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Abstract

Antipsychotic drugs are widely used in the treatment of schizophrenia and psychotic disorder. The
lack of antipsychotic response and treatment-induced side-effects, such as neuroleptic syndrome,
polydipsia, metabolic syndrome, weight gain, extrapyramidal symptoms, tardive dyskinesia or pro-
lactin increase, are the two main reasons for non-compliance and increased morbidity in schi-
zophrenic patients. During the past decades intensive research has been done in order to determine
the influence of genetic variations on antipsychotics dosage, treatment efficacy and safety. The pre-
sent work reviews the molecular basis of treatment response of schizophrenia. It highlights the most
important findings about the impact of functional polymorphisms in genes coding the CYP450 me-
tabolizing enzymes, ABCBL1 transporter gene, dopaminergic and serotonergic drug targets (DRD2,
DRD3, DRD4, 5-HT1, 5HT-2A, 5HT-2C, 5HT6) as well as genes responsible for metabolism of
neurotransmitters and G signalling pathways (5-HTTLPR, BDNF, COMT, RGS4) and points their
role as potential biomarkers in everyday clinical practice. Pharmacogenetic testing has predictive
power in the selection of antipsychotic drugs and doses tailored according to the patient’s genetic
profile. In this perception pharmacogenetics could help in the improvement of treatment response by
using different medicinal approaches that would avoid potential adverse effects, reduce stabilization
time and will advance the prognosis of schizophrenic patients.

Key words: Pharmacogenetics, antipsychotics, schizophrenia, biomarkers, CYP450, P-glycoprotein, seroto-
nergic receptors, dopaminergic receptors, COMT, BDNF.

Background

Schizophrenia is a serious mental disor-
der with an annual incidence of 0.23 per 1000
persons and a prevalence rate over life of 1%
[1]. According to the World Health Organiza-
tion and the World Bank, schizophrenia is the
9" most important cause of disability in per-
sons aged 15 to 44 worldwide, and 4" in deve-
loped countries [2]. The treatment of schizo-
phrenia is still far from satisfactory with up to

30-50% of patients not responding to pharma-
cological treatment. The field of schizophre-
nia is redefining optimal outcome, moving be-
yond clinical remission to a more comprehens-
ive model including functional recovery and
improved subjective well-being. A current the-
rapeutic controversy in the treatment of schi-
zophrenia is the relative merit of using different
antipsychotic medications [3]. Antipsychotic
drug use is usually accompanied by a number
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of severe and long-lasting side effects. Typically,
first generation antipsychotics (FGA) have a
strong affinity for dopaminergic receptors and
they block the D2 receptors in the mesolimbic
pathway. As a result of blockade of other do-
pamine pathways and a decrease of dopamine
in these zones, they cause many consequent
side effects. Extrapyramidal symptoms (i.e.
Parkinsonism, dystonia, akathisias and dyskine-
sias) appear as a result of increase of acetylcho-
line in the basal ganglia, caused by blockade of
D2 receptors in the nigrostitial pathway which
may remain after treatment withdrawal. EPS
are mostly correlated with the dosage. Ame-
norrhea and other disorders due to an increase
of prolactin caused by blockade of the tubero-
infundibular pathway and the deficit syndrome
(negative and cognitive symptoms) due to the
blockade in the mesocortical pathway are also
common side effects in antipsychotic treatment
[1]. Second generation or atypical antipsycho-
tics (SGA) have a different mechanism of ac-
tion. Besides being dopamine antagonists they
are also antagonists of serotonergic receptors,
and even of the cholinergic, histaminergic and
adrenergic receptors. SGA have a lower inci-
dence of EPS, but cause other severe side ef-
fects such as metabolic syndrome (weight gain,
diabetes, hypertension, obesity and dyslipidae-
mia), sexual dysfunction and, in the case of
clozapine, late onset of agranulocytosis. Accor-
ding to the World Association of Psychiatry,
the atypical antipsychotics are as effective as
the typical ones in the treatment of positive
symptoms [4], but superior in the treatment of
negative, cognitive and depressive symptoms,
with a lower risk of EPS. That is the reason
why the atypical antipsychotics are considered
as the first line treatment for schizophrenia in
all the relevant clinical guidelines. Treatment
failure and side effects are caused by a combi-
nation of clinical, environmental and genetic
factors. Early treatment response and signifi-
cant weight gain are signs of a good prognosis.
On the other hand, early age onset of disease
and the presence of EPS are linked with a poor
pharmacological treatment response [5]. A high
percentage of patients with schizophrenia res-
pond poorly to antipsychotic treatment, or pre-
sent refractory schizophrenia.

Recently reported are the results of all the
randomized phases of the Clinical Antipsychotic
Trials of Intervention Effectiveness (CATIE) for

schizophrenia, a NIMH-funded project that cost
over 40 million dollars. The CATIE trial found
that antipsychotic drug treatments are generally
effective overall but have various limitations as
reflected by high rates of discontinuation due to
both efficacy and tolerability problems [6]. In
addition, the trial found that conventional
agents with intermediate potency were compa-
rably effective with atypical agents. Moreover,
although numerous studies have evaluated sub-
jective outcomes within the domain of subjec-
tive quality of life in patients with schizophre-
nia, less is known about global evaluations of
subjective well-being. Recent studies suggests
that, despite antipsychotic medications being
effective for symptom-based psychopathology,
such clinical effectiveness does not necessarily
translate to improved general satisfaction with
life. Clinicians should be aware that these two
domains are not inextricably linked [7]. Phar-
macogenetic studies are focused on determina-
tion of inter-individual variations in DNA se-
quence related to drug response. In recent ye-
ars, high expectations are given to the capabili-
ties of pharmacogenetics in tailoring persona-
lized psychotropic treatment for each patient
according to their genetic profile. The polyge-
netic and multifactorial etiology of schizophre-
nia, as well as the polygenetic profile of antip-
sychotic treatment response which integrate
both the genes involved in the pharmacokine-
tics (basically CYPs) and in the pharmacodyna-
mics (receptors), have to be taken into account
when tailoring the antipsychotic treatment. The
following review will summarize the most sig-
nificant pharmacogenetic findings and will give
an overview of their potential clinical applica-
tion.

Pharmacogenetics of drug metabolism
and transport

Cytochrome P450 genes

Functional polymorphisms in genes co-
ding the phase I metabolic enzymes had a bre-
akthrough in the 1950s, when it was determi-
ned that CYP2D6 polymorphism effects the de-
brisoquine metabolism. The enzymes of the
CYP superfamily catalyse some oxidation reac-
tions of different substrates to increase their hy-
dro-solubility and to enable their biotransfor-
mation and excretion. Approximately 18% of
neuroleptics are major substrates of CYP1A2
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enzymes, 40% of CYP2D6 and 23% of
CYP3A4/5 enzymes [8]. Most CYP enzymes
exhibit ontogenic, age, sex, circadian and eth-
nic differences [9] and these variants result in
different metabolism of the drugs according to
the genetic profile/expression which enables
some extent of prediction of treatment res-
ponse. A dedicated web page for the compi-
lation and description of variants detected in
CYP enzymes has been created (http:
Ilwww.cypallels.ki.se/).

Cytochrome CYP1A2

The CYP1AZ2 gene is located in the long
arm of chromosome 15, in region 15g24, and
has 7 exons, the first of which is non-coding.
CYP1A2 accounts for approximately 15% of the
CYP enzymes. This enzyme is involved in meta-
bolic transformation of the following antipsy-
chotics: haloperidol, pherphenazine, thioridazine,
olanzapine, clozapine and chlorpromazine (Table
1). The CYP1A2 gene, located on chromosome
15, is highly polymorphic. A few common
CYP1A2 polymorphisms have been studied in-
tensively. However, the impact of these poly-
morphisms on enzyme activity is still not totally
clear. Caffeine consumption inhibits its activity,
whereas smoking induces CYP1A2 activity,
especially of the variants containing the -3860G/A
(CYP1A2*1C) and -3860G/A (CYP1A2*1C) al-
leles. The influence of -2467delT (CYP1A2*1D)
polymorphism on the enzyme activity is still not
clearly exposed. On the other hand, CYP1A2*1K
(-163A, -739G, -729T) haplotype is related to re-
duced CYP1A2 activity compared to CYP1A2*1A
(wild type) and CYP1A2*1F (-163A) or
CYP1A2*1J (-163A, -739G) haplotypes in non-
smoker volunteers [10-14]. The influence of
external factors on the activity of CYP1A2 is
important, since the co-administration of anti-
psychotics competing for the same enzyme
leads to its inhibition, reduced treatment effi-
cacy and increased side effects. The CYP1A2
enzyme accounts for up to 70% of clozapine
metabolism, so that its variation has been re-
lated to drug clearance [15]. Olanzapine uses
approximately 60% of the CYP1A2 pathway
for formation of its principle metabolites. Con-
sidering these facts, pharmacogenetic testing of
CYP1AZ2 is more than justified in patients trea-
ted with clozapine and olanzapine. Individuals

with CYP1AZ2 ultrarapid phenotypes are known
to experience delay or lack of response to these
two antipsychotics [16].

