Pharmacogenetic tests. Applications in practical mdicine.

There are several groups of enzymes which are involved in metabolism of drugs. In
spite of great variability of drugs the main group of enzymes involved in metabolisms is
Cytochrome P450 (CYP) group and several groups of transferases (GST, NAT, SULT).
Allelic variants of CYP genes are quite frequent and due to this fact, analysis of allelic
variant before the usage of the particular drug can strongly reduce side effects and to
target the drugs which are optimal for the particular person. At least 20 various isoforms
of cytochrome P450 are involved in metabolisms of drugs, but cytocromes the most
important for drug metabolism are shown on the picture below:

Picture 1. Percentage of currently used drugs metabolized with various cytochromes
npact of various Cytochromes P450 (CYP) genes

polymorphisms in drug metabolisms
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The majority of drugs are metabolized by CYP3A4, but up to now the exact connection
between allelic variants of CYP3A4 and drug metabolisms is not clearly established. For
several other cytochromes P450 as CYPDG6, CYP2C9, CYP1A2, CYP2C19 quite clear
correspondence between gene allelic variants, activity of the enzyme and optimal drug
dosage was described in scientific and medical literature.

CYP2C9

CYP2C9*2, CYP2C9*3 are the most frequent allelic variants in CYP2C9 gene. Both
variants cause the reduction of CYP2C9 activity, so all medical preparations which are
metabolized with CYP2C9 have strongly increased concentration in cells (in blood) for
CYP2C9*2 and CYP2C9*3 carriers.
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It's quite essential to check the allelic variants of CYP2C9 before usage of the following

drugs:
1.

2.

5.

6.

Indirect anticoagulators drugs - Warfarin, Aceno  coumarol

Hypoglycemic - Tolbutamide, Glipizide, Glybencla  mid, Nateglinid,
Glymepirid

Nonsteroidal anti-inflammatory drugs (NSAIDs) — Celebrex (Celecoxib),
Diclofenac, Ibuprofen, Naproxen, Piroxicam, Movali s, Parecoxib
Antiarythmics — Phenytoin

Analgesics — Ibuprofen, Parecoxib

Hypertensive — Irbesartan, Torsemid, Lozartan

In the case of CYP2C9*2 (or *3) variants appearance in heterozygote or homozygote
state, the recommendation of doctor should be either to avoid drugs connected with
CYP2C9 metabolisms (see above) or to modify the dosage correspondingly. The drugs
may have different trade names depending on the producer.

As an example several typical side effects for CYP2C9*2 (CYP2C9*3) carriers of the
aforementioned drugs are listed below.

Table 1. Change in response to pharmacological treatments for CYP2C9*2 (CYP2C9*3) carriers

Pharmaceutical agents S|de effects/"unusual” effect for
CYP2C9*2 (CYP2C9*3) carriers

Stomach bleeding

Gastroduodenal bleeding

I " #$ %&"
& % %
( $ & Hypoglycemia
) )&
)
+ * Non-effective at hypertension
& Strongly increased effect to hypertension

Increased secretion of K+, Na+, Cl-, decreased
secretion of uric acid

Bioron offers simple and effective tests for CYP2C9*1(wild type), CYP2C9*2 and
CYP2C9*3 allelic discrimination.
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CYP2C19

CYP2C19*2, CYP2C19*3, CYP2C19*4 are the most frequent allelic variants in
CYP2C19 gene. All these variants cause reduction of CYP2C19 activity in heterozygote
patients and extremely strong reduction of the activity for homozygotes, so all medical
preparations which are metabolized with CYP2C19 have strongly increased
concentration in cells (or in blood) for CYP2C19*2,3,4 catrriers.

It's recommended to check the allelic variants of CYP2C19 before usage of the
following drugs (all of them are mainly metabolized by CYP2C19):

1. Proton Pump blockers (Anti-ulcer drugs) — Omepra  zole, Lansoprazole,
Rabeprazole

2. Tricyclic antidepressants - Imipramine, Amitrypt iline, Fluoxetine,
Imipramine and others

3. Antiepileptics/Anticonvulsants — Diazepam, Pheny  toin

4. Selective Serotonin Reuptake inhibitors — Citalo  pram (Celexa), Fluoxetine
(Prozac), Paroxetine (Paxil), Sertraline (Zoloft)

CYP2D6

CYP2D6 metabolizes up to 20% of all drugs currently used in medicine. The variability
of CYP2D6 was described in various populations, more than 40 allelic variants are
described, majority of allelic variants are associated with the reduced activity of the
cytochrome. Meanwhile, 98% of all “slow metabolizers” (in terms of substrates specific
for CYP2D6) are carriers of 6 alleles — CYP2D6*3, CYP2D6*4, CYP2D6*5, CYP2D6*6,
CYP2D6*7 and CYP2D6*8.

The following drugs are the substrates for CYP2D6 and the usage of them should be
under the genetic control connected with CYP2D6 genotyping

Beta-blockers: metoprolol, carvedilol, timolol

Class I antiarrhythmics: flecainide, lidocaine, pro pafenone, encainide,
mexiletine

All tricyclic antidepressants, e.g. imipramine, ami triptyline etc.

