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When can we expect the impact
from the HGP to be realized?



%7 Genetic vs Genomic Disease

i -
NS * Genetic disease = Single gene causes
i - Sequence variant causes disease
- e.g., Huntington’s disease, cystic fibrosis
NG - Known in medical practice for >100 yrs
“9 - Rare (<200,000 U.S. prevalence)

{ * Most people not directly affected

:".s._; * Thus, genetics has traditionally played
only a “niche” role in health care and
< clinical research

T



!  Genetic vs Genomic Disease

N7 * Genomic Disease: Multiple genes change risk

—

N - variant predisposes fo disease (A risk 5-50%0)

- a.k.a., ‘polygenic’, ‘common’, ‘complex’

- e.g., hypertension, obesity, Alzheimer’s disease
* ApoE (Alzheimer’s disease)

* BRCA1 & 2 (breast & ovarian cancer)
* Factor V (DVT)

: * PPARY (Type 2 diabetes)
Sy * Virtually all diseases have heritable component

- Other component is environmental (e.g., diet, smoking)
\) * Thus, most people directly affected

' * Thus, genetics Is playing an increasingly large role in
s health care and clinical research



Stages of Deciphering the Genome

THE &
HUMAN B
GENOME

April 15, 2003:
“Finished” reference
seguence

%
RAY Ameaiian s ugmnus

The Diploid Genome Sequence of an Individual Human

Samuel Levyl®, Granger Suttonl, Pauline C. Ngi, Lars Feuk2, Aaron L. Halpernd, Brian P. Walenzl, Nelson
Axelrody, Jiagi Huang?, Ewen F. Kirl iG dy Denisovl, Yuan Lind, Jeffrey R. MacDonald2, Andy
Wing Chun Pang2, Mary Shago2, Timothy B. Stockwelld, Alexia Tsi i1, Vineet Bafna2, Vikas Bansal2,
Saul A. KravitzL, Dana A. Busam?, Karen Y. Beeson, Tina C. McIntosh®, Karin A. Remington?, Josep F.
Abril2, John Gill%, Jon Bormand, Yu-Hui Rogers, Marvin E. Frazierl, Stephen W. Scherer?, Robert L.

2007 - : Defining genome 2002'2097: peflnlng g.enome
variation in populations

variation in individuals




International HapMap Project

Home | About the Project | Data | Publications | Tutorial

F3r | English | Francais | 458 | Yoruba

What Is the HapMap?

What is the HapMap? The HapMap is a catalog of commeon genetic variants that occur in human beings. It describes what these variants are, where they occur in our DMA, and
Origins of Haplotypes how they are distributed among people within populations and ameng populations in different parts of the world. The International HapMap Project is not
Health Benefits using the infermation in the HapMap to establish connections between particular genetic variants and diseases. Rather, the Project is designed to provide

. information that other researchers can use to link genetic variants to the risk for specific illnesses. which will lead to new methods of preventing,
Populations Sampled diagnosing, and treating disease.

Ethical Issues

Consent Forms

Community Advisory Groups(CAG)
Data Release Policy

The DNA in our cells contains long chains of four chemical building blocks - adenine, thymine,
cytosine, and guanine. abbreviated A, T, C, and G. More than 6 billion of these chemical bases,
strung together in 23 pairs of chromosomes, exist in a human cell. (See
http:/iwww.dnaftb.org/dnaftb/ for basic information about genetics.) These genetic

Guidelines For Data Use sequences contain information that influences our physical traits, our likelihood of suffering from
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Guidelines For Referring to HapMap Populations

Project Information

About the Project

HapMap Publications
HapMap Tutorial

disease, and the responses of our bodies to substances that we encounter in the environment.

The genetic sequences of different people are remarkably similar. When the chromosomes of
two humans are compared, their DNA sequences can be identical for hundreds of bases. But at
about one in every 1,200 bases. on average. the sequences will differ (Figure 1). One person
might have an A at that location, while another person has a G, or a person might have extra
bases at a given location or a missing segment of DNA. Each distinct "spelling” of a
chromosomal region is called an allele, and a collection of alleles in a person’s chromosomes is
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AACTACTTCATT TITAARAGTE TAACACAT CLTAZG ATAGET GAAL TOTCOTCC TECCAATG TR T TGCACATTIG TG
CEARATLORGEATGEGTATATTTGLCATT TACARSG GTT TRTETCITAA A GHARATATGAAGAG T ALANT AGT
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ATTACTCATGTATITTCC TWGAATT TAMGTETTTTRA TT TGAT LAATCCCARTATGAGAT ALGATARGTATT AGTGAT
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HapMap Mailing List
HapMap Project Participants
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Differences in individual bases are by far the most common type of genetic variation. These

genetic differences are known as single nuclectide polymorphisms, or SMPs (pronounced
"snips"). By identifying most of the approximately 10 million SMPs estimated to occur
commonly in the human genome, the International HapMap Project is identifying the basis for a
large fraction of the genetic diversity in the human species.

known as a genotype.

