Thorne Healthlech®

Defining a Healthy Microbiome: Insights from
Deeply Phenotyped Human Cohorts

Tomasz Wilmanski
VP Health Algorithms



Microbiome Stories

|) Blood based biomarkers for gut microbiome monitoring
2) Gut microbiome changes across lifespan and longevity

3) Gut Microbiome in statin therapy personalization
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Defining a Reference ‘healthy’
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Alternative to Defining a Healthy Gut Microbiome:

Focus on Host Physiology
whole genome sequencing
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Gut Microbial Diversity as marker of Microbiome Health

- Tends to be more consistently associated with disease conditions than specific microbes

- Is there an optimal range for gut microbial diversity?

Gut Microbial a-Diversity
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Brooks et al., PLOS Biology (2018); 16(12): €2006842
Schnoor et al., Nature Communications (2014); 5:3654



Observed Shannon Diversity

5a-androstan-3g-17a

Blood Metabolome Predicts Microbiome Diversity in the Gut
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An Optimal Gut a-Diversity?

Indole propionate
Hippurate
Cinnamoylglycine
TMAO

Imidazole propionate

Gut Microbial a-Diversity

Constipation

Recurrent C. Difficile

Obesity

Antibiotics Hunter-Gatherers

Diarrhea

Beneficial metabolites
Detrimental metabolites Thorne HealthTech®



Exploring Gut Microbiome RO

Patterns Across Healthy Aging A Changing Gut Microbiome
. May Predict How Well You Age
an d LO N gev |ty People whose gut bacteria transformed over the decades tended

to be healthier and live longer.
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Wilmanski...Price (Nature Metabolism, 2021)



Healthy Gut Microbiome across Lifespan:
Insights From Older Populations and Centenarians
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Gut Microbiome Becomes Increasingly Unique with Age and
Reflects Healthy Aging in Older Adults (78-98 years old)
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While species become increasingly personalized in healthy aging, the resulting
metabolic features are consistent
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Gut microbiome is important for healthy aging and is highly personalized

Che New 1Jork Eimes

A Changing Gut Microbiome
May Predict How Well You Age

People whose gut bacteria transformed over the decades tended
to be healthier and live longer.

Wilmanski...Price (Nature Metabolism, 2021)

Microbiome Uniqueness Increases with Age:
From around age 50, each person's microbiome
becomes more distinct, influencing personalized
health approaches.

Stable Metabolic Processes in Healthy Aging:
Despite increased uniqueness, key metabolic
functions are conserved in those who age healthily.

Microbiome Predicts Mortality Risk: The unique
characteristics of an individual’s microbiome can
predict overall mortality risk in the elderly.

Healthy S )
Longevity

GLOBAL GRAND CHALLENGE



Drug Interactions and the Gut Microbiome

Figure 1. Percentage of adults aged 40 and over who reported using a prescription cholesterol-

50
lowering medication: United States, 2003-2012
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(increased risk of type |l diabetes)
- increased risk with duration of use
- dose-dependent increased risk

Statin Use and Known Side Effects
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Time- and Dose-Dependent Association of Statin Use With Risk of Clinically Relevant
New-Onset Diabetes Mellitus in Primary Prevention: A Nationwide Observational Cohort
Study

Min Jung Ko, Ae Jeong Jo, Yun Jung Kim, Shin Hee Kang, Songhee Cho, Sang-Ho Jo, Cheol-Young Park, Sung-Cheol Yun,
Woo Je Lee =], and Duk-Woo Park =]

Originally published 15 Apr 2018 | https://doi.org/10.1161/JAHA.118.011320 | Journal of the American Heart Association. 2019;8:e011320
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High Level of Heterogeneity in Statin
On-Target Response
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Does Gut Microbiome Composition Predict
Response to Statins!
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Gut Microbiome Diversity Correlates with Markers of
Statin On-Target Effects
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Gut microbiome influences statin efficacy