Cytochrome CYP2D6

Cytochrome CYP2DE6 is the first metabo-
lizing enzyme documented as polymorphic [17,
18]. CYP2D6 is a gene with nine exons located
in the long arm of chromosome 22 in region
22013 and is highly polymorphic. Currently,
about 90 mutations have been described and
some of them have up to 13 subtypes [19].
CYP2D6 plays a significant role in metabolic
transformation of aripiprazole, chlorpromazine,
haloperidol, perphenazine, quetiapine, risperido-
ne and olanzapine (Table 1). Unlike CYP1A2,
CYP2D6 activity is not inducible. A number of
functional genetic variants that determine the
metabolic activity of enzymes as extensive (EM),
intermediate (IM), poor (PM) and ultra-rapid
(UM) phenotype metabolizers are identified.
They are characterized by normal, intermedi-
ate, decreased and multiplied ability to metabo-
lise the enzyme’s substrates respectively.
CYP2D6*3, CYP2D6*4, CYP2D6*5 and
CYP2D6*6 variants are associated with com-
plete lack of enzyme activity, leading to PM
phenotype, whereas CYP2D6*1XN, *2XN and
*35XN, the duplication or multiplication of a
functional CYP2D6 gene causes extremely
high CYP2D6 activity and leads to UM pheno-
type. Poor metabolizers (PMs) are characteri-
zed by 10-200 slower metabolism of CYP2D6
substrates in comparison to EMs. Among heal-
thy individuals, extensive metabolizers (EMs)
account for 55.71% of the population, interme-
diate metabolizers (IMs) for 34.7%, poor meta-
bolizers (PMs) for 2.28%, and ultra-rapid meta-
bolizers (UMs) 7.31%. It has been reported that
the frequencies of UMs may be 1% in Sweden
and 7% to 10% in Southern Europe [20]. This
percentage refers to subjects with CYP2D6 dup-
lications, but some of the duplicated alleles of
CYP2D6 may be without activity or have de-
creased activity [21, 22]. When the UMs are
defined strictly as subjects with at least three
active alleles the frequency is lowered and is
approximately 1.5%. Remarkable interethnic
differences exist in the frequency of PM and
UM phenotypes and may explain the differen-
ces in treatment response observed between po-
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pulations. On average 6.28% of the world po-
pulation are poor metabolizers [1]. Frequencies
are the subject of geographic variations, with
7-10% PMs in the Caucasian population and
1-2% in Asians. Different phenotypes are di-
rectly related to drug clearance, with PM vari-
ants associated with higher plasma levels and
the UM forms with rapid clearance and lower
plasma concentration of drugs and their meta-
bolites [8]. Poor metabolizers treated with anti-
psychotics with narrow dose ranges are more
likely to develop adverse reactions to the treat-
ment, whereas ultra-rapid metabolizers will fail
to respond to standard doses of antipsychotics.
Several studies have investigated the role of
genetic polymorphism of the CYP2D6 gene in
the occurrence of adverse effects, especially
EPS, during antipsychotic treatment [23-25].
Bork et al. [26] showed that PM patients trea-

ted with risperodine have a three times greater
risk of developing adverse reactions in compa-
rison with EM or IM patients. It was also
shown that PMs have a six times greater risk of
treatment failure than EMs [27]. As well as in
the liver, CYP2D6 is expressed in the brain
where it probably plays a significant role in the
metabolism of endogenous substances and ne-
urotransmitters such as dopamine. Neuroleptic
malignant syndrome (NMS) has been investi-
gated in the Japanese population in association
with CYP2D6, and it was confirmed that car-
riers of CYP2D6*5 have a higher risk of deve-
loping NMS [28]. In addition to the genetic
variability, external factors can influence the
metabolic activity of CYP2D6, such as the con-
comitant use of common drugs with inhibitory
activity to the gene, such fluoxetine and paro-
xetine.

Table 1
Summary of most commonly used antipsychotics and their main metabolic pathways
Antipsychotic Type Main metabolic pathway

Aripiprazole SGA? CYP2D6, CYP3A
Chlorpromazine FGA! CYP2D6, CYP1A2
Clozapine SGA? CYP1A2
Haloperidol FGA! CYP2D6, CYP3A, CYP1A2
Olanzepine SGA? CYP2D6, CYP1A2
Perphenazine FGA! CYP2D6, CYP1A2, CYP3A4
Quetiapine SGA? CYP3A, CYP2D6
Risperidone SGA? CYP2D6, CYP3A
Thioridazine FGA! CYP2D6, CYP1A2

L FGA First Generation Antipsychotics; 2SGA Second Generation Antipsychotics

Cytochrome CYP3A bryonic, foetal and newborn infants [29, 30]

The CYP3A family is involved in the me-
tabolism of 45-60% of all known drugs. Among
the antipsychotic drugs, it is important for meta-
bolic transformation of aripirprazole, haloperi-
dol, perphenazine and risperidone (Table 1).
The interindividual differences in CYP3A en-
zyme expression influence the oral bioavaila-
bility and systemic clearance of its substrates.
The CYP3A gene family consists of four genes
(CYP3A4, CYP3A5, CYP3AT7 and CYP3A43).
They are located in the long arm of chromo-
some 7 in the region g21-g22.1 in the tandem
structure of 220kb. The most relevant isoforms
in adults are CYP3A4 and CYP3A5. CYP3A7
is the major cytochrome P450 isoform in em-

and it is slightly expressed in the adult liver
and intestine [31]. CYP3A4 is the predominant
hepatic form, but CYP3A5 contributes signi-
ficantly to the total liver CYP3A activity.
CYP3A4 is the most abundant CYP isoform in
the human liver with large interidividual varia-
bility in its expression. About 347 SNPs have
been identified in the CYP3A4 (CYP3A4*1A:
wild type) and 25 of them are of clinical rele-
vance. Only CYP3A4*17 and *18A display
functional variability with decreased or increa-
sed activity, respectively [32]. No significant
response association of these polymorphisms
with antipsychotics response has been publi-
shed. Most of the studies performed on Cauca-
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sian individuals consider the CYP3A4 isoenzyme
as the principle one in the human liver because
the CYP3A5 expression is low in the popula-
tion (it is present in 33% of North American
Caucasians and in 60% of Afro-Americans)
[33]. Only subjects carrying at least one fun-
ctional CYP3A5*1 allele express the CYP3A5
protein. But it has been presented that in indi-
viduals in whom CYP3A5 is expressed it has
approximately equal metabolic activity as
CYP3A4. CYP3A4*1B, located in the promo-
ter region of the gene, influences the transcrip-
tion efficiency and thus the overall enzymatic
activity of CYP3A4 [34]. CYP3A4*3 variant
leads to alternative substrate specificity as a re-
sult of Met445Thr substitution near the active
site of the enzyme [35] and CYP3A4*4 variant
is characterized by an lle118Val substitution
decreased enzyme activity [36].

So far, a series of allele variations are
defined in regard to a wild type allele
(CYP3A5*1). In wild type allele carriers
CYP3A5 represent almost 50% of the total
CYP3A protein. CYP3A5*3C mutant allele is
the major defective allele and is responsible for
alternative splicing and protein truncation
which results in decreased enzyme activity and
absence of CYP3A5 expression in more than
70% of Caucasians [33]. CYP3A5*2 and
CYP3A5*6 code for an enzyme without acti-
vity [37]. In the Caucasian population, 87.75%
are EMs (CYP3A5*3/*3), 15.88% are IMs
(CYP3A5*1/*3) and 1.37% are UMs
(CYP3A5*1/*1) [1].

ABCB1

P-glycoprotein (P-gp) is a member of the
adenosine triphosphate-binding cassette (ABC)
superfamily of transporters and is widely ex-
pressed in normal tissue such as intestine, liver,
kidney and brain. Its physiological role is to act
as an efflux pump and to serve as a barrier to
the entry of xenobiotics and cellular metaboli-
tes [38], but it also influences intestinal drug
absorption and elimination and influences drug
bioavailability [39]. Polymorphic variations on
ABCB1 (MDR1) gene influence its expression
[40, 41], their association with pharmacokine-
tics and bioavailability of drugs [42, 43] and
their association with clinical effects [44, 45].
Several second generation antipsychotics, ami-

sulpride, aripiprazole, olanzapine, perospirone,
risperidone and paliperidone are substrates for
P-gp in therapeutic concentrations. Clozapine
and quetiapine are not likely to be substrates of
P-gp, but most antipsychotics act as inhibitors
of P-gp, and can therefore influence plasma
and brain concentrations of other substrates.
With this fact in consideration this transporter
plays a significant role in their pharmacokine-
tics [46, 47]. It has been confirmed that the
C3435T SNP in exon 26 and G2677T>A SNP
of the ABCBL1 gene affect the level of duodenal
ABCBL1 expression possibly as a result of the
decrease in mRNA stability [48] and alter the
absorption and distribution of many drugs that
are their substrates [40, 49-51]. These two va-
riations and the C1236T silent polymorphism
in the exon 12 are supposed to be in close lin-
kage disequilibrium [52, 53]. The frequency of
2677A variant is 2% among whites, but the ot-
her variants 1236T, 2677T and 3435T, are very
common (41-56%) [54]. Kimchi-Sarfaty et al.
have confirmed similar mRNA and protein
concentration in wild-type and variant protein
but, on the other hand, they confirm altered con-
formation of the variant protein, thereby affec-
ting the structure of substrate and inhibitor
interaction sites.

