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Importance of Importance of 
Genetics/Genomics to MedicineGenetics/Genomics to Medicine

>12 million Americans with >12 million Americans with genetic disorders (GD)genetic disorders (GD)
80%80% of of mortality rate (MR)mortality rate (MR) in America due to genetic in America due to genetic 
componentcomponent
22--3% background3% background population risk for a major birth defect population risk for a major birth defect 
(BD)(BD)
15% overall miscarriage risk for any pregnancy15% overall miscarriage risk for any pregnancy

2525--50% first trimester miscarriage risk50% first trimester miscarriage risk
3030--50% first trimester losses due to 50% first trimester losses due to chromosome anomalieschromosome anomalies

>30% pediatric hospital admissions due to GD>30% pediatric hospital admissions due to GD

GD affect GD affect all major systemsall major systems, , any ageany age, , any raceany race, , male or male or 
femalefemale
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Complex Phenotypes Complex Phenotypes –– What can we Expect?What can we Expect?

Few genesFew genes and and environmentalenvironmental
factors each contributing a factors each contributing a largelarge
riskrisk

Many genesMany genes and and environmentalenvironmental
factors each contributing a factors each contributing a smallsmall
riskrisk

••IntergenicIntergenic: : epistasisepistasis; ; 
••IntragenicIntragenic: dominant & : dominant & polymorphimspolymorphims



Heritability: the Proportion of the Disease Heritability: the Proportion of the Disease 
that is Due to the Genetic Factorsthat is Due to the Genetic Factors

0%0% 50%50% 100%100%

HDL levelHDL level

RheumatoidRheumatoid
ArthritisArthritis

SchizophreniaSchizophrenia

Huntington'sHuntington's
DiseaseDisease

GenesGenes
EnvironmentEnvironment



Evan, GI and Vousden, K. (2001) Evan, GI and Vousden, K. (2001) 
Nature 411:342Nature 411:342 Figure 1Figure 1

The Cancer ProblemThe Cancer Problem



Case only studies; Case only studies; 
CaseCase--control study; control study; 
FamilyFamily--based designbased design

G x E interactionG x E interaction

Multipoint linkage analysis; Multipoint linkage analysis; 
LD mapping; LD mapping; 
GenomeGenome--wide scanwide scan

EpistasisEpistasis

Multipoint linkage analysis; Multipoint linkage analysis; 
LD mapping; LD mapping; 
GenomeGenome--wide scanwide scan

Genetic Genetic 
heterogeneity heterogeneity 

NonNon--parametric studyparametric studyReduced Reduced penetrancepenetrance
Solution Solution Complexity Complexity 

Mapping for Common Complex DiseasesMapping for Common Complex Diseases



DiseaseDisease
ResponderResponder

ControlControl
NonNon--responderresponder

Allele 1Allele 1 Allele 2Allele 2

Marker A is Marker A is 
associated with associated with 

PhenotypePhenotype

Marker A:Marker A:

Allele 1 =Allele 1 =

Allele 2 =Allele 2 =

Human Genetic Association Study DesignHuman Genetic Association Study Design



Disease PopulationDisease Population
N=500N=500

Matched Control PopulationMatched Control Population
N=500N=500

11

2222
~3,000,000 common SNPs across genome~3,000,000 common SNPs across genome

•• Representing every geneRepresenting every gene

P value
P value

11 2222

Informatics to identify gene(s) mapped to associated SNPInformatics to identify gene(s) mapped to associated SNP

Regions of Regions of 
associationassociation

Chromosomal LocationChromosomal Location

Whole Genome AssociationWhole Genome Association



Mutations & PolymorphismsMutations & Polymorphisms

Mutations become Mutations become polymorphismspolymorphisms or or ““common  common  
allelesalleles”” when when frequency > 1%frequency > 1% in a populationin a population
(arbitrary)(arbitrary)

AllAll Single Nucleotide Polymorphisms (Single Nucleotide Polymorphisms (SNPsSNPs) ) 
(probably) exist in the human population (probably) exist in the human population 

3 billion x 4 (ACGT) 3 billion x 4 (ACGT) at frequencies near 10at frequencies near 10--5 5 

SNPsSNPs linkedlinked (associated) to a (associated) to a phenotypephenotype or or 
causativecausative
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HaplotypesHaplotypes

Representation of the DNA sequence of Representation of the DNA sequence of one one 
chromosomechromosome (or (or smaller segments in smaller segments in ciscis))

Indirect inference from Indirect inference from pooled diploid datapooled diploid data

Direct observationDirect observation from from meioticmeiotic or or mitoticmitotic segregationsegregation
Cloned or physically separated Cloned or physically separated 
Chromosomes or segmentsChromosomes or segments

ShirleyShirley©©



Linkage & AssociationLinkage & Association

Family TriadFamily Triad
Parents & child (vs. Parents & child (vs. casecase--controlcontrol))

CaseCase--control studiescontrol studies of association in structured of association in structured 
or admixed populations (Pritchard & Donnelly 2001) or admixed populations (Pritchard & Donnelly 2001) 

TheorTheor. Pop. Biol.. Pop. Biol. Program Program STRATSTRAT

Null hypothesisNull hypothesis: allele frequencies in a candidate locus : allele frequencies in a candidate locus do do 
notnot depend on phenotype (within subpopulations)depend on phenotype (within subpopulations)
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Searching for Disease Genes Almost Always Searching for Disease Genes Almost Always 
Start with Start with the DNA of Affected individualsthe DNA of Affected individuals

