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Dualism – the ancient philosophy that still divides us

Descartes (1637) Treatise on Human Nature



Dualist sting in the tail of major depressive disorder (MDD)

Inclusion criteria:

Five or more of nine symptoms, including at least one of two “core” symptoms, representing a 
change in function, and causing significant distress or impairment, for at least two weeks:

1. Depressed mood

2. Loss of pleasure

3. Change in weight or appetite (up or down)

4. Change in sleep (insomnia or hypersomnia)

5. Psychomotor retardation or agitation

6. Loss of energy or fatigue

7. Worthlessness or guilt

8. Impaired concentration or decisiveness

9. Suicidal ideation or attempts

Exclusion criterion: 

Symptoms must not be attributable to a substance or medical condition

DSM5 (2013) American Psychiatric Association



Depressive symptoms are commonly “co-morbid” with medical 

inflammatory disorders 

Wittenberg et al (2019) Molecular Psychiatry

SF-36 mental health questionnaire data on 10,743 patients in 

anti-inflammatory drug trials for physical health disorders



Case-control studies of MDD replicably demonstrate moderately increased 

blood concentrations of pro-inflammatory cytokines and C-reactive protein
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IL6,  d ~ 0.5

CRP, d ~ 0.5

Happakoski et al (2015) Brain Behavior & Immunity



Some questions about causality

• Causes precede effects: does inflammation precede or anticipate depression?

• Causes are mechanistically linked to effects: can inflammation of the body be 

mechanistically linked to the brain and mind?

• In biology, natural selection of DNA is ultimately causal: is there an evolutionary 

theory of inflamed depression – and is there any genetic evidence for it?

• Causes have causes: what are causes of inflammation that are also known risk 

factors for depression?

• In medicine, causality implies therapeutic tractability: can anti-inflammatory 

drugs be effective as anti-depressants, at least for some patients?



First inflammation then depression, over a range of 
time scales:

• Days: typhoid vaccination induces 24-48 hours of 
“feeling down” for many people

• Weeks: interferon treatment for hepatitis is followed 
by depression several weeks later in about 40% of 
patients

• Years: low grade inflammation in a birth cohort 
predicts greater risk of depression 10 years later  

Inflammation can precede depression, so could be causal…

Harrison et al (2009) Biological Psychiatry

Pariante et al (1999) The Lancet

Khandaker et al (2013) JAMA Psychiatry

IL6 blood concentration, aged 9

Depression, aged 18



The blood brain barrier – BBB – like a Berlin wall in the brain?

Bullmore (2018) The Inflamed Mind



The BBB  - like the Berlin wall – is not what it was in the 1980s

Bullmore (2018) The Inflamed Mind



Brain networks are topologically complex – like gene 

transcriptional networks, the global airline network, etc

Haber et al (2021) Neuropsychopharmacology

Fornito, Zalesky, Bullmore (2016) Fundamentals of Brain Network Analysis



Inflammation (CRP and immune cell counts) associated with decreased 

functional connectivity of an interoceptive brain network

Aruldass et al (2021) Brain Behavior & Immunity

Interoceptive network connectivity

CRP blood concentration
Default mode network

Ventral attention network



Inflammation (CRP) scales with proton density – a micro-

structural MRI marker of oedema – in default mode nodes

Kitzbichler et al (2021) Molecular Psychiatry

Map of depression-related loss of 

fMRI connectivity in DMN nodes 

Posterior cingulate



Adverse childhood experiences predispose to inflammation, 

metabolic risk and depression 

Danese et al (2012) Archives of Pediatric & Adolescent Medicine



Stress, inflammation and depression
an artist’s impression

Bullmore (2018) The Inflamed Mind



Why does inflammation cause depression?

