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AssociAtion between the DRD2–141c 
insertion/Deletion PolymorPhism 
AnD schizoPhreniA

Quirino Cordeiro1, Jacqueline Siqueira-Roberto2, Stevin Zung3, Homero Vallada4

Abstract – Epidemiological studies have demonstrated that the genetic component is an important risk factor 
for the development of schizophrenia. The genes that codify the different compounds of the dopaminergic 
system have created interest for molecular investigations in patients with schizophrenia because the 
antipsychotic drugs, especially those of first generation, act on this cerebral system. Thus the aim of the 
present study was to investigate the possible association between the –141 Ins/Del (rs1799732) polymorphism 
of the dopamine receptor type 2 (DRD2) and schizophrenia. The distribution of the alleles and genotypes of 
the studied polymorphism was investigated in a sample of 229 patients and 733 controls. There were statistical 
differences in the allelic (c2=9.78; p=0.001) and genotypic genotypic (c2=12.74; p=0.001) distributions between 
patients and controls. Thus the –141C Ins/Del polymorphism of the DRD2 gene (allele Ins) was associated to 
the SCZ phenotype in the investigated sample.

KEY WORDS: dopamine, genetics, D2, receptor, schizophrenia.

Associação entre o polimorfismo –141c ins/Del do gene do DRD2 e esquizofrenia

resumo – Estudos epidemiológicos têm demonstrado que o componente genético é um importante fator de 
risco para o desenvolvimento de esquizofrenia. Os genes que codificam os diferentes componentes do sistema 
dopaminérgico passaram a despertar interesse para os estudos moleculares em pacientes com esquizofrenia, 
devido ao fato dos antipsicóticos, em especial os de primeira geração, exercerem sua ação nesse sistema. 
Assim, o objetivo do presente estudo foi investigar a possível associação entre polimorfismo –141C Ins/Del 
(rs1799732) do gene do receptor dopaminérgico tipo 2 (DRD2) e esquizofrenia. Um total de 229 pacientes 
e 733 controles pareados para sexo e idade foi selecionado com o objetivo de investigar a distribuição dos 
alelos e genótipos do polimorfismo investigado entre os grupos de pacientes e controles. Houve diferença 
estatisticamente significante nas distribuições alélica (c2=9,78; p=0,001) e genotípica (c2=12,74; p=0,001) entre 
pacientes e controles. Assim, o polimorfismo –141C Ins/Del do gene do DRD2 (alelo Ins) está associado à 
esquizofrenia na amostra estudada.
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Schizophrenia (SCZ) is a chronic psychiatric disorder 
marked by psychotic symptoms, alterations of thought, 
affect, volition and behavior. The average lifetime preva-
lence is about 1% in general population. Family, twin and 
adoption studies have suggested that there is an impor-
tant participation of a genetic component on the etiolo-
gy of SCZ1. The mode of inheritance is complex and non-
Mendelian (polygenic-environmental interaction). The 
role of a single relevant gene must be small, thus associa-

tion studies, involving case-control approaches, have been 
employed to evaluate the allelic variations at specific can-
didate genes which may be implicated in the etiopatholo-
gy of the disorder2. Some of the most investigated genes 
in studies of susceptibility to SCZ are those that code 
for proteins of the dopaminergic system because the ev-
idences of the role of central dopamine pathways in the 
pathophysiology of the disorder3,4. Stimulant drugs, such 
as cocaine and amphetamine, that block reuptake of do-
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pamine or facilitate its release on neuronal synapses, may 
induce psychotic symptoms5. L-DOPA has also been im-
plicated in psychotic symptoms through variable release 
of dopamine into the synapse6. On the other hand, some 
antipsychotic drugs correlate their efficacy with their ac-
tion at dopaminergic receptors, especially blocking the 
subtype receptor D2 (DRD2)7. The DRD2 is a seven trans-
membrane G protein linked receptor that binds dopamine 
and inhibits adenylate cyclase8, acting as an autoreceptor 
on dopaminergic cell bodies and as a postsynaptic recep-
tor on dopaminergic targets9,10. In addition, there has been 
postulated that DRD2-binding density is increased in the 
brains of SCZ patients11.