Process at Decode Genetics Inc. Process at Decode Genetics Inc. (Example)(Example)
1.1. Identify Identify peoplepeople with with a particular diseasea particular disease
2.2. Find affected people who are Find affected people who are related related in such a way in such a way 

that they are likely to share genes that they are likely to share genes ((pedigreepedigree))
3.3. Extract the Extract the DNADNA of these individualsof these individuals
4.4. PCR amplify (robotically) PCR amplify (robotically) SNPsSNPs along each personalong each person’’s s 

chromosomeschromosomes
5.5. Look for Look for clusters ofclusters of SNPsSNPs among the DNAamong the DNA of of 

patients from a single familypatients from a single family
6.6. Such clusters suggest Such clusters suggest ??
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Such Clusters Suggest Such Clusters Suggest a Genea Gene Involved Involved 
in the in the DiseaseDisease is Located Nearbyis Located Nearby

Big dealBig deal??
If this data is correct, the gene has now been linked If this data is correct, the gene has now been linked 
to a particular chromosomal region  to a particular chromosomal region  
Presumably the gene will soon be foundPresumably the gene will soon be found

Where do you go Where do you go nextnext????
Gene annotationGene annotation

Gene ontology, function, cellular localization, structure Gene ontology, function, cellular localization, structure 
etcetc. . 

Identification of candidate drug targetsIdentification of candidate drug targets
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Defining Disease PhenotypesDefining Disease Phenotypes

Some mechanisms underlyingSome mechanisms underlying variationvariation in in 
clinical expression of disease traitsclinical expression of disease traits

To choose To choose a consistent phenotypea consistent phenotype for studiesfor studies

Phenotype definition & delineationPhenotype definition & delineation
““Gene mappingGene mapping”” ““phenotype mappingphenotype mapping””
Gaps between Gaps between ““phenotypesphenotypes”” & & ““genotypesgenotypes””

Alleles Alleles cause cause phenotypesphenotypes
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PharmacogenomicsPharmacogenomics vs. vs. 
PharmacogeneticsPharmacogenetics (definitions)(definitions)

PharmacogeneticsPharmacogenetics or or PharmacogenomicsPharmacogenomics
Study of Study of the genetic basisthe genetic basis for differences in for differences in drug drug 
responseresponse oror response to response to illnessillness

PharmacogeneticsPharmacogenetics
Effect of Effect of variationvariation in specific genesin specific genes and their protein and their protein 
products on products on therapeutic responsetherapeutic response -- monogenic variationmonogenic variation

PharmacogenomicsPharmacogenomics
MultigenicMultigenic variationvariation, may also include environmental , may also include environmental 

factors (factors (KalowKalow 2001)2001)
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Reasons for Differences in Drug Response (1)Reasons for Differences in Drug Response (1)

Genetic differencesGenetic differences inin
Drug Drug metabolismmetabolism enzymesenzymes
Ability of drug to Ability of drug to bindbind to target (to target (drug targetdrug target))
AmountAmount of of drug targetdrug target producedproduced

Different pathwaysDifferent pathways causing same disease causing same disease 
Genetic heterogeneityGenetic heterogeneity
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Reasons for Differences in Drug Response (2)Reasons for Differences in Drug Response (2)

Genetic mutationsGenetic mutations
Genome is Genome is master programmaster program for for all cellsall cells
ProteomeProteome is is functionalfunctional programprogram for a specific for a specific 
cellcell

Genetic mutations cause Genetic mutations cause defectsdefects in working in working 
proteinsproteins

Responsible for Responsible for muchmuch of human diseaseof human disease
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Reasons for Differences in Drug Response (3)Reasons for Differences in Drug Response (3)

Single nucleotide polymorphisms (Single nucleotide polymorphisms (SNPsSNPs))
OneOne--unit changes in DNA sequence in unit changes in DNA sequence in at least 1%at least 1% of of 
the population the population 

Major source of Major source of genetic variationgenetic variation

On average, any two people may vary by one nucleotide base On average, any two people may vary by one nucleotide base 
in every thousand (2/1,000)in every thousand (2/1,000)

Millions of Millions of SNPsSNPs have been identifiedhave been identified

““SNP chipsSNP chips”” being developed to identify being developed to identify an individualan individual’’s SNP s SNP 
profileprofile

SNP research may lead to hundreds of new drugsSNP research may lead to hundreds of new drugs
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Polygenic Determinants of Drug EffectsPolygenic Determinants of Drug Effects

(Evans & (Evans & 
RellingRelling, , 
1999; 1999; 
Science Science 
286, 487) 286, 487) 



Consequences of Differences of Drug Consequences of Differences of Drug 
MetabolismMetabolism (Wolf CR, Smith G, Smith RL, 2000)(Wolf CR, Smith G, Smith RL, 2000)

Extended effectExtended effect from drugfrom drug

Adverse drug reaction/toxicityAdverse drug reaction/toxicity

Inability Inability to activate to activate prodrugprodrug

Increased doseIncreased dose needed for effectneeded for effect

Alternative metabolic pathwayAlternative metabolic pathway

DrugDrug--drug interactionsdrug interactions
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Potential Benefits of Potential Benefits of PharmacogenomicsPharmacogenomics (1)(1)

More powerful drugsMore powerful drugs
Based on the Based on the proteinsproteins, , enzymesenzymes, , RNARNA molecules associated with molecules associated with 
genes and diseasesgenes and diseases

More More effectiveeffective, , safer safer drugs from the beginningdrugs from the beginning
To reduce 100,000 deaths and 2 million hospitalizations in USA aTo reduce 100,000 deaths and 2 million hospitalizations in USA as s 
the result of the result of adverseadverse drug responsedrug response

