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Definitions in pharmacogenetics

The genotype is the hereditary information about a specific characteristic of an individual. This information is
located in the genes, in the DNA that consists of nucleotides. The piece of the DNA that carries information for
one specific hereditary characteristic is called a gene. The DNA is divided into chromosomes, which usually occur
in pairs. A person generally has two copies (alleles) of a gene, one on each of the chromosomes of a chromosome
pair.

The phenotype indicates what the final manifestation (phenotypic state) of a certain genotype is. This can involve
the functionality of a protein (for example the enzyme or the receptor), but also the physical manifestation of a
disease. The phenotype is a result of the genotype that a person possesses, the degree of expression of the gene
in question and the combination with environmental factors such as co-medication, diet and disease conditions.
Variations can exist in a population for the DNA that encodes for a protein. Variations can result in alleles that
encode for proteins with no or reduced activity. The simplest form of variations are “single-nucleotide
polymorphisms” (SNPs), in which a certain part of a gene differs by only one nucleotide. If a gene variation
occurs in at least 1% of the population, then this is referred to as a genetic polymorphism. Wild-type is the name
given to the most common active allele. There can be a number of different polymorphisms for a certain allele.
Most human genes consist of coding regions (exons) interspersed with non-coding regions (introns). Variations
in exons usually result in variations in the protein product. Variations in introns — the non-coding regions of the
gene — generally do not result in variations in the protein product. However, introns - and associated variations in
these regions - can influence the level of production of the protein.

Changes in the activity of the enzyme and clinical consequences

The cytochrome P450 enzymes, which include the iso-enzyme CYP3A4, are involved in the metabolism of many

medicines. CYP3A4 is involved in the metabolism of approximately half of all medicines [1,2]. CYP3A4 is

responsible for a wide range of metabolising reactions, such as hydroxylation, sulfoxidation, N-dealkylation and

O-dealkylation [3]. Variations in the activity of CYP3A4 can result in an increase or decrease of the metabolisation

of medicines.

The activity of CYP3A4 can vary by a factor 10-100 between individuals [3]. The causes of variations in CYP3A4

activity are largely non-genetic. CYP3A4 is inhibited by grapefruit juice and by medicines such as ketoconazole,

itraconazole, clarithromycin, valproic acid, ritonavir and saquinavir [3-5]. It is induced by medicines such as

carbamazepine, phenytoin, efavirenz, rifampicin and hypericum [4]. In adults, the activity decreases with age [3,5],

whilst the activity is higher in women than in men [6].

In addition to this, variations in the gene that encodes for CYP3A4 can result in reduced enzyme activity [7]. The

population can be divided into three phenotypes, based on the metabolic capacity of CYP3A4 that is present:

- poor metaboliser (PM), severely reduced metabolic capacity (two alleles with absent or reduced activity)

- intermediate metaboliser (IM), reduced metabolic capacity (one allele with reduced or absent activity and one
allele with normal activity)

- normal metaboliser (NM), “normal” metabolic capacity (two alleles with normal activity)

As the remaining activity of alleles with reduced activity has not been quantified properly and inactive alleles are

not very common, the predicted phenotypes for CYP3A4 currently do not distinguish between alleles with reduced

or absent activity.

Genotyping

The process of genotyping is used to determine the genotype. It indicates which alleles of the gene for CYP3A4
are present in the tested individual. Each allele has a name that consists of a star (*) and a number, an example
of a possible CYP3A4 genotype is CYP3A4*1A/*22. The table at the end of this paragraph contains the alternative
notations for the most important variant alleles.

There are over 40 different gene variants of CYP3A4 [1,7].

It has been determined for one gene variant (*22) that the gene variation results in reduced production and
therefore reduced enzyme activity in the liver (but not in the intestines) [6]. In carriers of *22, the activity is reduced
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by a factor 2.5 [6]. *22 explains 12% of the variation in CYP3A4 activity [6]. The gene variant is located in intron
6 and results in a changefroma CtoaT.

Other gene variants are less common than *22. One of these gene variants (*18) also has reduced activity in vivo,
whilst three of these variants (*6, *20 and *26) have an inactivating gene variation [7]. For 6 gene variants, in vitro
indications of reduced activity have been found [7].

