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A B S T R A C T

Background: CYP2C19 is an important drug-metabolizing enzyme, responsible for metabolism of
approximately 10% of the drugs on the market. Large inter-individual differences exist in metabolic
activities, which are primarily attributed to genetic polymorphism of CYP2C19 gene. Conflicting results
have been published about the role of CYP2C19 polymorphisms in metabolism of CYP2C19 substrates and
clinical outcomes; thus, we aimed to investigate CYP2C19 genotype-phenotype associations, and we
sought to elicit potential causes of discrepancies in the genotype-based prediction by incorporating the
liver donors’ demographic data, drug administration events and pathological conditions.
Methods: (S)-Mephenytoin was used to assess CYP2C19 activities in human liver microsomes derived
from 114 Hungarian organ donors. CYP2C19 genotype was determined by SNP genotyping for CYP2C19*2,
CYP2C19*3, CYP2C19*4 and CYP2C19*17 variants, and CYP2C19 mRNA levels were measured by qPCR
method. Clinical data of the donors were considered in the genotype-based phenotype prediction.
Results: CYP2C19 phenotype of 40% of the donors was well-predicted from the genotype data, whereas
the phenotype of 13% was underestimated displaying higher activity, and of 47% was overestimated
displaying lower activity than predicted from CYP2C19 genotype. Among the donors with overestimated
phenotype, one was treated with CYP2C19 substrate/inhibitor, 9 were on amoxicillin-clavulanic acid
therapy, 7 were chronic alcohol consumers and 9 had disease with inflammatory processes.
Conclusions: CYP2C19 genotype only partially determines the CYP2C19 phenotypic appearance; co-
medication, diseases with inflammatory processes and aspecific factors, such as chronic alcohol
consumption and amoxicillin-clavulanic acid therapy (or any drug therapy resulting in liver injury) seem
to be potential phenotype-modifying factors.
© 2017 Institute of Pharmacology, Polish Academy of Sciences. Published by Elsevier Sp. z o.o. All rights

reserved.

Introduction

CYP2C19 is a clinically important member of drug-metabolizing
cytochrome P450 (CYP) enzymes, and assuredly has critical role in
several drug–drug interactions and adverse drug reactions [1].
Although CYP2C19 gives only a very small proportion of CYP
content in human liver [2], it metabolizes about 10% of the drugs on
the market, including proton pump inhibitors, antiplatelet drugs,
antiepileptics, antidepressants and the antimalarial proguanil

[3–5]. The metabolism of these drugs is largely variable between
individuals, which is primarily attributed to the polymorphisms of
CYP2C19 gene. Populations are commonly divided into four
phenotypic groups considering individuals’ CYP2C19 metabolic
capacity, with sub-populations of poor (PM), intermediate (IM),
extensive (EM) and ultra-rapid (UM) metabolizers [6].

CYP2C19 gene is highly polymorphic, hitherto 35 allelic variants
have been identified (http://www.cypalleles.ki.se/cyp2c19.htm,
the last update was on 2nd May 2017), many of them have
significant effect on CYP2C19 enzyme activity. For instance, the
CYP2C19*2 variant commonly occurs in Caucasian populations
(allele frequency: 12–18% [7,8]), and profoundly affects CYP2C19
protein expression arising from a single nucleotide polymorphism
(SNP) in exon 5 (19154G > A; rs4244285), which leads to aberrant
mRNA splicing and undetectable protein level, whereas the rare
CYP2C19*3 variant (allele frequency <1%) contains a SNP that
creates a premature stop codon (17948G > A; rs4986893).
CYP2C19*4 variant occurs rarely in the Caucasian population (allele
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frequency: <1%), and the allele carries GTG initial codon (1A > G;
rs28399504), resulting in negligible protein expression and
activity [3]. In contrast, the CYP2C19*17 allele is associated with
elevated mRNA expression and protein level that supposedly
causes ultra-rapid metabolism of CYP2C19 substrates. The
CYP2C19*17 allele commonly occurs in Caucasians (allele frequen-
cy: 20–22%) and the variant carries a SNP in the promoter region of
the gene (�806C > T; rs12248560); however, the molecular
mechanism that gives rise to increased gene expression is still
unclear [5,9]. Furthermore, the promoter region of the CYP2C19
gene consists of CAR/PXR (constitutive androstane receptor/
pregnane X receptor) and GR (glucocorticoid receptor) binding
sites; consequently, CYP2C19 gene expression is inducible by
xenobiotics activating these nuclear receptors, such as phenobar-
bital, rifampicin and dexamethasone [9,10].

In general terms, subjects carrying two loss-of-function
CYP2C19 alleles (e.g. CYP2C19*2, CYP2C19*3 or CYP2C19*4) are
considered to be PMs with deficient enzyme activity. Individuals
with single loss-of-function allele and a wild-type allele
(CYP2C19*1) are IMs, whereas those with two wild-type alleles
are EMs. Subjects homozygous or heterozygous for CYP2C19*17
allele are typically considered to be UMs, supposing loss-of-
function alleles are not present. Phenotypic classification of
individuals carrying the CYP2C19*17 gain-of-function allele in
combination with a loss-of-function allele is ambiguous; however,
limited data suggest that CYP2C19*17 allele may not compensate
for the loss-of-function allele; thus, such subjects mostly classified
as IMs [11].

