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Chris Larminie 

• QUICK overview of GSK R&D 
• Integrating data 
• Network / pathway analysis 
• Neuroinformatics and issues pertinent to 

this field 
• Informatics and Industry 
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Nature Reviews Drug Discovery 2, 222-230 (2003) 

Developing a new medicine costs over $500 million and takes over 12 years 

•  Gene Identification, validation & classification 
•  HTS support, compound collections, (sub)structure 

searches, hard/soft filtering, HIT identification 
•  Data integration, application development 

■  Unless integration is needed for a specific analysis project 
•  LIMS, data collection and pipelining 
•  Platform support (primer designs, SNP assay selection, etc.)  
•  Data analysis and interpretation 

■  Sequence analysis 
■  Platform data analysis 
■  Network/Pathway analysis 
■  Structural analysis 

•  New methods development, assessment and assimilation 

•  Progress in systems biology may be seen to 
rest on (at least) a three-way foundation: 

■ Pathways/Networks:  understanding the 
interactions that comprise biosystems 
■ Ontologies:  the effective representation  

of biological knowledge in all its richness 
■ Data Integration:  the ability to combine 

and analyse (quality) data from myriad 
sources 
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•  Gene Relevant Annotation 
■  Names & Aliases 
■  Putative function 
■  Representative sequence 

◆  Genetic context 
◆  Tracking variants 

▶  Polymorphisms / splice variants / 
mutations 

•  Orthologues 
■  Model organisms – allow study of the target 

in an animal to gain useful biological or 
genetic information relevant to the human 
gene 
◆  Function / disease relevance / toxicity / DMPK 

■  Best defined by phylogeny and/or synteny, 
but reciprocal blast often used 

■  Absence of clear orthologue may indicate 
organism is not a suitable model 

We are reliant on public domain 
sources but enhance this with GSK 
relevant information and standards 

•  Literature 
■  key stimulant of interest 

•  Expression 
■  is the gene expressed in tissues 

relevant to the disease? 
■  Genome scale: Microarray technology 
■  Focused follow up: TaqMan, ISH, IHC 

•  Phenotypic data: 
■  Genetics 

◆  do people with flaws in this gene get 
sick more often? 

◆  Polymorphisms (SNPS) – genetic 
association, linkage analysis 

■  Mouse KO/Transgenics 
◆  Identifying pathways from genetics 

■  RNAi in-vitro/in-vivo 
•  Protein Structure analysis/modelling 

Hypothesis1 Experiment1 Dataset1 Result1 

Hypothesis2 Experiment2 Dataset2 Result2 

Hypothesis3 Experiment3 Dataset3 Result3 

Hypothesisn Experimentn Datasetn Resultn 

. . . 
. . . 

. . . 
. . . 

Combining validation data for finding  
targets – integrating validation data 

Candidate genes in 
genetics study  
(human) 

Microarray study 
comparing KO mouse 
to wildtype (mouse) 

Expression in 
disease tissue 
according to IHC 
(rat) 

Drug targets 

Data from different sources can be combined to be more powerful than one 
source alone (reduced risk of false positives) 

Permits prioritisation of targets to progress based on genetic, genomic and 
tractability data 

Represents a systematic and stringent approach 

Schizophrenia 
associated SNPs 

Genes associated with 
schizophrenia 

Distribution in normal tissues 

Differential 
expression in 
human samples 

Differential expression in 
in-vivo and in-vitro models 

Phenotype studies: 
• Mouse knockouts 
• In vivo / in-vitro RNAi 

Literature 

Tissue profiles built from microarray data 
Tissue profiles from Taqman data 
Tissue distribution from ISH / IHC studies 
Imaging Studies / translational medicine 

Data generated from microarray 
and proteomic analysis of 
disease vs normal post-mortem 
brain samples Data generated from microarray 

analysis of antipsychotic treated 
rats and from isolation reared 
rats 

Transcriptional profiling of EDG2 
KO mouse 

Rich source of similar studies 

Schizophrenia: High-throughput 
candidate gene studies and WGA 

Pathway studies: 
• Immunoprecipitation 
• Y2H 

Experimental pathway expansion/confirmation 

Disease view (PSTUD) 

Me
ch

an
ism

 

expression 

phenotype 

G
en

et
ic

s 

m
icroarray 

Ge
ne

s o
f I

nt
er

es
t 

Pa
th

wa
y s

– Y
2H

 
Ex

pr
es

sio
n 

– L
ac

Z 
St

ain
in

g 
Ex

pr
es

sio
n 

– 
Ve

nd
or

 p
ro

vid
ed

 
IH

C 

Ex
pr

es
sio

n 
– R

T-
PC

R 

Different lines of evidence to find a drug target for a specific disease:  

This Approach permits merging of general 
information with disease-specific/relevant 
information at gene level 
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•  Standard sample management/handling 
•  Standard data generation methods 
•  Standard QC analysis methods 
•  Standard significance/reporting cut-offs 
•  Agreed common standard for cross-reference 
■  Gene? 
■  Protein? 
■  Genomic position? 