HapMap Mirror Site in Japan

Useful Links

HapMap Project Press Release
MHGRI HapMap Page

MNCBI Variation Database (dbSNP)
Japanese SMP Database (JSNP)

Figure 1: When DNA sequences on & part of
For geneticists, SNPs act as markers to locate genes in DNA sequences. Say that a spelling Gfomosome 7 from fwo random individuals are
change in a gene increases the risk of suffering from high blood pressure, but researchers do €OMPared, fwo single nucleotide polymorphisms (SNPs)
not know where in our chromosomes that gene is located. They could compare the SNPs in @6cur in about 2,200 nucleotides.
people who have high blood pressure with the SNPs of people who do not. If a particular SNP is
mare commen among people with hypertension, that SNP could be used as a pointer to locate and identify the gene involved in the disease.

A2 SHF 3P
3he: | . - . , . .
b { ' v However, testing all of the 10 million common SNPs in a person's chromosomes would be extremely expensive. The development of the HapMap will
enable geneticists to take advantage of how SNPs and other genetic vanants are organized on chromosomes. Genetic variants that are near each other
Ctromzsoms ] AACACGCEA.... TTEGGGGTC.... ABTEGALCE. ... R - = A
e e i e tend to be inherited together. For example, all of the people who have an A rather than a G at a particular location in a chromosome can have identical
biramogame e e **  genetic variants at other SNPs in the chromosomal region surrounding the A. These regions of linked variants are known as haplotypes (Figure 2).
Chromzomed AAGATGOGA, .. TTCGEGETE o AGTCAACOG....
Ciromisane Aluccu....‘rrca BOTG. ABTERACER. many parts of our chromosomes, just a handful of haplotypes are found in humans. [See The Origins of Haplotypes.] In a given population, 55
. s percent of people may have one version of a haplotype, 30 percent may have another, & percent may have a third, and the rest may have a variety of less
R T N commen haplotypes. The International HapMap Project is identifying these common haplotypes in four populations from different parts of the world. It also
b Hagohypes i is identifying "tag” SNPs that uniquely identify these haplotypes. By testing an individual's tag SNPs (a process known as genotyping), researchers will

Heghtye ! CTCAARGTACGGTTCAGGEA
Hephiye? TTGATTRCGCAACAGTAATA
Hipktpad CCCGATCTGTGATACTGETE

be able to identify the collection of haplotypes in a person's DNA. The number of tag SNPs that contain most of the information about the patterns of
genetic variation is estimated to be about 300,000 to 600,000, which is far fewer than the 10 million common SNPs.



Genome-Wide Association Studies
(GWAS)

* Method for interrogating all 10 million variable
points across the human genome

* Variation inherited in groups, or blocks, so not all
10 million points have to be tested

* Blocks are shorter (so need to test more points)
the less closely people are related

* Technology now allows studies in unrelated
persons, assuming ~10,000 base pair lengths in
common (300,000 — 500,000 markers)




2007: The Year of GWA Studies?

Genome-wide association study of 14,000

cases of seven common diseases and
3,000 shared controls

The W

SC(]UCI]_CC x’dl“ldl]_la ]_I]_ []‘]_C We followed up on 37 SNPs from 31 distina locl, associated at
P < 1077 on initial analysis of the WTCCC data set. Support for some
au lf}l_‘)]‘ldg}r gCI].C IRGM dlld of these markers diminished in the final WTCCC analysis after

extensive data fAltering’. We selected two markers for each locus
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. 4 I I (4 By

SHPs in a new panel of 1,182 individuals of European descent with

SUSCE
vis 2 RODUSt associations of four new chromosome regions

Mark Tre

i from genome-wide analyses of type 1 diabetes
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2007: The Year of GWA Studies?

Genome-wide association study identifies
novel breast cancer susceptibility loci
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uleepo

Hui-che Dreast cancer

Sheila 5

Borge G. David
Jolanta | gholor

Dzehee i COMmMmon variants on chromosomes 2q35 and 16q12
sand: confer susceptibility to estrogen receptor—positive

Richar

Giles” breast cancer

Simon N Stace}'], Andrei Manolescu', Patrick Sulem!, Thorunn Rafnar!, Julius Gudmundsson',
Sigurjon A Gudjnnssml], Gisli Masson!, Margret Jakobsdottir!, Steinunn Thorlacius!, Agnar Helgason’,
Katja K Aben®?, Luc ] Strobbe?, Marjo T Albers-Akkers’, Dorine W Swinkels’, Brian E Henderson®,
Laurence N Kolonel”, Loic Le Marchand’, Esther Millastre®, Raquel Andres®, Javier Godino?,

Maria Dolores Garcia-Prats'’, Eduardo Polo'!, Alejandro Tres®, Magali Mouy', Jona Saemundsdottir!,

1

Valgerdur M Backman!, Larus Gudmundsson!, Kristleifur l(ristja_nssml], Jon T Hcrgthnrssnnl, Jelena Kosticl,

Michael L Frigge!, Frank Geller!, Daniel Gudbjartsson!, Helgi Sigurdsson'?, Thora Jonsdottir!'?,

27May2007




2007: The Year of GWA Studies?

