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Where | come from: Fraunhofer Society

= Founded 1949

= Europe”s largest applied research organisation
= 60 Research Institutes (7 Institutes in the US)

= > 23.000 Employees

= Annual Budget > 2 Billion Euro

= Financial model: 2/4 industry collaborations
1/4 public funding
1/4 institutional funding

*Joseph von Fraunhofer (1787 — 1826 )
Scientist, Inventor and Entrepreneur
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The Fraunhofer Institute Center Schloss Birlinghoven

M Largest research centre for informatics and applied mathematics in Germany

B Around 700 employees, thereof 500 scientists, approx. 200 students and
trainees

@ University links:
Bonn

Aachen
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Expertise at the Department of Bioinformatics at SCAI

Fraunhofer SCAI Department of Bioinformatics currently comprises:

e 10 scientists

3 scientific software developers
e 7 PhD students
« ~ 5 Master students

e ~ 10 student workers

e predominantly computer scientists & biologists

 some PhD students via University of Bonn (Bonn-Aachen b it
|

International Center for Information Technology)
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SCAI Department of Bioinformatics: R&D in a nutshell

Fraunhofer SCAI Department of Bioinformatics R&D activities:

1. Information extraction in the life sciences:

o
* Recognition of named entities and relationships in text OO(\\(\Q
R
* Large-scale, automated Information Extraction (\’&\\(’ (&\QQ
'\8 0
c_)O \CJ
2. Integrative biology; disease modelling \&\Q) \6\0
 Focus on neurodegenerative diseases @@' '\\’0\9
Q0
(ox
3. eScience, Grid- & Cloud- Computing / HPC (Cluster)
 Focus on scaling of information extraction workflows
L
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Imagine ...

B Cancer Patient, final stage, metastatic pancreas carcinoma
Surgery, chemotherapy without success
Distant metastasis in bone marrow, lung and liver
Remaining life span: 2 — 4 weeks

M Last chance: sequencing the cancer genome (< 10k€)
Getting insight into mutations underlying cancer dysregulation
Understanding of mechanisms triggering uncontrolled growth
Identification of (experimental) compounds that inhibit tumour growth

M This is not fiction —this is reality

—_—

~ Fraunhofer

SCAl



The challenge ...

B Cancer genome sequencing delivers vast amount of information
Tens to hundreds of mutations
Functional relevance of a significant number of mutations unclear
Contribution of mutation to tumour growth and metastasis ?

B How do we assess the biological impact of genetic variation information?
Putting genetic variation information into a functional context
Reasoning over genetic variation information and inference of consequences
From inference to personalised recommendation .... within 2 weeks of time

B Let us see where we stand ...

—=
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Semantic Search and Knowledge Discovery in
Scientific Literature

Pro = Miner

Recognition and Normalization of
Named Entities in Scientific Text

SCAIVIEW

Identification and normalisation of the relevant Life Science terminology is

key for information retrieval, information extraction and inferring of knowledge

\
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Named Entity Recognition Technologies @SCAI

Machine learning based approaches

Pro - Miner

Recognition and Normalization of
Named Entities in Scientific Text

Dictionary based approaches
with normalisation and
embedding in hierarchies

Genes/Proteins, Disease, Drugs,
Cells...

Regular expression
(partly to normalise)
Chrom. Locations, rs numbers...

\ 4

(CRF based)
SNP, IUPAC, epigenetic modifications

Combined entities

Combined normalisation
SNP, Histonmodification

L
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Different input output formats

Pro - Miner —

Recognition and Normalization of
Named Entities in Scientific Text

MEDLINE abstracts | ===

ASCII text

XML text,
e.g. patents

Defined
format

HTML text e.g

\Web pages

PDF text e.g. Journal articles

Journal articles, é

1. Association of breast cancer resistance protein/ABCG2
phenotypes and novel promoter and intron 1 single

nucleotide polymorphisms.

ruelled 18180275 Authors: Balasubramanian Poonkuzhali, Jatinder Lamba, Stephen Strom, Alex
Sparreboom, Kenneth Thummel, Paul Watkins, Erin Schuetz, Date: 2008-04- Journal: Drug
metabolism and disposition: the biological fate of chemicals SciMago: 0.43

] Stafistics

The hypothesis was tested that sequence diversity in breast cancer resistance protein (BCRP)'s

intron 1 were resequenced in lymphoblast DNA from the polymorphism discovery resource (PDR)
vihcat 5) cinnla mnelantida rohrmmoarmbicmce fQMDm:;g wrara nannhmad in donor buooan, uar

E— MATRIX

FI SEVIFR Masic Biokgy 7 (2008) 3— 11

wwn.cheviercomiocaamatio

— A novel secreted factor represents a highly specific
marker for distal chondrocytes

