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Dopamine receptor D2 is correlated with gastric cancer prognosis
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Abstract. It has been reported previously that a dopamine
receptor D2 (DRD2) antagonist was able to induce cancer
cell apoptosis and that DRD2 was expressed at high levels
in pituitary adenomas. However, the expression of DRD2
in gastric cancer and its correlation with the prognosis of
patients with gastric cancer remain to be elucidated. In the
present study, the expression of DRD2 in 84 paired gastric
cancer tissues and respective adjacent non-cancerous tissues
were detected using an immunohistochemical assay. The
correlation between the expression of DRD2 and the with
survival durations of the patients with gastric cancer was
analyzed using Kaplan-Meier analysis. In addition, online
resources were utilized to further analyze the correlation
between the mRNA expression level of DRD2 and prognosis.
The effect of the DRD2 antagonist, thioridazine, on the
proliferation of the AGS gastric cancer cells was determined.
The results of the present study showed that the percentage
of gastric cancer cases with a high expression level of
DRD?2 (51.2%) was higher, compared with that of cases with
a low expression level of DRD2 (39.3%). Patients with a
higher expression of DRD2 had shorter survival durations.
The online database analysis revealed that the expression
of DRD2 was also inversely correlated with the prognosis
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of patients with gastric cancer. Furthermore, the DRD2
antagonist, thioridazine, inhibited the growth of AGS gastric
cancer cells. In conclusion, as the expression of DRD2 was
negatively correlated with survival durations in patients with
gastric cancer, it may be considered as a prognosis marker
in the future. Developing DRD2 antagonists may assist in
increasing the efficiency of cancer therapy.

Introduction

Gastric cancer is one of the most common types of cancer
and ranks as the second leading cause of cancer-associated
mortality worldwide (1-3), with the majority of patients
residing in China. Due to the non-specific symptoms of
gastric cancer at early stages, the majority of patients
present at an advanced stage at initial diagnosis, making
cancer therapy challenging. At present, traditional methods,
including surgery, chemotherapy and radiation therapy,
are the major approaches used to treat gastric cancer (4,5).
However, the drugs in current use have limited efficiency due
to the advanced stages of cancer. There is an urgent require-
ment to identify suitable targets for cancer therapy and to
develop an efficient drug.

Dopamine receptors are a class of G-protein-coupled
receptors and are important in the nervous system. Dopamine
receptors are involved in various neurological processes, with
dopamine as their ligand. Disordered dopamine secretion or
inactivation of dopamine receptors may lead to various neuro-
logical diseases, including Parkinson's disease, schizophrenia
and social phobia (6-8). In this class of receptors, dopamine
receptor D2 (DRD2) is an important member.

In previous years, in addition to its traditional function,
DRD2 has been reported to be correlated with pituitary
tumors (9,10). A study investigating gene polymorphisms in
DRD2 found that DRD2 alleles are associated with tobacco
use and lung cancer (11,12). Genome-wide short hairpin RNA
screens have supported the importance of DRD2 in glioblas-
toma. The mRNA and protein expression levels of DRD2
were found to be elevated in clinical glioblastoma specimens,
compared with matched non-tumor tissues, and the inhibi-
tion of DRD2 and epidermal growth factor receptor induced
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synergistic antitumor activity (11). A correlation between
the expression of DRD2 and tumors has also been found in
bladder cancer and leukemia (13,14). These findings suggest
an association between DRD2 and cancer, and its potential
for use as a potential target for cancer therapy. A small
molecule screen of targeting cancer stem cells demonstrated
that the DRD?2 inhibitor, thioridazine, showed potent anti-
leukemic stem cell activity (15). As cancer stem cells are a
subpopulation of cells responsible for cancer progression,
metastasis and chemoresistance (16-18), this finding further
supported the potential significant function of DRD2 in
cancer. Although the inhibition of DRD2 has been reported
in several studies, to the best of our knowledge, the correla-
tion between the expression of DRD2 in gastric cancer and
survival durations has not been reported. In the present
study, 84 gastric cancerous tissue samples and matched adja-
cent non-tumor tissue samples were collected. The protein
expression levels of DRD2 were detected, and the correla-
tion between the expression of DRD2 and prognosis was
analyzed. The aim of the present study aimed to identify a
marker for gastric cancer prognosis and develop a potential
target for gastric cancer therapy.

Materials and methods

Sample collection and tissue chip processing. A total
of 84 gastric cancerous tissues and respective adjacent
non-cancerous tissues were obtained from 84 patients who
were diagnosed with cancer and underwent surgical resec-
tion in the Department of General Surgery, Xinhua Hospital
affiliated with Shanghai Jiaotong University (Shanghai,
China) between February 2007 and May 2008. The tissue
samples were from 64 men and 20 women, who were aged
between 34 and 83 years. The majority of the patients (81/84)
were diagnosed without metastasis. According to the World
Health Organization classification, 34 cases were defined as
well- or moderately differentiated, and the other 50 cases
were considered to be poorly differentiated. In terms of
tumor-node-metastasis (TNM) classification, 32 cases were
classified as early or median stage and 52 cases were classified
as late stage. Informed consent was obtained prior to surgery.
All experiments using human tissues were performed in
accordance with the Institutional Review Board of Shanghai
Jiaotong University. The samples were observed by patholo-
gists, and those suitable for experiments were selected and
processed into a paraffin-embedded tissue chip by Shanghai
Superchip Biotechnology Corporation (Shanghai, China).

