
Terms to know

Monogenic: due to allelic variation at a single gene
 
Polygenic: due to variations at two or more genes
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Polymorphism

• Polymorphisms or genetic variations with a frequency of greater than 1% of the
population, or mutations, in less than 1% of the population, in genetic sequences can
affect patient therapeutic response or metabolism of a given drug

• Many alleles encoding different drug receptors are being discovered and studied with
increasing frequency.

• Pharmacokinetic parameters now known to be influenced by genetic differences include
drug bioavailability, distribution, metabolism and tissue binding.

• Polymorphism in cytochrome isozymes is well known in drug metabolism, and the
corresponding allele genes involved have been widely studied and are fairly well
understood clinically at this time.
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…يجري التحميل

Polymorphism

• Genetic polymorphism within a specific genotype may occur with different frequencies depending on
racial or population factors, which evolved from selective geographic, regional, and ethnic factors.

• Genetic polymorphisms with higher frequencies are more important because they are likely to affect
more people. However, some rare mutations are important because they cause extreme medical
consequences or may be fatal for the individual.

• Using genetic polymorphism considerations, drugs may be developed that have less inter-subject
variation in pharmacodynamic response and less risk of an adverse event.

• In addition, doses for patients can be based on their metabolic capacity by using the frequency of
genotypes of "poor metabolizers" or "ultrarapid metabolizers."

• Molecular studies in pharmacogenetics began with cloning of CYP2D6 and now have been extended
to more than two dozen drug-metabolizing enzymes and several drug transport systems
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13
Genetic polymorphisms in drug metabolizing enzymes

From: Evans WE, Relling MV. Pharmacogenomics: Translating functional genomics into
rational therapeutics. Science 286:487-491, 1999.
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EXAMPLE OF POLYMORPHISMS
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EXAMPLE OF POLYMORPHISMS

• Interindividual differences in response to drug therapy due to differences in acetylation of
drugs is a well studied example of genetic polymorphism.

• Patients' ability to metabolize certain drugs such as hydralazine, procainamide, and
isoniazid can be categorized as either "fast acetylators," "normal acetylators," or "slow
acetylators."

• Acetylation status is dependent on the patient's genetic composition, which determines the
activity of the acetylation enzyme N-acetyltransferase.

• Acetylation status determines whether a patient is dosed with a correspondingly higher or
lower dose compared to "normal acetylators."

• Genetic variations are well known in bacteria and other microorganisms because the rapid
changes in these organisms are easily observed.

• In humans, mutations and related changes occur to different degrees in thousands of
proteins and other macromolecules.
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• A change or mutation in gene sequence may or may not result in chronically reduced or increased level
or activity of a protein or an essential enzyme. In some cases, such changes result in an exaggerated or
reduced therapeutic response to a drug.

• The cell is homozygous if the genetic sequences occupying the locus are the same on the maternal and
paternal chromosome; if they are different, the cell is heterozygous. When more than one alternative
forms of a gene exists, they are referred to as alleles of the gene. The identity of the alleles carried by
an individual at a given gene locus is referred to as the genotype.

• Alleles that vary by a single nucleotide change can now be characterized rapidly at the DNA level by
single-nucleotide polymorphism (SNP). The physical effect observed as a result of genotype difference
is referred to as phenotype.

• Genes are considered functionally polymorphic when allelic variants exist stably in the population and
their gene products exhibit altered activity in relation to the wild type ("normal"). Ideally, variation in
drug response can be predicted by monitoring changes in phenotype or genotype for a single patient or
a group of patients.

lowers faster i it DNAM
*51: a cetylators -&

,
& -

Y
-

is Miles in &
Generic Variation signi *

Sina ,sij~

S

-
-

metabolism I
EgsiY

&s jd
su ↳
-led list
---

S * i
& DNA s &

I ↑ -

-

-
Iwhite blood cells I & gas

& IDNA 111is 4 ----sigloss gipa
N-Acetyltransferrin S #855555 M150



in ! heterozygous homozygous e
-

&↳ ->Miss-s
=

*
->

&

& j sze
dis2

homozygous&

-Poli
-

fast acetylorii heterozygous-*Tig
*

slow acetylated

L
&
Ti,!

N acetyltransferase If
&sis 1
-PSA

heterozygous & I-I genp



genotypedn Genotypes/ Phenotype *

s

Phenotype E

& los bi

fast & Is P
low acetylate

nucleotidest i
· did *

-

-

·medinaSDNAgi

·le
is simi

· gius-gig
-↳
single nucleotide changes-



normalacetylator
Wild Hype

&symetabolism 1 a Wild typesse Ullelic variants i
---

genotype
jis yigBiliis

s

Phenotypet
> loy acetylator↳ -gloj 5t > normal / -

-

[
fast/
-> wild type

&& S
& -

--



17
1. N-ACETYLTRANSFERASE ACTIVITY

Distribution of plasma isoniazid concentration in 483 subjects
after and oral dose. Reproduced from Evans DAP. Br Med J 2:485, 1960.
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ETHNIC DIFFERENCES IN THE DISTRIBUTION OF
ACETYLATOR PHENOTYPE

Population    % Slow         % Hetero Fast    % Homo Fast

South Indians        59        35.6            5.4
Caucasians        58.6        35.9            5.5
Blacks            54.6        38.6            6.8
Eskimos        10.5        43.8                   45.7
Japanese        12        45.3                   42.7
Chinese        22        49.8                   28.2

From: Kalo W. Clin Pharmacokinet 7:373-4000, 1982.
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19 Xenobiotics Subject to Polymorphic
Acetylation in Man

  Hydrazines
    isoniazid
  hydralazine
   phenylzine
acetylhydrazine
    hydrazine

   Arylamines
     dapsone
  procainamide
 sulfamethazine
   sulfapyridine
aminoglutethimide

  Carcinogenic
   Arylamines
    benzidine
�-
naphthylamine
4-aminobiphenyl

Drugs metabolized to amines
sulfasalazine        nitrazepam
clonazepam        caffeine
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