Therefore the DRD2 seems to play an important role 
in the expression of SCZ and consequently its gene (DRD2) 
has been considered a promising candidate risk gene for 
the disorder. DRD2 is localized to chromosome 11q22-
q2312, a region of the genome that was reported as high-
ly suggestive of linkage to SCZ in a recent series of me-
ta-analyses13. Thus, there are converging biological, clin-
ical, and genetic evidences implicating DRD2 as a viable 
candidate gene for genetic susceptibility for SCZ. Sever-
al genetic polymorphisms have been investigated as risk 
factor for SCZ. One of the most interesting investigated 
polymorphism of the DRD2 is a cytosine (C) insertion/
deletion in nucleotide position –141 of the 5’ promoter 
region (–141C Ins/Del). The –141C Ins/Del is a functional 
polymorphism and has been demonstrated to alter gene 
expression in vitro14. The deletion of the nucleotide was 
reported to reduce transcription by an average of 68% in 
two cell lines14.

Thus in the present study, the functional DRD2 poly-
morphism –141 Ins/Del (rs1799732) located in the promot-
er region of the gene was investigated as a possible risk 
factor for SCZ.

methoD
Sample
Our sample was consisted of 229 (male=148: 64.63%; female 

=81: 35.37%) Brazilian SCZ patients, and recruited at the Insti-
tute of Psychiatry, Hospital das Clínicas, University of São Paulo 
Medical School (SCZ subtypes: paranoid: 68.98%, hebephrenic: 
21.63%, residual: 7.35%, undifferentiated: 1.22%, catatonic: 0.82). 
The diagnosis of SCZ was made according to DSM-IV15 criteria, 
based on a clinical interview conducted by a psychiatrist. A to-
tal of 733 (male=496: 67.67%; female=237: 32.33%) healthy con-
trol subjects were selected from unrelated subjects admitted to 
the Blood Donation Center of the “Fundação Pró-Sangue” of the 
University of São Paulo Medical School.

All patients and control subjects provided written informed 
consent for taking blood samples. Ethical approval for the study 
was obtained from the Ethics Committee at the Hospital das 
Clínicas, University of São Paulo Medical School (CAPPesq).

DNA extraction
Blood samples (20 mL) were collected from all participants 

of the study, and DNA was extracted from leukocytes using the 
“salting out” protocol16.

Genotyping
Genotyping of the investigated polymorphism for this study 

was performed blind to the clinical status of the individuals by 
using an amplifluor assay, and was performed under contract by 
Prevention Genetics (USA) (www.preventiongenetics.com).

 
Statistical analysis
The statistical power of the sample was evaluated using the 

CaTS Program (Center for Statistical Genetics – The University 
of Michigan) (http://www.sph.umich.edu/csg/abecasis/CaTS/
index.html).

A test for deviations from the Hardy-Weinberg equilibrium 
was performed using the HWE program17.

Allelic and genotypic distributions of the DRD2 polymor-
phism –141 Ins/Del were compared between 229 patients and 
733 healthy controls. Chi-square test, used to investigate pos-
sible association between genotypes and alleles with SCZ, was 
performed by the EpiInfo version 6.0. The same statistical anal-
ysis was used to investigate difference between gender distri-
bution between patients and controls. Differences of age be-
tween the groups of patients investigated were compared using 
student’s t-test.

For all statistic tests the level of significance adopted was 
α<0.05 or 5%.

resUlts
The power of the sample, based on 229 patients and 

733 controls, disorder prevalence of 1%, average allelic fre-
quency around 20%, multiplicative model with the geno-
type relative risk=1.5 and significance level of 0.05, was 88%.

For patients, mean age was 27.2±7.5 years (19–64) and 
median age was 26 years. For controls, mean age was 31.8± 
9.1 years (18–79) and median age was 30 years There was 
no statistical difference related to age between the groups 
of patients and controls (p=0.12). Statistical analysis did 
not evidence difference related to gender distribution be-
tween the groups investigated as well (c2=0.51; p=0.43).

