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Gut microbiota and the host physiopathology

Hiroshi Ohno

Summary Gut microbiota, enormous numbers of commensal bacteria in the guts of animals,
including humans, has a huge impact on host physiology and pathology. Recent studies using
metagenomics and fecal microbiota transplantation, both in humans as well as germ-free and
gnotobiotic mice, have revealed that dysbiosis, or abnormality in gut microbiota, could be
pathogenic; additionally, correcting dysbiosis with symbiotic fecal microbiota transplantation can
cure/ameliorate symptoms. Metagenomics attempts to make a gene catalogue of all genes from the
members of a microbial community, but it is not adequate for comprehensive understanding of the
gene functions. Thus, other exhaustive approaches are used in parallel with metagenomics,
including epigenomics, transcriptomics, and metabolomics. This “integrated omics” approach is
useful for understanding the molecular mechanisms of host-gut microbiota interactions and may
identify gut microbiota-associated pathogenic biomarkers that could lead to new therapeutic or

preventive strategies.
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Fig. 1 Commensal microbiota associated with human body.

Approximate numbers of commensal microbiota colonized with the human

skin and mucosal surfaces (the respiratory tract is omitted). Human cells

constituting an adult humans are estimated to be 20 ~ 30 trillions, whereas the

number of microbiota in the human colon is estimated to be 40 trillions .

(reproduced from the webpage of the author: http:/leib.rcai.riken.jp/riken/

index.html)
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Fig. 2 Gut microbiota and diseases.
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Recent studies have revealed the causal relationship between gut microbiota and various

human diseases, including gastrointestinal disorders, immune disorders, metabolic disorders,

and even neuronal disorders. (reproduced from the webpage of the author: http:/leib.rcai.

riken.jp/riken/index.html)
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Fig. 3 Gut microbiota in health and diseases.
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In healthy individuals, gut microbiota is in the state of symbiosis, where homeostasis is

maintained between the host and the commensal microbiota. By contrast, in those who are

genetical susceptible to adult-onset diseases, dysbiosis tends to persist, which eventually

leads to chronic systemic inflammation and subsequent various diseases. (reproduced from

the webpage of the author: http:/leib.rcai.riken.jp/riken/index.html)
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Fig. 4 Integrated Omics approach.

Integrated omics approach, where cyclopedic analyses of distinct biological

layers are integrated, is suited for understanding of molecular mechanisms

underlying the host-gut microbiota interaction. (reproduced from the webpage
of the author: http:/leib.rcai.riken.jp/riken/index.html)
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Fig. 5 Prevention of O157-infectious mouse death with prior association with certain strains of

Bifidobacterium.

Some strains of Bifidobacterium.protect mice from O157-infectious mouse death upon prior

oral administration, while other strains fail to do so. (reproduced from the webpage of the

author: http:/leib.rcai.riken.jp/riken/index.html)
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Fig. 6 Short-chain fatty acids commonly produced by gut microbiota.

Among short-chain fatty acids, acetate, propionate and butyrate are predominantly

produced by gut microbiota. (reproduced from the webpage of the author: http:/

leib.rcai.riken.jp/riken/index.html)
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Fig. 7 Diagram of the protective effect of

Bifidobacterium on O157-infectious
death of mice.
Protective Bifidobacterium possessing
fructose transporter genes (refer to Fig.
8) produces enough amount of acetate
throughout the colon to confer resistibility
against O157-induced cell death on colonic
epithelial cells (left). By contrast, non-
protective Bifidobacterium lacks fructose
transporter genes and thus cannot produce
enough acetate in the distal part of colon
where glucose is used up while fructose
is still available (right). (reproduced
from the webpage of the author: http://
leib.rcai.riken.jp/riken/index.html)
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Fig. 8 Diagram of the gene structure of butyrate
transporter genes.
There are two fructose transporter genes, both are
ATP-binding cassette-type transporters, in the
Bifidobacterium genome. These two genes exist in
the protective Bifidobacterium, whereas they are
lacking in the non-protective Bifidobacterium.
(reproduced from the webpage of the author: http://
leib.rcai.riken.jp/riken/index.html)
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Fig. 9 Augmentation of regulatory T-cell differentiation

[%] of Foxp3+

by butyrate.

Naive T cells purified from the spleen of C57BL/6J
mice were stimulated with anti-CD3 and anti-CD28
antibodies in the presence of IL-2 and TGF f .
Sodium acetate, sodium propionate or sodium
butyrate were added to the culture medium, and the
percentage of Foxp3 positive cells were determined
with flow cytometry. (reproduced from the RIKEN
press release article: http://www.riken.jp/pr/
press/2013/20131114_1/)
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Fig. 10 Diagram of the histone acetylation status and transcriptional regulation.
When histone is deacetylated by histone deacetylase (HDAC), chromatin DNA is

tightly associated with histone; in case of the promotor region, the accessibility of

transcription factors is limited and hence the transcription tends to be suppressed

(top). In the presence of butyrate, HDAC in inhibited and histone acetylation is

upregulated. As a result, chromatin DNA is loosen and the transcription tends to be

enhanced (bottom). (reproduced from the RIKEN press release article: http://www.

riken.jp/pr/press/2013/20131114_1/)
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Fig. 11

Amelioration of experimental colitis in mice by butylate-induced regulatory T cells.

Experimental colitis was induced by adoptive transfer of naive T cells purified from the spleen of C57BL/6J mice
into T-cell- and B-cell-lacking RAG1-deficient mice fed with diet containing normal starch or butyrylated starch,
and infiltrated CD4+ inflammatory T cells (shown white) in the colonic lamina propria were analyzed in the
fixed colonic section. (reproduced from the RIKEN press release article: http://www.riken.jp/pr/
press/2013/20131114_1/)
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Fig. 12 Diagram of the enhanced differentiation of regulatory T cells by butyrate.

Butyrate derived from gut commensal bacteria blocks histone deacetylation in differentiating regulatory T (Treg)
cells, which leads to deacetylation of promoter and enhancer regions and subsequent enhanced transcription of
Foxp3 gene, ultimately resulting in the enhanced differentiation of Treg cells. In this process, commensal
bacteria-derived antigens are necessarym'y. The differentiated Treg cells secrete anti-inflammatory cytokine IL-10
to contain adverse immune responses such as prolonged inflammation, autoimmunity, and food allergy.

(reproduced from the webpage of the author: http://leib.rcai.riken jp/riken/index.html)
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