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Understanding clinical translation of
microbiome research through the concept ¢
mechanisms, metrics and modifiers

Mechanisnmc identifying how
microbes interact with the
body can help identify drug

targets.

Modifiers¢ Proven strategies to
manipulate the microbiome to
treat disease or improve

w treatment efficacy.
Predict welght R

loss success

Metrics ¢ Identifying
microbial features that are
predictive of risk or response,
or diagnostic of disease.

Gilbert et al. NatMed, 2025
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Obesity increases risk-of surgery associated canc

- Collagenolytic

Western Diet and obesity promotes Intestinal Colonization by

Bacterium

Collagenolytic Microbes and Promotes Tumor Formation Followin
Colorectal Surgery Gaines et al Gastroenterology, 2019
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Can we remove collagenolytic bacteria
with diet?

'@, ,

Joshua Tran

Initial Visit Colonoscopy 3d \isit

Blood for immune, Blocd for Immune, Bload for Immune,
Metabolomics Metabolomics Metabolomics

A Recruiting people with Serrated Polyposis Syndrome

A Diet Intervention with planbased Mediterranean diet.

A Phage intervention to removE. Faecalis

A Assess immunology, metabolomics, metagenomics and poly
reemergence.
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Greatest alpha diversity in Ghanaian participants,
lowest in US participants

A Species richness of gut microbes shows
clear signs of acculturation

A Lowest species diversity seen in Seychelles
and USA
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A Ghana has greatest diversity i likely
resulting from high fiber content in diet
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Alpha diversity positively correlates with fecal short chain
fatty acid concentrations

Shannon
Shannon
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EckluMensah et al Nature Communications 202



Greater alpha diversity
correlates with protection
from metabolic disease
risks
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Low Blood - High Blood 1 Lovx;él(;od High Bllood I i i i i i
Glicose  Glucose owBlood - High Bloo A High microbial spemes_ diversity

appears to correlate with a
reduction in disease.

A While differences are varied,
overall diversity is significantly
lower for diabetes and
cardiovascular disease risk
factors.
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% NIH Awards
" $170 Million

for Precision
lutrition Study

The goal of the NIH Common
F u n dNGtstion for Precision Health,
powered by the All of Us Research
Program , is to develop algorithms that
predict individual responses to food and
dietary patterns.




diets.

Figure 1. Participant Flow Diagram

Module 2 (N=1,500 community dwelling) or Module 3 (N=500 domiciled)

NPH Study Design

Module 1¢ Detailed
characterization of 10,000
peoplec food recall, body and
performance measures,
physiologicalMICROBIOME
blood chemistry, etc. on norma

Module 2¢ Longitudinal
analysis of 2500 people o
3 crossover prescribed

diets at home.

Module 3¢ Longitudinal
analysis of 500 people on
crossover diets in
domiciled clinical centers.

Regular Diet
D1/10: Clinic
Visit
D10: Test Meal

Test Diets
Module 2:
D1/14: Clinic Visit
D14: Test Meal
Module 3:
D1-14: Domiciled
D13/14: Test Meal

Washout (Regular
diet)

Test Diets
Module 2:
D1/14: Clinic Visit
D14: Test Meal
Module 3:
D1-14: Domiciled
D13/14: Test Meal

Washout (Regular
diet)

Test Diets
Module 2:
D1/14: Clinic Visit
D14: Test Meal
Module 3:
D1-14: Domiciled
D13/14: Test Meal

I

14

Days of Follow-Up




features for 800 people

Measure personal Predict personal

glycemic responses

Microbiome # % # %

Blood tests ;k‘

. - g=
Questionnaires ( =
=

Personalized Nutrition
Predictor

Vit

Design personalized diet
to lower glycemic responses

Food diary

Anthropometrics @

Precision Nutrition

Use stool metagenome and
other tests to predict glycemic
response to different foods.

Commercialized adayTwadnc.

® DAY
aTWOo PROGRAMS  HOWITWORKS  SUCCESSS S  RESOURCES

Microbiome-based precision
nutrition for metabolic disease.
“To now be considered non-diabetic

is more than | could have imagined.”

David, 51
Saginaw, Michigan

Watch Story

Zeeviet al., Cell 2015



PREDICTdMicrobiome can predict
postprandial glucose

Prevotella copri and I _ _ o : _
Blastocystis spp. are s rP-1zes ITiglycerides ooy PoOtmae 1 C-peptide

reliable biomarkers of
favorable postprandial
glucose metabolism.

> - peptide, , ..

Overall microbiome
composition was ; ,
predictive of various " Measured TG,
cardiometabolic blood
markers.