More accurate More accurate dosesdoses
Current method: Current method: weight & ageweight & age dosages based on dosages based on a persona person’’s s 
geneticsgenetics

How well the body processes the medicine & the time it takes to How well the body processes the medicine & the time it takes to 
metabolize it metabolize it 

www.ornl.gov/hgmis/medicine/pharma.htmlwww.ornl.gov/hgmis/medicine/pharma.html
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FutureFuture
Rational prescriptionRational prescription

““individualizedindividualized””

Informed physician diagnosisInformed physician diagnosis
SavingsSavings: time, money & : time, money & 

illness illness 

drug ddrug d

drug adrug a

drug cdrug c

drug bdrug b

diagnosticdiagnostic

TodayToday
Empirical prescriptionEmpirical prescription

““mass marketmass market””

Individual physician experienceIndividual physician experience
CCost: time, money & wellost: time, money & well--

being being 

drug adrug a
drug bdrug b

drug cdrug c

Trial Trial 
& & 

SwitchSwitch

DefineDefine
&&

TreatTreat

Targeted Prescription of Medicines: Targeted Prescription of Medicines: 
Applied Applied PharmacogenomicsPharmacogenomics

drug ddrug d



Potential Benefits of Potential Benefits of PharmacogenomicsPharmacogenomics (2)(2)

Screening for disease Screening for disease in advancein advance & & preventionprevention
Knowing oneKnowing one’’s s genetic codegenetic code will allow a person to make will allow a person to make 
adequate adequate lifestyle & environmental changeslifestyle & environmental changes at an early at an early 
age  age  to avoid or lessen the severity of a genetic diseaseto avoid or lessen the severity of a genetic disease

Advance knowledge of a particular Advance knowledge of a particular disease susceptibilitydisease susceptibility
will allow will allow careful monitoringcareful monitoring, & treatments can be , & treatments can be 
introduced at the most appropriate stage to introduced at the most appropriate stage to maximizemaximize
their their therapytherapy
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Potential Benefits of Potential Benefits of PharmacogenomicsPharmacogenomics (3)(3)

Better vaccinesBetter vaccines
Vaccines made of genetic materials, DNA or RNA Vaccines made of genetic materials, DNA or RNA 

Promise all the benefits of existing vaccines Promise all the benefits of existing vaccines 
without all the riskswithout all the risks

Activate the immune system, unable to cause Activate the immune system, unable to cause 
infectionsinfections

InexpensiveInexpensive, , stablestable, easy to , easy to storestore & capable of & capable of 
being engineered to carry being engineered to carry several strains of a several strains of a 
pathogen at oncepathogen at once
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Potential Benefits of Potential Benefits of PharmacogenomicsPharmacogenomics (4)(4)

Improved Improved drug discoverydrug discovery and and approval processapproval process
More easy to discover potential therapies using More easy to discover potential therapies using genome genome 
targetstargets

Previously failed drug candidates may be Previously failed drug candidates may be revivedrevived as they as they 
are matched with are matched with the niche populationthe niche population they servethey serve

The The drug approval processdrug approval process should be facilitated as should be facilitated as 
trials are trials are targeted for targeted for specific genetic populationspecific genetic population
groupsgroups providing greater degrees of successproviding greater degrees of success
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Review and approval by Food Review and approval by Food 
& Drug Administration (FDA)& Drug Administration (FDA)

1 compound 1 compound 
approvedapproved

Phase IIIPhase III:  Confirms effectiveness and monitors :  Confirms effectiveness and monitors 
adverse reactionsadverse reactions from longfrom long--term use term use in 1,000 toin 1,000 to
5,000 patient volunteers5,000 patient volunteers

Phase IIPhase II:  Assesses effectiveness and :  Assesses effectiveness and 
looks for looks for side effectsside effects in 100 to 500 in 100 to 500 
patient volunteerspatient volunteers

Phase IPhase I:: Evaluates safety and dosageEvaluates safety and dosage
in in 20 to 100 healthy human volunteers20 to 100 healthy human volunteers 5 compounds enter 5 compounds enter 

clinical trialsclinical trials
Discovery and preclininal testing:Discovery and preclininal testing:
Compounds are identified and evaluated Compounds are identified and evaluated 
in in laboratorylaboratory and and animal studiesanimal studies for for 
safetysafety, , biological activitybiological activity, and , and 
formulationformulation

5,000 compounds 5,000 compounds 
evaluatedevaluated

0 2 4 6 8 10 12 14      Years 16

Source: Tufts Center for the Study of Drug DevelopmentSource: Tufts Center for the Study of Drug Development

Bringing a New Drug to MarketBringing a New Drug to Market



Potential Benefits of Potential Benefits of PharmacogenomicsPharmacogenomics (5)(5)

Lower Lower overall health care costsoverall health care costs
Decreases in the number of Decreases in the number of adverse drug reactionsadverse drug reactions, , 
the number of the number of failed drug trialsfailed drug trials, the , the timetime it takes to it takes to 
get a drug get a drug approvedapproved, the length of time patients are on , the length of time patients are on 
medication, the number of medications patients must medication, the number of medications patients must 
take to find an take to find an effective therapyeffective therapy, the effects of a  , the effects of a  
disease on the body (through early detection) & an disease on the body (through early detection) & an 
increase in increase in the range of the range of possible drug targetspossible drug targets will will 
promote a net decrease in the cost of health carepromote a net decrease in the cost of health care
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Current Research DirectionsCurrent Research Directions

Identify Identify new targetsnew targets for new drugsfor new drugs
i.ei.e., ., genesgenes or their or their protein productsprotein products thatthat are are 
associated with diseasesassociated with diseases

