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"The past is never dead. It's not even past.” Faulkner. 
For the treatment of depression in 2017, 1961 is not dead. It’s not even 

past.  



Julius Axelrod, NIH, 1961 
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"The past is never dead. It's not even past.” Faulkner. 
For the treatment of depression in 2017, 1961 is not dead. It’s not even 

past.  



Why aren’t current treatments for depression 
based on the immense neuroscience discoveries 

of the last 40 years? 



Depression: Our Key Concepts 
 Obesity is far more intertwined with depression than appreciated 

 Is depression a cause or outcome of obesity? 
 Are both caused by a chronically dysregulated stress response? 
 Is long-term obesity the outcome of antidepressant treatment or 

exposure?  
 Obesity is tightly related to the medical outcomes of depression 
 Diabetes 
 Cardiovascular disease  

 Cancer  

 Misunderstood candidate systems  
 Stress-related neuropeptides 
 Immune mediators, adipokines, neurokines, and the microbiome 

 Pharmacogenomics and genomics: New approaches to old problems   
 Genotyping 

 Candidate genes    
 Biological pathways 

 Transcription 
 Sequencing 

 Sequencing specific genes 
 Whole genome sequencing 



Depression  
In the absence of genes of major effect to 

provide new leads 

Optimal approaches should combine 

 Systematic examination of social and 
environmental factors 

 Particularly those occurring prenatally and early 
in life (infancy, childhood and adolescence) 

 Rigorous examination of candidate systems in 
well-characterized groups of patients  

 Efforts do discover novel clues without the 
biases brought in by a priori hypotheses 
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www.pharmgkb.org 



Psychiatric treatment: A guessing game 



Pharmacogenomics of 
Antidepressant 

Treatment in Mexican Americans  
 

“The complexity of this field is best 
approached by rigorous 
explorations of known candidate 
systems in conjunction with the 
use of genomic tools to discover 
new targets for antidepressants 
and to predict clinical outcomes.” 
 

  M-L Wong & J Licinio:  

  Nature Reviews Neuroscience  

 2001;2:343-351. 

Depression, portrayed by a French artist 

 

Phenotype: antidepressant response 

Genotype 

Candidates Systems 

 Specific Candidates 

 Bioinformatics approach to SNP 

identification along pathways 

Searching for New Targets 

 Expression data 

 Gene and genome-wide sequencing 

 Exome genotyping 

Clinical Translation 

Ethical Implications 



Pharmacogenomics of Antidepressant 
Treatment  in Mexican Americans 

 

 Features of the study 

 Creation of a phenotype-genotype with: 

DNA samples from 600 subjects (300-300) 

Correctly assigned phenotype (both for 

disease and course of drug response) 

Treatment with two widely used drugs: 

fluoxetine, the most widely SSRI and 

desipramine, a TCA (both off patent) 

1 week single-blind placebo lead in,  

8 weeks of double-blind drug 

Prospective, standardized, weekly 

treatment responses (continuum rather 

than categorical), by the same team of 

research clinicians 

Genotyping - performed collaboratively 

with Sanger Institute, Cambridge, UK 



Pharmacogenomics of Antidepressant 
Treatment in Mexican Americans  

 

“The complexity of this field is best 
approached by rigorous 
explorations of known candidate 
systems in conjunction with the 
use of genomic tools to discover 
new targets for antidepressants 
and to predict clinical outcomes.” 
 

  M-L Wong & J Licinio:  

  Nature Reviews Neuroscience  

 2001;2:343-351. 

 

Phenotype: antidepressant response 

Genotype 

Candidates Systems 

 Specific Candidates 

 Bioinformatics approach to SNP 

identification along pathways 

Searching for New Targets 

 Expression data 

 Gene and genome-wide sequencing 
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Clinical Translation 

Ethical Implications 



The phenotype of 
antidepressant 

treatment response 
in Mexican-Americans 



Pharmacogenomics of Antidepressant 
Treatment in Mexican Americans  

 

“The complexity of this field is best 
approached by rigorous 
explorations of known candidate 
systems in conjunction with the 
use of genomic tools to discover 
new targets for antidepressants 
and to predict clinical outcomes.” 
 