The relevance of polymorphic variations
on ABCBL in antipsychotic treatment response
has been widely studied, but further investiga-
tion is needed for confirmation of their biolo-
gical importance. It has been suggested that
ABCB1 2677T/T and 3435T/T genotypes in
drug naive first episode schizophrenic patients
have a higher active moiety (risperidone + 9-OH
risperiodne) in comparison with non-carriers of
this genotype [56]. Recent studies have shown
3435T allele and 2677T/3435-T haplotype car-
riers have a better response to risperidone with
lower frequency of extrapyramidal side effects
[57]. It is suggested that this pharmacogenetic
profile presents protective activity against the
development of EPS side effects in risperidone
treatment. ABCB1 C3435T polymorphism has
also been related to greater risk of polydipsia-
hypernatremia [58]. It has been addressed that
1236TT genotype is associated with better im-
provement of BARS score in the Chinese
population [59]. On the other hand Suzuzki Y
et al. [60] have recently shown that risperidone,
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9-OH-RIS and total active moiety levels were
significantly correlated with ABCB1 3435C>T
genotypes, whereas the ABCB1 2677G>T/A
genotypes did not affect plasma RIS, 9-OH-
RIS, or total active moiety levels. Carriers of
ABCB1 1236T/2677T/3435T haplotype had higher
serum and cerebrospinal fluid olanzapine concen-
trations than patients without this haplotype [61]. It
has been suggested that the P-gp C3435T genotype
may also help to determine positive symptom
reduction from olanzapine clinically, but these
findings should be replicated on a larger sample of
subjects [62]. The T allele of 2677G/T/A poly-
morphism is related to better response to olan-
zapine treatment in women [63]. Kuzman et al.
[64] additionally suggested that ABCB1 G2677T
and C3435T MDR1 genetic polymorphisms influ-
ence the development of metabolic abnormalities
among female patients treated with olanzapine and
risperidone.

Pharmacogenetics of treatment

response

Many pharmacogenetic studies have con-
firmed the clinical validity and importance of
some brain neurotransmitter systems in media-
ting treatment efficacy and onset of side ef-
fects. The genetic variability of dopamine and
serotonin receptors play a significant role in
antipsychotic drug efficacy.

Dopaminergic system

Dopamine D2 receptors are mainly ex-
pressed in the striatum, cortex and limbic sys-
tem and belong to the G-protein coupled recep-
tor superfamily. An average occupancy of 65%
of brain dopamine receptors is necessary for
therapeutic efficacy, but over 72% occupation
induces prolactin elevation and 77% or higher
occupation induces EPS [65]. First generation
antipsychotics have strong dopamine affinity,
whereas second generation antipsychotics dis-
play moderate to high affinity for D2, D3 and
D4 receptors [8]. Neuroleptics influence the
positive symptoms of schizophrenia dominan-
tly through blockade of D2 receptors. This an-
tagonistic action mechanism is responsible for
the onset of Parkinsonian-like side effects. The
dopamine D2 receptor gene, DRD2, is located
on chromosome 11 and contains a number of
SNPs. The most significant polymorphism as-
sociated with poorer antipsychotic treatment

response on the DRD2 promoter gene is-
141Cdel variant, located in 11923 region,
which is responsible for lower expression of
the protein [66]. Significant weight gain is
confirmed after 6 weeks of risperidone or olan-
zapine treatment in the patient population with
-141Cdel allele [67]. On the other hand, Japa-
nese schizophrenia patients with -141Cins al-
lele treated with risperidone have improved po-
sitive symptoms [68]. Patients with -141-C del
have a higher incidence of neuroleptic malig-
nant syndrome (NMS) characterized by severe
hypofunction of the dopaminergic system [69].
-141C del allele is associated with lower ex-
pression of D2 receptor protein in vitro [70].
Another frequently examined polymorphism on
the dopamine D2 receptor shown to be predi-
ctive of drug response is Ser311Cys. It is pos-
tulated that this polymorphic variant modulates
receptor G protein interaction and alters recep-
tor function. Patients with Ser311 allele are re-
lated with a better outcome for positive, nega-
tive and cognitive symptoms, as well as a more
robust response to antipsychotics [71]. A D2
restriction polymorphism known as TaglA has
been associated with risk of tardive dyskinesia
and increased risk of EPS during treatment
with antipsychotics and selective serotonin re-
uptake inhibitors [72, 73]. Patients with Al al-
lele had a better response to dopamine antago-
nists [74]. This variant is also associated with
lower density of receptor and decreased func-
tion [66]. It has been reported that TaqlA1l led
to reduced striatal D2 receptor binding [75, 76].

Another polymorphism, A241G, was cor-
related to risperidone and olanzapine treatment
response by Xing et al. [77]. Patients with A
allele havea better response to risperidone
treatment and have shown greater improve-
ment, whereas G carriers have a lower response
time [78].

The D3 receptor is mainly localized in
the mesolimbic area in the brain and it is asso-
ciated with cognitive, emotional and motor
functions [79]. Pharmacogenetic testing on the
D3 receptor is justified because of the high
affinity of different antipsychotics for this re-
ceptor. Among the SNPs of DRD3 gene, the
most interesting variant which is extensively
studied is Gly9Ser. The 9Gly variant confers
higher binding affinity and better antipsycho-
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tics response regarding the positive symptoms,
but it also increases the risk of tardive dyski-
nesia [5, 80, 81].

Variable numbers of tandem repeat (VNTR)
polymorphisms in exon 3 of dopamine D4 re-
ceptor (DRD4) gene are associated with mul-
tiple psychiatric illnesses. The allele size of 7R
is less frequent in the Asian population (Japa-
nese 0.5%) than in Caucasians (20%). The ances-
tral haplotype and the most common is 4R
variant. Although direct association of VNTR
and TD are not confirmed, some four taq poly-
morphism haplotype analysis suggest that DRD4
may be involved in TD in Caucasians [82].

Serotonergic system

Second-generation antipsychotics display
a high affinity for serotonin (5- Hydroxytrip-
tamine, 5-HT) receptors. The influence of 5-
HT2A and 5-HTC polymorphic variations in
the etiology of schizophrenia and antipsychotic
treatment response is justified in many studies.

5-HT1A

5-HT1A receptor is another potential tar-
get for prediction of treatment response with
atypical antipsychotic drugs. -1019C/G SNP, lo-
cated in the upstream regulatory region, is the
most widely studied polymorphism and it influ-
ences the gene transcription. G allele carriers
are characterized by elevated levels of SHTR1A.
As 5HTR1A is involved in the modulation of
dopaminergic activity, -1019C/G variant may
affect cortical dopamine release. While an in-
creased dopamine level in the cortical region is
crucial for improvement of negative symptoms
of schizophrenia, this polymorphism may po-
tentially be important for antipsychotic drug
treatment response prediction. It was confirmed
in two recent studies conducted on Chinese and
Caucasian schizophrenia patients treated with
risperidone. In both studies CC genotype car-
riers showed an improvement of negative symp-
toms [83, 84].

5-HT?2A receptor

The 5-HT2A receptors are widely ex-
pressed in cortical brain areas, additional to the
hypothalamus, limbic system and striatum [85].
It is a postsynaptic G-protein receptor with a
high affinity for clozapine, risperidone and
olanzapine [86]. The 5-HT2A receptor coding

gene, HTR2A, is located on the chromosome
region 13ql14-21. The most relevant polymorp-
hisms are 1438A/G promoter polymorphism
associated with decreased promoter activity
and a lower expression of the receptor protein
[87], 102T/C a silent polymorphism within the
coding region, in complete linkage disequilib-
rium with the previous one [88] and His452Tyr
(1354C/T) polymorphism responsible for an
amino acid substitution within the cytoplasmic
C-terminal tail of the receptor. This change
does not affect the expression and does not pre-
vent the substrate binding to the receptor, but it
makes it ineffective. The 452Tyr allele is more
frequently found in a group schizophrenic pa-
tients non-responding to clozapine treatment.
This variant reduces the serotonin induced cal-
cium mobilization in platelets [89]. The 102C
allele is correlated to lower protein expression,
increased risk of schizophrenia and EPS, and
poorer response to treatment in Caucasians [90,
91]. This allele is significantly overexpressed
among the clozapine non-responders and in
schizophrenic patients with developed TD [92,
93]. As this is silent polymorphism, it is hypo-
thesized that an epigenetic mechanism such as
methylation is responsible for 102C>T SNP
functionality [94].

5-HT2C receptor

The 5-HT2C receptors are coupled to sti-
mulatory G-protein and involved in the regula-
tion of feeding behaviour, anxiety and motor fun-
ctions. These receptors are expressed in the cho-
roid plexus, prefrontal cortex, basal ganglia and
limbic regions in the brain [95, 96]. The 5-HT2C
receptor coding gene, HTR2C, is located on the
Xq24 chromosome and is an excellent candi-
date for pharmacogenetic testing and confor-
mation of its association with disease and treat-
ment response. The 997G/A polymorphism in
the promoter region is in complete linkage di-
sequilibrium with -759C/T polymorphism [97].
C to T substitution in the promoter region of
the gene leads to decreased promoter activity
[98]. The 759T allele presents a protective role
against antipsychotic-induced weight gain in
patients treated with clozapine, olanzapine, ris-
peridone and chlorpromazine [99-102]. The pro-
tective role of -759C/T polymorphism exerts
mostly on weight gain in short-term treatment
of drug naive patients and this association is
constantly confirmed mostly in the European
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population, but also in the less studied Asian
population [103]. 697G/C is another promoter
polymorphism where C allele is associated
with decreased promoter activity and the onset
of persistent tardive dyskinesia [98, 104, 105].
The study in the European population confir-
med the protective role of C allele in a 10%
increase of BMI and weigh gain, and the other
found no correlation. Due to an initial positive
result -697C/T remains a promising candidate
for future studies. Cys23Ser (68G/C) polymor-
phism leads to a higher constitutive activity of
the 23Ser compared to the 23Cys variant in
vitro [106]. This finding could not be reprodu-
ced in mammalian cells expressing the mRNA
edited 5-HT2C isoforms [107]. It has been re-
ported that HTR2C 23Ser allele is responsible
for a better response to clozapine treatment
[108] and increased risk of tardive dyskinesia
[109]. The functional haplotype studies hypo-
thesized that an increased HTR2C transcrip-
tion, leading to a more active 5-HT2C system,
might be protective against antipsychotic indu-
ced weight gain, since subjects may be less
sensitive to the metabolic changes caused by
medication [110].