Identify Identify metabolic enzymesmetabolic enzymes with with genetic genetic 
variationsvariations that that alter responsealter response to current drugsto current drugs

Wolf CR, Smith G, Smith RL, 2000Wolf CR, Smith G, Smith RL, 2000
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PharmacistPharmacist’’s Role in s Role in PharmacogenomicsPharmacogenomics

Expanded role/additional responsibilities inExpanded role/additional responsibilities in
DrugDrug selectionselection andand dosedose
Counseling on Counseling on side effectsside effects and and drugdrug--drug interactionsdrug interactions
CompoundingCompounding -- customized drugs, doses and dosage customized drugs, doses and dosage 
formsforms

Strengthening of Strengthening of team approachteam approach to health careto health care
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Example: Example: 
PharmacogenomicsPharmacogenomics at Pfizerat Pfizer

The study of The study of genomegenome--derived dataderived data, including , including 
human genetic variation,human genetic variation, RNA and protein RNA and protein 
expression differences, expression differences, to predict drug to predict drug 
responseresponse in individual patients or groups of in individual patients or groups of 
patientspatients

KitasatoKitasato –– Harvard Symposium (Oct. 2003)Harvard Symposium (Oct. 2003)



Target Prioritization Target Prioritization ––
Coronary Artery Disease Coronary Artery Disease 

HHigh density lipoprotein (High density lipoprotein (HDLDL)) modulationmodulation
A significant marketA significant market

So many targetsSo many targets, but w, but which is the best?hich is the best?

Locus specific genetic association studyLocus specific genetic association study
Candidate genes screened for Candidate genes screened for polymorphismpolymorphism
Correlate genotypes with Correlate genotypes with HDL levelsHDL levels
Increase CIR in the targetIncrease CIR in the target

Consumption & injection roomConsumption & injection room



Taq1B  

          +16/Ex14      +9/3' 
+199/In12  +82/Ex15 +383/In8       

                      -629/Prom    
VNTR-1946             +279/In1   

I405V  R451Q        MspI 
1 2 3 4 5 6 7   8 9 10 11 12 13  14 15  16

Spans Spans 22 22 KKbb on human on human chromosome 16chromosome 16
Several Several polymorphismspolymorphisms identifiedidentified
Implicated in modulation of Implicated in modulation of HDL levelsHDL levels
SNPs genotyped in 110 healthy subjectsSNPs genotyped in 110 healthy subjects

CholesterylCholesteryl Ester Transfer ProteinEster Transfer Protein
((CETPCETP))



CEPTCEPT Association Study (1)Association Study (1)
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Clinical Study PopulationClinical Study Population

5454--week week Phase Phase IIIbIIIb open label assessment of the open label assessment of the 
safetysafety and efficacy of and efficacy of AtorvastatinAtorvastatin (a(a--TORTOR--vava--
statstat--in)in)

33,,916 patients randomised into 916 patients randomised into 5 treatment groups5 treatment groups

Subjects with Subjects with coronary heart disease (CHD)coronary heart disease (CHD) and/or CHD risk and/or CHD risk 
factorsfactors

4 pretreatment visits, data on 4 pretreatment visits, data on blood pressureblood pressure, , lipidslipids etcetc. . 
including including HDL levelHDL level



CETPCETP Study (2)Study (2)

Genetic variation in Genetic variation in CETPCETP

Associated with Associated with protective HDL levelsprotective HDL levels

Increasing CIR for targetIncreasing CIR for target

Additional information obtainedAdditional information obtained
Linkage disequilLinkage disequiliibribriuumm
Ethnic diversityEthnic diversity

Studies in Studies in larger populationslarger populations requiredrequired



Selective Serotonin Reuptake InhibitorsSelective Serotonin Reuptake Inhibitors

Selective Serotonin Reuptake InhibitorsSelective Serotonin Reuptake Inhibitors ((SSRIsSSRIs))

Impacted on treatment of Impacted on treatment of depressiondepression

Improved tolerability and efficacyImproved tolerability and efficacy
BUTBUT nnot all patientsot all patients benefitbenefit

The challenge for new compoundsThe challenge for new compounds
Increased Increased efficacyefficacy
Reduction in Reduction in adverse eventsadverse events
DifferentiationDifferentiation



Target Variation Target Variation –– SLC6A4SLC6A4

Variation in Variation in promoter sequencepromoter sequence
4444--bp insertion/deletion (L and S alleles)bp insertion/deletion (L and S alleles)

Short SLC6A4 expression

(484 bp)

Long SLC6A4 expression

(528bp)

Long/Long Short/Short



••Solute carrier family 6Solute carrier family 6 (neurotransmitter (neurotransmitter 
transporter, serotonin), member 4 (transporter, serotonin), member 4 (SLC6A4SLC6A4):        ):        
5HT transporter (5HT transporter (5HTT5HTT ))



SertralineSertraline Targeting Targeting SLC6A4SLC6A4

SertralineSertraline
Zoloft (Pfizer), Zoloft (Pfizer), sertralinesertraline (HCI)(HCI)

Antidepressant effectAntidepressant effect
To inhibit the neuronal reuptake of To inhibit the neuronal reuptake of serotoninserotonin
Very weak effects on Very weak effects on norepinephrinenorepinephrine & & dopamine dopamine neuronal neuronal 
reuptakereuptake

