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Abstract: Dopamine D2 receptor is involved in reward-mediating mesocorticolimbic pathways. It plays an important 
role in major depressive disorder (MDD). Three gene polymorphisms Taq1A, C957T and -141C ins/del, were identi-
fied in the DRD2 gene among the Western population. These variants in the DRD2 gene might be associated with 
the susceptibility of MDD patients through affecting the bioeffects of endogenous dopamine neurotransmission. 
However, little is known about their occurrence in Chinese population and their association with the susceptibility 
of patients with major depressive disorder. In this study, a total of 338 unrelated adult Chinese Han population, 
including 224 healthy volunteers and 114 patients with major depressive disorder, were recruited. DRD2 polymor-
phisms (Taq1A and -141C ins/del) were detected using restriction fragment length polymorphism (RFLP) analysis 
and the C957T were detected by sequencing directly. As a result, three polymorphisms were identified in Chinese 
Han population and all were common SNP. However, we could detect no evidence of genetic association between 3 
markers in DRD2 and major depressive disorder in the Chinese Han population. To conclude, this result suggests 
that Taq1A, C957T and -141C ins/del of DRD2 gene may not be associated with major depressive disorder, also may 
be the sample sizes too small to allow a meaningful test.
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Introduction

Major depressive disorder (MDD), is a common, 
chronic, and recurrent mental disease. MDD 
affects millions of individuals world-wide and 
contributes to heavy social and economic bur-
den. In developed countries, MDD is one of the 
most important psychiatric problems of both 
genders [1, 2]. It is associated with increased 
mortality, especially from suicide. A genetic 
component is very likely to contribute to the eti-
ology of illness but the precise molecular mech-
anism by which MDD can be fully explained has 
yet to be determined. Twin studies estimate the 
heritability of MDD around 40% [3] or even 

higher [4], suggesting that genotyping is a 
promising field for research into the develop-
ment of MDD. According to the dopamine theo-
ry of affective disorders, a deficiency in dopami-
nergic neurotransmission may play a role in the 
major symptoms of MDD. Specific polymor-
phisms in genes that affect dopamine trans-
mission could increase susceptibility to MDD.

Dopamine (DA) is the most abundant catechol-
aminergic neurotransmitter in the brain, and 
plays a role in the regulation of emotions, moti-
vation, reward, and reinforcement behavior, by 
the mesocorticolimbic pathway [5]. Evidence 
from animal studies [6] and several lines of evi-
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dence from human in vivo imaging studies [7, 8] 
suggest that DA neurotransmission is critically 
involved in incentive-motivational mechanisms 
[9] but also in responses to salient aversive 
stimuli [10], in addition to its more traditional 
roles in cognitive and motor function. Recent 
literature has linked variation in genes related 
to DA function with reward [11-13] and emo-
tional processing phenotypes [14-16]. Thus, 
the genes of dopaminergic system, including 
dopamine D2 receptor (DRD2) gene, are good 
candidates for genetics susceptibility studies 
on MDD.

The human DRD2 gene is located on chromo-
some 11q22–23 and is organized in eight 
exons spanning at least 270 kilobases [17]. 
Several studies proved that D2 antagonists dis-
rupt the attribution of incentive-motivational 
value [18], and induced blunting of self-report-
ed affective responses [19]. In the past few 
decades, many polymorphisms have been 
identified in this gene, such as Taq1A, rs6277 
and -141Cins/del polymorphisms. A frequently 
investigated polymorphism in this gene is the 
Taq1A (rs1800497), a C (A2-allele) to T 
(A1-allele) substitution. A number of studies 
have investigated the association of this poly-
morphism with MDD, but findings are not 
always consistent [20-22]. Other investigated 
polymorphisms in the DRD2 gene are 141C 
Ins/Del (rs1799732) and C957T (rs6277). 
None of these SNPs show an association with 
MDD [23-27]. However, within a group of MDD 
patients, carriers of the T/T genotype of the 
C957T SNP had more depressive symptoms 
than carriers of the other genotypes [25]. There 
are several possible explanations for this dis-
cordance, such as small sample size, ethnic 
background, different types of mood disorders, 
and publication bias [28, 29]. However, little is 
known about the association of the three poly-
morphisms of the DRD2 gene with the outcome 
of patients with major depressive disorder and 
the distribution of these polymorphisms among 
Chinese population. 