A Common Allele on Chromosome 9
Associated with Coronary
Heart Disease

Ruth McPherson,**t Alexander Pertsemlidis,™ Nihan Kavaslar," Alexandre Stewart,’
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A Common Variant on Chromosome
9p21 Affects the Risk of
Myocardial Infarction
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2007: The Year of GWA Studies?

A Genome-Wide Association Study of
Type 2 Diabetes in Finns Detects
Multiple Susceptibility Variants

bi':ﬂ[.ﬂlanume Wide Association Analysis
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Reveals Risk Loci for Type 2 Diabetes
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2007: The Year of GWA Studies?

Genome-wide association study of prostate cancer
identifies a second risk locus at 8q24
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2007: The Year of GWA Studies?

A Genome-Wide Association Study
Identifies IL23R as an Inflammatory
Bowel Disease Gene 260ct2006

1 HTRAT Promoter Polymorphism in Wet

Age-Related Macular Degeneration
190ct2006
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Complement Factor H

Polymorphism in Age-Related

Macular Degeneration

10Mar2005
Robert ). Klein,! Caroline Zeiss,** Emily Y. Chew,**

Sciencexpress




anon\/m\zed@\ -
Q\S{(\\Q\(g CEL f||ef @60/00/ Q-Q
R PUGEN® %% Plots
'@ Q"b' 6®?Q
) e

Inversion




Gz é%?
200 Betw’ @a‘z? 3

;7@@3 z?@gé%w i% Zia@%g@
@@@gy 22l e
£ ijj;

Understanding only German, Fritz was unaware
that the clouds were becoming threatening.

Larson, G. The Complete Far Side. 2003.
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GENETIC ASSOCIATION INFORMATION NETWORK (GAIN)

MAKE A CONTRIBUTION

The Genetic Association Information Metwark (GAIN) is a public-private partnership of the
Foundation for the MNational Institutes of Health, Inc. (FMIH) that currently involves the
Mational Institutes of Health (NIH), Phzer, Affymetrix, Perlegen Sciences, Abbott, and the
Eli and Edythe Broad Institute (of MIT and Harvard University). GAIM is taking the next
step in the search to understand the genetic factors influencing risk for complex
diseases. Through a series of whole genome association studies, using samples from
existing case-control studies of patients with common diseases, GAIN will contribute to
the identification of genetic pathways that make us more susceptible to these diseases
and thus facilitate discovery of new maolecular targets for prevention, diagnosis, and
treatment

GAIM aims to release data as broadly and rapidly as possible, with equal opportunity for
access by all potential users. To promaote the responsible use of the GAIN Project
Datasets, investigators, and their institutions, seeking access to genotypic or phenotypic
data will submit a Data Access Request Form and Data Use Cedification specifying their
intended use of the data and acknowledging their agreement with the terms and conditions
described. All investigators, including Collaborating Study Investigators, GAIN Partners
and others, will access the GAIN Project Datasets through the same mechanism

FMIH is actively seeking additional partners to participate in GAIMN Partnerships including
corporations, private foundations, and advocacy groups

On October 10, 2006, following a rigorous five-month selection process, the FMIH's_Board
of Directors announced that the first six studies in common diseases have been chosen
for genome-wide association analysis at the recommendation of the GAIN Steering
Committee. This first phase of GAIN will genotype 18,000 samples from studies in
schizophrenia, bipolar disorder, diabetic nephropathy, ADHD, major depression,
and psoriasis (see_|nitial Studies). The genotype and associated deidentified phenotype
information from each of the six studies (the GAIM Project Datasets) will be deposited
throughout 2007 in a database managed by the MNational Center for Biotechnology
Information (MCBI) for access by the research community

F Slide Show Presentation




GAIN First Round Awards

Principal Investigator/

Approximate Number

Disease
Institution of Samples
Faraone
ADHD 2900
SUNY Upstate
. . Warram
Diabetic Nephropathy i . . 1800
Joslin Institute for Diabetes
. . Sullivan
Major Depression 3850
UNC
Psoriasi Abecasis 3000
soriasis
U. Michigan
: . Gejman
Schizophrenia 5500
Northwestern
. . Kelsoe
Bipolar Disease 1600
UCSD
JFOUNDATION