5-HTG6 receptor

Genetic variations in serotonin 6 (5-HT6)
receptors might be associated with the patho-
physiology of schizophrenia. 267C/T polymor-
phism of 5HTR6 is related to antipsychotics
treatment response. The 267T/T genotype has a
confirmed superior response to risperidone
[111], particularly for positive symptoms and
general symptoms (e.g. anxiety, depression and
cognitive symptoms), but not for negative sym-
ptoms in schizophrenic patients [112].

5-HTTLPR

Serotonin recovery on the presynaptic
level depends on the 5-HTT transporter (5-hyd-
roxytryptamine transporter). It is a high affinity
transporter and has a predominant role in termi-
nation of the extracellular effects of serotonin
through re-uptake. The gene encoding this
transporter is located in the 17g11.1-q12 re-
gion, and two principle polymorphisms are
confirmed. They did not influence the protein
structure, rather they modify the gene transcrip-
tional activity. The repeat polymorphism called
5-HTTLPR (5-HTT gene linked polymorphic

region) has 44 base pair deletion/insertion in
the promoter region giving rise to two alleles,
L (long) and S (short). This polymorphism inf-
luences transporter expression and in patients
with schizophrenia it probably modulates seve-
rity, acting as a disease modifying gene. L-al-
lele carriers are better antipsychotic responders
using any of the diverse clinical scales [114—
116]. Another study confirmed that S allele is
associated with lower improvement of BPRS
scores in risperidone and haloperidol treated
patients [117]. According to recent studies, the
5-HTTLPR L/S genotype could be generating a
modification in the serotonergic system in the
brain that leads to an enhancement of antipsy-
chotic activity and efficacy in negative symp-
toms treatment [118]. All these findings are in
agreement with the fact that antipsychotics
with a more serotonergic profile could give
much better results in negative symptom treat-
ment [119]. The other is tandem repeat poly-
morphism, called SHTTVNTR. The most fre-
quent alleles correspond to 9, 10 and 12 repeats
in the second intron. One recent haplotype study
on both polymorphisms confirmed that the pre-
sence of L/12 was associated with good treat-
ment response [120].

COMT

The catechol-O-methyltransferase (COMT)
gene is located in the 22911.21-23 chromo-
some region. It has been considered as can-
didate gene for schizophrenia and an important
biomarker due to its role in degradation of cha-
teholamines, among which dopamine is inclu-
ded. The human COMT gene has three com-
mon variations (A22S, A52T and V108M).
A22S and V108M change the protein prone to
temperature and oxidation, whereas A52T mu-
tation did not affect the protein structure. The
V108M polymorphism rearranges the active
site residues and A22S mutation reorients the
critical residues away from the substrate-bin-
ding pocket [1]. The decreased activity ofA22S
and V108M are important for increased risk of
schizophrenia. The 108M variant is correlated
with a better response to antipsychotic drugs
and fewer side effects [121, 122]. These are
confusing results, as the Met variant is associa-
ted with decreased enzyme activity and dopa-
mine accumulation. Contradictive results are
also presented by two different groups of rese-
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archers. A study of Japanese patients declines
the correlation between risperiodne and COMT
[123], but the recent study of Chinese Han pa-
tients confirms the association of risperidone
treatment with V108M COMT variant [124].
Met allele is also associated with better cog-
nitive improvement in patients treated with clo-
zapine, as well as with the overall schizo-
phrenia symptoms improvement in olanzapine
treated patients [16]. Moreover, recent meta-
analysis results confirmed the protective role of
Mat on the appearance and severity of tardive
dyskinesia, as a common side effect in treat-
ment with neuroleptics [125].

BDNF

The brain-derived neurotropic factor
(BDNF) has an important role in the long-term
potentiation-a cellular mechanism of learning
and memory. Several genetic studies have
shown a significant association between certain
polymorphic variations within BDNF and psy-
chiatric disorders. BDNF interacts with other
neurotransmitter systems implicated in schizo-
phrenia, such as dopamine, glutamate, sero-
tonin and GABA [126]. The most extensively
studied polymorphic variants are dinucleotide
repeat polymorphism (GT) in the promoter re-
gion [127], Vall66Met (196G/A) polymor-
phism [128], the -270C/T substitution and the -
256G/A polymorphism [129]. The first two
polymorphisms are associated with BDNF ex-
pression level, whereas Val66Met polymorp-
hism affects the intracellular activity and acti-
vity-dependent secretion of BDNF. A growing
body of evidence suggests that BDNF plays a
significant role in antipsychotic treatment res-
ponse and the pathogenesis of TD, but the data
are inconsistent. Patients with schizoaffective
disorder are significantly more likely to be car-
riers of the most common haplotype (contai-
ning the valline allele of the VVal66Met SNP) in
comparison with healthy volunteers [130]. One
recent study showed that the Val/Val genotype
was observed more frequently in treatment res-
ponders to olanzapine, and this genotype was
associated with an improvement in clinical
symptoms [131]. In another recent study it was
confirmed that the responders to risperidone
treatment have a higher frequency of the 230-
bp allele of the (GT)n dinucleotide repeat poly-
morphism than non-responders [132]. One ot-

her haplotype study confirmed that patients
with 230-bp allele (GT)n dinucleotide repeat
polymorphism and 230bp/C270/rs6265G hap-
lotype have a better riperidone response than
patients with a 234-bp allele and 234-
bp/C270/rs6265A haplotype [133].

RGS4

Regulator proteins of G signalling path-
ways, RGS4 was recently linked with antipsy-
chotic response variability and adverse drug
reactions [134-137]. Lane HY et al. confirmed
in their study that RGS4 variances influence
clinical manifestations of schizophrenia, as well
as the treatment response to risperidone, sug-
gesting that RGS4 plays a role in the funda-
mental process of disease pathophysiology.
AJ/A genotype at SNP1 was associated with
greater improvement only in social function,
whereas A/A genotype at SNP18, beside the
greater improvement in social function, has a
positive effect at PANSS total score.

Future perspectives

Personalized medicine is becoming a
promising tool for the prediction of disease
predisposition and development, as well as a
treatment response using genetic and clinical
variables. This approach allows individualiza-
tion of the treatment, tailored to achieve maxi-
mized response and avoidd side effects. The
lack of antipsychotic response and treatment-
induced side effects are two main reasons for
non-compliance and increased morbidity in
schizophrenic patients. Algorithms where mul-
tiple genetic, epigenetic and clinical variables
are combined could obtain the predictive po-
werful selection of the high-risk group of pa-
tients. In this perception pharmacogenetic tas-
tings could help to increase treatment response
by using different medicinal approaches that
would avoid potential side effects, reduce stabi-
lization time and improve the prognosis of
schizophrenic patients.

Determination of CYP, transporter and
receptor genetic profiles of the patient before
starting the treatment is very useful and pro-
vides beneficial information. Dose adjustments
according to the patient’s genetic profile may
results in around 15% efficacy improvement,
more than 20% reduction in adverse effects.
Unfortunately theses tastings are still not wi-
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dely used in clinical practice. The final purpose
of pharmacogenetics is to provide therapeutic
action guidelines based on the analysis of ge-
netic variations. These guidelines will show the
directions in treatment modifications, such as
decreasing or increasing the dose regarding the
usual dose or switching the drugs. Nowadays,
in spite of the supporting evidence, pharmaco-
genetic testing is not widely used in psychiatric
clinical practice. The conduct of prospective
studies where the clinical and economic bene-
fits will be evaluated could convince psychia-
trists of the value of pharmacogenetic infor-
mation for the improvement of drug efficacy
and safety.

REFERENCES

1 Gasteira, A., Barros. F., Martin, A., et al. Pharmaco-
genetic studies on antipsychotic treatment. Current
status and perspectives. Actas Esp Psiquiate. 2010;
38(5): 301-16.

2. Murray CJL, Lopez AD. The Global Burden Disease:
A Comprehensive Assessment of Mortality and Disa-
bility from Diseases, Injuries and Risk Factors in
1999 and Projected to 20120. Cambridge, MAA,
Harvard University Press, 1996.

3. Citrome L. Interpreting and Applying the CATIE
Results: With CATIE, context is key, when sorting
out Phases 1, 1A, 1B, 2E, and 2T. Psychiatry (Edg-
mont). 2007; 4(10): 23-29.

4. Johansen E, Jorgensen A.H. Effectiveness of second
generation antipsychotics. A systemic review of ran-
domized trials. BMC Psychiatry. 2008; 8: 31.

5. Arranz JM, Perez V, Gutierrez B, Hervas A, Pharma-
cogenetic Applications of Pharmacogenomic Appro-
aches in Schizophrenia. Curr Genet Med Rep. 2013;
1: 58-64.

6. Lieberman JA, Stroup TS, McEvoy JP, Swartz MS,
Rosenheck RA, Perkins DO, et al. Clinical Antipsy-
chotic Trials of Intervention Effectiveness (CATIE)
Investigators. Effectiveness of antipsychotic drugs in
patients with chronic schizophrenia. N Engl J Med.
2005; 353(12): 1209-23.