Contradictory results have been found for the common variant *1B [1,6]. Five different studies found no effect of
*1B on the expression of the CYP3A4 enzyme [1,2,6]. In African-Americans, *1B exhibits a strong linkage
disequilibrium with gene variant CYP3A5*1, which results in CYP3A5 expression [1]. This complicates the
interpretation of studies into the activity of gene variant *1B. Considering the linkage to active CYP3A5, no
increased activity is attributed to CYP3A4*1B itself.

Genotyping usually screens for the presence of the most common allele variants. As a result, the reported
genotype may differ from the actual genotype (also refer to the document ‘Uncertainties in genotyping results’ on
the KNMP site).

The table below provides an overview of the alleles and the resulting enzyme activity. The previous section
described which genotypes result in which phenotypes as predicted by the gene activity.

Table 1. CYP3A4 alleles and enzyme activity [1,2,7]

Source in vivo protein in vitro
enzyme measure- | structure measure-
ctivity ment ment
Enzyme activity
fully functional *1A
*1B
*1G
reduced functionality *8
*182 *11
*22 *127°
*13
*16
*17
inactive® *6
*20
*26

aFor *18, a reduced activity has been observed in vivo with midazolam as substrate. However, an increase in
activity was measured in vitro using testosterone, oestrogen or the insecticide chlorpyrifos as a substrate. The
effect is therefore substrate-dependent.

b |t was not possible to determine with certainty from the in vitro measurement whether the activity for *12 was
reduced.

¢ As the remaining activity of alleles with reduced activity has not been quantified properly and inactive alleles are
not very common, the predicted phenotypes for CYP3A4 currently do not distinguish between alleles with
reduced or absent activity.
For *6 and *20, the gene variations result in a frame shift, for *26 it results in a premature stop codon. These
are inactivating gene variations. For *20 and *26, this was confirmed by measurement of the in vitro activity.

Table 2. Overview of the notations used for the most important CYP3A4 alleles [6,7,11]

allele number nucleotide change amino acid change rs number

*22 522-191C>T unknown (splicing defect) rs35599367

*20 1461_1462insA Prof488fs (frameshift after amino | rs67666821
acid 487)

*16 (*16A and *16B) | 554C>G Thr185Ser rs12721627

Phenotyping

The process of phenotyping is used to determine the phenotype, which means: measuring or estimating the
activity of the CYP3A4 enzyme. As the causes of variations in CYP3A4 activity are largely non-genetic,
phenotyping of CYP3A4 does not provide any information about the presence or absence of variant alleles.



Ethnic variation in prevalence of phenotypes and allele frequency predicted according to the gene activity
So far as can be determined from the data that are currently available, there is little variation between ethnic
groups in the frequency of occurrence of the CYP3A4*22 allele. The frequency for African-Americans and for
Chinese individuals from the USA is in the same range as the frequency for Caucasians [8]. However, the gnomAD
database lists a low frequency for Africans/Afro-Americans and found no *22 in East Asians. Considering the
number of East Asian alleles for which data have been included in gnomAD, the latter corresponds to an allele
frequency of less than 0.064%. There are no data for *22 in South Asians in gnomAD.

*20 appears to occur almost exclusively in Spaniards and Latin-Americans and *16 also appears to occur only in

certain countries
The allele frequency is listed per population group in the table below.

Table 3. Ethnic variation in prevalence of phenotypes and allele frequency predicted according to the gene activity

[1,6,8-10,12-14]

prevalence of predicted phenotype (%)* | allele frequency (%)
population | region or sub-group | PM IM NM *22 *20 *16
group
Caucasian 3.2-10.6 0
The Netherlands 0.1-1.1 6.2-19.0 80-94 3.2-10.6
USA 0.3-0.7 9.9-15.2 84-90 5.2-8.3
Spain 0.2 7.5 92 3.2 0.7 0
Finland 0.1 6.9 93 3.6 0 0
Europe without | 0.2 8.5 91 4.4 0.03 0
Finland
Asian Chinese-American | 0.2 8.2 92 4.3
Japan 0.04-0.25 3.9-95 90-96 2-5
China 0
Southeast Asia 0
excl. China and
Japan
East Asia 0.0001 0.2 100 0 0 0.1
South Asia 0 0
African African-American 0.2 8.2 92 4.3 0
African/African- 0.008 1.8 98 0.9 0.008 0
American
Latin- Mexican 0.25 9.5 96 5
American Latin- 0.07 51 95 2.5 0.12 0
American/American
, mixed ethnicity
Ashkenazi 0.8 16.4 83 9.0 0 0
Jewish

#The prevalences of the predicted phenotypes are calculated based on the detected allele frequencies.
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