= FORTHE ———

Narional Institutes of Health



GAIN Data Access Overview

|
Public Lot
Access information
GAIN Project Genotype & GAIN
Phenotype Data Database
Coded
Controlled genotypes,
henotypes,
Access Pre-computes

Specific access rights

GAIN Data Access
Committee

A

- Request data for specific
research use

« Agreement to Data Use
Certification conditions

Requested
Research Use JFOUNDATION

FORTHE

Narional Institutes of Health




Identifiers Excluded from GAIN Datasets

— Names

— Phone numbers

— Fax numbers

— Electronic mail addresses

— Social security numbers

— Medical record numbers

— Health plan beneficiary numbers

— Account numbers

— Certificate/license numbers

— Vehicle identifiers and serial numbers, including license plate numbers
— Device identifiers and serial numbers

—  Web universal resource locators (URLs)

— Internet protocol (IP) address numbers

— Biometric identifiers, including finger and voice prints

— Full face photographic images and any comparable images
— Birth date and month

— Geographic subdivision, dates (other than complete birth dates), and "other"
identifiers (e.g., outliers) MAY be permissible if relevant to the science JFOUNDATION

FORTHE

National Institutes of Health




NATIONALJINSTITUTES OF HEALTH

Genes, Environment and Health Initiative (GEI)

Determining Genetic and Environmental Roots of Common Diseases

GEl Home Page

zenetics Program

Exposure Biology
Frogram

Funding Opporunities

Mew Training Grants

The Genes, Environment and Health Initiative (GEI)

on February 8, 2006 Health and Human Senvices Secretary Michael O. Leavitt announced that the
Fresident's 2007 budget proposal includes 540 million for the Mational Instifutes of Health to plan and
implerment a Genes and Environment Initiative (GEN. If approved by Congress, federal funding will beqgin
in fiscal year 2007 and continue for four years, with 526 million annually going to genetic analysis and
314 million annually designated for the development of new tools to measure environmental exposures

that affect health.
The GEl will have two main campanents:

B The Genetics Program is a pipeline for analyzing genetic variation in groups of patients with

specificillnesses.
® The Exposure Biology Program is an environmental technology development program to produce

and validate new methods for monitoring environmental exposures that interact with a genetic
variation to result in human diseases.

The Genetics Program will be spearheaded by MIH's Mational Human Genome Research Instifute
(MHGRIL. The genetic analysis would focus on the alternative spellings — called single nucleotide

http://genesandenvironment.nih.gov/




Genes, Environment and Health Initiative
(GEI)

* NIH-wide Initiative of the Secretary, HHS

* Aims to accelerate understanding of genetic and
environmental contributions to health and disease

* Two components:

— Genetic analyses of case-control studies of
common disease ($26M per year for four years)

— Development of innovative technologies to
measure environmental exposures, diet, and
physical activity ($14M per year for four years)
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Address |@ hktp: f e, pharmghkb, org/f

PharmGks

The Pharmacogenetics and Pharmacogenomics Knowledge Base

The PharmGKE is an integrated resource about how variation in human genes leads to

variation in our response to drugs. Woss ...

Search PharmGKB:?

|

signin | help | feedback

Browse:

* Genes with PharmGKE Primary Data
* Genes with Genotype Data

* Drugs with PharmGkB Primary Data
* Diseases with PharmGkEB Primary Data
* Genes with Phenotype Data * All Pathways

Search PImrmGKB:?

| |

&.q. a gene MABCBEA"), drug Mirinotecan') or disease "neoplasm'™)

Simple Queries | get customized results for top 5 most common questions

Sample query I=" The dataset for gene ABCET or drug irinctecan

News

¥ Mew Pharmacological Feviews
(reviews: IV, ¥ and V1)

? PharmiGKE teaches a
successful short course in
Pharmacogenomics at the
University of the VWestern Cape
to a diverse group of students,
faculty and professionals from
across South Africa.

— = PharmGKB Pathways
Ch

ke i

Genomic data, molecular and cellular phenotype data, and clinical phenotype data are
accepted from the scientific community at large. These data are then organized and the

relationships between genes and drugs are then categorized inta the following categaries:

@ COD clinical Dutcome
. 3 PD Pharmacodynamics & Drug Responses
- ]
-~ S PK Pharmacockinetics
YA A
=
ity & FA Molecular & Cellular Functional Assays
.-"“"':,
o 7
/, GN Genot
ype
|

Useful Links

* Download
> Coriell Sample Sets

? Review Wy Genotype
Submissions

Phenaotype Datasets

DOther Data Subrmissions
Genotype Excel Templates
PGREMN Publications

FARs on Publications

L

Sign In
Uszer Id:

Pasgword:
| | [ Lagin ]

Have you registered?

v vow forget our passwornd?
Why do I need to recgister?




