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Disclosures

• UCLouvain is part of the Network Medicine Alliance and Institute; https://www.network-
medicine.org/

• No other relevant C.I.
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From reductionism…

…to post-genomic holism

From Greene JA et al. N Engl J Med 2017Do N
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From Leopold J et al . J Clin Invest 2020

Limitations of the genetic approaches
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The reductionist approach The « omic » integrated network approach
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Network-based drug repurposing: COVID19 disease module and interactions
(Proximity hypothesis)

From Gysi et al. Proc Natl Acad Sci 2021Do N
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COVID19 disease module

332 human proteins to which 26 SARS-coV2 
proteins bind

Repurposing candidate drugs are selected if 
they bind target proteins in the network 
vicinity of the disease module

Top-ranked drugs screened in human cell
lines: 62% success rate (vs. 0.8% hit rate 
from non-guided screens)

! Almost all successful drugs do NOT bind
human proteins directly targeted by SARS-
CoV-2 and would not have been predicted
from docking-based strategies

=  « Network drugs » 

From Gysi et al. Proc Natl Acad Sci 2021Do N
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Some caveats

- Quality of data, standardization; avoid «batch » effect

- Quantity of data, statistical power

- Need critical appraisal of input data, e.g. many PPI databases are 
polluted by « noise » (e.g. if constructed from literature data)

- PPI often neglect post-translational modifications and subcellular
locations

Do N
ot 

Rep
rod

uc
e



Spatial proteomics is the 
systematic study of protein 
localisations. 

Localisation is function: 
Localisation and 
sequestration of proteins 
within sub-cellular
niches is a fundamental 
mechanism for the post-
translational
regulation of protein 
function.

Integration of PPI and 
localisation data: interactions 
between proteins requires 
compatible locations.Courtesy of L. Gatto, UCLouvain Do N
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Other caveats

- Need to integrate broader context, e.g. ethnicity, « exposome »

- Whole organ/tissue data vs. Single cell data ?

- Normal controls ?
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Potential solutions and future directions (1)

• Refine data with more biospecimens as good surrogates for 
organ/tissues, e.g. liquid biopsies

• Obtain control specimens

• Integrate epigenome (incl. non-coding RNA), PTMs and sub-cellular 
locations in PPI networks
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Potential solutions and future directions (2)

• Integrate metabolome (as elements of communication between
networks) 

• Take microbiome metabolism into account

• Time trajectories (dynamic networks)
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Potential solutions and future directions (3)

• Mining the electronic health records (EHR) (real world data)

• Interoperability of IT systems

• Accommodation of data protection regulations ?

• Federated analysis
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Model optimization
by « collaborative 
AI » (or « learning
coalitions »)->new 

treatment modalities

Multi-omic
cohorts and 
network of 

patient data

Leveraging AI 
in Systems
Medicine
approach

Universities Research Centers

Hôpitaux 

Patients
Doctors

Government
agencies, public 

health management

Health care industries

MedReSyst: implementation of Systems Medicine in Wallonia

Wallonie IIS, Novembre  2022 19Do N
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Integration of the epigenome in Network Medicine

From Sarno et al. Clin Epigenetics 2021Do N
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Disease modules in the interactome

Curation of all validated PPI in the human cell that form the
human interactome

Binary (Y2H) 
Regulatory (TRANSFAC)
Metabolic (CORUM)
Kinase and Signaling Networks
Literature surveys (IntAct, MIND, BioGrid, HPRD)
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From Leopold J et al . J Clin Invest 2020

Challenges and future directions
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Using PPI networks to facilitate drug
target identification and guide drug

repurposing

(beyond the « magic bullet » theory)
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Drugs have many targets

• From 3-5 to a thousand different targets have been assigned to 
individual drugs (average: 32.4 targets/drug among the >470 FDA-
approved drugs (from Chatrier et al. BMC Pharmacol Toxicol 2017)

• This is a plausible explanation for frequent side-effects

• But also an opportunity for drug re-purposing
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Drug repurposing screen of 6,710 compounds (Broad library): in vitro and in vivo validation 

From Patten et al. BioRxiv 2021
(Courtesy of J. Loscalzo)

Primary epithelial cells hACE2-overexpressing mice
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Protein localisation data:

➔ Targeted microscopy-based (Human protein Atlas): 2,390 proteins across 32 subcellular locations. 
➔ Global protein localisation map (MS-based spatial proteomics)
➔ Annotations (Gene Ontology)

Protein-protein interactions:

➔ STRING database of known and predicted protein-protein direct (physical) and indirect (functional) interactions. 
5,879,727 pairwise interactions across 19,354 unique proteins.

➔ Bioplex (large experimental resource): 118,162 pairwise interactions between 13,689 unique proteins.

Applications:

➔ Transfer learning: to inform one with the other
➔ Deep learning: large scale integration

Courtesy of L. Gatto, UCLouvainDo N
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Interactome (PPI) hypothesis: do disease genes (gene products) 
cluster in discrete modules in the interactome ?

Principles linking the interactome to human disease:

-local hypothesis: proteins involved in the same disease tend to interact

-disease module hypothesis: proteins involved in the same disease tend 
to cluster in connected subnetworks (disease module)

-Functional coherence hypothesis: proteins in a disease module are 
often involved in the same biological process

-Shared components hypothesis: related diseases are located in the 
same interactome neighborhood from which unrelated diseases are 
separated

Paci et al. NPJ Syst Biol Appl 2021
Courtesy of J. LoscalzoDo N
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From Leopold J et al . J Clin Invest 2020

The reductionist approach
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From Leopold J et al . J Clin Invest 2020

Network medicine uses « omic » data to define the genetic context that explains individual phenotypes
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Derivation of individual disease module in hypertrophic cardiomyopathy

From Maron et al. Nat Commun 2021
(pairwise perturbation correlation analysis)Do N
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HCM8

HCM7

From Maron et al. Nat Commun 2021

Individual disease modules in HCM inform pathophenotype
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