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It is hypothesized that molecular components of dopaminergic

system, especially the dopamine D3 receptor gene (DRD3), may

play a crucial role in the pathophysiology of schizophrenia,

because it is abundant in the limbic system of the brain and it

binds antipsychotic drugs. Several groups attempted to find an

association between a serine-to-glycine polymorphism of the

DRD3 gene (Ser9Gly) and schizophrenia; however, the results

were inconsistent. In this study, we aimed to investigate the

relationship of the Serine/Glycine polymorphism of the DRD3

gene with therapeutic response to clozapine treatment between

Turkish schizophrenia patients (N¼ 92) and healthy controls

(N¼ 100). Genotype groups were comparable in BPRS, SAPS,

SANS analysis of response to clozapine. Our results suggest that

an association between the Ser/Gly polymorphism of DRD3 gene

and response to clozapine in Turkish schizophrenia patients is

unlikely to exist. � 2008 Wiley-Liss, Inc.
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INTRODUCTION

Schizophrenia is a combined disorder of sensory and executive

functions of the central nervous system that manifests with multiple

signs and symptoms of thought, perception, emotion, movement

and behavior [Baritaki et al., 2004; Vogel et al., 2006]. Although its

exact pathogenesis is still not known, data from pharmacological

and neuroimaging studies suggest excessive activity of dopamine

synapses in the brain, thus providing a rationale for studies on genes

involved in dopamine pathway [Bakker et al., 2006; Boneberg et al.,

2006].

Studies using positron emission tomography and postmortem

brain tissue have indicated alterations in dopamine neurotrans-

mission and dopamine receptors in schizophrenic patients when

compared with non-schizophrenic patients [Ilani et al., 2001]. It has

been claimed that the DRD3 is a favored candidate gene for

schizophrenia because it is selectively expressed in the limbic areas,

which are associated with cognitive, emotional and endocrine

functions, and is an autoreceptor modulating therapeutic effects

of both typical and atypical neuroleptics [Ambrosio et al., 2004;

Baritaki et al., 2004; Gourion et al., 2005; Vogel et al., 2006]. A single

nucleotide polymorphism (SNP) in the first exon of the dopamine

D3 receptor gene, the Ser9Gly polymorphism (the Ser9 variant

refers to allele 1, and the Gly9 variant is identified as allele 2), gives

rise to a serine to glycine substitution in the N-terminal extracellular

domain of the receptor protein and it is supposed to be associated

with a twofold higher risk of schizophrenia when two mutant alleles

are present in a homozygote [Lundstrom and Turpin, 1996; Tanaka

et al., 1996; Wong et al., 2000; Hellstrand et al., 2004]. Most of the

studies have not shown any evidence for the association between the

serine for glycine substitution and high risk of schizophrenia

[J€onsson et al., 1993; Yang et al., 1993; Di Bella et al., 1994; Durany

et al., 1996; Chen et al., 1997; Hawi et al., 1998; Joober et al., 2000;

Virgos et al., 2001; Anney et al., 2002; Chang et al., 2007; Lorenzo

et al., 2007; Fathalli et al., 2008], but several meta-analyses have

reported an association between Ser9Gly variation and

*Correspondence to:

I. Omer Barlas, Department of Medical Biology and Genetics, Medical

Faculty of Mersin University, Mersin, Turkey. E-mail: iobarlas@gmail.com

Published online 30 April 2008 in Wiley InterScience

(www.interscience.wiley.com)

DOI 10.1002/ajmg.b.30770

How to Cite this Article:
Barlas IO, Cetin M, Erdal ME, Semiz UB,

Basoglu C, Ay ME, Herken H, Uzun O. 2009.

Lack of Association Between DRD3 Gene

Polymorphism and Response to Clozapine in

Turkish Schizoprenia Patients.

Am J Med Genet Part B 150B:56–60.

� 2008 Wiley-Liss, Inc. 56

Neuropsychiatric Genetics



schizophrenia [Mant et al., 1994; Kennedy et al., 1995; Dubertret

et al., 1998; Williams et al., 1998; J€onsson et al., 2003]. Genetic

variations in that gene might account for significantly higher

dopamine binding affinity and interindividual differences in re-

sponse to drugs [Ilani et al., 2001; J€onsson et al., 2003; Bakker et al.,

2006].

Clozapine is now well established as the treatment of choice for

severely ill schizophrenic patients who are refractory to treatment.

Therefore, it is of special interest to investigate differences in clinical

variables between responders and non-responders to this drug

[Semiz et al., 2007]. In recent years, there have been several studies

on possible clinical predictors of responses to clozapine treatment.

