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Why is Vulnerability so Common?WhyWhy is is VulnerabilityVulnerability soso CommonCommon??

Vulnerability = PlasticityVulnerability = Plasticity

ENVIRONMENT Y

ENVIRONMENT A

Illness

Pro-Health

Gene Z

(RESILIENCE)

(RISK)

Personal vulnerability

Non-Illness
ENVIRONMENT B

Ecological Variation Drinking PatternsEcological Variation Drinking Patterns

Binge

Regular

Spirits

Wine

Beer

Impact Alcohol on Genetic Risk CHDImpact Alcohol on Genetic Risk CHD

Bagnardi et al, 2008 JECH

Protective

Risk-increasing

Substance Use and Public HealthSubstanceSubstance UseUse and Public Healthand Public Health
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(Developmental) Cannabis use

EMCDDA, 
2006

Sz Heritability = 80%Sz Heritability = 80%

SchizophreniaSchizophrenia 50%50%

SchizophreniaSchizophrenia 15%15%

100% genetically identical100% genetically identical 50% genetically identical50% genetically identical

Common Variants: DNA Sequence Variation (SNP)Common Variants: DNA Sequence Variation (SNP)

1.000.000 mass
genotyping approach

5 x 106

Genome-wide AssociationGenomeGenome--widewide AssociationAssociation

1.000.000 SNPs

Common Genetic Variation and SchizophreniaCommon Genetic Variation and SchizophreniaCommon Genetic Variation and Schizophrenia

Explain <5% of heritability….
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Heritability Includes Differential SensitivityHeritability Includes Differential SensitivityHeritability Includes Differential Sensitivity

Genetic variationGenetic variation

Mental HealthMental Health

SensitivitySensitivity to environmentalto environmental
causal risk factorcausal risk factor

Van Os et al, Nature, in pressVan Os et al, Nature, in press

GxE: EcogeneticsGxEGxE: : EcogeneticsEcogenetics

Dutch TraditionsDutch Traditions

10% acute psychotic symptoms

Differential Sensitivity?Differential Sensitivity?

SzSz (n=13)(n=13)

CtrCtr (n=22)(n=22)

PlaceboPlacebo

2.5mg THC2.5mg THC

5mg THC5mg THC

DD’’SouzaSouza et al, 2005et al, 2005

Random Random eventevent
samplingsampling

10 10 timestimes per per dayday

6 6 daysdays per weekper week

I feel 

sad
I feel 

sad

1       
   7   

1       
   7   

Delespaul, 1995; Myin-
Germeys et al, 2001

Delusion factor:
thoughts rapid 
paranoid 
can’t express thoughts
can let thoughts go 
thoughts influenced
unreal
afraid losing control 

Hallucination factor:
hearing voices 
seeing things

Negative Affect:
uncertain
anxious 
depressed  
guilty         
lonely

Positive Affect:
Cheerful   
relaxed      
happy    
satisfied   
feeling well

Why Do Patients Use?WhyWhy Do Do PatientsPatients UseUse??

PositivePositive Affect (1Affect (1--7)?7)?

NegativeNegative Affect (1Affect (1--7)?7)?

THC (0/1)?THC (0/1)?

Stress (1Stress (1--7)?7)?

Why Do Patients Continue: ESM StudyWhyWhy Do Do PatientsPatients Continue: ESM Continue: ESM StudyStudy

THC, Affect, THC, Affect, 
PsychosisPsychosis

THC, Affect, THC, Affect, 
PsychosisPsychosis

THC, Affect, THC, Affect, 
PsychosisPsychosis

THC, Affect, THC, Affect, 
PsychosisPsychosis
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ESM Time RelationshipsESM Time ESM Time RelationshipsRelationships
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Affect / 
Psychosis

An ESM study of cannabis and symptomsAn ESM study of cannabis and symptoms

Sample

1. patients (38)

3. controls (42)

Henquet et al, Henquet et al, BJPsychBJPsych, in press, in press

ESM studyESM study

% Cannabis moments during sampling% Cannabis moments during sampling% Cannabis moments during sampling

66%

34%

No Cannabis

Cannabis

49%51%

ControlsControls PatientsPatients

CanCan++

CanCan++

Henquet et al, Henquet et al, BJPsychBJPsych, in press, in press

Negative affect: ‘uncertain’, anxious’, ‘depressed’, ‘guilty’ , ‘lonely’
Positive affect: ‘relaxed’, ‘cheerful’, ‘satisfied’, ‘happy’ ‘globally well’

ESM SelfESM Self--medication (patients)medication (patients)

Cannabis

Mood Mood

High PA

(feeling good)
NA 

(feeling bad)

Beep1Beep1 Beep2Beep2 Beep3Beep3

?

Main effects Cannabis on MoodMain effects Cannabis on MoodMain effects Cannabis on Mood
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Henquet et al, Henquet et al, BJPsychBJPsych, in press, in press

-0.11

-0.06

-0.01

0.04

0.09

0.14

0.19

0.24

E
ff

ec
t 

S
iz

e 

NA PA

Controls

Patients

Interaction: NS

Interaction: 

p=0.013

P
=

<
.0

1

Henquet et al, Henquet et al, BJPsychBJPsych, in press, in press

Differential Sensitivity THCDifferential Sensitivity THCDifferential Sensitivity THC
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Main Effects Cannabis on Psychotic SymptomsMain Effects Cannabis on Psychotic SymptomsMain Effects Cannabis on Psychotic Symptoms
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Delusions
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ry Hall.
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PP<.01<.01

Henquet et al, Henquet et al, BJPsychBJPsych, in press, in press

Differential Sensitivity THCDifferential Sensitivity THCDifferential Sensitivity THC
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Henquet et al, Henquet et al, BJPsychBJPsych, in press, in press

Why do patients continue?Why do patients continue?Why do patients continue?