  M-L Wong & J Licinio:  

  Nature Reviews Neuroscience  

 2001;2:343-351. 

 

Phenotype: antidepressant response 

Genotype 

Candidates Systems 

 Specific Candidates 

 Bioinformatics approach to SNP 

identification along pathways 

Searching for New Targets 

 Expression data 

 Gene and genome-wide sequencing 

 Exome genotyping 

Clinical Translation 

Ethical Implications 



Genome 

Pathway 

Genome  Haplotypes  SNPs  Pathway  Signaling 

Module 

Promoting Efficacy 

Inhibiting Treatment Efficacy 

Not Involved in Efficacy 
Uncertain Role in Efficacy 

Wild Type Role of Gene 

USING THIS APPROACH WE 

HAVE IDENTIFIED 1,500 

SNPs (enriched for 

haplotype tags) IN 

PATHWAYS RELEVANT TO 

ANTIDEPRESSANT 

TREATMENT RESPONSE 



Gene-Environment Interactions in Depression 

 Are the biological axes underlying 
the stress response, including 
immune mediators, a key locus for 
GxE interactions in depression? 



Inflammation is a 
component of 
dysregulated stress 
response in 
depression 



Looking at brain cytokines in 
depression 

Molecular neurobiology 

Animal models 

Clinical research 

Genetics and 
pharmacogenomics 

 



Molecular neurobiology 



Our Working Hypotheses 

Neurokines are 
brain synthesized 
cytokines 
Cytokines are 
regulated in the 
brain differently 
than they are in 
the periphery 
Neurokines 
contribute to the 
biology of mood, 
cognition and 
behavior 
Such regulation 
does not imply 
infection or 
autoimmunity 

 

Licinio J, Wong M-L and 
Gold PW. Localization of 

IL-1ra mRNA in rat 
brain. Endocrinology 

1991;129-582 



Clinical research 



Genetic and functional data: Th1 and depression 



Genes & SNPs Studied 



Combined risk effects: T bet and PSMB4 



Tail suspension test 

Forced swimming test 

Elevated plus maze 

Serum 

Independent replication 



 

Exploration: Mexican-Americans with MDD recruited for a 

pharmacogenetic study were genotyped for nonsynonymous 

single nucleotide polymorphisms (nsSNPs) and used for 

exploratory analyses with risk classification tree analysis.  

Replication: Database of Genotypes and Phenotypes (dbGaP) 

Dataset included 1,862 participants affected with major 

depression and 1,857 unaffected controls. 

Risk classification tree analysis model and linkage 

disequilibrium (LD) blocks used to replicate findings in dbGaP.  

Pathway analysis was performed using the branching events. 





Future analysis: genes, 

diet, antidepressants 

and weight gain 

 2012 Jun;17(6):624-33 

Ma-Li Wong 





 

In Mexican-Americans: 44 common and rare functional 

variants associated with mild to moderate MDD 

In European-ancestry cohort: PHF21B replicated.  

Whole-genome sequencing analyses: European ancestry has 

significantly reduced (50%) number of single nucleotide 

variants compared with Mexican-Americans. 

PHF21B : a tumor suppressor gene. 

PHF21B variants contribute to levels of expression of this 

gene in several brain areas, including the hippocampus.  

Phf21b hippocampal gene expression is significantly 

decreased in animals resilient to chronic restraint stress. 



GWAS of Mexican-American patients 



PHF21B replicates in an European population 
and it is expressed in the brain  



Mexican-American and European genomes 





Phf21b and the stress response 



Future directions 

 Use induced pluripotent stem 
cells (iPSCs) from depressed 
patients. 

 Generate serotonergic neurons 

 Look at biological findings 
and pharmaco-transcriptomics  





 If you are not 
really you, but 
instead you are 
your bugs, 

 Maybe your 
depression is not 
really within you, 
but it may be in 
your bugs. 

 If that is true, 
if we treat your 
bugs, your 
depression will go 
away. 

 A wild fantasy? 

 Remember, the 
decades of therapy 
and surgery for 
ulcers, caused by 
“stress”?  

