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ABSTRACT – PURPOSE: Autism, a neuropsychiatric illness, is a complex ailment of mainly indefinite cause. 
Although precise pathophysiological mechanism is unclear but the role of genetics is undeniable therefore 
pharmacogenetics may assist to a better management of symptoms. Risperidone is widely used in autism. 
Considering the significance of dopaminergic system in psychological and neurological diseases and its 
association with autism, the hypothesis that genetic variant of dopamine receptor (DRD3), Ser9Gly (rs6280), may 
influence treatment of autism may be assumed. METHOD: In the present study, 56 autistic Persian children 
within the age range of 2.5 to 14 years were included. Diagnosis of autism was based on DSM-V criteria and the 
severity degree was measured by ABC-C checklists at base line and after 8 weeks of treatment with risperidone. 
Based on their scores patients were categorized as responsive and non-responsive groups. DRD3 Ser9Gly (rs6280) 
was determined by PCR-RFLP. RESULTS: Carriers of Gly allele as well as carriers of Gly/Gly and Ser/Gly 
genotypes showed significantly better response to risperidone compared with carriers of Ser allele and Ser/Ser 
genotype (P=0.027; OR= 4.18; 95%CI=1.16-15.03 and P=0.014; OR=6.825; 95%CI=1.36-34.13). 
CONCLUSION: Our results advocate the possible influence of genetic variation of DRD3 in clinical response to 
antipsychotics like risperidone in autistic individuals. 
 

This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For 
Readers”) may comment by clicking on ABSTRACT on the issue’s contents page. 
__________________________________________________________________________________________ 
 
INTRODUCTION 
 
Autism, being a multifactorial illness, comprise a 
group of mental disorders which are characterized 
with the abnormality in social interactions, 
communication skills and repetitive behaviors (1).  

The prevalence of the disease in the United 
States of America is swiftly increasing. Based on a 
report in 2014, the prevalence of autism is 2.24% 
which exhibits a significant rise in the recent years 
(2). In developing countries, reliable estimates of the 
frequency of autism is lacking and the epidemiology 
of the disease is not yet well defined. According to a 
study conducted on the students who entered the 
preliminary school in 2008 in Iran, the prevalence of 
autism was 19 in every 1000 individuals (3).  

The major etiology of this illness is not fully 
understood to date but it has long been assumed that 
genetic factors contribute significantly to its 
pathophysiology (4-6). Studies on identical twins, 
highlight this issue the most where 60 percent  

 
 
probability of autism for monozygotic twins was 
observed. In the case of dizygotic twins, prevalence 
of such disorders is about 10 percent. In addition, 
hereditary state of the disorder was estimated to be 
more than 90 percent (7). These reports highlight the 
role of genetics in autism. 

Among many neurotransmitters, the role of 
dopamine and its receptors in autism have been 
extensively studied (8-10). Dopaminergic pathway 
and particularly the dopamine receptors have been 
sturdily implicated in autism (11). Dopamine and its 
receptors (D1-D5) are critically involved in mental 
functions such as attention, memory and the ability 
of problem solving. 
_________________________________________ 
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The D3 and D4 receptors as the members of D2 
receptor family, have substantial roles in emotional, 
cognitive, and motor functions (12) which are all 
affected in autism. The function of dopaminergic 
system in the frontal and pre frontal cortex is 
reported to be affected in autistic patients. Moreover, 
the two areas which are rich in dopamine and 
dopamine receptors: striatum and the mesolimbic 
cortex, are involved in the autism pathophysiology. 
This further suggests the role of this neurotransmitter 
in autism (13, 14).  

Dopamine receptor antagonists are effective in 
reducing the symptoms of autism like aggression, 
self-injury and mandatory behaviors. Risperidone, 
initially classified as an antipsychotic drug, shows 
high affinity towards D3 receptors (DRD3) (15). 
Among the autistic patients receiving risperidone, 
67% benefit from long-term use of the drug but the 
remaining 33% do not (16). As known, patients do 
not respond similarly to the same doses of the same 
drug for a variety of reasons. Genetic factors are 
likely to be the key determinant and account for 20% 
to 95% of the variability in drug effects (17). Not 
much evidence exists regarding the genetic factors 
underling these inter individual differences in 
treatment response in autism (18); however, genetics 
of dopaminergic pathway seem to be a reasonable 
candidate for differential risperidone response. 

Several studies regarding the association of 
DRD3 with autism have been conducted (8, 19, 20). 
Considering the complex nature of autism and the 
inter-individual variations in response to different 
antipsychotic medications, we hypothesized that 
therapeutic outcomes might be affected by genetics 
of DRD3 to some extent. Hence we studied, for the 
first time, the association between DRD3 Ser/Gly 
polymorphism (rs6280) and risperidone treatment 
outcome in a population of Iranian autistic patients. 
 
