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medicine with pharmacogenomics Its Application
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What is and why pharmacogenomics?
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Many factors influence drug disposition & response
but inheritance can have a predominant effect

Pharmaco-

genetics

E. Vessell, 1980s

Genetic variations in drug response
and drug toxicity may result from

Variation in drug

metabolizing enzymes
+ Cytochromes P 5,
» Thiopurine S-

Variation in drug

transporters
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Variation in disease
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« ACE
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DNA alteration

Changes in the DNA sequence such as

— Nucleotide mutation

* The most frequent DNA variation found in
the human genome is single nucleotide
polymorphism (SNP)

v’ silent SNPs and non-coding SNPs can
affect function

— Nucleotide deletion
— Nucleotide insertion

Deletions/ A .GA G...CACAT ...
Insertions B .GAGTCACAT ...
e.g. 68 bp insertion in CBS
— Gene deletion
[T
Large
deletions I | (|

e.g. entire GSTT1 and GSTM1

— Gene duplication
Gene —
Duplications

[ I I I
e.g. CYP2D6 up to 13 genes

Inherited differences in drug
metabolism and adverse drug
effects (ADR)

polymorphic enzymes (86% are P450s) =
INHERITED RISK

CYP2D6 involved in 38% of all ADR reports

59% of drugs in ADR-studies metabolised by
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Inheritance of Drug Metabolism
Pt 1 Pt 2 Pt 3

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

Evans et al, SJCRH, 2000

PHARMACOGENETICS

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

TPMT 1t PGEN Genotype CLIA-certified

Inheritance (genetic polymorphisms) may result in different population
distributions of phenotypes, depending on the type of polymorphism

Relling, SICRH, 2001
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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

H wild-type
*1/*1

M heterozygote
*1/*2

W hetero *1/*3,
*2/*3 o

B homozygous .

variant *3/*3
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genotype

Clin Pharm Ther 2002;72:702-10

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
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Drug receptors and targets can exhibit
genetic polymorphisms influencing drug effects

Table 1. Examples of clinically relevant genetic polymorphisms influencing drug metabolism and
effects. A comprehensive listing is available at www.sciencemag.org/feature/data/1044449.shl

Gene Medications Drug Effects Linked to Polymorphism
Drug targets
Angiotensin- Enalapril, lisinopril, Renoprotective effects, cardiac indices, blood pressure,
converting- captopril IgA nephropathy
enzyme (ACE)
Potassium channels
HERG Quinidine Drug-induced long QT syndrome
cisapride Drug-induced torsade de pointes
KvLQT1 Terfenadine, Drug-induced long QT syndrome
disopyramide
meflaquine
hKCNE2 Clarithromycin Drug-induced arrhythmia

Science, vol 286, Oct 1999

Genes Encoding Drug Targets

Evans and McLeod, NEJM, Feb. 2003
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Disease or Rx-modifying Genes

Evans and McLeod, NEJM, Feb. 2003

Polygenic Nature of Drug Effects

* Disease * Host
Pathogenesis Susceptability

Genes \ / Genes

e N

* Drug Metabolism * Drug Receptor
* Drug Transport * Drug Target
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Common genetic polymorphism of human
drug metabolizing enzymes

Enzyme PM incidence Drug substrates
Dextromethrophan
CYP2D6 Caucasians 5-10% beta-blockers
Asians 1% Antiarrythmics

Antidepressants
Neuroleptics
Mephenytoin
Mephobarbital
CYP2C19 Caucasians 2-5% Hexobarbital

Asians 7-23% Diazepam
Omeprazole

Lansoprasole

Tolbutamide

CYP2C9 Caucasians < 1% (S)-Warfarin
Phenytoin
NSAIDs
Thiopurine S- } i Azathioprine
methyltransferase Caucasians & Asians 0.3% 6-Mercaptopurine

