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 Directions:  

1) Omics data analysis using biological networks 

 

2) Statistical analysis of multi-level omics data  

 
 

3) Mathematical modeling of networks  

involved in tumor growth, interaction with 

microenvironment, metastases 

 

4) Methods and software development 

for systems biology 

 

 

Dynamic international and multidisciplinary environment  

Numerous collaborative projects on concrete questions 

cancer biology and cancer treatment 

Access to original large-scale data from application of latest 

technologies 
We are HIRING postdocs!  

http://sysbio.curie.fr/


Atlas of cancer signaling network: 
project inspired by the authors of hallmarks of cancer 
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Biological network and  

Biological network map 

• Network – set of connections between 

biological entities 

 

• Network map – graphical representation of 

the network, layout + decorations 

 

• Problem of meaningfull network layout 

 



Atlas of Cancer Signaling Network and NaviCell 

http://acsn.curie.fr  http://navicell.curie.fr  

• ACSN – “world map” of cancer biology 

    the largest map  

                  represented in   

    CellDesigner format   

       (4826 reactions, 2371 proteins,  

     5975 chemical species) 

• NaviCell – Google Maps-based  

engine to browse VERY LARGE 

biological network maps and 

visualizing data on top of them 

http://acsn.curie.fr/
http://navicell.curie.fr/


Example: Google maps of cell cycle  
(Calzone et al, MSB, 2008; Kuperstein et al, BMC Sys Bio, 2013; Bonnet et al, NAR, 2015) 



Example: Google maps of cell cycle  
(Calzone et al, MSB, 2008; Kuperstein et al, BMC Sys Bio, 2013; Bonnet et al, NAR, 2015) 



Example: Google maps of cell cycle  
(Calzone et al, MSB, 2008; Kuperstein et al, BMC Sys Bio, 2013; Bonnet et al, NAR, 2015) 



Semantic zoom in NaviCell 
(Calzone et al, MSB, 2008; Kuperstein et al, BMC Sys Bio, 2013; Bonnet et al, NAR, 2015) 



Semantic zoom in NaviCell 
(Calzone et al, MSB, 2008; Kuperstein et al, BMC Sys Bio, 2013; Bonnet et al, NAR, 2015) 



Semantic zoom in NaviCell 
(Calzone et al, MSB, 2008; Kuperstein et al, BMC Sys Bio, 2013; Bonnet et al, NAR, 2015) 



Module maps with simpler layout 
(Calzone et al, MSB, 2008; Kuperstein et al, BMC Sys Bio, 2013; Bonnet et al, NAR, 2015) 



Keyword search in NaviCell 
(Calzone et al, MSB, 2008; Kuperstein et al, BMC Sys Bio, 2013) 



Keyword search in NaviCell 
(Calzone et al, MSB, 2008; Kuperstein et al, BMC Sys Bio, 2013; Bonnet et al, NAR, 2015) 



Atlas of Cancer Signaling Network 
5 “continents” and 52 “countries” 



ACSN content today and tomorrow 

Today 

• Cell Cycle, DNA Repair, 

Apoptosis, Cell Survival,  

EMT and Cell Motility 

Tomorrow 

• Detailed Regulated Cell  

Death map instead of  

Apoptosis 

• Role of innate and adaptive 

immunity in cancer 

• Angiogenesis in  cancer 

• Telomeres maintenance 

• DNA replication 

 



ACSN-NaviCell new functionality 

• Highlighting part of the map 

• Exploring protein/species network neighborhood 



ACSN-NaviCell new functionality 

• Confidence scores for 

reactions and complexes 

– Reference score 

(number of 

publications in the 

annotation) 

– Functional proximity 

score (average 

distance between 

products and 

reactants or protein 

complex components 

in a PPI graph) 



ACSN-NaviCell new functionality 

• Built-in module enrichment analysis 



«Geographic» method 
First application of geographic method 

Original map by John Snow 

showing the clusters of cholera 

cases in the London epidemic 

of 1854. The pump is located at 

the intersection of Broad Street 

and Cambridge Street. 



