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Monogenic: |due to allelic variation at a single gene —s .~ —)"‘ . D‘”‘g' “§—4
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Polygenic| due to variations at two or more genes — j..s\){d:? zé‘éﬂi}b.&c 6§3.
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Polymorphism

*  Polymorphisms or Eenetic 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 bloavallablhty, dlstrlbutlon metabolism and tissue binding.

* Polymorphism in cytochme 1sozymes 1s 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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)hﬂ\ 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.

6 %}enetlc polymorphisms with higher frequencies are more important because they are likely to affect
1w 5f| more people. However, some rare mutations are important because they cause extreme medical 6/
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Polymorphic Distribution
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Genetic polymorphisms in drug metabolizing enzymes
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EXAMPLE OF POLYMORPHISMS

s [

Protein

Drugs and Treatment/Action

o’ ¥

Cytochrome P450 142

Antipsychotic agents for schizophrenia ™
patients

Drug Responses

(s 0

PolymorphismyRules and Year of Report

Tardive dyskinesia

Bsp1201 (C—A) polymomhism in CYP1A2 gene, 2000
[Basile ef af, 2000]

Cytochrome P450 2C9 | Anficoagulant agents for the initial phase | Severe over-anticoagulation | CYP2C3™2 genotype, 2004 [Schalekamp ef af, 2004]
of phenprocoumon treatment CYP2C3"3 genotype, 2004 [Schalekamp ef af, 2004]

Cytochrome P450 206 Neuroleptic agents for chronic Tardive dyskinesia CYP2D6™ genotype, 1998 [Kapitany et af, 1998]
schizophrenic patients

Cytochrome P450 206 | Psychochopic drugs for psychiartric Extrapyramidal drug side CYP2D6 PM phenotypes, 1993 [Vandel ef af, 1999]
llness effects

Cytochrome P450 206 CYP2D6-dependent antidepressants Drug non-response CYP2D6 EM phenotypes, 2004 [Rau ef af, 2004]

UDP- Capecitabine/irinotecan for the treatment | Greater antitumor response | UGT1A7"2/"2 genotype, 2005 [Carlini ef af, 2005]

glucuronysltransferase

of metastatic colorectal cancer

with low toxicity

UGT1A7™3/"3 genotype, 2005 [Carlini ef af, 2005]

UDP-
glucuronysltransferase |

Tranilast for the prevention of restenosis
following coronary revascularization

Hypetbilirubinemia

Homozygosity for a (TA)7-repeat element within the
promotor region of UGT1A1 gene, 2004 [Hosford ef af,
2004]

N-acetyltransferase 2

Trimethoprim-sulfamethoxazole for the
treatment of infections in infants

Idiosyncratic reactions such
as fewver, skin rash and

multiorgan toxicity

NAT2"5A allele, 1997 [Zielinska et ai, 1998]

NAT2"5C allele, 1937 [Zielinska ef af, 1998]

NAT2*7B, 1997 [Zielinska ef ai, 1998]

N-acetyltransferase 2

Aromatic amine carcinogens in tobacco
smoke

Hepatitis B related
hepatocellular carcinoma

NAT2*4 allele, 2000 [Yu ef af, 2000]

N-acetyltransferase 2

Isonaiazid for the prophylaxis and
treatment of tuberculosis

ADRs such as peripheral
neuritis, fever and hepatic
toxicity

SAtype (NAT2'6/6, NAT26/7, and NAT2*7/*7), 2002
[Hiratsuka ef ai, 2002]




EXAMPLE OF POLYMORPHISMS
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« Interindividual differences in response to drug therapy fferences 1n acetyla
drugs 1s a well studied example of genetic polymorphism

 Patients[ability to metabolize certain drugs such as hydralazine, procainamide, and
1soniazid fan be cate.%orlged as either "fast acetylators," "ormal acetyiators Tor "slow
acetylators.' ¢ o G\
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) PR < Acetylation Q(atus 1S ({{pen(TS gf onsthe patient's genetic composition, which determines the
"’P@P"SLj activity of the acetylation enzyme N-acetzltransferase.f

J
=/ « Acetylation status determines whether a patient is dosed with a correspondingly higher or
lower dose compared to "normal acetylators." ' o)) w\e,.g
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Vel iyt 02 A chg'ng,g or vrgutation In gene sequence may or may not result in ghronicallyjreduced or increased level

U 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. ) eV EHE Varioviow &J\-ﬁié',uf 3 %
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olalls v olm=tic cellis homozygous if the genetic sequences occupying the locus are the same on the maternal and
W;,_‘,Af paternal chromosome; if they are different, the cell 1s heterozygous. When more than one alternative
- 3 forms of a gene exists, they are referred to as alleles of the gene. The identity of the alleles carried by
¢rabdidm ) W - .
s >3 an individual at a given gene locus 1s referred to as the genotype.

)ﬁ@‘j ' lde change can now be characterized rapidly at the DNA level by
:‘.’)?‘“’ \osM single-nucleotide polymorphiSIn' (SNP). The physical effect obs;rved as a result of genotype differgilsce
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?ﬁd functionall: fcﬁ?morphic 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
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\. N-ACETYLTRANSFERASE ACTIVITY
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Dlstrlbutlon of plasma isoniazid concentration in 483 subj c'ts
after and oral dose. Reproduced from Evans DAP. Br Med J 2:485, 1960. g('“ ‘ 4/
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ETHNIC DIFFERENCES IN THE DISTRIBUTION OF
ACETYLATOR PHENOTYPE
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| South Indians 59  35.6 5.4 - 7
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From: Kalo W. Clin Pharmacokinet 7:373-4000, 1982. y
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~ 19 ._ Xenobiotics Subject to Polymorphic \ K
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A N*yl;?':’ms - _ _ arcinogenic
>reXafydrazines Arylamines Arylamines metaoaie 3
r‘\’._./-, | Isoniazid dapsone benzidine ;\‘3_3 >80 o550
hydralazine procainamide - — ‘_)/194
phenylzine sulfamethazine naphthylamine C>\»:b

acetylhydrazine sulfapyridine 4-aminobiphenyl , \»19

hydrazine aminoglutethimide s Van

Drugs metabolized to amines
sulfasalazine nitrazepam
clonazepam caffeine