At At clinicalclinical doses, doses, sertralinesertraline blocks the uptake of blocks the uptake of serotonin into serotonin into 
human plateletshuman platelets
In In receptor binding studiesreceptor binding studies, , sertralinesertraline has no significant has no significant 
affinity for affinity for adrenergicadrenergic [alpha(1), alpha(2) and beta], [alpha(1), alpha(2) and beta], 
cholinergiccholinergic, GABA, , GABA, dopaminergicdopaminergic, , histaminergichistaminergic, , serotonergicserotonergic
(5(5--HT1A, 5HT1A, 5--HT1B, 5HT1B, 5--HT2) or HT2) or benzodiazepinebenzodiazepine binding sitesbinding sites



SLC6A4SLC6A4 & & SertralineSertraline ResponseResponse

Does Does genotypegenotype influence influence time to responsetime to response? (Study R? (Study R--
0552)0552)

8 week, double8 week, double--blind, placeboblind, placebo--controlled study of controlled study of 
sertralinesertraline in elderly depressed in elderly depressed outpatientsoutpatients with DSMwith DSM--IV IV 
major depressionmajor depression

66 sites within the US66 sites within the US
AnonymizedAnonymized DNA samples collected to test DNA samples collected to test for genotype for genotype 
effect on timeeffect on time--toto--response to response to sertralinesertraline
44--14 day washout period prior to randomization14 day washout period prior to randomization
Age > 60Age > 60
HAMHAM--D D ≥≥1818
HAMHAM--D and D and CGICGI--I measures of responseI measures of response
Predominantly Caucasian (95% )Predominantly Caucasian (95% )



Case Control EvaluationCase Control Evaluation

Responders defined asResponders defined as
HAMHAM--D D 

≥≥ 50% reduction50% reduction in HAMin HAM--D from baselineD from baseline
CGICGI--II

Individual with Individual with a score of 1 or 2a score of 1 or 2

Response defined at each time point postResponse defined at each time point post--baseline baseline 
and evaluated for and evaluated for a significant differencea significant difference in in 
response response between the LL and SL/SS groupsbetween the LL and SL/SS groups

Direct association testing Direct association testing a functional polymorphisma functional polymorphism for for 
effect on responseeffect on response



L/L Genotypes Respond More RapidlyL/L Genotypes Respond More Rapidly
to to SertralineSertraline
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Response Time to Placebo Not Response Time to Placebo Not 
SignificantSignificant
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PharmacogenomicsPharmacogenomics II

Drug response variabilityDrug response variability
DiseasesDiseases
Demographic TraitsDemographic Traits

人口統計學人口統計學

Age, race, gender Age, race, gender 
General HealthGeneral Health

Nutritional status, Nutritional status, 
organ function, organ function, espesp. . 
liverliver & & kidneykidney

Drug TraitsDrug Traits
ConcomitantConcomitant treatments, treatments, 
interactions with drugs interactions with drugs 
or food or food 

PrinciplesPrinciples
GenotypesGenotypes
Drug Drug responseresponse
Drug Drug metabolismmetabolism
Disease subpopulationDisease subpopulation
Diagnostic needsDiagnostic needs
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PharmacogenomicsPharmacogenomics II II -- SNPsSNPs (1)(1)

SSingle ingle NNucleotide ucleotide PPolymorphisms olymorphisms ((SNPsSNPs))

MutationsMutations in genetic codein genetic code
Changes, deletions, insertions (nucleic acids)Changes, deletions, insertions (nucleic acids)

Protein profile changesProtein profile changes
Its Its actionsactions or or reactionsreactions to drugs changeto drugs change

SNPsSNPs –– over 1.42 million in human genomeover 1.42 million in human genome

SNPsSNPs –– in excess (DNA in excess (DNA coding regionscoding regions) about 60,000) about 60,000
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PharmacogenomicsPharmacogenomics II II -- SNPsSNPs (2)(2)

Genetic change in Genetic change in enzymes, enzymes, transporterstransporters, , 
receptors, receptors, intracellular signal transduction intracellular signal transduction 
proteinsproteins, cell cycle proteins, cell cycle proteins

Alter the Alter the desireddesired or or adverseadverse effects of drugs and effects of drugs and 
biologicsbiologics

SNPsSNPs
50 years ago50 years ago
Changes in Changes in adverse eventsadverse events related drug metabolismrelated drug metabolism
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PharmacogenomicsPharmacogenomics IIII-- SNPsSNPs (3)(3)

AcetylationAcetylation variationvariation with with isoniazidisoniazid 異菸鹼硫胼異菸鹼硫胼
((治肺病之藥治肺病之藥) and ) and hydalazinehydalazine led to different led to different 
neuropathiesneuropathies and lupus reactions, and lupus reactions, cutaneouscutaneous or or 
organ function, among patients receiving the same organ function, among patients receiving the same 
therapytherapy

Slower Slower actylatorsactylators

SulfonamidesSulfonamides
Different Different hypersensitivityhypersensitivity reactions between reactions between 
patients patients 

Based on Based on differences in metabolismdifferences in metabolism
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PharmacogenomicsPharmacogenomics II II -- SNPsSNPs (4)(4)

SNPsSNPs’’ effectseffects
Early stop Early stop codonscodons
Nucleotide repeatsNucleotide repeats
Gene duplicationsGene duplications
ExonExon skippingskipping
Deletions of major amino acidsDeletions of major amino acids
No transcriptsNo transcripts
Genetic mutations in promoter Genetic mutations in promoter SNPsSNPs, regulatory , regulatory 
SNPsSNPs
More minor amino acid substitutions or deletionsMore minor amino acid substitutions or deletions
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PharmacogenomicsPharmacogenomics IVIV
Outcomes Outcomes –– Efficacy & SafetyEfficacy & Safety

Dose of drug Dose of drug increaseincrease ((metabolismmetabolism, more drug , more drug destructiondestruction; drug; drug--
enalaprilenalapril; enzyme ; enzyme -- ACE ACE SNPsSNPs))

