


Drug - Microbiota Interactions @ EMBL Heidelberg

Bridging between omics-centric microbiome analysis and microbiology / chemogenomics
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What shapes the gut microbiome?
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Which factors underly highly individualised composition? [Schmidt et al., Cell 2018]



Impact of medication on gut microbiome noted in cohort studies

Xenobiotics

‘ \/ L] L] L] L] Ll L]
’ Cause of inter-individual variation
In the Flemish Gut

- Medication
N cohort (N=1106)
Blood parameters ~10% of the total

; observed variation
Bowel habits can be explained by
medication.
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Metagenomic association studies cannot answer some pivotal questions:

- Are effects direct? If so, what is the target?
+ Is the drug effect on microbiota part of the mode of action or an undesired side effect?



A high-throughput drug screen for human gut bacteria

Our approach: Systematic study of drug-microbiome interface
Large-scale in vitro compound screen of

~1200 drugs vs. 40 human gut commensals

Anaerobic conditions
2%H,, 12% CO,, 86% N,

Prestwick chemical library
1200 compounds

20 uM 1st 2nd inoculation growith monitoring
inoculation  inoculation of drug plates (ugJto 24 hours)

96-well plates 384-well plates

40 human gut isolates
38 respresentative species

48K drug-strain pairs

growth curves acquired in triplicates



A high-throughput drug screen for human gut bacteria

Our approach: Systematic study of drug-microbiome interface
Large-scale in vitro compound screen of

~1200 drugs vs. 40 human gut commensals

Anaerobic conditions
2%H,, 12% CO,, 86% N,

Prestwick chemical library

1200 compounds o
20 uM 1st 2nd inoculation growith monitoring

inoculation inoculation of drug plates (uglto 24 hours)

96-well plates 384-well plates

835 human-targeted drugs

40 human gut isolates

. Alimentary Tract & Metabolism 38 respresentative species

. Antiinfectives

. Antineoplastics & Inmunomodulating Agents
. Antiparasitic products, Insecticides & Repellents
. Blood and blood forming organs

. Cardiovascular system 48K drug-strain pairs
. Dermatologicals growth curves acquired in triplicates
. Genito urinary system and sex hormones

. Musculo-skeletal system

. Nervous system

. Respiratory system

. Sensory organs

. Systemic hormonal preparations

. Various

e

156 antibacterials, 88 other anti-infectives



the drug screen
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Species Selection
Core species of the human gut microbiome

Intestinal species representat
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~ 80% of the assignable average abundance at genus level

~ 60% at species level

ICro

40 strains (from 38 species, 21 genera)
largely cover the healthy human m



Major insights

Impact of drugs on human gut microbes is extensive



Human-targeted drugs have a broad impact on gut microbes

antibacterial drugs
(122/156)

78%

40 Strains

» 1079 Drugs



Human-targeted drugs have a broad impact on gut microbes

antibacterial drugs
(122/156)

78%

4 Antibiotics show broad activity spectrum
4% “Collateral damage” of antibiotics is medically known
2 First large-scale direct interaction map

4% Class- & drug generation-dependent effects visible

40 Strains

» 1079 Drugs



Human-targeted drugs have a broad impact on gut microbes

antibacterial drugs human-targeted drugs

(122/156)

78%

40 Strains

(203/835)

24%
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others
(47/88)

93%

Roseburia intestinalis
Eubacterium rectale

| Bacteroides vulgatus
Clostridium perfringens
Coprococcus comes
Blautia obeum

{ Bacteroides uniformis

Ruminococcus torques
Collinsella aerofaciens
Eubacterium eligens
Roseburia hominis
Prevotella copri
Odoribacter splanchnicus
Ruminococcus bromii
Parabacteroides distasonis
Dorea formicigenerans
Bacteroides fragilis (NT)
Ruminococcus gnavus
Parabacteroides merdae
Bacteroides ovatus
Streptococcus salivarius
Bacteroides caccae
Bacteroides fragilis (ET)
Veillonella parvula
Eggerthella lenta
Streptococcus parasanguinis
Bifidobacterium adolescentis
Clostridium bolteae
Clostridium saccharolyticum
Clostridium ramosum
Bacteroides thetaiotaomicron
Bifidobacterium longum
Clostridium difficile
Lactobacillus paracasei
Fusobacterium nucleatum
Bacteroides xylanisolvens
Akkermansia muciniphila
Escherichia coli IAI1
Escherichia coli ED1a
Bilophila wadsworthia

