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Gut-Brain axis
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Components of the gut-brain axis 



Mediators of bidirectional signalling

• Serotinin (5-HT)
• Mono-aminergic, opoid and 

endocannabinoid compounds
• Autonomic Nervous System (N.X)
• HPA-axis
• Gut hormones
• Cytokines
• Gut-derived (metabolic) signalling 

molecules (metabolites/ growth 
factors, etc.)

• Fatty acids
• ……



Gut microbiota èBrain 
mechanistic pathways

• Direct microbe-host 
interactions

• Indirect actions mediated 
by microbial metabolites



Examples of direct microbe-host 
signalling

• Activation of vagus nerve
• Activation of ENS
• Production of GABA
• Production of 5-HT
• Shift of “eCB tone”
• Modulation of epithelial 

cytokine production



Examples of microbial metabolites that
affect gut-brain signalling

• SCFAs including iso-
• Hydrogen
• Methane
• Carbon dioxide
• Ammonia
• Hydrogen sulfide
• !! Nutrition and metabolic 

cross-feeding



Short chain fatty acids

• Activation of GPR41 and 
GPR43 in e.g. 
macrophages, dendritic 
cells and mast cells

• Direct interaction with 
ENS and vagus nerve

• Release of 5-HT
• Transfer across BBB 
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Adapted from Ravinder et al., 2011 AJP Cell Physiol; 
Flint et al., 2012 Nature Rev; 
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Bacterial metabolites and visceral 
perception/ gut health
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SMCT1 and MCT1 expression in 
IBS mucosal biopsies
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Butyrate – Mode of Action 

A)

B)                                               C)                                             D)                           E)
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Components of the gut-brain axis 



Intestinal barrier function



Gut microbiota, intestinal barrier and 
brain function

• Impaired intestinal barrier function will 
cause:
• local/systemic immune responses
• mast cell degranulation
• neuroinflammation
• afferent vagus nerve activation

• Enteric glia cells 





Lactobacillus and tight junctions
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Prebiotics and intestinal permeability



Prebiotics and intestinal permeability



Ussing chamber/ intestinal permeability



Non-invasive multi-sugar test



Ex-vivo stimulation of intestinal biopsies



Inflammatory mediators, 5-HT, and 
brain function



Knowledge Gaps in Gut-Brain Interaction

• The specificity of alterations 
in gut microbiota (disorders)



Microbial composition in IBS



Microbial composition in IBS
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Microbial composition in IBS

What is the reason for these inconsistent results?



Microbial metabolites in IBS



Knowledge Gaps in Gut-Brain Interaction

• The specificity of alterations 
in gut microbiota (disorders)

• Why probiotics do(n’t) work?



Probiotics in IBS



Probiotics in IBS



Knowledge Gaps in Gut-Brain Interaction

• The specificity of alterations 
in gut microbiota (disorders)

• Why probiotics do(n’t) work?
• FMT!?







FMT – Consensus report



FMT - IBS



FMT - IBS



Sx - Symptoms (GSRS-IBS, IBS-SSS)
Qs    - Questionnaires (IBS-QOL, HADS, SF-36, 
5Q-5D-5L)
FFQ - Food frequency

FS  - Fecal sample
Bx - Biopsies

FMT-IBS - Study
outline
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FMT - IBS



FMT - IBS

 2w 8w  2w 8w
-2

-1

0

1

2
Faecal microbiota 

 2w 8w  2w 8w
-2

-1

0

1

2
Mucosal microbiota A B

AutologousAllogenic

Baseline-corrected Shannon diversity index in faecal (A) and mucosal (B) samples two and eight weeks

after FMT. No significant differences were found.



IBS – FMT gene expression

46

  

Comparisons 
Allogenic FMT Autologous FMT 

Upregulated pathways Downregulated pathways Upregulated pathways Downregulated pathways 

2 weeks after FMT 
versus baseline 161 0 3 37 

8 weeks after FMT 
versus baseline 24 38 26 80 

8 weeks versus 2 weeks 
after FMT 0 128 0 16 

Pathways with a false discovery rate <0.05 were considered to be statistically significantly differentially expressed. GSEA – Gene Set 
Enrichment Analysis. FMT – faecal microbiota transfer. 
	

Table 1: Number of significantly up-and downregulated Gene Set Enrichment Analysis pathways.	



FMT – reflections

Adverse events

RCT – what control 
condition?

Immune vs. metabolic 
effects

Exclusion criteria donor

Etc….



FMT – Future Directions

Identify successful donor-
responder match

Identify proper FMT design 
(route/repetitions/ etc.) 

Donor preparation (anaerobe)

Synthetic stool

New indications
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Knowledge Gaps in Gut-Brain Interaction

• The specificity of alterations 
in gut microbiota (disorders)

• Why probiotics do(n’t) work?
• FMT!?
• Intestinal barrier function and 

blood brain barrier
• Generally: MoA of Gut-Brain 

interactions in humans
• Mental health and Gut-Brain 

Axis





a) Gastrointestinal
symptom rating scale

b) Parent global
impressions-III

c) Childhood autism
rating scale

d) Social
responsiveness scale

e) Aberrant behavior
checklist



How vitamin D3 deficiency 
might form an ‘autistic’ neuron



Functional brain imaging (fMRI) 
can be used to study …

• How/where the brain perceives
signals from elsewhere in the 
body

• How these signals are processed
and which brain centers are
involved

• How the brain interacts with
in/external signals, such as food
intake, gut microbiome

• How e.g. mood or stress affects
these processes



Dietary intervention affects brain 
responses

57

Tillisch et al., 2013



fMRI 
paradigm

58

“EAT” paradigm = Emotional Attention Task

Match shapes  (MS) Match emotions (ME)

Liebermann et al., 2007

Analysis model: ME - MS
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Knowledge Gaps in Gut-Brain Interaction

• The specificity of alterations 
in gut microbiota (disorders)

• Why probiotics do(n’t) work?
• FMT!?
• Intestinal barrier function and 

blood brain barrier
• Generally: MoA of Gut-Brain 

interactions in humans
• Mental health and Gut-Brain 

Axis
• Personalised strategy
• The RCT issue



Presuppositions:
• Uniformity/ effect modifying factors
• Independence of effects/ interactions
• Intervention/placebo well defined



Bridging science and practice….

…bridging practice and science!



Nutrition-Gut-Brain 
Interaction Research Centre

- providing new innovations for improving
gut health and brain function