Andreas Tagariello ®, Julia Luther ®, Melanie Streiter *, Lydia Didt-Koziel ®, Manuela Wuelling b
Cordula Surmamn-Schmitt ©, Michael Stock ©, Nadia Adam ©,
Andrea Vortkamp ®, Andreas Winterpacht =*
* bnatse of Hman Ganeilea, Unheralty Fospial Erlaspen, Sclvwabackanlage 10, D910 Erlangan, Garmany
(ermany

Y Camter for Medical Bioiechnology, Udversizy of Duls busg- Esser,
* Deparement of Experimental Medictne I, Niko laws- Rlabiger Cemter of Molecular Madicine, Libersiyy of Erlangen-Nuwemberg, Erlangen, Gemany

Received 4 Apsil 2007; mosived i revised fomm 3 Jaly 2007; accepted § haly 2007

Albs tract

Crowih and development of most paris of the vesehrate skelson bkes place by endochendral eedfication, a process during which
chondracytes mdergn disinet sages of differentiation resulfing in a sncostave replacement of the cantilags anlugen by bane. Inthe content of an
EST project we {solated a novel transeript from a buman fetal growth plate cartilags cDNA library. The transcript which we called i

| encndes: a short prodein of 138 aming acids. The prodsin sequence & evalutionary mmodl:mgmd

ml.dnl.umd.mmp:u -ngu-lpq‘bd.u.-mhd.—mld.mn. and & putstive dibasi cleavage site for proprotein convertaees. T.h:gRNA in

sity hyhridt nchemisiry with a palyclonal anti-Ucma antihody we fomnd high expressdon af nr 113'1 IH
i ngjdmnd.-myu in developing leng honss of wildiype mice. This resiricted expisigon could also be abserved in i, k™

GiE™ mice, and in mice that overexpress under the contral af the prameder indicating that expresalen af nmgu]*d
ncl dent of hedpehog dimaling. Durng mambindnduced differentistion of ATDCS cells we found gradual menesee of expresiion af day
el | whlmmmi&y?lmﬂlbﬂ_ceﬂmﬂmgmhlhm]hmmnlhutprﬂnntf o i i, & pratein

wnih sk R e NS S Mou S S P ) i
3R



Named Entity Recognition and Normalisation

'[! Chromosomal Locations Drug Names Protein/Gene [ iupac [] OMIM Reference
(@St ) fon Normalize SNP [T Normatzeg SNF] () esH Disease | IiR@iaions GenelD: 9429: ABCG2

L] Cell Lines | SEREHEINSSoRE0oN || CRF-laura %G&L&Mhydmlase__
KEGG:02010: ATP transporter

1. Association of breast cancer resistance protein/ABCG2

phenotypes and novel promoter and intron 1 single Neoplasms by Site

n:ﬂeﬂtlde polymorphisms. Breast Neoplasms (D001943)|
Publed 18180275 Authors: Balasubramanian Poonkuzhali, Jatinder Lamba, Stephen Strom, Alex

Sparreboom, Kenneth Thummel, Paul Watkins, Erin Schuetz, Date: 2008-04- Journal: Drug BreaSt Neoplasmsl Male

metabolism and disposition: the biological fate of chemicals SciMago: 0.43 Carcinoma DUCtaI Breast
L] statistics / ’ !
Phyllodes Tumor

T_h-e hypothesis was t_este&‘i_ thg-:-:t sequence Qi\rersity in breast cancgr resistance protein (BCRP)'s

DB00619: imatinib

genotyped in donor human livers,
mRNA expression. Carriers of

\_¢ =N
=N \_/
A SN
N/

refSNP ID: rs2231137
ABCG2-Position:18897
Avg Het: 0.203+/-0.246

associated with 'r:-ovel promoter and intron 1 SNPs.

|
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SCAIVIEW

AKD g

multiple sclerosis

(O Human Genes / Proteins
+ () Chromesomal Location
() STS Marker
) nen Mormalized SNP
() Nemalized SNP
() Nomalized CRF SN
A2 Drug Names
+-() ALIMENTARY TR
+ (") ANTIINFEGTIVE
+ () ANTINEOPLAST|
+- () ANTIPARASITIC
+ () BLOOD AND BL
+ () CARDIOVASCU
+ () DERMATOLOGI
+ () GENITO URINAR
+ () MUSCULO-SKE
#-(0) + NERVOUS SY
+ () RESPIRATORY
+ () SENSORY ORGY
+ () SYSTEMIC HOR|
+ () VARIOUS
) IUPAC-like
+-() Compora

) Human miRNA

O Mouse Genes
+ () MeSH Discase
+ ) @neurlST Ontology
+ () GO Component
+- () GO Function
+-{) GO Process

Select Confidence:

