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Overview

e Integrating electronic patient records.
e Data integration challenges.
e Successes in biological data modeling.

e Group details.
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Current HCLS Activity

e BioRDF — model and query biological processes

e COI (Clinical Observations Interoperability) — use cases for common clinical data
model
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Electronic Patient Records Integration.

Requires shared terms:

e Alice measures Blood Pressure ( ).

e Bob measures supine ( ) BP.

test7 systolicBP 118"~ :mmH

e Eve measures left arm BP with a cuff.

test3 systolicBP 121" :mmH

Study Data Tabulation Model (STDM)
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What Is a Blood Pressure?

e systolic, diastolic
e units (mm of Hg, bar, ...)

e extensible context (measurement location, patient position, activity, ...)
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Reuse Issues

e These BPs are not exactly the same

e These BPs are close enough for many purposes

e patient history in emergency room.

°
?test systolicBP ?b

e They can be distinguished when necesary.

e drug response statistics

°
?test systolicBP ?bp
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Challenges

e Social

e patient privacy

e health care proviser collaboration
e Technical

e data unification

e modelling
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Data Unification

Integrating large, independent databases:

e Historically difficult
e Easier with Semantic Web

e Proven on bilogical data in the Banff Demo results
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“find me genes involved in signal
transduction that are related to pyramidal
neurons”












the Neurocommons:
semantic web proof of concept

getting precise answers to complex biological
questions

in conjunction with SW HCLS:

- produces standards requirements and
evidence

- early access to technical authority in semweb
and life sciences



“find me genes involved in signal
transduction that are related to pyramidal
neurons”
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running code: semantic web query
/ four open government data sources

prefix go: <http://purl.ora/obo/owl/GO#>

prefix rdfs: <http://www.w3.0ra/2000/01/rdf-schema#>
prefix owl: <http://www.w3.0ra/2002/07/owl#>

prefix mesh: <http://purl.ora/commons/record/mesh/>
prefix sc: <http://purl.ora/science/owl/sciencecommons/>
prefix ro: <http://www.obofoundry.ora/ro/ro.owl#>

select ?genename ?processname

where

{ graph <http://purl.ora/commons/hcls/pubinesh>
% ?paper ?p mesh:D017966 .

?article sc:identified_by_pmid ?paper.

?gene sc:describes_gene_or_gene_product_mentioned_by ?article.

}
gra;ah <http://purl.ora/commons/hcls/goa>
{ ?protein rdfs:subClassOf ?res.
?res owl:onProperty ro:has_function.
?res owl:someValuesFrom ?res2.
?res2 owl:onProperty ro:realized_as.
?res2 owl:someValuesFrom ?process. )
grag)h <http://purl.ora/commons/hcls/20070416/classrelations>
{{?process <http://purl.ora/obo/owl/obo#part_of> go:GO_0007166}
union
{?process rdfs:subClassOf go:GO_0007166 }}
?protein rdfs:subClassOf ?parent.
?parent owl:equivalentClass ?res3.
?res3 owl:hasValue ?gene.

gra;ah <http://purl.ora/commons/hcls/aene>
{ ?gene rdfsilabel '?'genename

graph <http://purl.org/commons/hcls/20070416>
{ ?process rdfs:label ?processname}

Mesh: Pyramidal Neurons

Pubmed: Journal Articles

Entrez Gene: Genes

GO: Signal Transduction
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DRD1, 1812
ADRB2, 154
ADRB2, 154
DRD1IP, 50632
DRD1, 1812
DRD2, 1813
GRM?7, 2917
GNG3, 2785
GNG12, 55970
DRD2, 1813
ADRB2, 154
CALMS3, 808
HTR2A, 3356
DRD1, 1812
SSTRS, 6755
MTNR1A, 4543
CNR2, 1269
HTR®, 3362
GRIK2, 2898
GRINL, 2902
GRIN2A, 2903
GRIN2B, 2904
ADAM10, 102
GRM?7, 2917
LRP1, 4035
ADAM10, 102
ASCL1, 429
HTR2A, 3356
ADRB2, 154
PTPRG, 5793
EPHA4, 2043
NRTN, 4902
CTNNDZ1, 1500

adenylate cyclase activation
adenylate cyclase activation

arrestin mediated desensitization of G-protein coupled receptor protein signaling pathway

dopamine receptor signaling pathway =~

dopamine receptor, adenylate cyclase activating pathway
dopamine receptor, adenylate cyclase inhibiting pathway

