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@ 7 The GUT MICROBIOTA is the
& @’ name for the microbe population
living in the intestine. It is estimated to
contain at least 1800 genera and
15,000-36,000 species, most of which
have never been successfully cultured.

The gut microbiota has co-evolved with its
host over millenia and provides benefits to
its host including digestion, nutrient
production, detoxification and immunity.

One of the ways pathogens and
commensals interact with their host is via
the expression of microbe-associated
molecular patterns (MAMPs) which diffuse
through the mucus layer and stimulate
pattern-recognition receptors (PRRs) of
dendritic cells, M cells and intestinal
epithelial cells (IECs). In normal healthy
individuals the gut microbiome is diverse
and with an abundance of beneficial
bacteria which promotes protective
intestinal immune responses.

m INTESTINAL EPITHELIAL
CELLS (IECs) act as a physical
barrier that prevents commensals from
entering the lamina propria and integration
of microbial signals. Tight junctions form a
continuous intercellular barrier between
IECs and regulate selective movement of
solutes across the epithelium.

GOBLET CELLS secrete mucin

(Muc?2). They respond to the gut

microbiome by increasing mucin
production, increasing Muc? sulfate
incorporation (increase resistance to
enzymatic degradation of mucus) and
inhibit pathogen adherence.

MUCUS LAYER is a major

mediator of IEC—commensal

interactions. It consists of two layers
of secreted mucin. The inner layer is sense
and devoid of commensal bacteria. The
outer layer is more loose and houses
commensal bacteria and antimicrobial
proteins. The mucus layer prevents IECs
from direct contact with commensal
bacteria and their molecular components.

Commensals promote strengthening of the
mucus barrier.

GUT MACROPHAGES develop a

non-inflammatory profile and do not
produce pro-inflammatory cytokines in
response to MAMPs.

DENDRITIC CELLS protect against

infection while maintaining immune

tolerance by producing high levels of
anti-inflammatory cytokines, e.g. IL-10.

MICROFOLD CELLS (M cells)
transport bacteria and bacterial
antigens to immune cells.
. «INTRAEPITHELIAL
° LYMPHOCYTES are influenced by
the gut microbiota via MAMPs and secrete

antimicrobial proteins, e.g. defensins,
cathelicidins, C-type lectins.

@ T CELLS produce protective
~ cytokines, e.g. IL-22.

.* PLASMA CELLS produce large
\\ " amounts of secretory IgA, which
o impairs pathogenic bacterial

attachment to mucosal epithelium,
therefore interfering with pathogenicity.
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Q¢ g Antibiotic administration results in
".....J significant reduction in GUT
MICROBIOTA size and diversity. This is
seen as increased colonisation by
antibiotic-resistant bacterial species, e.g.
Clostridium difficile, Candida albicans,
salmonella, C. perfringens type A,
Staphlyococcus aureus, Enterococcus
faecalis, Streptococcus pneumoniae, and
reduction in butyrate-producing species,
e.g. Faecalibacterium, Subdoligranulum,
and uncultered Ruminococcaceae,
Roseburia, Coprococcus and
Lachnospiraceae.

Studies have shown that while much of the
diversity eventually recovered, there were
still several species that failed to recover
after four years, suggesting that even a
short course of antibiotics may cause
permanent changes to gut microbiome.

Health implications for low-diversity gut
microbiota include inflammatory bowel
disease, autoimmune disease, allergies,
obesity, cancer, mental illness and autism.

m f““j INTESTINAL EPITHELIAL

CELL (IEC) barrier function is
altered due to changes in MAMP
concentrations.

Reduced expression of tight junction
proteins leads to increased intestinal
permeability and enhanced bacterial
penetration into the lamina propria. This
can set off a vicious cycle of inflamsmation
and pro-inflammatory immune responses

leading to destruction of tight gap junctions

and IEC apoptosis, increased permeability
and more inflammation.
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Shifts in the the intestinal microbiota

induce defects in mucin production

and alterations in MAMP
concentrations.

A defective MUCUS LAYER can lead to
increased MAMP diffusion, commensal
contact with IECs and commensal
translocation to underlying lamina propria.

Hyper-stimulation of [IECs and commensal
translocation lead to further disruption of
intestinal homeostasis and further host
pathology and inflammation.

GUT MACROPHAGES adopt an
inflammatory phenotype and
produce IL-6 and TNF-alpha which drives

inflammation and cell damage.

«INTRAEPITHELIAL

® LYMPHOCYTES respond to
changes in MAMP concentrations through
decreased secretion of antimicrobial
proteins. This may promote inflammation

and increased susceptibility to intestinal
diseases.

T CELLS decrease secretion of
_/ protective cytokines and increase
secretion of pro-inflammatory cytokines

DENDRITIC CELLS protect against
infection while maintaining immune

tolerance by producing high levels of
anti-inflammatory cytokines, e.g. IL-10.

MICROFOLD CELLS (M cells)

transport pathogenic bacteria and

bacterial antigens to immune cells
which promotes an inflammatory immune
response.

The gut microbiota of individuals who have been treated with antibiotics experiences

M Firmicutes massive shifts in diversity, which may cause permanent changes to phyla distribution.

Dramatic decline in bacteroidetes and actinobacteria can be observed immediately after

Bacteroidetes antibiotic treatment.

Actinobacteria Even after four years, the microbiota is yet to recover its former diversity and distribution.

Interestingly, there is a significant increase in proteobacteria. All proteobacteria are
gram-negative, with an outer layer of lipopolysacharides which is strongly associated with
inflamsmation. Members of the Proteobacteria phylum include escherichia, salmonella, vibrio,
helicobacter, and yersinia.
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