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Lots of Data to Analyze!

Data intensive problems exist in
every business, with more data
being generated every second

Great need for business
analytics, data mining

Industry specific
-Insurance: predicting risk
-Medical: predicting patient outcomes

Progress in neural networks, mathematic modeling,
and bioinformatics



Map of the human X chromosome

Assembly of the human genome is one of the greatest
achievements of bioinformatics.

153 million base pairs

Short stature, idiopathic familial
Leri-Weill dyschondrosteosis

Langer mesomelic dysplasia

Léukemia, acute myeloid, M2 type
Chondrodysplasia punctata

Kallmann syndrome

Ocular albinism, Nettleship-Falls type
Oral-facial-digital syndrome

Nance-Horan cataract-dental syndrome
Heterocellular hereditary persistence of fetal hemoglobin
Pyruvate dehydrogenase deficiency
Glycogen storage disease

Coffin-Lowry syndrome

Mental retardation

Spondyloepiphyseal dysplasia tarda
Paroxysmal nocturnal hemogiobinuna
Infantile spasm syndrome

Aicardi syndrome

Deafness, sensorineural
Simpson-Golabi-Behmel syndrome, type 2
Adrenal hypoplasia, congenital
Dosage-sensitive sex reversal

Deafness, congenital sensorineural
Retinitis pigmentosa

Wilson-Turner syndrome
Cone dystrophy

Aland island eye disease {ocular albinism)
Optic atrophy

Night blindness, congenital stationary, type 1
Erythroid-potentiating activity
Arthrogryposis multiplex congenita

Night blindness, congenital stationary, type 2
Brunner syndrome

Wiskott-Aldrich syndrome
Thrombocytopenia
Dent disease

Nephrolithiasis, type |
Hypophosphatemia, type Il

Proteinuria

Hodgkin disease susceptibility, pseudcautosomal
Ichthyosis

Microphthaimia, dermal aplasia, and sclerocomea
Episodic muscle weakness

Mental retardation

Ocular albinism and sensorineural deafness
Amelogenesis imperfecta

Charcot-Marie-Tooth disease, recessive
Keratosis follicularis spinulosa decalvans
Hypophosphatemia, hereditary

Partington syndrome

Retinoschisis

Gonadal dysgenesis, XY female type

Mental retardation, non-dysmorphic
Agammaglobulinemia, type 2

Craniofrontonasal dysplasia

Opitz G syndrome, type |

Pigment disorder, reticulate

Melanoma

Duchenne muscular dystrophy

Becker muscular dystrophy

Cardiomyopathy, dilated

Chronic granulomatous disease
Sayder-Robinson mental retardation

Nomie disease

Exudative vitreoretinopathy

Coats disease

Renpenning syndrome

Retinitis pigmentosa, recessive

Mental retardation, nonspecific and syndromic
Dysecythropoietic anemia with thrombocytopenia
Chondrodysplasia punctata, dominant
Autoimmunity-immunodeficiency syndrome
Renal cell carcnoma, papiliary

Faciogenital dysplasia (Aarskog-Scott syndrome)
Chorioathetosis with mental retardation
Sarcoma, synovial

Prieto syndrome

Spinal muscular atrophy, lethal infantile




What is Bioinformatics?

* Entails the creation and advancement of
databases, algorithms, computational and
statistical techniques and theory to solve formal
and practical problems arising from the
management and analysis of biological data.

 Mapping and analyzing DNA and protein
sequences

e Aligning different DNA and protein sequences to
compare them and creating and viewing 3-D
models of protein structures.



Bioinformatics

* Focus on developing and applying computationally
intensive techniques pattern recognition, data
mining, machine learning algorithms, and
visualization

 Major research efforts in the field include sequence
alignment, gene finding, genome assembly, drug
design, drug discovery, protein structure alignment,
protein structure prediction, prediction of gene
expression, and protein-protein interactions,
genome-wide association studies and the modeling
of evolution.