Data visualization with NaviCell 2.0 
NaviCell Web Service (Bonnet et al, 2015, NAR) 

Oncogenes Tumour suppressors 

Cancer driver genes in ACSN 



ACSN: Towards “Geographic” information 

system (GIS) for molecular biology 

• Duality: an object  

exists in geographical space 

and in data space at the same 

time 

From https://www.cachecounty.org/gis/ 



Principles of multi-layer omics data 

visualization in ACSN and NaviCell 

• Intrinsic data types  

– lists of objects 

– numerical object/sample tables  

(discrete and continuous) 

– categorical tables object/sample tables 

– sample annotation 

 

• Data visualization channels 

– Charts: Barplots and heatmaps 

– Glyphs 

– Using map background (map staining) 

 

• Assigning a data channel to specific omics data 

i.e. Expression in map staining, mutations in glyphs 

 

• Aggregating measurements  into groups accordingly 

to sample annotations (i.e. clinical data) 

 



Complex interactive data visualization scenes in 

NaviCell: combining data visualization channels 



Pathway-based data abstraction in ACSN 
“network smoothing” of the data 

protein-based map staining module-based map staining 



Data visualization with NaviCell and ACSN 
map staining data visualization technique 



NaviCell and ACSN  

as a web-server with API 

 = Browser+JavaScript+ 

Google Maps API 

HTTP query 

in R or Python  

or Java 

download map with code 

manipulate NaviCell 



NaviCom portal: one click bridge 

between TCGA/cBioPortal and ACSN 
http://navicom.curie.fr 

 



NaviCell beyond ACSN 
http://navicell.curie.fr 

• NaviCell can be used to  
– Browse any CellDesigner map not from ACSN 

– Browse any non-CellDesigner network map (i.e. any 

biological network that can be imported to Cytoscape) 

– Browse any graph, not necessary biological network 

• The benefits are 
– Web-based environment, clickable interactive content 

– All functionality of NaviCell (semantic zoom, search, 

highlighting, data visualization toolbox) 

 



Using Alzheimer disease CellDesigner map 
https://navicell.curie.fr/pages/maps_alzheimer.html  

(Bonnet et al, NAR, 2015) 

https://navicell.curie.fr/pages/maps_alzheimer.html


Ewing sarcoma network 
https://navicell.curie.fr/pages/maps_ewing.html  

(Stoll et al, NAR, 2013) 

https://navicell.curie.fr/pages/maps_ewing.html


NaviCell as an interface for other 

pathway databases (eg, KEGG) 
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ACSN NCI PID REACTOME 

LCC size = 5181 species/3392 reactions 

LCC Characteristic path length, directed = 23.6 

LCC Characteristic path length, undirected = 24.6 

LCC size = 5038 species/4501 reactions 

LCC Characteristic path length, directed = 6.4 

LCC Characteristic path length, undirected = 16.8 

LCC size = 5875 species/4305 reactions 

LCC Charateristic path length, directed =43.6 

LCC Charateristic path length, undirected =16.3 

# of distinct proteins = 1814 

# of protein complexes = 1306 

Reactions per protein = 2.77 

Complexes per protein = 0.72 

 

# of distinct proteins = 8082 

# of protein complexes = 6552 

Reactions per protein = 1.06 

Complexes per protein =  0.85 

 

# of distinct proteins = 3399 

# of protein complexes = 3904 

Reactions per protein = 2.67 

Complexes per protein = 1.15 
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16127 

7159 
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Use of reviews: 

REACTOME  17% 

NCI PID  0.8% 

ACSN    20% 

 
Total number of journals used/ 

normalized by number of citations: 

REACTOME  1198 / 0.074 

NCI PID  334 / 0.047 

ACSN    401 / 0.142 

 

Median year of publication: 

REACTOME=2002 

NCI PID=2002 

ACSN=2005 
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0.13 

0.17 

0.22 