Up to now, several investigations have been implemented to
apply genotype-based therapies by utilizing CYP2C19 genetic data.
A well-established example is the bioactivation of the antiplatelet
clopidogrel by CYP2C19. A number of studies have demonstrated
that CYP2C19*2 carriers are at increased risk for recurring
cardiovascular events under clopidogrel therapy, comparing to
those patients homozygous for the wild-type allele [4,12]. In vivo
clinical studies observed increases in drug area under the
concentration-time curve of the proton-pump inhibitor omepra-
zole or lansoprazole in association with CYP2C19 genotype [13].
CYP2C19 genotype also has an effect on the pharmacokinetics of
some antidepressants, such as citalopram [14] and amitriptyline
[15]. On the other hand, a recent in vitro study using human liver
microsomes reported that CYP2C19*1/*2 and CYP2C19*1/*3 geno-
types have almost no effect on CYP2C19 enzyme activity
(omeprazole 5-hydroxylation) when compared with the homozy-
gous wild-type genotype (CYP2C19*1/*1) [16]. Significant effect of
the CYP2C19*17 variant on the therapy of CYP2C19 substrate
citalopram and clopidogrel is not demonstrated unequivocally by
in vivo trials [14,17]. Although no statistically significant difference
in CYP2C19 enzyme activity has been demonstrated between
hepatic microsomes from subjects carrying heterozygous or
homozygous CYP2C19*17 genotype (CYP2C19*1/*17 or
CYP2C19*17/*17) and microsomes from those with homozygous
wild-type genotype, the subjects with CYP2C19*17/*17 and
CYP2C19*1/*17 genotype exhibited modestly higher expression of
CYP2C19 mRNA and protein [18,19]. Additional contradictory
results were published about the bioactivation of the antimalarial
proguanil and chlorproguanil into their respective major active
metabolite cycloguanil and chlorcycloguanil. CYP2C19 has been
proposed to be the main enzyme catalysing cycloguanil formation
by in vitro inhibition studies [20]. Moreover, relationship was
found between CYP2C19 genotype and variation in proguanil and
cycloguanil plasma concentrations in vivo; however, there was no
association with clinical outcome [21].

The present work attempted to clarify the conflicting
literature of the CYP2C19 phenotypic appearance. We used
human liver microsomes and (S)-mephenytoin as probe

substrate to characterize inter-individual variability of CYP2C19
enzyme activity, and aimed to delineate associations between the
measured phenotype and the corresponding CYP2C19 genotype.
We also sought to elicit the potential causes of discrepancies in
the genotype-based prediction by incorporating the donors’
demographic data, drug administration events as well as
pathological conditions.

Materials and methods

Human liver microsomes

Human liver tissues (n = 114) were obtained from organ
transplant donors at the Department of Transplantation and
Surgery, Semmelweis University (Budapest, Hungary) (Table 1).
Human livers were perfused with Euro-Collin’s solution (Fresenius
AG, Bad Homburg vdH, Germany) and excised. The tissues were
homogenized in 0.1 M Tris-HCl buffer (pH 7.4) containing 1 mM
EDTA and 154 mM KCl. Microsomes were prepared by differential
centrifugation as described by van der Hoeven and Coon [22].
Microsomal protein content was determined by the method of
Lowry et al. [23] with bovine serum albumin as the standard.
Approximately 50 mg of liver tissues were homogenized in 1 ml of
TRIzol reagent (Invitrogen, Carlsbad, CA, USA), and the total RNA
was extracted according to the manufacturer’s instructions. The
RNA was precipitated by using ethanol and stored at �80 �C for
further analyses.

CYP2C19 enzyme assay

Published method was followed to determine mephenytoin
40-hydroxylation selective for CYP2C19 [24]. The incubation
mixture contained NADPH-generating system (1 mM NADP,
10 mM glucose 6-phosphate, 5 mM MgCl2 and 2 units/ml
glucose 6-phosphate dehydrogenase), human liver microsomes
(1 mg/ml) and mephenytoin (1 mM). After 20-min incubation,
the reaction was terminated by ice-cold methanol and the
incubation mixture was centrifuged for 10 min at 10.000g. High-
performance liquid chromatographic analysis was performed
according to published method [24]. CYP2C19 enzyme assay for
each donor was performed in triplicate, and median (min, max)
was calculated.

CYP2C19 genotyping

Hydrolysis SNP analysis for CYP2C19*2, CYP2C19*3, CYP2C19*4
and CYP2C19*17 was performed by polymerase chain reaction
(PCR) with TaqMan probes (Metabion, Planegg/Steinkirchen,
Germany) using a CFX96 real-time detection system (Bio-Rad
Laboratories). Primers and probes (Table 2) were designed based
on the reference SNP sequences in the National Center for
Biotechnology Information reference assembly. Genomic DNA
was isolated from liver samples by Quick-DNATM Universal Kit
(Zymo Research, Irvine, CA, USA). PCR was carried out with 30 ng of
genomic DNA by using Luminaris Color Probe qPCR Master Mix
(Thermo Fisher Scientific, Waltham, MA, USA). To confirm the
results of CYP2C19 genotyping, a sequence analysis was performed.
The PCR products were sequenced directly in an ABI PRISM 3100
Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) by the
Sequencing Service of Biomi Ltd. (GödöllÅ, Hungary).

Analysis of CYP2C19 mRNA levels with quantitative real-time PCR

Total RNA (3 mg) was reverse-transcribed into single-stranded
cDNA by using iScript cDNA synthesis kit (Bio-Rad Laboratories,
Hercules CA, USA), and then real-time PCR with human cDNA was
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performed by using FastStart Taq DNA polymerase (LightCycler
480 Probes Master; Roche Diagnostics) and UPL probes for
CYP2C19 (Roche Diagnostics). The sequences of primers and probe
used for the real-time PCR analyses are shown in Table 2. The
quantity of target RNA relative to that of the housekeeping gene
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was deter-
mined.