Miller & Raison (2016) Nature Reviews Immunology
Wray et al (2018) Nature Genetics

The Genome

Olfactomedin 4 – moderates 
gastric inflammatory 
response in animals



Trans-diagnostic risk variants from GWAS are enriched at 

epigenetically activated sites in CNS and immune (T) cells

Lynall et al (2021) medRxiv
Roadmap data on 88 tissue types, tested for enrichment of epigenetically 

active sites by GWAS trans-diagnostic variants, using s-LDSC regression



Trans- and cis-diagnostic risk variants from GWAS are enriched at 

epigenetically activated sites in lymphoid cells

Lynall et al (2021) medRxiv
BLUEPRINT data tested for enrichment of histone-acetylated marks by 

GWAS trans-diagnostic and disorder-specific variants, using CHEERS



Environmental stress may lead to development of psychiatric 

disorders by epigenetic modification of risk variants in immune cells 

Lynall et al (2021) medRxiv



Anti-inflammatory drugs often have anti-depressant effects 

for “co-morbid” depression

Wittenberg, Stylianou, Khan et al (2019) Molecular Psychiatry

Overall (7 mechanisms of action) d ~ 0.29

Anti- IL-6 (sirukumab and siltuximab) d ~ 0.80

Anti-IL-12/23 (ustekinumab) d ~ 0.74



Raison et al (2013) JAMA Psychiatry

Greater anti-depressant effect 

of anti-TNF antibody

Higher blood

CRP level at 

baseline

Anti-inflammatory drug treatment for MDD will need biomarkers



Whole genome transcriptional biomarkers of MDD in whole blood

• 4 independent primary studies

• N = 1,552 MDD cases and 947 healthy controls
• 325 genes differentially expressed with FDR 5%

• Genes coded for a significantly interactive protein network and were 

enriched for myeloid leukocyte functions

Wittenberg et al (2020) Biological Psychiatry



Genes over-expressed (or under-expressed) in MDD are concentrated in 

transcriptional network modules specialised for innate (or adaptive) immunity

Wittenberg et al (2020) Biological Psychiatry



ATP: a phase 2 trial of a P2X7 antagonist for treatment of depression 

The Target

• P2X7 is a ligand-gated ion channel, expressed on the surface of microglia, 
that is activated by supra-physiological levels of ATP

• In CNS, P2X7 signaling mediates neuroinflammation; antagonism of P2X7 
produces efficacy in models of anhedonia (Bhattacharya et al., 2018)

• P2X7 antagonism could have anti-depressant efficacy by uncoupling stress 
from adverse brain changes caused by microglial release of IL1-b

The Drug

• JNJ-54175446 is a novel P2X7 antagonist with high selectivity, high CNS 
penetration and good safety and tolerability profile from previous clinical 
trials (Letavic et al., 2017; Timmers et al., accepted) 

IL1b release from microglia has 
neurotoxic effects on local neurons



Functional polymorphism of P2RX7 as a biomarker of anti-inflammatory 

response to P2X7 antagonist 

Glu496Ala homozygotes 
have low levels of P2X7 
signalling

McHugh et al (2012) British Journal of Clinical Pharmacology

Gartland et al (2012) Eur J Human Genetics



Implications for treatment of post-COVID depressive symptoms? 

Bullmore (2018) The Inflamed Mind



SARS-CoV2 can elicit a pro-inflammatory “cytokine storm”, with 

myeloid cell hyper-activation and lymphopenia

Keyhanian et al (2021) J Neuroimmunology

Innate immune response Adaptive immune response



Brain MRI changes in post-hospitalised COVID patients correlated 

with increased blood inflammatory markers 

Raman et al (2021) EClinicalMedicine



Conclusions

• Association between depression and inflammation is beyond 
reasonable doubt and there is growing evidence for causality
• Peripheral inflammation is linked with reduced functional connectivity and increased water 

(oedema) in interoceptive and depression-related brain networks

• Risk variants for depression and other psychiatric disorders are enriched for epigenetic 
activation in brain and immune cells, compatible with gene-by-environment interaction

• Anti-inflammatory drugs might have anti-depressant efficacy but it won’t 

be “one size fits all”
• Meta-analyses indicate anti-depressant effects of anti-inflammatory drugs in “co-morbid” depression

• Biomarkers will likely be important for stratifying MDD patients most likely to respond to anti-
inflammatory drugs

• In future, maybe, depression will be diagnosed by causal factors rather 

than categorised dualistically
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