5% Pharmacogenomics
5

RN~ Use of genetic differences among individual

"y patients to

- Identify new disease genes/targets of intervention

- Improve specificity of diagnosis

- Improve likelihood of response to a drug

. - Customize drug dose

| A - Decrease likelinood of adverse reaction to a drug

= * SNPs most useful type of genetic difference

- Frequency ~1/300 base pairs (10M total)

- Easily assayed

- With HapMap, all common SNPs among individuals
can be assessed with much less effort/cost than
previously

“o
s
— ‘\\
- —

%\ % \ |
»



v Pharmacogenomics extends established
f concepts of “Personalized Medicine”

PR, Clinical history

* Physical examination
* Blood examination
- Chemistry
- Hematology
* Body fluids
- Urine
- CSF
* Organism culture and sensitivity to antibiotics
* Protein examination
- Albuminuria in DM
* MRNA examination
- Microarray differentiation of histologically similar lymphomas
- Oncotype DX in breast cancer
* DNA examination
- Somatic: Her2/neu amplification in breast cancer
- Germline: Mutation testing for monogenic disorders (e.g., HD, CF)




| Personalizing diagnosis and
v treatment
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f Herceptin’

Trastuzumab
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Search this site:
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USING HERCEPTIN »

ABOUT METASTATIC »
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HERCEPTIN RESOURCES »
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Currently Using Herceptin?
QUICK LINKS

¥ Irmportant Safety Informnation
} Prescribing Informnation

REGISTER FOR FREE CD

Learn riore about possible Find out how Herceptin is Krowing your tumaor's
Register at www HERstory, corn side effects and what to believed to wark, including HERZ status may give yau
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@ egnomic ‘oncorype DX

Ay

llluminating Breast Cancer Recurrence Risk

£t Home | @ Genomic Health | [ Contact Us | 7 Register |

Updated ASCO
Clinical Practice
Guidelines

Remmmend

Coming Soon
ER and PR Scores
in the
Oncotype DX

Learn Mnrn

Oncotype DX
Covered by

Major US

| More information |

confidence

Confidence that
breast cancer treatment
is tailored for her.

Welcome to Oncotype DX®

Oncotype DX is a clinically validated laboratory test, ardered by autharized healthcare providers, that
predicts the likelinood of breast cancer recurrence in women with newly diagnosed, early stage
invasive breast cancer. Oncotype DX also assesses the benefit from chemotherapy.’ To learn more
about Oncofype DX, choose from the options below.

............................................. g e e e e e e e e e e e =

lama lama
= Healthcare = Patient or = Oncofype DX
Logistics

Professional Caregiver

Click here to enter

Click here to enter Click here to enter

« | am a Healthcare Professional
« | am a Patient ar Careqgiver
¢ Oncotype DX Logistics




Customizing medication dosage,
avolding dose-related toxicity

1.2
CYP2C19°2/2 CYP2C19*1/°2 CYP2C1971/*1
Dose: 40 mg Dose: 40 mg Dose: 40 mg
I AUC: 5.3 £ 2.2 mg.h/I AUC: 1.1 + 0.6 mg.h/l AUC: 0.6 = 0.3 mg.h/l
1.0 i {n=s) {r=7) {r=6}

Mean = 95% confidence limits of (R,S)-omeprazole (pg/l)

Hours after single dose application

CYP2C19 SNP genotype produces 10-fold variation
In Prilosec blood levels




Customizing medication dosage,
avoiding dose-related toxicity

Address @jhttp:,l',l'www.roche—diagnostics.com,l'products_services;’amplichip_cvp*lSD.html hd E,Go Links ** q
o CB.JghEv amplichip w C Search - Q{J @Nopopups "3‘: Check - '-':\'\ Aukalink - EOptions é‘ @amplichip

a-z| 1 | B Home

@ | ofg | Product Detail
Backto Key
iz Products
Product Detail |
ﬁ,-?;ﬁ;:{l AmpliChip CYP450 Test

Mow cleared for /o vitro diagnostic use in the US and EUL

The wiorld's first pharmacogenomic microarray designed far clinical applications.

The AmpliChip CYP450 Test is powered by Affgmetrix technology. It provides comprehensive
coverage of gene variations — including deletions and duplications — for the 2D6 and 2C19 genes,
which play a role in the metabolism of about 25% of all prescription drugs. It is intended to be an aid
for physicians in individualizing treatment doses for patients on therapeutics metabolized through
these genes.

Mare infarmationfrelated links

Customer benefits

Broad allelic coverage

High huilt-in sensitivity anahzing 29 polymoarphisms and mutations for the 206 gene and 2 palymoarphismes forthe 2C19 gene, thereby increasing the probability of
mare accurately determining the genotype and phenotype. Accurately genotypes over 99% of the warld's population.

All-in-One

Tests forthe 31 palymorphisms and mutations, including gene deletions and duplications, on a sinale chip. The anly test that also analyzes the functional status of
gene duplications.