METHODS & MATERIALS 
 
Study Population 
The study was approved by the local committee of 
ethics of medical experiments on human subjects of 
Shiraz University of Medical Sciences and was 
carried out in accordance with Uniform 
Requirements for manuscripts submitted to 
biomedical journals and The Code of Ethics of the 
World Medical Association (Declaration of 
Helsinki). Informed written consent (approved by 
The Institutional Ethical Committee) was obtained 

from parents/legal representatives of all individual 
participants included in the study. 

Fifty-six autistic outpatient participants referred 
to Imam Reza Clinic of Shiraz from 2013 to 2015 
were enrolled in this study. Diagnosis of autism was 
based on DSM-V criteria (21) and confirmed by a 
child psychiatrist. They were regularly followed up 
for at least 1 year by the specialist. The severity of 
autism was assessed using Autism Behavior 
Checklist (ABC-C) (22). The checklist consists of 57 
items and can be used for assessment of drug 
efficacy. It describes a series of typical autistic 
behaviors. The scale comprises five main areas of 
sensory, relating, stereotypes and object use, 
language, and self-help and social communication. 
The total score is obtained by adding the scores for 
the different areas. The 57 items are as follows: 9 
items in sensory area, 12 in relating, 12 in 
stereotypes and object use, 13 in language, 11 in self-
help and social communication (23). 

Medication was given at home and by their 
parents. The dose of risperidone was titrated up to 2 
mg/day (0.5 mg starting dosage with 0.5 mg increase 
in weekly dosage for the first 3weeks) for children 
between 10 and 40 kg and 3 mg/day for children 
weighting above 40 kg.  

It should be noted that these participants had not 
taken any other neuroleptics or any psychotropic 
medicines within the past six months and children 
with any psychotic disorders, schizophrenia and 
severe mental retardation were excluded from our 
study. Before the treatment and 8 weeks after 
initiation of treatment, the severity of autism was 
assessed using ABC-C questionnaire. 

Patients were further divided at week 8 into two 
groups of treatment-responsive and non-responsive 
based on at least 50% reduction in the ABC-C scores. 
The extent of severity of autism symptoms based on 
the ABC-C scores at 8 weeks were evaluated for all 
participants with no dropouts. Response was defined 
as a 50% or greater decrease from baseline ABC-C 
score (24). Blood samples for DNA extraction and 
genotyping were collected prior to treatment. 
 
Genotyping 
CINNA PURE® DNA kit was used to extract 
patients’ DNA from their peripheral white blood 
cells. The polymorphism of DRD3 gene (rs6280), 
which results in a serine to glycine substitution at 
position 9 in the N-terminal part of the extracellular 
domain of the dopamine D3 receptor (25), was 
assayed based on a standard PCR protocol (26). 
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Amplification of the polymorphism was conducted 
using the following primers: 
 

5'-GCTCTATCTCCAACTCTCACA-3′ 
5′-AAGTCTACTCACCTCCAGGTA-3′. 

 
The PCR products were then digested overnight at 
370C with MscI restriction enzyme (New England 
Biolabs®). 
An Eppendorf gradient Master cycler (Hamburg, 
Germany) PCR machine was used as the thermal 
cycler. In order to separate digested fragments 
electrophoresis on 3 % agarose (Invitrogen® Ultra 
Pure) gel was used. The gels were then stained by 
ethidium bromide and visualized in a UV trans 
illuminator. All samples were genotyped at least 
twice and the results were reconfirmed. 
 
STATISTICS 
 
The data were analyzed with SPSS® 22.0 software 
for windows® (SPSS Inc., Chicago, Illinois). The 
frequency of alleles and genotypes are presented in 
percentage (%). Continuous variables are stated as 
Mean ± SD. Distribution of all continuous variables 
was tested for normal distribution with the 
Kolmogorov–Smirnov test. Chi-square (χ2) test was 
used to estimate Hardy–Weinberg equilibrium 
(HWE) for the distributions of genotypes. For 
comparing the means, ANOVA test and Student’s t-
test were performed. The association between each 
polymorphism and response to treatment was 
evaluated by χ2 test. Odds ratio (OR) and 95% 

confidence intervals (CI) were calculated; p <0.05 
was considered statistically significant. 
 
