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The gut-brain axis

from Pavlov’s dog to the microbiota



Gut as « second brain »
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Schemann M et Neunlist M Neurogastroenterol Motil 2004,16 (suppl1) : 55-59
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Abraham et al
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Microbiota as a « 3d brain »?

our « other genome» - « best friend » - « hidden driver »



2005 : the break-through of microbiota

in nutrition









Les firmicutes :
Gram-positives (lactobacilles)

Les bacteroidetes: 
Gram-négatives (E.coli)

Microbiote intestinale et balance énergétique

Lactobacillus Acidophilus and
L. Casei (yellow)

E.coli K12

leanobese

Ley RE, Turnbaugh PJ, Klein S, Gordon JI. 2006. 
Microbial ecology: Human gut microbes associated 
with obesity. Nature 444(7122):1022-1023.





Walker & Parkhill
Science 6 September 2013:
Vol. 341 no. 6150 pp. 1069-1070 

Fecal microbiota transfer induces the phenotype…
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 Toxins, endotoxins (LPS)

 quorum sensing molecules

 Short chain FA, branched SCFA

 proteins, peptides, glycoproteins

 Lipids (PG, LT) and derivatives

 Neurotransmitters (amines, glu, GABA)

 metabolites…

The microbiota: a major source of signals



Disruption of MGBA: from harmony to disease

… which trigerring events ?





 High level of stress > Eating Disorders risk x 5  ! 



Wallon Gut 2008



 Neurotransmitters from the host impact microbiota behaviour 



stress, microbiota, diet

brain-gut axis 

dysfunction

weight control

appetite

inflammation

digestive functions

CNS : neuro-psy

peripheral organs
Dinan & Cryan
Neurogastro
2013
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The spectrum of Eating Disorders 

15 20 25 30 4010 35 45 50 60
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nervosa

restrictive
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Bulimia

compulsive
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meals

Binge Eating Disorder

nibling

no compensation

overweightnormal obesitymalnutrition

grade 1 2 3 ….



D. Mitchison, PlosOne 2012

ED in the general population in Australia : x 2  1998-2008!



Prevalence of ED among french young adults

(prevalence of obesity : 15%)

anorexia         bulimia

nervosa

1% 4%

restrictive / mixed

anorexia hyperphagia 4%

atypical BED

hyperactivity nibling

2% 4%

MIXED

(P Déchelotte, unpublished)

typical EDs

+ 

Atypical EDs

RESTRICTIVE COMPULSIVE

= total 15%



ED obesity

young adult

mature

> 20% 5-7%

10-15% 15%

Total : 20-25% with either ED, obesity or both
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Igs against several appetite-regulating 

peptides are present in healthy women

• physiological regulatory function

• intestinal origin







Takagi et al, Nat Comm 2013

Ghrelin antibodies from obese patients 

reduce ghrelin degradation



Transfer of Ghrelin antibodies from obese patients to mice

increases food intake

Takagi et al, Nat Comm 2013



Transfer of ghrelin antibodies from ob/ob to naive mice

increases food intake

Takagi et al, Nat Comm 2013



Tennoune et al Transl Psych 2014

Tennoune et al Transl Psych 2014



Breton et al, Cell Metabolism 2015



L’injection intracolique des protéines bactériennes stimule 

la libération d’hormones intestinales satiétogènes (GLP-1, PYY)

Breton et al, Cell Metabolism 2015



L’injection systémique (IP) des protéines bactériennes entraîne une

réduction de la prise alimentaire…

Breton et al, Cell Metabolism 2015



… et active les noyaux

centraux impliqués dans 

la régulation de la prise

alimentaire

Breton et al, 

Cell Metabolism 2015



ClpB, protéine bactérienne mimétique d’α-MSH, active les neurones

à POMC du noyau arqué  effet satiétogène de type mélanocortine

Breton et al, Cell Metabolism 2015



Breton et al, Cell Metabolism 2015



Panaro et al 

Cell Metabolism 2014









J Psychosom Medicine 2015



Inui et al, Nutrition 2015



Eating Disorders and microbiota: 
next steps?

• extend biological (neuropeptides, bacterial protein(s),
immunoglobulins) and clinical profiling: large cohort study ongoing
(Eating Disorders Inventory Longitudinal Survey

 « theranostic » biomarkers (collaboration with TargEDys company)

• characterization of molecular peripheral / central mechanisms

• target modulation of gut barrier and microbiota to modulate
behavior and prevent ED / restore homeostasis (dietary intervention
+ probiotics promoting satiety / appetite
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Loss of diversity in microbiota is associated with

increased risk of inflammatory bowel disease.



environment + stress

IBD

psychological distress



Irritable Bowel Syndrome (IBS)
Recurrent  abdominal pain 

(or discomfort)

• > 3 days per month during the last 3 
months

• improved by defaecation

Alteration in bowel habits

• Diarrhoea and/or constipation 

• Change in stool frequency and/or 
stool form during pain exacerbation

Duration of symptoms > 6 months

Drossman DA et al Gastroenterology 2006;130:1377-90









Jeffery IB et al Gut 2012;61:997-1006

Simren M et al Gut 2012;62:159-176

Chassard C et al Aliment Pharmacol Ther 2012;1-11

Ringel Y et al Am J Physiol 2013 doi:10.1152 

Qualitative differences in faecal microbiota 
between IBS patients and controls

Less diversity
Less firmicutes
Less lactobacilli







Corouge et al, Plos One 2015
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- Overlap IBS / ADD / OCD

- L. rhamnosus reduces anxiety

in mice (GABA, vagal pathway)

- B. infantis, L. helveticus, 

B. Longum NCC3001: beneficial

effects on anxiety and depression

in models

- other microorganisms (funghi)

implicated

- limited data in humans



OT VP







Jiang Brain Behav Imm 2016c



Sandhu Transl Res 2017







- 10 PRCT

- varied strains, single or combination

- different clinical settings and criteria

- heterogeneity

- globally in favour of intervention

- need for additional studies



Pinto Sanchez Gastro 2017

After 6 weeks: 64% improvment of depression score in the
BL group vs 32% in the placebo group (p=0.04, ITT)



Leclercq et al, PNAS 2014



Leclercq et al, PNAS 2014
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Burokas et al, Adv Microb Rev 2015





Cohen et al, Nature 2017



Scanning bugs: the new crystal ball ?



Diet and stress as parents, the disease as the egg ?

microbiota

diet

behavior

disease

host

?

Stress



Gut-brain axis : an area for 

integrative medicine and translational research

Nutrition

Psychiatry

Biochemistry

Neurology

Gastro

Microbiology

Immunology

Endocrinology

Innovative concepts  intellectual property

 added economical value

Oncology



Thanks to UMR 1073 – Nutrition et dysfonction de l’axe intestin-cerveau



Thank you for your attention – Enjoy Rouen Normandie!