The results of prior studies on treatment outcome and the Ser9Gly

polymorphism of DRD3 have been conflicting [J€onsson et al., 1993;

Nimgaonkar et al., 1993; Yang et al., 1993; Mant et al., 1994;

Kennedy et al., 1995; Shaikh et al., 1996; Ebstein et al., 1997;

Scharfetter et al., 1999; Szekeres et al., 2004]. There have been

three studies focusing on responses to clozapine treatment and the

Ser9Gly polymorphism. Shaikh et al. [1996] showed that the Ser/Ser

genotype was more frequent in patients who did not respond to

clozapine. Scharfetter et al. [1999] reported higher Gly/Gly fre-

quencies in responders, but Malhotra et al. [1998] did not.

In the above-mentioned studies, male gender, age at onset,

shorter duration of illness, higher levels of positive and negative

symptoms, and individual genetic differences have been reported to

play a role in clinical responses to medications [Cordeiro et al.,

2006; Semiz et al., 2007]. It is difficult to identify which factor is

predominant due to inconsistent and somewhat contradictory

results caused by heterogeneity of the disorder, specific subgroups

of schizophrenic patients, and the effect of racial stratification.

However, studies focusing on ethnic differences in responsiveness

to clozapine have revealed few genetic factors (that influence drug

metabolism and molecular targets of drug action). However, the

reasons why some patients fail to respond clinically despite taking

therapeutic doses of medication remain largely unknown

[Dubertret et al., 1998; Scharfetter et al., 1999; Wong et al.,

2000; Bernard and Segman, 2006; Cordeiro et al., 2006].

In the present study, we investigated whether Ser9Gly polymor-

phism of the DRD3 gene played a role in inter-individual differ-

ences in responses to clozapine among Turkish schizophrenia

patients.

MATERIALS AND METHODS

Subject Recruitment
The study was conducted with 103 schizophrenia patients diag-

nosed according to the DSM-IV criteria and received 16-week

clozapine treatment in Gulhane Military Medical Academy Hay-

darpasa and Ankara Hospitals’ Psychiatry Departments in Turkey.

Patients were excluded if they had clinically significant organic or

neurological disorders, mental retardation, epilepsy, psychiatric

disorders other than schizophrenia, a history of alcohol and drug

abuse in the previous 12 months. Pregnant or lactating women and

those in the reproductive age without adequate contraception were

also excluded. Subjects were treatment-resistant according to the

National Institute of Clinical Excellence (NICE) criteria (2002), as

evidenced by lack of a satisfactory clinical improvement despite the

sequential use of the recommended doses for 6–8 weeks of at least

two antipsychotic drugs, at least one of which should be a second-

generation antipsychotic. Eleven of the patients were not included

because DNA samples were not isolated and/or PCR were not

concluded. Thus, a total of 92 (76 males, 16 females; mean age:

30.4� 10.5) schizophrenic subjects with a mean illness duration of

7.1� 6.3 years were involved in the trial. Three patients failed to

complete 16-week clozapine treatment. Hundred age- and sex-

matched healthy subjects (81 males, 19 females; mean age:

31.7� 9.2) from the workers of the same hospitals were also chosen

for the control group. The gender composition of the patients

included 92 (82.6%) male and 16 (17.4%) female patients, and of

the controls included 81 (81%) male and 19 (19%) female controls.

The study was approved by the Local Ethics Committee. All patients

or their caregivers were informed, and their consents to take part in

the study were obtained.

Psychiatric Assessment
Clinical efficacy of the treatment was evaluated by the Brief Psychi-

atric Rating Scale (BPRS) [Overall and Gorham, 1962], Scale for

the Assessment for Positive Symptoms (SAPS) [Andreasen, 1984],

and Scale for the Assessment for Negative Symptoms (SANS)

[Andreasen, 1983] before and after 16 weeks of the treatment.

Treatment response was accepted as a minimum of 30% decrease in

BPRS, SAPS, and SANS scores at the endpoint [Kumra et al., 2008].

Only clozapine patients as antipsychotic users were included in the

study and the doses were adjusted as naturalistically. An average

dose of 308.2� 92.2 mg clozapine (minimum 200 mg and maxi-

mum 600 mg) was used.

DNA Extraction
With written informed consent, a blood sample was drawn from

each individual. Venous blood samples were collected in ethyl-

enediaminetetra acetic acid (EDTA) containing tubes. DNA was

extracted from whole blood by salting out procedure [Miller et al.,

1988].

