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ABSTRACT. Heroin dependence is a chronic relapsing brain disease. 
Researchers have reported that the dopamine D2 receptor (DRD2) is 
involved in the development of opiate dependence. To identify markers 
that contribute to the genetic susceptibility to heroin addiction, we 
examined the potential association between heroin dependence and 
six polymorphisms of the DRD2 gene using the MassARRAY system. 
Three hundred and thirty-four patients with heroin dependence and 
299 healthy controls participated in the research. Compared with the 
healthy controls, heroin-dependent patients had a significantly lower 
frequency of the AA genotype of rs6275 (P = 0.038), and a significantly 
higher frequency of the C allele of rs1125394 (P = 0.030). Statistically 
significant differences were observed in the genotypic and allelic 
frequencies of rs17115583 (P = 0.005 and P = 0.001, respectively) and 
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rs1079597 (P = 0.03 and P = 0.02, respectively). Haplotype analysis 
revealed that the T-G-A (block 1) haplotype of the DRD2 gene conferred 
a protective effect (P = 0.020). These findings point to a role for DRD2 
polymorphism in heroin dependence in the Chinese Han population, 
and may be informative for future genetic or neurobiological studies on 
heroin dependence.
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INTRODUCTION

Heroin dependence is a chronic relapsing brain disease characterized by drug 
dependence, tolerance, and compulsive seeking and use, despite the harmful consequences 
(van den Bree et al., 1998; Liu et al., 2015). By the end of 2014, the number of heroin and 
other opiate abusers had risen to 1.46 million, accounting for 49.3% of the registered drug 
abusers in China. It is broadly accepted that multiple genetic and environmental risk factors 
and their interactions contribute to the development of drug addiction (van den Bree et al., 
1998; Vereczkei et al., 2013). The authors of a previous study reported that the inherited risk of 
drug addiction ranged from 40 to 60% (Uhl et al., 2008). Therefore, identification of the genes 
that cause vulnerability to heroin dependence is urgently required.

The dopaminergic system is involved in the development of the rewarding effect, which 
plays a key role in drug dependence. Dopamine (DA) is one of the major neurotransmitters 
and has a variety of functions; it is involved in motor coordination, emotions, memory, the 
reward mechanism, and neuroendocrine regulation. DA exerts its effects through five DA 
receptors that are subdivided into two families: the D1-like DA receptors (D1 and D5) and 
the D2-like receptors (D2, D3, and D4) (Rangel-Barajas et al., 2015). Studies indicate that 
DA D2 receptor (DRD2) is closely related to the pathogenesis of drug dependence (Gorwood 
et al., 2012). Administration of DRD2 agonists R-(-)-propylnorapomorphine and quinpirole 
produced a leftward shift in the heroin dose-response function in rhesus monkeys trained to 
self-administer heroin under a progressive-ratio schedule of reinforcement (Rowlett et al., 
2007). DRD2 knockout mice displayed a diminished reward response to opiates (Maldonado 
et al., 1997), and a decrease in DRD2 availability may represent a vulnerability factor for 
addictive disorders (Gorwood et al., 2012).

The locus of the DRD2 gene is 11q23 and it contains eight exons separated by several 
introns. Single nucleotide polymorphisms (SNPs) in the DRD2 gene have been reported to 
affect the response to psychiatric drugs. Moyer et al. (2011) found that polymorphisms in the 
intronic region can affect alternative splicing of the human dopamine D2 receptor and are 
associated with cocaine abuse. The -141delC allele (rs1799732), located near the 5' end of 
DRD2, is associated with significantly less promoter activity and consequently affects gene 
expression (Parsian et al., 2000). Chen et al. (2011) reported that rs1799732 was a risk factor 
for heroin dependence, but other study found an opposite result. The rs1079597 SNP in the 
intron 1 region of DRD2 affected susceptibility to smoking in young Taiwanese men (Huang 
et al., 2015) and susceptibility to alcohol dependency in Indian males (Prasad et al., 2010). The 
rs6275 SNP, which is located in exon 6, is associated with alcohol dependence (Meyers et al., 
2013) and schizophrenia (Gupta et al., 2009).
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Although the roles of DRD2 have been explored in many studies, the results are not 
consistent. Moreover, many SNPs within the gene, such as rs7350522 and rs17115583, have 
not yet been studied in the context of heroin dependence. Therefore, we used a larger sample 
size to investigate the association between six SNPs (rs1079597, rs1125394, rs17115583, 
rs1799732, rs6275, and rs7350522) in the DRD2 gene and the risk of heroin dependence in 
the Chinese Han population.

