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NEJM, Feb. 6, 2003

Concepts in
Pharmacogenomic

Cell Biology and 

Its Application
BI-1202

What is and why pharmacogenomics?
• Pharmacology + Genetics/Genomics

• Pharmacogenetics: the effect of genetic variation on drug response, including 
disposition, safety and tolerability, and efficacy. Pharmacogenetics is an old 
discipline

• Pharmacogenomics: branch of pharmacology which deals with the influence of 
genetic variation on drug response in patients by correlating gene expression or 
single-nucleotide polymorphism with drug’s efficacy or toxicity. Pharmacogenomics 
is the application of genome science (genomics) to the study of human variability in 
drug response. 
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(Fenech, 2007)

Drug tablet

Drug in blood

Drug in tissues

Drug at receptor

Drug metabolites Drug in urine/bile

Desired response No response Unwanted response

Sources of drug 
variability

Release

Drug  in gut

Absorption

Distribution

Pharmacokinetics

Pharmacodynamics
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Evans et al, SJCRH, 2000
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Many factors influence drug disposition & response

E. Vessell, 1980s

Pharmaco-

genetics

but inheritance can have a predominant effect

Genetic variations in drug response 
and drug toxicity may result from 

Variation in drug  

transporters
• P-glycoprotein

Variation in disease 

modifying genes
• Apolipoprotein (APOE)

Variation in drug 

metabolizing enzymes
• Cytochromes P450
• Thiopurine S-

methyltransferase

Variation in drug targets
• Beta2-adrenergic receptor
• ACE
• Dopamine receptor
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Changes in the DNA sequence such as
– Nucleotide mutation

• The most frequent DNA variation found in 
the human genome is single nucleotide 
polymorphism (SNP)
 silent SNPs and non-coding SNPs can 

affect function

– Nucleotide deletion
– Nucleotide insertion

– Gene deletion

– Gene duplication

DNA alteration

A  …G A G…..C A C A T …..

B  …G A G T C A C A T …..

Deletions/

Insertions

Gene 

Duplications

Large 

deletions

e.g. 68 bp  insertion in CBS

e.g. CYP2D6 up to 13 genes

e.g. entire GSTT1 and GSTM1

Inherited differences in drug 

metabolism and adverse drug 

effects (ADR)

59% of drugs in ADR-studies metabolised by 
polymorphic enzymes (86% are P450s)  = 
INHERITED RISK

CYP2D6 involved in 38% of all ADR reports

Phillips et al JAMA 286:2270-2279, 2001
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Inheritance of Drug Metabolism

= functional gene (wild type gene or “allele”
= non-functional gene (variant with SNP, I/D, etc)

Evans et al, SJCRH, 2000

Pt 1 Pt 2 Pt 3

PHARMACOGENETICS

A Bit of History

Born in the 1950’s

G6PD  chloroquine  hemolysis
NAT  isoniazid  p. neuropathy
cholinesterase  suxamethonium  muscle relax.

Linked to “idiosyncratic” drug reactions, 
Motulsky, JAMA, 1959

Vogel coined term, “pharmacogenetics” in 1959
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PHARMACOGENETICS

Inherited differences in drug disposition or drug effects

Expanded in the 1960’s and 70’s

Price-Evans NAT
Smith; Eichelbaum CYP2D6
Vessel ALDH
Alexrod COMT
Kupfer CYP2C19

Became molecular in the 80’s and 90’s

Meyers & Gonzalez CYP2D6 1987
Grant & Meyers NAT2 1989
Wrighton & Goldstein CYP2C19 1993
Liggett B2AR 1993
etc

Becoming clinical in the 2000’s

TPMT1st PGEN Genotype CLIA-certified

Relling, SJCRH, 2001

Inheritance (genetic polymorphisms) may result in different population 
distributions of phenotypes, depending on the type of polymorphism
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Evans et al, SJCRH, 2000
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Warfarin is metabolized by CYP2C9

• Lower CYP2C9 = greater exposure to active (S) 
warfarin = higher INR (international 
normalized ratio)

• Higher CYP2C9 = lower exposure to active (S) 
warfarin =lower INR

• CYP2C9 : 10% very low (v/v)

40% intermediate (~wt/v)

50% high activity (wt/wt) 

Warfarin dosage depends upon 
CYP2C9 genotype
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• 93 whites receiving long-
term warfarin (a.fib, 
valvular dz, DVT)

• treated with warfarin with 
INR variation < 15% to 
maintain INR 2-3 

• Pts genotyped for CYP2C9

• Warfarin PK

Clin Pharm Ther 2002;72:702-10
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Drug receptors and targets can exhibit

genetic polymorphisms influencing drug effects

Evans and McLeod, NEJM, Feb. 2003

Genes Encoding Drug Targets
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Evans and McLeod, NEJM, Feb. 2003

Disease or Rx-modifying Genes

Evans et al, SJCRH, 2000
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Common genetic polymorphism of humanCommon genetic polymorphism of human
drug metabolizing enzymesdrug metabolizing enzymes

Enzyme              PM incidence                 Drug substrates 

CYP2D6
Dextromethrophan
beta-blockers
Antiarrythmics
Antidepressants
Neuroleptics