The Revolutionary Gene Chip

* Affymetrix led the way

gl

* Shows what genes are :
upregulated/downregulated E %
*Tests for thousands of genes §

*RNA data can be correlated
with secreted proteins via
ELISA and proteomics
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Effects of Hypoxia on Gene
Expression

GENE FOLD INCREASE
LAMG3 3.99
LAMAS 3.37
LAMG2 2.92
LAMA1 2.01
LAMB1 21.45
LAMG1 19.95
LAMA4 17.77
LAMA2 9.58
COL4A5 17.86
CXCL12 47.8
NID2 8.87
NID1 4.45
NOTCH2 15.7

GENE FOLD INCREASE I;?C%SEASE
Wnt 4 5.94
Wnt 7a 5.43
Wnt 7b 4.05
Wnt 2b 3.95
Wnt 10a 3.86
Wnt 8b 3.48
Wnt 6 3.36
Wnt 3a 3.19
Wnt 9b 3.06
Wnt 9a 3.02
Wnt 11 2.89
Wnt 5a 8.33
Wnt 2 7.14
Wnt 5b 5.26

Gene Expression (Fold Increase)
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Embryonic Stem Cell Markers

Hair Follicle Cells
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New Technologies Can Improve
Decision-Making & Trial Design

Average cost of developing successful new drug
exceeds $802 million, 8 years

Molecular data can:

-Help design better-powered trials, cut phase times &
clinical costs

- Identify failing candidates earlier
- Improve clinical success rates

- Enhance intellectual property position and/or
marketing claims



RNA profiling by RT-PCR and microarray reveals
biologically meaningful information on skin
pathophysiology




Tracking Therapeutic Effect: Enbrel Study Results

Decreases in IFNy, IL-12B, IL23A mRNA correlated with clinical
improvement over time (trend seen with TNFa). Evidence that
early molecular changes correlate with future clinical effect

Summary of correlation coefficients and p values for predictive comparisons
between early change in gene expression and long-term clinical response.

Time interval and correlation data

Week (0, 1) mRNA vs. Week (0, 8) NPF  Week (0, 4) mRNA vs. Week (0, 8) NPF

Correlation Correlation
Gene coefficient: R One-sided t-test coefficient: R One-sided t-test
TNFa - — 0.69 0.05<P<0.1
IFNy = — 0.694 0.05<P<0.1
Krt-16 -0.856 0.025< P <0.05 — —
IL-12B - — 0.796 0.05<P<0.1

IL-23A 0.8 0.025 <P <0.05 0.784 0.025 <P <0.05




New Era In Drug Development

Theranostics defines the development of diagnostic tests that
identify patients most suitable for a drug and provide feedback
as to how the drug is doing

“The utilization of diagnostic assays that go alongside treatment
with Herceptin represents a dramatic success story in the area of
pharmacogenetics and gives us some idea of what the process
of parallel development of diagnostic assays and drugs will look
like down the road.”

Oren Cohen, M.D., CMO, CSO, QuintilesTransnational Corp

 HercepTest and PathVysion for the assessment of HER2 over
expression for assessment of patients with metastatic breast
cancer suited for Herceptin (Genentech);2003 sales S425M

* VentanaDx c-Kit for identification of patients to receive Gleevec
for CML (Novartis); 2003 sales S1.13B



Companies in Theranostics

* Abbott Labs: Vysis, a genomic-disease-management company
* Genentech: HercepTest and PathVysion
— Every therapeutic paired with a companion diagnostic

 Wyeth: Mylotarg for treatment of CD33 positive acute
myeloid leukemia

* Roche diagnostic division

* Sanofi-Aventis: Enox test card for detection of
anticoagulation activity of Lovenox (enoxaparin)

* ImClone: EGFR pharmDx to qualify patients for Erbitux

Powered by Affymetrix, Celera, lllumina, Life Technologies, and
many others



Gene Expression Profiles Distinguish “Youth” and
“Old” Groups

GeneChip data analysis

o GCRMA normalization
e ~14,000 genes after eliminating very low I_J;———%:—‘L‘j l
expressed genes (expression level < 100 :

across all samples)
o t-test was performed to compare “young”

