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y Complements the classical peer review system y Challenge explanation
y Rigorous scrutiny of scientific research based on y Network visualization A web-based crowdsourcing platform provides an easy way to share the network models allowing
communities involvement _ o . o : : - .

y Evidence visualization frequent updates by the scientific community. The platform is meant to facilitate the collaborative

yAef/g‘l:"stizﬁ“;?Z‘g;‘:ﬁiff‘ncehtggsha"enge'based y Comment and vote on evidence review of networks and is part of the sbvIMPROVER Network Verification Challenge (NVC)

y &QUHDWH QHZ HGJH 0OHz vxsJHulWitesi/ishyiawepvgr.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).

y A collaborative effort led and funded by PMI
Research and Development y I[HDGHUERDUG EDGJHV

y ODQ\ FRQWULEXWRUY ZLWK LOQGHSHQGHQW RAMMKRcay
knowledge

Network Statistics and Exampie Application

Quantification/comparison : .
Network statistics for the Network Verification Challenge (NVC) v1.1 and v2.0 Bionet = : p Dataset ld Tissue Treatment Endpomts
tors | | of toxicity in two related _
. 5HIHUHQFH FLIJDUHWWH - 5| hunyferRtdim Imgiunk vélRnumbers and inflammatory
datasets using the network i i type modified risk tobacco product PDUNHUV LQ EURQFKRDOYHRODU |OL
ouse lung
SUite S0573 VZLWFK FHVVDW | Rarafhéage cPURtE) pulkhighary morphometry
6HQHVFHQH 1
6HQHVFHQF 1 ) . )
Reponce TR 13 DPDIN i 9 5HIHUHQFH FLJDUHWWH HBandPeeNgouni and histology in lung; immune
P 1HFURSWRVLR6i 1 4.8 =
IHEURSWR VLGS =l GSEL2509 Mouse lung | 4 6 months PDUNHUV LQ EURQFKRDOYHRODU |OT
AXWRSKDJ\i138 1 9.7 ®
$SRSWRV 1
et s mm - ; 368 0573 7HUP IRUPDOO\ XVHG E\ WKH 86 )RRG DQG 'UXJ $GPLQLVWUDWLRQ WR GHVFULEH DQ DOWHUQDWLYH W
QWi 57 90 70 10 4 1 3.3
3*( i 73 84 74 21 b 0 1 7.6
3*( i 68 § 79 72 19 0 1 6.9 . . . .
1§E8:B§R§V§E'qum§3 % gz 131 gg % i %% Heatmap of network scores comparing the impact of cigarette smoke exposure, Pigmented macrophage
LRWEK( 19 | 1o 1r 5 25 0 1 23 PMRTP aerosol exposure and cessation in the E-MTAB-3150 and GSE52509 datasets. counts in the E-MTAB-3150 Pigmented macrophages in the alveolar lumen
ODSN{ 48 | 87 4 7ot 1z & | Each treatment is compared to fresh air at the same time point. Scores are normalized to the dataset. s &
ODSNi 44 54 42 6 2 1 1 - . . - . . . - . .
JDN swDWiGs | 89 87 220 1 L maximum scores for each network. A network is considered impacted if, in addition to the Pigmented macrophage inthe &
oli . S . g . . .. . . . 4
Holi 3 | 33 o8 5 o0 2 F significance of the score with respect to the experimental variation, the two companion alveolar lumen increased with %
+HGJHKRJE 49 67 43 3.2 2 1 a
gmﬁgégﬁgiﬂ 3.1 § % 5 VWDWLVWLFV 2 DQG . GHULYHG WR LQIRUP WKH VSHFLILF L Wrhokelexgdstite BWeRtichelaZd. VKs UHV SHFW WR ELRORIJ\
(stynoHwieys s oo R 2 GHVFULEHG LQ WKH QHWZRUN DUH VLJQLILFDQW 23DQG . \dWrDa\BEIJMN\BWIFCFB)I’YDOXI-EV EHORZ
SORFN LT - Em significantly non-zero. | | | cessation. pMRTP did not §
cel :E%%Ew&t\ééﬁ%z zég ;9:42 I i 166;52 Normalized Network perturbation amplitude scores induce an increase in p|gmented = 1
&HOO &\FOH85 | 307 234 : 1 106 Senescence PDFURSKDJHV 3 % 0 v 4w u o u #
&DOFLXPIi 47 52 51 . 3.6 1 5.1 Response to DNA Damage 9 — T e T e e e e T e T e T —=
&DOFLXPi 19 19 19 | ) 2.6 1 2.3 _ o © o o o o o o @ o o o o
i HQRELRWLF OHWDEROL [ 11, 2.8 14 1 | 6.4 Necroptosis g FRPSDU HG ZLWK VKDP E 3 (E <Er LE E E (%l (E E LE E
 HQRELRWLF OHWDEROL 10. 2.2 8 1 2.6 Autophagy .
