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1. Interplay between commensal microorganisms and host immune system
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1. Self and non-self recognition

Immune system Self

Non-self

Bacteria 

Allergen 

Virus

Tolerance

Immune response

2. Attack non-self antigens

Immune response

What is immune system?



Intestinal immunity

Food antigens Commensal bacteria

1. Self and non-self recognition

2. Attack non-self antigens

Pathogenic bacteria

Enigma of Immunology

The gut is exposed by various antigens

Tolerance Symbiosis Elimination



B cell

IgA

Commensal bacteriaFirst barrier

Mucus

Gut epitheliaSecond barrier

Plasma cells

Immune cellsThird barrier

Dendritic cells

Innate lymphoid cells

T cells

Multi-layered barrier system protect invasion of external antigens

Multi-layered barrier system in the gut

Each barrier system interacts with each other for the maintenance of gut homeostasis

Goto Y. Front Immunol. 10:2057, 2019

Immune cells

Epithelia Commensals

Trinity

Gut homeostasis



Commensal microorganisms

NumberḲ1013~1014

500Ṍ1,000 species

2,000,000 genes

Commensal bacteria

Lederberg J. Science, 288Ḳ287-293, 2000
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Allergic disease
Food allergy

Pollinosis

Neuro-mental disorders
Autism

Multiple sclerosis

Parkinson's disease

IBD
Crohnôs disease
Ulcerative colitis

Infection
Influenza

Multi-drug resistant bacteria

Metabolic disease
Obesity

Diabetes

Cancer
Colon cancer

Liver cancer

Pancreatic cancer

Microbiota

Skin disease
Atopic dermatitis

Psoriasis

Immune disease
GVHD

SLE

Commensal bacteria regulate host pathology



Dysbiosis

Ṭdisruption of the homeostasis of gut microbiota

1. Reduction of the species of commensal bacteria

2. Expansion of specific opportunistic bacteria

1. Antibiotics

2. Food

3. Infection

External factors

1. Genetic diversity

2. Stress

Internal factors

3. Immune disorder

Mucus

Epithelial cell

Normal microbiota Dysbiosis



Clostridium difficile infection

Clostridium difficile

Toxin (TcdA, TcdB)

Dysbiosis related infectious disease

Antibiotics

Pseudomembranous
enteritis!



Listeria monocytogenes

Becattini S, et al. J Exp Med. 214: 1973-1989, 2017

Colonization resistance effects of microbiota

Vancomycin-resistant Enterococcus (VRE)

Brandl K, et al. Nature 455: 804-807, 2008

Citrobacter rodentium

Ivanov II, et al. Cell. 139: 485-498, 2009

Salmonella typhimurium

Barthel M, et al. Infect Immun. 71: 2839-2858, 2003 



Microbiota-mediated therapeutic approach 1

Fecal Microbiota Transplantation: FMT

Therapeutic approach based on ñcolonization resistanceò

Chiba University hospital HP

Therapeutic effect against 

Clostridium difficile infection

van Nood E, et al. N Engl J Med. 2013; 368: 407-415.
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Commensal bacteria prevent intestinal pathogen infection

Epithelial cells

Commensal bacteria

Wild-type Antibiotics treated/Germfree

Immune cells

Pathogens



Intestinal homeostasis mediated by commensal bacteria and host immune cells
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Goto Y, et al. Immunity. 2014; 40: 594-607.
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Citrobacter rodentium
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