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utilización de marcadores farmacogenéticos individuales 
se ha demostrado de poca utilidad clínica, por lo que la 
combinación de la información obtenida del estudio de 
diversos genes parece una estrategia más prometedora. 
La inclusión de estudios farmacogenéticos en ensayos 
clínicos realizados de forma prospectiva incluyendo un 
elevado número de pacientes podría, sin duda, contribuir 
de forma significativa al desarrollo de protocolos de me-
dicina personalizada. 
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Pharmacogenetic studies on the 
antipsychotic treatment. Current status 
and perspectives

Based on present knowledge, in this work we review the 
importance of the pharmacogenetic tests in the treatment 
with antipsychotic drugs. Many associations have been 
reported between different genetic markers and response to 
treatment as well as to the appearance of adverse reactions. 
However, up to now, no “prime” biomarker capable of 
unequivocally predicting the clinical benefits of a specific 
treatment or its toxicity has been identified. The use of 
individual pharmacogenetic markers has been demonstrated 
to have little clinical utility,  and therefore the combination 
of information obtained from the analysis of different genes 
seems to be a more promising strategy. Inclusion of 
pharmacogenetic tests in clinical trials conducted 
prospectively and that include a large number of cases could, 
undoubtedly, significantly contribute to the development of 
individualized medicine protocols.
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Estudios Farmacogenéticos del tratamiento con 
Antipsicóticos: Estado actual y perspectivas.

En este trabajo se revisa, a la luz de los conocimien-
tos actuales, la relevancia de los estudios farmacogenéti-
cos en el tratamiento con fármacos antipsicóticos. Se han 
descrito un gran número de asociaciones entre distintos 
marcadores genéticos y la respuesta al tratamiento, así 
como a la aparición de efectos adversos. Sin embargo, 
no se ha identificado aún ningún biomarcador “estrella” 
capaz de predecir de forma inequívoca el beneficio clí-
nico de un determinado tratamiento ni su toxicidad. La 
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INTRODUCTION

Schizophrenia is a serious mental disorder included 
within psychotic disorders. It is calculated that its annual 
incidence is 0.23 per 1000 persons1  with a prevalence rate 
over life of 1%.2  The precise prevalences in different studies 
vary from 2.5 to 5.3%0. The annual incidence in Spain has 
been estimated to be 0.8 new cases per 10,000 inhabitants 
with the annual prevalence being 3.0%0 in men and 2.86%0 
in women.3  According to the World Health Organization 
and World Bank, schizophrenia is the 9th most important 
cause of disability in persons aged 15 to 44 worldwide, and 
the 4th in developed countries.4   Furthermore, it accounts 
for a significant financial expense for society, both because 
of the treatment cost and public healthcare as well as the 
indirect costs for family care and losses produced by 
decreased work productivity and early death, since it is 
calculated that these patients have a reduced life expectancy 
of 20% in regards to the general population. This is an 
increase of 1.6 times the expected mortality and up to 10% 
died due to suicide.5-7 We must not overlook the important 
emotional costs, since this disease causes significant social 
and psychological exhaustion, both for the patients and 
their family members.

More than a disease, it is currently considered a 
syndrome, since different types of schizophrenia are 
distinguished, depending on the predominant symptoms 
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(according to the DSM-IV: paranoid, disorganized, catatonic, 
undifferentiated and residual forms). These symptoms can 
be divided into 2 groups, that is, positive and negative, both 
reflecting alterations of the normal functions. The former 
are due to excess or distortion and the latter to decrease or 
loss. The positive symptoms can also be divided into 2 
dimensions, the “psychotic dimension,” which frequently 
refers to a delusional ideation and hallucinations of any 
sensory modality, although they are frequently auditory, 
and the “disorganization dimension,” that includes 
disorganization of both language and behavior. On their 
part, the negative symptoms suppose restrictions of the 
setting and intensity of affect, of fluency and productivity 
of thought, of language and volition. Thus, the diagnoses of 
this disease is extremely clinical, following defining 
criteria.8 

Schizophrenia is generally considered a chronic disorder, 
although it may follow several patterns, which partially 
determine the disease prognosis. The course having the best 
prognosis is that characterized by episodes in which there 
are positive and/or negative symptoms, which completely 
abate between episodes. However, residual symptoms that 
cast a shadow over the prognosis persisted in most of the 
patients.

One of the factors that undoubtedly affects the disease 
course is response to drug treatment with antipsychotics. In 
fact, a meta-analysis of 320 longitudinal studies developed 
between 1946 and 1967 concluded that introduction of 
these drugs made it possible to significantly change the 
course of the patients affected by this disorder, clearly 
decreasing the number of hospitalizations.9  We understand 
antipsychotics to be an extensive and heterogeneous group 
of drugs having different nature, whose appearance goes 
back to the beginning of the 1950s. Currently, we can divide 
them into 2 groups: typical or first generation, and atypical 
or second-third generation.

Typical antipsychotics are mainly characterized because 
their therapeutic action is based on the blockade of D2 
dopamine receptors in the mesolimbic pathway. However, 
they also block these receptors in other dopamine pathways, 
with the consequent side effects due to the decrease of 
dopamine in these zones, that is, extrapyramidal symptoms 
due to the increase of acetylcholine  in the basal ganglia 
secondary to the blockade of D2 receptors in the nigrostrial 
pathway, amenorrhea and other disorders due to the increase 
of prolactin caused by the blockade in the tuberoinfundibular 
pathway and the deficit syndrome (negative and cognitive 
symptoms) due to the blockade in the mesocortical 
pathway.

Atypical antipsychotics have different action 
mechanisms. Besides being dopamine antagonists, they may 
also be antagonists of the serotonergic receptors (such as 
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Figure 1               Evolution of the number of publications  
                            of Pharmacogenetics of antipsychotics 
                            in relationship to the total number of 
                            Pharmacogenetic publications. 
                            Period 1998-2008

risperidone, ziprasidone and sertindole), and even of the 
cholinergics, histaminergics and adrenergics (clozapine, 
quetiapine and olanzapine). On the other hand, they may 
specifically block D2 and D3 receptors (amisulpride), or be 
partial agonists of the dopamine receptors (aripiprazole). 
They cause fewer extrapyramidal effects then those of the 
first generation, however they are not exempt from 
developing equally important adverse reactions, such as, for 
example, metabolic syndrome, sexual dysfunction, and 
specifically in the case of clozapine, late-onset 
agranulocytosis.

