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ANALYSING CYP2D6*4 ALLELE FREQUENCY IN PATIENTS WITH

SCHIZOPHRENIA

Viadimir V. Djordjevi¢!, Tatjana Jevtovié¢ Stoimenov?

Cytochrome P450 enzyme superfamily is involved in the metabolism of a range of
endogenous and exogenous substrates. The CYP2D6 variant is involved in the metabolism of
dozens of drugs such as tricyclic antidepressants, antipsychotics, beta-blockers, anti-
arrhythmics, anti-diabetics, anticancer drugs and so on. CYP2D6 enzyme exhibits high
polymorphism and the most frequent variant allele CYP2D6*4 is a poor metabolizer (PM). PM
causes the reduction of therapeutic response, increase the risk of adverse drug reactions and
increase the plasma concentration of both drug and its metabolites above the levels of toxicity.
The aim of this study was to analyze CYP2D6*4 allele frequency among schizophrenic patients
for further individualisation and rationalisation of therapy. For that purpose we recruited 38
schizophrenic patients and 110 healthy individuals. Allele-specific PCR was used to detect of
CYP2D6*4 allele. In 55% of schizophrenic patients we found both wild type allele carriers, in
45% wild type/*4 heterozygous, while *4/*4 homozygous was not identified. A statistically
significant difference in the genotype distribution (p < 0.05) between schizophrenic patients
and healthy individuals was noted. The frequency of allele *4 (37%) is significantly higher in
schizophrenics compared to controls, which indicates caution in administration of CYP2D6
substrates. A lower frequency of PMs in schizophrenic patients than in healthy individuals could
be explained with CYP2D6 neuroactive substrate metabolism. However, 45% of the
schizophrenic patients, who are intermediate metabolizers, carry the higher risk of adverse
response to CYP2D6 substrates comparing to wild type. Since none of the analyzed patient was

PM, it can be concluded that they received an adequate dose of medication.
Acta Medica Medianae 2022,;61(4):18-23.

Key words: schizophrenia, CYP2D6*4, allele, allele specific PCR

tUniversity of Ni$, Faculty of Medicine, Department of
Psychiatry and Medical Psychology, Ni$, Serbia
2University of Ni$, Faculty of Medicine, Institute of
Biochemistry, Ni$, Serbia

Contact: Vladimir V. Djordjevic¢
81 Dr. Zoran Djindji¢ Blvd., 18000 Nis, Serbia
E-mail: vladimir_dj@mts.rs

Introduction

Cytochrome P450 2D6 (CYP2D6) is a member
of the cytochrome P450 mixed-function oxidase sys-
tem. This family is involved in various oxidation/
reduction reactions used in the metabolism of a
range of endogenous and exogenous substrates (1).
Although the 2D6 isoenzyme is represented by
1.5%, it metabolizes 25% of drugs that are metabo-
lized via cytochrome, which makes up 7-10% of all
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drugs on the market (2). The CYP2D6 enzyme
variant exhibits high polymorphism due to allelic
combinations more than 100 different alleles. Most
people carry two functional alleles (CYP2D6*1- "wild
type" or CYP2D6*2) and are able to metabolize
CYP2D6 substrates extensively. In 7-10% of
Caucasian Europeans, CYP2D6 enzyme activity is
absent due to inheritance of two non-functional
alleles (e.g. CYP2D6*3, *4, *5, *6). These indivi-
duals are classified as slow (poor) metabolizers
(PM). People with one non-functional and one func-
tional allele are considered intermediate metaboli-
zers (IM). The term is also used for persons with one
non-functional allele and one allele encoding an
enzyme with reduced function, or for persons in
whom both alleles encode an enzyme with reduced
function (e.g. *10, *17, *41). Ultra-fast metaboli-
zers (UM) have more than two functional copies of
the 2D6 gene (mainly CYP2D6*2), exhibit very in-
tense enzymatic activity, are most common among
residents of Northeast Africa and Saudi Arabia, while
the incidence in Europeans is 1-5% (3-6). Generally,
it has been shown that mutations of CYP2D6 are
more prevalent in certain countries in the African
and Asian continents than in some European
countries (2, 7). In a South India, the prevalence of
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CYP2D6 alleles in the descending order was
CYP2D6*1, *2, *10, *4, and *5 (8). CYP2D6*4 is
the most frequent variant allele in Caucasian
Europeans (20%) and in the Middle Eastern
countries (9), and it is the leading cause of the slow
metabolizer phenotype. Over 75% of slow metaboli-
zers are carriers of this polymorphism (8). The most
common inactivating mutation in Caucasian
Europeans is the G1934A substitution at the intron
extrusion site (CYP2D6*4 allele), which leads to the
synthesis of truncated protein and the absence of
catalytic activity. G u A transition at the intron
3/exon 4 boundary of the CYP2D6 gene causes im-
proper excretion of introns on the mRNA and results
in mutation of the transcription frame shift and
premature termination. The G to A transition has
been identified as a primary defect of the CYP2D6
locus and is present in 80-90% of mutant alleles in
slow metabolizers (10).