10 20 30 «

From MEDLINE®, Pub
PubMed Central®.data
U.S. Mational Library of
Iy PubMed kg PubM

multiple sclerosis

_‘i) Entity Tree View, select Entity Class to view and search

/ Search * Entity @ Help =2 About
] Sub [ Senver
The following entities relating to "multiple sclerosis’ were found in 1244 documents.
«¥
o
e & S
Select Columns Export Table Expart PMIDs Export Entities
SCA ,V’ EW _}) Filter next search in the current entity class exclusively to this entity
/ Search Documents # Entity # Help =2 About

ARKD g @

(O Human Genes / Proteins «»

# (O Chromesomal Lacation
(O STS Marker
) non Normalized SNP
) Normalized SNP
) Normalized CRF SNP

- [ Drug Names
+-(O) ALIMENTARY TRACT AND METAI
+-(0) ANTIINFECTIVES FOR SYSTEMIt
+- () ANTINEOPLASTIC AND IMMUNO
+ () ANTIPARASITIC PRODUCTS, INS
+ () BLOOD AND BLOOD FORMING €
+ (O CARDIOVASCULAR SYSTEM
+ (O DERMATOLOGICALS
+ (O GENITO URINARY SYSTEM AND
+ (O MUSCULO-SKELETAL SYSTEM
#- (O + NERVOUS SYSTEM
+ () RESPIRATORY SYSTEM
+ () SENSORY ORGANS
+ O SYSTEMIC HORMONAL PREPAR
+- () VARIOUS
) IUPACHTike

+ (O Corpora
) Human miRNA
) Mouse Genes

+ () MeSH Disease

+ () @neurlST Ontology

+ () GO Component

#-(» GO Function

+ (O GO Process

Select Confidence:

10 20 30 «0 s ®@

From MEDLINE®, PubMed®, and
PubMed Central@.databases of the
U.S. National Library of Medicine.

¥ Result for ‘multiple sclerosis', NER run ‘DrugBank for entity &

:, Pagal > | with 10 documents per page, totals to 61 and took 281 ms

Toggle Abstracts [

[ Chromesomal Locations

[ uPac [ Epigenetics

1. Phamacologic
Iy PubMed 20568832
[ Statistics [| SelsctiD v

Multiple sclerosis (MS) is ar
directly relieve MS symptor
of patients. Nociceptive pair
direct consequence of a lesi
other symptoms. Central ne
tricyclic antidepressants anc
randomized, placebo-contre
treatment perceived an impi
studied pain syndrome. The
antispasticity medications si
often unrecognized by clinic
highlight shortcomings in cli

MeSH: Analgesics therapeu

2. Tuberous sclel
Iy PubMed 50845641
and Paediatrics, University of
] Statistics || SelectiD v

BACKGROUND: Tuberous :
mental retardation. The aim
primary two pupil of ljaw trib
for six years. He also had a

tomography showed multiph
in the cortical white matter c
clinic. CONCLUSION: Tube

MeSH: Analgesics; Non-Na
Tuberous Sclerosis complic:

3. Voltage-gated

Iny PubMed 20298065
Besta, Milano, Italy.

\g PubMed I PubMedCentral (] Statisties [] Select D v

Fraunhofer
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multiple sclerosis

SCAIVIEW

(o
L4

“»

( Human Genes / Proteins

+ () Chromesomal Locatien
() STS Marker
(> non Normalized SNP
( Nommalized SNP
" Nomalized CRF SNP

- J~ Drug Names
+ O ALIMENTARY TRACT AND METAE
+- () ANTIINFECTIVES FOR SYSTEMIt
+ O ANTINEQPLASTIC AND IMMUNO
+ O ANTIPARASITIC PRODUCTS, INE
+ O BLOOD AND BLOOD FORMING C
+ O CARDIOVASCULAR SYSTEM
+ O DERMATOLOGICALS
+ {) GENITO URINARY SYSTEM AND
+ O MUSCULO-SKELETAL SYSTEM
+ O + NERVOUS SYSTEM
+ O RESPIRATORY SYSTEM
+ O SENSORY ORGANS
+ O SYSTEMIC HORMONAL PREPAR.
+ O VARIOUS
O IUPAG-like

+-() Comora
(» Human miRNA
) Mouse Genes

# () MeSH Disease

+ () @neurlST Ontology

+ () GO Component

+ () GO Function

+-{) GO Process

Select Confidence:

10 20 30 40 5™

From MEDLINE®, PubMed®, and
FubMed Central®,databases of the
U.S. National Library of Medicine.