In a recent article,10 the World Association of Psychiatry 
reviewed the different studies that compared the 
effectiveness of the antipsychotics in the treatment of 
schizophrenia. They reached the conclusion that the atypical 
ones are as effective as the typical ones in the treatment of 
positive symptoms,11 but superior in the treatment of the 
negative, cognitive and depressive symptoms, with less risk 
of extrapyramidal effects.12  In fact, the most representative 
atypical antipsychotic, clozapine, is the only one that has 
been demonstrated to be effective in the treatment of 
antipsychotic-resistant schizophrenia. Therefore, atypical 
antipsychotics are currently considered as drugs of first line 
treatment for schizophrenia in the most important clinical 
guidelines. However, typical antipsychotics are still used 
frequently, especially in developing countries, given that 
most of them are patent-free. Another factor that favors 
their use is their availability in depot form. This allows for 
intramuscular administration every 2-4 weeks. Thus, it is 
indicated in those patients with low disease awareness who 
do not comply with the oral treatment.13 According to a 
recent WHO study, the most cost-effective interventions in 
the developing world are those based on the use of typical 
antipsychotics together with psychosocial treatment, within 
a community-based service model. It has been calculated 
that the relative cost-effective ratio of the interventions 
based on atypical antipsychotics is much less favorable.14 
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In spite of the advances in the drug treatment for 
schizophrenia, 40% of the patients with a first episode do not 
respond favorably to adequate doses of antipsychotics after 
6-8 weeks of treatment. Furthermore, the presence of drug-
limiting side effects constitute another one of the negative 
aspects of the current drug alternatives. These, together with 
lack of psychic disease awareness, favor poor therapeutic 
compliance, which, in turn, favor relapses - it is estimated that 
it causes more than 50% of them.15 These cast a shadow over 
the patient’s prognosis, even leading to absence of response.16, 

17  The factors that influence poor therapeutic compliance are 
basically appearance of adverse reactions, lack of response, 
cognitive and memory difficulties presented by these patients 
and lack of disease awareness, which, in fact, was described at 
the beginning of the 1970s by Carpenter as the most frequent 
symptom of this disease.1821 Along this line, it should be 
indicated that the multicenter study, CATIE, has described a 
treatment dropout rate greater than 70% within a period of 
one year and a half.

Pharmacogenetics is defined by the European Medicines 
Agency (EMA) as the “study of interindividual variations in 
DNA sequence related to drug response”.21 These genetic 
variations may be due to the existence of: i) mutations or 
polymorphisms that affect one or very few nucleotides. The 
SNPs (single nucleotide polymorphisms) may be non-
synonymous  (if they imply a change in any amino acid of 
the protein or modify promoter activity) or synomymous (if 
their alteration does not cause amino acid change; ii) VNRT 
(variable number of tandem repeats) ; iii) events of increase 
or loss of large genoma regions, which is known as CNVs 
(Copy Number Variants), as occurs with the CYP2D6 gene. It 
has been postulated that other factors such as the epigenetics, 
fundamentally the variation in the methylation patterns, 
may also be involved in the variability of the drug response.

Since the first CYP2D6 polymorphisms were related with 
the development of side effects to debrisoquine22 in 1977, 
the importance of pharmacogenetics has been increasing. 
Given that deciding which antipsychotic drug and dose is 
the best for a given patient is obtained by the trial and error 
method, the pharmacogenetics of the antipsychotics 
appeared as one of the most promising fields of study. 
However, as illustrated in figure 1, in recent years we have 
been observing a decrease in the number of publications as 
well as their impact, in favor of other areas such as the 
treatment of cancer or cardiovascular diseases. There are 
few cases in which the response behaves as a monogenic 
trait, and these are, clearly, those more easily translated into 
clinics. 

In the specific field of schizophrenia, candidate gene 
study approach does not seem to be the best way, considering 
the probably polygenic and multifactorial etiology of the 
disease. The same occurs with the response to antipsychotics, 
since it behaves as a complex polygenic trait and should be 

understood as a global process, for which both the genes 
involved in the pharmacokinetics (basically CYPs) as well as 
in the pharmacodynamics (receptors) are responsible. Even 
though all of the action mechanisms of the different 
antipsychotics are not well-known, there is already extensive 
knowledge on the pharmacogenetics of this type of drug. In 
the present work, the current data regarding the 
Pharmacogenetics of the treatment with antipsychotic drugs 
are reviewed.

GENES INVOLVED IN THE PHARMACOGENETICS 
VARIABILITY

Cytochrome P450 Genes

Of all the possible enzymes involved in the 
pharmacokinetics of antipsychotics, Cytochromes P450 or 
CYPs (a superfamily of low specificity cytochromes involved in 
Phase 1 metabolism, fundamentally in the liver) have been 
studied the most, mostly due to their high genetic variability. 
In many cases, these differences are translated into variability 
in enzyme activity. In simple terms, Figure 2 shows the 
importance of the different cytochromes in the metabolism 
of the drugs. 

The enzymes of this protein superfamily, very evolution-
arily conserved, catalyze some oxidation reactions of the 
different substrates to increase their hydrosolubility  and to 
facilitate both their excretion and bioactivation (Figure 3).

In the metabolism of the antipsychotic molecules, the 
most relevant cytochromes are shown in table 1, and are 
commented on individually afterwards.
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Figure 2               Relative importance of the different CYPs
                            in the metabolism of the medicines
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Cytochrome CYP1A2

CYP1A2 accounts for approximately 15% of the CYPs. It 
is involved in the demethylation of caffeine in the liver 
microsomes, which may be the most important step in the 
biotransformation of this molecule, which depends on this 
enzyme for more than 90% of the activity.23 Thus, the rate 
of demethylation of caffeine is used as a method to establish 
its enzymatic activity (phenotyping).24 It has been stated 
that this may be modified by different external factors such 
as, for example, tobacco: the metabolism of CYP1A2 is 
significantly increased in smokers due to the action of the 
polycyclic aromatic hydrocarbons present in tobacco.25 The 
influence of external factors on the activity of CYP1A2 is 
important, since many of its inducers and inhibitors are 
commonly used substances. As inducers, in addition to 
tobacco, drugs such as omeprazole, rifampine, ritonavir or 
carbamazepine must be stressed. As inhibitors, the 
antidepressants fluoxetine, fluvoxamine,26  amitriptyline, 
nortriptyline27 and caffeine stand out.