 It was a bug all 
along: Marshall & 
Warren, Nobel 





Molecular Psychiatry (2016) 21, 738-748; 
doi:10.1038/mp.2016.50 

Figure 1 





Findings 
 Germ-free (GF) mice 

have less 
depressive-like 
behaviors than SPF 
mice. 

 Fecal 
transplantation from 
depressed humans 
(compared to healthy 
controls) into GF 
mice results in more 
depressive-like 
behaviors. 





Microbiota is different in GF mice receiving transplant 
from depressed humans (compared to healthy controls).  

Behavioral outcomes possibly mediated by the metabolome. 





NLRP3 inflammasome and caspase 1 

 The inflammasome is a multiprotein oligomer consisting 
of caspase 1, PYCARD, NALP and sometimes caspase 5 
(also known as caspase 11 or ICH-3).  

 It is expressed in myeloid cells and is a component of 
the innate immune system. 

 Inflammasome subtype: nucleotide-binding domain, 
leucine-rich–containing family, pyrin domain–

containing-3 (Nlrp3) 

 Assembly of the NLRP3 inflammasome activates caspase-1 
and mediates the processing and release of the 
leaderless cytokine IL-1β and thereby serves a central 

role in the inflammatory response and in diverse human 
diseases. 

 Caspase 1 activation: mature IL-1ß and IL-18 

 Induces potent inflammatory response 



Inflammasome subsets 



“While all inflammasomes recognize certain 

pathogens, it is the distinctive feature of NLRP3 
inflammasome to be activated by many and diverse 
stimuli [exogenous and endogenous] making NLRP3 the 
most versatile, and importantly also the most 
clinically implicated inflammasome.”  







 Caspase 1 activation: mature 
IL-1ß and IL-18 

 

 Induces potent inflammatory 
response 





Findings 

 Caspase 1 
knockout has 
antidepressant-
like effects. 

 

 Reaction to 
chronic stress 
is 
substantially 
blunted in the 
absence of 
caspase 1 
bioactivity. 



Findings 

 Pharmacological 
inhibition of 
caspase 1 
results in 
changes in the 
microbiota. 

 

 Could such 
changes mediate 
the effects of 
caspase 1 on 
behavior? 



Conclusions 
 Germ-free mice: decreased immobility time in forced swimming 

relative to conventionally raised healthy control mice.  

 Gut microbiotic compositions of healthy controls: significantly 
different from those of MDD patients. 

 Fecal microbiota transplantation of GF mice with ‘depression 
microbiota’ derived from MDD patients resulted in depression-
like behaviors compared with colonization with ‘healthy 
microbiota.’ 

 Mice with ‘depression microbiota’ exhibited disturbances of 

microbial genes and host metabolites involved in carbohydrate 
and amino acid metabolism, indicating that depressive-like 
behaviors are mediated through the host’s metabolism.  

 Changes in behavior brought about by chronic stress, genetic 
manipulation or pharmacological intervention result in changes 
in the gut microbiota. Possible mediation by the inflammasome. 

 We propose that the microbiota–gut–brain (MGB) axis is fully 

bidirectional, functioning in a manner through which changes in 
microbiota affect behavior and alterations in behavior result 
in changes in the gut microbiota. 

 The MGB axis may represent a novel target for antidepressant 



The microbiota-gut-brain axis (MGB) axis provides a 
conceptual framework for the four Aims of our ongoing 
research program on the microbiome and depression. 
 



 
    
 
 
 
 
 
 
 
 

A Conceptual Framework for Translational Psychiatry 

To be discovered/confirmed 
microstructural or functional changes 

Brain 

Cells 

Alterations in key functions 
• Mood 
• Memory 
• Cognition 
• Food intake, etc. 

Major depression Bipolar 
disorder 

Schizophrenia, … 

Animal models 

First in human studies 

Clinical trials 

New treatments 

Defined/functional changes 

Shared biological processes 

e.g., inflammation, microbiome, neuroendocrine 

Technical approaches 

e.g., induced stem cells (iPSC), imaging, genetics 

Horizontal 
integration 

Vertical 
integration 

Vertical and horizontal integration 

Improved outcomes 

Licinio J & Wong M-L 
Molecular Psychiatry  

(July, 2013) 18, 846–848 