Data analysis

Hepatic CYP2C19 activities were determined individually in
each donor, the frequency distribution of the CYP2C19 activities
were recorded for 114 donors, and four categories (low, interme-
diate, high, ultra-high) were distinguished for poor, intermediate,
extensive and ultra-rapid metabolizers. Approximately 10–15% of
the donors displaying low CYP2C19 activity (<8 pmol/(mg
protein*min)) were designated as phenotypic PMs, whereas 10–
15% of the donors with ultra-high activities (>75 pmol/(mg
protein*min)) were designated as phenotypic UMs. The donors
displaying CYP2C19 activities between 8 and 75 pmol/(mg
protein*min) were considered to be phenotypic IMs and EMs.

The cut-off value between IMs and EMs was the median of
CYP2C19 activities (23 pmol/(mg protein*min)). The donors’
CYP2C19 phenotypes were also predicted from their CYP2C19
genotypes, and the accuracy of prediction was evaluated on the
basis of the activity-based CYP2C19 categories. The donors
carrying two loss-of-function alleles (CYP2C19*2, CYP2C19*3,
CYP2C19*4) were considered to be PMs, those with one functional
(CYP2C19*1) and one loss-of-function alleles were designated as
IMs, the subjects with two functional alleles (CYP2C19*1/*1) were
EMs, whereas the donors carrying the CYP2C19*17 allele (both
homozygous and heterozygous) were UMs. Considering the
ambiguous character of the CYP2C19*2/*17 genotype, both IM
and EM phenotypes were accepted in the presence of such
diplotype. Underestimation of CYP2C19 phenotype occurred when
the CYP2C19 activity-based phenotypic category was higher than
the corresponding genotype-based predicted phenotypic category.
Conversely, overestimation was established when the CYP2C19
activity-based phenotypic category was lower than the corre-
sponding genotype-based predicted phenotypic category. The
nonparametric Mann–Whitney test was performed for the
comparison of mRNA expression levels between diplotype groups.

Table 2
Sequences of PCR primers and probes for CYP2C19 genotyping and mRNA quantitation.

Primer Sequence Probe Sequence

SNP genotyping
CYP2C19*2 Forward 50-CTTAGATATGCAATAATTTTCCCAC-30 Wild FAM-TGATTATTTCCCGGGAACCCATAAC-BHQ1

Reverse 50-GAAGCAATCAATAAAGTCCCGA-30 Mutant CalRed610-TGATTATTTCCCAGGAACCCATAAC-BHQ2
CYP2C19*3 Forward 50-AGATCAGCAATTTCTTAACTTGATG-30 Wild FAM-ACCCCCTGGATCCAGG-BHQ1

Reverse 50-TGTACTTCAGGGCTTGGTC-30 Mutant CalRed610-ACCCCCTGAATCCAGG-BHQ2
CYP2C19*4 Forward 50-CAAAGAGGCACACACACTTA-30 Wild FAM-CAAGAGGAGAAGGCTTCAATGGAT-BHQ1

Reverse 50-CCAGATTGAAAGGAGAAGCA-30 Mutant HEX-CAAGAGGAGAAGGCTTCAGTGGAT-BHQ1
CYP2C19*17 Forward 50-ATGAACAGGATGAATGTGGTAT-30 Wild FAM-TCTGTTCTCAAAGCATCTCTGATGT-BHQ1

Reverse 50-TCTTCTGATGCCCATCGT-30 Mutant HEX-TCTGTTCTCAAAGTATCTCTGATGT-BHQ1

mRNA quantitation
CYP2C19 Forward 50-TGAAGGTGGAAATTTTAAGAAAAGTAA-30 Probe FAM-50-CAGCAGGA-30-BHQ1

Reverse 50-CCCTCTCCCACACAAATCC-30

FAM, CalRed610, HEX, fluorescent labelling; BHQ, black hole quencher.

Table 1
Demographic data of the human organ donors.

Demographic data

Donor number 114
Age (year) median (min; max) 45 (13; 74)
Gender Male/female 60/52
Cause of death

Cerebral hemorrhage/hematoma 61
Subarachnoid hemorrhage 30
Subdural hemorrhage 5
Epidural hematoma 1
Intraventricular hemorrhage 5
Ruptured cerebral aneurysm 2
Unknown 18

Stroke 7
Ischemic stroke 6
Hemorrhagic stroke 1

Tumour 11
Accident 28

Car/motor/bike accident 5
Seizure induced cerebral injury 1
Suicide 4
Asphyxia 1
Unknown cerebral injury 17

Unknown 7
Anamnesis

Alcohol consumption 7
Medication with CYP2C19 substrate/inhibitor 1
Medication with agent which cause potential liver dysfunction 9
Inflammation-induced liver dysfunction 7

A.F. Kiss et al. / Pharmacological Reports 70 (2018) 525–532 527



Results

Hepatic CYP2C19 activities

CYP2C19 metabolic activities were measured using microsomes
from 114 human liver tissues and (S)-mephenytoin as probe
substrate [24]. Formation of 40-hydroxymephenytoin by CYP2C19
was quantified based on “per mg microsomal protein and per
minute”. Inter-individual variations of mephenytoin 40-hydroxy-
lase activities ranged from non-detectable to rather high values,
and showed skewed distribution (Fig. 1). The cut-off values
(CI = 95%) between categories of PMs, IMs, EMs and UMs were 8, 23
and 75 pmol/(mg*min), respectively. CYP2C19 activities were not
affected by demographics, respecting donors’ age and sex;
furthermore, we found no associations between causes of death
and metabolic activities (data not shown). In the anamnesis of 7
donors, chronic alcohol consumption was reported, one donor was
chronically treated with CYP2C19 substrate/inhibitor (ranitidine,
carbamazepine), and 9 of the 114 donors were treated with
amoxicillin-clavulanic acid. Diseases with inflammatory processes,
such as epilepsy, rheumatoid arthritis and gastrointestinal
perforation were diagnosed at 9 individuals.