7. Fervaha G, Agid O, Takeuchi H, Foussias G, Reming-
ton G. Effect of antipsychotic medication on overall
life satisfaction among individuals with chronic schi-
zophrenia: findings from the NIMH CATIE study.
Eur Neuropsychopharmacol. 2014; 24(7): 1078-85.

8. Cacabelos R, Cacabelos P, Aliev G. Genomics of schi-
zophrenia and pharmacogenomics of antipsychotic drugs.
Open Journal of Psychiatry. 2013; 3: 46-139.9.

9. Xie HG, Kim RB, Wood AJ and Stein CM. Molecular
basis of ethnic differences in drug disposition and

response. Annual Reviews, Pharmacology and Toxi-
cology. 2001; 41: 815-850.

10. Nakajima M, Yokoi T, Mizutani M, et al. Genetic
polymorphism in the 5'-flanking region of human
CYP1A2 gene: effect on the CYP1A2 inducibility in
humans. J Biochem (Tokyo). 1999; 125: 803 808.

11. Chida M, Yokoi T, Fukui T, et al. Detection of three
genetic polymorphisms in the 5'-flanking region and
intron 1 of human CYP1A2 in the Japanese popu-
lation. Jpn J Cancer Res. 1999; 90: 899-902.

12. Sachse C, Brockmoller J, Bauer S, and Roots I.
Functional significance of a C-->A polymorphism in
intron 1 of the cytochrome P450 CYP1A2 gene
tested with caffeine. Br J Clin Pharmacol. 1999; 47:
445449,

13. Kootstra-Ros JE, Smallegoor W, and van der Weide
J. The cytochrome P450 CYP1A2 genetic polymorp-
hisms *1F and *1D do not affect clozapine clearance
in a group of schizophrenic patients. Ann Clin Bio-
chem. 2005; 42: 216-219.

14. AKlillu E, Carrillo JA, Makonnen E, et al. Genetic
polymorphism of CYP1A2 in Ethiopians affecting
induction and expression: characterization of novel
haplotypes with single-nucleotide polymorphisms in
intron 1. Mol Pharmacol. 2003; 64: 659-669.

15. Van der Weide J, Steijns LS, van Weelden, MJ. The
effect of smoking and cytochrome P450 CYP1A2 ge-
netic polymorphism on clozapine clearance and dose
requirement. Pharmacogenetics. 2003; 13: 169-72.

16. Arranz JM and Kapur S. Pharmacogenetics in Psy-
chiatry: Are we ready for widespread clinical use?
Schizophrenia Bulletin. 2008; 6 34.: 1130-44.

17. Mahgoub A, Idle JR, Dring DG, Polymorphic
hydroxylation of debrisoquine in man. Lancet. 1977;
2: 584-586.

18. Tucker GT, Silias JH, Iyun AO, Lennard MS, Smith
AJ. Polymorphic hydroxylation of debrisoquine. Lan-
cet. 1977; 2: 718.

19. Kirchheiner J, Nickcen K, Bauer M, et al. Pharma-
cogenetics of antidepressants and antipsychotics: the
contribution of allelic variations to phenotype of drug
response. Mol Psychiatry. 2004; 9: 442-473.

20. Igelman-Sundberg M. Genetic polimorphisms of
cytochrome P4502D6 (CYP2D6): clinical consequ-
ences, evolutionary aspects and functional diversity.
Pharmacogenomics J. 2005; 5: 6-13.

21. Agundez, J., Ledesma, M., Ladero, J et al., Preva-
lence of CYP2D6 gene duplication and repercussion
on oxidative phenotype in a white population. Clini-
cal Pharmacol Ther. 1994; 57: 265-2609.

22. de Leon J. The AmpliChip CYP450 Test: personali-
zed medicine has arrived in psychiatry. Expert Rev
Mol Diagn. 2006; 6: 277-286.

23. Vandel P, Haffen E, Vandel S, et al. Drug extrapyra-
midal side effects. CYP2D6 genotypes and pheno-
types. Eur J Clin Pharmacol. 1999; 55(9): 659-665.

24. Jaanson P, Marandi T, Kiivet RA, et al. Maintenance
therapy with zuclopentixol decanoate: association



Pharmacogenetics and antipsychotic treatment response

63

between plasma concentrations, neurological side
effects and CYP2D6. Psychopharmacology (Berl).
2002; 162(1): 67-73.

25. Schillevoort I, de Boer A, van der Weide J, Steijns
LS, et al. Antipsychotic-induced extrapyramidal syn-
dromes and cytochrome P450 2D6 genotype: a case-
control study. Pharmacogenetics. 2002; 12(3): 235-
40.

26. Bork J, Rogers T, Wedlund P, de Leon J. A pilot
study of risperidone metabolism: the role of cyto-
chrome P450 2D6 ultrarapid metabolizer (letter). J.
Clin Psychiatry. 1999; 60: 469-76.

27. De Leon J, Susce MT, Pan RM, Fairchild M, Koch
W, Wedlund PJ. The CYP2D6 poor metabolizer phe-
notype may be associated with risperidone adverse
drug reactions and discontinuation. J Clin Psychiatry.
2005; 66: 15-27.

28. Kato, D., Kawanishi, C., Kishida, | et al., Effects of
CYP2D6 polymorphisms on neuroleptic malignant
syndrome. Eur. J. Clin Pharmacol. 63; 11: 991-996
2007.

29. Schuetz JD, Beach DL, and Guzelian PS. (1994)
Selective  expression of  cytochrome  P-450
CYP3AmMRNASs in embryonic and adult human liver.
Pharmacogenetics. 1994; 4: 11-20.

30. Lacroix D, Sonnier M, Moncion A, Cheron G, and
Cresteil T. Expression of CYP3A in the human liver:
evidence that the shift between CYP3A7 and
CYP3A4 occurs immediately after birth. Eur J
Biochem. 1997; 247: 625-634.

31. Koch I, Weil R, Wolbold R, et al. Interindividual
variability and tissue-specificity | the expression of
cytochrome P450 3A mRNA. Drug Metab Dispos.
2002; 30: 383-391.

32. Dai D, Tang J, Rose R, et al., Identification of
variants of CYP3A4 and characterization of their
abilities to metabolize testosterone and chloropyrifos.
J. Pharmacolo Exp Ther. 2001; 299: 825-831.

33. Kuehl P, Zhang J, Lin Y, et al. Sequence diversity in
CYP3A4 protomers and characterization of genetic
basis of polymorphic CYP3A5 expression. Net
Genet. 2001; 27 (4): 383-391.

34. van Schaik RH, de Wildt SN, van Iperen NM, et al.
CYP3A4-Vpolymorphism  detection by PCR-
restriction fragment length polymorphism analysis
and its allelic frequency among 199 Dutch Cauca-
sians. Clin Chem. 2000; 46: 1834-6.

35. van Schaik RH, de Wildt SN, Brosens R, et al. The
CYP3A4*3allele: is it really rare? Clin Chem. 2001,
47:1104-6.

36. Wang A, Yu BN, Luo CH, et al. lle118Val genetic
polymorphism of CYP3A4 and its effects on lipid-
lowering efficacy of simvastatin in Chinese hyper-
lipidemic patients. Eur J Clin Pharmacol. 2005; 60:
843-8.

37. van Schaik RH, van der Heiden IP, van den Anker
JN, and Lindemans J. CYP3AG5 variant allele frequ-

encies in Dutch Caucasians. Clin Chem. 2002; 48:
1668-71.

38. Ambudkar SV, Dey S, Hrycyna CA, Ramachandra
M, Pastan I,Gottesman MM. Biochemical, cellular,
and pharmacological aspects of the multidrug trans-
porter. Annu Rev Pharmacol Toxicol. 1999; 39: 361-98.

39. Benet LZ, 1zumi T, Zhang Y, Silverman JA, Wacher
VJ. Intestinal MDR transport proteins and P-450
enzymes as barriers to oral drug delivery. Control
Release. 1999; 62: 25-31.

40. Hoffmeyer S, Burk O, von Richter O, Arnold HP,
Brockmaller J, Johne A, et al. Functional polymor-
phism of the human multidrug-resistance gene: mul-
tiple sequence variations and correlations of one al-
lele with P-glycoprotein expression and activity in
vivo. Proc Natl Acad Sci U S A. 2000; 97: 3473—
3478.

41. Nakamura T, Sakaeda T, Horinouchi M, Tamura T,
Aoyama N, Schirakawa T, et al. Effect of the muta-
tion (C3435T) et exon 26 of the MDR1 gene on
expression level of MDR1 messenger ribonucleic
acid in duodenal enterocytes of healthy Japanese sub-
jects. Clin Pharmacol Ther. 2002; 71: 297-303.

42. Nikisch G, Eap CB and Baumann P. Citalopram
enantiomers in plasma and cerebrospinal fluid of
ABCBL1 genotyped depressive patients and clinical
response: a pilot study. Pharmacol Res. 2008; 58:
344-347.

43. Uhr M, Grauer MT, Yassouridis A and Ebinger M.
Blood-brain barrier penetration and pharmacokine-
tics of amitriptyline and its metabolites in p-glyco-
protein (abcblab) knock-out mice and controls. J
Psychiatr Res. 2007; 41: 179-188.

44. Gex-Fabry M, Eap CB, Oneda B, Gervasoni N,
Aubry JM, Bondolfi G, et al. CYP2D6 and ABCB1
genetic variability: Influence on paroxetine plasma
level and therapeutic response. Ther Drug Monit.
2008; 30: 474-482.

45. Loscher W and Potschka H. Role of multidrug tran-
sporters in pharmacoresistance to antiepileptic drugs.
J Pharmacol Exp Ther. 2002; 301: 7-14.

