP4). We will explore the metabolic factors identified as actionable factors for medical intervention for WP7: abnormalities 
in one-carbon (C1) metabolism, in fatty-acid metabolism, and in redox metabolism for each recruited individual (task 1.2) 
will be included in the algorithm for personalizing the medication in (WP7). In parallel, we will explore whether patients 
sharing the same abnormalities are characterized by specific brain structure (neuroimaging, WP2) and deep-phenotyping 
(clinical and cognitive phenotyping, WP3) features. Last, we will test a panel of detection and disease progression seric 
biomarkers combining significant proteomic and methylomic research findings to determine the sensitivity and specificity of 
these biomarkers to predict the clinical outcome and the response to pharmacological interventions. We will also try to 
replicate our previous findings on the biological basis of disease progression and response to personalized pharmacological 
interventions combining a panel of genomic, proteomic and methylomic markers. 

Task 1.1: Identification of genetic variants involved in vulnerability to psychosis (M0-M54) INSERM-CHSA   
Large clinical screening requires more cost-effective strategies and we hypothesize that whole-genome genotyping array 
(SNP array) would be useful. Based on our preliminary finding, we propose to implement a screening using the Infinium 



Millan et  al, 2016



La clinique ne suffit pas
Cohorte populationnelle longitudinale avec PLSI à 12, 18 et 24 ans 
PLSI : semistructured Psychosis-Like Symptoms Interview 

In our population-based study, which was not sampled on help-seeking
behavior, approximately 85% of participants with new-onset psychotic disorder
between ages 18 and 24 did not meet criteria for an at-risk mental state at age
18. 

 targeting individuals in non-help-seeking samples based only on more severe
symptom cutoff thresholds will likely have little impact on population levels of 
first-episode psychosis. 
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Intégration multi-omique
(Ritchie et al. 2015)



Candidate markers
Kebir, Chaumette et al. Mol Psy 2017
Chaumette, Kebir et al. SKZ Bull 2018





Métabolisme C1
Chaumette, Kebir et al. In preparation

• Cluster 1 :“intermediate 1C metabolism”

• Cluster 2 : “optimal 1C metabolism”

• Cluster 3 : “at-risk 1C metabolism” (low folate and vitamin 
B12 levels, elevated homocysteine level). 

•  This 3rd cluster was associated with a poorer response to 
usual treatments in both cohorts



Et la génétique psychiatrique?

• Un modèle polygénique issu des méga-analyses du PGC 
(21% héritabilité)  score de risque polygénique (PRS)

• Un modèle de variants rares à forte pénétrance (OR 
très élevés)  présence/absence de ces variants 

- imputabilité démontrée

- imputabilité très probable 

 prédiction in silico et in vitro



-To determine the contribution of CNVs at 15  schizophrenia associated loci using a large new data-set of patients with 
schizophrenia (n = 6882) and controls (n = 6316)
- 2.5% of patients with schizophrenia and 0.9% of controls carry a large, detectable CNV at one of these loci. 
- Routine CNV screening may be clinically appropriate given the high rate of known deleterious mutations



Le WP1 : 3 tâches

• Task 1.1: Identification of genetic variants 
involved in vulnerability to psychosis

• Task 1.2: Screening of the metabolic
abnormalities

• Task 1.3: Validation of a panel of peripheral
biomarkers to predict clinical outcome



Task 1.1: Identification of genetic variants 
involved in vulnerability to psychosis (M0-M54)

• 850 patients with psychosis (PsyDev collection)

• 370 individuals with early psychosis (START & ICAAR 
cohorts) 

• CGH and SNP array analysis on 200 samples to 
validate SNP array as a CNV screener

• PRS  score neurodéveloppement

• CNV  stratification neurodéveloppementale



Task 1.2: Screening of the metabolic
abnormalities (M18-M54) 

• C1 metabolism : folates, B12, Homocysteine

• Redox metabolism : enzymology

• Lipids markers : Spectrometry



Task 1.3: Validation of a panel of peripheral
biomarkers to predict clinical outcome (M18-M54) 

• 40 candidate biomarkers
• statistical significance, redundancy, multi-omic

level validation, biological plausibility and 
technical feasibility in a daily routine setting. 

• (i) 27 seric analytes with good statistical
properties to identify UHR individuals (AUC : 0.90 
(0.82-0.98)

• (ii) top epigenetic dynamic markers (convergent 
genome wide methylomic and transcriptomic
longitudinal UHR studies)