Measured glucose,, Measured C - peptide, ,

Meal composition, habitual diet, meal context, anthropometry, genetics, microbiome,
clinical and biochemical parameters were used to predict postprandial triglycerides,
glucose and C-peptide

Berry et al., Nature Med. 202
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Microbiome and Mental Health

Clinically Dep ressed Depressive-like behavior

Neurological Disorders are often
associated with Diarrhea or Constipation g PN
Changes in the microbiome are il
associated with:

A Braln development Non- depressed No behavior change
A Mood/behavior
A Neurodegenerative disorders

Antibiotics use linked to behavioral

phenotypes (depression + anxiety) Eocal Microb T ant f
But not antivirals or antifungals ccal Microblome franspiant irom
human to animal transmits phenotype




A. Forced Swim Test

FMT from Sprague-Dawley (SD)
JOLK ] z@=9DL @QA
hooded (FH) rats (depression
model)

Floating time (seconds)

A FH rats exhibit depressive -like behaviors and
C. _Sucrose Preference Test distinct neurotransmitter and cytokine levels
compared with SD rats.

SD  FH-FH  FH-SD , 1 A FH recipients receiving FH fecal microbiota
= - (FH-FH rats) showed aggravated depressivelike
behaviors.

0.8

A FH recipients receiving SD fecal microbiota
(FH-SD rats) had:
A less depressive symptoms,
A increased hippocampal neurotransmitter
concentrations,
A Reduction in neuroinflammation.

Sucrose preference index
0.6

FHFH  FH-SD

Hu, Das et al., 2022 mSysten



. Serotonin (Hippocampus) F., Norepinephrine (Hippocampus)

FMT from Sprague-Dawley (SD)
JOLK ] z@=9DL @QA
hooded (FH) rats (depression
model)

Concentration (ng/mg)

3 A FH rats exhibit depressive -like behaviors and
FHFH _FHsD distinct neurotransmitter and cytokine levels
compared with SD rats.

A FH recipients receiving FH fecal microbiota
(FH-FH rats) showed aggravated depressivelike
behaviors.

A FH recipients receiving SD fecal microbiota
(FH-SD rats) had:
A less depressive symptoms,
A increased hippocampal neurotransmitter
concentrations,
A Reduction in neuroinflammation.

Concentration (pg/mg)

Hu, Das et al., 2022 mSysten
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g mmmmmemmm=p  s*, ———neurotransmitters _
_5 (i.e. serotonin, norepinephrine, dopamine)
-y +

inflammatory cytokines

(i.e. IL-1b, TNF-a, IL-17A)
al

hippocampal osmolytes

(e.g. NAA)

1
hippocampal nitrogen-rich metabolites
(e.g. serine)

of

Serum nitrogen-rich
metabolites

ol
" Serum carbon-rich
metabolites

(e.g. C20:4)

Enteric Nervous System (ENS)

«]

Products of the microbial
enzymes associated with
carbon metabolism
(e.g. acetolactate synthase)

- Key species
Sl (e.g. Dialister sp. CAG:357)

Hu, Das et al., 2022 mSyste



Microbiome data with
functional magnetic resonanc
imaging in patients with majol
depressive disorder, a diseas

associated with an altered
GABAmMediated response,
demonstrates:

The abundance of
Bacteroidess negatively
correlated with brain
signatures associated with
depression.

Bacteroidesvere shown to
synthesize GABA in the gut

Strandwitzet al Nature Microbiology 201
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A model of depression: gHObbiome

Social defeat W o
. SPACE HEALTH
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% Sucrose Preference
ﬂ Animals that experience social ™%
defeat do not crave sugar. Dr. Philip Strandwitz

Dr PromiDas

Ketamine can rescue the
phenotype.
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Translation to Clinical Practice

A In 2022, the FDA permitted the use of FMT to treat recur@uitf
iInfections IF the stool was obtained from a registered stool bank.

I $1695 per dose

A In 2023, the FDA approved two microbiome therapeutic<Cidift
i REBYOTA(Ferring Pharmaceuticals Inc.); $9629 per dose
i VOWST (Seres Therapeutics, lic$19543 per dose

A As of 2024 there are currently:
i 11 clinically relevant phase 3 trials
I 22 clinically relevant phase 2 trials



Phase

2/3

Company Treatment ModO0.5ality
Mikrobiomik MBKO1 Pooled
Healthcare Lyophilized Fece
Transplant
Infant Bacterial Lactobacillus reuter Single Strain
Therapeutics IBR9414
MaaT Pharma MaaT013 Pooled Fecal
Transplant
Vedanta Bioscience VE303 Defined
[undisclosed] consortium
(8 strains)
AOBiome/Maruho Nitrosomonas Single Strain
eutropha B244
Ferring RBX2660 (REBYOT Pooled Fecal
Pharmaceuticals Transplant
RDC Clinical Pty Li Maolactin Biologic
(Bioactive
Proteins)
Mikrobiomik MBKO1 Pooled
Healthcare Lyophilized Fece
Transplant
Kibow Biotech KTF301 Defined
[Streptococcus consortium

thermophilus (KB19 (3 strains)