G-protein coupled receptor protein signaling pathway

G-protein coupled receptor protein signaling pathway

G-protein coupled receptor protein signaling pathway

G-protein coupled receptor protein signaling pathway

G-protein coupled receptor protein signaling pathway

G-protein coupled receptor protein signaling pathway

G-protein coupled receptor protein signaling pathway

G-protein signaling, coupled to cyclic nucleotide second messenger
G-protein signaling, coupled to cyclic nucleotide second messenger
G-protein signaling, coupled to cyclic nucleotide second messenger
G-protein signaling, coupled to cyclic nucleotide second messenger
G-protein signaling, coupled to cyclic nucleotide second messenger
glutamate signaling pathway

glutamate signaling pathway

glutamate signaling pathway

glutamate signaling pathway

integrin-mediated signaling pathway

negative regulation of adenylate cyclase activity

negative regulation of Wnt receptor signaling pathway

Notch receptor processing

Notch signaling pathway

serotonin receptor signaling pathway

transmembrane receptor protein tyrosine kinase activation (dimerization)
transmembrane receptor protein tyrosine kinase signaling pathway
transmembrane receptor protein tyrosine kinase signaling pathway
transmembrane receptor protein tyrosine kinase signaling pathway
Whnt receptor signaling pathway

Many of the genes are
indeed related to
Alzheimer’s Disease

through gamma
secretase (presenilin)
activit







http://hcls1.csail.mit.edu:8890/sparql/?query=prefix%2090%3A%20%3Chttp%3A%2F % 2Fpurl.org%2Fobo%2Fowl|%2F GO%23%3E %
0Aprefix%20rdfs%3A%20%3Chttp%3A%2F % 2Fwww.w3.0rg%2F2000%2F01%2Frdf-schema%23%3E %0Aprefix%200wI%3A%20%
3Chttp%3A%2F%2FWwww.w3.0rg%2F2002%2F 07 %2Fowl%23%3E%0Aprefix%20mesh%3A%20%3Chttp%3A%2F%2Fpurl.org%
2Fcommons%2Frecord%2Fmesh%2F%3E%0Aprefix%205c%3A%20%3Chttp%3A%2F%2Fpurl.org%2Fscience%2Fowl%
2Fsciencecommons%2F%3E%0Aprefix%20r0%3A%20%3Chttp%3A%2F%2Fwww.obofoundry.org%2Fro%2Fro.owl%23%3E%0A%
OAselect%20%3Fgenename%20%3Fprocessname%0Awhere%0A%7B%20%20graph%20%3Chttp%3A%2F%2F purl.org%
2Fcommons%2Fhcls%2Fpubmesh%3E%0A%20%20%20%20%20%7B%20%3Fpaper%20%3Fp%20mesh%3AD017966%20.%0A%
20%20%20%20%20%20%20%3F article%20sc%3Aidentified by pmid%20%3Fpaper.%0A%20%20%20%20%20%20%20%3Fgene%
20sc%3Adescribes gene or gene product mentioned by%20%3Farticle.%0A%20%20%20%20%20%7D%0A%20%20%20graph%
20%3Chttp%3A%2F%2Fpurl.org%2Fcommons%2Fhcls%2Fg0a%3E%0A%20%20%20%20%20%7B%20%3Fprotein%20rdfs%
3AsubClassOf%20%3Fres.%0A%20%20%20%20%20%20%20%3Fres%200wl%3AonProperty%20ro%3Ahas function.%0A%20%
20%20%20%20%20%20%3Fres%200wl%3AsomeValuesFrom%20%3Fres2.%0A%20%20%20%20%20%20%20%3Fres2%200w|%
3AonProperty%20ro%3Arealized as.%0A%20%20%20%20%20%20%20%3Fres2%200owl%3AsomeValuesFrom%20%3Fprocess.%
0A%20%20%20graph%20%3Chttp%3A%2F%2Fpurl.org%2Fcommons%2Fhcls%2F20070416%2Fclassrelations%3E%0A%20%20%
20%20%20%7B%7B%3Fprocess%20%3Chttp%3A%2F %2F purl.org%2Fobo%2Fowl%2Fobo%23part 0f%3E%2090%