\i) Fulliext Query for search, or select saved Searches under blue down armow

/ Search ® Entity ) Help =5 About
=] ] Server Statisti
The following entities relating to "multiple sclerosis’ were found in 1244 documents.
™~
V ] sentenca

Select Columns

Export Table

Export PMIDS

Export Entitios

131 entities found, displaying 1 to 10.[First/Prev] 1, 2, 3, 4, 5, 6, 7, B[Next/Last] 10 Entities per Page  ~|

Select

(]

Structure
Image

O O Carbamazepine I g

A,

e

No Structure
Available

Entity

Sl Choline ] 3 o2

Siron Ul 5 o

& Calcium 1] % o

.. Relativg
Entropy

0.2579

0.2267

0.2144

0.2141

Ref.
Doc
Count

17936

20528

o757

208066

Doc
Count

108 ®

181

M@

217 ®

Date
Reported

2010-11

2010411+

2010-07-

2010-10-

Links

LEF@DP

LE@Dw

FLEHAD




SCAIlView functionalities

Document View - Displays all the documents
retrieved based on the search query. Entity
classes can be selected that you want to
highlight. By default, Documents are displayed

according the date (newest on the top).

Entity View - Displays named entities under
the column entities and are linked to

corresponding abstracts

Export - PMID and Entity tables can be

exported to text files or excel sheets

SCAIVIEW
; academia

SCAIVIEW
acedemia

Show Results in:  MeSH Disease

3
OO T T T )
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Motivation

Processing and structuring text
“Production Workflow"

Pre-Processing

NLP & NER

TextRetrieval System Intelligent Analytical Tools

Semantic Search

Document — Machine
Learning
Goal

Retrieval

universitatbonn I
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UIMA workflow and Ul applications

=  UIMA (Unstructured Information Management Architecture)
Is a software architecture for deploying and developing -
unstructured information management application.

= QOriginally developed by IBM, now open source. -

= Unstructured information application may be defined as a
software system designed to analyses large volume of
unstructured information in order to discover, organise,
and deliver knowledge to the end user

= Thus this architecture provides analytical platform by
converting unstructured text to structured information .

\
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UIMA based analysis at SCAI

= BEL like Statement Extraction

= Co-occurrence and Tri-occurrence based relationship extraction
= Machine Learning based relationship extraction

= Topic Modelling

= Term Frequency based Analysis

\

universitétm ﬁ; Fl'al..l nhOfEl'

SCAl



e s s

Capturing Knowledge on Causes and Effects: OpenBEL #E)f:'.j
| z

\ __.f_:,
[ Term Expression ]—[ Relationship ]—[ Term Expression ] o

Subject Predicate Object

decreases

a(CHEBI :corticosteroid), -]/ bp(NCI:"Tissue Damage”)

| <~ J
!
The abundance of molecules The biological process
designated by the name designated by the name
“corticosteroid” in the CHEBI “Tissue Damage” in the NCI
namespace. namespace.

ry = % Rt
J‘j Z Fraunhofer efp.a imb

SCaAl
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- ‘>>.mm -

OpenBEL: Capturing of Knowledge and “encoding” of data

Phosphorylation of glycogen synthase kinase 3beta at Threonine, 668
Increases the degradation of Amyloid precursor protein.

p (HGNC:GSK3B, pmod (P,T,668)) -> deg (p (HGNC:APP))

BEL Functions Namespace ldentifires Entity Definitions

innovative N o
w AETIQNS

ry = % Rt
J‘j Z Fraunhofer efp.a imb
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BEL forms Graphs

object/subj

predicate e

subject
predicate

e Subject-predicate-object “triples”

e Object of one triple can be subject of another

e Putting them together makes arbitrarily large
knowledge graphs

e Reasoning over causal relationships becomes a
graph traversal

innovative
medicines
initiative

ra s 2 am
d‘j 7 Fraunhofer efp.a imi
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Kodamullil, Alpha Tom, et al. "Computable cause-and-effect models of healthy and Alzheimer's disease states

and their mechanistic differential analysis." Alzheimer's & Dementia (2015).

innovative N O
=iz AETIQNS

ra = . imn
J‘j 7 Fraunhofer efp|a imb




Project Goals of the Work of Gurnoor Singh

= Implement a solution integrating document retrieval via SCAIView and
analytical tools which extracts information/knowledge based on a UIMA
workflow

= A generic solution which works well on any analysis workflow(‘wrapper’)
= A well distributed, flexible, and efficient solution for multitasking

= Show application by, performing an exemplary analysis which measures the
difference of information gain between abstract representation and full text
representation of Biomedical journals

\
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Generic Workflow

= "™

Query Submission

ey M

T

prrTT——

AW e

[l Q
-

S k.

R —

B s e T

e e e it

Fodl Pl
L i P
¥
g kel
| B, el e
_> Sulirmel Work fow
Coment Fhar

Toial Do rrry weisvied 1]

Fual Chorameriy sbowsd oo proness pee hoe |00

Warlned < wivgly BT L]

ardma of S saLredeog o lergh 0

L T T R L | ]

Document
Selection

Credentials &
Job Details

Text Processing Daemon(s)

----ﬂ

perSEL

Database

Email and FTP

Email Notification &

Download
' & & & & & i & i &S & S S i i i S i i S i i i i B B B BN BN B B B B B BN BN BN BN BN BN BN BN BN B BN BN BN BN B .