Dose of drug Dose of drug decreasedecrease ((metabolismmetabolism, more drug , more drug activationactivation; ; codeinecodeine; ; 
CYP2D6CYP2D6 SNPsSNPs))

ToxicityToxicity of drugs (of drugs (adverse eventsadverse events; anti; anti--depressants depressants ImipramineImipramine & & 
CYP2D6CYP2D6 SNPsSNPs) ) 

Response to Response to drug changesdrug changes ((targetstargets, FEV1 variation; , FEV1 variation; AlbuterolAlbuterol changes changes 
with with SNPsSNPs in in betabeta--2 adrenergic receptor = 2 adrenergic receptor = ADRB2ADRB2) ) –– forced expiratory forced expiratory 
volume in one second volume in one second 

Disease subtypesDisease subtypes, drug response (, drug response (disease response changedisease response change; ; HerceptinHerceptin; ; 
and and Her2neuHer2neu) ) 

Breast cancer subtypeBreast cancer subtype



PharmacogenomicsPharmacogenomics VV
Complexity of Genetic VariationsComplexity of Genetic Variations





http://snp500cancer.nci.nih.gov/homhttp://snp500cancer.nci.nih.gov/hom
e_1.cfm?CFID=471564&CFTOKEN=4e_1.cfm?CFID=471564&CFTOKEN=4
74655217465521



Phase I:Phase I: Major human enzymes responsible for modification of functional Major human enzymes responsible for modification of functional 
groupsgroups
Phase II:Phase II: Conjugation with endogenous Conjugation with endogenous substitutentssubstitutents ((置換基置換基) or Phase I ) or Phase I 
metabolites that are readily excreted in the urine or bilemetabolites that are readily excreted in the urine or bile



Genetic Genetic Variations in Variations in 
DrugDrug--metabolizing Enzymes (1)metabolizing Enzymes (1)

At least At least oneone of these allele of these allele alters the alters the activityactivity
of the encoded proteinof the encoded protein

CytochromeCytochrome P450 genesP450 genes ((CYP2D6CYP2D6, , CYP3A4CYP3A4) ) 
Specify enzymes responsible for Specify enzymes responsible for drug metabolismdrug metabolism in the in the liverliver
TerfenidineTerfenidine is metabolized by P450 enzymes CYP2D6 & is metabolized by P450 enzymes CYP2D6 & 
CYP3A4CYP3A4

66--10%10% Caucasian population; Caucasian population; homozygous for nonhomozygous for non--functional functional 
CYP2D6CYP2D6 mutant allelesmutant alleles
TerfenidineTerfenidine is metabolized byis metabolized by CYP3A4CYP3A4 in these individuals in these individuals 

CYP3A4CYP3A4: is : is inhibitedinhibited by by 
Several commonly Several commonly prescribed antibioticsprescribed antibiotics
Grapefruit juiceGrapefruit juice

Shirley©



Genetic Genetic Variations in DrugVariations in Drug--metabolizing metabolizing 
Enzymes (2)Enzymes (2)

TerfenidineTerfenidine is administered is administered with a with a CYP3A4CYP3A4
inhibitorinhibitor

High levels of High levels of terfenidineterfenidine accumulate accumulate lifelife--
threatening cardiac arrhythmiathreatening cardiac arrhythmia ((心率不整心率不整））

Has been removed from the US market (Has been removed from the US market (KurthKurth 2000)2000)

Shirley©



SNPsSNPs in Drugin Drug--metabolizing Enzymesmetabolizing Enzymes

CYP2D6CYP2D6
MutantMutant alleles: responsible for alleles: responsible for individual variabilityindividual variability in in 
pain relief by pain relief by opioidopioid analgesics analgesics ((止痛劑）止痛劑）

E.gE.g., ., CodeineCodeine ((可待因）可待因）

Require Require activation by activation by CYP2D6CYP2D6
Individuals with Individuals with nonnon--functional functional CYP2D6CYP2D6 mutant allelesmutant alleles resistant to the resistant to the 
effects of effects of opioidopioid analgesics analgesics 
Several mutant alleles of the Several mutant alleles of the CYP2D6CYP2D6 gene coding for gene coding for debrisoquinedebrisoquine 44--
hydroxyasehydroxyase predispose to predispose to toxicitytoxicity withwith

MetaprololMetaprolol, , timololtimolol, , nortriptylinenortriptyline, , perhexelineperhexeline, , propafenonepropafenone and and 
codeinecodeine

Genetic tests (Genetic tests (genotypinggenotyping): to prevent potential ): to prevent potential 
toxicity by toxicity by lowering dosageslowering dosages or or notnot prescribing certain prescribing certain 
drugs drugs selection of selection of optimal drug therapyoptimal drug therapy

Shirley©



CytochromeCytochrome PP--450 Multiplicity (1)450 Multiplicity (1)

SuperfamilySuperfamily: : current estimates > 1,000 genes current estimates > 1,000 genes 

Some of these are Some of these are ““pseudogenespseudogenes””

Humans: current estimatesHumans: current estimates
~57 distinct P450~57 distinct P450’’s in 17 familiess in 17 families
Initially simple PInitially simple P--450450’’s cholesterol & FAs cholesterol & FA’’s form s form 
membranes membranes 
Millions of years, evolved endogenous Millions of years, evolved endogenous   endogenous + endogenous + 
exogenous compoundsexogenous compounds

Shirley©



CytochromeCytochrome PP--450 Multiplicity (2)450 Multiplicity (2)