46. Moons T, de Roo M, Claes S and Dom G. Rela-
tionship between P-glycoprotein and second genera-
tion antipsychotics. Pharmacogenomics. 2011; 12(8):
1193-211.

47. Nakagami T, Yasui-Furukori N, Saito M, et al. Effect
of verapamil on pharmacokinetics and pharmacody-
namics of risperidone: in vivo evidence of involve-
ment of P-glycoprotein in risperidone disposition.
Clin Pharmacol Ther. 2005; 78: 43-51.

48. Wang D, Johnson AD, Papp AC, Kroetz DE and
Sade’e W. Multidrug resistance polypeptide 1 (MDRI,
ABCB1) variant 3435C>T affects mRNA stability.
Pharmacogenet Genomics. 2005; 15: 693-704.

49. Verstuyft C, Schwab M, Schaeffeler E, et al. Digoxin
pharmacokinetics and MDR1 genetic polymorphi-
sms. Eur J Clin Pharmacol. 2003; 58: 809-812.



64

Zorica Naumovska, et al.

50. Mickley LA, Lee JS, Weng Z, et al. Genetic poly-
morphism in MDR-1: a tool for examining allelic
expression in normal cells, unselected and drug-se-
lected cell lines, and human tumors. Blood. 1998; 91:
1749-1756.

51. Morita Y, Sakaeda T, Horinouchi M, et al. MDR1
genotype-related duodenal absorption rate of digoxin
in healthy Japanese subjects. Pharmacol Res. 2003;
20: 552-526.

52. Horinouchi M, Sakaeda T, Nakamura T, et al. Sig-
nificant genetic linkage of MDR1 polymorphisms at
positions 3435 and 2677: functional relevance to
pharmacokinetics of digoxin. Pharmacol Res. 2002;
19: 1581-1585.

53. Johne A, Kopke K, Gerloff T, et al. Modulation of
steady-state kinetics of digoxin by haplotypes of the
P-glycoprotein MDR1 gene. Clin Pharmacol Ther.
2002; 72: 584-594.

54. Cascorbi I, Gerloff T, Johne A, et al. Frequency of
single nucleotide polymorphisms in the P-glycopro-
tein drug transporter MDR1 gene in white subjects.
Clin Pharmacol Ther. 2001; 69: 169-174.

55. Kimchi-Sarfaty C, Oh JM, Kim IW, Sauna ZE, Cal-
cagno AM, Ambudkar SV, et al. A “‘silent” poly-
morphism in the MDR1 gene changes substrate spe-
cificity. Science. 2007; 315: 525-528.

56. Xiang Q, Zhao X, Zhou Y, Duan JL, Cui YM. Effect
of CYP2D6, CYP3AS5, and MDR1genetic polymor-
phisms on the pharmacokinetics of risperidone and
its active moiety. J. Clin. Pharmacol. 2010; 50(6):
659-666.

57. Jovanovi¢ N, et al. The role of CYP2D6 and ABCB1
pharmacogenetics in drug-naive patients with first-
episode schizophrenia treated with risperidone. Eur J
Clin Pharmacol. 2010; 66: 1109.

58. Shinkai T, De Luca V, Utsunomiya K, et al. Fun-
ctional polymorphism of the human multidrug resi-
stance gene (MDR1) and polydipsia-hyponatremia in
schizophrenia. Neuromolecular Med. 2008; 10(4):
362-367.

59. Xing Q, Gao R, Li H, et al. Polymorphisms of the
ABCB1 gene are associated with the therapeutic
response to risperidone in Chinese schizophrenia pa-
tients. Pharmacogenomics. 2006; 7(7): 987—993 (2006).

60. Suzuki, Y., Tsuneyama, N., Sugai, T., Watanabe, J.,
Ono, S., Saito, M., Someya, T. Impact of the ABCB1
gene polymorphism on plasma 9-hydroxyrisperidone
and active moiety levels in Japanese patients with
schizophrenia. J Clin Pharmacol. 2013 Jun; 33(3):
411-4.

61. Skogh, E., Sjodin, I., Josefsson, M., Dahl, M.L. High
correlation between serum and cerebrospinal fluid
olanzapine concentrations in patients with schizo-
phrenia or schizoaffective disorder medicating with
oral olanzapine as the only antipsychotic drug. Clin
Psychopharmaciol. 2011; Feb; 31(1): 4-9.

62. Lin, Y.C., Ellingrod, V.L., Bishop, J.R., Miller, D.D.
The relationship between P-glycoprotein (PGP) poly-

morphisms and response to olanzapine treatment in
schizophrenia. Ther Drug Monit. 2006; 28(5): 668—
72.

63. Bozina N, Kuzman MR, Medved V, Jovanovic N,
Sertic J, Hotujac L. Associations between MDR1
gene polymorphisms and schizophrenia and therape-
utic response to olanzapine in female schizophrenic
patients. J Psychiatr Res. 2008; 42(2): 89-97.

64. Kuzman, M.R., Medvedev, V., Bozina, N., Grubisin,
J., Jovanovic, N., Sertic, J. Association study of
MDR1 and 5-HT2C genetic polymorphisms and anti-
psychotic-induced metabolic disturbances in female
patients with schizophrenia. Pharmacogenomics J.
2011 Feb; 11(1): 35-44.

65. Nyberg S, Eriksson B, Oxenstierna G, Halldin C, and
Farde L. Suggested minimal effective dose of risperi-
done based on PET measured D2 and 5-HT2A re-
ceptor occupancy in schizophrenic patients. Am J
Psychiatry. 1999; 156: 869-75.

66. 4-25 25. Zai CC, et al. Meta-analysis of two do-
pamine D2 receptor gene polymorphisms with tar-
dive dyskinesia in schizophrenia patients. Mol Psy-
chiatry. 2007; 12: 794.

67. Lencz T, Robinson DG, Napolitano B, et al. DRD2
promoter region variation predicts antipsychotic-
induced weight gain in first episode schizophrenia.
Pharmacogenet. Genomics. 2010; 20(9): 569-572.

68. Yasui-Furukori N, Tsuchimine S, Saito M, et al.
Comparing the influence of dopamine D2 polymor-
phisms and plasma drug concentrations on the cli-
nical response to risperidone. J. Clin. Psychophar-
macol. 2011; 31(5): 633-637.

69. Kishida I, Kawanishi C, Furano T, Kato D, Ischigami
TM and Kosaka K. Association in Japanese patients
between neuroleptic malignant syndrome and fun-
ctional polymorphisms of dopamine D (2) receptor
gene. Mol Psyhiatry. 2004; 9(3): 293-8.

70. Arinami T, Gao M, Hamaguchi H, Toru M, A
functional polymorphism in the promoter region of
dopamine D2 receptor gene in association with schi-
zophrenia. Hum Mol Genet. 1997; 6: 577-582.

71. Lane HY, Lee CC, Change YC, et al. Effects of
dopamine D2 receptor Ser311Cys polymorphism and
clinical factors on risperidone efficacy for positive
and negative symptoms and social function. Int J
Neuropsychopharmacol. 2004; 7: 461-470.

72. Hedenmalm K, Guzey C, Dahl ML, Yue QY, and
Spigset O. Risk factors for extrapyramidal symptoms
during treatment with selective serotonin reuptake
inhibitors, including cytochrome P-450 enzyme, and
serotonin and dopamine transporter and receptor
polymorphisms. J Clin Psychopharmacol. 2006; 26:
192-7.

73. Guzey C, Scordo MG, Spina E, Landsem VM, and
Spigset O. Antipsychotic-induced extrapyramidal
symptoms in patients with schizophrenia: associa-
tions with dopamine and serotonin receptor and tran-



Pharmacogenetics and antipsychotic treatment response

65

sporter polymorphisms. Eur J Clin Pharmacol. 2007;
63: 233-41.

74. Furukori N. Clinical pharmacogenetics in the treat-
ment of schizophrenia. Nihon Shinkei Seishin Yaku-
rigaku Zasshi. 2010; 30(2): 65-69.

75. Jonsson EG, Nothen MM, Grunhage F, et al. Poly-
morphisms in the dopamine D2 receptor gene and
their relationships to striatal dopamine receptor den-
sity of healthy volunteers. Mol Psychiatry. 1999; 4:
290-6.

76. Thompson J, Thomas N, Singleton A, et al. D2 do-
pamine receptor gene (DRD2) Tagl A polymor-
phism: reduced dopamine D2 receptor binding in the
human striatum associated with the A1l allele.
Pharmacogenetics. 1997; 7: 479-84.

77. Xing Q, Qian X, Li H, et al. The relationship bet-
ween the therapeutic response to risperidone and the
dopamine D2 receptor polymorphism in Chinese
schizophrenia patients. Int J Neuropsychopharmacol.
2007; 10(5): 631-7.

78. Lencz T, Robinson DG, Xu K, et al. DRD2 promoter
region variation as a predictor of sustained response
to antipsychotic medication in first-episode schizo-
phrenia patients. Am J Psychiatry. 2006; 163(3):
529-31.

79. Suzuki M, Hurd YL, Sokoloff P, Schwartz JC, and
Sedvall G. D3 dopamine receptor mRNA is widely
expressed in the human brain. Brain Res. 1998;
779(1-2): 58-74.

80. Bakker PR, van Harten PN, Van Os J. Antipsychotic-
induced tardive dyskinesia and the Ser9Gly polymor-
phism in the DRD3 gene: a meta-analysis. Schizophr
Res. 2006; 83: 185-92.