Exemplary Application

= Biological Research Question : “Is there a difference in Information Gain
between abstract and full text of a document?”

= |nformation Gain can be measured as number of unique BEL like statements.

= |nstall daemon for analysing BEL Like Statement.

Bel DAEMON

% SCAIVIEW
e B

Analyse

= Corpus : Collection of PMID as defined by user query in SCAIView

universitétm % FraunhOfEl'

SCAl



BELIEF Workflow

_ _ Relation
Various NER with multiple extraction
NLP tools dictionaries tools
i 't f, f, t
— RE Linear —
| eStI(? ®»| ProMiner ® | preproces |® Cl$sésEféer, | BEL writer | B |
— ' S —
etc.
TXT BEL
Unstructured
Information Management
Architecture

An Avachs Projecr

L
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What text mining can deliver — NER & Normalisation

3 . Bimvastatin inhibits induction of matrix metalloproteinase-8 in rat alveolar macrophages

Simvastatin: moke extract.

Simvasiann - A derivative af lovastatin Eentral ) ) i )

and potent competitive inhibitor of 19259817 Authers: Kim, Sang Eun; Thanh Thuy, Tran Thi; Lee, Ji Hyun; Reo, Jai Youl, Bae, Young An; Kong,
F-lepdroxy-F-methyiglutaryl coengyme A I; Oh, Yeon Mock; Lee, Sang Do, Lee, Yun Song Date: 2009-0 Journal: Experimental & molecular medicine Affiliation:

reductase {hydroxymethylglutary! C0A y, Sungkyunkwan University School of Medicing, Samsung Biomedical Research Institute, Suwon 440-T48, Korea.
reductases), which ix the rate-limiting
anpyme in cholesterol hinsynthesis

g 9) may play an important role in emphysematous change in EifGRIGIODSIUCINSIDUIMENanIdiseass (SOEE), one of the
(\F arbidity worldwide. We previously reported that SifiNasiann, an inhibitor of HMG-CoA reductase, attenuates emphysematous

1L T & lungs of rats exposed to cigaretie smoke. However, it remained uncertain how cigarette smoke induced MMP-9 and how

".-:"ﬁ}(. -T .r’ ke-induced MMP-9 expression in alveolar macrophages (AMs), a major source of MMP-2 in the lungs of - patients.

R P 1 signaling for MMP-9 induction and the inhibitory mechanism of Sifilastatn on MMP-9 induction in AMs exposed to

__,H?LJJ solated rat AMs, CSE induced MMP-2 expression and phosphorylation of ERK and Akt A chemical inhibitor of MEK1/2 or

IRK or Akt, respectively, and also inhibited CSE-mediated MMP-8 induction. EiffiUastatin reduced CSE-mediated MMP-9

D wd inhibition was reversed by fEmesyl pyrophosphate (FPP) or geranylgeranyl pyrophosphate (GGPE). Similar to

mmm = oo o . 5fErase or GGPP transferase suppressed CSE-mediated MMP-8 induction. BifiWaSiENRn attenuated CSE-mediated activation
of RAS and phnsphurylauun of ERK, Akt, p65, lkappaB, and nuclear AP-1 or NF-kappaB activity. Taken together, these results suggest that Sifivasiaun may
irhibit CSE-mediated MMP-2 induction, primarily by blocking prenylation of RAS in the signaling pathways, in which Raf-MEK-ERK, PI3K/AkL, AP-1, and
lkappaB-MF-kappalB are involved.

http://www.scaiview.com
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What text mining can deliver — NER & Normalisation

3 . Bimvastatin inhibits induction of matrix metalloproteinase-8 in rat alveolar macrophages

Simvastatin: moke extract.

Simvasiann - A derivative af lovastatin Cent I ) ) i )

and potent competitive inhibitor of entral  jazs0017  Authers: Kim, Sang Eun; Thanh Thuy, Tran Thi; Lee, Ji Hyun; Ro, Jai Youl, Bae, Young An; Kong,
F-lepdroxy-F-methyiglutaryl coengyme A I; Oh, Yeon Mock; Lee, Sang Do, Lee, Yun Song Date: 2009-0 Journal: Experimental & molecular medicine Affiliation:
reductase {hydroxymethylglataryl C0A y, Sungkyunkwan University School of Medicine, Samsung Biomedical Research Institute, Suwen 440-746, Korea,

reductases), which ix the rate-limiting
anpyme in cholesterol hinsynthesis

N 9) may play an important role in emphysematous change in EifGRIGIODSIUCINSIDUIMENanIdiseass (SOEE), one of the
[-J arbidity worldwide. We previously reported that SifiNasiann, an inhibitor of HMG-CoA reductase, attenuates emphysematous

I Y & lungs of rats exposed to cigarette smoke. However, it remained uncertain how cigarette smoke induced MMP-9 and how

--ﬁ-":}{.u . r‘ ke-induced MMP-9 expression in alveolar macrophages (AMs), a major source of MMP-2 in the lungs of - patients.