Shirley©

SuperfamilySuperfamily nomenclaturenomenclature

CYP2D6CYP2D6
C: C: CytCyt P450P450
2: Family (>40% homology)2: Family (>40% homology)
D: subfamily (>55% homology)D: subfamily (>55% homology)
6: individual form6: individual form



Human PHuman P--450 Multiplicity 450 Multiplicity 



Some drugs require Some drugs require metabolismmetabolism beforebefore exerting exerting 
their their effecteffect, , e.ge.g.,  .,  

AntileukemicAntileukemic agentsagents
MercaptopurineMercaptopurine (MP) (MP) 
ThioguanineThioguanine (TG) (TG) 

Immunosuppressant Immunosuppressant 
AzathiopurineAzathiopurine

PolymorphismsPolymorphisms in genes encoding in genes encoding the metabolizingthe metabolizing
enzymesenzymes may produce may produce adverse drug effectsadverse drug effects

Genetic Genetic Variations in DrugVariations in Drug--metabolizing metabolizing 
Enzymes (3)Enzymes (3)
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MP & TG MP & TG ∈∈ inactive inactive prodrugsprodrugs
Require metabolism to Require metabolism to thiopurinethiopurine nucleotidesnucleotides to exert to exert cytotoxicitycytotoxicity

Undergo SUndergo S--methylationmethylation catalyzed by catalyzed by thiopurinethiopurine SS--methyltransferasemethyltransferase
((TPMTTPMT))

High TPMTHigh TPMT activity results in activity results in less activationless activation to to thioguanosinethioguanosine phosphatesphosphates
((TGNsTGNs), ), a competitive metabolic pathwaya competitive metabolic pathway

Patients with Patients with inactivating TPMT mutationinactivating TPMT mutation (1/300 inherited deficiency)(1/300 inherited deficiency)
Accumulate Accumulate high high TGNsTGNs concentrationconcentration in in erythrocyteserythrocytes
potentially potentially fatal fatal hematopoietichematopoietic toxicity if full doses are toxicity if full doses are 
administratedadministrated

10% Caucasians & African10% Caucasians & African--Americans are Americans are heterozygousheterozygous for for 
active TPMTactive TPMT at intermediate risk of at intermediate risk of thiopurinethiopurine toxicity toxicity 

Genetic Genetic Variations in DrugVariations in Drug--metabolizing metabolizing 
Enzymes (4)Enzymes (4)

Shirley©



Genetic Genetic Variations in DrugVariations in Drug--metabolizing metabolizing 
Enzymes (5)Enzymes (5)

Genotyping (Genotyping (DNA DNA microarraymicroarray))
To identify To identify TPMTTPMT--deficientdeficient patients patients successful successful 
treatment treatment at a reduced at a reduced thiopurinethiopurine dosagedosage

Most Most drugdrug--metabolizing enzymesmetabolizing enzymes exhibit clinical exhibit clinical 
relevant genetic polymorphisms (next slide)relevant genetic polymorphisms (next slide)

ShirleyShirley©©



DrugDrug--induced arrhythmiainduced arrhythmiaClarithromycinClarithromycinhKCNE2hKCNE2

DrugDrug--induced induced torsadetorsade de pointesde pointes
DrugDrug--induced long QT syndromeinduced long QT syndrome

CisaprideCisapride
TerfenadineTerfenadine, , disopyramidedisopyramide, , meflaquinemeflaquine

KvLQT1KvLQT1

DrugDrug--induced long QT syndromeinduced long QT syndromeQuinidineQuinidineHERGHERG

Potassium channelsPotassium channels

RenoprotectiveRenoprotective effects, cardiac effects, cardiac 
indices, blood pressure, indices, blood pressure, 
immunoglobulin A nephropathyimmunoglobulin A nephropathy

EnalaprilEnalapril, , LisinoprilLisinopril, , captoprilcaptoprilACEACE

ThiopurineThiopurine toxicity & efficacy; toxicity & efficacy; 
risk of second cancersrisk of second cancers

MercaptopurineMercaptopurine, , thioguaninethioguanine, , 
azathioprineazathioprine

ThiopurineThiopurine
methyltransferasemethyltransferase

Fluorouracil Fluorouracil neurotoxicityneurotoxicityFluorouracilFluorouracilDihydropyrimidineDihydropyrimidine
dehydrogenasedehydrogenase

TardiveTardive dyskinesiadyskinesia from from 
antipsychoticsantipsychotics; narcotic side ; narcotic side 
effects, efficacy, & dependence; effects, efficacy, & dependence; 
imipramineimipramine dose dose requirmentrequirment; ; 
betabeta--blocker effectblocker effect

Beta blockers, Beta blockers, antidepressantsantidepressants, , 
antipsychoticsantipsychotics, , codeinecodeine, , debrisoquindebrisoquin, , 
dextromethorphandextromethorphan, , encainideencainide, , 
flecainideflecainide, , guanoxanguanoxan, , 
methoxyamphetaminemethoxyamphetamine, N, N--
propylajmalinepropylajmaline, , perhexilineperhexiline, , phenacetinphenacetin, , 
phenforminphenformin, , propafenonepropafenone, , sparteinesparteine

CYP2D6CYP2D6

Anticoagulant effect of Anticoagulant effect of 
warfarinwarfarin

TolbutamideTolbutamide, , warfarinwarfarin, , PhenytoinPhenytoin, , 
nonsteroidalnonsteroidal antianti--inflammatoiesinflammatoies

CYP2C9CYP2C9

Quantitative EffectQuantitative EffectDrugDrugGene/EnzymeGene/Enzyme



Drug Target Polymorphisms (1)Drug Target Polymorphisms (1)