81. Lerer, B., Segman, R. H., Fangerau, H, et al. Phar-
macogenetics of tardive dyskinesia. Combined ana-
lysis of 780 patients supports association with do-
pamine D3 receptor gene Ser9Gly polymorphism.
Neuropsychopharmacology. 2002; 27: 105-1109.

82. zai, C.C., Tiwari, AK., Basile, V., De Luca, V.,
Muller, H.Y., Liberman, J.A, et al. Association study
of tardive dyskinesia and five DRD4 polymorphisms
in schizophrenia patients. Journal of Pharmacogeno-
mics. 2009; 9: 168-174.

83. Wang L, Fang C, Zhang A, et al. The 1019 C/G
polymorphism of the 5-HT(1)A receptor gene is
associated with negative symptom response to rispe-
ridone treatment in schizophrenia patients. J. Psycho-
pharmacol. 2008; 22(8): 904-909.

84. Mossner R, Schuhmacher A, Kithn KU, et al. Fun-
ctional serotonin 1A receptor variant influences treat-
ment response to atypical antipsychotics in schizo-
phrenia. Pharmacogenet. Genomics. 2009; 19(1): 91—
94.

85. Pompeiano M, Palacios JM, and Mengod G. Dis-
tribution of the serotonin 5-HT2 receptor family
MRNAs: comparison between 5-HT2A and 5-HT2C

receptors. Brain Res Mol Brain Res. 1994; 23: 163-
78.

86. Roth BL, Sheffl er DJ, Kroeze WK. Magic shotguns
versus magic bullets: selectively non-selective drugs
for mood disorders and schizophrenia. Nat Rev Drug
Discov. 2004; 3(4): 353-9.

87. Parsons MJ, D'Souza UM, Arranz MJ, Kerwin RW,
and Makoff AJ. The -1438A/G polymorphism in the
5-hydroxytryptamine type 2A receptor gene affects
promoter activity. Biol Psychiatry. 2004; 56: 406-10

88. Spurlock G, Heils A, Holmans P, et al. A family
based association study of T102C polymorphism in
5HT2A and schizophrenia plus identification of new
polymorphisms in the promoter. Mol Psychiatry.
1998; 3: 42-9.

89. Ozaki N, Manji H, Lubierman V, et al. A naturally
occurring amino acid substitution of the human se-
rotonin 5-HT2A receptor influences amplitude and
timing of intracellular calcium mobilization. J Neu-
rochem. 1997; 68: 2186-93.

90. Arranz MJ, Munro J, Sham P, et al. Meta-analysis of
studies on genetic variation in 5-HT2A receptors and
clozapine response. Schizophr Res. 1998; 32: 93-99.

91. Kang RH, Choi MJ, Paik JW, Hahn SW, Lee MS.
Effect of serotonin receptor 2A gene polymorphism
on mirtazapine response in major depression. Int J
Psychiatry Med. 2007; 37: 315-329.

92. Arranz MJ, Collier D, Sodhi M, et al. Association
between clozapine response and allelic variation in 5-
HT2A receptor gene. Lancet. 1995; 346: 281-2.

93. Lattuada E, Cavallaro R, Serretti A, Lorenzi C, and
Smeraldi E. Tardive dyskinesia and DRD2, DRD3,
DRD4, 5-HT2A variants in schizophrenia: an associ-
ation study with repeated assessment. Int J Neuropsy-
chopharmacol. 2004; 7(4): 489-93.

94. Polesskaya OO, Aston C, Sokolov BP. Allele C-spe-
cific methylation of the 5-HT2A receptor gene: evi-
dence for correlation with its expression and expres-
sion of DNA methylase DNMT1. J Neurosci Res.
2006; 83(3): 362-73.

95. Clemett DA, Punhani T, Duxon MS, Blackburn TP,
and Fone KC. Immunohistochemical localisation of
the 5-HT2C receptor protein in the rat CNS. Neuro-
pharmacology. 2000; 39: 123-32.

96. Marazziti D, Rossi A, Giannaccini G, et al. Distri-
bution and characterization of 3H.mesulergine bin-
ding in human brain postmortem. Eur Neuropsycho-
pharmacol. 1999; 10: 21-6.

97. Yuan X, Yamada K, Ishiyama-Shigemoto S, Ko-
yama W, and Nonaka K. Identification of polymor-
phic loci in the promoter region of the serotonin 5-
HT2C receptor gene and their association with obe-
sity and type Il diabetes. Diabetologia. 2000; 43:
373-6.

98. Hill MJ and Reynolds GP. 5-HT(2C) receptor gene
polymorphisms associated with antipsychotic drug
action alter promoter activity. Brain Res. 2007.



66

Zorica Naumovska, et al.

99. Reynolds GP, Zhang ZJ, and Zhang XB. Association
of antipsychotic drug-induced weight gain with a 5-
HT2C receptor gene polymorphism. Lancet. 2002;
359: 2086-7.

100. De Luca V, Mueller DJ, de Bartolomeis A, and
Kennedy JL. Association of the HTR2C gene and
antipsychotic induced weight gain: a meta-analysis.
Int J Neuropsychopharmacol. 2007; 10: 697-704.

101. Ryu S, Cho EY, Park T, et al. -759 C/T poly-
morphism of 5-HT2C receptor gene and early phase
weight gain associated with antipsychotic drug treat-
ment. Prog Neuropsychopharmacol Biol Psychiatry.
2007; 31: 673-7.

102. Templeman LA, Reynolds GP, Arranz B, and San
L. Polymorphisms of the 5-HT2C receptor and leptin
genes are associated with antipsychotic drug-induced
weight gain in Caucasian subjects with a first episode
psychosis. Pharmacogenet Genomics. 2005; 15: 195-
200.

103. Wallace JMT, Zai CC, Muller JC. Role of 5-HT2C
receptor gene variant in antipsychotic-induced weight
gain. Pharmacogenetics and Personalized Medicine.
2011; 4: 83-93.

104. McCarthy S, Mottagui-Tabar S, Mizuno Y, et al.
Complex HTR2C linkage disequilibrium and promo-
ter associations with body mass index and serum
leptin. Hum Genet. 2005; 117: 545-57.

105. Zhang ZJ, Zhang XB, Sha WW, Zhang XB, and
Reynolds GP. Association of a polymorphism in the
promoter region of the serotonin5-HT2C receptor
gene with tardive dyskinesia in patients with schi-
zophrenia. Mol Psychiatry. 2002; 7: 670-1.

106. Okada M, Northup JK, Ozaki N, et al. Modification
of human 5- HT(2C) receptor function by Cys23Ser,
an abundant, naturally occurring amino-acid substitu-
tion. Mol Psychiatry. 2004; 9: 55-64.

107. Fentress HM, Grinde E, Mazurkiewicz JE, et al.
Pharmacological properties of the Cys23Ser single
nucleotide polymorphism in human 5-HT2C receptor
isoforms. Pharmacogenomics J. 2005; 5: 244— 54.

108. Sodhi MS, Arranz MJ, Curtis D, et al. Association
between clozapine response and allelic variation in
the 5-HT2C receptor gene. Neuroreport. 1995; 7:
169-72.

109. Segman RH, Heresco-Levy U, Finkel B, et al. As-
sociation between the serotonin 2C receptor gene and
tardive dyskinesia in chronic schizophrenia: additive
contribution of 5-HT2Cser and DRD3gly alleles to
susceptibility. Psychopharmacology (Berl). 2000;
152: 408-13.

110. Drago A, and Serretti A. Focus on HTR2C: a pos-
sible suggestion for genetic studies of complex di-
sorders. Am J Med Geneti B Neuropsyhiatr Genet.
2009; 105B (5): 601-637.

111. Lane HY, Liu YC, Huang CL, et al. Risperidone-
related weight gain: genetic and nongenetic predi-
ctors. J. Clin. Psychopharmacol. 2006; 26(2), 128—
134.

112. Lane HY, Lin CC, Huang CH, Chang YC, Hsu SK,
Chang WH. Risperidone response and 5-HT6 recep-
tor gene variance: genetic association analysis with
adjustment for nongenetic confounders. Schizophr.
Res. 2004; 67(1), 63-70.

114. Abi-Dargham A, Laruelle M, Aghajanian GK,
Charney D, Cristal J. The role of serotonin in the pat-
hophysiology and treatment of schizophrenia. J. Neu-
ropsychiatr. Clin. Neuroscience. 1997; 9(1): 1-17.

115. Mata 1, Arranz MJ, Patifio A, et al. Serotonergic
polymorphisms and psychotic disorders in popula-
tions from north Spain. Am. J. Med. Genet. B Neu-
ropsychiatr. Genet. 2004; 126B(1): 88-94.

116. Arranz MJ, de Leon J. Pharmacogenetics and phar-
macogenomics of schizophrenia: a review of last
decade of research. Mol. Psychiatry. 2007; 12(8):
707-747.

117. Dolzan V, Serretti A, Mandelli L, Koprivsek J,
Kastelic M, Plesnicar BK. Acute antipyschotic effi-
cacy and side effects in schizophrenia: association
with serotonin transporter promoter genotypes. Prog.
Neuropsychopharmacol. Biol. Psychiatry. 2008;
32(6): 1562-1566.

118. Llerena A, Berecz R, Penes-Lledo E, and Ferinas H.
Pharmacogenetics of clinical response to risperidone.
Pharmacogenomics. 2013; 14(2): 177-194.

119. Liperoti R, Onder G, Landi F, et al. All-cause mor-
tality associated with atypical and conventional
antipsychotics among nursing home residents with
dementia: a retrospective cohort study. J. Clin. Psy-
chiatry. 2009; 70(10): 1340-1347.

