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Goal of the group: To understand biological systems (cell-cell
and cell-microbe interactomes) related to gut homeostasis
and to facilitate precision medicine and personalised
microbial therapies for inflammatory bowel disease (IBD).




Big data in IBD

Big data sources

Electronic health records

* Clinical characteristics
Patient questionnaires
Disease scoring reports
Lifestyle (Diet, Smoking, etc)
Laboratory reports

Big data analytics

Database management
* Relational databases
* Cloud storage

Imaging technologies
* Endoscopy
CT Enterography
MR Enterography
Gl ultrasound
Histopathology

High throughput omics data
* Genomics

* Epigenomics

* Transcriptomics
* Proteomics

* Metabolomics
* Metagenomics

Artificial intelligence
* Language processing
* Machine learning
* Unsupervised learning
o Clustering (e.g. PCA)
* Supervised learning
o Classification and
regression (e.g. RF)
* Deep learning

Systems Biology

—

\

* Biological network
construction
* Network aided multi-omic

data integration

» Patient profiling

» Biomarker investigation
» Patient stratification

» Improved diagnosis

» Drug response prediction

» Improved prognosis

Seyed Tabib et al, Gut, 2020



Network medicine — a promising history

 “Network medicine” (Barabasi, 2007)
e “Systems medicine is finally coming of age” (Lemberger, 2007)
 Network as the target (Pawson and Linding, 2008)

* “Think globally, act locally” (Barabasi, Loscalzo, 2011)

 Nowadays considered as a resource for
— biomarker discovery
— drug target prediction
— drug side-effect analysis
— drug repurposing

— suggesting
new therapies

— patient-stratification

Korcsmaros et al, Integrative Biology, 2017



Molecular interaction networks

Annotation
* Type of the interaction
* Direction

e Effect
e etc

Edge
A

nodel\\\\\\“////// node?2

Annotation
Molecular network of a cell * Type of molecule
* Subcellular location
* Topology
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IBD patients have various sets of SNPs

affecting different or overlapping sets of
proteins, pathways or cells

Can we use network approaches to
stratify IBD patients?
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3¢ SNPs from IBD GWAS
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Integrated SNP (ISNP) pipeline

UK IBD Genetics Consortium
Immunochip data

Individual patient SNP profile extraction

Brooks et al, Nature Communications, 2022

Korcsmaros et al, PCT patent application, 2019

nature communications

Explore content v  About the journal v  Publish with us v

Identification of IBD associated SNPs within
SNP profile and SNP quality control

SNP annotation

Transcription factor

binding sites miRNA target sites

Transcription factor
with SNP in the
binding site

MiRNA with SNP in
the target site

Translated protein
with SNP in intron
or promoter

1st neighbour of
SNP affected
protein

Integrating network data

nature » nature communications > articles » article

Article | Open access | Published: 28 April 2022

A systems genomics approach to uncover patient-
specific pathogenic pathways and proteinsin
ulcerative colitis

Johanne Brooks-Warburton, Dezso Modos, Padhmanand Sudhakar, Matthew Madgwick, John P.

Thomas, Balazs Bohar, David Fazekas, Azedine Zoufir, Orsolya Kapuy, Mate Szalay-Beko, Bram

Verstockt, Lindsay J. Hall, Alastair Watson, Mark Tremelling, Miles Parkes, Severine Vermeire, Andreas

Bender, Simon R. Carding & & Tamas Korcsmaros &

Nature Communications 13, Article number: 2299 (2022) | Cite this article




3¢ SNPs from IBD GWAS
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Impact of CD non-coding SNPs on signalling
Convergence on cell cycle and apoptosis
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ISNP2 pipeline

Leuven IBD Biobank immunochip data
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IBD-associated SNPs
Leuven IBD Biobank immunochip data
2,636 patients (1,695 Crohn’s disease, 941 ulcerative colitis)
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SNP-propagated gene regulatory networks capture

ISNP2 pipeline _ o
disease heterogeneity in CD
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ISNP2 pipeline

Leuven IBD Biobank immunochip data
2,636 patients (1,695 Crohn’s disease, 941 ulcerative colitis)
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Genotype-driven patient clusters correspond to cell type-specific gene dysregulation in CD
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Many IBD-associated SNPs have regulatory effects

The SNP-set (SNP co-occurrence) is more relevant
marker than a single SNP

Including downstream potentially effected processes
increases the opportunity to stratify patients

Aggregated data, randomised trials could miss key
signals in complex diseases

To assess the power of iSNP and other network
approaches the combination of omics data and clinical
metadata is necessary

Patient-type specific changes in host-microbe
interactions?

TaMMA

sciBD

UK IBD BioResource

RESPONSE



Network Medicine in IBD — what is needed from hype to success

* Higher complexity datasets
* Multi-omics based on IBD definition (genetics, immunology, exposome/microbiome)
* Each collected from the same patient, with standardised protocols

e With associated clinical metadata

* Higher resolution datasets
» Single-cell data (more patients, larger sequencing depth)

e Strain level metagenomics
* Spatial and time-course data
* Functional omics (proteomics, metabolomics)

* Training and community between tool
developers / data analysts, academic and clinical scientists

* Human organoid based, complex IBD experimental models
for hypothesis generation and validation
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