TA A 1 signaling for MMP-9 induction and the inhibitory mechanism of Sifiuastann on MMP-9 induction in AMs exposed to

Y ?Mﬂj solated rat AMs, CSE induced MMP-2 expression and phosphorylation of ERK and Akt A chemical inhibitor of MEK1/2 or

IRK or Akt, respectively, and also inhibited CSE-mediated MMP-8 induction. EiffiUastatin reduced CSE-mediated MMP-9

D wd inhibition was reversed by fEmesyl pyrophosphate (FPP) or geranylgeranyl pyrophosphate (GGPE). Similar to

mmm = oo o . 5fErase or GGPP transferase suppressed CSE-mediated MMP-8 induction. BifiWaSiENRn attenuated CSE-mediated activation
of RAS and phns;phurj.rlahun of ERK, Akt, p65, lkappaB, and nuclear AP-1 or NF-kappaB activity. Taken together, these results suggest that Sifivasiaun may
irhibit CSE-mediated MMP-2 induction, primarily by blocking prenylation of RAS in the signaling pathways, in which Raf-MEK-ERK, PI3K/AkL, AP-1, and
lkappaB-MF-kappalB are involved.

_____________________________________________________________________________________________________________________________________

 Recall and Precision rates are between 70% and 90% for biomedical NER

* Recall: How many of the existing names does the system detect
* Precision: How many of the detected names are correct

http://www.scaiview.com
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BELIEF Workflow

Various
NLP tools

" /s

— B
— SD
— | etc.
—

TXT

NER with multiple
dictionaries

( ProMiner ]]]J

RE
preproces
S

»

Relation
extraction
tools

—=

y -

-4

Linear
Classifier,
TEES
etc.

»

BEL Writer | #»

Z Fraunhofer
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Current dictionaries included

Entity class Resources BEL
namespace

Human EntrezGene/  HGNC

Genes/Proteins Uniprot

Mouse Genes/Proteins|EntrezGene/  MGI
Uniprot

Rat Genes/Proteins EntrezGene/  RGD
Uniprot

Protein family names |OpenBEL PFH

Protein complex OpenBEL NCH

names

Protein complex Gene Ontology GOCCTER

names M

Chemical names OpenBEL SCHEM

Chemical names ChEBI CHEBI

Chemical names ChEMBL SCHEM

Disease names MeSH MESHD

Anatomy names MeSH MESHA

__—_._,_.!'-'
~ Fraunhofer

SCAl



Use case: relation between small molecules
(mainly protein inhibitors) and their targets

Dictionary Recall rate Recall rate application
initial version adapted

Genes/Protein: (HGNC) 80 % 93 %

Chemical compounds: ChEBI | 15 % 66 %

Chemical compounds: SCHEM | 30 % 75 %

Chemical compounds: not determined | 91 %

ChEBI + SCHEM+ ChEMBL

Selventa-human-complex 40 % 46 %

GO-Complex not determined | 64 %

Selventa-human-complex  + [ not determined | 82 %

Complex

GO-Function 22 % not determined

Selventa-human-families 8 % 77 %

_E.'-
~ Fraunhofer
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Recognition and normalization of terminology

» Normalisation is needed!

» Use external and internal (OpenBEL) resources for
named entity recognition (Mapping!)

» Combine various resources

» Adapt terminology to use cases (OpenBel namespaces
provide no synonyms)

» Offer curators the annotation of different concepts

For relation extraction high recall is a precondition!!!

\
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BELIEF Workflow

Various
NLP tools
[— B
| — . etC.
-
TXT

NER with multiple (

dictionaries

—=

y -
-

RE
reproces
S

» ProMiner T

»

Relation \

extraction
tools

—=

y -
4

Linear
Classifier,
TEES
etc.

»

BEL Writer | #»
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Relation Extraction

Two kinds of relationship extraction tools are available which are tested
and compared on common benchmark sets:

B The BioNLP shared tasks deliver a very detailed annotation for
relationship extraction similar to the information needed for BEL

\
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Relation Extraction

Two kinds of relationship extraction tools are available which are tested
and compared on common benchmark sets:

B The BioNLP shared tasks deliver a very detailed annotation for
relationship extraction similar to the information needed for BEL

Negative Regulation

Negative Regulation

Theme

Trigger Expression

Trigger
Theme/\'rigger

IL 7 also|delayed the decrease in the levels of/cMyc | expression

\
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Relation Extraction

Two kinds of relationship extraction tools are available which are tested
and compared on common benchmark sets:

B The BioNLP shared tasks deliver a very detailed annotation for
relationship extraction similar to the information needed for BEL

mSimpler binary classification:

IL 7 also delayed the decrease In the levels of cMyc ....

