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Background — PMI R&D 3

Smoking causes serious diseases such as cardiovascular
diseases, lung cancer, and chronic obstructive pulmonary
disease.

Philip Morris International is therefore developing novel
products that may have the potential to reduce individual
risk and population harm in comparison to smoking
cigarettes.

To determine whether such products have the potential
to reduce disease risk, we compare their biological
impact with that of a standard reference cigarette (3R4F)
on a mechanism-by-mechanism basis.
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Background — Smoking Cessation as Benchmark

Epidemiological data

Point of
Intervention

Disease Risk

Time

Note: Reduced-Risk Products ("RRPs") is the term we use to refer to products that have the potential to reduce individual risk and PMI SCIENCE
population harm in comparison to smoking combustible cigarettes S



Systems Toxicology

e considers biological systems as a whole and aims at
elucidating detailed biological mechanisms that link exposure ' computational

to active substances with their adverse consequences models
e integrates classic toxicology approaches with the quantitative Apical
. . measurements
analysis of molecular and functional changes ) ["3
=
Molecular
e combines high throughout methods with advanced measurements
computational methods CM
Enabling by ettt
technologies . & “ % o
* enables the shift to a new paradigm for risk assessment e L %*“
which is the future tox or 215t century toxicology (Product
Assessment)

Sturla et al., 2014; Chemical research in toxicology 27: 314-329 u PM |“ SC|E|\|CE

Hartung et al., 2012; ALTEX. 29(2):119-28
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Systems Toxicology — Assessment Approach &
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Hoeng et al., 2012; Drug discovery today 17: 413-418



Knowledge Networks

From Literature to Computable Knowledge
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http://openbel.org/
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Knowledge Networks - Biological Expression Language (BEL) &

L€l

BEL Statement

Citation

Support

Experiment Context

Slater, T., 2014; Drug Discov. Today, 19, 193-198

BEL Statement Protein Abundance Protein Modification
cat( | p(HGNC:FAS) |) - p( HGNC:RB1, pmod(P) )
Function Relation ] Namespace ]

SET Citation = {“PubMed” , “Regulation of Rb and E2F by signal transduction cascades:
divergent effects of IJNK1 and p38 kinases.” , “EMBO J. 1999 Mar 15;18(6):1559-70.° ,

“10075927"}

SET Evidence =
“Fas stimulation of Jurkat cells is known to induce p38 kinase and we find

a pronounced increase in Rb phosphorylation within 30 min of Fas stimulation”

SET Tissue = “jurkat cells”
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Knowledge Networks

From Literature to Computable Knowledge
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Knowledge Extraction - Overview

Selection of
relevant articles
(Triage)

Articles Pre- Text Mining Curation
Processing Pipeline Interface

nature BT

sl
- 000

e
REVIEWS.

CARDIAOGY

ooffBE R RS R B

Automatically Automatically Automatically
extracted extracted proposed
biological entities evidence SEEnE

Knowledge
Network Model
Building

Network
Model
Verification
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http://belief.scai.fraunhofer.de/BeliefDashboard/

Knowledge Extraction - BELIEF Pipeline

.
2

. .é?f; t
Expectation J&'
&
Full Text -
ya ya
[ 4
Impblementation Various NER with £ i Relation BEL
P _ . NLP » multiple » Rro'z(:s » extraction » Wri » _—
BELIEF P|pe||ne tools dictionaries P tools riter —
TXT .@ %?ztrglzlzgfzrﬁiﬂana gement B E L
.TM irzhﬁe}st:re

Szostak, J. et al., 2015; Database (Oxford) PM |._ SOENCE
Madan, S. et al., 2016; Database (Oxford) B



http://belief.scai.fraunhofer.de/BeliefDashboard/

Knowledge Extraction - Named Entity Recognition

Entity class Resources

Human genes/proteins EntrezGene/Uniprot

Mouse genes/proteins EntrezGene/Uniprot

Rat genes/proteins

EntrezGene/Uniprot

Protein family names

OpenBEL

Protein complex names

OpenBEL

Protein complex names

Gene Ontology

Biological processes

Gene Ontology

Chemical names OpenBEL
Chemical names ChEBI

Chemical names ChEMBL
Disease names MeSH
Anatomical names MeSH

Cell lines

Cell Line Ontology

Cell structures

MeSH
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Knowledge Extraction - Relation Extraction

http://belief.scai.fraunhofer.de/BeliefDashboard/

B The BioNLP shared tasks delivers a very detailed
annotation for relationship extraction similar to the
information needed for BEL (TEES2.1):

Positive Regulation

Cause

Trigger

Theme

p(HGNC:IL7) -> ?