CYP2C19 allele frequencies

The donors were genotyped for CYP2C19 allele variants most
frequently occurring in Caucasian populations. CYP2C19*2 (19154G
> A), CYP2C19*3 (17948G > A), CYP2C19*4 (1A > G) and
CYP2C19*17 (�806C > T) alleles were identified, all of which have
functional impact on CYP2C19 enzyme activity. Wild-type allele
was assessed when none of these mutations was detected. Allele
frequencies of the 114 Hungarian organ donors were compared to
those of other Caucasian populations (Table 3). The most frequent
loss-of-function allele was CYP2C19*2 (allele frequency: 18.4%),
which is in accordance with the literature data, whereas none of
the donors carried the CYP2C19*3 and CYP2C19*4 variants. The
prevalence of the CYP2C19*17 allele was modestly higher (26.3%) as
compared with Caucasians. Homozygous loss-of-function

(CYP2C19*2/*2) and homozygous gain-of-function (CYP2C19*17/
*17) diplotypes occurred only at one and eight individuals,
respectively, whereas 12 of the donors carried the ambiguously
classifiable CYP2C19*2/*17 genotype. In accordance with previous
observations [25], namely that the 19154G > A (CYP2C19*2) and
the �806C > T (CYP2C19*17) SNPs are in complete linkage
disequilibrium, none of the donors in the study population carried
these two mutations on the same haplotype.

Association between CYP2C19 genotype and CYP2C19 enzyme activity

Human organ donors were categorized as PM (poor), IM
(intermediate), EM (extensive) and UM (ultra-rapid) metabolizers
based on their corresponding CYP2C19 genotypes, and the
genotype-based predicted phenotype was compared to the
CYP2C19 activity-based phenotype (Fig. 2). Altogether, one
individual with two loss-of-function alleles (CYP2C19*2/*2) dis-
played low metabolic activity (7.6 pmol/(mg*min)) and according-
ly PM phenotype. Mephenytoin 40-hydroxylase activities of the
donors carrying one wild-type and one loss-of-function alleles
varied between wide ranges (2–110 pmol/(mg*min)); less than half
of the donors (13/27) showed the predicted IM phenotype, a few of
them (4/27) were PMs. Furthermore, 10 heterozygous donors
exhibited higher CYP2C19 activity than it could be predicted from
their genotypes. 36 of the 114 donors carried homozygous wild
genotype; however, only 14 showed extensive metabolism; 11 and
7 of them were IMs and PMs, respectively. Four donors, despite

Fig. 1. Frequency distribution of hepatic mephenytoin 40-hydroxylase activity selective for CYP2C19 in human organ donors (n = 114).

Table 3
Frequency of CYP2C19 alleles in the study population (n = 114) and in Caucasians.

CYP2C19 allele Allele frequency (%)

Subjects Caucasians [7,8]

*2 18.4 12–18
*3 0 <1
*4 0 <1
*17 26.3 20–22
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their homozygous wild genotype, showed rather high mepheny-
toin 40-hydroxylase activity, and therefore were categorized as
phenotypic UMs. Almost all of the donors (10/12) with CYP2C19*2/
*17 genotype were phenotypic IMs and EMs, except for two donors,
one with slightly higher and one with lower activity, respectively.
Donors with CYP2C19*1/*17 and CYP2C19*17/*17 genotypes are
generally considered to be UMs. In our study, mephenytoin 40-
hydroxylase activity of the CYP2C19*17 carriers (both homozygous
and heterozygous) showed enormous differences, and only a small
proportion of the donors (8/38) exhibited ultra-rapid metabolism.
Although CYP2C19 activities of the donors with CYP2C19*1/*17
genotype showed no difference (37.17 � 31.12 pmol/(mg*min) vs.
42.20 � 62.41 pmol/(mg*min), p = 0.4209), the donors with
CYP2C19*17/*17 genotype exhibited modestly, but not significantly
higher mean activity value when compared to the donors with
homozygous wild genotype (81.77 � 71.48 pmol/(mg*min) vs.
42.20 � 62.41 pmol/(mg*min), p = 0.0697).