Statins have a very weak (but detectable)
- Medication and dosage history effect on microbiome composition, while
- Clinical laboratory tests microbiome composition has a strong
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Microbiome Compositional states Wilmanski et al., Med (Cell Press), 2022



Gut microbiome is also Associated with Metabolic

Side Effects of Statins

Two types of microbiome showed signs of diabetes
increase, while two did not

Statins have a very weak (but detectable)
effect on microbiome composition, while
microbiome composition has a strong
effect on host responses to statins

Statin
off-target effects
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Number of metabolized drugs
1 T 1T T T T 1

s YV Y are Bacteroides dominant

metabolized >50% drug
[l metabolized >80% drug

= | microbiomes at higher risk of metabolic

irmicutes
Actinobacteria

Akkermansia muciniphila ATCC BAA-835
Collinsella intestinalis DSM 13280

control ph 7

Enterococcus faecalis V583

Clostridium scindens ATCC 35704
Anaerostipes sp.

Verrucomicrobia

st complications?

Lactobacillus reuteri CF48-3A
Bifidobacterium adolescentis ATCC 15703
Clostridium symbiosum ATCC 14940
Eubacterium ventriosum ATCC 27560
Clostridium spiroforme DSM 1552
Coprococcus comes ATCC 27758
Ruminococcus torques ATCC 27756

Bacteroides species are major drug metabolizers in-
vitro

Clostridium ramosum DSM 1402
Ruminococcus gnavus ATCC 29149
Anaerotruncus colihominis DSM 17241
Dorea formicigenerans ATCC 27755
Blautia luti DSM 14534

Clostridium bolteae ATCC BAA-613
Ruminococcus lactaris ATCC 29176 |l
Eubacterium hallii DSM 3353
jifidobacterium longum s. Infantis CCUG 52486
Marvinbryantia formatexigens DSM 14469
Clostridium hathewayi DSM 13479
Anaerococcus hydrogenalis DSM 7454
Eubacterium rectale ATCC 33656
Bacteroides finegoldii DSM 17565
Clostridium asparagiforme DSM 15981
Bacteroides caccae ATCC 43185
Bacteroides pectinophilus ATCC 43243
Roseburia intestinalis L1-82
Bacteroides WH2

Eggerthella lenta ATCC 25559
Bifidobacterium breve DSM 20213
Subdoligranulum variabile DSM 15176

. - Microbiome activation of the pro-drug?
b T - Microbiome modified statin metabolites

BF;arabacleroies merdae ADrgc 43184 7
cteroides cellulosilyticus DSM 14838 ] h ff t t ff t
Alistipes indistinctus DSM 22520 ave 0 - arge e e C s ®
Bacteroides ovatus ATCC 8483
Bacteroides coprophilus DSM 18228
Prevotella copri DSM 18205
Bacteroides eggerthii DSM 20697
Parabacteroides johnsonii DSM 18315
Bacteroides stercoris ATCC 43183
Bifidobacterium ruminantium
Eubacterium biforme DSM 3989
Bacteroides thetaiotaomicron 3731
Bacteroides thetaiotaomicron VPI-5482 |
Parabacteroides distasonis ATCC 8503
Bacteroides fragilis 3397 t10
Bacteroides fragilis NCTC 9343
Bacteroides thetaiotaomicron 7330
Bacteroides fragilis t(b)9
Bacteroides fragilis HMW615
Bacteroides xylanisolvens DSM 18836
Clostridium sp.
Bacteroides fragilis DS-208
Odoribacter splanchnicus
Bacteroides fragilis ATCC 43859
Blautia hansenii DSM 20583
Bacteroides vulgatus ATCC 8482
Bacteroides fragilis HMW610
Bacteroides dorei DSM 17855
Bacteroides uniformis ATCC 8492

- . Thorne Healthlech®
e = Zimmermann, M., et. Al (2019). Nature. doi:10.1038/541586-019-1291-3




Thank You!

Thorne Healthlech®

If interested, feel free to reach
out;

twilmanski@thorne.com

www.thorne.com
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