The purpose of this study was to screen the dis-
tribution of Taq1A, C957T and -141C ins/del 
polymorphisms in the DRD2 gene among 
Chinese Han population, and investigate the 
functional significance of these polymorphism 
in terms of its linkage association with multiple 
organ dysfunction and sepsis in patients with 
MDD. 

Material and methods

Study design and data collection

A total of 338 unrelated adult Chinese, includ-
ing 224 healthy volunteers and 114 patients 
with MDD were recruited in this study. All of 
them were biologically unrelated individuals of 
Chinese Han origin living in Chongqing district, 
China. The 224 healthy volunteers were 128 
men and 96 women with a median age of 35 
years (range of 18-55 years). The 114 MDD 
patients of 75 men and 39 women were admit-
ted to the Department of Burn Institute in the 
Southwest Hospital and the Chongqing Mental 
Health Center, Chongqing, China, between 
January 1, 2011 and October 1, 2012. All 
patients were assessed by using the Structured 
Clinical Interview for DSM -IVAxis I Disorders-
Clinician Version [30] and interviewed by 2 
independent psychiatrists. Additionally, bipolar 
spectrum was excluded according to the crite-
ria pubulished previously [31] as well as by the 
application of the Mood Disorder Questionnaire 
[32]. Before sampling, it was verified by direct 
interview if they had current psychiatric prob-
lems or family history of psychiatric or neuro-
logical disorders. Controls were recruited from 
among volunteers randomly selected from local 
Chongqing communities no family history of 
psychiatric disorders. The protocol for this 
study was approved by the Ethical and Protocol 
Review Committee of the Third Military Medical 
University, and written informed consent for 
this genetic study was provided by each partici-
pant or their next of kin. Participant confidenti-
ality was preserved according to the guidelines 
for studies of human subjects. 

DNA isolation and genotyping

Genomic DNA was extracted from whole blood 
using the phenol/chloroform method. The MDD 
patients’ whole blood was collected immedi-
ately at admission to the hospital. The DRD2 
gene Taq1A and -141C ins/del polymorphisms 
were detected by polymerase chain reaction 
(PCR)-restriction fragment length polymor-
phism (RFLP) method in plate thermal cycles 
(Mastercycler gradient, Eppendorf, Germany), 
and the C957T were detected by sequencing 
directly. Oligonucleotide primers for amplifica-
tion were designed according to the published 
genomic sequences (GenBank NC_000011.9). 
The Primers, annealing temperature, restriction 
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effect, a linear or logistic regression analysis 
was performed to quantify the association. In 
case of a dominant or recessive effect of the 
test allele, ANOVA and ANCOVA tests were per-
formed. For dominant effects, test-allele carri-
ers vs non-carriers were compared, whereas 
for recessive effects, subjects homozygous for 
the test allele were compared with heterozy-

enzyme and fragment size were described in 
Table 1. A total of 25μL reaction mixture for 
PCR contained 2μl DNA, 2.5μl 10×ExTaq Buffer, 
5μM of each primer, 25mM MgCl2, 2.5mM 
dNTPs and 1.25U of ExTaq (Takara Biotech, 
Japan). The PCR conditions were as follows: 5 
min at 94°C followed by 30 cycles of 30s at 
94°C, 40s at 68°C or 57°C, 40s at 72°C. PCR 

products were then 
digested with proper 
restriction endonucleas-
es. Following digestion, 
10μl portions of digested 
and undigested samples 
were electrophoresized 
on a 2% agarose gel with 
subsequent staining by 
ethidium bromide (0.5μg/
mL). The bands were visu-
alized under UV light and 
photos were taken with a 
video camera. The results 
were confirmed by two 
independent observers. 
In addition, RFLP results 
were confirmed by DNA 
sequencing with 10 ran-
dom samples.

Statistical analysis

Allele frequencies for 
each SNP were deter-
mined by gene counting. 
Genotype distribution was 
tested for departure from 
Hardy-Weinberg equilibri-
um using χ2 analyses. In 
case of a consistent trend 
reflecting an allele dose 

Table 1. Primers for DRD2 gene SNPs genotyping
SNPs Primers Annealing 

temperature
Restriction 
enzyme

Allele Fragment sizes (bp)

rs1799732
(-141delc)

P1: 5’-ACTGGCGAGCAGACGGTGAGGACCC-3’
P2: 5’-TGCGCGCGTGAGGCTGCCGGTTCGG-3’

68°C BstN I C
Del-c

C/C: 144, 160
C/-: 303, 144, 160
-/-: 303bp

rs6277
(C957T)

P1: 5’-TGCCTCAGTGACATCCTTGC-3’
P2: 5’-TGGGACCTTTCACAGACCG-3’

Sequencing C
T

rs1800497
(Taq1A)

P1: 5’-GCACGTGCCACCATACCC-3’
P2: 5’-TGCAGAGCAGTCAGGCTG -3’

68°C Taq I C
T

CC: 401, 258
CT: 659, 401, 258
TT: 659

rs1799732 (-141delc) and rs1800497 (Taq1A) were detected using restriction fragment length polymorphism (RFLP) analysis; rs6277 (C957T) 
was detected by sequencing directly, no annealing temperature and fragment sizes. 