SUBJECTS AND METHODS

Subjects

The 334 subjects with heroin dependence were recruited from the Methadone 
Maintenance Treatment Program of the Xi’an Mental Health Center between September 2013 
and May 2015. All were males with a mean age of 46.2 ± 9.4 years. The diagnosis of heroin 
dependence accorded with the DSM-IV criteria, the urine test results, and the interview responses, 
and a senior physician took part in the diagnosis process. Participants who fulfilled any of the 
following conditions were excluded: 1) abused other drugs; 2) had other mental diseases; 3) 
participated in other clinical trials; or 4) suffered from severe liver or kidney impairment.

The 299 control group members underwent health examinations at the Health 
Examination Center of the First Hospital Affiliated to the Medical College of Xi’an, Jiao 
Tong University. All were males with a mean age of 48.2 ± 11.6 years. Participants were 
excluded if they had a history of substance abuse, had participated in other research, or 
suffered from chronic brain diseases.

All participants were Han Chinese from Shannxi Province and were not genetically 
related. Written informed consent was obtained from all participants. The study was approved 
by the Ethical Committee of Xi’an, China.

SNP genotyping

Peripheral blood (3-5 mL) was collected using tubes coated with 
ethylenediaminetetraacetic acid (EDTA) and stored at -80°C. Genome DNA was extracted 
using an EZNATM Blood DNA Midi Kit (Omega Bio-Tek, Norcross, GA, USA), according 
to the manufacturer instructions. DNA was stored at -80°C for SNP analysis. Genotyping 
was carried out on a MassARRAY platform (Sequenom, San Diego, CA, USA). The target 
fragments were augmented by polymerase chain reaction (PCR). All the products were 
treated with shrimp alkaline phosphatase. Single nucleotide extension was then carried out 
using iPLEX enzyme (Sequenom). The samples were spotted onto a 384-well spectroCHIP 
nanodispenser (Sequenom) and analyzed using the matrix-assisted laser desorption/ionization 
time-of-flight (MALDI-TOF) MassARRAY system in the fully automated mode. Genotypes 
were automatically identified using SpectroTYPER software (Sequenom).

Statistical analysis

Hardy-Weinberg equilibrium and associations between heroin dependence and each 
polymorphism were assessed using the Pearson chi-square test or the Fisher exact test. Binary 
logistic regression was used to calculate the odds ratio (OR) and 95% confidence interval 
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(95%CI) in independent association between each locus and the presence of heroin dependence. 
The pair-wise linkage disequilibrium (LD) structure was based on D’ and r2 values (D’ > 0.9, 
r2 > 0.8), and haplotype frequencies were constructed using the Haploview software Ver. 4.0 
to construct haplotype blocks. The significance of any haplotypic association was evaluated 
using a likelihood ratio test. The Bonferroni correction was used in multiple testing, and the P 
value was divided by the total number of loci or haplotypes.

RESULTS

The genotypic and allelic frequencies of DRD2 polymorphisms were all in agreement 
with the Hardy-Weinberg equilibrium. The distribution of genotype and allele frequencies and 
the statistical analysis of the six SNPs are described in Table 1.

MAF: minor allele frequency in controls. aP value for Hardy-Weinberg equilibrium in controls. bP value for 
genotype frequency and allele frequency difference. Alpha value was adjusted by the Bonferroni correction and 
statistically significant results (P < 0.008). cI refers to “Insert”. dD refers to “Delete”. 

Table 1. Genotypic and allelic frequencies of DRD2 polymorphisms in the controls and subjects with heroin 
dependence.

Variable/Chromosome position Location MAF Heroin (N = 334) Controls (N = 299) Pa Pb OR, 95%CI 
N % N % 

