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1. What neuroimaging tells us about placebo response
2. The Placebome
3. Additivity and the placebo response

Pharmacogenomics and the placebo response



Three placebo pathways



1. Trials are small
2. Mix of clinical and experimental studies
3. Candidate genes not GWAS
4. Gene selection biased – disease or drug mechanism of 

action
5. Few no-treatment controls
6. Placebo arm results not always available

[placebo response] and [gene] and [SNP]



• 4 clinical trials of major depressive disorder
• bupropion (N=319) vs. placebo (N=257) responders
• Hamilton rating scale for depression (HAMD17) 

• Inclusion > 17
• Responder > 50%reduction
• Remitter < 7

• 34 genes 532 tagging SNPs
• drug mode of action i.e. NE, DA, monamine transporters 

(NET or SLC6A2, DAT1 or SLC6A3, VMAT1 and VMAT2) 
• Serotonin receptor (5-hydroxytryptamine HTR2A) associated 

with antidepressant treatment response



Genes that modify placebo remission and response

5-hydroxytryptamine (serotonin) receptor 2A
5-Hydroxytryptamine (Serotonin) Transporter
Glucocorticoid nuclear receptor variant 1
Monoamine oxidase A



Placebome Seeds
[placebo response] and [gene] and [SNP]



• 42 studies + 6 
studies that 
known to us

• Seed genes = 28
• Seed connector 

algorithm –
connect the 
seed genes with 
as few extra 
nodes as 
possible

• Seed 
connectors = 26

• Placebome 
module = 54



Modulating placebo analgesia

BDNF brain-derived neurotrophic factor
CHRM3 cholinergic receptor, muscarinic 3
CHRNA3 cholinergic receptor, nicotinic, alpha 3
CHRNA5 cholinergic receptor, nicotinic, alpha 5
CHRNA7 cholinergic receptor, nicotinic, alpha 7
CHRNB2 cholinergic (acetylcholine) receptor, nicotinic, beta 2 (neuronal)
CHRNB4 cholinergic receptor, nicotinic, beta 4
FAAH fatty acid amide hydrolase
GABRA2 gamma-aminobutyric acid (GABA) A receptor, alpha 2
HTR2A 5-hydroxytryptamine (serotonin) receptor 2A
NTRK3 neurotrophic tyrosine kinase, receptor, type 3
OPRD1 opioid receptor, delta 1
OPRM1 opioid receptor, mu 1
PNMT phenylethanolamine N-methyltransferase
SLC6A3 solute carrier family 6 (neurotransmitter transporter, dopamine), member 3
SLC6A4 solute carrier family 6 (neurotransmitter transporter, serotonin), member 4



Cardiovascular and autonomic correlates

ADORA2A adenosine A2a receptor
ADRA1B adrenergic, alpha-1B-, receptor
COMT catechol-O-methyltransferase
CREB1 cAMP responsive element binding protein 1
DBH dopamine beta-hydroxylase (dopamine beta-monooxygenase)
DDC dopa decarboxylase (aromatic L-amino acid decarboxylase)
DRD3 dopamine receptor D3
ESR1 estrogen receptor 1
MAOA monoamine oxidase A
MAOB monoamine oxidase B
NOS3 nitric oxide synthase 3 (endothelial cell)
NR3C1 nuclear receptor subfamily 3, group C, member 1 (glucocorticoid receptor)
PPP5C protein phosphatase 5, catalytic subunit hormone and cellular stress response
SLC6A2 solute carrier family 6 (neurotransmitter transporter, noradrenalin), member 2
SREBF2 sterol regulatory element binding transcription factor 2
TH tyrosine hydroxylase
TPH2 tryptophan hydroxylase 2
YWHAG tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein
YWHAZ tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein
CREB3 cAMP responsive element binding protein 3



Endocrine and Immune correlates

IL6 interleukin 6 (interferon, beta 2)
MDM2 Mdm2 p53 binding protein homolog (mouse)
TNF tumor necrosis factor



