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MICROBIOTA
• The human intes,ne harbors nearly 100 trillion bacteria that 

are essen,al for health.

• The largest microbial component of the human microbiome 
is located in the large intes,ne of the gastrointes,nal (GI) 
tract. 

• Cri,cal contribu,ons to metabolism by helping to break 
down complex polysaccharides - cri,cal to the normal 
development of the immune system. 

• Recent studies reveal the importance of gut microbiota to 
the func,on of the CNS.



MICROBIOTA:

The human intes4ne harbors nearly 100 trillion bacteria that are essen4al for health.
The largest microbial component of the human microbiome is located in the large 
intes4ne of the gastrointes4nal (GI) tract. 

- cri4cal contribu4ons to metabolism by helping to break down complex polysaccharides 
- cri4cal to the normal development of the immune system. 

Recent studies reveal the importance of gut microbiota to the func4on of the CNS.

MICROBIOTA–GUT–BRAIN AXIS: 

A complex network of communica4on between the gut, the intes4nal microbiota, and 
the brain, modula4ng 
- immune
-GI
-and CNS func4ons.

It encompasses the CNS, the sympathe4c and parasympathe4c branches of the 
autonomic nervous system, as well as the enteric nervous system and the 
neuroendocrine and neuroimmune systems.



In healthy individuals:
the normal dominant microbiota is rela4vely stable and forms a mutually beneficial rapport 
with the host. 

Perturba4ons may have serious consequences and has the poten4al to exacerbate brain, 
diges4ve, and metabolic disorders. 

Bidirec4onal communica4on between the microbiota and the CNS influences stress 
reac4vity, pain percep4on, neurochemistry, and several brain– gut axis disorders.

The composi4on of the gut microbiota during cri4cal periods of CNS development is 
affected by a broad range of factors. Perturba4on of any of these factors can lead to host 
stress or disease. 
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MICROBIOTA–GUT–BRAIN AXIS: 

A complex network of communication between the gut, the 
intestinal microbiota, and the brain, modulating 
- immune
-GI
-and CNS functions.

It encompasses the CNS, the sympathetic and parasympathetic 
branches of the autonomic nervous system, as well as the enteric 
nervous system and the neuroendocrine and neuroimmune 
systems.



MICROBIOTA–GUT–BRAIN AXIS: 



Childhood and adolescence are cri,cal developmental windows 
sensi,ve to damage. 
Disrup,ons of dynamic microbiota increase the risk of (or lead to) 
neurodevelopmental disorders. 

MICROBIOTA AND BRAIN DEVELOPMENT 





MICROBIOTA AND NEURODEVELOPMENTAL DISORDERS



Shaping of the microbiota occurs in parallel with neurodevelopment and they have similar 
cri4cal developmental windows sensi4ve to damage. 

Childhood and adolescence are the most dynamic periods of change in rela4on to microbiota 
and brain development.

Disrup4ons during such cri4cal periods of dynamic microbiota–host interac4on have the 
poten4al to profoundly alter brain–gut signaling, affect health throughout life, and increase the 
risk of (or lead to) neurodevelopmental disorders.













The gut microbiota may be modified in throughout life and possibly pregnancy.  
Early preweaning and adolescence periods appear to be cri4cal periods for modifying 
enteric microbiota with the poten4al to prevent the development of abnormal 
behaviors. 
Consequently, it is becoming clear that understanding the early interac4on between the 
intes4nal microbiota and the host opens novel avenues for nutri4onal/therapeu4c 
interven4ons in at-risk popula4ons, par4cularly for infants and young children. 

Both clinical and preclinical studies 

Important role for the gut microbiota in the pathogenesis of ASDs, 
novel therapeu4c strategies in managing neurodevelopmental disorders via microbiome-
based treatment. 

Bacteroides fragilis given in early adolescence has been shown to ameliorate some, but not 
all, of the behavioral dysfunc4ons 



there is a ‘‘critical period’’ that is a developmental window during which the gut flora can
influence the developing brain.

















RESCUE?







THE MICROGLIAL SIDE OF THE MICROBIOTA–GUT–BRAIN AXIS 





THE MICROGLIAL SIDE OF THE MICROBIOTA–GUT–BRAIN AXIS 
GF animals display global defects in microglia:
• Increased expression of maturation and
activation marker in GF microglia.

• M1- and M2-related genes were only
marginally changed, whereas most
differently regulated genes were found to
localize in the M0 cluster, indicating that
microglia steady-state condition was
severely altered in the absence of
microbiota.



LACK OF MICROBES IMPAIRS MICROGLIA 
MORPHOLOGY

Increased microglia cell numbers with significantly longer 
processes and increased numbers of segments, branching 
and terminal points.



ANTIBIOTIC TREATMENT INDUCES IMMATURE AND 
MALFORMED MICROGLIA THAT CAN BE RESTORED 
BY SCFA ADMINISTRATION



MICROGLIAL CONTROL OF SYNAPTIC DEVELOPMENT



DEVELOPING CX3CR1 KO MICE DISPLAY IMMATURE 
SYNAPTIC FEATURES



DEFECTIVE MICROGLIAL DEVELOPMENT IN CX3CR1 KO 
MICE



MICROBIOTA AND BRAIN DEVELOPMENT 