-|r(HGNC:MYC)

Negative Regulation

IL 7|alsolenhances

Trigger

the

decrease

Theme

-|r(HGNC:MYC) no cause

Expression | r(HGNC:MYC)

igger
TheM

inlthe levels of|cMyc

expression

Bjorne, J. et al., 2012; BMC Bioinformatics, 13 Suppl 1, S4
Fan, R. E. et al,, 2008; J. Mach. Learn., 9, 1871-1874

B Simpler binary classification
(LibLINEAR):

IL 7 also enhances the decrease
in the levels of cMyc ...

IL7 - cMyc Relation: Yes
P(HGNC:IL7) - - p(HGNC:MYC)

Classifies if a relation between 2 entities
is existing but gives no information about

the direction or type
0 PMI SCIENCE



BELIEF Pipeline - Limitations

NLP (Sentence Detection ~6% error) 8
NLP (Tokenization ~8% error) .g
NER (Different Classes ~15% error) fxT Positive Regulation | PHGNGIL7)-> 2 -|r(HGNC:MYC)
RelationExtraction (Multi-step ~25% error) i* Theme
Negative Regulation | -|r(HGNC:MYC) no cause

Theme

Propagated error | e ieger Expression | r(HGNGMYC)

) ' et Theme igger

IL 7|alsojenhances|the [decrease]in|the levels of|cIV|yc| expression|

Class Precision Recall F-score |
Term 81.34 72.67 76.76 Generated Statement:
Function 51.16 33.33 40.37 P(HGNC:IL7) -> p(Placeholder) -|r(HGNC:MYC)
Relationshi
Staternent P E;i; ;é:j? :g:;g Manual Statement:

P(HGNC:IL7) -| r(HGNC:MYC)

u PMI SCIENCE



http://belief.scai.fraunhofer.de/BeliefDashboard/

Knowledge Extraction - Curation Interface

Curate doc Detected concepts:
sirtuin 1. - Mouse over highlights text
- Provides a fast overview of all entities in the evidence

epts v
4= Return to document list

< < SIRT1 knockdown caused a slight yet hig MGI-Sirt1
both fed and fasted livers. HGNC-SIRTA
However, SIRT1 knowndown decreased expression of PGC-1beta only the fasted state. RGD:Sirt1
= : LXRalpha
Evidence: 1/2 M Delete evidence MGI'N':1h3
RGD:Nrih3
livers
M Create table evidence . MeSHAnatomy:Liver
BEL statement Context annotation

Statements with "very low" confidence: Browse namespaces v

1 (id:44394) | p(FIXME) -| (p(HGNC:SIRT1) -| r(MGI:Nr1h3))

. e e.g. HGNC:CDK1 i ]
(id:90567). | MeSHAnatomy pees

z
CellLine B

nnotation value

Enter new statement Pubmed Information v

‘ Add/edit/delete/export I

17646659 Update

BEL namespace search

demy of Sciences of the United States of
icA. Vol 104; 1ss. 31

rs: Joseph T Rodgers, Pere Puigserver P M | SC| E N C E

ched: 2007-07-31 00:00:00 CEST

Document PubMed
metadata
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http://belief.scai.fraunhofer.de/BeliefDashboard/