RESULTS 
 
Fifty-six autistic children (40 males, 16 females) 
within the age range of 2.5 to 14 years (mean±S.D = 
6.8±1.3) were genotyped for DRD3 Ser9Gly 
(rs6280). Genotypes of the studied polymorphism 
were in Hardy-Weinberg Equilibrium (χ2: 2.45, df:1, 
P>0.05). Demographic characteristics of the patients 
are shown in Table 1. Only one child was <10 kg and 
received 0.5 mg starting dosage with 0.5 mg increase 
in weekly dosage for the first 3weeks. Among the 
study groups, 41 patients (73%) were responsive to 
risperidone and 15 were non-responsive to treatment 
(27%). Table 2 demonstrates the two-by-two 
comparison of the ABC-C scores of the risperidone 
responsive and non-responsive autistic patients (P 
values<0.001). Genotype and allele frequencies of 
DRD3 Ser9Gly of both responsive and non-
responsive groups are demonstrated in Table 3. 
Individuals with either Ser/Gly or Gly/Gly 
genotypes responded significantly better to 
risperidone than patients carrying Ser/Ser genotype 
(P=0.014; OR=6.8; 95%CI=1.36-34.13). On the 
other hand, Gly allele was also significantly 
associated with better response to risperidone than 
the Ser allele (P=0.027; OR=4.18; 95%CI=1.16-
15.03). Table 4 demonstrates ABC-C scores at 
baseline and week 8 in different DRD3 genotypes 
based on response to risperidone treatment. 

 
 
Table 1. Demographic characteristics of the enrolled patients 
Variables Autistic patients (n=56)
Male/female (%) 40/16 (71.4/28.6)
Age, mean ± SD (years) 6.9±1.1
Body mass index (kg/m2 ) 16.2±3.1
History of psychiatric and/or neurological illnesses First degree relatives, 6 (10.7%); Others, 18 (32.1%); 

None, 32 (57.1%)
 
 

Table2. Two-by-two comparison of the ABC-C scores of the autistic patients
Scale  (Mean ± SD) p 

ABC-C ABC-C0 ABC-C1 <0.0001 
48.2 ± 23.4 30.3 ± 24.1

ABC-C0: ABC-C score at baseline;  ABC-C1: ABC-C score at week 8
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Table3. Genotype and allele frequencies of Ser9gly drd3 variant in autistic patients receiving risperidone 
Variable     Nonresponders                 Responders OR (95% CI) 
    Ser/Ser   13 20  
    Ser/Gly 1 16  
   Gly/Gly 1 5  
   p 0.014 6.825 (1.36-34.13) 
Allel    
   Ser 27 56  
   Gly 3 26  
   p 0.027 4.18 (1.16-15.03) 

 
 
 
Table 4. ABC-C scores at baseline and week 8 in different DRD3 genotypes based on response to treatment
 Ser/Ser Ser/Gly Gly/Gly 
 Responders Nonresponders Responders Nonresponders Responders Nonresponders
ABC-C0 50.8 ± 25.6 53.3 ± 31.8 36.9 ± 16.5 44 57 ± 24.3 88
ABC-C1 24.7 ± 12.5 51.5 ± 3.5 17.9 ± 8.1 42 26.0 ± 13.6 86
ABC-C0: ABC-C score at baseline; ABC-C1: ABC-C score after 8 weeks of treatment 

 
DISCUSSION 
 
To the best of our knowledge, this study is the first 
to investigate the relationship between DRD3 
genetic variants and response to risperidone in 
Iranian autistic children. Here we found that autistic 
patients that carry the Gly allele of DRD3 Ser9gly 
(rs6280) respond approximately four times better to 
risperidone than patients with the Ser allele. 
Likewise, carriers of Gly/Gly and Ser/Gly genotypes 
responded six times more to risperidone comparing 
with Ser/Ser carriers. 

Diagnosis rate of autism is globally increasing; 
however, management of symptoms is fairly 
satisfactory. While many studies highlight the 
influence of genetics in pathophysiology of autism, 
its part as therapeutic determinant remains 
ambiguous. DRD3 receptor, a G-protein-coupled 
receptor (GPCRs), plays a prominent role in the 
neurotransmission regulation by influencing 
spontaneous secretion of other neurotransmitters 
(27). The super family of GPCRs contribute in many 
psychiatric and neuropsychiatric illnesses (28, 29). 
Among the GPCRs, the eminent role of DRD3 in 
etiology and therapeutic response of many of these 
disorders has been frequently reported (8, 30-32). 
However, except a few studies (8, 33) not much has 
been conveyed regarding autism.  

Imaging and biomedical research have 
supported the involvement of dopaminergic system  

 
 
in the pathophysiology of autism. Reviewing 
positron emission tomography scans in a number of 
autistic children in one study, revealed low levels of 
dopaminergic activity in medial prefrontal cortex 
(34) which is evocative of the role of dopamine in 
autism. Dopaminergic system is distributed further 
in the orbitofrontal cortex of autistic individuals 
which in turn suggests the over functioning of this 
system in this patient population (35).  