Associations between CYP2C19 mRNA levels and CYP2C19*17 allele

Mutation in the promoter region of CYP2C19*17 allele has been
reported to increase the expression of CYP2C19 gene [5,19];
therefore, the relative CYP2C19 mRNA levels in human liver tissues
were investigated as the function of CYP2C19 genotype. No
significant difference was found between CYP2C19 expression
levels of each genotype group (Fig. 3A). Non-genetic factors (e.g.
co-medication, nutrition, disease) have been demonstrated to
substantially modify CYP2C19 expression and activity due to
phenoconversion [26]; therefore, those individuals whose anam-
nesis contained CYP2C19 substrate/inhibitor therapy, amoxicillin-
clavulanic acid therapy, chronic alcohol consumption or inflam-
matory processes, were excluded from the comparison analysis
(Fig. 3B). Although no difference was observed in CYP2C19
expression between the donors with CYP2C19*1/*17, CYP2C19*1/
*2, CYP2C19*2/*17 genotypes and the donors with CYP2C19*1/*1
genotype, CYP2C19*17/*17 homozygous subjects showed signifi-
cantly higher mRNA levels compared to the individuals with
homozygous wild genotype (p = 0.0227).

Discussion

The aim of this work was to elucidate the role of CYP2C19
genetic polymorphisms in CYP2C19 phenotypic appearance. In
the present study, human liver microsomes isolated from
Hungarian organ donors were characterized using mephenytoin
40-hydroxylase activity as phenotyping assay and using CYP2C19
SNP genotyping platform for the allelic variants occurring most
frequently in the Caucasian populations. CYP2C19 allele frequen-
cies of 114 Hungarian donors were consistent with previously
described frequencies of Caucasian populations [8], and were also
consistent with a pilot study on a Hungarian cohort published by
Rideg et al. [27]. In the latter study by Rideg et al., the prevalence
of the CYP2C19*2 variant was nearly identical compared to our
results (16.5% vs. 18.4%); however, detection of the CYP2C19*17
variant was not included in the trial by Rideg et al. In our study
population, functional defect of CYP2C19 gene was attributed
solely to the presence of the CYP2C19*2 variant, since neither the
CYP2C19*3 nor the CYP2C19*4 alleles occurred. The prevalence of
the gain-of-function CYP2C19*17 allele was slightly higher
compared to Caucasians (26.3% vs. 20–22%); however, the
difference was not significant, owing to the relatively low
number of the cohort.

Up to now, clinical significance of the CYP2C19*2/*2 genotype in
the metabolism of CYP2C19 substrates, such as clopidogrel,
diazepam, omeprazole, proguanil, was unequivocally demonstrat-
ed by a number of in vivo trials [3,21]. Since only one donor carried
CYP2C19*2/*2 genotype in the current cohort, although this donor
showed low mephenytoin 40-hydroxylase activity and was
categorized as PM, the genotype group was inappropriate to
compare with other diplotypes. The phenotype of the individuals
with one loss-of-function and one wild-type alleles proved to be
poorly predictable (13/27). Nine donors showed extensive and one
donor displayed ultra-rapid metabolism, despite the lack of the
�806C > T SNP in the promoter region of the gene or of medication
of any pharmaceutics with CYP2C19 inducing capabilities that
potentially could increase the transcription of CYP2C19 gene via
activating CAR/PXR or GR nuclear receptors. Four of the 36 donors

Fig. 2. Hepatic CYP2C19 activity (mephenytoin 40-hydroxylation) in subjects carrying various CYP2C19 genotypes.
~ acceptable prediction from genotype, 4 underestimated phenotype from genotype, * overestimated phenotype from genotype, � chronic alcohol consumption, + liver
dysfunction caused by disease, & subjects under CYP2C19 substrate/inhibitor drug therapy, � subjects under amoxicillin-clavulanic acid therapy.
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with homozygous wild genotype were categorized as UMs based
on their mephenytoin 40-hydroxylase activity; however, individu-
als with wild diplotype are generally expected to be EMs.
Underestimation of individuals’ phenotype could be explained
by medication which is accountable for the activation of nuclear
receptors (CAR/PXR or GR) and, hereby, for increased CYP2C19
transcription [10], and was not listed in the clinical history of the
donors.

The phenotype of 53 of the 114 individuals was overestimated
based on their corresponding genotype, 16 of them exhibited very
low CYP2C19 metabolic activity and were categorized as
phenotypic PMs similarly to the donor carrying two loss-of-
function alleles. This observation is in agreement with previous
population studies, which demonstrated that the prevalence of
phenotypic PM status exceeds the prevalence of genotypic PMs
(data reviewed by Fricke-Galindo et al. [7]). Since a number of in
vivo trials showed that PMs are endangered during CYP2C19
substrate drug therapy (e.g. clopidogrel, omeprazole, citalopram)
[4,11–15], it is essential to identify potential factors that could be
responsible for the phenotype-genotype discrepancies, and could
evoke phenoconversion and phenotypic poor metabolism despite
the presence of one or two functional CYP2C19 alleles. In the
present study, non-genetic factors, which are assuredly able to
modify CYP2C19 activity or liver metabolic function, were
considered in the phenotype prediction. Co-administration of
CYP2C19 substrates or inhibitors could lead to a decrease in
metabolic capacity of CYP2C19 enzyme and to phenotypic poor
metabolism, hence it could be the source of various drug–drug
interactions [28,29]. In the study population, one individual with
homozygous wild genotype showed lower mephenytoin
40-hydroxylase activity and was categorized as phenotypic IM.
Regarding clinical data, this individual was on chronic ranitidine
and carbamazepine therapy. Ranitidine is an H2-receptor

