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Dysregulation of gut microbiota and chronic
inflammatory disease: from epithelial defense
to host immunity
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The mammalian microbiota is a community of commensal
microorganisms including bacteria, archaea, eukaryotes

and viruses. Microbial colonization begins at birth.1 During
infancy, the microbial community shifts chaotically in response
to dietary changes, illness and antibiotics.2 The abundance and
diversity of the microbiota reach adult levels in early childhood,
and the core composition is thereafter considered to remain
stable for decades.3

The microbiome is the genomic collection of the entire
repertoire microbiota. The gastrointestinal tract is the largest
habitat of microbiota.4 Thus, culture-based methods are limited
in their potential to investigate the composition and physiolo-
gical/ecological functions of the microbiota. Currently, data on
the microbiome are obtained mainly by two methods: (1)
sequencing of 16S ribosomal RNA (rRNA) genes, which is used
to classify microbial communities, and (2) shotgun-sequencing
techniques (including meta-genomic and meta-transcriptomic
analyses), which provide information on the functions and
activity of the microbiome.5 The 16S rRNA gene contains both
conserved sequences that can be targeted by universal bacterial
PCR primers and hypervariable regions that can be used to
identify bacterial phylotypes.6 These methods permit a relatively
unbiased characterization of microbial diversity in various
environments.5 However, 16S rRNA sequences alone do not
provide information regarding function. The second widely used
method, whole-genome shotgun next-generation sequencing
(NGS), makes it possible to generate functional profiles via
DNA-focused meta-genomic and RNA-focused meta-transcrip-
tomic analyses.7 Two large-scale studies using NGS, the Eur-
opean Meta-genomics of the Human Intestinal Tract
(MetaHIT)8 and the US Human Gut Microbiome Project
(HMP),9 provide baseline data on the composition and function
of the human microbiome. In addition, simultaneous sequen-
cing of the metagenome and metatranscriptome of the host and
microbiota provides insight into mechanisms of host–microbiota
mutualism and can be used to differentiate between unhealthy
and healthy individuals.10 More recently, metabolomic and

meta-proteomic strategies have been applied to host–micro-
biome studies.11

In the intestinal lumen, the microbiota is consistently
monitored by the mucosal immune system. Although the
intestinal epithelial cells (IECs) are not traditionally classified
as cells of innate immune response, they express an extensive
repertoire of pattern-recognition receptors, such as Toll-like
receptors.12 Moreover, microbiota-induced signal transduction
in IECs is crucial for maintaining the balance between tolerance
to commensal microbes and elimination of pathogens.13 The
IECs also serve as a physical and chemical barrier between the
mucosa and microbiota by forming a mucus layer, secreting
antimicrobial peptides, and regenerating the islet-derived
protein family. In addition to their barrier function, IECs serve
as ‘mediators’, maintaining a balanced relationship between gut
microbes and the host immune system by secreting cytokines,
chemokines and hormones. Thus, dysfunction of the IECs
leads to perturbation of the gut microbiota and enhances
susceptibility to intestinal inflammation (see review by
Okumura and Takeda in this issue).

The crosstalk between the gut microbiota and the host
immune system begins at birth. The immune system induces
and maintains tolerance to autochthonous biota. At the same
time, the immune system initiates an effective immune
response against commensals, pathobionts (microbes that are
usually symbionts but are also capable of causing pathology
under certain conditions) and external pathogens.14 In turn,
the microbiota modulates the development and function of
innate and adaptive immunity, including peripheral differentia-
tion of T-helper cells. Co-production of metabolites by the host
and gut microbiota as they metabolize food and xenobiotics
involves these immune-mediated signaling processes.15 For
example, short-chain fatty acids (SCFAs) are important energy
sources for both the gut microbiota and IECs. SCFAs also
influence macrophages and peripheral T cells, particularly
regulatory T cells (see reviews by Lee and Kim and by Kim
et al. in this issue).16
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Dysbiosis is a state of imbalance in the composition or
function of microbial taxa. Basic and applied research on
dysbiosis related to human disease has greatly advanced in
recent decades. Various chronic diseases including inflamma-
tory bowel disease, multiple sclerosis, rheumatoid arthritis,
asthma, diabetes and obesity are associated with dysbiosis in
the gut (see review by Lee and Kim, and review by Kim et al. in
this issue). As our understanding of the role of dysbiosis in the
pathogenesis of chronic diseases has improved, the mainte-
nance of a healthy microbiota has come to be considered as a
new therapeutic target. The restoration of microbiotic home-
ostasis is thought to be an effective therapeutic approach to
attenuating dysbiosis-induced inflammation and promoting
disease remission. Modalities employed include probiotics (live
microorganisms that when ingested provide benefit to the
host), bacteriophages (phages that specifically infect and kill
certain bacterial species) and fecal microbiota transplantation
(see review by Kim et al. in this issue).

This themed issue includes three review articles describing
how IECs are mediated between the gut microbiota and the
host, and how dysbiosis is linked to various diseases. The
maintenance of a healthy microbiota has potential as an
approach to developing effective therapeutic strategies and
promoting health in some individuals. Over the last decade,
our understanding of how the gut microbiota contributes to
host health has progressed greatly. In the coming decade, this
field of research is expected to reach milestones with diag-
nostic, preventive and therapeutic applications.
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