Fast results

Analysis can normally be cormpleted within a single eighthour shift.

Automatic Analysis

Automatically determines genatype and predicted phenotype when used with Roche proprietary software.

Gold Standard

Sample preparation for AmpliChip microarrays uses Roche's patented PCR technology, the gold standard in nucleic acid amplification. These micraarray based
AS5ays, 3 new generation of diagnastic products, are built an Affymetrix's leading platform technology.




SNPs In drug targets can affect
drug response

> [Gene polymorphism Drug Response Affected
N

5-lipoxygenase leukotriene modifiers

LTC, synthase montelukast, zafirlukast

B2 adrenergic receptor albuterol

' gl | Angiotensin Converting ACE inhibitors
Enzyme

Cholesterol ester transfer | pravastatin
protein

Potassium channels drug-induced QT
prolongation




Questions? -
genelez<|

Testing Constiltact. =

]
Send this Page
to a Friend

CLICKHERE =
Request -
hat with a DNA) = A C?all |

Home

Other
Resources
Genelex in
the News
Privacy &
Ethics
About
Genelex
Company
Profile
Contact Us

Careers

aiming Cammiar

Give A Unique
Gift This
Holiday
Season

DMNA
Testing Gift
Certificates

Ancestry DNA Testing

Drug Reaction Testing

Do not alter the dosage amount or schedule of any drug
vou are taking without first consulting vour medical
provider or pharmacist.

Genelex will be happy to mail information to you or to your
healtheare provider on vour behalf, simply complete the
request form.

Research shows that of all the clinical factors such as age, sex, weight,
general health and liver function that alter a patient's response to drugs,
genetic factors are the most important. This information becomes even
more crucial when you consider the fact that adverse reactions to
prescription drugs are killing about 106,000 Americans each year --
roughly three times as many as are killed by automobiles. This makes
prescription drugs the fourth leading killer in the U.S., after heart disease,
cancer, and stroke.

We currently offer CYP2D6, CYP2Cq, CYP2Cig, NAT2 and CYPiA»
screens that can help vour physician or pharmacist predict your particular
response to many prescription, OTC (over-the-counter) and herbal
medicines including those used to treat depression, anxiety, selzures and
psvchoses; blood pressure, anticoagulation and other heart medicines; anti-
diabetic agents, and many pain relievers. These include such important
medications as Coumadin (warfarin), Prozae, Zoloft, Paxil, Effexor,
hvdrocodone , amitriptyline, Claritin, cyclobenzaprine, Haldol, metoprolol,
Rythmeol, Tagamet, tamoxifen, Valium, carisoprodol, diazepam, Dilantin,
Premarin, and Prevacid (and the over-the-counter drugs, Allegra, Dytuss
and Tusstat). Click here to view a more complete list of drugs
processed through these pathways.

Approximately half of all Americans have genetic defects that affect how
they process these drugs. There are four different types of metabolizers, and
we all fall into one of these categories for the variable pathways in
Cyvtochrome P450 (this Cytochrome is responsible for creating the enzymes
that process chemicals of all kinds through our bodies.) The easiest way to
understand this is to picture a two lane highway.

Predictive Genetcs

GeneMedRX Software  Affiliate Programs

Sign up to receive E-mail updates and special offers!

Subscribe!

|Please enter your email

= Printer-Friendly

Questions?

Ready to Order?

Call 800-523-3080 to
speak with a DNA
Testing Consultant.

Adverse Drug Reaction
Standard Panel

2D6, 2Co, and 2C19
Price: $600.00

AU 1O a0

Adverse Drug Reaction
Extended Panel

2D6, 2Cg, 2C19, 1A2, and
NAT2

Price: $1000.00

I just wanted to call and tell
you that my physician switched
my medications based an my
test results, and I cannot
deseribe how much better I
feel. You have made a believer
out of me, my family, and my
physician. I hope this testing
becomes routine before anyone
is placed on long term
medication.



signin | help
23andMe genetics just got personal. have a claim code?

our service genetics 101 for the experts store about us

discover your genome at 23andMe

1866: Gragor Mendal discovers tha laws of inharitanca,

20,000 vears ago: Homo saciens walks the Earth. 2003; The Human Genome Project maps a single person's genome

2007: 23andMe introduces the first Personal Genome Service.
Unlock the secrets of your own DNA. Today.