Network proximity between placebome and disease modules

Genes associated with benchmark diseases were taken from Phenopedia



Network proximity between placebome and symptom modules



The placebome-disease network

• 252/859 
diseases were 
significantly 
proximate to 
the placebome

• CNS disorders = 
Parkinson’s, AD, 
migraine, 
epilepsy

• Proximity of 
diseases like 
cancer suggests 
a subgroup of 
diseases in 
which the PR 
has no efficacy



Overlap between the placebome and drug targets



SAH

COMT

Dopamine

Nor-
epinephrine

Epinephrine

Catechol
estrogen

SAM

Catechol-O-methyltransferase (COMT) metabolizes catecholamines 

CH3



Apud and Weinberger et al., CNS Drugs, 2007, 21(7) 535-557

COMT val158met
rs4680

met/met 
low-activity

more dopamine
epinephrine and 
norepinephrine

val/met

G = valine                              A = methionine
high-activity                          low-activity

val/val 
high-activity

less dopamine
epinephrine and 
norepinephrine



met/met 
(more dopamine)  

“responder”

val/val
(less dopamine) 
“non-responder”

COMT genotype (β = 0.19; p = .02)
COMT genotype x treatment arm (β = 0.17; p = .035)

(N=104) Hall et al., PLoS ONE. 2012

met/met in the augmented arm have largest placebo response



val/val have more side-effects

Wendt et al., PLoS ONE. 2014

N=32



NorCAPITAL trial showed placebo > clonidine for 
Chronic Fatigue Syndrome

• CFS: 
• higher catecholamine levels
• overactive sympathetic nervous 

system

• Clonidine: 
• α2-adrenergic receptor agonist
• lowers blood pressure
• lower norepinephrine levels

• The primary outcome: 
• Steps per day after 8-weeks of 

treatment

Sulheim et al., JAMA Pediatrics 2014

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiJ4fXAjMzRAhXF7YMKHXwBCQwQjRwIBw&url=https://ageonicsmedical.com/medical-services/nervous-system-testing/&psig=AFQjCNFJDWM1LqSwDrUqpOhs0je7oclbRg&ust=1484842763033002
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiJ4fXAjMzRAhXF7YMKHXwBCQwQjRwIBw&url=https://ageonicsmedical.com/medical-services/nervous-system-testing/&psig=AFQjCNFJDWM1LqSwDrUqpOhs0je7oclbRg&ust=1484842763033002


val/val patients took 2400 fewer steps on clonidine than placebo
(Pinteraction = 0.04)



Farrell et al., Biological Psychiatry 2012

Is there evidence of gene-drug/placebo interactions?

Tolcapone a COMT inhibitor appears to modify placebo response?

N=67



Aspirin and placebo response?

“Energizer”
Placebo

“Energizer”
Aspirin

“Tranquilizer”
Placebo

“Tranquilizer”
Aspirin



Major CVD events 
Placebo group – 522
Aspirin group – 477 

Non-significant 9% reduction in risk of major CVD with aspirin
RR 0.91, CI [0.80-1.03], P=0.13

In WHS no difference between aspirin and placebo

Ridker et al., NEJM. 2005



Wherease met/met women benefited from aspirin, 
val/val women had increased rates of major CVD

p=0.0008
interaction p=0.0022

met/met aspirin

val/val aspirin

met/met placebo

val/val placebo

Placebo 
n=5,814

Aspirin
n=5,815

Vitamin E
n=5,863

Aspirin + 
Vitamin E
n=5,802



Placebo analgesia
• Opioids

• Dopamine

Endocrine and 
Immune 

correlates
• Cytokines

Cardiovascular 
Autonomic 
correlates

• Catecholamines

Overlapping placebo pathways

COMT



The Placebome raises a series of important questions

• Is placebo response a trait or state?
– How stable is the placebo response
– How can we modify the placebo response

• How can we use the placebome in clinical trials 
and medicine?
– Retrospective: analysis of trials
– Prospective: trial design

• Are there other genes in the placebome?
– GWAS of placebo response 
– Across diseases 
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