Figure 1. Genotyping of the DRD2 gene polymorphisms. A: Taq1A: Lanes 1, 3 
and 9 indicate the CC genotype (401bp and 258bp). Lanes 4, 5, 6, 7 and 10 
indicate the CT genotype (659bp, 401bp and 258bp). Lane 2 and 8 indicates 
the TT genotype (only a 659bp band). B: -141C ins/del: Lanes 3, 4, 5, 6, 7, 8, 
9 and 10 indicate the CC genotype (144bp and 160bp). Lanes 1 indicate the 
C/- genotype (303bp, 144bp and 160bp). Lane 2 indicates the -/- genotype 
(only a 303bp band).
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sible association of the Taq1A, C957T and 
-141C ins/del polymorphisms with the outcome 
of patients with major depressive disorder. 114 
consecutive major depressive disorder patients 
were enrolled. The overall allele frequencies 
and genotype distribution of the Taq1A, C957T 
and -141Cins/del polymorphisms in MDD 
patients were similar to those in the healthy vol-
unteers (Table 2). There were no significant dif-
ferences in age, gender ratio between the dif-
ferent genotype groups of the Taq1A, C957T 
and -141C ins/del polymorphisms among the 
MDD patients (Table 3). 

Discussion

The present study, for the first time to our 
knowledge, investigated the occurrence of the 
Taq1A, C957T and -141C ins/del polymor-
phisms of the DRD2 gene in Chinese Han popu-
lation and their possible clinical relevance in 
patients with major depressive disorder. 
Although the three SNPs have been identified 
in Caucasian and African-American popula-
tions, three polymorphisms exist in the cohort 
of 338 Han Chinese we studied, and all of them 
are common SNPs. The minor allele frequency 
of three polymorphisms in our studied cohort is 
shown to be similar to that in Western and other 
Asian populations. 

gous carriers and non-carriers. The association 
of genotypes with MDD rate was determined by 
χ2 analyses. General linear model and logistic 
regression analyses were used to correct 
known confounding variables, such as age, 
gender ratio. Results were considered to be sig-
nificant if P<0.05. All statistic analysis was car-
ried out using SPSS Version 11.0 (Chicago, 
Illinois, USA).

Results

Allele frequencies and genotype distribution 

In this study, we examined the allele frequency 
and genotype distribution of the DRD2 poly-
morphisms (Taq1A, C957T and -141C ins/del 
polymorphisms) in a relatively large group 
(n=338 Han Chinese). Our data showed that 
three polymorphisms were identified in Chinese 
Han population and were common SNP. The 
genotype distribution was in agreement with 
the Hardy-Weinberg equilibrium. (Figure 1, 
Table 2). No significant differences were found 
in allele frequencies and genotype distributions 
of age and gender.

Clinical relevance of the Taq1A, rs6277 and 
-141Cins/del polymorphisms 

With respect to the important role of DRD2 in 
outcome of MDD, we further examined the pos-

Table 2. Genotypes and allele frequencies in the patient and control groups
SNP Genotype MDD patients 

n=114 (%)
Healthy volunteers 
n=224 (%)

Hardy-Weinberg Equilib-
rium analysis

X2 P
rs1799732
(-141delc)

C/C 98 (86.0) 178 (79.5) 3.1 0.09
C/- 12 (10.5) 34 (15.2)
-/- 4 (3.5) 12 (5.3)
Allele: C (91.2) (87.1)
Allele: -/ (8.8) (12.9)

rs6277
(C957T)

CC 102 (89.5) 196 (88.3) 1.6 0.20
CT 10 (8.8) 24 (10.8)
TT 2 (1.7) 2 (0.9)
Allele: C (93.9) (93.7)
Allele: T (6.1) (6.3)

rs1800497
(Taq1A)