CYP1A2 enzyme accounts for approximately 70% of 
clozapine metabolism, catalyzing the passage of clozapine 
to N-Demethyl-Clozapine in the liver, so that variations of 
the CYP1A2 activity has been related to drug clearance.28  
Considering these facts, a role of pharmacogenetic biomarker 
has been postulated for CYP1A2 in the treatment with 
clozapine.28, 29  Olanzapine also mainly uses (in approximately 
60%) the CYP1A2 pathway for the formation of its princi-
pal metabolites N-demethyl-olanzapine and 7-hydroxy-
olanzapine. Thus, it has been shown that variations in  
CYP1A2 activity affect olanzapine metabolism.30 

The CYP1A2 gene is located on the long arm of 
chromosome 15, in region 15q24 and has 7 exons, the first 
of which is non-coding. The Human Cytochrome P450 (CYP) 
Allele Nomenclature Committee31 defines the existence of 
16 alleles, numbered from *1 to *16. It also states that 21 
subtypes are distinguished in allele *1. Of these alleles, alleles  
*1C, *1F, *1K, *7 and *11 stand out due to their relationship 
with the changes in enzyme activity. The presence of alleles 
*1C, *1K, *7 and *11 is associated to a slow metabolism 
pattern and it has been postulated that the presence of 
allele *1F confers a metabolism increase of approximately 
1.6 times in smokers.32 This increase could explain the lack of 
response to treatment with antipsychotics such as clozapine, 
and possibly olanzapine, in certain patients. In this regards, 
several studies have been conducted, but no conclusive 
results have been obtained.

Cytochrome CYP2D6

Cytochrome CYP2D6 is the first drug-metabolizing 
enzyme documented as  polymorphic.22, 33, 34  Its involvement 
in the debrisoquine metabolism is the reason why it is still 

called debrisoquine-4-hydroxylase. It was with this drug 
that the first pharmacogenetics implications of CYP2D6 
were determined. It participates in the metabolism of opioid 
analgesics (codeine), antiarrhythmics, beta blockers, many 
antidepressants (amitriptyline, citalopram, fluoxetine, 
fluvoxamine, sertraline, etc.)35, 36 and several antipsychotics 
(haloperidol, risperidone and aripiprazole). 

The CYP2D6 gene is located in the long arm of 
chromosome 22, in region 22q13 and has nine exons. It is a 
highly polymorphic gene, and as in other CYPs, there is a 
nomenclature for its haplotype combinations or alleles. 
Currently, about 71 alleles have been described,31 some of 
which may have up to 13 subtypes, as occurs with 
CYP2D6*2. 

One characteristic of CYP2D6 makes it interesting on 
the pharmacogenetics level: there is an almost perfect 
correlation between the enzyme’s genotype and metabolitic 
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Figure 3               Outline of the monoxidation reaction 
                            mediated by the complex cytochrome P450. 
                            R is the substrate molecule

Table 1               Implications of the different CYPs in 
                          the metabolism of the most commonly 
                          used antipsychotics.

Antipsychotics Complex Cytochrome P450 Pathway

Ziprasidone CYP3A4
Risperidone CYP2D6
Olanzapine CYP1A2
Quetiapine CYP3A4
Haloperidol CYP3A4, CYP2D6
Clozapine CYP1A2
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possibility that the individual may have more than two 
active copies of the gene. Not all the alleles seem to 
capable of duplication. This has been detected 
fundamentally in alleles *1, *2, *4, *10 and *35.38, 39 Of 
these, only alleles *1, *2 and *35 are active while *10 
implies a reduced enzyme activity and *4 encodes a 
totally inactive enzyme. 
An individual with more than 2 copies of a functional 
allele will express a greater amount of enzyme. This 
would increase the metabolism of all the substances 
that use the CYP2D6 pathway. These individuals are 
called Ultrarapid Metabolizers (UM). Because they may 
catalyze the drug monooxidation much more effectively, 
it has much less time to exert its action since it would 
be rapidly degraded. An UM subject would have a poor 
therapeutic response at normal doses.

Table 2 shows the frequencies of the most prevalent 
CYP2D6 alleles in different ethnias.40-42 The frequencies 
described in Spanish population are provided.43 

In addition to the genetic variability, there are external 
causes capable of modifying the metabolic activity of this 
gene: several common drugs have CYP2D6 activity inhibitory 
capacity, such as fluoxetine or paroxetine. Thus, Extensive 
Metabolizers would behave phenotypically as Poor 
Metabolizers when there is combined treatment with these 
drugs, and could develop adverse reactions to treatment 
that use the CYP2D6 pathway.

CYP2D6 cytochrome is involved in the metabolism of 
risperidone, in the conversion of risperidone to 9-hydroxy-
risperidone. It has been stated that the PMs have high 
concentrations of the former and low of the latter. 

activity. Four predictive phenotypes can be differentiated, 
depending on the combination of the alleles present in an 
individual.

i)  Extensive metabolism: 
Those individuals who have 1 to 2 active copies of the 
gene will have normal metabolism. It is clear that most 
of the population has this genotype.

 ii)  Intermediate metabolism:
This may be the most debated class: there are groups 
that consider Intermediate Metabolizers (IMs) as those 
individuals having one inactive copy and another with 
reduced activity, while others reserve this term for those 
having a single active copy of the gene, (with which the 
EMs would be those having two active copies). 
Furthermore, it is believed that this category only has 
experimental interest, since phenotypically, IMs do not 
seem to be distinguished from EMs. Thus, both 
phenotypes are generally grouped when clinically-
oriented genotyping is made.

iii)  Poor or Deficient metabolism:
Those individuals who have not inherited any active 
copy of the gene, either because they have two copies 
of a defective enzyme with decreased activity, or 
because they only have one copy of the gene (the other 
copy would be deleted) and this is defective or even 
because they totally lack the gene (both copies deleted, 
which is extremely rare), have very slow metabolism 
related to the normal one and they are called Poor 
metabolizers (PM).37  This pattern is that which is most 
frequently associated with the appearance of adverse 
effects. 

iv)  Ultrarapid metabolism:
On the contrary to the previous case, there is the 
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Table 2               Frequencies of the most prevalent alleles of CYP2D6 in different ethnic groups