There were no significant deviations from Hardy-Wein-
berg equilibrium in the patients (p=0.28) and controls 
(p=0.19) samples for the –141 Ins/Del polymorphism.

There were statistical differences in the allelic (c2=9.78; 
OR=1.64, 1.19<OR<2.28; p=0.001; 1d.f.) and genotypic 
(c2=12.74; p=0.001; 2d.f.) distributions between patients 
and controls (Table). 

DiscUssion
The evidences of involvement of the dopaminergic 

system in the pathophisiology of SCZ have collaborat-
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ed to the investigation of genetic polymorphisms of this 
cerebral pathway and such disorder. The DRD2 polymor-
phisms have been the most investigated because the role 
of its receptor on atypical antipsychotics action, and in-
teresting chromosomal positional of the gene. Among the 
DRD2 polymorphisms, the –141C Ins/Del may be consid-
ered a reasonable candidate risk gene for SCZ because 
of its regulatory activity. The first study investigating the 
–141C Ins/Del polymorphism of the DRD2 and SCZ was 
performed by Arinami et al.14 and found an association be-
tween the disorder with the allele –141C Ins. However, fol-
lowing investigations with different ethnical samples have 
shown controversial results finding also association with 
the opposite allele. These results could suggest that the 
importance of the –141C Ins/Del polymorphism as a pre-
disposing factor in SCZ may vary in different ethnical pop-
ulations18, what shows us the importance of the conduc-
tion of investigations in different ethnical context19.

However it could be premature to assess the validity 
of the association of SCZ and the studied polymorphism 
because it may be in tight linkage with another polymor-
phism which could influence the risk for the disorder. If 
the –141C Ins/Del polymorphism is tightly linked with a 
polymorphism of risk for SCZ, different patterns of link-
age disequilibrium may exist between different ethnical 
samples. Thus the –141C Ins allele could be linked to the 
risk-conferring allele in some populations, but could be 
linked with the non-risk allele in others20.

As far as we know the present study is the first one 
investigating the polymorphism –141C Ins/Del in a Bra-
zilian sample with SCZ. In populations of highly admixed 
ethnicity like the Brazilian one, we may face problems 
regarding ethnical stratification21. Physical characteristics 
in Brazil are not adequate predictors of genomic ances-
try what difficult the ethnical matching in our case-con-
trols studies22. However the fact that the present sample 
is in Hardy-Weinberg equilibrium indicates that our sam-
ple may not have important problems of population strat-

ification23. Moreover ethnical matching conducted using 
genetic markers was performed in part of our sample in a 
case-control study with cocaine dependence and the re-
sults showed that despite the ethnic admixture in Brazil 
the ethnic stratification was not a bias in that case24.

In the present investigation, we found an association 
with the allele –141CIns with SCZ. An increased frequency 
of the –141CIns allele in patients with SCZ may contribute 
to the elevation of the DRD2 brain density. This evidence 
supports the dopamine hypothesis for SCZ, indicating that 
presence of the –141CIns allele may be associated with 
dopamine hyperactivity, provoking psychotic symptoms25.

In conclusion, the results of the present investigation 
provide evidence for the association between –141C Ins/
Del polymorphism in the DRD2 5´promoter region and 
SCZ in our Brazilian sample. Furthermore, it is always pos-
sible that these polymorphisms are in linkage disequilibri-
um with non-identified genes that are in fact those con-
tributing to the pathogenesis of SCZ or even with oth-
er polymorphisms within the DRD2. Our result suggests 
that the evaluation of this gene is important to clarify its 
role in SCZ development. More comprehensive polymor-
phisms coverage within the DRD2 is warranted. However 
to confirm the association of the 141C Ins/Del polymor-
phism with SCZ further studies must be conducted focus-
ing on ethnical aspects. Moreover, differences in associa-
tion of the –141C Ins/Del polymorphism and SCZ, found 
in different investigations, could be clarified by the analy-
sis of larger case-control studies, additional family-based 
studies, and especially linkage disequilibrium mapping of 
DRD2, which should be considered a high priority gene giv-
en its potentially important influence on the risk for SCZ.
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