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Microbiome-derived, immunogenic molecules and their role 

in the prognosis of immunotherapy for cancer

Paul Wilmes & Patrick Dang @wilmeslab Systems Ecology group
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Human microbiome

The gut microbiome

Highly diverse

>>100,000s strains

Complex networks

Essential functions

Anthropocene impacts



3

Microbial Systems Ecology

Wilmes, et al. (2022) Cell Host & Microbe 30:1201-1206.

Muller, et al. (2018) Curr. Op. in Systems Biology 8:73-80.

Expobiome
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Microbiome functions and disease

Chronic diseases
•Autoimmune

•Cancer

•Metabolic

•Neurodegenerative

Inflammation

Wilmes, et al. (2022) Cell Host & Microbe 30:1201-1206.
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Microbiome functions and disease

MICROBIAL

SYSTEMS

ECOLOGY

Cause

or

consequence?

Wilmes, et al. (2022) Cell Host & Microbe 30:1201-1206.
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Microbiome differences in type 1 diabetes

Heintz-Buschart, et al. (2017) Nature Microbiology 16180:1-12.

Heintz-Buschart & Wilmes (2018) Trends in Microbiology 26:563-574.

Microbial functions

differentially expressed in 

disease:

• encoded & expressed by 

distinct populations in 

distinct individuals

• affected by endogenous 

factors (exocrine 

pancreatic enzymes)

Ecosystem 

services!

Human proteins:

• Lower levels of enzymes from exocrine pancreas, e.g. α-
amylase 

• Higher levels of lactotransferrin and its receptor intelectin

metaP – functional profiles:

• No significant differences – largest differences relate to:
carbohydrate metabolism, ethanolamine degradation 

and antioxidant synthesis

metaT – functional profiles:

• Differential expression of: staphopain A, catalase, 
putative cellulose degradation gene, genes related 

to regulation of motility or biofilm formation and cell 
surface structure, ornithine cyclodeaminase, 
methylaspartate mutase, mobile genetic elements 

• Top-scoring sub-network around monoamine-
oxidase

• Glycolysis genes and thiazole synthase correlate to 
host amylase abundance

whole human genome

metaproteome

meta-

transcriptome

metagenome

Differences may reflect:

• Adaptation to a more 
alert immune status, 

including increased 
levels of ROS

• Differences in the 

accessibility of 
carbohydrates

metaT – taxonomic profiles:

• Higher levels of one highly 
active Clostridiales mOTU*

Functional diversity:

• No differences 

Microbial populations involved in functional differences:

• Catalase and motility genes: E. coli
• Cellulose or hemi-cellulose degradation: C. eutactus

• Glycolysis genes and thiazole synthase: different taxa in 
different samples, e.g. P. copri, B. dorei/vulgatus, A. 
putredinis

• Antioxidant synthesis, monoamine-oxidase: Clostridiales 
mOTU*

• Ornithine cyclodeaminase, methylaspartate mutase: 
Clostridiales mOTU*

Taxonomic diversity:

• No differences 

metaG – taxonomic profiles:

• No significantly differentially 
abundant mOTUs – largest 

difference in E. coli
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Millions of distinct biomolecules

30-90 % unknown

Immunogenicity unknown
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De Saedeleer, …, Wilmes (2021) ISME Communications 1:82.

Faecal

sample
ex-metabolites

ex-proteins

ex-RNA

ex-DNA

Microbiome-derived omes

ex−Prot
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Individual 1 Individual 2 Individual 3 Individual 4

Taxa

Functions

De Saedeleer, et al. (2021) ISME Communications 1:82.

Microbiome-derived ex-omes

Faecal

sample
ex-metabolites

ex-proteins

ex-RNA

ex-DNA
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Immunogenicity of biomolecular complement

De Saedeleer, et al. (2021) ISME Communications 1:82.
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Exploring the role of microbiome-
derived molecules
In the context of immunotherapy for cancer
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Why Immunotherapy? 

• Treatment that uses a person's 

own immune system to fight 

cancer

• A small proportion of patients 

actually see long-lasting benefits

• A deeper understanding of the 

relationships between 

immunotherapy and treatment 

resistance is needed

13
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Zimmermann et al. (2020) Molecular Systems Biology 17.
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Metformin
• Limited oral bioavailability, resulting in a high concentration of the drug in the

intestines

• Discovery of a direct link between taxonomic changes in the bacterial population of 

the microbiome and the improvement of metabolic dysfunctions and 

hyperglycemia

15
Wu et al. (2017) Nature Medicine 23:850-858.
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Irinotecan bioactivation & metabolism

SN-38G reactivation by the gut bacterium Escherichia coli

Side effects: diarrhea, neutropenia

Lucchetti, et al. (2024) Advanced Healthcare Materials 7:2303943.