IL7 — cMyc Relation: Yes

Classifies if a relation between 2 entities is existing but gives no
iInformation about the direction or type

__—_._,_.!'-'
~ Fraunhofer
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Technology — Performance

NLP (Sentence Detection ~6% error)
NLP (Tokenization ~8% error)
NER (Different Classes ~15% error )

RelationExtraction (Multi-step ~25% error) 54

94
O
=
86 3
@
X,
73 =

Propagated error!

L
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What text mining can deliver: Relation Extraction —
Example from BioNLP shared Task

| Theme-[&lndlng]’ bl
; Th “NBinding |~ Themer—H Complex] Complex
p21 binds to both the Cdkﬁlicyclln D and Cdk2icyclln E complexes

Pmdu:t

[G&R™ “*“**YrRegulation Themewe*‘:hem] [Chemical

Epyruvate kinase catalyzes the conversion of PEP to pyruvate
Theme

Theme

E Theme +Reg}-Cause
. [Cnemical’">"“\Phosphorylation/ [Chemical """ Yacetylation| ' "*™*” Reg) Cau:ﬁe)m

5 Ser(392) phosphorylalmn and Lys(373) acetylatlon of p53 were enhanced by MG132

*Recall ~30% and Precision ~50% for regulation events — binary classification
has higher recall and precision rates

That seems not very promising but many relations might be redundant!

http://bishop.scai.fraunhofer.de/scaiview/
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BELIEF Workflow

Various
NLP tools

"=

SD
etc.

»

NER with multiple

dictionaries

—=

y -

[

ProMiner

»

RE
preproces
S

»

Relation
extraction
tools

—=

y -

-4

Linear
Classifier,
TEES
etc.

»

BEL Writer | #»

BEL
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BioNLP Shared Task to openBEL conversion?

We implemented a rule set translating BioNLP SharedTask to BEL

Modifications pmod() Negative Regulation -
Catabolism deg() Regulation/Association -
S !BEL networks derived from qualitative translations of BioNLP
Binding/Complex Shared Task annotations.

The Association for Computational Linguistics (ACL) Sofia 2013
Fluck, J.; Klenner, A.; Madan, S.; Ansari, S.; Bobic, T.; Hoeng, J.;
Hofmann-Apitius, M.; Peitsch, M.;

\
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Relation extraction example result

Cause

Negative Regulation

P(HGNC:IL7) -|

-[r((HGNC:MYC)

IiL /7

also

—~——

Trigger

delayed

W

Negative Regulation

Trigger

the

jecrease jn the levels of

Ihome

-[r((HGNC:MYC) no cause

Expression

TIheme

Trigger  r(HGNC:MYC)

cMyc

expression
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Relation extraction example result

Automatic extension to full statements in workflow:

Fixme -|[r((HGNC:MYC

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

Cause

IiL /7

: : P(HGNC:IL7 -
Negative Regulation L(HGNC:MYC)
\W LA 7
Negative Regulation -[r((HGNC:MYC) no cause
Theme
Trigger Expression
Trigger
Tlheme Trigger r(HGNC:MYC)

delayedthe piecreasejn the levels of | [CMyC|EXpression

also
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Relation extraction example result

Automatic extension to full statements in workflow:

Fixme -|[r((HGNC:MYC) | Binary classification:

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

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

) ) pP(HGNC:IL7 -
Negative Regulation L(HGNC:MYC)
\W LA 7
Negative Regulation -[r((HGNC:MYC) no cause
Iheme
Cause Trigger | Expression
Trigger
Theme Trigger r(HGNC:MYC)

IC 7] also [delayedthe fiecrease|n the levels of | [CMyC]EXpression
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What text mining currently does not deliver:
Interpretations

___________________________________________________________________________________________________

Theme—
™ YPro i

‘d here that this induction of IL-10 inTh1l cellsé

Cause
Theme

but not totally, reduced in STAT4-deficient Tceé
during T. gondii infection (Jankovic etal., 2002). ;
*Generated Statement:
«  p(FIXME) -| p(HGNC:STAT4) -| p(FIXME) -> p(HGNC:IL10)
*Manual Statement:

P(HGNC:STAT4) -> p(HGNC:IL10)

~Theme

L
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Semi automatic BEL Knowledge Extraction Pipeline