Due to the decrease in CYP2D6 activity, the
metabolism of drugs, that are primarily metabolized
via CYP2D6 decreases, which increases the plasma
concentrations of these drugs and increases the risk
of dose-dependent side effects. Fast metabolizers
(*1/*1 homozygotes) are thought to carry a lower
risk of developing drug intolerance, dose-dependent
adverse reactions and drug toxicity symptoms com-
pared to intermediate metabolizers (1*/4* hetero-
zygotes). Slow metabolizers require lower mainten-
ance doses compared to fast metabolizers. There
are insufficient data on initial doses, time to target
plasma drug concentrations, first dose effects, and
response to change in therapy, most likely due to
the large number of different pharmacological
groups of drugs metabolized by CYP2D6 (6, 8).

Schizophrenia is the most devastating chronic
psychiatric disorder expressing in many different
clinical forms. Clinically, patients may show positive
symptoms (delusions, hallucinations, agitation or
catatonia), negative symptoms (social withdrawal
with lack of affective responses, apathy, anhedonia
and impaired thought and speech content) or may
exhibit both types of symptoms simultaneously. For
the treatment of such complex symptomatology,
doctors have at their disposal a range of anti-
psychotic drugs that are equally effective in the
treatment of psychotic symptoms and differ in the
type of their side effects and sedative effect. First-
generation antipsychotics (chlorpromazine) cause a
number of side effects of anticholinergic and extra-
pyramidal origin. Therefore, the first line in the
treatment of schizophrenia consists of second-gene-
ration antipsychotics (olanzapine, risperidone and
quetiapine), which cause fewer side effects. Cloza-
pine is reserved for the treatment of resistant schi-
zophrenia and requires careful monitoring and
control, because in addition to the characteristic side
effects, it also causes severe agranulocytosis (11).
The concentration of antipsychotics in plasma is
particularly affected by the metabolism of CYP2D6,
which is of great importance due to the narrow
therapeutic index of these drugs. Side effects
(perphenazine, haloperidol and thioridazine) such as
excessive sedation and Parkinson's side effects are

associated with changes in CYP2D6 metabolism,
while the effect on tardive dyskinesia, acute dystonia
of extrapyramidal symptoms and akathisia has not
been established (7, 8, 12). As the 2D6 isoenzyme
is the only non-inducible among CYP450 enzymes
and is not regulated by any known environmental
factors, genetic variations contribute greatly to inter-
individual differences in enzyme activity (8).

Materials and methods
Patients

A total of 148 subjects, 38 patients with
schizophrenia and 110 healthy subjects were in-
cluded in the study. Patients were recruited in the
Specialized Hospital for Psychiatric Diseases "Gornja
Toponica" in NiS, with a diagnosis of chronic schizo-
phrenia, who were on appropriate pharmacological
therapy. Psychiatric symptoms were monitored
using The Positive and Negative Syndrome Scale
(PANSS).

CYP2D6*4 genotyping

Genetic testing of CYP2D6 polymorphism was
performed in the Laboratory for Functional Genomics
and Proteomics of the Scientific Research Center for
Biomedicine of the Medical Faculty in NiS. DNA was
isolated from whole blood samples supplemented
with EDTA, standard Na-dodecyl sulfate lysis proce-
dures, proteinase K digestion, phenol/chloroform
extraction and ethanol precipitation, and a com-
mercial isolation kit (Fermentas, Terhmo Fischer
Scientific Inc). Detection of CYP2D6*4 was
performed by amplification of the desired gene
segment, allele specific polymerase chain reaction
(ASPCR), using 4 primers, marked as:

1: 5'-TCCCAGCTGGAATCCGGTGTCG-3’

2: 5'-GGAGCTCGCCCTGCAGAGACTCCT-3'
7: 5'-CGAAAGGGGCGTCC-3'

11: 5'-TCTCCCACCCCCAA-3’

The 25 pL PCR reaction mixture contained:
12.5 pL Kappa Mix (Fermentas), 10.2 pL ultrapure
water, 0.5 pL primer 1, 0.5 pL primer 2, 0.5 pL
primer 7, 0.5 pL primer 11 and 0.3 pyL DNA (50 ng/
mL). The amplification program of the CYP2D6 gene
allele 4 is shown in Table 1.