antagonist, and is widely used to treat duodenal and stomach
ulcers. Demethylation of ranitidine is principally catalysed by
CYP2C19, CYP1A2 and CYP2D6 [30]. Although carbamazepine, an
anti-epileptic agent, is a well-established inducer of various CYPs
via CAR and PXR regulatory pathways [31], it has been shown that
carbamazepine and its metabolites have the potential to inhibit
the metabolism of CYP2C19 substrates [32]. Although both
carbamazepine and ranitidine are competitive inhibitors and do
not bind CYP2C19 enzyme covalently, phenotypic intermediate
metabolism of the individual with homozygous wild-type alleles
might be evolved due to the moderate phenoconversion caused by
the supposed presence of the CYP2C19 substrate ranitidine and the
CYP2C19 inhibitor carbamazepine and their metabolites in the
surroundings of CYP2C19 enzyme. Chronic alcohol consumption
and amoxicillin-clavulanic acid treatment could also be responsi-
ble for phenotype conversion. Amoxicillin is an antibiotic drug
applied in combination with clavulanic acid for treatment of
various bacterial infections. Hepatotoxic effect of both amoxicillin-
clavulanic acid and alcohol is well-described [33]; however, their
impact on CYP2C19 activity is hardly investigated. Our results
suggested that amoxicillin-clavulanic acid treatment and chronic
alcohol consumption are likely to have an aspecific effect and
might contribute to the reduction of CYP2C19 activity, leading to
discrepancies in the genotype-based phenotype prediction.
Sixteen donors under chronic alcohol consumption or amoxicil-
lin-clavulanic acid treatment exhibited lower CYP2C19 metabolic
activity than it was predicted from their genotype data; moreover,
7 of them were PMs in spite of the presence of one or two either
wild-type or gain-of-function CYP2C19*17 alleles. Ultimately,
chronic diseases with inflammatory processes were also consid-
ered in the phenotype prediction. Inflammation-induced liver
dysfunction is also a potential candidate that could have crucial
role in phenoconversion. A number of trials investigated the

Fig. 3. Association between CYP2C19 genotype and mRNA expression.
Data represents the relative mRNA expression values of 56 donors (A) and expression values of the donors after exclusion of individuals with potential phenotype-modifying
non-genetic factors (chronic alcohol consumption, amoxicillin-clavulanic acid therapy, CYP2C19 substrate/inhibitor therapy, disease with inflammation processes) (B). Data
are presented as a box plot and whisker plot (box shows median with the 25th and 75th percentiles), and minimum and maximum values are shown by whiskers. Outliers that
do not fall within the bounds of the plot are indicated with �.
Nonparametric Mann-Witney test was performed for the comparison of expression levels between the diplotype groups; *p < 0.05 value was considered to be statistically
significant.
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alterations of CYP expression or metabolic capacities in different
pathological conditions, indicating substantial reduction of CYP2C
activities in patients with advanced cancer [34], congestive heart
failure [35], epilepsy [36] as well as with liver disease [28,37]. In
pathological conditions, down-regulation of CYP2C19 gene expres-
sion was supposedly evoked by inflammatory cytokines; however,
the regulatory mechanism is still unclear [26,35,38]. Diseases with
inflammatory processes (epilepsy, rheumatoid arthritis and
gastrointestinal perforation) were diagnosed at 9 individuals in
our study population, all of them showed lower CYP2C19 activity
than it was expected from their genotype data, and 2 of the 9
donors were categorized as phenotypic PMs. In the anamnesis of
27 donors, we were unable to explain the overestimated
phenotype with any factors, including genetic and non-genetic
factors. Morbid obesity leading to inflammatory processes and
lipid accumulation in hepatocytes can be considered to be risk
factors that can modify CYP2C19 expression and enzyme activity;
however, histopathological evaluation of the liver tissues did not
indicate steatotic status except for those with excessive alcohol
intake. Supposedly, other factors not listed in the clinical history of
the donors might affect the phenotypic appearance. Our results are
in accordance with a recently published research using human
liver microsomes and S-mephenytoin as probe substrate [18].
Shirashaka et al. established that CYP2C19 genotype only partially
contributed to the variability of CYP2C19 enzyme activity and
expression. Furthermore, no association with clinical or demo-
graphic data was found; however, clinical information, such as
drug treatment or disease, was not available at appreciable
number of the donors [18]. Similar results were published by Gao
et al., who concluded that the genotype and protein content of
some CYPs had only limited effects on phenotypic appearance,
which implied other important factors influencing inter-individual
variations [16]. A potential source of inconsistencies can be the
overlapping CYP2C19 metabolizer categories. There is a wide range
of metabolic activity assigned to be extensive metabolizers, and
still seems to overlap with the activities of intermediate
metabolizers increasing the number of genotype-phenotype
discrepancies.

Effect of the CYP2C19*17 allele on gene expression was
evaluated by analysing the association between CYP2C19 mRNA
levels and CYP2C19 genotype data. We found no significant
difference between the CYP2C19 mRNA levels of each genotype
group; however, after excluding individuals with co-medication,
chronic alcohol consumption, amoxicillin-clavulanic acid treat-
ment and inflammation-induced liver dysfunction, as potential
factors evoking phenoconversion and discrepancies in genotype-
based prediction, donors with CYP2C19*17/*17 diplotype showed
significantly higher relative CYP2C19 expression compared to
homozygous wild-type individuals. This finding is partially
concordant with the results published by Sanford et al., who
demonstrated that not only the donors with CYP2C19*17/*17, but
the subjects with CYP2C19*1/*17 diplotype showed significantly
higher mRNA levels compared to donors with homozygous wild-
type diplotype; however, these differences were not reflected by
CYP2C19 enzyme activities [19].