6-Thioguanine

CYP2D6 Drug Metabolism Phenotypes

and Gene Polymorphisms
Wt/Wt

~ 60%

Frequency

Heterozygous

Deficient 1
VIV Wt/V

~ 2-10% ~ 30-40% SCHE
Duplication

(WT >2)

Low High
Enzyme activity/ drug clearance
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Codeine Morphine

O-demethylation

—————————
CYP2D6

CYP2D6 PM fail to generate
active metabolite

| |

No analgesic effect
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CYP2D6 genotyping : ultra rapid metabolism

Overactive metabolism can cause adverse
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Common TPMT alleles

wild type
Active enzyme YMTR

e Gl AR BT

e anzyme mﬂ#l]*f[l%l#l%l#l*ﬁlﬂl*d:l—

GZSBC
(AIa 80Pr0)

e mﬂ#l]*f[l%l#l%l#l*ﬁlﬂl*d:l—

Inactive enzyme

G4 60 A7 9G
(AIa154Th r) (Tyr 240 Cys)
TPMT*3B
Inactive enzyme MEI#D**[I#I#I%I#I*I#I%I:I—
G460A
%AIal_?4Tha)

nactive o mﬂf@f[l#l#l%l#l*ﬁl#l#l_?—_l—

Inactive enzyme
(Tyr 240 Cys)
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TPMT Alleles in Various World Populations

Polymorphic Drug Metabolism
The TPMT Example

g
]
&

6MP Dosage
® B @ B o TPMT Alleles

TPMT ACTIVITY o1 W%HRHW[FD

malm2wk

= MP toxicity = Molecular 2
mDose adjustments mechanisms

°3A W‘ﬂ'ﬂ'ﬂ'ﬂ'ﬂﬂ
'\ / ATG
G460A A719C
e I -
= Molecular Diagnosis AIS

AT19G
wimwe WiMut MtMut [>6 additional alleles]

<« 293bp
< 207bp

«86bp
ACCL - + - + - +

CLIA Certified from Reference Labs
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Azathioprine 6-Thiouric acid

Thioguanine 6-Methylmercaptopurine
nucleotides

(TGN)

Inhibit DNA & RNA
synthesis

GENOME
REVIEW

Pharmacogenomics: Translating Functional
Genomics into Rational Therapeutics

William E. Evans* and Mary V. Relling

SCIENCE WOL 286 15 OCTOBER 1999
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All patients with the same diagnosis Potential of
Pharmacogenomics
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* \ toxicity with
i usual dose @]

of drug ¥
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October 23-24, 2003

Medicine
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GenomMic MeEDICINE

NEW S

Preventing Toxicity With a Gene Test

To test or not to test? That is the question clinicians are asking about
screaning for genes that affect how the body metabolizes drugs

Far more than 30 years, doctors have been
using a powerful cell-killing compound to
cure leukemia i children. This wonder
drug—&-mercaptopurine (6MP), synthe-

Genomic
Medicine

community remains skeptical. Like other
promised benefits of genomic medicine,
this one has run into complaints about its
cost (5100 to S300 per test), tochmical issues

But the medical community remains skeptical...

LS. Food and Drug Administration (FDA)
seems unlikely to recommend one.

The resistance has surprized champions
of genomic medicine. A leader in
pharmacogenctic studies, Russ Altman of
Stanford University, acknowledges that
genotyping for drug risks has been a hard

24 OCTORER 2003 WOL302  SCIEMCE  www.science mag.org

AmpliChip CYP450 Test
Use for routine diagnosis of CYP2C9 and

CYP2D6 gene

4/14/2014
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Targeted prescription of medicine: applied

pharmacogenomics
Today Future
empirical prescription Rational prescription
“One drug fit all” “individualized”
Drug A — Patient genetic’s profiles
Drug B I
—> I Drug A
Drug D Drug B
DrugC ¢
Drug Cc Drug D
Individual physician experience Informed physician diagnosis

Cost: time, money & well-being Saving : time, money & patient-s life

Personalized medicine:

v'develop drugs that target
persons of specific genotypes

v'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
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