120. Wang L, Yu L, He G, et al. Response of risperidone
treatment may be associated with polymorphisms of
HTT gene in Chinese schizophrenia patients. Neuro-
science Letters. 2004; 414: 1-4.

121. Srivastava V, Varma PG, Prasad S, et al. Genetic
susceptibility to tardive dyskinesia among schizo-
phrenia subjects: 1V. Role of dopaminergic pathway
gene polymorphisms. Pharmacogenet Genomics.
2006; 16: 111-117.

122. Weickert TW, Goldberg TE, Mishara A, et al.
Catechol-Omethyltransferase val108/158met geno-
type predicts working memory response to antipsy-
chotic medications. Biol Psychiatry. 2004; 56: 677—
682

123. Yamanouchi Y, lwata N, Suzuki T, Kitajima T,
Ikeda M, Ozaki N. Effect of DRD2, 5-HT2A, and
COMT genes on antipsychotic response to risperi-
done. Pharmacogenomics J. 2003; 3(6): 356-361.

124. Kang CY, Xu XF, Shi ZY, Yang JZ, Liu H, Xu HH.
Interaction of catechol-Omethyltransferase (COMT)
Val108/158 Met genotype and risperidone treatment
in Chinese Han patients with schizophrenia. Psychi-
atry Res. 2010; 176(1): 94-95.

125. Anttila S, Illi A, Kampman O, Mattila KM, Leh-
timaki T, and Leinonen E. Interaction between
NOTCH4 and catechol- O-methyltransferase geno-



Pharmacogenetics and antipsychotic treatment response

67

types in schizophrenia patients with poor response to
typical neuroleptics. Pharmacogenetics. 2004; 14:
303-307.

126. Shoval G, and Weizman A. The possible role of
neurotrophins in the pathogenesis and therapy of
schizophrenia. Eur. Neuropsychopharmacol. 2005;
15(3); 319-329.

127. Proéschel M, Saunders A, Roses AD, Miiller CR.
Dinucleotide repeat polymorphism at the human gene
for brain-derived neurotrophic factor (BDNF). Hum.
Mol. Genet. 1992; 1(5): 353.

128. Cargill M, Altshuler D, Ireland J, et al. Characteri-
zation of single-nucleotide polymorphisms in coding
regions of human genes Nat. Genet. 1999; 22(3):
231-238.

129. Kunugi H, Ueki A, Otsuka M, et al. A novel poly-
morphism of the brain-derived neurotrophic factor
(BDNF) gene associated with late-onset Alzheimer’s
disease. Mol. Psychiatry. 2001; 6(1): 83-86.

130. Lenez T, Lipisky RH, DeRosse P, Burdick KE,
Kane JM and Malhotra AK. Molecular differentiation
of schizoactive disorder from schizophrenia using
BDNF haplotypes. The British Journal of Psychiatry.
2009; 194: 313-318.

131. Nikolac Perkovic M, Nedic Erjavec G, Zivkovic M,
Sagud M, Uzun S, Mihaljevic-Peles, et al. Associa-
tion between the brain-derived neurotropic factor
Val66Met polymorphism and therapeutic response to
olanzapine in schizophrenia patients. Psychopharma-
cology (Berl). 2014; Epub ahead of print..

132. Szczepankiewicz A, Skibinska M, Czerski PM, et
al. No association of the brain-derived neurotrophic
factor (BDNF) gene C-270T polymorphism with schi-
zophrenia. Schizophr. Res. 2005; 76(2-3): 187-193.

133. Xu M, Li S, Xing Q, et al. Genetic variants in the
BDNF gene and therapeutic response to risperidone
in schizophrenia patients: a pharmacogenetic study.
Eur. J. Hum. Genet. 2010; 18(6): 707—712.

134. Campbell DB, Ebert PJ, Skelly T, et al. Ethnic
stratification of the association of RGS4 variants with
antipsychotic treatment response in schizophrenia.
Biol Psychiatry. 2008; 63: 32-41.

135. Greenbaum L, Smith RC, Rigbi A, et al. Further
evidence for association of the RGS2 gene with
antipsychotic-induced parkinsonism: protective role
of a functional polymorphism in the 3’-untranslated
region. Pharmacogenomics J. 2008; 8: 186-195.

136. Greenbaum L, Strous RD, Kanyas K, et al. Asso-
ciation of the RGS2 gene with extrapyramidal sym-
ptoms induced by treatment with antipsychotic medi-
cation. Pharmacogenet Genomics. 2007; 17: 519-528.

137. Lane HY, Liu YC, Huang CL, et al. RGS4 poly-
morphisms predict clinical manifestations and res-
ponses to risperidone treatment in patients with schi-
zophrenia. J Clin Psychopharmacol. 2008; 28: 64-68.

Pe3zume

OAPMAKOI'EHETCKHU TECTUPAIBA
N OATI'OBOP KOH TPETMAH
CO AHTHUIICHXOTOLHN

3opuna Haymosckal, Anekcanapa K.
Hecroposckal, Ana ®uaunye?, 3opan Crepjes!,
Adexcannap Jumoscku’, Jbyouna llyrypkosa’

Mucruryr 3a papmaresTcka xemuja,
®apMarieBTCKH GaKyaTeT, Y HIBEP3UTET

,»CB. Kupun u Meronuj“, Crxomje, P. Makenonuja
2 YHUBEP3MTETCKA KJIMHUKA 3a TICUXUjaTpuja,
MenunuHacku (hakynTeT, Y HHBEP3UTET

,»CB. Kupun u Meronuj*, Cromje, P. Makenonuja

AHTUTICUXOTHUIIUTE CE JIEKOBH IITO CE yIOTpe-
OyBaaT BO TpeTMaH Ha MM30(peHnja U MCUXOTHYHN
HapylryBama. OTCyCTBO Ha OATOBOP MPH TPETMAHOT
CO AQHTHUIICHXOTHUIIM U HecakaHuTe e(heKTH IITO ce ja-
BYyBaar, KaKo IITO CE€ HEBPOJENTUYCH CUHIPOM, T10-
JUTATICH]a, METAOOITHN HapYIIyBamka, 3rOJIEeMyBambe
Ha TeJIeCHAaTa TeKMHA, eKCTPAITHPAMHIATHUTE CHMII-
TOMH, TapAMBHA JUCKUHE3Wja WM 3TOJIEMEHO HUBO
Ha TIPOJIAKTHH, C€ JBETE KPYLHWjaJ HH TPUYMHU 32
HETIPUIPKyBahe Ha MAIUSHTUTE KOH MPONHUIIaHaTa
Tepamnuja ¥ 3rojeMeH MOPOHIUTET Kaj MAIllMeHTHTE
co mm3odpenuja. Bo TEKOT Ha U3MUHATUTE HEKOJIKY
JICIICHUM C€ CIPOBEICHU OpPOjHU MCTPaXKyBarkba CO
el J]a ce OJ[pe/In BIIMjaHHETO Ha TeHETCKHUTE Bapu-
jaiuu Bp3 JO3HUOT PekuM, epukacHocTa U Oe30e-
HOCTA MPU TPETMAHOT €O aHTUNCHXOTUIK. OBOj TPy
JlaBa TIperJieJl Ha COBPEMEHUTE CO3HAaHWja 3a MO-
JieKyJiapHaTa OCHOBAa Ha TPETMAHOT Ha MHM30(ppEHHU-
jata. Bo Hero ce WCTakHATH Haj3HAYAjHUTE OTKPH-
THja 32 BJIMjaHUETO Ha (YHKIMOHAITHUTE MOJIUMOP-
(u3mu Ha TeHuTe mro ru Komupaar CYP450 mera-
oomanre em3umu, ABCBLl reHoT miTo TO KOmMMpa
TPaHCHIOPTHHOT [I-TIIMKONPOTENH, NTONaMUHCKHUTE W
ceporounnckute perenropu (DRD2, DRD3, DRDA4,
5-HT1, 5HT-2A, 5HT-2C, 5HT6) u renute oxaro-
BOPHM 32 METa0OIM3MOT Ha HEBPOTPAHCMHTEPHTE,
kako u I' curnainaute marumra (5-HTTLPR, BDNF,
COMT, RGS4) u ja ucrakHyBa HUBHATA yJOra Kako
MOTEHIINjaJTHH OMOMapKepu BO CEKOjHEBHATA KIIU-
HUYKa MpakTHKa. DapMakOTeHETCKUTE TECTUPaha
“MaaT TpeJMKTHBHA MOK BO CeJeKIMjaTta Ha BHC-
THHCKUOT aHTHIICHXOTHK U HET'OBOTO JIO3UPALE € BO
COTJIACHOCT CO TEHETCKUOT MPOQHI HAa TMAIUEHTOT.
Bo Taa Hacoka (hapMakoreHeTMKaTta MOXeE Ja Jaje
3HaUYeH MPUAOHEC BO MONO0OpYBame Ha Tepares-
TCKHOT OATOBOP KOH aHTHIICUXOTHLUTE CO IITO Ke
ce M30erHaT MOTEHLHWjaJTHH HECaKaHW pPEeakivH, Ke
ce CKpaTH MEepHOIOT Ha cTadwin3aluja u ke ce Mo-
n00pu MPOrHO3aTa Kaj MalueHTHUTEe cO IU30(ppeHu]ja.

Kiuyuynu 300poBu: dapMakoreneruka, muzodpeHuja,
6nomapkepu, CYP450, [1-rnukonpoTenH, CEpOTOHUHCKH
peuenTopu, fonamMuHcku perenropu, COMT, BDNF.



