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Why Asthma Genomics?




Objectives

o What is genomics

& HoW miay dENGMICS INMpact
medicine and public health

o What st knewn abeut genetic
[@CLOrs and asthma

¥ oW dOES thie genome interact
WIECRNCRE ERVIFORIMERL:

¥ FUtURE qUEestions



Definitions

Genetics-The branch of biology: that deals
with' heredity, especially the mechanisms of
nereditary. transmission and the variation: of
Inherited characteristics amongl similar or
related orgamnisms.

Genomics-The study of genes and their
function. Genomics aims to understand
the structure of the genome, including the
mapping genes and sequencing the DNA.
Genomics examines the molecular
mechanisms and the interplay of genetic
and environmental factors in disease.



Human
Genome

ACT

\J\J‘l




Genome Project
Nano-lecture (24 Seconds)

Human Genome Project: Biology’s Moonshot. Fifteen years,
six countries, twenty centers. Three billion dollars, three billion
letters. One dollar per letter—such a deal!

Twenty-three chromosomes. Supposed to contain 100,000
genes. Turns out to only have 30,000 genes—or maybe 25,000.
But it could be 40,000—check back with us next year.

Said to have the answer to everything, absolutely everything.
Diabetes, Asthma, Cancer, Evolution, Populations, Migrations,
Life, Death, Taxes. Even the Boston Red Sox.

The only problem is: there’s no index.



Genome Project
Nano-lecture (7 WWords)

Genome: Bought the book: hard
to read.

Eric Lander IgNobel®
Prize Nano-lecture

10/2/2003




VVhat does
this mean for
medicine?



History ofi Medicine
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Human Genome Project

¢ ~30,000 genes
¢ 3./ proteins per gene

¢ 1/1000 base pail:
difference

o 5 Dillien base pails
¢ Dififfer at st millien placesi!
o Junk DINA=



Single Nucleotide
Polymorphism

A single nucleotide
polymorphism (SNP) can be
defined as a single base pair

site in the human genome that
Is different from person to
person.



Hypothesis

Patierns oi
polymorphlsms




DNA microarray







Generic prevention
VS.
Personalized prevention




Benefits

¢ More effiective therapy.
¢ Safer therapy.
¢ More cost-effective therapy.
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Limitations/Risks

¢ Availability of information
o Availability: of new: technology.
¢ Predictive accuracy.

¢ Preparation oif provider
system

¢ Adeption; off NEW! tEChNBIegY,

» ConSUMEr demand/direct to
CONSUMER

¢ Cost Implications



Economics of
Genomic Medicine

¢ Decrease costs
— Preventive measures
— Earlier interventions
— More efffiective interventions

¢ [RACrease costs
— Jireatments) for the untreatable
— Eojple[aV/]EY
~ Pnlclrnnlzley
—GERE therapy anarstemrcellstherapy,
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VWhat Is Asthma

¢ Asthma Triad
— Bronchial hyperresponsiveness

— Increased mucous; production; in
alirway,

— Edema of airway: epithelial cells

¢ Asthma is a disorder of
Infilammation!

¢ lIreatment must contrel
Preonchiespasm (FEsEUE) and
INHammatieonr (controlier)



|Is Asthma Genetic?

¢ [win studies estimate
heritapility: at 36-79%

¢ [hree times more likely to
have asthma if mother has
asthma

» Seven times more likely: i
MethEr and ffather have
asthma

¥ 20l chiremoesomailrregions' linked
£ asthma (A in=>1"study)



|Is Asthma Environmental?

¢ Prevalence off asthma
INCreasing faster than can be
explained by genetics

¢ Proposed! factors
— Al polittien
—Allergens
— Egriy nfection
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Genes and Environment




How do we sort it all out?




Asthma (pre-2003)

¢ How is asthma (a trait) Iinherited?

¢ How does a family: history: of
asthimal InCrease risk fior a patient?

¢ lechnigues! include family: studies,
twin studies, adoeption studies) te
SOt ouUt RERtaItY, and
enviroRmenital Effiect

¢ LLinkage; studies
=S aIMPErea by dEfNtON oI PIEROLYpe”



Phenotype




46 Phenotype

Asthma Genes

W ;/Y Cold-induced Exercise-induced
® 2sthma asthma



Phenotype

Asthma Genes
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Asthma (post-2003)

o Identify alll genes that contribute to
asthma trait (phenotype)

— Association studies

¢ Study all gene-gene and gene-
ERVIFoRMENT INEEraCtIoNS

¢ ldentify, diffierent " pRENGLYPES"

— ERVirenmentall rESponse; (EXErcise,
cold)