BELIEW Dashboard Home BEL-Documents

C re ate P rOJeCt BELIEW Dashboard Home BEL-Documents Upload BEL-Document Projects « Documents -
Name . List
Document Lists Create
Search [
Description
Id Pubmed I Show | 10 j entries Search:
! N 1 2234234
Id 4 Statement Evidenceld Evidence Export Curate Delete
2 12165281
14580 p(HGMNC:PARKY, sub(L,166,P)) > 1 In the present study, we investigated the effects of edaravone on the 8 x
Id Pubmed I path(MESHD:"Parkinsonian Disorders") neurotoxicity in PD-induced isoforms of DJ-1 containing the mutation
L166P.
Snowng L 10 2 o2 enmes 14581 p({HGNC:PARKY) -- p(MESHD:"Parkinsonian 1 In the present study, we investigated the effects of edaravone on the O @ X
Disorders") neurctoxicity in PD-induced isoforms of DJ-1 cantaining the mutation
L166P.
14582 a(CHEBIl:edaravone) -= p{HGNC:SLC18A2) 2 Interestingly, our result also demonstrated that edaravone was able to 8 X
up-regulate VMATZ expression in N2a cells in a dose-dependent
manner.
14583 a(CHEBIl:edaravone) -| bp(MESHPP:"Oxidative 2 Interestingly, our result also demonstrated that edaravone was able to @ x
Stress") up-regulate VMATZ expression in N2a cells in a dose-dependent
manner.
14584 a({CHEBIl:edaravone) -| path(MESHD:"Parkinsonian 3 Qur findings enhance the understanding of the neuro-protective effects 8 ) 4
Disorders") of edaravone in cell models and suggest that edaravone offers significant
protection in a PD-related in vitro madel.
14586 a({CHEBIl:edaravone) -| bp{MESHPP:Apoptosis) 2 Interestingly, our result also demonstrated that edaravone was able to 8 b 4
up-regulate VMATZ expression in N2a cells in a dose-dependent
manner.
Id Statement Evidenceld Evidence Export Curate Delete

Showing 1 to 6 of 6 entries

Previous Next



BELIEF Dashboard - Performance and Impression

O Manual curation (invalid documents) [ Effort to fix validation errors
B Manual curation (valid documents) B Manual curation
W Assisted curation (valid documents) ° B Text-mining-assisted curation
12 S 60
8
] v g 50
S EE
% g §_ 40
§ oK
s g g 30
f [
o c 3
.g © o 20 -
2 2"
5 10 -+
>
< 0
Knowledge Type Manual Curation Assisted Curation 1 5 3 4 c L 5 3 A c
detected Network Knowledge Network Knowledge Curator Curator
Number of edges 94 128
Number of evidences 21 26
Chemical abundance 5 7
Protein abundance 30 32
RNA abundance 2
Complex abundance
Biological process 10 14
Fluck, J., Madan, S., Ansari, S., et al. (2016) Submitt. to Database J. Biol. Databases curation, 2016, Training corpora for the extraction of causal relationships PMI SCIENCE
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http://openbel.org/

[=] 2% [=]

Network Building 5

o« = =

p(HGNC:IL7) -| r(HGNC:MYC)

Gap Identification and Trimming

I !
OpenBEL framework Cytoscape

Q PMI SCIENCE



Crowd Verification - Overview

https://sbvimprover.com/challenge-3/challenge

Boue, S., Fields, B., Hoeng, J., et al. (2015), F1000Res. 2015 Jan 29;4:32, Enhancement of COPD biological networks using a web-based collaboration

interface.

Crowdsourced online

Susbtrate for verification
verification

network building
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of update &
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https://sbvimprover.com/challenge-3/challenge

Network Verification - Concept

Vote on evidence, create new edges, add missing nodes

P{HENC.CXCL18) tsoript{complex{MCH:"AP-1 Complex"))
) tseript{p{MG1: THF1))
p{HENC:CHORE))
O

0.1}

3 PHGNC:ILS)
1 PIHGNC:IL10)
P . . [0,2) -
M “lymphocyte chemotaxis™) Y - K
0.2}

' = cat{p(HENC CXERD)) ) piHGNC:CXCRE) ‘E-mpt{p{HGHC:NFILBH
oF SEEY - s iﬁ% PIHGNC:CXCR3) ei02)

0,1
1,3) o) ",T 1 .

e

' é( pHGNC:VIP)
. &

tsori p{p{HGNC: MAFH-

cat{p{HGHC:VIPR2}))
., [0,13)

W"“’HF;]M:;F?'

pHGNC:

0,27

PIHENC:GATATHGNC:JUNE)
path{SDI5:"T-cell migration™)