Irinotecan  prodrug

SN-38  active drug

SN-38G  inactive drug
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What influences immunotherapy response?

17
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The impact of proton pump inhibitor (PPI) exposure before 

immune checkpoint inhibitor

18

2033MO The impact of proton pump inhibitor (PPI) exposure before immune checkpoint inhibitor (ICI) therapy on overall survival (OS): A population-based study
Eng, L. et al.

Annals of Oncology, Volume 34, S1079
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Administration of antibiotics

19

Eng L, Sutradhar R, Niu Y, et al. Impact of Antibiotic Exposure Before Immune Checkpoint Inhibitor Treatment on Overall

Survival in Older Adults With Cancer: A Population-Based Study. JCO; Published online 24 February 2023. DOI: 10.1200/JCO.22.00074

Pinato DJ, Cortellini A. Antibiotic Therapy: The Cornerstone of Iatrogenic Resistance to Immune Checkpoint Inhibitors.

JCO; Published online 24 February 2023. DOI: 10.1200/JCO.23.00049

https://ascopubs.org/doi/full/10.1200/JCO.22.00074
https://ascopubs.org/doi/full/10.1200/JCO.22.00074
https://ascopubs.org/doi/full/10.1200/JCO.23.00049
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Study design
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Translational Research Ecosystem: Key Players

22
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• Unresectable stage 3 or stage 4 NSCLC planned to 

start treatment with either standard of care immune 

checkpoint inhibitors in monotherapy or combined with 

platinum-doublet chemotherapy. 

• Approximately 60 patients will be enrolled in this study.

• Multicentric (CHL & HRS)

Diagnosis

Treatement naive

Non Small Cell 

Lung Cancer

Stage III/IV

Study design
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Diagnosis

Treatement naive

Non Small Cell 

Lung Cancer

Stage III/IV

Treatment

initiation
Follow up

after 3 months

Study design
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Retrospective assignment into cohorts

Responders to ICINon-responders to ICI
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Responders to ICINon-responders to ICI

Objective:
• To identify microbiome biomolecular signature differences between 

responders vs. nonresponders.

Retrospective assignment into cohorts
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Retrospective assignment into cohorts

Diagnosis

Treatement naive

Non Small Cell 

Lung Cancer

Stage III/IV
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Retrospective assignment into cohorts

Objective:
• To identify microbiome biomolecular signature differences between 

responders vs. nonresponders.

Diagnosis

Treatement naive

Non Small Cell 

Lung Cancer

Stage III/IV
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Study design
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Conclusion

Wet- and dry-lab methodologies for systematic integrated 

multi-omics of microbial communities

Expobiome as a complex mediator of the immune system

Gaining new mechanistic insights into microbiome-immune 

system interactions in the context of immunotherapy

Predictive biomarkers for personalised cancer therapy

Potential for novel therapeutic interventions
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Dear Dr. Wilmes, 

 

This letter is aimed to confirm my willingness and intent to collaborate with you at Luxembourg 

Centre for Systems Biomedicine in Luxembourg, on the “microCancer” project. 

My role in this project will be to performing proteome analyses on request. The Greifswald 

institute is well equipped with state of the art mass spectrometry instruments and experienced 

in the analyzing complex proteomics data sets. 

Proteomic  approaches  used  in  our  institute  include,  in  part,  the  2D  protein  gel 

electrophoresis technique, including N-terminal sequencing of proteins, high throughput 

protein identification using MALDI-TOF and MALDl-TOF/TOF MS, or computer-aided evaluation 

of 2D gels including matching, dual channel imaging, DIGE technology, etc. The proteomics 

platform is equipped with setups for all branches of proteome analyses. The setup includes 

several options for sample fractionation, protein detection, protein spot processing, protein 

identification, quantification and characterization (e.g. different mass spectrometers). For the 

proteomics analysis the appropriate servers (e.g. MASCOT, Sequest and Sorcerer Servers) and 

software packages (Delta-2D, Protecs, MS-Repo, Rosetta Elucidator, TPP, Census) for 

reproducible, pipeline based initial analyses of complex data are available. 

As the group leader of the microbial proteomics/ mass spectrometry team, my work is focused 

on the development, optimization and establishment of methods for global qualitative and 

quantitative proteome analyses, mainly based on mass spectrometry. My previous work has 

achieved in depth analysis of Gram-positive model bacteria like B. subtilis or S. aureus with 
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Thank you very much

for your attention!

paul.wilmes@uni.lu

@wilmeslab

Two PhD positions 

available

Systems Ecology

group