» 1079 Drugs

Sensitive

Resistant



Major insights

In vivo relevance
= Drug concentrations tested are physiologically relevant
= Effects are reflected in side effects pattern
= Concordance with clinical observations



Estimating intestinal drug concentrations

Concentration estimation based on available daily dose and pharmacokinetics data

/Stomach Estimated colon concentration

Duodenum Human-targeted drugs
/ | with anticommensal activity
' Jejunum inactive
enterohepatic 102 40
circulation !
30 :
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""" S = !
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Concentration (uM)
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* 71% of human-targeted drugs with

anticommensal activity are estimated
to reach colon concentrations > 20 yM

Fecal excretion

drugs with molecular weight > 300 g/mol
with both polar and lipophilic groups

Validation: IC25 determination: 25 drugs x 27 strains
precision: 94%
recall: 85%



In vivo relevance reflected in side effects and clinical studies

[Side effect data from Kuhn et al.,
Nucl. Acids Res. 2015]



In vivo relevance reflected in side effects and clinical studies

(% Side effects [Side effect data from Kuhn et al.,

Nucl. Acids Res. 2015]
O

Enrichment for

microbes

(compared to inactive
compounds in our screen,
P= 0.002)

Human-targeted drugs
with activity against gut




In vivo relevance reflected in side effects and clinical studies
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Proton pump inhibitors

(% Side effects [Side effect data from Kuhn et al.,

Nucl. Acids Res. 2015]

(compared to inactive
compounds in our screen,
p = 0.002)

Enrichment for

Dutch cohort study Twins UK study
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Spearman correlation between association coefficient and screen p-value

Drug: A Rabeprazole A Lansoprazole A Omeprazole

[Dutch cohort study: Imhann et al., Gut 2016]
[Twins UK study: Jackson et al., Gut 2016]



Major insights

Specific therapeutic classes consistently affect gut microbes



Specific therapeutic classes strongly affect gut commensals

V] Various (3/27)

Sensory Organs (8/68)

D | Dermatologicals (9/50)

Cardiovascular System (36/189)
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2 Musculo-Skeletal System (19/78)
< Nervous System (48/191)
T NO5 L Psycholeptics (27/47)

L Antipsychotics (26/37)
Blood And Blood Forming Organs (5/19)
Genito Urinary System And Sex Hormones (18/62)
Antineoplastic And Immunomodulating Agents (28/57)
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anticommensal activity 1e-05 1e-03 1e-01
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Specific therapeutic classes strongly affect gut commensals

V] Various (3/27)
Sensory Organs (8/68)
D | Dermatologicals (9/50)
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Specific therapeutic classes strongly affect gut commensals

S
Various (3/27) Phenothiazines CI/@:ND
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Major insights

Antibiotic resistance mechanisms protect against human-targeted drugs



Cross-resistance mechanisms
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Cross-resistance mechanisms
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Summary and implications

Medication

# Extensive impact of non-antibiotics drugs
on human gut commensals (higher
precision than sensitivity)

# Screen hits are reflected in side effect
patterns and metagenomic cohort studies

#» Cross-resistances between antibiotics and
human-targeted drugs



Summary and implications

Medication » Extensive impact of non-antibiotics drugs

on human gut commensals (higher
precision than sensitivity)

# Screen hits are reflected in side effect
patterns and metagenomic cohort studies

#» Cross-resistances between antibiotics and
human-targeted drugs

z Can human-targeted drugs be
repurposed as antibiotics?

2z Can drug therapy be improved (side
effects / efficacy)?

2 Is there a risk of drug therapy driving
antibiotic resistances?




Summary and implications

Medication

# Extensive impact of non-antibiotics drugs
on human gut commensals (higher
precision than sensitivity)

# Screen hits are reflected in side effect
patterns and metagenomic cohort studies

#» Cross-resistances between antibiotics and
human-targeted drugs

z Can human-targeted drugs be
repurposed as antibiotics?

Thank you| 2z Can drug therapy be improved (side
] effects / efficacy)?
2 Is there a risk of drug therapy driving
antibiotic resistances?