CYP2D6 allele Enzyme activity Caucasians (%)40 Afro-Americans (%)42 Asians (%)41 Spanards (%)43

*1 functional 30-40 28-50 20-40 31
*2 functional 20-35 10-80 9-20 38
*3 non-functional 1-4 0-0.5 0.8-1 0.9
*4 non-functional 12-13 2-7 0.5-3 13.8
*5 non-functional 1.5-7 0.5-7 4-6 3.3
*6 non-functional 0.5-1 0 - 0.9
*9 reduced 0-3 0 3 2.4
*10 reduced 2-8 3-8 40-70 1.9
*17 reduced 0.1-0.3 10-30 0.5 0
*41 reduced 8 - - 3.5
*1xN increased 0.2-1 2-5 0.5 1.9
*2xN increased 0.5-1.5 1.5-2.5 0-1 1.9
*4xN non-functional 0.1-0.5 0.9 - 0. 5
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Initially, it was considered that both metabolites were 
active in the receptor, so that it was believed that neither 
the metabolizer status of CYP2D6 defined by its allelic 
variants nor the introduction of inhibitory drugs of this 
enzyme would affect the effectivity of risperidone. In fact, 
in the information regarding the drug, it is indicated that no 
differences have been observed in the appearance of adverse 
effects between the patients listed as PM or as EM.

Bork et al.,44 on the contrary, verified the involvement 
of this gene in the metabolism of this antipsychotic, so that 
five PM patients of the study developed side effects. In a 
later study that analyzed 554 patients treated with 
risperidone, it was demonstrated that PM patients had a 3 
times greater risk of developing adverse effects than the EM 
or IM patients. Furthermore, it was demonstrated that 
patients with the PM genotype had 6 times more likelihood 
of dropping out of this treatment than the EMs.45 

Once demonstrated that reduced or absent activity of 
the CYP2D6 involves an increase in treatment toxicity, it 
could be questioned whether the increase of the metabolitic 
activity in patients with ultra-rapid metabolizer genotype 
would imply a worse response to treatment. Different studies 
that have analyzed this subject indicate that this relationship 
does exist.46, 47 

Based on current knowledge, the relationship between the 
UM and UM phenotype does not seem to be bidirectional, that 
is, although the individuals who have an increase in the number 
of copies of the CYP2D6 gene have an Ultrarapid Metabolizer 
phenotype, it has not been observed that there is an increase in 
the number of copies of the CYP2D6 gene in all the individuals 
with an Ultrarapid phenotype. Bergmann et al.48 have 
demonstrated that the predictive value of the CYP2D6 
duplication is low and they suggest that there must be other 
causes capable of explaining the biological bases of the 
ultrarapid metabolization beyond the genetic duplications.

In some European and United States healthcare sites, 
the use of the CYP2D6 genotyping has been proposed as a 
predictor of response to risperidone.

A relatively recently appearing atypical antipsychotic, 
that is, aripiprazole, includes the warning in its application 
guideline that the metabolism of this drug is clearly 
influenced by the patient’s CYP2D6 genotype. However, the 
need for a pharmacogenetic analysis prior to treatment has 
not been expressly indicated. 

CYP3A cytochrome

The cytochrome P450 3A (CYP3A) family is involved in 
the metabolism of 45 to 60% of all known drugs (Figure 2). 
As occurs in other CYPs, this enzyme family has enormous 
variability in its expression, both in the population and 
interindividual level. 

The most relevant isoforms in the adult in the liver are 
CYP3A4 and CYP3A5. Both enzymes share substrates and 
possibly metabolize the same reactions.

The CYP3A4 and CYP3A5 cytochrome genes are located 
in the long arm of chromosome 7 in the region q21 – q22.1, 
in a tandem structure. The CYP3A family is responsible for 
the metabolism of two atypical antipsychotics used in the 
treatment of psychoses, especially schizophrenia: quetiapine 
and ziprasidone.49, 50 It may also act as an alternative enzyme 
in the metabolism of other drugs such as risperidone.44 

The CYP3A4 isoform accounts for 30% of all the CYPs 
presence in the liver and is responsible for the elevated 
interindividual variability in the metabolism of many drugs 
that use the CYP3A pathway, which is why it is one of the 
most studied P450 cytochromes. 

It has been estimated that 60 to 90% of the 
interindividual variability of the CYP3A4 activity in the liver 
has a genetic basis.51 However, the allelic frequency studies 
of this gene and the studies conducted regarding its 
functionality do not show an equivalent variability. Thus, 
the existence of other genetic variability mechanisms such 
as epigenetic phenomena and other still undescribed 
haplotype variability is postulated.52 Of the 20 CYP3A4 alleles 
included in the database “Human Cytochrome P450 Allele 
Nomenclature,” data are available on the enzyme activity of 
few variants: alleles *8, *11, *13, *16 and *17 are associated 
to decreased activity. Allele *18A encodes an enzyme whose 
activity is greater than normal and allele *1 is considered as 
wildtype associated to a normal activity.31 The most frequent 
allele variant is allele *1B characterized by the adenine-to-
guanine nucleotide substitution in the position -392. It is 
estimated that this variant is present in approximately 4% 
of the  Spaniards,53 however its pharmacokinetic involvement 
has still not been clarified.

CYP3A4 is the principal responsible enzyme for 
biotransformation of atypical antipsychotic drugs such as 
ziprasidone or quetiapine or typical one such as haloperidol. 
It has been shown that the co-administration of inhibitors 
(ketoconazole)/inducers (carbamazepine, phenytoin, 
rifampicine) of CYP3A4 provokes a considerable modification 
in the action of ziprasidone through the increase or decrease 
of its liver clearance.54 

Recently, an association has been described between 
the presence of the wildtype allele *1A in homozygosis 
(-392A) and the lack of response to typical antipsychotics 
such as haloperidol.55   

Most of the studies performed in Caucasian individuals 
consider the CYP3A4 isoenzyme as the principal one in the 
liver because the CYP3A5 expression is low in this population 
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charge of activating the G-protein. The Hazelwood et al. 
studies have demonstrated that this change does not affect 
expression nor does prevent the molecules to bind to the 
receptor, but rather it makes it to be ineffective.59 This would 
imply a decrease in efficacy of the antipsychotic molecules, 
which has been previously verified. Different studies have 
demonstrated that allele 452Tyr is found more frequently 
among schizophrenic patients who do not respond to 
clozapine.60 Arranz et al. found an association between 
response and complete genotype (P = 0.07), between 
response and genotype, considering the allele Tyr452 as 
recessive (P = 0.02), and between response and the presence 
of the allele (P = 0.02).61-63  This  association has been verified 
with a meta-analysis conducted by these authors.64 