8%:%: SWSH 421, 0 Apoptosis Compared Wlth SmOke exposure' Sham 3R4F pMRTP Cessation Switch
2VPRWLF 6WUHRVI £ 8 L 2 wt - -
1)( 7 6LIoDOLOM0S | 146 126 23 2 73 | 4
1)( / 6LJQDOLQJIi06 157 134 23 1 3 o) PGE2
s e ] ¢ . - o .
Eggsggggéptggfwwt%%\ééog gwﬂxxuﬁg 30 - :? Mapk & Leadlng node contribution for Macrophage Slgnallng network in the E-MTAB-3150 dataset.
TUHJ 6LJQDOL@ST | 75 | 6 | 9 1 7 Jak Stat S ‘RUG VLIH LQGLFDWHY UHODWLYH FRQWULEXWLRQ WR QHWZRU
TUHJ 6L'JQDCL ai 55 51 4 1 4 Hedgehog g ,
TLVVXH ‘DPDIHEe | 111 | 106 S T Ta Growth Factor 5 LQFUHDVH I LQIHUUHG GHFUHDVH
7§ 7 stieeclCuNE— B
;ﬁ gthggtoﬁ gg gg 190 i :g Cell Interaction 1mo 2mo 3mo 4mo 5mo 7mo
1 gthQgthngg 7 7 2 2 1 Eg Cell Cycle H s 0%, .0 U FDW S 0%, O S 0% .0U FDW S 0%, ,0 U NLO S ON NLQ S 0DN s
brsete s A —— o z AP, Merety, Mirevl ' gliren, CRipboev TRl
Megakaryocyte D!ffHUHQWLDWIlRSQl 240 217 23 9.6 0 ) Oxidative Stress S 0*. 0\G S 0*. 0\G S 0% SEFJ i s 0+ 0\G NLQ s o s 0+, o\G CS
Megakaryocyte Dif HUH QWL D WHLRQ i 158 144 14 8.9 .6 3 ) @) NLQ S OON r NLQ S OON r S 0%, 0\G S 0%, SEFJ i S 0%, 0\G NLQ S OON s
Mast Cell ACt!VDWLR I' 62 79 73 6 7.6 4 g Osmotic Stress o s o E i S 0%, SEFJ i NLQ S DN r Qs DN S 0%, $EFJ LQ FRPEXOE03
ogg%%egAchijHwﬁLLF?]z-l > Ji36168 26726 :2 163;.12 z g NFE2L2 Signaling % NLQF:F\{NPmOS.NDSD NLQ FRPEIZR03 NDSp NLQ FF{P@E;:LT‘NDS;: NLQ FHP;I::;‘NDS;: " mmf ‘‘‘‘‘ Joe e i
ODFURSKDJH 6LJQDI®OA QJi244 212 32 13.1 S Hypoxic Stress e s o
(SLWKHOLDO 0XFXV +\SHIWE6HF LWPA3N L RZ23 41 15.6
Epithelial Innate Immene Aciv DW LR Of 182 | 278 " 248 30 108 Endoplasmic Retculum Stress
ithelial Innate Immune Activ i .' req Signalin Sw&* NLQ S ODN,r i NLQ S OE?N,r
e WL B H 00 s LJQDOLGE 28 1o b6 regsorains | [ e NLG S ONT 1 DR S 0: 0\
Doe(r)lerWLlF &HOO 6LJQEO -QiZBG 220 16 6.8 Tissue Damage osw s 0*: 8:6 s 0**, OrN MRTP
ol E TIENO0 oL ) ClEEtme Jiac | 45 T sz 7K 17K 6LIQDOLQJ e S Srw s 0e. 700 P
%iFHOO 6LJQDOE5QJi 88 81 7 8 5.1 . ) FDW S 0B T s
%{FHOO 6LJQDOS9QJI 81 77 4 4.9 45 Th17 Signaling FRPEER03 N D so
WRXQG +HDO 21 6.4 11.7 5 NK Signaling e
WRXQG +HDO ! e & LS S o Neutrophil Signaling
mmXQH SHIXODWLRO 21 70 SloSDLUpe? 15 53 s | I B =
)tggsxt ig igg gg é% Megakaryocyte leferen.uatfon ;3_; FSV\?*S’ 09 Uo y DNFLVCVQ SS %l;’NOr\G FD!VOS*VOQ[{)O7QIUVI b
Endothelial Innate Immune Ac)tivDWLR i 36 137 9.1 o Mast cell ac-t|vatfon g DFSWOS ON-EbN\EG SS 00**’0'\% u NLQ FRPmE0S DS
Endothelial Innate Immune ActvD W LR Q{ 133 193 170 23 11.9 9.5 ‘8 _8 Macrophage Signaling g NLQ S ODN r FDW S 0%, .0 U NLQQ S 0%, &KXN .
Egmﬁgg.]'tl_gRgJBvaéER igg 33 § g Epithelial Mucus Hypersecretion NLQSFF‘;;&;JNDS‘F) S g:vf‘EG v Cessatior
$QJLRIHOH 13:7 - o Epithelial Innate Immune Activation s o 0 W :F‘{?m:o”; DDDDD
[%) (%) [e)} (@) (@) I~ Dendritic Cell Signaling son 7
b(b g) § g .,§ é? Cytoto[LF 7iFHOO 6LJQDOLQ|J
20 LE § § g / %iFHOO 6LJQDOLQJ FSV\? S, ,OO* UO U SS %**, NOENE i DDF';NWSSOO, O;gu
S NS 8 0%, - :
¥ ¥ 3] IS NS (0] Wound Healin NE 0*, ,NEl\rlE DNFLW S 0%, Or\G NSLO ,S%\Je ]
‘? (,: 0)“ E q?’ Immune Regulation of Tissue Repa:: §; DI;\?\:J SS gaZ:Ig\Gi zQ(())S gO\ZGF[\‘J' i W\LE?V\;Q;F‘E‘%?OQ%H 1 SW'tCh
é)(c? cq)) é’) $ Fibrosis %:% LQ P{Pesecxfeoa ,NDSp s o*, ‘NZ;!}RSG;J i
b b b Endothelial Innate Immune Activation tcgn-g
#/ qégu °<QU 20 ECM Degradation 22'
g Angiogenesis
§Q) Relative NPA 4mo 6mo|1lmo 2mo 3mo 4mo 5mo 7mo 1mo 2mo 3mo 4mo 5mo 7mo 3mo 5mo 7mo 3mo 5mo 7mo
- Cs Cs pPMRTP Cessation Switch . . . . . .
0 1 Community-reviewed Biological Network Models for Toxicology and Drug Discovery

