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Dataset Id Tissue EndpointsTreatment

Mouse lung

Mouse lung

E-MTAB-3150

GSE52509

Reference cigarette (3R4F) smoke, proto-
type modified risk tobacco product 
(pMRTP*), switch, cessation for 7 months

Lung function; Immune cell numbers and inflammatory 
markers in bronchoalveolar lavage fluid (BALF); lung 
macrophage counts; pulmonary morphometry

Reference cigarette (3R4F) smoke for 
4, 6 months

B and T-cell counts and histology in lung; immune 
markers in bronchoalveolar lavage (BAL) and lung
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Apoptosis

Autophagy

Necroptosis

Response to DNA Damage

Senescence

Cell Cycle

Cell Interaction

Epigenetics
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Osmotic Stress

Oxidative Stress

Xenobiotic Metabolism Response

B−cell Signaling

Cytotoxic T−cell Signaling

Dendritic Cell Signaling

Epithelial Innate Immune Activation

Epithelial Mucus Hypersecretion

Macrophage Signaling

Mast cell activation

Megakaryocyte Differentiation

Neutrophil Signaling

NK Signaling

Th17 Signaling

Th1−Th2 Signaling

Tissue Damage

Treg Signaling

Angiogenesis

ECM Degradation

Endothelial Innate Immune Activation

Fibrosis

Immune Regulation of Tissue Repair

Wound Healing

Relative NPA

Normalized Network perturbation amplitude scores
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0 1 Community-reviewed Biological Network Models for Toxicology and Drug Discovery 
Applications. Gene Regulation and Systems Biology, 2016.

Leading node contribution for Macrophage Signaling network in the E-MTAB-3150 dataset. 
Word size indicates relative contribution to network score. * significant score; (+) inferred 
increase; (−) inferred decrease.

Heatmap of network scores comparing the impact of cigarette smoke exposure, 
pMRTP aerosol exposure and cessation in the E-MTAB-3150 and GSE52509 datasets. 
Each treatment is compared to fresh air at the same time point. Scores are normalized to the 
maximum scores for each network. A network is considered impacted if, in addition to the 
significance of the score with respect to the experimental variation, the two companion 
statistics (O and K) derived to inform the specificity of the score with respect to the biology 
described in the network, are significant. * O and K statistic p-values below 0.05 and NPA 
significantly non-zero. 

Pigmented macrophages in the alveolar lumen

Sham 3R4F pMRTP Cessation Switch
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Pigmented macrophage 
counts in the E-MTAB-3150 
dataset.
Pigmented macrophage in the 
alveolar lumen increased with 
smoke exposure over time and 
decrease with switch or 
cessation. pMRTP did not 
induce an increase in pigmented 
macrophages. * P < 0.05 
compared with sham; # P < 0.05 
compared with smoke exposure.

Network statistics for the Network Verification Challenge (NVC) v1.1 and v2.0 Bionet 
networks

Quantification/comparison 
of toxicity in two related 
datasets using the network 
suite

* MRTP: Term formally used by the US Food and Drug Administration to describe an alternative to cigarettes that is associated with less risk of disease.
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Semantic
Triple

Namespace identifiers
CHEBI
PHF
HGNC
MGI
EGID ( Entrez gene id)
....

Biological entity in the
defined namespace

Entity definitions

Context
Annotation

Species
Tissue/Cell type

Disease PMID

Subject

tscript ( HGNC :FOXO3 )

Predicate

directlyIncreases

BEL functions
Abundances
e.g. rnaAbundance , proteinAbundance

Modifications
e.g. phosphorylation

Activities
e.g. catalyticActiviy , kinaseActivity

Processes
e.g. biologicalProcess , pathology

Transformations
e.g. translocation, degradation

Relationships
Causal
e.g. increases, decreases

Correlative
e.g. negativeCorrelation

Direct
e.g. directlyIncreases (physical relationship)

Genomic
e.g. analogousTo

Other
e.g. subProcessOf, hasComponents

Object

r (HGNC : RBL2 ))

Citation

p (

“RNA expression of RBL2 is directly mediated via activation of the FOXO3 transcription factor” 

J Biol Chem 2002 Nov 22 277(47) 45276 -84

Biological Expression Language (BEL)

Verification and Sharing Platforms

A web-based crowdsourcing platform provides an easy way to share the network models allowing 
frequent updates by the scientific community. The platform is meant to facilitate the collaborative 
review of networks and is part of the sbvIMPROVER Network Verification Challenge (NVC) 
(https://sbvimprover.com/). 
The CBN Database Web site (http://causalbionet.com/) offers an interface that accesses  different 
versions of the network models, ranging from the 98 original non-diseased models (version1.0, 98) to 
the consolidated COPD-relevant models (version 1.1), and to the crowd-verified network models during 
the first iteration of the NVC (version 1.2)  and the second iteration of the NVC (version 2.0).

PubmedPubmed

queries by
- Keyword
- PMID
- Network name
- Molecular entity
...

•Faceted search
•Network visualization
•Evidence visualization
•Save network view as
  image file 
•Download network for
  further use
•Help page and FAQs

Pubmed

Scientific literature
Data repositories

BEL-encoded
Knowledgebase

Causal Biological
Networks Building

link back to evidence 
source

•Network models 
•Versioning
•Scientific evidences

Mongo Repository

Bionet Website

Network
Crowd-

Verification

CBN Website

D3.js

openBEL framework

smart
search

SIF
JSon graph

RCR

Network Verification Challenge

Susbtrate for verification
network building

Crowdsourced online
verification

Jamboree, 
consolidation and 

publication

Node 1

Node 2

Node 3

Hyp 1

Hyp 2

New cycles
of update &
refinement

Networks available
for the scientific

community

causalbionet.com

► Challenge explanation

► Network visualization

► Evidence visualization

► Comment and vote on evidence

► Create new edge / new supporting evidence

► Leaderboard / badges

► Activity feed

Bionet - a platform with:
► Complements the classical peer review system

► Rigorous scrutiny of scientific research based on 
     communities involvement

► A crowd sourcing approach of challenge-based 
     evaluation of scientific methods

► A collaborative effort led and funded by PMI 
     Research and Development

► Many contributors with independent methods / 
     knowledge

sbv IMPROVER project

Community-reviewed Biological Network Models 
for Toxicology and Drug Discovery Applications 
The sbv IMPROVER project team and the Network Verification Challenge Best Performers
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