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Presentation Summary
* 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)

MDR Informatics Areas

* 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, assessn

SYSTEMS BIOLOGY

® 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




Data Integration: Phylogeny
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Data Integration:
What other data is there to integra_
* Literature S
= key stimulant of interest ,fg . o
* Expression , Xpression -
= is the gene expressed in tissues Microarcay - -
relevant to the disease? ' Expression - protein

= Genome scale: Microarray technology  «|mmunohistochemistry
8]

= Focused follow up: TagMan, ISH, IHC (IHC)

Uses antibodies to

* Phenotypic data:

= Genetics Expression - KOs
+ do people with flaws in this gene get ,RNAi -
sick more often?
+ Polymorphisms (SNPS) — genetic
association, linkage analysis
= Mouse KO/Transgenics
+ Identifying pathways from genetics
= RNAi in-vitrolin-vivo
* Protein Structure analysis/modelling

»KO mice
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Hypothesis-Driven Research

Combining validation data for finding
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Permits prioritisation of targets to progress based on genetic, genomic and
tractability data

Represents a systematic and stringent approach
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Literature Imaging Studies / translational medicine
Rich source of similar studies \
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Phenotype studies:
*Mouse knockouts
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What is required

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 inevitabIY 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...

_ Ontologies
* Build standard vocabularies to accommodate these
different data
* Effective and standardised representation of

biological knowledge to permit mining and effective
cross-ailerving

° the obo foundry
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= |mprove interpretation of data generated through new
initiatives cited above

Ontologies are powerful tools for
connecting data

IKBKB

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

Pathway/Network Biology and
Drug Discovery

. rF]’alth\évay identification, extension, inference, modelling can
elp 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

Pathwax/Network Analysis

* Do we have sufticient data within NeurGsciences
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

What data is particularly relevant to
Neuroscience?

* The 1990s: “Decade of the Brain”
= Recognition of social and economic burden of brain disease

= [ncreasing 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)




Pathway/Network Informatics

* 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

Literature
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Identification of Pathways from Network

«+ Overlay specific cell type data to help with comparison of model systems/ cell lines

Monocyte derived Macrophages
Resting

Detection ined by:
Intensity >50 and p value <001
Change in regulation deter

= Detected C—INot Detected B8 Up-Regulated Pualue < 0,05, >1.5

Generating networks

Mechanistic hypothesis }—" Relevance to disease

Add to database of  N-1oUse Literature
annotation buckets  nteraction interaction
data

\ / database

Generate interaction network

Appropriate Co-expression /
mechanism b_ased correlation filters
platform studies (genelogic / Allen Brain
In-vivo/invitro Atlas)

Annotate «— Refine interaction network i .co relevant/specific data

Whole Genome Scans
Disease/control post-mortem
microarray/proteomic studies
Annotate «— Interrogate interaction network
Buckets generated through automated methods far

outweigh those derived from manual processes outline
above. Source data and assumptions affect quality
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Compartmentalisation can help
refine expanded Network

Or correlated,expr_e's'sioﬁ (Genelogic/Allen Brain Atlas)

Node colours represent cellular
localisation
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AND THEN THERE IS PATHWAY ANALYSIS: GENETIC
ANALYSIS OF COMPLEX DISEASE MUST FACTOR IN
MULTIGENE EFFECTS

Associated Loci with
SNP functional effect
predictions and
candidate genes
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Generating networks

Mechanistic hypothesis }—" Relevance to disease

In-house Literature
interaction interaction
dat:

a \ / database

Generate interaction network

Add to database of
annotation buckets

Appropriate Co-expression /
mechanism based correlation filters
platform studies (genelogic / Allen Brain
In-vivo/invitro Atlas)

Annotate Refine interaction network pqae relevantispecific data

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

Annotate «— Interrogate interaction network
Buckets generated through automated methods far
outweigh those derived from manual processes outline
above. Source data and assumptions affect quality

Identifying significant biological processes within complex
disease relevant datasets

‘ Mechanistic hypothesis }—" Relevance to disease

Query biological pathways/
networks subset of bucket
database

<— Disease relevant dataset such as WGS

Prioritised list of pathways predicted

l to be relevant to disease set
Identify those pathways hit J

significantly more than
expected by chance and
weight by input pValue of
observations

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?




Literature

- efficacy

Compound profiling

Thanks to

* Past and present
= CB/MDR Ix staff
= MDR IT staff

* BIOMARKERS / MULTIPLATFORM
APPROACHES

Compound view

Mathods Find b5
1SSH 0375-0355.
Copyright 2003 Prous
Ccc: 0379-0353
01 10.1358/mi.2005.

Research on adverse drug events. I. Muscarinic M3
receptor binding affinity could predict the risk of
antipsychotics to induce type 2 diabetes.

Silvestre, J.S., Prous, J.
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Biomarkers

* “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

¢ |dentify 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




Increasing rigour of validation

Clinical biomarkers in drug
discovery

Level 3 Biomarker:
Predict clinical outcome

Level 2 Biomarker:
Demonstrate biological
mechanism of action

Level 3

* Surrogate endpoints

* Predictive power for a desired
clinical outcome

* RNA viral loads in HIV

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

Level 1 Biomarker:

Confirm pharmacological mechanism
of action

Increasing confidence in efficacy

Identifying biomarker panels

® Pilot studies:
= Depression
= Alzheimers
* Bloods from case/control populations
= Clinical parameters
= Genotype
= Proteomics
= Transcriptomics
e Ma;chine Learning approaches and training
sets

= “minimum panel of 9 analytes capable of
segregating case/control with 78% accuracy”