Most SSRIs (Selective serotonin reuptake inhibitors ), e.g. fluoxetine,
paroxetine
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Opioids: codeine, tramadol
Venlafaxine (SNRI - Serotonin-norepinephrine reupta ke inhibitors)

Antipsychotics, e.g.: haloperidol, risperidone, per phenazine, thioridazine,
zuclopenthixol, remoxipride, aripiprazole

Ondansetron (5-HT3 receptor antagonist)

Others : alprenolol (beta-blocker), mianserin (tetracyclic antidepressant), phenformin
(antidiabetic), tropisetron (5-HT3 receptor antagonist) , amphetamine (in ADHD,
narcolepsy), chlorphenamine (antihistamine) , metoclopramide (dopamine
antagonist), tamoxifen (SERM), vinca alkaloids (anti-mitotic, anti-microtubule)
vincristine

As an example several typical side effects for CYP2D6*2 (CYP2C9*3,*4,*5,*6,*7,*8)
carriers of several drugs are listed below.

Table 2. Change in response to pharmacological treatments for CYP2D6*2 (CYP2C9*3,*4,*5,*6,*7,*8)
carriers

Pharmaceutical agents S|de effects/’unusual” effect for
CYP2D6- allelic variants carriers

& & - # Bronchial spasm, hypotension, bradycardia,
asystolia

& , & - # hypotension, bradycardia

* & - # bradycardia

# tachyarrhythmia

Bronchial spasm, neorotoxicity

hypotension, agitation, sleepiness

1% - Gastrointestinal problems
& #
( # Extrapyramidal disorders
1/ MAO activity increase
Extrapyramidal disorders, hepatotoxicity
#
(, & - Sleepiness
NAT2
Acetylation is quite important process in drug meta bolism. As soon as
hydrophobic molecules of drugs are converted into t he hydrophilic form by
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Cytochrome P450, the next step is maodification of t he drug molecule for the
subsequent transport or disintegration. N-acetyl-tr ansferase 2 (NAT2) plays crucial
role in acetylation of drugs, decrease of NAT2 acti vity due to the genetic

variation causes inevitable change in drug response .Several examples of the
irregular response to drugs usage for genetically p redetermined “slow

acetylators” are listed in Table 3.

Table 3. Change in response to pharmacological treatments for NAT2 allelic variants carriers (“slow
acetylators”)

Pharmaceutical agents S|de effects/"unusual” effect for
NAT?2- allelic variants carriers
* & Polyneuritis
#
! * * I *  # Dispepsia
( = Lupus erythematosus-like syndrome
' Lupus erythematosus-like syndrome

GSTM1, GSTT1, GSTP1

Conjugation with glutathione is alternative to acetylation pathway for modified
hydrophobic xenobiotic (including drugs). At least 3 classes of GST (glutathione-S-
transferases) GSTM, GSTT and GSTP play essential role in glutathione-conjugation of
xenobiotics in human cells. Genetically predetermined reduction and even complete
absence of GSTM activity is quite often feature for relatively high percentage in human
populations (up to 50%).
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Several examples of the irregular response to drugs usage for genetically predetermined changes
in glutathione conjugation are listed in Table 4.

Pharmaceutical agents S|de effects/"unusual” effect for
GST- allelic variants carriers
Troglitazone (Rezulin, Resulin or Romozin) - GSTT1-deficiency
anti-diabetic and antiinflammatory drug Hepatotoxicity
Troglitazone (Rezulin, Resulin or Romozin) - GSTM1-deficiency
anti-diabetic and antiinflammatory drug Hepatotoxicity
Penicillamine (Cuprimine, Depen) GSTM1-deficiency
Increased efficiency of arthritis therapy
Docetaxel GSTP1-deficiency
Mielotoxicity
PD

DPD- dehydropyrimidine dehydrogenase is essential enzyme in degradation pathway of
popular anticancer drug 5-fluorouracil (5-FU) and several fluoropyrimidines, up to 80%
of 5-FU is degraded in the blood stream shortly after injection. 5-FU alone is widely
used in chemotherapy of gastrointestinal cancers, as a component of a various
combinations 5-FU is used as chemotherapeutical agent for chemotherapy of breast
cancer, ovary cancer, pancreatic cancer, head and neck cancer, bladder cancer and
cancers of other localizations. In spite of good results of chemotherapy and relatively
safe usage of the substance, some patients suffer strongly during the course of 5-FU.
Several cases of severe toxicity and even lethal cases were described as side effects of
5-FU usage. At least in 70% of these cases the reason for toxicity was reduced activity
of DPD and, consequently, increased concentration of 5-FU. DPD deficiency can be
mainly explained by mutation in DPD which inactivate the enzyme. It's quite reasonable
and relatively cheap to check at least the most frequent mutation in DPD (1G>A intron
14) before 5-FU (or other 5-fluoropyrimidine-based drugs) administration.
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