1 artanahhac~ilh e

Delivery
Method
Oral

Oral

Enema

Oral

Topical

Colonoscopic

Oral

Oral

Oral

Completion
Date
(anticipated)
Now23

Juk24

Sep24

Oct-27

Planned
Jan25

Feb25

Planned

Mar-24

Indication

Clostridium difficile
(recurrent or primary

Necrotizing
Enterocolitis

Graft Versus Host
Disease
(Ruxolitinib Refractor

Clostridium difficile
(recurrent)

Atopic Dermatitis

Clostridium difficile
(recurrent)
Gastrointestinal
Dysfunction

Nonalcoholic fatty
liver disease

Chronic Kidney Disee
(Stage 1IV)

Reference

NCT05201079

NCT03978000

NCTO04769895

NCT06237452

Planned

NCT05831189

NCT06104917

Planned

NCT05407389


https://clinicaltrials.gov/study/NCT05201079
https://clinicaltrials.gov/study/NCT03978000
https://clinicaltrials.gov/study/NCT04769895
https://clinicaltrials.gov/study/NCT06237452
https://www.aobiome.com/aobiome-therapeutic-pipeline/
https://clinicaltrials.gov/study/NCT05831189
https://clinicaltrials.gov/study/NCT06104917
https://mikrobiomik.net/en/pipeline/
https://clinicaltrials.gov/study/NCT05407389
https://mrmhealth.com/pipeline.html
https://mrmhealth.com/docs/MRM%20Health%20announces%20positive%20topline%20data%20Pouchitis_20240416_final.pdf
https://clinicaltrials.gov/study/NCT05762211
https://clinicaltrials.gov/study/NCT04895215
https://clinicaltrials.gov/study/NCT04911751
https://clinicaltrials.gov/study/NCT05419362
https://clinicaltrials.gov/study/NCT05370885
https://clinicaltrials.gov/study/NCT06111183
https://clinicaltrials.gov/study/NCT04116658
https://clinicaltrials.gov/study/NCT05998447
https://adisotx.com/
https://www.intrinsicmedicine.com/#Pipeline
https://www.intrinsicmedicine.com/#Pipeline
https://www.biomicamed.com/pipeline/#Immuno-oncology
https://www.biomx.com/our-pipeline/
https://clinicaltrials.gov/study/NCT06578143
https://clinicaltrials.gov/study/NCT06385054
https://clinicaltrials.gov/study/NCT05865730
https://clinicaltrials.gov/study/NCT05556824
https://clinicaltrials.gov/study/NCT05923892
https://clinicaltrials.gov/study/NCT05527301
https://clinicaltrials.gov/study/NCT06450990
https://clinicaltrials.gov/study/NCT05608187
https://clinicaltrials.gov/study/NCT04781387

If we want to identify
mechanism and metrics, we
need to change how we do
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Microbiome data has been compositional and that is a problem
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Our standard practice is to Quantification of each sequence
calculate the percentage of total in the metagenome as number of
sequencing reads associated with cells per gram of material creates
a microbial species or gene. a standard across all samples.

Zaramelaet al., 2022, mSystems



Quantifying metagenomic data associated with lung cancer patients undergoing
radiation treatment + |mmunotherapy comblnatlon
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QE Eﬁ %E Pre and post treatment 2 w
! for each patient i . %
'j_'j=g :E — ——
Absolute abundance of microbial Pre and post treatment

features provides a clearer picture [EaESESE—— EE for each patient
of species burden.

Quantification also ensures a
uniform metric for interstudy

comparison Kodera et al, In prep.
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time ¢ that Is a mistake!

Dimensional
Genetics Microbiome
Static Dynamic
Weight Insulin
Height Blood Pressure
Age

32

Dimensional

CONFIDENTIAL
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Effective Discovery
Requires:

A Sufficient cohort size to
account for high
dimensionality

A Frequent sampling to
account for the dynamic
nature of a changing
microbial ecosystem



GutLal" Automated, Athome Microbiome Trackin

A Tool forscientiststo generate large, time
longitudinal datasets easily and cheaply

A Deployed into the Nutrition for Precision
Health studySeeRav€olonoscopy trail, and
breast cancer trials.

A No stool interaction, no tubes, no swabs, no
shipping, storage or different lab processing

A A 90% reduction in the cost of generation
and analysis of a 7M read metagenome.

SENSE
www.biomesense.com




Microbiome of newly diagnosed cancer patient

UsingGutLabwe can
now detect nuanced
shifts in microbial
community
composition and
function over time to
identify new
mechanisms, metrics
and potential
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Baseline Post-Lx Fertility Fertility £ post-1st Post-2nd  Post-3" pogt-gth
Cycle 1 Cycle 2 Chemo Chemo  Chemo Chemo

www.biomesense.com



@ Firmicutes

g Bacteroidetes
proteobacterna
Actinobacteria \f =

Cyanobactera
Fusobactera
= other