•  Pragmatism! 
■  Balance standardisation with the need for the bespoke, 

avoid needless digression from established protocols 
◆  Some detail is inevitably lost through standardisation, determine 

cost-benefit and tactical versus strategic 
◆  If reasonable, report results from non-standard analyses and 

annotate as such 
• Where one size does not fit all… 

•  Build standard vocabularies to accommodate these 
different data 

•  Effective and standardised representation of 
biological knowledge to permit mining and effective 
cross-querying 

• OBO 
■  OBO foundry 
◆  Gene Ontology Initiative 
▶  GO CNS Terms: 2001: <100, 2007: >4000 

◆  Anatomical Ontologies 
◆  Jackson Labs 
◆  MeSH 

•  Can permit translation of information/data 
generated in one area to another 
■  Utilise current data/knowledge more effectively 
■  Improve interpretation of data generated through new 

initiatives cited above 

IKBKB 

GREEN: Genes with an IL-1B secretion KO phenotype that link directly to components of inflammasome  
RED: Genes with an IL-1B secretion KO phenotype that relate to the inflammasome  

•  Pathway identification, extension, inference, modelling can 
help for: 
■  Novel targets and biomarkers identification 
■  Disease understanding 
■  Mechanisms of action (MOA) understanding 
■  Potential safety concerns 
■  Combination therapies 
■  Alternative indications 

•  Permits collapse of pertinent data around a series of genes 
linked by a common biological context 

•  Permits identification of common, known pathways 
represented in multiple platform datasets 
■  Pathways are often more stably represented than their constituent 

genes 
•  Permits identification of “novel” disease mechanisms from 

datasets 
•  Essential for data driven polypharmacological approaches 

• Do we have sufficient data within Neurosciences 
to power pathway/network based analysis 
approaches? 
■  Advent of platform based approaches to studying 

neuroscience has dramatically increased data space 
over recent years 
◆  Are these data of sufficient quality? 

▶  Reproducibility/variability 
◆  Can we gain sufficient access to it? 

▶  Data storage and structure 
▶  Data silos/ Data access 
▶  Data reporting, sharing and distribution 

◆  Data annotation: can we find it? 
▶  Semantics of data 

• We need to generate more data and improve 
reporting, description and storage of these data to 
maximise its benefit 
■  Better industry, academic partnering 
■  Support ontologies 
■  Enforce journal and grant awarding body rules 

•  The 1990s: “Decade of the Brain”  
■  Recognition of social and economic burden of brain disease 
■  Increasing confidence amongst research community that brain 

disease is now a tractable problem 

•  Are we only now realising the benefits of this? 
■  Broad Institute 
■  Allen Brain Atlas 
■  Genetic studies 
■  Genomic studies 
■  (Jackson Lab KO ontologies) 
■  Neuroimaging and other translational medicine approaches 
■  Better integration between these data / sites 

Nature Neuroscience  2, 487 (1999)  
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•  Pathway Informatics (and platform data) require tools 
to analyze gene sets rather than individual genes, in 
the context of very large databases of known 
relationships and interactions: 
■  Relationship data compiled into gene ‘buckets’ from multiple 

sources in multiple ‘universes’ 
◆  involved in the same pathway, part of the same network, 

coexpressed, genetically linked, phylogenetically related, … 
◆  In excess of 1m currently available 

■  Interaction data from different sources binds, regulates, 
phosphorylates, degrades 
◆  Gene/protein/metabolite/compound 

•  And determine if those observations are significant 

Disease relevant/specific data 
Whole Genome Scans 
Disease/control post-mortem 
microarray/proteomic studies 

Literature 
interaction 
database 

In-house 
interaction 
data 

Generate interaction network 

Refine interaction network 

Co-expression / 
correlation filters 
(genelogic / Allen Brain 
Atlas) 

Appropriate 
mechanism based 
platform studies 
In-vivo/invitro 

Interrogate interaction network 

Annotate 

Annotate 

Add to database of 
annotation buckets 

Buckets generated through automated methods far 
outweigh those derived from manual processes outline 
above. Source data and assumptions affect quality 

Mechanistic hypothesis Relevance to disease 

• Our molecular mechanistic understanding of 
CNS is improving 
■  genes” returned (B4): 
◆  Query: “central nervous system[mh]” OR “central 

nervous system diseases”[mh] 
◆  1997-2006: 1271 
◆  1987-1996: 902 
◆  1977-1986: 96 