Caucasians 5-10%
Asians 1%

CYP2C19 Caucasians 2-5%
Asians 7-23%

Mephenytoin
Mephobarbital
Hexobarbital
Diazepam
Omeprazole
Lansoprasole

CYP2C9 Caucasians < 1%
Tolbutamide
(S)-Warfarin
Phenytoin
NSAIDs

Caucasians &  Asians 0.3%
Azathioprine
6-Mercaptopurine
6-Thioguanine

Thiopurine S-
methyltransferase

Frequency

Low             High

Deficient 

V/V 

~ 2-10% 

Heterozygous

Wt/V

~ 30-40%

Wt/Wt

~ 60% 

Gene 

Duplication 

(WT >2 )

~ 0-1%

CYP2D6 Drug Metabolism Phenotypes 

and Gene Polymorphisms

Enzyme activity/ drug clearance 
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•A 9-yr old boy was prescribed Prozac (Fluoxetine) to help control emotional outbursts.
•Child died suddenly ; toxicology tests show massive overdose of fluoxetine
•Adoptive parents investigated for homicide.
•Psychiatrist notices unusually high levels of Prozac indicatiing CYP2D6 deficiency.
•Subsequent genetic testing showed that child had CYP2D6 gene defect

“After Michael died, we found out that there were tests to spot enzyme 

deficiencies that can cause adverse drug reactions. I felt devastated when I 
heard that. It should be the norm that the tests are used whenever there are 

concerns about possible side effects."

CYP2D6 PM fail to generate 
active metabolite

No analgesic effect

Codeine Morphine

O-demethylation
CYP2D6
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Life-threatening complication after 
cough suppression therapy with codeine

•62 yr man with pneumonia treated with codeine (25 mg tid) 

for cough

•4 days after drug administration , the pt’s consciousness 

rapidly deteriorated, and he became unresponsive. 

•At the time of the pt’s coma, 

• plasma morphine was 80 μg/L (normal 1-4 μg/L)

• morphine-3-glucuronide was 580 μg/L (normal 8-70 μg/L)

• morphine-6-glucuronide was 136 μg/L (normal 1-13 μg/L )

• CYP2D6 genotyping : ultra rapid metabolism

N Engl J Med 2004;351:2827-31

Overactive metabolism can cause adverse 
events

“Normal” Activity

Morphine
Enzyme

Pro-Drug
(Codeine)

Morphine

Morphine

Morphine

Enzyme

Enzyme

Enzyme

“Ultra-rapid” Activity

Pro-Drug
(Codeine)

Morphine

Morphine
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Thiopurine S-methyltransferase (TPMT) 
polymorphism

Cytosolic phase II enzyme involved in the metabolism of 
thiopurine and thioguanine anticancer drugs

Azathioprine
6-Mercaptopurine
6-Thioguanine

exhibits genetic polymorphism

Common TPMT alleles

TPMT*1
wild type 
Active enzyme

TPMT*2
Inactive enzyme

TPMT*3A
Inactive enzyme

TPMT*3B
Inactive enzyme

TPMT*3C
Inactive enzyme

G238C
(Ala 80Pro)

G460A
(Ala154Thr)

A719G
(Tyr 240 Cys)

G460A
(Ala154Thr)

A719G
(Tyr 240 Cys)
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ATG
G460A A719C

MP toxicity
Dose adjustments

Molecular
mechanisms
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TPMT Alleles

ATG

ATG

ATG

G238C

A719G

[>6 additional alleles]

l 1

l 2

l 3A

l 3C

Molecular Diagnosis

293 bp

207 bp

86 bp

Mut/MutWt/MutWt/Wt

ACCI: + + +---

Polymorphic Drug Metabolism

The TPMT Example

Evans and Krynetski

Am. J. Hum. Gen. 1998

CLIA Certified from Reference Labs

WT/WT

TPMT ACTIVITY
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6-Mercaptopurine

• TPMT is the only detoxifying enzyme 
of 6-MP in hematopoietic cells 
• TPMT deficiency lead to 
hematopoietic toxicity

Thioguanine
nucleotides

(TGN)

Inhibit DNA & RNA 
synthesis

HGPRT

6-Thiouric acid

TPMT

Azathioprine

6-Methylmercaptopurine

XO

HGPRT=Hypoxanthine-Guanine Phosphoribosyltransferase XO=Xanthine Oxidase 
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October 23-24, 2003
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But the medical community remains skeptical…

AmpliChip CYP450 Test
Use for routine diagnosis of  CYP2C9 and 

CYP2D6 gene 
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Targeted prescription of medicine: applied
pharmacogenomics

Today
empirical prescription

“One drug fit all”

Drug A
Drug B

Drug C

Drug D

Individual physician experience

Cost: time, money & well-being

Future
Rational prescription
“individualized”

Patient genetic’s profiles 

Drug A

Drug B
Drug C

Drug D

Informed physician diagnosis

Saving : time, money & patient’s life

Personalized medicine:

develop drugs that target 
persons of specific genotypes

prescribe existing drugs
tailored to specific genotypes

January 20, 2003
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Base on your genetic profile you 
should take Drug A instead of Drug B