As a means of targeted treatment and 
personalized medicine, pharmacogenetics has 
currently drawn a lot of attention in many neurologic 
and psychiatric diseases (36-40). Although many 
studies have focused on the contribution of genetic 
factors in autism (41, 42), their role as therapeutic 
elements stays illusive. Considering the significance 
of dopamine system in behavior and perception and 
its dysregulation in mental and neurological diseases 
such as autism, the association between genetic 
polymorphisms of this system and autism 
pathophysiology and therapeutics is undeniable (43). 

Risperidone as an atypical antipsychotic is 
approved for management of symptoms in autism. 
Although dopamine receptor polymorphisms have 
been frequently studied in schizophrenia for decades, 
their part in behavioral disorders such as autism is 
still under investigation. DRD3, as an important site 
of action for risperidone, is vastly expressed in the 
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caudate nucleus which is significantly enlarged in 
autistic patients (44). Thus, DRD3 receptor 
polymorphisms may influence response to 
risperidone. DRD3 Ser9gly variant (rs6280) located 
in the first exon of the DRD3 gene leads to a 
substitution of serine to glycine in the receptor's N-
terminal extracellular domain (25) and has been 
recently focused on in pharmacogenetics studies, but 
the results were not conclusive (45-47). Among the 
variants of DRD3, Ser9Gly (rs6280) is the only 
polymorphism that affects protein structure (25).  

Some reports has previously suggested this 
variant to be a predictor for clinical improvement 
with risperidone therapy (33, 48) and also a 
parameter associated with risperidone side effects 
(49). On the other side, some studies suggest no 
significant contribution of this variant to risperidone 
treatment (30, 50). For example, in a report by Chen 
S-F et al., this variant was not associated with 
aripiprazole treatment in schizophrenic patients (51). 
However, in another report by Scharfetter J et al., 
schizophrenic patients carrying the Gly allele 
responded significantly better to clozapine (52). 
Regarding treatment with antipsychotics a study is 
suggestive of a significant association between 
DRD3 Ser9Gly polymorphism (rs6280) and 
treatment response in a group of schizophrenic 
patients (53) while another study in a population of 
schizophrenic patients proposes that carriers of Ser 
allele or Ser/Ser genotype responded worse than 
non-carriers of this variant to atypical antipsychotics 
(54). 

It has been suggested that the Gly allele of this 
polymorphism could influence intracellular 
signaling pathways, although the exact molecular 
basis and the clinical relevance of this effect remain 
vague (55). The higher binding affinity for dopamine 
in cells expressing the Gly allele (56) may explain 
the results of our study.  While, the in-vivo 
functional significance of the polymorphic Ser9Gly 
site is not clear, the in-vitro DRD3 receptor-binding 
analysis has suggested that both Gly/Gly and Ser/Gly 
genotypes exhibits significantly higher binding 
affinities for GR99841, the selective D3 ligand, 
compared with Ser/Ser genotype (56). These studies 
suggest for either analyzing the Gly/Gly variant 
against all the other genotypes or for grouping the 
Gly/Gly and Ser/Gly variants against Ser/Ser, the 
wild-type genotype. However, extrapolating to an in 
vivo model must be with caution, since an in vitro 
system does not necessarily reflect an in vivo 
receptor status (57).  

One advantage of our study was enlisting merely 
the newly diagnosed autistic patients who were 
receiving risperidone for the first time and 
meanwhile no other concomitant drugs were used. 
This may minimize the confounding effects of other 
drugs in observing a better response rate to 
risperidone in carriers of Gly allele in DRD3 gene. 
One limitation of the study was that the plasma 
concentration of risperidone was not measured 
mainly because of difficulties of frequent blood 
sampling in autistic children. This could be the 
subject of a future study to determine the association 
between risperidone plasma concentrations and 
DRD3 genetic variants. 

In summary we found that autistic patients with 
Gly allele or Gly/Gly, Ser/Gly genotypes responded 
significantly better to risperidone. However, other 
polymorphisms located in the introns as well as 
variants in the regulatory regions at the 5′ or the 3′ 
end of the gene, could cause the variability related to 
different treatment responses, mainly by alterations 
in the mRNA stability. Given the complexity of the 
genetics of autism, the present study may provide 
some information regarding the effect of the studied 
polymorphism and response to risperidone in this 
illness and further contribute to personalize 
medication for autistic patients, provided our 
findings are replicated. Thus new studies are needed 
to address the potential pharmacogenetic 
implications of the DRD3 Ser/Gly variant. 
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