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THE MICROBIOME

Del Chierico F et al 2012



Del Chierico F et al 2012

• Prevent invasion of pathogenic microorganisms

• Contribute fermentation non-digestible fibres

• Produce vitamins

• Metabolism short fatty acids & carbohydrates

• Promote absorption minerals

• Regulate inflammatory response & immune system

• Dysbiosis leads to:
• Intestinal-

• Metabolic-

• Immune disorders

THE MICROBIOME



The LANCET series on ECD

Estimates, based on proxy measures of 

stunting and poverty, indicate that 250 

million children (43%) younger than 5 years 

in low-income and middle-income countries 

are at risk of not reaching their 

developmental potential.



Global percentage of children younger than 5 years 

at risk of poor development 2010

Chunling Lu,  Maureen M Black,  Linda M Richter, The Lancet Global Health, 2016, 



The concept that impaired postnatal gut microbiota development 
(maturation) is causally related to childhood undernutrition.

Blanton et al. Science 2016



Preclinical evidence that gut microbiota immaturity is 
causally related to childhood undernutrition

Blanton et al. Science 2016



The theory of disappearing microbiota

Blaser, Dominguez-Bello 2016

Blaser: Science 2016

Borre, O’Keeffe, Clarke, Stanton, Dinan, Cryan: J Mol Med 2014

Increasing incidence of:
obesity, asthma, hay fever, juvenile 

diabetes, inflammatory bowel 

disease and autism spectrum?



Antibiotic treatment in the first year of life

871 children
27% mother received AB

70% received AB first year

92% received AB 1- 3½ year

Behavioral 

problems

Depression

Hyperactivity

Antibiotic use in the first year of life was 

associated with small statistically significant 

differences in cognitive, behavioural and mood 

measures in children at 3.5, 7 and 11 years.





Germ-free (GF) mice are born and raised

under strict sterile conditions



Battery of behavioural tests

Open field test Light-dark box test

Motor activity Anxiety

Elevated plus maze 

Stimulus mouse          Centre           Novel object

?

Three-chambered

social approach 

task

Social interaction



GF mice display increased 

spontaneous motor activity

Representative track of movements

Heijtz et al. PNAS (2011)



GF mice display reduced anxiety-like 

behaviour in the Elevated Plus Maze

Heijtz et al. PNAS (2011)

SPF

GF



GF mice display altered social behaviour

Stimulus mouse      Center       Novel object

?

Arentsen et al 2016 Desbonnet et al 2013

CC = SPF

GF = Germ Free

GFC = Germ Free Colonized 



Expression profiling of GF mice and SPF mice brains

Heijtz et al. PNAS (2011)



NGF

BDNF

Drd1

Drd1

GF mice show altered expression of synaptic plasticity related genes 

Heijtz et al. PNAS (2011)



Current Findings from 

Germ Free Mice
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Early CONV mice Adult  CONV  mice

Number of rears= number of times a mouse stands on its hind legs

Heijtz et al. PNAS (2011)



Microbiome-Gut-Brain interactions:  Potential Mechanisms 

Collins SM et al 2012

Bacterial peptidoglycan (PGN)
Polymer consisting of sugars and 

amino-acids

Gram-positive: Lysine

Gram-negative: Meso-Diaminopimelic

Acid (DAP)



Can bacterial PGN fragments translocate from 

the intestinal gut mucosa into brain?

PGN

Serum

**

Arentsen et al, Molecular Psychiatry 2017

Brain

* = Comparison P60

Blood

Brain

Barrier
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Pattern recognition receptors (PRR) of the innate 

immune system that recognize peptidoglycan (PGN)

Toll-like receptor family

NOD-like receptor family

Peptidoglycan recognition proteins

NOD: Nucleotide-binding oligomerization domain-containing protein



Are PRRs expressed in the brain during development? 

Arentsen et al, Molecular Psychiatry 2017



Does manipulation of the gut microbiota influence the 

expression of PRRs within the brain?

Arentsen et al, Molecular Psychiatry 2017



Arentsen et al, Molecular Psychiatry 2017

Does genetic disruption of PG2 affect social behaviour?

Pglyrp2 KO mice

= dark green

Absence Peptidoglycan recognition protein 2 leads to:

1) alterations expression of autism risk gene c-Met

2) sex-dependent changes in social behaviour

The central activation of PRRs by microbial products 

could be one of the signalling pathways between the 

gut microbiota and the developing brain.



Microglia has two 

different functions

Microglia originates from 

yolk sac and invades brain

Microglia spread in brain



Fig. 3 Main cellular functions of embryonic and postnatal microglia.

Morgane S. Thion et al. Science 2018;362:185-189

Published by AAAS



Thion MS … Garel S, Cell 2018

Microbiome influences prenatal and adult 

microglia in a sex-specific manner



Buffington, Di Prisco, Auchtung, Ajami, Petrosino, Costa-Mattioli  2016

Microbial Reconstitution Reverses Maternal Diet-Induced 

Social and Synaptic Deficits in Offspring



Autism spectrum disorders and

gastro-intestinal problems

 Prevalent GI-problems

Diarrhea/constipation, gastric reflux, abdominal pain

Affected gut epithelium and intestinal permeability

 Correlation of GI symptoms with autism severity

 Excessive use of oral antibiotics

 Potential effect of probiotics

 Atypical gut microbiota

 > Clostridium, Lactobacillus, Desulfovibrio

 < Bacteroidetes/Firmicutes ratio 

 Immune alterations

Microglia activation, altered cytokine profile



Human Brain Development 

Genes Environment

Autism SD 

Phenotype

Brain

Epigenetics

Early viral

Late bacterial

Elev. cytokines amniotic fl.

Danish medical birth register

early activation of 

the immune system  

Heritability 50-83% Maternal infections

http://www.sciencedirect.com.proxy.kib.ki.se/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6WSN-4TT8K22-4&_image=B6WSN-4TT8K22-4-3&_ba=&_user=650310&_rdoc=1&_fmt=full&_orig=search&_cdi=7051&view=c&_isHiQual=Y&_acct=C000034918&_version=1&_urlVersion=0&_userid=650310&md5=501d4644e9e60f29362cd7444882b389
http://www.sciencedirect.com.proxy.kib.ki.se/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6WSN-4TT8K22-4&_image=B6WSN-4TT8K22-4-3&_ba=&_user=650310&_rdoc=1&_fmt=full&_orig=search&_cdi=7051&view=c&_isHiQual=Y&_acct=C000034918&_version=1&_urlVersion=0&_userid=650310&md5=501d4644e9e60f29362cd7444882b389




• 80% reduction of GI symptoms

• Improvements of behavioural ASD symptoms

• Engraftment of donor microbiota 

and beneficial changes of gut environment



Sgritta et al Neuron 2018

Lactobacillus reuteri can rescue social behaviour in ASD mouse models



Summary

1. 240 million children worldwide are at risk not reaching their 

developmental potential due to poverty and undernutrition

2. Gut microbiota (child and pregnant mother) influence development

3. Experimental studies (gnotobiotic mice) show that microbiota 

influences behaviour, brain structure & function, and gene expression

4. Early programming - critical period gives life long outcome

5. Several gut-brain pathways

6. Antibiotics reduces diversity and influence cognitive development 

mood, and behaviour

7. Emerging role for gut microbiome in Autism Spectrum Disorder and 

other neurodevelopmental disorders
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