(23 ~ 29) and “old” (60 ~ 69), (p<0.05)
e Multiple testing correction
* Benjamini and Hochberg
e False discovery rate (q < 0.05)
o Results in finding of 483 differentially expressed
genes identified ==
o PAM (Prediction Analysis for Microarrays) =
used to rank these genes: between “young”
and “old” L o
e 100 highest ranked genes selected LS
e Hierarchical clustering analysis | =<0
* “Young” (N=5) ==
¢ “0ld" (N=7) (=
e Develop "Skin age index” to predict aging
Preliminary Conclusion
e 100-gene classifier developed that discerned
skin from “young” and “old” individuals
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Skin age index = Sum of “Group A” — Sum of
“group B” + a (constant)



100-Gene Classifier Distinguishes “Young” and “Old”
Individuals

Test Set: individuals Test Set: individuals
belong to “Young” group belong to “Old” group
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Knowledge Management
Gaining Greater Importance

* The Practice of selectively applying knowledge from
previous experiences of decision making to current
and future decision making activities with the express
purpose of improving the organization’ s
effectiveness
— Decision making processes (Go/No GO)

— Improving decisions (based on time, cost)
— Knowledge in Action (touches every step)

e KM success is linked to improving organizational and
individual performance
— Improve effectiveness/margins
— Improve product cycle times
— Reduce rejects
— Improve customer satisfaction



Organizations that invest in
analytics are seeing the results

Organizations who are Top performers are 5.4X
leading in analytics more likely to use an
outperform those just analytic approach over
beginning by 3X Intuition

, MIT Sloan Management Review /IBM Institute of Business Value study



L L)

Watson answers a grand challenge

)

Can we design a computing system that rivals a human's abilty to answer
questions posed in natural language, interpreting meaning and context and
retrieving, analyzing and understanding vast amounts of information in real-time?




What is Watson?

 Watson is a workload optimized computer system
that battled Jeopardy’ s best human players

* A computing system built by a team of IBM
scientists who set out to create a system that rivals
a human’ s ability to answer questions posed in
natural language with speed, accuracy and
confidence

* A system that rapidly processes information to find
precise answers to complex questions — which holds
enormous potential for businesses



What is Watson?

“Of course a lot more is at stake than
just a game show victory...Researchers
have their sights set on applying the
technology in fields from health care
to help desks...It's easy to see how
such a breakthrough could be put to
good use there, helping doctors to
accurately diagnose patients’
conditions by sifting through
mountains of data in mere seconds.”
USA Today, 1/14/11



A new paradigm in IT

— The computing paradigm for business has changed — new
systems underlie every business process, and the
hardware and software performance in those systems is
closely tied to actual business performance

— Watson harnesses IBM’ s workload optimized POWER7
system which can process thousands of simultaneous tasks
at rapid speeds

— Such technology can be adapted to
diagnose disease, handle online
technical support, parse vast tracts
of legal documents and impact
healthcare, government,
transportation, and other industries




The future of business is in the data

— Watson-like analytics applied to business can provide
answers with a confidence ranking that can be gleaned
from both structured and unstructured data by running
hundreds of different kinds of analytical queries across all
different kinds of information

— Applying those innovations to an organization can help
transform business models — meaningful insights from
information can help anticipate and shape better business
outcomes, improve business operations and boost service

to customers é}a{%
Q




“Real Time ™ Data Analysis

Computing underlies operations—from supply chain
management, to human resources and payroll, to
financial management, security and risk.

Instrumented roadways, power grids, consumer
goods and food—businesses need the ability to
analyze the data coming from these sources

Today’ s businesses require the same
kind of information consumption,
advanced analytics and real-time
response that is needed to answer
qguestions on Jeopardy!




Computational Science and
Engineering is Essential!

Solving data intensive problems “real time”
Bioinformatics rapidly growing in use

Computational localization/targeting and
robotics expanding

Businesses of all types need reliable and fast
analysis to help direct their business
operations and strategy

YOU ARE THE SOLUTION!