Genotypic Analysis of the DRD3
Ser9Gly Polymorphism
Polymerase chain reaction-restriction fragment length polymor-

phism (PCR-RFLP) assays were used to determine DRD3 Ser9Gly

polymorphism. The oligonucleotide primers used to determine the

Ser9Gly polymorphism within the DRD3 gene were described

previously [Hawi et al., 1998; Krebs et al., 1998; Malhotra et al.,

1998; Scharfetter et al., 1999]. The primers, forward 50-GCT CTA

TCT CCA ACT CTC ACA-3 and reverse 50-AAG TCT ACT CAC

CTC CAG GTA-30 were used to amplify of the DRD3 gene. PCR was

performed in a 25 ml volume with 100 ng DNA, 100 mm dNTPs,

20 pmol of each primer, 1.5 mM MgCl2, 1� PCR buffer with

(NH4)SO4 (MBI Fermentas, Vilnius, Lithuania) and 1 U Taq DNA

polymerase (MBI Fermentas). Amplification was performed on an

automated Thermal Cycler (Techne Flexigene, Cambridge, UK).

PCR conditions were 2 min for initial denaturation at 95�C;
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35 cycles at 95�C for 45 sec for denaturation, 1 min at 56�C for

annealing and 2 min at 72�C for extension, followed by 7 min at

72�C for final extension. After amplification PCR products were

digested by restriction endonuclease 10 U Mls I (MBI Fermentas)

for 14 hr at 37�C, the genotyping of the DRD3 gene was determined

by fragment separation at 120 V for 40–50 min on a 3.5% Agarose

gel containing 0.5mg/ml ethidium bromide. A 100 bp marker (50 bp

DNA Ladder, MBI Fermentas) was used as a size standard for each

gel lane. The gel was visualized under UV light using a gel electro-

phoresis visualizing system (Vilber Lourmat). The Mls I restricted

products of DRD3 Ser9Gly; Ser/Ser, Ser/Gly, and Gly/Gly genotypes

had band sizes of 304 bp/111 bp/47 bp, 304 bp/206 bp/111 bp/98 bp/

47 bp, and 206 bp/111 bp/98 bp/47 bp, respectively. Genotyping was

based upon independent scoring of the results by two reviewers who

were unaware of case/control status.

Statistical Analysis
Statistical analyses, the t, chi-square and one-way analysis of

variance ANOVA tests were performed using SPSS for Windows.

The differences of allele frequencies, genotype frequencies and

homozygosity of Ser9Gly polymorphism between schizophrenic

patients and controls were examined for fitness of the

Hardy–Weinberg equilibrium using the chi-square test. Testing

for a two-by-two contingency table, correction for continuity was

applied.

RESULTS

Genotypes in the patient and control group were in Hardy–
Weinberg equilibrium (c2 ¼ 3.865, P¼ 0.145, P> 0.05). Table I

summarizes the genotypic distribution in patients and controls.

There was no significant deviation from Hardy–Weinberg equilib-

rium for DRD3 genotypes in schizophrenia patients (c2 ¼ 0.035,

P¼ 0.852, P> 0.05) and in control group (c2 ¼ 0.247, P¼ 0.619,

P> 0.05). There were no significant differences between the

groups regarding Ser/Ser and Ser/Gly with Gly/Gly distribution

(c2¼ 2.337, P¼ 0.126, P> 0.05). There was also no excess of

homozygosity in patients compared to controls. Genotype and

allelic frequencies were compared between responder and non-

responder patients but there was no significant difference. We also

compared responders or non-responders with controls and found

that genotypic, allelic, or homozygosity frequencies were similar.

We did not observe any association with clozapine response.

Forty-seven out of 89 patients responded to treatment with

clozapine (3 patients excluded from the analysis because of incon-

sistency with the treatment). The SAPS and SANS analysis of

response to clozapine revealed no difference between responders

and non-responders (SAPS: c2¼ 0.566, P¼ 0.753, P> 0.05; SANS:

c2¼ 3.882, P¼ 0.144, P> 0.05). We also found similar results at

analysis of BPRS (c2 ¼ 0.186, P¼ 0.911, P> 0.05). See Table II for

BPRS, SAPS, and SANS analysis of response to clozapine regarding

to the genotypic distribution of Ser/Ser, Ser/Gly, and Gly/Gly. We

did not find any significant difference analysis of response to

treatment.