BEL Information

Extraction

workFlow
bel

BELIEF ‘-4

A ZE

=,

Application

L
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BeliefDashboard

Projects management and multiple document upload

B Create, delete and list functionality

BELIEW Dashboard Home BEL-Documents Upload BEL-Document Projects - Documents -

Create Project

Name
BELIEW Dashboard Home BEL-Documents Upload BEL-Decumer Projects ~ Documents «

List

Description Document Lists Create

Search: [
Processe d Show
Create Id Pubmed Id Title Created at Y at Curate details Delete
1. 2234234 Myc-Max-Mad network 2014-07-16T11:41:19Z Queued show details
2 12165281 Smoking causes a dose-dependent increase in granulocyte-bound  2014-07-16T11:41:118Z  Queued show details 3
L-selectin.
Id Pubmed Id  Title Created at Processed Curate Show Delete
at details

Showing 1 to 2 of 2 entries Previot Next

\

~ Fraunhofer

SCAl



BELIEF Dashboard Curation Interface

Detected concepts:

-Highlighted text entity in mouse over

-Provide a fast overview of all entities
in the evidence

SIRT1 knockdown caused a slight yet highly significant decrease in LXRalpha
expression in both fed and fasted livers. . . D&lectecl concepis

However, SIRT1 knockdown decreased expression of PGC-1beta only the fasted state. SIRT1
HGNC:SIRTA
MGI:Sirt1
:Sirt1

"low" confidence: L:ﬂglﬂ:fh 9

1 (id:976):  PIFIXME) -| (p(HGNC SIRT) - r(MGENr1h3)) LI_BI Nr1h3
) livers

(\:1895): BodyRegion Liver 2@ MeSH_A:Liver

CellLine ~| || Emgr annotation value d

Evidence: 1/2 i Delate evidence

BEL statement Context annotation Edit/Delete/Export

L
~ Fraunhofer
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BEL Editor — Update document information

Curate document Arai 200

Document information

Pubmed Id: 11350768 Update

PMID: 11350768

Title: Nicotine infusion alters leptin and
uncoupling protein 1 mRBNA expression in
adipose tissues of rats.

Journal: American journal of physiclogy.
Endocrinclogy and metabolism; Vol. 280; Iss. 6

Authors: K Arai, K Kim, K Kaneko, M lketani, A
Otagiri, M Yamauchi, T Shibasaki

Published: Jun/2001

Detected concepts

" EZ Fraunhofer
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Back to Gurnoor Singh: Experimental Setup

= Query disease under study: Alzheimer's Disease (AD)

= A total 10 jobs selecting top 25, 50, 100, 500, and 1000 text documents from
both the SCAIView systems were exported to BEL processing daemon.

= BEL documents retrieved via SCAIlview were analyzed using KAM navigator
and Cytoscape

= Biological networks were further narrowed down to Protein-Protein
Interactions networks

3
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Information Graphs

—=— Abstract —=— Full-Text

21.74

Information Graph

Number of text documents
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Graph Topology

500- Abstract

HN, R

%ﬁﬂﬁﬂﬁﬁ.s’

8P 4P g oB o B LA HTHTE

Documents: 500
Nodes: 215
Edges: 509

500- Full Text

B

{

R A N £ T AN

et R ach w ach e Gt Gt e el e GcR af ach ach R wch
ek e e e e e ach el oot o ot o e ach o ach et
e L L e L L L L
aaaaa

Documents : 500
Nodes : 1490
Edges : 5741

Manually Curated

2y i e e

‘I#TI.ﬁwaaaaqaaaaqeaaaaeaa

B R e R e R R e R R R e A - Y
B e e I e Y

Documents : 500
Nodes : 553
Edges : 3525

universitatbonn I
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Plotting APP (yellow) and its First Neighbors

500- Abstract 500- Full Text Manually Curated

Nodes: 58 Nodes : 230 Nodes : 121

: ——
universitétgr‘ ?j FraunhOfEl'
SCAI



Venn Diagrams

500 Abstracts 500 Full-texts °00 Abstracts 500 Full-texts

Manually curated Manually curated

All triples APP triples
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Text Mining & Decision Support

B Our cancer patient may die, because:

Nobody can read all the papers that contain relevant information in only two

weeks
The publishing industry does not permit machines to do the job

B How will we reason over genetic variation information in a functional context?
See Naz et al., Briefings in Bioinformatics, in press

B Time for a“GRAND CHALLENGE”

Let us work together to organise a Grand Challenge that demonstrates how
our cancer patient could be saved if automated text mining would be

supported by the publishing industry

\
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Take home message .....

Innovative Text Mining and Decision Support

We can use unstructured text like any database

We can extract useful and interesting facts, such as triples that
represent causal relationships in biomedicine

We can use these semi-automated information extraction

processes to generate a knowledge base in languages such as
BEL

In the future, such knowledge bases will enable decision
support in life saving, time-critical scenarios

Seite 53
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