The polymorphism 102C>T deals with, on the contrary, 
a synonymous change, studied both due to its association 
with schizophrenia and its role in the response to 
antipsychotic treatments as clozapine. An association study 
conducted with 62 patients and 96 controls demonstrated 
that this polymorphism is more frequently found in 
schizophrenic patients than in healthy individuals (P = 
0.049).65 This study has been replicated successfully.66 
Regarding the association of this polymorphism with 
antipsychotic response, it seems that allele 102C is 
significantly overrepresented among nonresponders 
compared to responders to clozapine in the European 
population.61  Even though other studies67  have not been 
able to replicate these results, a meta-analysis of 8 previous 
studies confirmed the initial results.64  The relationship of 
the polymorphism 102C>T to the response to typical 
antipsychotics has also been demonstrated.68, 69 On the other 
hand, the presence of allele C has been related with the 
appearance of Tardive Dyskinesia (TD) in schizophrenic 
patients.70 

As the nucleotide 102 replacement does not produce 
any change in the amino acid sequence of the receptor, it 
has been postulated that this SPN has a linkage disequilibrium 
with some other functional change, either in the coding 
region, or in the promoter zone. In this sense, the existence 
of disequilibrium has been detected in regards to a 
polymorphism of the promoter, -1438A>G. Even though the 
expression studies of the HTR2A gene with this variation 
have not offered any conclusive results, the functionality of 
the promoter region cannot be ruled out as a cause of the 
association between the silent SNP and the response to 
antipsychotics. The fact that this linkage disequilibrium is 
not complete in some populations could explain the 
discordant data appearing in the literature. 

In an association study of the polymorphism in the 
promoter region, it has been found that the presence in 
homozygosis of the A allele of this polymorphism is 
associated to a better response to olanzapine, especially in 
regards to negative symptoms.71 

group (it is present in 33% of the North American Caucasians 
and in 60% of the Afro-American population).56 However, it 
has been demonstrated that that it has as much metabolitic 
activity as CYP3A4 in individuals in whom CYP3A5 is expressed. 
Thus, it is believed that it may intervene in the high variability 
in the response to the CYP3A group mediated drugs. 

The Human Cytochrome P450 Allele Nomenclature 
Committee defines, as occurs with the remaining important 
CYPs, a series of alleles based on the presence of variations 
in regards to a wildtype allele or allele *1. The Kuehl et al. 
experiments56  indicate that only those individuals who carry 
allele *1 produce high amounts of total mRNA and express 
CYP3A5 in their liver, while the two defective alleles 
described by Kuehl, *3 and *6, would be responsible for the 
lack of functional CYP3A5. Thus, it has been demonstrated 
that in CYP3A5*1 allele carriers, CYP3A5 would represent 
approximately 50% of the total of CYP3A protein. A study 
conducted in Spanish population shows that the percentage 
of homozygotes for allele *1 is 2.8%, being the allele  
frequency 20.2 %.57 This confers an importance to the 
CYP3A5 genotype that was previously exclusively reserved 
for CYP3A4. Recently, it has been associated to the presence 
of the allele *3 in homozygosis state (6986G) with resistance 
to typical antipsychotics, especially to haloperidol.55 

GENES INVOLVED IN PHARMACODYNAMIC 
VARIABILITY

Serotonin 5-HT2 receptor genes

The importance of the serotonin receptor 
(5-Hydroxytryptamine, 5HT) 5-HT2A and 5-HT2C, both in 
the etiology of schizophrenia as well as in its treatment, 
justifies the study of the genetic variations that could be 
associated to the disease and to the variability of the 
antipsychotic response among patients. 

Serotonin 5-HT2A receptor gene

This receptor, together with 5-HT2C, belongs to the 
5-HT2 receptor group, with proven implications in the 
effectivity of the second generation antipsychotics. 5-HT2A 
is a postsynaptic G-protein coupled receptor that has high 
affinity for clozapine and olanzapine58 and that could be 
related with the action of these drugs on the negative 
symptoms and possibly also on the positive ones. The gene 
that encodes it, HTR2A, is in the chromosome region 13q14-
21, and its most relevant polymorphisms are His452Tyr and 
102C>T. 

The residue change of histidine to tyrosine in codon 452 
is due to a cytosine to thymine nucleotide substitution at 
position 1354 of the HTR2A gene. This amino acid is located 
at the C-Terminal cytoplasmatic end of the receptor, in 
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Serotonin transporter genes

Although serotonin reception is mediated by many pre- 
and post-synaptic receptors, serotonin  recovery on the 
presynaptic level depends on a single molecule: the 5HTT 
transporter (5-Hydroxytryptamine Transporter). This is a 
high affinity, active transporter which, through re-uptake, 
modulates the extracellular activity of serotonin, taking 
responsibility for maintaining the presynaptic reservoir of 
this neurotransmitter.

The gene encoding this transporter is located at the 
17q11.1-q12 region. Two principal polymorphisms have 
been described. These, although they do not affect the 
transporter protein structure, would modify the gene 
transcriptional activity.

 The repeat polymorphism called 5HTTLPR (5HTT gene-
linked polymorphic region) consists in a 44 base pair deletion/
insertion in the promoter region, which would involve repeat 
elements, giving rise to two alleles, one long (L) and one short 
(S).

The other polymorphism described is a tandem repeat 
polymorphism, called 5HTTVNTR, located at intron 2 of the 
5HTT gene. The most frequent alleles correspond to 9, 10 and 
12 repeats.

5HTTLPR has been related with response to clozapine in 
European population,77 however the results in Asian 
population have not been conclusive.85 

A recent study conducted in 129 Asiatic patients 
determine the role of both polymorphisms as genetic markers 
of response to risperidone. However, individually, only 
5HTTLPR was predictive. The analyses of haplotypes 
determined that the presence of L/12 was associated to a 
good response to this antipsychotic.86

Histamine receptor genes

The relationship between the histamine system and 
schizophrenia87 has renewed the interest for the study of 
this system in  the pharmacogenetics of the treatment with 
antipsychotics.

