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Directions:
1) Omics data analysis using biological networks

2) Statistical analysis of multi-level omics data

Computational
Systems Biology
of Cancer

3) Mathematical modeling of networks
involved in tumor growth, interaction with
microenvironment, metastases

4) Methods and software development
for systems biology
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Atlas of cancer signaling network:

project inspired by the authors of hallmarks of cancer
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Researchers from #InstitutCurie launch the
first @googlemaps of #Cancer Signalling »
goo.gl/GT1JZL
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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




Atlas of Cancer Signaling Network and NaviCell
http://acsn.curie.fr http://navicell.curie.fr

 ACSN - "world map” of cancer biology
={ ='us| thelargest map
NS e | 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)
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Example: Google maps of cell cycle

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

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

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

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

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

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

(Calzone et al, MSB, 2008; Kuperstein et al, BMC Sys Bio, 2013; Bonnet et al, NAR, 2015)
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Atlas of Cancer Signaling Network

5 “continents” and 52 “countries”
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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
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ACSN-NaviCell new functionality

« Highlighting part of the map
« EXxploring protein/species network neighborhood
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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)
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This phosphorylation therefore reduces adhesive function.
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ACSN-NaviCell new functionality

acsn.curie.fr/nz

2|

Functional Analysis

Search (e.g. ABH2) /? for help

Gene Enrichmeni

Built-in module enrichment analysis
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«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.
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Data visualization with NaviCell 2.0
NaviCell Web Service (Bonnet et al, 2015, NAR)

Cancer driver genes in ACSN
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ACSN: Towards “Geographic” information
system (GIS) for molecular biology

« Duality: an object

exists in geographical space e “STomaas
and in data space at the same - -
time

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



Principles of multi-layer omics data
visualization in ACSN and NaviCell

Drawing Configuration
. . configuration not applied...
. Intrinsic data types
Chart
— lists of objects
. . Display
— numerical object/sample tables Chart Type [FHeatmap «
. B configuration
(discrete and continuous)
. . Glyphs
— categorical tables object/sample tables Glyph 1 Configuration Editor
. Glyph 1 et
- Sample annOtatlon P Display [ configuration ‘
Glyph 2 Group [BXPC3_PANCREAS
Display [ configuration B
. . . Glyph 3 . Shape [CCLE CN v g
« Datavisualization channels T T e — =
Mapstaining Size |CCLE_CN v sonty
— Charts: Barplots and heatmaps
Display @ configuration Glyph Transparency
- G Iyp h S ! Solid Transparent
— Using map background (map staining) vl “
« Assigning a data channel to specific omics data

l.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
. Ay @ A:l‘:ii; RB-E2F molec& A, search (e.g. AKT1) /?fc:rhelp o9 W ‘
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Pathway-based data abstraction in ACSN

‘network smoothing” of the data

= e e o=

G1ph .‘,A Sphau&_,:)%ﬂ
) D p

o
I M phase G2 phase

[ Xy W e |

\
"{oﬂ.!aton‘s \ \ = 1

\

hvg s -s:
o’us checkpoint \ S-yha‘e chpnkp @} L J_l.d 1t\/J.L l

| Tight
V- \.nec oints ! funum_vz
( Smmu- checlpotnt | | G2/M chec
/ DNA dam dxmam.ng nguntx \ d

77 N IM <
NER | MMR m G
' BERTD 7 F/u\com Vﬁv

DRV

& wo.
Rﬁemns
!\D fiictions /Tegula toRs=

Desmosines )" Q‘ Y& ﬂ
Gap { ) - %\} ]
Cell-mat; rﬁ)f]

AEPAT ﬂg,mff‘ e ﬁ/u%@

k nt\
a2

Kl

T , matri
MOMP, Lo TN \ r 7
regulation- / Caspie / "r ‘Fesponse | \ 4l
} = { / WNT canomical \
3 ~ S 2 ‘
y FEIF1 | ¢ L1 .
. ([ Mapk. L\ La
wMitochondrial \‘\—/ i e e i =
metabolism ® / mTOR ‘ MIL 2 Mm@f% W |
> 2 ; + : ; 5 R
s 5\/\3‘2 7M Bfﬂ
D 7! @»&S Ly 1 ks '/Q
@ mf\ v vaims WA <
o) o =
il ) } : HRl i l ‘ 1 [ eBICAKD »« Fae ; Hedgemg
ncaL o)) * B IS mmﬁ‘:;: = o mTQR o -
< Wl oo y | WNT nen-catonicai
~Apoptosis genes T 1