175,000 years age: The mother of all present-day humans s born in Africa

19531 Watson and Crick uncovar the double-hslx structurs of DA,

‘Welcome to 23andMe, a web-based service that helps you read and understand your DMNA. After providing a saliva sample using an at-home

kit, you can use our interactive tools to shed new light on your distant ancestors, your close family and mast of all, yourself.

m My Genome, Myself Seeking Clues in DMA, New York Times, November 2007

Gene Journal Ancestry
What do your Who were
genes say your ancient
about you? ancestors?
Family Inheritance
Do you have Would you

like to search
your genome?

your mother's
sense of taste?




discover your genome at 23andMe
gene journal how the Process WOrks

ancestry Getting Started with 23andMe

I = Saliva Kit

Joining 23andMe is easy - ance youve placed your arder and signed our online consent

family inheritance

form, all you dois spitin a plastic tube included with the kit we ship to you. Each kitis

enome labs
Q labeled with the name ofthe person itis designated for along with a claim code. Just use

the kit's pre-paid, pre-addressed shipping envelope to send your sample to our contracted

how it works I

laboratory. Qur service is currently available in the United States.
Take a Product Tour

Qur Genotyping Process

Genotyping

After receiving your sample, lab professionals extract DMA from cells in your saliva. Your

DMAis then chopped up into shorter strands and copied many times via a process called

uestions
ﬂ amplification. Mext, your DMNA is washed over a small microchip-like device that contains

How does 23andMe short strands of synthetic DNA. The synthetic DMA fragments latch onto the pieces of your

genotype my DNA? DMAthat are a complementary match. Then a laser-scanning step reveals which strands of

synthetic DMNA are stuck to your DNA to determine your genotype. The chip used in our

What is the difference

hetween genotyping and
sequencing?

process is the lllumina HumanHap550+ BeadChip, which reads more than 550,000 3MPs

(single nucleotide polymorphisms) plus a 23andMe custom-designed set that analyzes

more than 30,000 additional SMPs. What this means is that the laboratory process reads

nearly 600,000 data points on your genome. Find out more about our genotyping process.

More Info

scientific excellence ‘, 1 Your 23andMe Personal Genome Account

consiceratons | [ ——

welcome to you. [l
Raad WouLr -;'I';I'E—.“I«:.' resuts in the ’ . i .

, CRSCOMET your onging. | ——=— then use our web-based interactive tools to explore your gename. You can discover your
| v, A Epilong your ran -t

genetics in the Ger

Your personal journey of genetic discovery starts when 23andMe receives your genetic data

from the laboratory and uploads itto a secure database. With your own private login, you can

origins, learn what the latest genetic findings may mean for you, and connect genetically with

friends, family, and others across the globe.
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3 Genes vs. Drugs
S Numbers

- - Human genes ~20,000

) - Human proteins (targets) > 250,000

- Current drug targets: <500
- .. >95% remain

:-_" | * Gene identification only start to determining function
i and any therapeutic potential
‘-‘ Jo Kt '}
—~l Validation
| - Definition of sequence function, role in disease

. \) - Demonstration of manipulability of gene product
| - Transforms gene product into drug target



Development of a novel drug

Product Surveillance

Introduction Ph IV-V
Registration

1

Ph 111
2 Clinical Tests
9.5 (Human) Ph 11
Development
5 cmpds Phl
Preclinical Tests
500 Compounds (Animal)
MedChem
R h HTS
esearc 500,000 Compounds ASSAY  marget

validation

The Human Genome Project
25,000 genes/500,000 proteins



RV,
I,

Despite Increasing Investments 1n
Biomedical Discovery .....
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Trends in Biomedical Research Spending

Indexed Growth (1990 =101
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s NME and Original BLA Submissions, 1990-2004

... We are Not Seeing the Expected
Payoff in New Medical Products

NMEs
. ., N . - . . . L L s

Submissions




The Challenge

—— e —— e e

Sy, % 8% of compounds entering Phase 1 will

8 C make 1t to market, down from 14% fifteen
e years ago.

AE7y
L}
4

* Costs of development are increasing.

ESA % Phase 3 failure rate reported to be 50%, up
- from 20% 10 vyears ago.




The Diagnosis

<7 7%, *Investment and progress in basic biomedical
g _/@ science has far surpassed investment and

s progress in the medical product development
m sciences.

* The scientific development process — the critical
path to patients — 1s becoming a serious
bottleneck to delivery of new products.

@/—\5 * We are using the evaluation tools and

infrastructure of the last century to develop this
century’s advances.
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FIDA

The Prescription

- ——————  _______—————

* Bring scientific advances to the medical product
development process (e.g., simulation models,
validated biomarkers, new trial designs, novel
rapid pathogen 1dent1ﬁcat10n)

* Stimulate development of robust applied research
programs 1n critical path scientific areas, to

develop techniques that remove specific obstacles
in product development.

* Modernize regulatory standards to reflect the best
science, intensify FDA involvement.




FDA

U.S. Food and Drug Administration

FDAHome Page | Search FDA Site | FDA A-Z Index | Contact FDA | EDA Centennial

FDA's Critical Path Initiative

About Critical Path

The Critical Path Initiative is FDA's effort to
stimulate and facilitate a national effort to
modernize the scientific process through
which a potential human drug, hiological
product, or medical device is transformed
from a discovery or "proof of concept” into
a medical product. More.