Histamine receptors are, as are the serotoninergic ones, 
G-protein coupled receptors, through which their function is 
mediated.  There are four types of histamine receptors, that is, 
H1, H2, H3 and H4. The H2 has been studied the most from the 
pharmacogenetic point of view. This receptor is expressed in 
the neurons of most of the cerebral cortex. It has been verified 
that several tricyclic antidepressants and some antipsychotics 
have a potent inhibition of the adenylate cyclase-coupled H2 

It has been postulated that an epigenetic mechanism 
could confer functionality to the SNP 102C>T. A recent 
work72 has demonstrated that allele C has an allele-specific 
methylation pattern that modifies the HTR2A gene 
expression. 

Serotonin 5-HT2C receptor gene

The serotonin 5-HT2C receptor is also coupled to 
G-protein. Both clozapine and olanzapine have high affinity 
for this receptor. Due to this, the HTR2C gene, located in 
chromosome Xq24, is an excellent candidate gene for studies 
on association with the disease and pharmacogenetic ones.

Most of the 5-HT2C receptor gene studies have been 
focused on a polymorphism located in the coding region, a 
conversion of guanine to cytosine at position 68, which 
causes a change of cysteine to serine at codon 23 of the 
protein, which affects the N-Terminal portion of the 
receptor, modifying its structure. The 23Ser variant seems to 
be less common, although population differences have been 
described between Caucasians and Afro-American 
descendents. 

The first pharmacogenetic studies conducted in a 
Western European population on this variable and the 
response to clozapine demonstrated a statistically significant 
relationship of the 23Ser variant with a better response.73 In 
subsequent studies conducted in other European and 
American populations,74, 75  the results were not replicated. 
However, other works76, 77 have shown a non-significant 
tendency of association between this allele and good 
response to clozapine.  A meta-analysis conducted after 
demonstrated this relationship.78 

Three SNPs (-995G>A, -759C>T and -697G>C) and one 
VNTR type repeat polymorphism (-1027(GT)) have been 
described in the HTR2C gene promoter. Certain haplotypes 
constructed with these polymorphisms have been related 
with increased promoter activity.79 Arranz et al. demonstrated 
that the predictive capacity of the HTR2C gene increases if 
the repeat polymorphism of the promoter -1027(GT) is 
added to the Cys23Ser genotype.77 

A study in Spanish patients that included the 
polyphorphism –330-GT/-244-CT has demonstrated a 
tendency to association with response to olanzapine (Mata-
Pastor et al., 2002).

Studies aimed at associating the genetic variants of HTR2C 
with the side effects derived from antipsychotic treatment, 
fundamentally Tardive Dyskinesia and weight gain, have 
provided promising, although not very conclusive, results.80-84 

64



Pharmacogenetic studies on the antipsychotic treatment. Current status and perspectivesA. Gesteira, et al

309  Actas Esp Psiquiatr 2010;38(5):301-16

polymorphism shown to be predictive of response to this 
drug is Ser311Cys97 of the DRD2 gene. 

In a recent work,94 a new polymorphism, A241G, has also 
been associated with the response to risperidone and to 
olanzapine, so that allele G carriers would have lower 
response time. In a study in an Asian population, it was seen 
that the A allele of this polymorphism is associated with 
good response to risperidone.98 

In two recent meta-analyses,99, 100 it was concluded that 
there is a relationship between the A1 allele of the restrictions 
polymorphism Taq1A of the D2 dopamine receptor gene 
(DRD2) and the appearance of treatment-derived tardive 
dyskinesia. 

The D3 receptor gene

The pharmacogenetics studies including the D3 receptor 
gene analysis are justified because of the elevated affinity 
that different typical antipsychotics have for this receptor. 
The DRD3 gen is located in the chromosome region 3q13.3 
and the most studied polymorphism is Gly9Ser. 

The presence of the Gly allele in homozygosis has been 
associated to better response to antipsychotics, especially in 
regards to positive symptoms.101, 102 Recently, an association 
has been found between the T/A/G/A/C haplotype of the 
rs6280, rs963468, rs2134655, rs1486012 and rs7631540 
polymorphisms of the DRD3 gene and lack of response to 
typical antipsychotics, being the C/G/G/T/T haplotype the 
most frequent among responders. Furthermore, the presence 
of this haplotype seems to increase the risk of resistance to 
neuroleptics associated to those individuals with the *3 allele 
of the CYP3A5 gene in homozygosis.55 

In regards to the appearance of side effects, it seems 
that there is an association between the presence of the Gly 
allele and tardive dyskinesia.100, 103-105 The presence of this 
allele has also been related with the appearance of acute 
akathisia associated with antipsychiotic treatment.106 

OTHERS GENES RELATED WITH THE VARIABILITY 
OF THE ANTIPSYCHIOTIC TREATMENT

The ABCB1 gene

The P-glycoprotein, encoded by the ABCB1 gene, also 
known as MDR1 (Multidrug Resistance Gene), is a transport 
molecule expressed in the capillary endothelial cells that 
cover the blood-brain barrier, regulating the entry of 
substances from the blood system into the central nervous 
system. Antipsychotics are included among these substances 
since high affinity between this transporter and risperidone, 

receptors. This implies that this receptor could mediate in the 
response to this type of drugs. It has also been described that 
clozapine has high affinity for this receptor.58  

The gene that encodifies for this receptor (H2) is located 
at 5q21-23. According to a study published by Arranz et al., 
the analysis of a group of polymorphisms of the serotonin 
receptors and transporters (5-HT2A 102T>C, His452Tyr, 
5-HT2C -330 GT/-244 CT, 5-HT2C Cys23Ser and 5–HTTLPR) 
in combination with the polymorphism -1028G>A of the 
histamine H2 receptor achieves a 76.86% prediction level of 
response to clozapine.77 

In a later study, it was only possible to repeat the result 
in reference to the polymorphism of this receptor, by means 
of a statistically significant association of allele -1028A with 
a good response to treatment with clozapine.88 

Dopamine receptors

Given that antipsychotic drugs, especially the typical 
ones, are characterized by their antagonistic capacity of the 
dopamine system, an important role in the etiology of the 
psychotic disease is attributed to it. 