protein-based map staining

D

institutCurie

Glnknse { spmf“"&
S Ceall "ycld_ & ‘&\

| M‘\ha-n G2 pi ““1\“//4\

A S1AG Tgan “ )\

Reguiaters
/u/us checkpoint | Siphase checkpoint 7” N

Vi -

Cl w..kpomus

{ spimaidehetisoine | G2 checkrm!nt \)‘ﬁi/ \4 ph'l:c Gl-earl)
e ein e = pu‘st‘ ‘&
/ DNA damaging agents | onc)
wackz
y\m‘ NHE] HR DR i
‘ BER _§§A MME] FANCONI * P 3
‘ T ’\ H J\ "T ﬂ G m s
€ S-phase” [\ PHoRe
;. 1_7 PRI L; rorros e i |
N -‘lw'mly[ws o o G1iate | )
MOMP ~.
Csa
regulation |
wMitochondrial
metabolism
-
8 1y { )
@ m fD Vf I Y,
U J A ~
AW bCatenn gy pron
wats w0 :
PI3K-AKT Hedgedog
- ot TOR e
- N €anol

genes

Inestiturt moart i el
i ln sanké af de ln rech s be mdd osks

module-based map staining

24

MINES PARIS



Data visualization with NaviCell and ACSN
map staining data visualization technique
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NaviCell and ACSN
as a web-server with API

==

7 Vg
WEEIN G Tha = '
i Browser+JavaScript+
Google Maps API | 7,
download map with code £

@ { S
.-_.<

manipulate NaviCell

T Wi o byon sty
or Java send 421

institut : !nserm ;/ j

|||||||
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NaviCom portal: one click briage
between TCGA/cBioPortal and ACSN

institutCurie
Tegether, let's beat cancer.
Acsn NaviCom Web .~~~ \y  NaviCell Web
gy Sey, interface i interface session
¥ Cr
Sollection NaviCell Welcome to NaviCom portal, a link between cBioPortal database and NaviCell web service.
i session Select a study from which you want to fetch data, the map on which you want it to be displayed and the type
C-BioPortal of display you want to see.
. NaviCom uses the display function defined in the navicom python package.
l ‘.' Note that downloading data from cBioPortal and exporting them to NaviCell can take some time, depending on
Visuaiize the speed of your connection and your computer.
‘-' 6@\0 data on
- 91' Ajax ) - Study: '*\
0\6’?
. it g | Bladder Cancer (M3KCC, J Clin Oncol 2013) v 0
- _,"' — : - J
°3'°F°t°h NaviC navicom : _' it e ACSN Map: >
R package aviCom
R 9 cgi pPayct::ne L |Ce|l cycle map v | or ‘_iltemali-.-'e map URL (ex hll|| 9
s Display mode: >
Molecular | Complete display v o
“
portrait map - Display configuration ~
Color for lowest values: B0FFO0
Color for highest values:
Color for zero (if present): FFrrer \
w >
Download cBioPortal data |
Perform data =
visualisation




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)

institut : !nserm ;/ j
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Using Alzheimer disease CellDesigner map
https://navicell.curie.fr/pages/maps alzheimer.html
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(Bonnet et al, NAR, 2015)
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https://navicell.curie.fr/pages/maps_alzheimer.html

Ewing sarcoma network
https.//navicell.curie.fr/pages/maps_ewing.html
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configuration BID
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Solid Tata Visualization
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Sample Annotations

Draving Configuration

Apply Cancel 0K

Google

‘

(Stoll et al, NAR, 2013)

’ Inserm
]

institut ettt matimmal /

dla In sanké.f de b racharahe médioals MINES PARIS


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

NaviCell as an interface for other
pathway databases (eg, KEGG)

K[cc Metabolic pathways - Reference pathway
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ACSN

# of distinct proteins = 1814
# of protein complexes = 1306
Reactions per protein = 2.77
Complexes per protein = 0.72

NCI PID

# of distinct proteins = 3399
# of protein complexes = 3904
Reactions per protein = 2.67
Complexes per protein = 1.15

LCC size = 5875 species/4305 reactions LCC size = 5038 species/4501 reactions
LCC Charateristic path length, directed =43.6 ~ LCC Characteristic path length, directed = 6.4 LCC Characteristic path length, directed = 23.6
LCC Charateristic path length, undirected =16.3 LCC Characteristic path length, undirected = 16.8 LCC Characteristic path length, undirected = 24.6
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REACTOME

# of distinct proteins = 8082
# of protein complexes = 6552
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REACTOME 17%
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