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The microbiota is a highly dynamic organ

30-40 trillion microbial cells
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The microbiota is a highly dynamic organ
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Numerous members of the microbiota have been
correlated with health and disease
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TGFbeta relative expression (ACTB)
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How do we go from correlation to mechanism!?
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The human and mouse microbiotas are
taxonomically distinct (<3% overlap)
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So how can we translate findings between
patients and mice (and other model organisms)?




The human and mouse microbiotas share many of
the same functions

InterPro KEGG

Functional overlap

- Find functionally equivalent species and genes between the
human and mouse microbiotas



Functional metagenomics reveals the skills and tools
encoded by an individual’s gut microbiome
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Functional metagenomics gives us access to the
metabolic activity and outputs of the gut microbiome
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How can we apply this to understanding
effects on host immunity and disease?



Common microbial metabolites and cell wall
components modulate immune cell function
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Role of the microbiome in cancer
immunotherapy efficacy



Immune Checkpoint Inhibitors (ICls)
unleash immune responses to cancer
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The gut microbiome plays a crucial
role in immunotherapy efficacy

CANCER IMMUNOTHERAPY

Gut microbiome influences efficacy of
PD-1-based immunotherapy against
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Gut microbiota composition has been associated
with patient responses to cancer immunotherapy
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“Collectively, our findings hint that an unfavorable gut microbiome enriched in Gram-negative bacteria may promote an
LPS-dominated inflammatory signature in the gut, resulting in systemic inflammation manifested by elevated NLR and
poor response to anti-PD-1.”



Will blocking LPS and depleting Gram-negative
gut bacteria improve immunotherapy efficacy!?
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Will blocking LPS and depleting Gram-negative
gut bacteria improve immunotherapy efficacy!?
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Will blocking LPS and depleting Gram-negative

gut bacteria improve immunotherapy efficacy!?
NO
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So if Gram-negative bacteria and LPS are bad for
immunotherapy efficacy...

LPS
% —| ICI efficacy



Why doesn’t PMB improve anti-PD-| responses
instead of abolishing them!?
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Not all LPS are the same!
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The number of LPS lipid A acyl chains affects
immune stimulation

A HO,
HO :0 0,4}
"°‘gf(ow i
HO, )
"oo OHO HO o "o'g.'ooj § ) N
o NH NH 4o o
°=< o o ;% :
OH LpxA HO Lpxciom M= o/ © o=t ol
R B/K/KdtA b .
Moo N 3OH-C,-ACP tetra-acylated = weak TLR4 agonism
°=,<‘ "o.uop
UDP-GIcNAc

penta-acylated = weak TLR4 agonism

hexa-acylated = strong TLR4 agonism

https://doi.org/10.1128/mBi0.02289-17 Ben Beresford-Jones



https://doi.org/10.1128/mBio.02289-17

Clustering by function rather than taxonomy segregates
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Gram-negative bacteria and total LPS correlate with
non-response to anti-PD-| in melanoma patients
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Hexa LPS-producers are higher in melanoma patients that
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Hexa-acylation signature is also associated with
RCC responders
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Hexa LPS potently induces immune activation
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Hexa LPS potently induces cytokine secretion
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Depletion of hexa-producing bacteria and
blockade of TLR4 abrogate anti-PD-1 efficacy
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Tumor volume (mm?)

Oral supplementation with hexa LPS increases
anti-tumour immunity and anti-PD- | efficacy
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Role of the microbiome in protection
against enteric infection



Screening for protective commensals against S. Typhimurium
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Monocolonisation with specific commensals induces resistance to
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Enterocloster clostridioformis prolongs germ-free mouse survival
following S. Typhimurium infection
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Enterocloster clostridioformis leads to decreased epithelium pathology
after S. Typhimurium infection
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Summary:

« Human - Mouse: A patient microbiome signature of response to immunotherapy
identifies a gut microbial metabolite that enhances anti-PD-1 efficacy.

 Mouse - Human: A gut microbial metabolite orchestrates epithelial cell-mediated
differentiation of anti-inflammatory intestinal T cells.

« An applied a screen of mouse commensal bacteria identified a novel host-commensal
interaction that mediates protection against S. Typhimurium pathogenesis in vivo.

« Examining microbiota function facilitates translation between mouse and human studies
to reveal the mechanisms of microbiota modulation of host immunity.
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