DISCUSSION

We hypothesized that genetic variations in neurotransmitter re-

ceptors, targeted by antipsychotic drugs, have been found to

contribute to inter-individual differences in clinical responses to

medications. A considerable number of studies have indicated that

DRD3 genes are associated with treatment responses to antipsy-

chotics, including clozapine [Mant et al., 1994; Shaikh et al., 1996;

Scharfetter et al., 1999; Szekeres et al., 2004]. Studies comparing

DRD3 Ser/Gly variability and responses to clozapine have also been

inconclusive. Shaikh et al. [1996] reported higher Ser/Ser genotype

frequencies in non-responders and Scharfetter et al. [1999] re-

ported higher Gly/Gly genotype frequencies in responders, whereas

Malhotra et al. [1998] did not find any statistically significant

difference. In an effort to explain the variability in clozapine

responses from one individual to another, we attempted to replicate

previous research findings in a group of Turkish schizophrenia

patients. In our study sample, the allelic and genotypic frequencies

of DRD3 gene showed no significant difference between responder

and non-responder groups, consistent with the results of a study by

Malhotra et al. [1998]. As for DRD3 Ser9Gly, Scharfetter et al.

[1999] found that the Gly allele and the genotypes consisting of Gly

were associated with treatment responses to clozapine, which is not

consistent with the results of the present study.

Shaikh et al. [1996] examined the Ser/Gly polymorphism in

patients currently treated with clozapine, and found the Ser/Ser

genotype to be more frequent among the non-responders. In our

Turkish subjects, however, there was not a significant difference in

Ser/Ser genotype between responders and non-responders. We

could also not reveal a distinctive effect of DRD3 Ser/Gly on positive

and negative symptoms as measured by SAPS and SANS. In studies

on patients treated with atypical antipsychotics (clozapine, olan-

zapine, quetiapine, risperidone), the Ser/Ser genotype and the Ser

allele were more frequent in non-responders than in responders

[Szekeres et al., 2004]. In the present study, we did not find a

statistically significant relationship between DRD3 Ser/Gly and

responses to clozapine treatment. There were also no quantitative

differences between DRD3 Ser/Gly genotypes in BPRS scores after

16-week clozapine administration. DRD3 genotype did not signifi-

cantly affect the change in general psychopathology ratings as

measured by the BPRS total score before and after clozapine

treatment. Discrepancy between the results of this study and those

from a study by Scharfetter et al. [1999] may be due to the genetic

homogeneity. In fact, they recruited patients from the same ethnic

community and the same social background in Pakistan. Not only

genetic homogeneity but also genetic heterogeneity might have

caused discrepant findings. It is difficult to adjust patients and

controls for ethnicity as in the studies by Shaikh et al. [1996] and

TABLE I. The Distribution of Ser/Gly Genotypes Between

Schizophrenia Patients and Controls

Ser/Ser Ser/Gly Gly/Gly Total
Schizophrenics 47 (51.1) 37 (40.2) 8 (8.7) 92
Controls 39 (39) 45 (45) 16 (16) 100

c2 ¼ 3.865, P ¼ 0.145, P> 0.05.
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Malhotra et al. [1998]. Therefore, population sub-structure should

be taken into account in further studies.

Conflicting results of the previous studies might have been due to

the differences in assessment methods, demographic factors, age,

disease onset, drug dosage and duration of treatment. As mentioned

by Semiz et al. [2007], disease onset is an important factor. They

noted that a better clozapine response was associated with a later

onset of the illness. In other words, schizophrenia patients with

shorter duration of illness were more likely to meet the criteria for

clinical remission of the disease. Duration of treatment is another

important factor that may greatly affect treatment outcome. It has

been reported that the majority of patients need at least 3 months to

respond to clozapine and that some improvement can be observed

after 1 year of treatment. Studies including patients on long-term

treatment showed stronger associations than the studies including

patients on clozapine treatment for less than 12 weeks, and a

proportion of the non-responders may show improvement after

a long-term treatment. This problem could be solved by reassess-

ment of the patients’ response at a later stage [Arranz et al., 1998].

Another reason for discrepancy can be the sample size. It should be

large enough to predict influences of DRD3 alleles, in particular, on

drug responsiveness.

Finally, the results of this study suggest that allelic variations in

DRD3 may not play a role in clozapine response in Turkish

schizophrenia patients. The work requires replication in different

treatment settings and on subjects of varying ethnicity, and can be

substantiated only if it is tested prospectively for longer periods with

a larger number of subjects. Nevertheless, on the basis of these

findings, the role of DRD3 in polymorphisms can still not be

definitively excluded.
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