Increases in
hallucinations

Increased
mood

Cannabis

Sub-acute

Acute

Beep 1Beep 1 Beep 2Beep 2 Henquet et al, Henquet et al, SchizSchiz Bull, 2005Bull, 2005

50,05350,053 2.1 (1.2, 3.7)2.1 (1.2, 3.7)5 5 yrsyrsSwedenSweden narrownarrow

4.0454.045 2.8 (1.2, 6.5)2.8 (1.2, 6.5)3 3 yrsyrsNLNL broadbroad

9.7249.724 2.0 (1.3, 3.1)2.0 (1.3, 3.1)44--15 15 yrsyrsIsraelIsrael narrownarrow

1.2651.265 1.8 (1.2, 2.6)1.8 (1.2, 2.6)3 3 yrsyrsNZ (NZ (ChrChr)) broadbroad

4.0454.045 12.0 (2.2, 64.3)12.0 (2.2, 64.3)3 3 yrsyrsNLNL narrownarrow

1.2531.253 3.1 (0.7, 13.3)3.1 (0.7, 13.3)15 15 yrsyrsNZ (Dun)NZ (Dun) narrownarrow

2.4362.436 1.7 (1.1, 1.5)1.7 (1.1, 1.5)4 4 yrsyrsGermanyGermany broadbroad

nn OR (95% CI)OR (95% CI)FUFUCountryCountry OutcomeOutcome

Random Random effectseffects metameta--analysisanalysis: : 1.9, 1.61.9, 1.6--2.32.3; test ; test heterogeneityheterogeneity PP=0.28=0.28

Cannabis & PsychosisCannabis & PsychosisCannabis & Psychosis

Source of Differential SensitivitySourceSource of of DifferentialDifferential SensitivitySensitivity

1%1%20% uses 20% uses 
CannabisCannabis

GG

EE

NN

EE

SS

++

Van Os et al, Lancet, 2009Van Os et al, Lancet, 2009

Dutch National G.R.O.U.P. study: 1096 sib pairs; 590 controlsDutch National G.R.O.U.P. study: 1096 sib pairs; 590 controls

G.R.O.U.P., Archives of General Psychiatry, 2010; Van Winkel & G.R.O.U.P., Archives of General Psychiatry, 2010

Psychometric Measures of Environmental Sensitivity
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Parents, n=919

Siblings, n=1057 Patients, n=1120 Controls, n=590

Dutch G.R.O.U.P. Study Control

Non-exposed
(urinalysis)

Non-affected sibling

Control Non-affected sibling

Exposed
(urinalysis)

Sib-control
Level of 

schizotypy
(SIS-R)

G.R.O.U.P., Archives of General Psychiatry, 2010

Cannabis GxE: G.R.O.U.P.Cannabis Cannabis GxEGxE: G.R.O.U.P.: G.R.O.U.P.

THCTHC--inducedinduced
schizotypyschizotypy (SIS(SIS--R)R)

n=1096 sibs

n=590 controls

G.R.O.U.P., Archives of General Psychiatry, 2010

Controls

Positive
schizotypy Negative

schizotypy

Sibs

0.20

0.12

Positive
schizotypy

Negative
schizotypy

Association with schizophrenia:
RGS4, NRG1, DTNBP1, PIP5K2A, G72/DAOA, DISC1, HT2A, 
AKT1, LRRTM1, FGF2, FGFR1, GPM6A, PRODH, GRM3, 
GABRA6, GAD1, NOS1, RGS2, ROBO1, CHRM3, TBX1 

Relevant for dopaminergic neurotransmission 
COMT, ANKK1, DRD1, DRD2, DRD3, SLC6A3, PPP1R1B, 
SLC18A2

Directly related to cannabinoid signaling
CNR1

Responsivity to environmental stress 
ADRA2C, FKBP5 

Adaptive neuronal survival 
BDNF, P2RX7, NPY, NQO1, GST-1, GST-2

Epigenetic regulation of environmental influences 
MTHFR, MTR, MTRR, DNMT3B, EHMT1, EHMT2, PRDM2 

van Winkel & G.R.O.U.P., Arch Gen Psychiatry, 2010

Cannabis x Gene=Schizotypy

in740 sibs

Bonferroni
correction

Van Winkel & GROUP, Arch Gen Psychiatry, 2010 Siblings, n=813 Patients, n=801 Controls, n=419

Case-sibling
study

Case-control
study

Follow-up Initial GxE Findings

Case-only
study
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Van Winkel & GROUP, Arch Gen Psychiatry, in press

Explained 19% variance positive schizotypy in exposed sibs

Explained 2% variance positive schizotypy in entire sample
Beaulieu et al 2007

Ozaita et al 2007

Biological Plausibility?BiologicalBiological PlausibilityPlausibility??

Akt-GSK-3 
signaling

cascade in the 
action of 

dopamine

Regulation of 
PI3K/Akt/GSK-3 pathway by

cannabinoids in the brain

Hennep and IHennepHennep and Iand I FinFin