— DUl FESPORSE



Combined Approach

¢ Start with conventional
mapping/linkage analysis

¢ Use genomic approaches, (such
as SNIPs) te rapidly: Identiiy
candidate; Genes

¥ DERE relée el candidate gene

¢ Assess for appropriateness as
treatment target



First Success
ADAMS33




First Success
ADAM33

¢ Locus on 20p13 identified on
genome-wide screen of 460
Caucasian families

¢ Association iIncreased when
phenotype was! tightened! to iocus
OnN alrway: RVPErresponsiVEness

¢ Fine mapping with SNPsiidentified
ADAM33

» ADAMSS expressed i lung
gbronchial SMeetINMUSCIEranE
BreBlastsHrand IV mpPRFNGEES

¢ Other ADAVM preteins Interact with
IRHanmatoRy, CYLOKIRES



First Success
ADAMS33

¢ Conclusions

— ADAMS5! is) ani excellent candidate
gene, fior asthmal susceptibility,

— REPrESENLs al great target for
diitig development




First Success?
ADAMS33

¢ Linkage to 20p13 not seen in
Previous genome-wide screens

¢ [Wo cohorts were; used In
study: and may: net have been
Independent (faveringl spurious
results)

¢ Other methodelegic CONCERNS

v INortnRctienalrdata e rele of
gENENVaniantsireporrted



First Success?

"\‘ ADAMSS
i ot » Subsequently, three other
;E_,;,-,m X groups, have; been unable to
T AR reproduce the study results,
et although some association in
R certaiin populations wasi seen
# Lok wRole of ADAMSS in asthma
N unclear



Problems with Association

¢ Fallure to replicate association
studies very common

& Reasons
— False association in; stuay,
— [ASUHHCIENT POWES

— Population admixtlre

— HEeterogenelty, ol geENELIc anae
INENOLYPIC ECLONS

— Epvironmental factors




A0 Other Genes

:
av? \ o PHF11
() — Associated with IgE levels
> ?'}\ — [dentified in multiple studies, of
atopic individuals
(3 ,“’*'{-‘3 — Association with asthma less
impressive
7‘, ’.u}a;\ — FURCtieoN i gENE URIKneWn
{ f | — WO OthEr dERESH IRl the Fedion

alSerpoessiblecanadidates



Other Genes

o DPPI10

— | ocated adjacent to Interleukin-1
gene cluster

— -1 variants known to be
associated with asthma

— Jdentified Variant iR promoter of
gene, whichr could alfiect
Expression

—NeretherconVincing daitaralt
PRESENT



Gene-Environment Interaction?
¢ CD14

— Plays a role in innate immune system
FESPOoNSse

— Relationshipr between: polymorphisms
and IgE levels

— [linkage strengthened Iff population
stratified by exposure to cigarette
SMEKE IR RIBREY,

¢ [LR4

—elliFlike receptor 4
= Signaltsimilarterthat seen it IER

— ASsociation founal BEtWEER EXposure to
enaoteXinintotSE dust and asthma



VWhere Are Vwe?




Where Are We?
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Where Are We Going?




Future Research in Asthma
NHLBI Working Group 2004

¢ 4 priorities and 2 initiatives

¢ Priority 4-Genetics/Gene-
Envirenment Interactions,
Pharmacogenetics

— Joridentiiy allf relevant susceptible
Variants in ENVirenmMEnt-SpECIfic and
PEPUIatIGN=-SPECIHC CONtEXES

— 0’ chiaralctenize the function: off
SUsSceptible genetic Variants

— oM RCOrpPoKrate geneticshniermation
IRNtertherclinicalNmanagemeERnt of
asthimie



Population Differences

¢ Ethnic differences

¢ Understand genomic variation

that underlies difference

Age-Adjusted* Asthma Mortality Rates
by Race, United States: 1979-1998
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Genomic Approaches

¢ Refine asthma phenotypes
» More robust association studies
& Identlfy relevant pathways

MHCII —"T R
CDBO=—»C
c086 = CD 8 PH
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olinergic ne / \ / \ \
Ll N A e IL-5
\ p —

Nature Reviews | Genetics



Gene-Environment
Interactions

¢ Define how environment
affects gene regulation

¢ Can thiss effiect by modified?

Susceptibility and expression of asthma

Environment

& ) ) BT 2
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Ganatics



Gene-Environment
Interactions
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Pharmacogenomics

Differential response to drugs
¢ Response to [-agonists

¢ Response to Leukotriene
fEceptor antagonists

The Arachidonic Acid Pathway
Membrane phospholipids
Phospholipase A,
5-Lipoxygenase
Arachidonic Acid (FLAF
Cyclooxygenase 5-Lipoxygenase
Prostaglandins Leukotrienes
Thromboxanes D, L LTB,
Other Infi : LTC,LTD, LTE,
Diseases (.g. arthritis) (cysteinyl LTs)




Asthma Genomics Hope or
Hype?