2} - P HENZ i SN L (f'
{ ' - . ‘
a A )

J T (0,72)
| HGMC:IL2)
~ N

' PHGNC:STANE)

pIHGNG: STATZ)

T quazn)

P{HGNC:HNF14)
+ (0,5}

Y pHGNC:IL15RA)

S

cat{p{HGHNGC:CO28))

el qo0)

Sa

“0 p{PFH:"NOTCH Family™)

I p[HGNC:CD28)

PMI SCIENCE




Network Verification - Selection of Sub-network

pHCGNC SFTRPD)
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https://sbvimprover.com/challenge-3/challenge

Network Verification - Review of Triples

ThZ Signaling
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https://sbvimprover.com/challenge-3/challenge

Network Verification - Voting

- complex(p(HGNC.ECT2), p(HGNC:KLHL20)) increases gtp(p(HGNC:RHOA))

The somplex(proteln abundancs of ECT2 and protein abundanss of KLHL20) Inersazss the QTP-bound aoctl
vity of the proteln abundancs of RHOA.

Quatatlon: KLEIP directly bindzs to the RhoQEF ECT2, which promotes the exchange from QDP with QTP
on Rheodi

Reference: 17396876 Clrc Rez 2007 Apr

Speclez Human
Csll Endothellal Cellz Vote Type: APPROVE

O The Evidencs la relevant to the netwerk and mesta the baundary
Clone Evidenos New Evidenca eondltiona, and has besn accuratsly sxtracted frem the Refersnce
paper olted.

The Evidencs la relsvant to the netwerk and mesta the baundary
‘vondlitions, but hos not been acourately extracted from the
Fafersnzs paper olted.

| the santsxt Informatian (Ineluding Specles, Cell,
Dissass, and Tiesus) corrsstly and completely sotracted
frem the Refersnce paper?

wYez (JNo

Dosa the BEL atatemant comeotly capture what la
dencribed In the Refersncs paper (s.g., serrest neds nams

ar relatlenahlp sdge)?
@ Yez () No

Ths Evidencs ahauld mat bs In the netwark (s.g., It doss not meat
the boundary conditiona ar la not relsvant to the bBlelagleal
process deasribed In the netwark).

Camment
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https://sbvimprover.com/challenge-3/challenge

Network Verification - Extension

S 1 - Greate the Edge » Step 2 - Add Evidenos to the Edge » Step 3 - Verlty your work Back to Anglogensals

Create a new edge for Angiogenesis

New Edge: Thiz Iz not a valld ztatement.

Step 1 - Create the Edge

Uze the actlve node cat{p(MGI:Plxnd1)) for: )
@None ) Subject () Object BEL Helper - Hints on how to construct your BEL statement

BEL Statement

|5ub]act | A Baslc BEL Term
Complex Abundance
Post-tranzlational Modifleatlon
Proteln Actlvity
|Ob|acl | Movement of Abundences

Infermation Help Convert Text to BEL (beta)

All Functlons
All Relatlonzhlps

All Namespaces

Step 2 - Add Evidence to the Edge

Step 3 - Verlty your work pM | SC| ENCE

PHILIP MORRIS INTERNATICNA




Network Verification — Outcome

https://sbvimprover.com/challenge-3/challenge

Activity during the open phase

04/2014 — 05/2015)
9,286 votes
2,225 new pieces of evidence
1,289 new edges
1,000 new nodes

/

173 participants
from 26 countries

20 Best Performers invited to
the Jamboree

Qpain with a travel bursary. j

in Barcelona,

| Participants

Jamboree Session on...