The obtained PCR products were further
analyzed by horizontal electrophoresis, on a 1.5%
agarose gel with TBE buffer and ethidium bromide
as amplifier detection agent, for 1.25 h, and detec-
tion was performed on a transilluminator under a UV
lamp. DNA was subsequently reanalyzed to confirm
the results of the CYP2D6*4 assay.

Statistical analysis. Statistical processing of
the results was performed using the SPSS statistical
program 15.0, x2 test and Fisher's accuracy test. P <
0.05 was considered statistically significant.
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Results

By allele-specific PCR, CYP2D6*4 allele was
detected as slow metabolizing form of CYP enzyme.
A 750 bp fragment was amplified first (primers 1
and 2), followed by ASA PCR to give 560 bp(wt) and
217 bp(*4) fragments. The distribution of geno-
types in patients with schizophrenia and non-schizo-
phrenics is shown in Table 2.

The distribution of genotypes in patients with

schizophrenia is significantly different compared to
healthy subjects. A heterozygote wild-type/*4 was
identified in 45% of patients with schizophrenia, as
opposed to 22% in controls, while slow metabolizing
homozygotes were not observed and significantly
lower (p < 0.05) compared to the control group. The
incidence of CYP2D6*4 alleles was significantly
higher in patients with schizophrenia (Table 3) com-
pared to the reference group of control subjects (p <
0.0001).

Table 1. CYP2D6 amplification program

Program
Order of
1 Temperature Time
’ 95°C 2 minutes
2 First set
' Number of cycles | 12
Temperature Time
95°C 15 seconds
63°C 30 seconds
72°C 45 seconds
3 Second set
' Number of cycles | 24
Temperature Time
95°C 15 seconds
53°C 30 seconds
72°C 45 seconds
4, Final elongation
Temperature Time
72°C 7 minutes

Table 2. Genotype distribution in the CYP2D6 gene in patients with schizophrenia

Genotype Patients with schizophrenia Control group
wt/wt 55% 75%
wt/*4 45% ™ 22%
*4/%4 3%"

*p < 0.05; *** p < 0.001

Table 3. Frequency of CYP2D6*w or 4 alleles in patients with schizophrenia

Allele Patients with schizophrenia | Control group
Wild-type 63% 86%
CYP2D6*4 37% " 14%

*** p < 0.0001
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Discussion

In this study, a significant difference in geno-
type distribution was noted, as well as a significantly
higher frequency of alleles of *4 of CYP2D6 gene in
patients with schizophrenia compared to healthy in-
dividuals. There is also a significantly lower pre-
valence of slow metabolizing homozygotes (*4/*4)
in schizophrenic patients than in healthy volunteers.
This finding is consistent with the results of other
similar studies and could be explained by the
involvement of CYP2D6 in the metabolism of endo-
genous neuroactive substrates (13, 14). It also sup-
ports the hypothesis of a potential role of CYP2D6 in
the vulnerability to schizophrenia. In the previously
published study (15), a significant clinical improve-
ment was found in patients with schizophrenia with
the CYP2D6 poor metabolizer phenotype compared
with the treatment out comes in extensive metaboli-
zers. However, Kakihara et al. (16) did not identify
any significant association between CYP2D6 poly-
morphisms and clinical recovery. This finding was
supported with another study involving female pa-
tients with schizophrenia that found clinical impro-
vement following risperidone treatment, but was not
associated with CYP2D6 genotype (17). Recently, Lu
et al. (18), in a well-designed study on the effect of
CYP2D6 polymorphism on the concentration and
therapeutic effects of risperidone, have shown that
the CYP2D6 genotype exerts a slight effect on im-
provement of clinical symptoms but has a signifi-
cant effect on risperidone plasma concentrations.
This result suggests that in patients with schizo-
phrenia treated with risperidone CYP2D6 genotype
might influence adverse drug reactions. There is
evidence that children with CYP2D6 poor or inter-
mediate metabolizer phenotypes are at a greater
risk for risperidone adverse effect (19). It was also
shown that the plasma concentration of risperidone
was significantly different depending on homo - or
hetrozygosity of CYP2D6*10 mutations confirming
the finding of previous studies showing that homo-
zygous mutations CYP2D6*10 had higher plasma
concentrations of risperidone than single-allele car-
riers (20, 21). Lu et al. (18) also showed that C100T
and G4181C polymorphisms were associated with