The genes studied the most in relationship with 
antipsychotic response are those of the D2 and D3 receptors. 
Studies on the coding genes of other receptors, such as D4, with 
a high affinity for clozapine, have not been successful.89-92

The D2 receptor gene

The blockade of the D2 dopamine receptors seems to be 
the main action mechanism of the neuroleptics on the 
positive symptoms of schizophrenia and it is supposed that 
this same antagonism is responsible for the Parkinsonian-
like side effects associated to this type of treatment. 
Different iresearcher groups have analyzed the validity of 
different polymorphisms of the DRD2 gene, located in the 
chromosome region 11q23, as pharmacogenetic markers of 
response to treatment with antipsychotics. 

Polymorphism -141C ins/del seems to be related with 
D2 receptor expression, so that the presence of the allele 
-141C del is associated with a greater expression of it.93 
More recently, it has been seen that the carriers of this allele 
have greater response times in the first treatments with 
olanzapine and risperidone.94 Another polymorphism related 
with D2 expression is the restriction polymorphism known as 
Taq1A. A1 Allele is associated with lower density of the 
receptor and decreased function.95 In a pharmacogenetic 
analysis,96 the presence of a diplotype of the Taq1A and 
-141C ins/del polymorphisms (Ins A2/Del A1) has been 
related with good response to risperidone. Another 
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which it takes on special importance: those in which there 
are severe and frequent side effects and in which dose 
optimization, using the trial and error method, would entail 
an excessively long period of time. Antipsychotic treatments 
entail both conditions. Most of the drugs used have a very 
narrow therapeutic window so that detection of the best 
dose is a difficult task. Months, and even years, may pass 
until achieving a correct treatment for the patient, a time in 
which the disease continues on its course. In schizophrenia, 
response time is especially important in the face of the first 
episode, not only for physical or biochemical reasons, but 
also because of the psychological impact that the disease 
has on the patient and his/her setting.118 

a)  In the disease setting and its treatment:
It must be kept in mind that lack of antipsychotic 
response, especially in first episodes, and the high 
frequency of treatment-derived adverse effects are two 
of the causes of the elevated rate of treatment dropout,17 

largely determining the prognosis of the disease. It is 
very likely that lack of treatment, derived from these 
factors, is also responsible for the increase of mortality 
in schizophrenic patients.
Therefore, the interest for pharmacogenetic studies in 
this therapeutic field has a clear objective: to identify 
those markers capable of predicting which treatment 
would produce the least side effects and the best clinical 
response. In this way, pharmacogenetics would help to 
increase treatment success by reducing stabilization 
time and dropout rates, collaborating, finally, to improve 
the prognosis of schizophrenic patients.

b)  In the social-economic setting:
It must be kept in mind that schizophrenia is a highly 
incapacitating disease with high prevalence3 that entails 
high healthcare costs. It has been estimated that the 
total cost derived from schizophrenia in Spain is 
approximately 2000 million Euros annually.119 This value 
includes the direct and indirect costs. 
It has been estimated that the direct costs derive from 
schizophrenia treatment accounts for approximately 
1000 million Euros yearly, 2.7% of the healthcare 
budget, and essentially correspond to 3 categories: 
outpatient visits (approximately 33 million Euros per 
year), drug costs (approximately 250 million Euros) and 
hospital stays (approximately 760 million Euros).119  It 
must be kept in mind that treatments with atypical 
antipsychotics are especially expensive and the acute 
phases generated by the first episodes and relapses 
generally require the patient to be admitted. 
The indirect costs are fundamentally paid by the 
patient’s family and are principally due to the increase 
in mortality, dependant situation and low degree of 
social integration derived from the disease. Although 
they are difficult to quantify, it is estimated that this 
accounts for approximately one million Euros yearly.119 
Schizophrenic patients have a very short productive life: 

quetiapine or olanzapine has been detected in vitro.107 The 
MDR1 gene, located at the 7q21.1 region of the genoma, is 
a very polymorphic gene and in recent studies, different 
genetic variables of it have been related to the response to 
antipsychotics. In Asian population, the T/T allele of the 
1236C>T polymorphism (rs1128503) has been associated to 
good response to risperidone.108 The T allele of the 2677G/T/A 
polymorphism (rs2032582) has also been associated to good 
response to Olanzapine in women.109 

The COMT gene

The COMT gene, located in chromosome region 
22q11.21-23, encodes for the catechol-O-methyltransferase 
enzyme, responsible for catalyzing the O-methylation 
reaction of the catecholamines, among which dopamine is 
included. This is the principal pathway of degradation of this 
neurotransmitter. The study of the genetic variants of COMT 
and its role as pharmacogenetic biomarker arises from the 
importance of this function, which makes it one of the 
candidate genes for schizophrenia.110 

The COMT gene contains a polymorphism, Val158Met in 
which the Met allele seems to be associated with diminished 
enzyme activity which would, thus, give rise to an 
accumulation of dopamine in the synaptic space.

Regarding the pharmacogenetic importance of this 
gene, a first study conducted in Asian patients concluded 
that the Val158Met change was not associated with response 
to risperidone.96 However, subsequent studies found an 
association between the slow-functioning metabolizer allele 
Met in homozygosis and resistance to first generation 
antipsychotics.111, 112 On the contrary, this same allele has 
been related to greater efficacy of clozapine on the cognitive 
aspects of schizophrenia113 and with better response to 
olanzapine, both on negative symptoms and on the 
alterations of the prefrontal cortex function and short term 
memory.114, 115 In a recent work conducted in Spanish 
patients, Molero et al. indicated the existence of an 
association between the COMT genotype, severity of the 
psychotic symptoms and response to treatment with 
neuroleptics.116 

In regards to the effect of the SNP Val158Met on the 
adverse reactions induced by antipsychotic treatment, a 
recent meta-analysis has demonstrated the association 
between tardive dyskinesia and this variation, concluding 
that the Met allele confers a protector effect against the 
appearance of this side effect. 117 

HOW WOULD PHARMACOGENETICS BENEFIT 
SCHIZOPHRENIA TREATMENT?

Although the idea of individualized medicine seems 
useful for all treatments, there is a group of therapies in 
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pharmacogenetic analysis to include all those markers 
predictive of response and of adverse effects for all the 
commonly used antipsychotics in order to increase the utility 
of the information obtained. 

Another point to keep in mind is the scaling capability of 
the genotyping method chosen. Both the pharmacogenomics 
and research in the new treatment fields may provide new 
data that will lead to recommending the addition of markers 
at a given time, so that the use of methods that not only allow 
for it, but also facilitate it, is recommended. 