■  Gene Ontology annotation reflects this 
■  We can improve on this by “hijacking” knowledge 

of molecular mechanisms and pathways 
elucidated from other tissues/diseases 

■  BUT… 

Using literature knowledge to identify CNS 
disease mechanisms will bias interpretation of 
your dataset 

Building network from literature 
Connections between groups of genes (ZPAsis) 

Connections are labeled 
with “mouse-over” 

And clickable 
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Compartmentalisation can help 
refine expanded Network 

Or correlated expression (Genelogic/Allen Brain Atlas) 

40% of WGS in 07/08 are 
relevant to Neuroscience 

WGS expt 

Analysis 

Result 

Interpretation 

Associated Gene 
Hypothesis 

Associated SNPs 

Associated Loci with 
SNP functional effect 
predictions and 
candidate genes 

Clinical data acquisition 

Sample Management 

Sample Tracking 

Statistical Methods 
Development 

HapMap: 
Linkage disequilibrium 

SNP function prediction 
And Data integration 

AND THEN THERE IS PATHWAY ANALYSIS: GENETIC 
ANALYSIS OF COMPLEX DISEASE MUST FACTOR IN 

MULTIGENE EFFECTS 

P = 0.004 
P = 0.015 

P = 0.035 

Disease relevant/specific data 
Whole Genome Scans 
Disease/control post-mortem 
microarray/proteomic studies 

Literature 
interaction 
database 

In-house 
interaction 
data 

Generate interaction network 

Refine interaction network 

Co-expression / 
correlation filters 
(genelogic / Allen Brain 
Atlas) 

Appropriate 
mechanism based 
platform studies 
In-vivo/invitro 

Interrogate interaction network 

Annotate 

Annotate 

Add to database of 
annotation buckets 

Buckets generated through automated methods far 
outweigh those derived from manual processes outline 
above. Source data and assumptions affect quality 

Mechanistic hypothesis Relevance to disease 
Mechanistic hypothesis Relevance to disease 

Query biological pathways/
networks subset of bucket 
database 

Disease relevant dataset such as WGS 

Identify those pathways hit 
significantly more than 
expected by chance and 
weight by input pValue of 
observations 

Prioritised list of pathways predicted 
to be relevant to disease set 

Test (eg RNAi in appropriate cellular 
assay) 

BUT: Which gene(s)? 
A pathway may be significant but individual genes may have small 
component effects, may need to knockout/down >1 
Many significant pathways/networks identified, do we test in each? 
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Proteomics 

Transcriptomics 

Genetics 
Taqman 

Mouse KOs 
ISH/IHC 

RNAi 

HTS data 

tox 

Compound profiling 

DMPK 

Clinical trials 
 - safety 
 - efficacy 

Literature 

INTEGRATION 

Compound view 

Genes Compounds 

aliases aliases 

Potency 

Specificity 
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• Past and present 
■ CB / MDR Ix staff 
■ MDR IT staff 

Platform Dataset 

Platform Dataset 

Difficult Cross 
Integration 

. . . 

Result1 

Resultn 

. . . 

. . . 

Samples 
Hypothesis 

• BIOMARKERS / MULTIPLATFORM 
APPROACHES 

•  “A characteristic that is objectively measured and evaluated 
as an indicator of normal biological processes, pathogenic 
processes or pharmacological responses to a therapeutic 
intervention” 

» NIH Biomarkers Definitions Working Group 
•  Improve understanding of the therapeutic area and disease 

pathophysiology 
•  Increase understanding of MOA of compound(s) and target 

both pre-clinically and clinically 
•  Identify profiles characteristic of unwanted toxicity in early 

drug candidate screening 
•  Provide evidence of drug efficacy and safety in early trials 
•  Enhance experimental and clinical design 
•  Provide means to make better clinical trial decisions earlier 

through use of surrogates 
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Level 3 
•  Surrogate endpoints 
•  Predictive power for a desired 

clinical outcome 
•  RNA viral loads in HIV 

Level 1 Biomarker: 
Confirm pharmacological mechanism 

of action 

Level 2 Biomarker: 
Demonstrate biological 
mechanism of action 

Level 3 Biomarker: 
Predict clinical outcome 
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Level 2 
•  Confirm drug is producing desired 

pharmacodynamic effect directly 
related to it’s potential for efficacy 

Level 1 
•  Proof of mechanism biomarkers 
•  Show drug is modulating 

biochemical/molecular target in 
vivo 

• Pilot studies: 
■  Depression 
■  Alzheimers 

• Bloods from case/control populations 
■  Clinical parameters 
■  Genotype 
■  Proteomics 
■  Transcriptomics 

• Machine Learning approaches and training 
sets 
■  “minimum panel of 9 analytes capable of 

segregating case/control with 78% accuracy” 