In conclusion, CYP2C19 genotype is not the only determinant
factor in CYP2C19 metabolizer status, but co-medication with
CYP2C19 substrate or inhibitor, diseases with inflammatory
processes and aspecific factors, such as chronic alcohol consump-
tion and amoxicillin-clavulanic acid therapy (or any drug therapy
resulting in liver injury) might have the potential to modify
CYP2C19 metabolic activity leading to genotype-phenotype
mismatches. Furthermore, CYP2C19*17/*17 genotype determines
the potential for increased gene expression and for ultra-rapid
metabolism; however, phenotypic appearance seems to strongly

depend on several non-genetic factors that may modify CYP2C19
metabolic capacity.

Conflicts of interest

The authors declare that there are no conflicts of interest.

Acknowledgements

This work was supported by the grants from the National
Research, Development and Innovation Fund (OTKA K104459 and
VEKOP-2.3.3-15-2017-00014) and by the ÚNKP-17-3 New National
Excellence Program of the Ministry of Human Capacities (ÚNKP-
17-3-IV-ELTE-51).

References

[1] Bahar M.A., Setiawan D, Hak E, Wilffert B. Pharmacogenetics of drug–drug
interaction and drug-drug-gene interaction: a systematic review on CYP2C9,
CYP2C19 and CYP2D6. Pharmacogenomics 2017;18(7):701–39.

[2] Ohtsuki S, Schaefer O, Kawakami H, Inoue T, Liehner S, Saito A, et al.
Simultaneous absolute protein quantification of transporters, cytochromes
P450, and UDP-glucuronosyltransferases as a novel approach for the
characterization of individual human liver: comparison with mRNA levels and
activities. Drug Metab Dispos 2012;40(1):83–92.

[3] Zanger UM, Schwab M. Cytochrome P450 enzymes in drug metabolism:
regulation of gene expression, enzyme activities, and impact of genetic
variation. Pharmacol Ther 2013;138(1):103–41.

[4] Hulot JS, Bura A, Villard E, Azizi M, Remones V, Goyenvalle C, et al. Cytochrome
P450 2C19 loss-of-function polymorphism is a major determinant of
clopidogrel responsiveness in healthy subjects. Blood 2006;108(7):2244–7.

[5] Li-Wan-Po A, Girard T, Farndon P, Cooley C, Lithgow J. Pharmacogenetics of
CYP2C19: functional and clinical implications of a new variant CYP2C19*17. Br
J Clin Pharmacol 2010;69(3):222–30.

[6] Hicks JK, Swen JJ, Thorn CF, Sangkuhl K, Kharasch ED, Ellingrod VL, et al.
Clinical Pharmacogenetics Implementation Consortium guideline for CYP2D6
and CYP2C19 genotypes and dosing of tricyclic antidepressants. Clin
Pharmacol Ther 2013;93(5):402–8.

[7] Fricke-Galindo I, Céspedes-Garro C, Rodrigues-Soares F, Naranjo ME, Delgado
Á, de Andrés F, et al. Interethnic variation of CYP2C19 alleles, ‘predicted'
phenotypes and ‘measured' metabolic phenotypes across world populations.
Pharmacogenomics J 2016;16(2):113–23.

[8] Zhou Y, Ingelman-Sundberg M, Lauschke VM. Worldwide distribution of
cytochrome P450 alleles: a meta-analysis of population-scale sequencing
projects. Clin Pharmacol Ther 2017;102(4):688–700.

[9] Helsby NA, Burns KJE. Molecular mechanisms of genetic variation and
transcriptional regulation of CYP2C19. Front Genet 2012;3:206.

[10] Chen Y, Goldstein JA. The transcriptional regulation of the human CYP2C genes.
Curr Drug Metab 2009;10(6):567–78.

[11] Harada S, Zhou Y, Duncan S, Armstead AR, Coshatt GM, Dillon C, et al. Precision
medicine at the University of Alabama at Birmingham: laying the foundational
processes through implementation of genotype-guided antiplatelet therapy.
Clin Pharmacol Ther 2017;102(3):493–501.

[12] Sofi F, Giusti B, Marcucci R, Gori AM, Abbate R, Gensini GF. Cytochrome P450
2C19*2 polymorphism and cardiovascular recurrences in patients taking
clopidogrel: a meta-analysis. Pharmacogenomics J 2011;11(3):199–206.

[13] Furuta T, Shirai N, Sugimoto M, Ohashi K, Ishizaki T. Pharmacogenomics of
proton pump inhibitors. Pharmacogenomics 2004;5(2):181–202.

[14] Uckun Z, Baskak B, Ozel-Kizil ET, Ozdemir H, Devrimci Ozguven H, Suzen HS.
The impact of CYP2C19 polymorphisms on citalopram metabolism in patients
with major depressive disorder. J Clin Pharm Ther 2015;40(6):672–9.

[15] Steimer W, Zöpf K, von Amelunxen S, Pfeiffer H, Bachofer J, Popp J, et al.
Amitriptyline or not, that is the question: pharmacogenetic testing of CYP2D6
and CYP2C19 identifies patients with low or high risk for side effects in
amitriptyline therapy. Clin Chem 2005;51(2):376–85.

[16] Gao N, Tian X, Fang Y, Zhou J, Zhang H, Wen Q, et al. Gene polymorphisms and
contents of cytochrome P450s have only limited effects on metabolic activities
in human liver microsomes. Eur J Pharm Sci 2016;92:86–97.

[17] Lewis JP, Stephens SH, Horenstein RB, O'Connell JR, Ryan K, Peer CJ, et al. The
CYP2C19*17 variant is not independently associated with clopidogrel
response. J Thromb Haemost 2013;11(9):1640–6.