CAN A PHARMACOGENETIC TEST ALREADY BE 
CONDUCTED FOR ANTIPSYCHOTIC DRUGS?

In diseases such as cancer, the change of treatment or 
dose is made within very controlled methods and following 
very strict parameters of response, appearance of side 
effects, etc. The effects of poor drug adjustment may be 
fatal for the patient, either because it implies irreversible 
progression of the disease or due to the appearance of 
adverse reactions with important consequences. Thus, in this 
field, an almost total degree of safety in the pharmacogenetic 
prediction is necessary, as occurs in the case of UGT1A1 in 
the response to Irinotecan in colorectal cancer.121 

However, the situation is different in the case of 
treatment with antipsychotics in schizophrenia: the initial 
choice of treatment is performed without using a pre-
established physiopatological criterion, it being possible to 
vary the dose and drug depending on the prescribing 
physician. In this scenario, it seems reasonable to postulate 
the integration of pharmacogenetic studies into the daily 
clinical practice.

From the technological point of view, the necessary 
resources are currently available to conduct thousands of 
genotypes in a relative short time so that it would be useful 
for the psychiatrist, who needs to decide which drug and 
what dose is needed to treat a patient and this is especially 
important in first episodes. The advances in this field have 
been spectacular in these recent years. There are medium-
throughput techniques such as SNaPshot minisequencing, 
high-throughput techniques as those based on the Maldi-
TOF mass spectrometry122 and even a group of  genotyped 
and commercial chips, such as the Amplichip P450®, as if 
made to order. However, a pharmacogenetic test depends 
much more than on the quantitative capacity of the analysis. 
It must be known what to analyze and what the implication 
of this analysis would be.

Although many markers of response and side effects in 
the antipsychotic treatment have been identified by studies 
of association of different nature, most have been part of 
exploratory studies, and only some have been validated, as 

schizophrenia is one of the main causes of discapacity 
and it is estimated that 84% of schizophrenic patients 
have a dependent-living situation.
The psychosocial aspect is also important in schizophrenic 
patients. There is evidence that therapies complementary 
to drug therapy (cognitive-behavioral, family, etc) help 
in the course of the disease. 120 These type of therapies 
also form a part of the indirect costs, since they are not 
always paid for by the healthcare systems.
Lack of treatment compliance derived both from the 
antipsychotic lack of efficacy and the appearance of 
adverse reactions contributes to increasing both direct 
and indirect costs.
It is not estimated that the introduction of 
pharmacogenetics is going to lead to an important 
decrease in the drug cost of schizophrenia, given that the 
treatments are, in many cases, chronic. However, being 
able to predict response and prevent the adverse effects 
derived from the treatment could help to reduce the 
number of hospital stays (most of the readmissions occur 
due to lack of treatment compliance or lack of efficacy) 
and their duration, as well as the indirect costs derived 
from the disease. The cost-effectiveness of a 
pharmacogenetic test depends, on the one hand, on the 
benefits, both economical (monetary units) and on quality 
of life of the patient (clinical units) and, on the other 
hand, on the cost of the application of the test per se. The 
cost of a pharmacogenetics test will depend largely on 
the cost of the genotyping. High-capacity genotyping 
techniques currently allow for a much lower per sample 
cost and the establishment of better technologies will 
help in the future to decrease these costs.

HOW SHOULD  A PHARMACOKINETIC TEST BE 
FOR ANTIPSYCHOTIC DRUGS

An important point is what information should be 
included in a pharmacogenetic study of this type. Should it 
contain information on a single marker, above all the markers 
that participate in the response to a specific antipsychotic 
drug or should a more complete integration be sought? 

Most of the scientific information available in this 
regards refers to the association of variations in individual 
genes with the response or with the appearance of adverse 
effects. However, since the response to antipsychotics is a 
complex process in which both pharmacokinetic and 
pharmacodynamic factors as well as environmental factors 
mediate, a simplistic study strategy (of one or very few 
markers) does not seem to be the most adequate. Thus, any 
pharmacogenetic test should include the study of genes 
involved in the pharmacokinetics and pharmacodynamics 
variability and should consider the population component. 

In the specific case of schizophrenia, the elevated rate 
of drug replacements in the treatment 17 requires the 
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for example that of the CYP2D6. Unfortunately, there is no 
“prime” marker and few studies have been replicated 
successfully. Thus, although the predictive value of most of 
the markers is limited, their use would be justified since this 
is a tool that can be used to seek improvement in the 
therapeutic intervention that would occur in any event, and 
for which there are alternatives.

The discrepancies between some association studies77, 88 
are probably due to differences in the characteristics of the 
sample used (differences on the clinical and/or population 
level). Furthermore, with exceptions, neither the studies 
based on genes of pharmacokinetic molecules (cytochromes) 
do include simultaneous analysis of pharmacodynamic genes 
(receptors), nor viceversa.  This fact could also contribute to 
the appearance of discrepancies between studies and the 
lack of strength of their results, 123 given that the final 
response to treatment is mediated by both factors.

The inclusion of pharmacogenetic studies in clinical 
trials conducted prospectively, including a large number of 
patients, could, undoubtedly, significantly contribute to the 
development of personalized medicine protocols.

TRANSFER TO THE CLINICAL PRACTICE: A 
PHARMACOGENETIC REPORT

Some pharmacogenetic tests of different nature on the 
market (PHARMAchip of Progenika, DRUGINCODE of Ferrer 
inCode Amplichip P450 of Roche) are already offered. Even 
though some of them have been homologated for clinical 
use, their penetration into the market is still relatively 
limited. Undoubtedly, this is influenced by financial and 
technical questions, but fundamentally by knowledge. It is 
essential to implement the transfer of the results from the 
analysis of the genotypes of the patient to the clinician. It 
must not be overlooked that the final purpose of 
pharmacogenetics is to provide therapeutic action guidelines 
based on the analysis of the genetic variations. It is not 
sufficient to conclude that the patient has a poor metabolizer 
predictive phenotype or that his/her serotoninergic receptor 
has diminished function. Rather, it is necessary to establish 
what to do with these results, that is, finally, how to modify 
the treatment: increasing or decreasing the dose regarding 
the usual dose or switching drugs.123, 122  

The enormous influence of the non-genetic factors in 
the final response must also be taken into account. These 
factors also may and should be taken into account in a 
pharmogenetic report. 
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