= ffew! Janet Woodcock, Deputy
Commissioner and Chief Medical Officer
Commentary on Critical Path

= Frequently Asked Questions

Critical Path Opportunities
Reports

= New! Critical Path Opportunities for

Generic Drugs
= Critical Path Opportunities Initiated

During 2006

= Critical Path Opportunities Report -
[March 2006 [FPOF 447 KE)

= List [POF 488 KE]

= Challenges and Opportunities Feport -
March 2004 (PDF)

Upcoming Events

» Waorkshop on In Vitro Analyses of
Cell/Scaffold Products. Dec. 6-7. 2007

Past Events

» Waorkshop on Improving the Quality of
Cancer Clinical Tnals, Oct. 4-5_2007

= Accelerating Anticancer Agent
Development and Walidation Workshop.

Faces Behind Critical
Path

= |nterview on YWarfarin

Did You Know?

= New! FDA Announces
Public-Private Partnership
with Duke to Modernize
Clinical Trials

June 20-22 2007
= FDA Commissioner testifying on Critical

= Meed for Veterninarans in
Biomedical Besearch

Path at the University of Utah -- June 1.

= Cuality in FDA-Requlated

2007

» BIMO Warkshop. May 10-11. 2007

» Public Hearing: Should prescribing
information be distributed
electronically?-- Aprl 27, 2007

» Hepatotoxicity Special Interest Group:
Issues and Controversies in Drug-
Induced Liver Injury (DILI). January 24
and 252007

» Part 15 hearing - Electronic Submission
of Requlatory Information. Dec. 18,
2006

» Sex Differences and Critical Path
Initiative, MNov. 13. 2008

» Part 15 hearing - Conduct of
Emergency Clinical Research, Oct. 11,
2006

» AAMC-FDA Conference on Drug
Development Science. Jan. 13-14. 2005

» Medical Imaging as a Drug
Development Tool: An FDADIA

Clinical Eesearch

= FDA and MIH Seek
Information on Establishing
an Electronic Platform

= FDA Helping to Develop
Artificial Pancreas

= MNanotechnology: Mo Small
Issue at FOAI

Contact Us

Torkstop

http://www.fda.gov/oc/initiatives/criticalpath
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http

U.S. Food and Drug Administration

CENTER FOR DRUG EVALUATION AND RESEARCH

FD& Home Page | CDER Home Page | COER Site Info | Contact CDER | ¥What's New (@ CDER

! Drug [ Regulatory COER | [ Specfic | [ CDER 1
[CDERH"“"“ ) About CDER j Information | ) Guidance j Calendar || Audiences || Archives

Search

povered Google™
Genomics at FDA

December 10-12, 2007
Workshop co-sponsored by FDA, DIA, PhRMA | and Bio:
Biomarkers and Pharmacogenomics in Drug development and Regulatory Decision Making. Information and

registration

Genomics Overview
What's New and Upcoming Events
Genomic Data Submission
o Decision Tree for Genomic Data Submission
o Vohmntary Genomics Data Submission (VGDS)
o Quick Reference Guide
Interdisciplinary Pharmacogenomics Review Group (IPRG)
Regulatory Information
o Table of Valid Genomic Biomarkers in the Context of Approved Diug Labels
Frequently Asked Questions
Background Information on Genomics
o Pharmacogenomics
o Education
Drug Development and Drug Interactions
Publications by FDA Staff
Presentations
Related Links
Contact Information

Genomics Overview

Pharmacogenomics allows us to identify sources of an individual’s profile of drug response and predict the best possible treatment option for this
individual The use of genomic information, accelerated by the sequencing of the human genome and the advent of new tools and technologies, has
opened new possibilities in drug discovery and development. Consequently, regulatory science and regulations need to be set in place appropriately.

FDA recognizes the importance of pharmacogenomics and encourages its use in drug development. This is reflected in the FDA white paper
“Stagnation or Innovation? — Challenge and Opportunity on the Critical Path to New Medical Products,” which identifies pharmacogenomics as a key

opportunity for the Critical Path.



Genomics Is changing how drugs
are developed Iin the clinic

\]

5
S ~ Genetically defined subpopulations for clinical
gy trials
- greater power with reduced n

* Smaller patient populations eligible for
treatment upon drug approval

- Better efficacy data improves chance of formulary
acceptance

- Financial success of drugs for genetically defined
populations suggests more “targeted” drugs will be
entering trials

* Herceptin
* Gleevec
* Avastin
*Cerezyme

*ALL diseases may eventually be “rare”!
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My contact information

Christopher P. Austin, M.D.

Senior Advisor to the Director for
Translational Research

S Director, NIH Chemical Genomics Center
NHGRI/NIH

email: austinc@mail.nih.gov
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