rs1079597/113425564 Intron 1 0.396     0.623 0.060  
CC   96 28.7% 111 37.1%  0.030 0.690, 0.493-0.964 
TC   168 50.3% 139 46.5%  0.400 1.144, 0.836-1.567 
TT   70 21.0% 49 16.4%  0.125 1.374, 0.916-2.062 
C allele   360 53.9% 361 60.4%  0.020 0.767, 0.614-0.960 
T allele   308 46.1% 237 39.6%    
rs1125394/113426463 Intron 1 0.408     0.958 0.086  
TT   92 27.5% 105 35.1%  0.050 0.712, 0.507-1.000 
TC   171 51.2% 144 48.2%  0.540 1.103, 0.806-1.510 
CC   71 21.3% 50 16.7%  0.127 1.369, 0.915-2.050 
T allele   355 53.1% 354 59.2%  0.030 0.782, 0.626-0.977 
C allele   313 46.9% 244 40.8%    
rs17115583/113438180 Intron 1 0.477     0.364 0.003  
GG   122 36.6% 78 26.1%  0.005 1.635, 1.161-2.303 
GA   166 49.8% 157 52.5%  0.496 0.897, 0.655-1.228 
AA   45 13.5% 64 21.4%  0.011 0.578, 0.380-0.880 
G allele   410 61.6% 313 52.3%  0.001 1.458, 1.166-1.824 
A allele   256 38.4% 285 47.7%    
rs1799732/113475529 5ʹ near 0.086     0.405 0.351  
IIc   244 79.2% 219 83.9%  0.324 0.803, 0.519-1.242 
IDd   60 19.5% 39 14.9%  0.338 1.245, 0.795-1.950 
DD   4 1.3% 3 1.1%  0.855 1.152, 0.253-5.241 
I allele   548 89.0% 477 91.4%  0.174 0.760, 0.512-1.130 
D allele   68 11.0% 45 8.6%    
rs6275/113412755 Exon 6 0.428     0.603 0.033  
AA   87 26.0% 100 33.4%  0.038 0.694, 0.492-0.979 
GA   193 57.8% 142 47.5%  0.011 1.506, 1.098-2.064 
GG   54 16.2% 57 19.1%  0.400 0.838, 0.555-1.265 
A allele   367 54.9% 342 57.2%  0.421 0.913, 0.731-1.140 
G allele   301 45.1% 256 42.8%    
rs7350522/ 113434481 Intron 1 0.371     0.959 0.144  
GG   109 32.6% 118 39.5%  0.088 0.752, 0.542-1.043 
TG   166 49.7% 140 46.8%  0.572 1.095, 0.799-1.499 
TT   59 17.7% 41 13.7%  0.142 1.386, 0.897-2.143 
G allele   384 57.5% 376 62.9%  0.051 0.798, 0.637-1.001 
T allele   284 42.5% 222 37.1%    

 

Compared with the healthy controls, the heroin-dependent subjects had a significantly 
lower frequency of the AA genotype (P = 0.011, OR = 0.578, 95%CI = 0.380-0.880, Table 1), 
and a significantly lower frequency of the A allele (c2 = 10.942, P = 0.001, OR = 1.458, 95%CI 
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= 1.166-1.824; Table 1) of rs17115583, and these differences retained statistical significance 
after the Bonferroni correction (a = 0.008). With regards to rs6275, there was a significant 
difference between the heroin-dependent subjects and the healthy controls (c2 = 6.835, P 
= 0.033; Table 1). The frequency of the AA genotype in the heroin-dependent subjects was 
significantly lower than in the controls (P = 0.038, OR = 0.694, 95%CI = 0.492-0.979; Table 
1). The frequency of the C allele of rs1125394 in heroin-dependent subjects was higher than 
in the controls (c2 = 4.693, P = 0.030, OR = 0.782, 95%CI = 0.626-0.977; Table 1). The 
rs1079597 CC genotype (P = 0.030, OR = 0.690, 95%CI = 0.493-0.964; Table 1) and C allele 
(c2 = 5.397, P = 0.020, OR = 0.767, 95%CI = 0.614-0.960; Table 1) were significantly less 
frequent in the heroin-dependent subjects compared with the controls.

The analyses of pairwise LD in the patient and control groups revealed that three 
SNPs (rs1125394, rs7350522, and rs17115583) were located in haplotype block 1 (D’ > 0.9, 
r2 > 0.8; Figure 1). The haplotype frequency of T-G-A in heroin-dependent subjects was lower 
than in the controls (c2 = 5.422, P = 0.020, OR = 0.687, 95%CI = 0.501-0.943; Table 2).

Figure 1. Linkage disequilibrium (LD) plot of the six single nucleotide polymorphisms (SNPs) in the DRD2 gene 
in cases (left) and controls (right). Values in squares are the pairwise calculation of D’ (above) or r2 (below). Empty 
squares indicate D’ =1 (i.e., complete LD between a pair of SNPs). Black squares indicate r2 = 1 (i.e., perfect LD 
between a pair of SNPs).

aAlpha value was adjusted by the Bonferroni correction and statistically significant results (P < 0.0125).

Table 2. DRD2 haplotype in block 1 frequencies and the results of their associations with risk of heroin 
dependence.