differences in plasma concentration of risperidone
and the ratio of risperidone to 9-hydroxyrisperidone
suggesting that even single-nucleotide mutations
are sufficient to affect the activity of enzymes. It is
obvious that plasma concentration varies according
to allelic variants. Importantly, this may contribute
to the clinical treatment response and may provide
new insight for individualized drug treatment.

In contrast to the results obtained on the
frequency of slow metabolizers, we found a signi-
ficantly higher prevalence of CYP2D6*4 alleles and
intermediate metabolizers in patients with schizo-
phrenia which is consistent with the findings of
Llerena et al. (13). Very recently (22), it has been
shown that physiologically based pharmacokinetic
model for aripiprazole and dehydro-aripiprazole indi-
cates a dose reduction for CYP2D6 poor metabo-
lizers to achieve steady-state plasma concentrations
and suggests a maximum daily dose of 10 mg for
patients with schizophrenia, while IMs and UMs do
not need a dose adjustment. Further, dose adjust-
ment to the CYP2D6 genotype or phenotype ac-
cording to the guidelines is not applicable for pa-
tients already using antipsychotics (23). That the
polymorphism of CYP2D6*10 affects the steady
state plasma concentration of risperidone is also
confirmed in Indian patients with schizophrenia (24).
By examining the possible association between
CYP2D6 genotype, hippocampal white matter inte-
grity, and therapeutic responseto antipsychotic
drugs in Korean patients with schizophrenia Shin et
al. (25) showed that CYP2D6-dependent hippocam-
pal white matter alterations could be an endotype
for schizophrenia that accounts for individual differ-
ences in clinical features and treatment responses.

Conclusion

Taken together, our results, although we did
not identify poor metabolizers, suggest CYP2D6
genotyping combined with drug concentration moni-
toring in order to personalize the drug dose to
achieve efficacy and avoid adverse effects in pa-
tients with schizophrenia.
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Superfamilija enzima citohroma P450 ukljutena je u metabolizam niza endogenih i
egzogenih supstrata. Varijanta CYP2D6 uklju¢ena je u metabolizam desetina lekova, kao sto
su tricikli¢ni antidepresivi, antipsihotici, beta blokatori, antiaritmici, antidijabetici, lekovi protiv
karcinoma i tako dalje. Enzim CYP2D6 pokazuje visok polimorfizam i najcesc¢a varijanta alela
CYP2D6*4 je spor metabolizator (SM). SM uzrokuje smanjenje terapijskog odgovora,
povecava rizik od nezeljenih reakcija na lek i povecava koncentraciju leka i njegovih
metabolita u plazmi, iznad nivoa toksicnosti. Cilj ove studije bila je analiza ucestalosti alela
CIP2D6*4 kod bolesnika sa shizofrenijom, radi dalje individualizacije i racionalizacije terapije.
U ispitivanje je uklju¢eno 38 bolesnika sa shizofrenijom i 110 zdravih osoba. PCR specifi¢an za
alel koris¢en je za detekciju alela CYP2D6*4. Kod 55% bolesnika sa shizofrenijom pronasli
smo oba nosioca alela divljeg tipa, kod 45% heterozigot divlji tip/*4, dok homozigot *4/*4
nije identifikovan. UoCena je statisticki znacajna razlika u distribuciji genotipa (p < 0,05)
izmedu shizofrenih bolesnika i zdravih osoba. UCestalost alela *4 (37%) znacajno je veca kod
obolelih od shzofrenije u poredenju sa ispitanicima kontrolne grupe, Sto ukazuje na oprez u
primeni supstrata CYP2D6. Niza ucestalost SM kod shizofrenih bolesnika, nego kod zdravih
osoba moze se objasniti metabolizmom neuroaktivnog supstrata CYP2D6. Medutim, 45%
bolesnika sa shizofrenijom, koji su srednji metabolizatori, nosi veéi rizik od neZeljenog
odgovora na supstrate CYP2D6, u poredenju sa divljim tipom. Kako nijedan od analiziranih
bolesnika nije bio SM, moze se zakljuciti da su bolesnici primali adekvatne doze leka.
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