3AGO 0007166%7D%0A%20%20%20%20%20%20%20union%0A%20%20%20%20%20%20%7B%3Fprocess%20rdfs%
3AsubClassOf%2090%3AGO 0007166%20%7D%7D%0A%20%20%20%20%20%20%20%3Fprotein%20rdfs%3AsubClassOf%20%
3Fparent.%0A%20%20%20%20%20%20%20%3F parent%20o0wl%3AequivalentClass%20%3Fres3.%0A%20%20%20%20%20%20%
20%3Fres3%200wl%3AhasValue%20%3Fgene.%0A%20%20%20%20%20%20%7D%0A%20%20%20graph%20%3Chttp%3A%2F %
2Fpurl.org%2Fcommons%2Fhcls%2Fgene%3E%0A%20%20%20%20%20%7B%20%3Fgene%20rdfs%3Alabel%20%3Fgenename%
20%7D%0A%20%20%20graph%20%3Chttp%3A%2F%2Fpurl.org%2Fcommons%2Fhcls%2F20070416%3E%0A%20%20%20%20%
20%7B%20%3Fprocess%20rdfs%3Alabel%20%3Fprocessname%7D%0A%7D&format=&maxrows=50
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the “view source” effect

prefix go: <http://purl.ora/obo/owl/GO#>

prefix rdfs: <http://www.w3.0ra/2000/01/rdf-schema#>
prefix owl: <http://www.w3.0ra/2002/07/owl#>

prefix mesh: <http://purl.ora/commons/record/mesh/>
prefix sc: <http://purl.ora/science/owl/sciencecommons/>
prefix ro: <http://www.obofoundry.ora/ro/ro.owl#>

select ?genename ?processname M ES h Can Ce r

where
{ graph <http://purl.ora/commons/hcls/pubmesh>

{ ?paper ?p .
?article sc:identified_by_pmid ?paper. ) _
?gene sc:describes_gene_or_gene_product_mentioned_by ?article.

protein rdfs:subClassOf ?res.
?res owl:onProperty ro:has_function.
?res owl:someValuesFrom ?res2.
?res2 owl:onProperty ro:realized_as.
?res2 owl:someValuesFrom ?process.
graph <http://purl.ora/commons/hcls/20070416/classrelations>

}
gEaJJh <http://purl.ora/commons/hcls/aoa>

{{?process <http://purl.ora/obo/owl/obo#part_of> }
union

{?process rdfs:subClassOf 1
”.;protein rdfls:subCIi':lssglf ?pa’;ent.3
?parent owl:equivalentClass ?res3. . 1 1
?res3 owl:hasValue ?gene. G O . R | bOSO m al P rOte | n
}
graph <http://purl.ora/commons/hcls/gene>
{ ?gene rdfs:label ?genename }

gra;)h <http://purl.ora/commons/hcls/20070416>
) { ?process rdfs:label ?processname}
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300,000,000+ RDF “triples”
pre-formatted queries
analytic software under BSD
53,000 of off-the-shelf hardware
open source triple store

available for download and mirroring



Semantic Web HCLS

“"The Semantic Web Health Care and Life Sciences Interest Group is designed to
improve collaboration, research and development, and innovation adoption in
the health care and life science industries. Aiding decision-making in clinical
research, Semantic Web technologies will bridge many forms of biological and
medical information across institutions.”