Affect drugAffect drug
PharmacodynamicsPharmacodynamics
EfficacyEfficacy

GenesGenes involve ininvolve in
Determine the plasma concentration (extent of Determine the plasma concentration (extent of 
drug drug activationactivation))
Determine the sensitivity of the Determine the sensitivity of the drug receptordrug receptor
at any given concentration at any given concentration 

ShirleyShirley©©



Drug Target Polymorphisms (2)Drug Target Polymorphisms (2)

DrugDrug--metabolizing enzymes metabolizing enzymes 
ReceptorsReceptors

Both Both homozygous wildhomozygous wild--typetype
High probability of therapeutic efficacy High probability of therapeutic efficacy 
Low probability of drug toxicityLow probability of drug toxicity

Both Both homozygous mutantshomozygous mutants
Low probability of efficacy Low probability of efficacy 
High probability of drug toxicityHigh probability of drug toxicity

Shirley©



Receptor Polymorphisms (Example) (1)Receptor Polymorphisms (Example) (1)

KuivenhovenKuivenhoven et al.et al. (1998) N (1998) N EnglEngl J Med 8, 86J Med 8, 86--93.93.

BackgroundBackground
Higher highHigher high--density lipoproteindensity lipoprotein (HDL) cholesterol concentration is (HDL) cholesterol concentration is 
inversely related toinversely related to the risk of coronary artery diseasethe risk of coronary artery disease
The The CCholesterylholesteryl EEster ster TTransfer ransfer PProtein (rotein (CETPCETP)) has a central role has a central role 
in the metabolism of HDLin the metabolism of HDL alter the susceptibility to alter the susceptibility to 
atherosclerosis (atherosclerosis (動脈硬化症）動脈硬化症）

CETPCETP polymorphismspolymorphisms
B1 variantB1 variant
B2 = without B1 variantB2 = without B1 variant

ShirleyShirley©©



Receptor Polymorphisms (Example) (2)Receptor Polymorphisms (Example) (2)

807 patients 807 patients 
AntiographicallyAntiographically documented coronary atherosclerosisdocumented coronary atherosclerosis

Participated in Participated in a cholesterola cholesterol--lowing triallowing trial designed to designed to 
induced the regression of coronary atherosclerosis induced the regression of coronary atherosclerosis 

Randomly assigned to treatment with either (2 years)Randomly assigned to treatment with either (2 years)
PravastatinPravastatin
PlaceboPlacebo

B1 variantB1 variant of the of the CETPCETP gene was associated with gene was associated with 
Higher plasma CETP conc.Higher plasma CETP conc.
Lower HDL cholesterol conc. Lower HDL cholesterol conc. 

PravastatinPravastatin therapy slowed the progression of coronary therapy slowed the progression of coronary 
atherosclerosis atherosclerosis in in B1B1B1B1 carrierscarriers but not in but not in B2B2B2B2 carrierscarriers



Example: Example: ACEACE

Patients Patients homozygoushomozygous for an allele with for an allele with a a 
deletiondeletion in in intronintron 1616 of the gene for of the gene for 
angiotensinangiotensin--converting enzyme (converting enzyme (ACEACE)) showed showed nono
benefit from the benefit from the hypertension drughypertension drug enalaprilenalapril
while other patients did benefitwhile other patients did benefit



ReninRenin--AngiotensinAngiotensin System: PhysiologySystem: Physiology

Mean Mean 
Arterial Arterial 
PressurePressure



ReninRenin--AngiotensinAngiotensin SystemSystem



ACE: Candidate GeneACE: Candidate Gene

““DD”” allele: allele: enzyme activityenzyme activity, hypertension, LVH, CAD, renal , hypertension, LVH, CAD, renal 
disease, longevitydisease, longevity

““II”” allele: allele: LV massLV mass, elite endurance /athletic performance, elite endurance /athletic performance





The Value of The Value of PharmacogenomicsPharmacogenomics

Drug discovery: enhancedDrug discovery: enhanced
Patient drug therapy: optimizedPatient drug therapy: optimized

Patient vary in drug responsePatient vary in drug response
To identify To identify polymorphismspolymorphisms in in drugdrug--metabolizing metabolizing enzymesenzymes
To identify To identify drug targetsdrug targets in order to tailor drug therapy in order to tailor drug therapy 

PharmacogenomicsPharmacogenomics to create to create small moleculessmall molecules with greater with greater 
specificityspecificity and and efficacyefficacy

Rational drug design Rational drug design 
Combinatorial methodsCombinatorial methods



Real World ApplicationsReal World Applications

Most of the major pharmaceutical companies are Most of the major pharmaceutical companies are 
currently collecting currently collecting pharmacogenomicpharmacogenomic datadata in in 
their clinical trialstheir clinical trials

Data is yet to be publishedData is yet to be published

Genetic indicationsGenetic indications for drug use are for drug use are still a few still a few 
years awayyears away



Impact of Impact of PharmacogenomicsPharmacogenomics on on 
Chronic DiseasesChronic Diseases

Trends Biotech. 19, 491Trends Biotech. 19, 491--496 (2001)496 (2001)



PharmacogenomicsPharmacogenomics --
A new Script for PrescriptionsA new Script for Prescriptions

IInformationnformation
Unique variations in an individualsUnique variations in an individuals’’s s genetic makeup genetic makeup 

Resulting highly variable Resulting highly variable responsesresponses to drug to drug 
MetabolismMetabolism
EffectivenessEffectiveness
Toxicity Toxicity 

EverybodyEverybody mustmust
Get up and ready for Get up and ready for pharmacogenomicspharmacogenomics