[18] Shirasaka Y, Chaudhry AS, McDonald M, Prasad B, Wong T, Calamia JC, et al.
Interindividual variability of CYP2C19-catalyzed drug metabolism due to
differences in gene diplotypes and cytochrome P450 oxidoreductase content.
Pharmacogenomics J 2016;16(4):375–87.

[19] Sanford JC, Guo Y, Sadee W, Wang D. Regulatory polymorphisms in CYP2C19
affecting hepatic expression. Drug Metabol Drug Interact 2013;28(1):23–30.

[20] Coller JK, Somogyi AA, Bochner F. Comparison of (S)-mephenytoin and
proguanil oxidation in vitro: contribution of several CYP isoforms. Br J Clin
Pharmacol 1999;48(2):158–67.

A.F. Kiss et al. / Pharmacological Reports 70 (2018) 525–532 531



[21] Goldstein JA. Clinical relevance of genetic polymorphisms in the human CYP2C
subfamily. Br J Clin Pharmacol 2001;52(4):349–55.

[22] van der Hoeven TA, Coon MJ. Preparation and properties of partially purified
cytochrome P-450 and reduced nicotinamide adenine dinucleotide
phosphate-cytochrome P-450 reductase from rabbit liver microsomes. J Biol
Chem 1974;249(19):6302–10.

[23] Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement with the
Folin phenol reagent. J Biol Chem 1951;193(1):265–75.

[24] Srivastava PK, Yun CH, Beaune PH, Ged C, Guengerich FP. Separation of human
liver microsomal tolbutamide hydroxylase and (S)-mephenytoin 4'-
hydroxylase cytochrome P-450 enzymes. Mol Pharmacol 1991;40(1):69–79.

[25] Pedersen RS, Brasch-Andersen C, Sim SC, Bergmann TK, Halling J, Petersen MS,
et al. Linkage disequilibrium between the CYP2C19*17 allele and wildtype
CYP2C8 and CYP2C9 alleles: identification of CYP2C haplotypes in healthy
Nordic populations. Eur J Clin Pharmacol 2010;66(12):1199–205.

[26] Shah RR, Smith RL. Inflammation-induced phenoconversion of polymorphic
drug metabolizing enzymes: hypothesis with implications for personalized
medicine. Drug Metab Dispos 2015;43(3):400–10.

[27] Rideg O, Háber A, Botz L, Szücs F, Várnai R, Miseta A, et al. Pilot study for the
characterization of pharmacogenetically relevant CYP2D6, CYP2C19 and
ABCB1 gene polymorphisms in the Hungarian population. Cell Biochem Funct
2011;29(7):562–8.

[28] Rost KL, Brockmöller J, Esdorn F, Roots I. Phenocopies of poor metabolizers of
omeprazole caused by liver disease and drug treatment. J Hepatol 1995;23
(3):268–77.

[29] Yucel E, Sancar M, Yucel A, Okuyan B. Adverse drug reactions due to drug–drug
interactions with proton pump inhibitors: assessment of systematic reviews
with AMSTAR method. Expert Opin Drug Saf 2016;15(2):223–36.

[30] Chung WG, Park CS, Roh HK, Lee WK, Cha YN. Oxidation of ranitidine by
isozymes of flavin-containing monooxygenase and cytochrome P450. Jpn J
Pharmacol 2000;84(2):213–20.

[31] Liu A, Wang C, Hehir M, Zhou T, Yang J. In vivo induction of CYP in mice by
carbamazepine is independent on PXR. Pharmacol Rep 2015;67(2):299–304.

[32] Lakehal F, Wurden CJ, Kalhorn TF, Levy RH. Carbamazepine and oxcarbazepine
decrease phenytoin metabolism through inhibition of CYP2C19. Epilepsy Res
2002;52(2):79–83.

[33] Fontana RJ, Shakil AO, Greenson JK, Boyd I, Lee WM. Acute liver failure due to
amoxicillin and amoxicillin/clavulanate. Dig Dis Sci 2005;50(10):1785–90.

[34] Helsby NA, Lo WY, Sharples K, Riley G, Murray M, Spells K, et al. CYP2C19
pharmacogenetics in advanced cancer: compromised function independent of
genotype. Br J Cancer 2008;99(8):1251–5.

[35] Frye RF, Schneider VM, Frye CS, Feldman AM. Plasma levels of TNF-alpha and
IL-6 are inversely related to cytochrome P450-dependent drug metabolism in
patients with congestive heart failure. J Card Fail 2002;8(5):315–9.

[36] Tóth K, Bádi T, Kiss Á, Temesvári M, Háfra E, Nagy A, et al. Phenoconversion of
CYP2C9 in epilepsy limits the predictive value of CYP2C9 genotype in
optimizing valproate therapy. Per Med 2015;12(3):199–207.

[37] Frye RF, Zgheib NK, Matzke GR, Chaves-Gnecco D, Rabinovitz M, Shaikh OS,
et al. Liver disease selectively modulates cytochrome P450-mediated
metabolism. Clin Pharmacol Ther 2006;80(3):235–45.

[38] Aitken AE, Morgan ET. Gene-specific effects of inflammatory cytokines on
cytochrome P450 2C, 2B6 and 3A4 mRNA levels in human hepatocytes. Drug
Metab Dispos 2007;35(9):1687–93.

532 A.F. Kiss et al. / Pharmacological Reports 70 (2018) 525–532



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