GSE52509 E-MTAB-3150

Applications. Gene Regulation and Systems Biology, 2016.

Key References

- Causal Biological Network (CBN) database: a comprehensive platform of causal biological network models focused on the pulmonary and vascular systems.Database, 2015.
- Community-reviewed Biological Network Models for Toxicology and Drug Discovery Applications. Gene Regulation and Systems Biology, 2016.

- Reputation-based collaborative network biology. Pacific Symposium for Bioinformatics Online Proceedings, 2015.

- Enhancement of COPD biological networks using a web-based collaboration interface. F1000 Research, 2015.

- On crowd-verification and biological networks. Bioinformatics and Biology Insights, 2013.

Scientific Biological Hypothesis Targeted

evidence insight generation experimental
repOSitory deSIgn - Quantitative assessment of biological impact using transcriptomic data and mechanistic network models. Toxicol Appl Pharmacol, 2013.

= | - A network-based approach to quantifying the impact of biologically active substances. Drug Discov Today, 2012.
h! - Case study: the role of mechanistic network models in systems toxicology. Drug Discov Today, 2014.
- Quantification of biological network perturbations for mechanistic insight and diagnostics using two-layer causal models. BMC Bioinformatics, 2014.

Pharmaco- TOXiCity Mode of - Assessment of network perturbation amplitudes by applying high-throughput data to causal biological networks. BMC Syst Biol, 2012.

logical estin action
assegsment testing identi}ication - Construction of a computable network model for DNA damage, autophagy, cell death, and senescence. Bioinformatics and biology insights 2013.

- Construction of a Computable Network Model of Tissue Repair and Angiogenesis in the Lung. Clinical Toxicology, 2013.
- A computable cellular stress network model for non-diseased pulmonary and cardiovascular tissue. BMC Syst Biol, 2011.
| . P4 - Construction of a computable cell proliferation network focused on non-diseased lung cells. BMC Syst Biol, 2011.
‘ a5 - A modular cell-type focused inflammatory process network model for non-diseased pulmonary tissue. Bioinform Biol Insights, 2013.
Biomarker Disease Patient Personalized
discovery subsetting stratification medicine

- A 7-month cigarette smoke inhalation study in C57BL/6 mice demonstrates reduced lung inflammation and emphysema following smoking cessation or aerosol exposure from a
prototypic modified risk tobacco product. Food and Chemical Toxicology, 2015

The sbv IMPROVER project, the website and the symposia are part of a collaborative project designed to enable scientists to learn
about and contribute to the development of a new crowd sourcing method for verification of scientific data and results. The current
challenges, website and biological network models were developed and are maintained as part of a collaboration among Philip Morris
International, Selventa, OrangeBus, and ADS. The project is led and funded by Philip Morris International. For more information on the
focus of Philip Morris International’s research, please visit www.pmiscience.com.
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