Principal activities have centered around
= Building the community

= Exploring and documenting use cases
= Converting resources to RDF

= Learning to work with semantic web query/inference technology such as
SPARQL, OWL, and rule engines.



"

"

Organization

Chairs: Eric Neumann, Tonya Hongsermeier
Group divided in to task forces (coordinator)

BioRDF. Established initially to convert biomedical data to RDF (Susie
Stephens) home page

BIONT. Established initially to be resource for ontology needs for other
groups (Vipul Kashyap) home page

DSE (Drug Safety and Efficacy). Established initially to work on SW

technology to support monitoring drug safety, pharmacovigilance (Eric
Neumann) home page

ACPP (Adaptable Clinical Protocols and Pathways) Established initially
to work on method of representing and computing applicability of
protocols to dynamically changing patient status (Helen Chen) home
page

Clinical Observations Interoperability. Established recently with two
goals 1) Establish new collaboration with health care industry players 2)
Work on issues at the intersection of electronic medical records and
health care organization needs. (Vipul Kashyap) home page
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Membership

= 64 participants from 38 organizations

= 3 Invited Experts:

Kei Cheung, Yale University

Michel Dumontier, Carleton University/Canada

Matthias Samwald, Medical University of Vienna/Austria
= Many more non-member participants

= Breakdown at
http://www.w3.0rg/2007/09/19-HCLS-participants
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Meetings

Formal F2F, January 2006, Cambridge

Formal F2F, October 2006, Amsterdam

Workshop, ISWC November 2006, Banff

Informal F2F (Demo) 3 x March/April, 2007, Cambridge
Workshop, WWW 2007, May 2007, Banff

Informal F2F (URID), July 2007, Cambridge

Formal F2F, November 2007, Cambridge



Publications

= In Print

Advancing translational research with the Semantic Web

Alan Ruttenberg, Tim Clark, William Bug, Matthias Samwald, Olivier Bodenreider, Helen Chen,
Donald Doherty, Kerstin Forsberg, Yong Gao, Vipul Kashyap, June Kinoshita, Joanne Luciano,

M Scott Marshall, Chimezie Ogbuji, Jonathan Rees, Susie Stephens, Gwendolyn T Wong, Elizabeth Wu, Davide
Zaccagnini, Tonya Hongsermeier, Eric Neumann, Ilvan Herman and Kei-Hoi Cheung,

BMC Bioinformatics 2007, 8(Suppl 3):52

An Ontology-based approach for Data Integration - An Application in

Biomedical Research

Vipul Kashyap, Kei-Hoi Cheung, Don Doherty, Matthias Samwald, M. Scott Marshall, Joanne Luciano, Susie Stephens,
Ilvan Hermanand Ray Hookway, Book Chapter in Cardoso, J,, Hepp, M, Lytras, M. (Eds.) “Real-world Applications of

Semantic Web Technology and Ontologies’, Springer 2007.

= Notes in progress

HCLS Community URI Recommendations
Senselab RDF Conversion



Presentations

WWW2007 Demo

ISMB 2007 Demo

ISMB BioOntology SIG Poster 2007
Society for Neuroscience Poster Nov 2007

Selection of presentation venues of members showing HCLS work

Bridging Pharma and IT

Drug Discovery Technology of Innovative Therapeutics
1st European Semantic Web Conference

Bio-IT World

Norwegian Semantic Web Day

InfoTech Pharma

Modern Drug Discovery and Development Summit
Massachusetts Biotechnology Panel

eScience Institute; RDF, Ontologies and Meta-Data Workshop
Virginia Biotechnology Summit

Systems Biology

Semantic Web Gathering

Allen Institute for Brain Sciences

Informatics and Interactomes in Huntington’s Disease
Ontology for Biomedical Informatics Workshop
Clinical Trial Ontology Workshop

Jackson Laboratories

Pubmed Plus

NIH Blueprint NIF Workshop



thank you
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