Haplotype Cases (N, %) Controls (N, %) Statistics 
2 Pa OR 95%CI 

TGA 128 (38.323) 142 (47.492) 5.422 0.020 0.687 0.501-0.943 
CTG 141 (42.216) 111 (37.124) 1.707 0.191 1.237 0.899-1.703 
TGG 49 (14.671) 35 (11.706) 1.205 0.272 1.297 0.815-2.064 
CGG 16 (4.790) 11 (3.679) 0.477 0.490 1.317 0.601-2.885 

 

DISCUSSION

The DRD2 gene encodes a major functional presynaptic autoreceptor that controls 
phasic DA neuron activity and exerts negative control on the mesolimbic dopaminergic 
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pathway. Opioids can indirectly relieve this negative control by inhibiting the neurons, 
thereby mediating the rewarding effects of opioid dependence (Hou and Li, 2009). Several 
polymorphisms have a significant association with heroin dependence, e.g., rs1076560 (Clarke 
et al., 2014), rs1800497 (Teh et al., 2012), and rs2075654 (Al-Eitan et al., 2012). DRD2 may 
be a major candidate gene for heroin dependence in the Chinese Han population.

In this study, we evaluated the association between six DRD2 SNPs and heroin 
dependence. Four of those SNPs (rs1079597, rs17115583, rs1125394, and rs7350522) are 
located within intron 1. Polymorphisms in the intron region of the human dopamine D2 receptor 
gene can cause different structural folds in the mRNA. This changes its secondary structure, 
which may affect its stability and processing, thereby altering splicing and transcription (Duan 
et al., 2003; Zhang et al., 2007), and further modulating the expression of the DRD2 gene 
(Doehring et al., 2009; Zhang et al., 2010; Moyer et al., 2011). The most significant difference 
between heroin-dependent subjects and healthy controls was found in rs17115583: the G allele 
of rs17115583 was strongly associated with an increased risk of heroin dependence. To the best 
of our knowledge, this is the first report to identify a significant association between rs17115583 
and heroin dependence. With regard to rs1125394, the heroin-dependent subjects had more C 
alleles than the controls. Furthermore, rs1125394 and rs17115583 were in strong LD (block 1), 
and the haplotype frequency of T-A in the heroin-dependent group was lower than in the controls. 
The authors of a previous study reported that the C allele of rs1125394 is significantly associated 
with heroin dependence in Jordanians of Arab descent (Al-Eitan et al., 2012). Our results agreed 
with their finding. Compared with the C allele, the T allele of rs1125394 is associated with better 
response to clozapine in African-American schizophrenics than in Caucasian schizophrenics 
(Hwang et al., 2005), which may be caused by ethnic differences.

Caucasians with the rs1079597 T allele (TaqIB1 allele) had significantly fewer binding 
sites (Ritchie and Noble, 2003) and a lower density of dopamine D2 receptors than subjects 
without it (Jönsson et al., 1999). Wang et al. (1997) found that expression of DRD2 in opiate-
dependent subjects decreased compared with the controls. There was a higher frequency 
of the T allele in the heroin-dependent group in our study, which suggests that the T allele 
of rs1079597 contributes to the risk of heroin dependence. This finding is consistent with 
previous reports (Xu et al., 2004; Vereczkei et al., 2013).

DRD2 rs6275 has a significant association with heroin dependence. Subjects with 
the AA genotype had a lower frequency of heroin dependence. This indicates that rs6275 AA 
carriers are less prone to heroin addiction. Rs6275, a His313 synonymous polymorphism in 
exon 6 of the DRD2 gene, was previously reported to have a modest association with disease 
susceptibility in the Indian population (Kukreti et al., 2006), and has been reported as a variant 
that modulates methadone treatment (Doehring et al., 2009). Methadone is an effective drug 
for the treatment of opioid dependence. However, the therapeutic success rate is dependent on 
personalized approaches to methadone maintenance based on genetics. There is evidence of a 
strong correlation between bias in synonymous codon usage and the level of gene expression 
with the rs6275 SNP (Iida and Akashi, 2000). The minor T allele of rs6275 is located near to 
the synonymous rs6277 SNP (Pro319Pro), which causes altered mRNA folding, decreased 
mRNA stability and protein synthesis, and decreased dopamine-induced upregulation of D2 
receptor expression (Duan et al., 2003). Considering the linkage between rs6275 and rs6277, 
the molecular mechanism by which they act might be the same (Doehring et al., 2009).

We further investigated the interaction between polymorphisms and observed strong 
LD. The haplotype frequency of T-G-A in heroin-dependent subjects was lower than that in 
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the controls, which revealed that the T-G-A (block 1) haplotypes of the DRD2 gene displayed 
a protective effect, and that people with T-G-A haplotypes were less prone to heroin addiction.

In conclusion, these findings will encourage future studies aimed at identifying 
functional polymorphisms within or close to the DRD2 gene using a systemic approach in a 
larger sample set. Our results agree with the dopamine hypothesis developed to understand 
the chronic effects of heroin on the brain. This study will improve our understanding of the 
neurobiological mechanisms of heroin.
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