Gl Sl Epigenetics Oxidative
éh 1 ' Stress
i8) e s |
% 3 3,
%h Macrophage # . j}.\ Ros'
- signaling ‘ ﬁ/
Senescence
\_ $3- 2y

Necroptosis

Neutrophil ™
Signaling

s

Xenobiotic
Metabolism
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Network Verification - Network Sharing

HOME ABOUT HELP

G D h I CAUSAL BIOLOGICAL NETWORKS DATABASE

8 ABOUT CBN

The Causal Biological Networks (CBN) database is composed of multiple versions of over 120 modular, manually curated, BEL-scripted

biological network models supported by over 80,000 unique pieces of evidence from the scientific literature

They represent causal signaling pathways across a wide range of biological processes including cell fate, cell stress, cell proliferation,

inflammation, tissue repair and angiogenesis in the pulmonary and vascular systems.

| o BULK DOWNLOADS
. Human 2.0 | Rat 2.0 | Mouse 2.0
Search For a Network Caal &
; Enter network name or keywords
I
| SEND FEEDBACK

http://causalbionet.com/

ABOUT HELP Q SEARCH

GD h I CAUSAL BIOLOGICAL NETWORKS DATABASE

EDGES LIST | NODE LIST | TOGGLE BEL | SAVE NETWORK | DETAILS | EXPORT ~ O Zoom @ Drag LEGEND

(OTHER VER: HS_1.2 , HS_1.1)

sconple SRR HGNGTRSH casenc)
WAPKS))

EDGES (444 OF 444)

"r;m{p(HGN( FADD)) _-
Search s
2t[p[HGNC TRAD

ALL CAUSAL NON-CAUSAL

A T GNC,MA};IG]
JHGHNCMARTHS pmoadlP
|E| p(HGNC:FOXO3,pmod(P,5,253)) :

directlyDecreases tscript(p

(HGNC:FOX03)) (1)

" pIHGNCmApigfl Fr(PHCNREE

kin[p[sFAM,"" A Famil{,)]” a
o (e

aﬂ’ FSFI0)

p(HGNC:FLOT2) decreases p

""kﬁ;uc-npssm ]
IPIFAM RPS6IcA Fafoly)] .
(HGNC:FAS) (1)

.
| e < DI Frpgipenttiony HGNCTNFRSFIG
|  BIHGNC CREEAN MHG,NQ /> ‘ I pathfMESID Empy m'::[Hmzpﬁm) complex(p(HG
[l p(HGNC:FLOT2) increases p ’ oo Baa pHENSZhSE - ren) SHERCBNCRPS27L)
l 5 ) " B{SFAM:PRICA P2, i e e casot)
| renen i i e HEE TR 0/l 5 HHCNCAPAk)
2 \ AR
- ' \ pecfipr{coplex{SCOMP: Nifb Complex']]
| SEND FEEDBACK

| | I—

G D h I CAUSAL BIOLOGICAL NETWORKS DATABASE

HOME ABOUT

| SEARCH RESULTS (39)

HELP

Cell Fate (CFA)

Apoptosis
The Apoptosis network describes causal
mechanisms in several different signaling
pathways that are involved in the induction of
apoptosis in...

VIEW | DETAILS | EXPORT ~
2.0 (Qther versions: Hs_1.2, Hs_1.1)

Inflammatory processes (IPN)

B-cell activation
The B-cell Signaling network depicts the
causal mechanisms linking the repertoire of
surface receptors expressed on B-cells toa
variety of ...

VIEW | DETAILS | EXPORT ~
1.0

Inflammatory processes (IPN)

B-cell Signaling
The B-cell Signaling network depicts the

Inflammatory processes (IPN)

B-Cell Signaling-2.0-Hs

The B-cell Signaling network depicts the

SEND FEEDBACK ¥

Boue, S., Talikka, M., Westra, JW., et al. (2015), Database (Oxford).

2015 Apr 17;2015, Causal biological network database: a
comprehensive platform of causal biological network models
focused on the pulmonary and vascular systems.
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summary

» Our approach in using systems toxicological assessment requires
computational and knowledge-driven analysis of data from various
experimental techniques

» Knowledge is extracted from scientific articles and converted into a
human and computer-readable format: BEL

» BELIEF is supporting the automated extraction of knowledge as well as
the manual curation and outputs in BEL

» BEL networks can be verified by the crowd using the sbvIMPROVER
Network Verification Challenge (NVC)

» Reviewed and verified networks are shared in the Causal Biological
Networks Database (CBN)

Madan, S., Hodapp, S., Senger, P, et al. (2016) Database (Oxford)., 2016, The BEL Information Extraction Workflow (BELIEF): Evaluation in the BioCreative V BEL
and IAT track (accepted)

&\
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