CC 14 (12.2) 28 (12.5) 1.5 0.20
CT 50 (43.9) 114 (50.9)
TT 50 (43.9) 82 (36.6)
Allele: C (34.0) (38.0)
Allele: T (66.0) (62.0)

Abbreviations: MDD, Major Depressive Disorder; n, Number; (%), Percentage; Hardy-Weinberg Equilibrium analysis: P>0.05, 
suggested that all samples were in agreement with Hardy-Weinberg equilibrium.
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with dopaminergic phenotypes by being in link-
age disequilibrium with other polymorphisms in 
DRD2 or by reflecting functional variations of 
the ANKK1 that are implicated in dopaminergic 
transmission. DRD2 gene -141Cins/del poly-
morphism was located in the 58 flanking region 
of the DRD2 gene at position -141. Studies 
showed that expression was distinctly reduced 
in constructs containing allele 1 (-141Cdel 
allele) when compared to constructs containing 
allele 2 (-141Cins allele), and the lower-express-
ing allele 1 was significantly reduced in schizo-
phrenic patients when compared to controls 
[37]. The -141Cins/del polymorphism may pro-
vide a powerful test of the role ofDRD2 in psy-
chiatric disorders. However, our results do not 
support a major role for the DRD2 gene 
-141Cins/del polymorphism in the etiology of 
mood disorders. The C957T polymorphism 
(rs6277) was located in the exon 7 of the 
human DRD2 gene which causes a synony-
mous coding C-T transition at position 957. The 
SNP changes the receptor’s affinity and regu-
lates DRD2 availability in vivo, but its effect dif-
fers depending on the brain region under inves-
tigation [38, 39]. Previous studies [40, 41] have 
proved that C957T polymorphism could signifi-
cantly impact on the working memory task per-
formance in the way that the T-allele was asso-
ciated with a better performance and the higher 

In our study, we did not find any association 
between DRD2 gene Taq1A, C957T and -141C 
ins/del polymorphisms and MDD. The DRD2 
TaqI A1 polymorphism is a single nucleotide 
transition which creates a restriction fragment 
polymorphism [17]. Studies found that this 
polymorphism modulated the density of DRD2 
receptors, and the A1 allele was associated 
with a 30-40% reduction inDRD2 density, 
compared to individuals homozygous for the A2 
allele [33, 34] . This reduction is particularly 
prominent in ventral parts of caudate and puta-
men. Additionally, Noble et al. [35] reported 
that reduced glucose metabolism was observed 
in carriers of the A1 allele in the striatum and 
remote areas. Given the importance of these 
areas for regulation of emotions, the reduction 
of glucose metabolism and the reduced density 
of DRD2 in carriers of the A1 allele may make 
individuals more susceptible to MDD. However, 
no association of DRD2 gene TaqI A1 polymor-
phism with MDD was found in the current study. 
Recent data indicated that this polymorphism 
may be a marker of both DRD2 and the ankyrin 
repeat and kinase domain containing 1 
(ANKK1) genetic variants [36]. These two genes 
overlap and are transcribed from the opposite 
directions. Proximity of the two genes may be 
non-incidental and reflect functional relation-
ship. Thus, this polymorphism could associate 

Table 3. Association analysis of DRD2 gene among MDD patients and controls
SNP Genotype patients 

(n=114)
Control 
(n=224)

Chi-square Test
X2 P OR (95% CI)

rs1799732
(-141delc)

C/C 98 178 2.2 0.3
C/- 12 34
-/- 4 12
C/C + C/- vs -/- 0.6 0.5 1.6 (0.5-4.9)
C/C vs C/- + -/- 2.1 0.1 1.6 (0.9-2.9)

rs6277
(C957T)

CC 102 196 0.8 0.7
CT 10 24
TT 2 2
CC + CT vs TT 0.5 0.5 0.5 (0.7-3.7)
CC vs CT + TT 0.1 0.8 1.1 (0.6-2.3)

rs1800497
(Taq1A)

CC 14 28 1.8 0.4
CT 50 114
TT 50 82
CC + CT vs TT 1.7 0.2 0.7 (0.5-1.2)
CC vs CT + TT 0.003 1.0 1.0 (0.5-2.0)

Dominant effect (variant homozygotes + heterozygotes versus wild homozygotes) as analyzed by crosstab analysis; Recessive 
effect (variant homozygotes versus heterozygotes + wild homozygotes) as analyzed by crosstab analysis; only 2×2 crosstab 
analysis has OR and 95% CI.
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