Immunohistochemical assay. The expression levels of DRD2
in the gastric cancer tissues and adjacent non-cancerous
tissues were detected using an immunohistochemical assay.
The paraffin-embedded tissues were preheated at 63°C for
1 h, and then deparaffinized and rehydrated using dimethyl-
benzene and degrading ethanol solution. Following rinsing
with water three times, the tissues were incubated in citrate
buffer (prepared by mixing 82 ml 0.1 M sodium citrate,
18 ml 0.1 M citric acid and 900 ml distilled water), heated in
the autoclave for 5 min and cooled to room temperature for
30 min. Endogenous peroxidase activity was quenched using
methanol and hydrogen peroxidase solution (38.4 ml methanol,
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12 ml 30% hydrogen peroxidase and 9.6 ml distilled water)
for 15 min at room temperature. Following washing with
phosphate-buffered saline (PBS) three times, the tissues were
incubated with mouse anti-DRD2 monoclonal antibody (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA) at a dilution of
1:100 in a humidified atmosphere. Following staining with the
primary antibody at 4°C overnight, the tissues were incubated
with secondary antibody from the mouse EnVision™*/HRP
kit (Dako North America, Inc., Carpinteria, CA, USA) for 1 h
at room temperature, following which they were reacted with
DAB solution (Dako North America, Inc.) for 5 min at room
temperature. The tissues were then stained with hematoxylin
(Sigma-Aldrich; Merck Millipore, Darmstadt, Germany) for
40 sec and subsequently with 0.25% hydrochloric acid alcohol
solution for 2 sec. The tissues were then dehydrated with
graded ethanol and dimethylbenzene, mounted and visualized
under a microscope (Leica BM E microscope; Leica Biosys-
tems Inc., Buffalo Grove, IL, USA).

The expression levels of DRD2 in the tissues were evalu-
ated by two independent examiners who were blinded to the
patient outcomes and classification of the tissues. The expres-
sion levels of DRD2 were determined as the percentage of
positive cells and intensity of staining. The intensity of the
staining was classified between 0 and 3 (0, none; 1, weak; 2,
moderate; 3, strong). The level of DRD2 in each sample was
calculated as the labelling intensity x percentage of positive
cells. The evaluations of the two observers were identical for
the majority of samples. The remaining tissues were reevalu-
ated and the final results were analyzed.

Cell culture. The AGS gastric cancer cells were obtained
from the Cell Bank of the Shanghai Institutes for Biological
Sciences, Chinese Academy of Sciences (Shanghai, China).
The AGS cells were grown in Roswell Park Memorial Insti-
tute 1640 medium (Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) containing 10% fetal bovine serum
(Sigma-Aldrich; Merck Millipore) and 1X penicillin-strep-
tomycin (Sigma-Aldrich; Merck Millipore). The cells were
incubated in a humidified atmosphere with 5% CO, at a
temperature of 37°C.

Cell survival detection using a 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide (MTT) assay. The AGS
cells were seeded into 96-well dishes (Corning Incorporated,
Corning, NY, USA) at a density of 1x10* cells/well. They were
treated with thioridazine (Sigma-Aldrich; Merck Millipore) at
indicated concentrations after 12 h.

To the cells, 10 ul MTT (4 mg/ml; Beyotime Institute of
Biotechnology, Haimen, China) was added 48 h following
treatment and incubated at 37°C for 4 h. The precipitate was
dissolved in 100 1 DMSO following the removal of super-
natant. The absorbance at wavelengths of 595 and 630 nm
were measured. The cell viability was calculated as the
optical density (OD)so5 - ODg;3,. Experiments were repeated
three times.

Statistical analysis. The overall survival durations of the
patients with gastric cancer were analyzed using Kaplan-Meier
analysis. The groups were compared using one-way analysis
of variance using R 2.9.0 software. The correlation between
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the mRNA levels of DRD2 and overall survival durations in
patients with gastric cancer were examined using online data-
base resources and calculated using Kaplan-Meier analysis
(http:/kmplot.com/analysis) (19).

Results

Gastric cancer tissues show higher protein expression levels
of DRD2, compared with adjacent non-cancerous tissues. The
expression levels of DRD2 in gastric cancer tissues and respec-
tive adjacent non-cancerous tissues were detected using an
immunohistochemical assay. It was found that, in the 84 paired
samples, 51.2% (43/84) of the cancerous tissues showed higher
expression of DRD2 (Fig. 1), whereas the percentage of adja-
cent non-cancerous tissues showing high protein expression
levels of DRD2 was only 39.3% (33/84). The remaining 9.5%
(8/84) paired tissues showed similar levels of DRD2 in the
cancerous and non-cancerous tissues.

Patients with higher expression levels of DRD2 exhibit
shorter survival duration. To determine whether the expres-
sion of DRD2 is correlated with the survival durations of
the patients, the present study analyzed the association
between the level of DRD2 and survival durations using
Kaplan-Meier analysis with a log-rank test. The median
survival duration of patients with higher expression levels
of DRD2 was 28 months, which was shorter, compared
with that of the patients with lower expression levels of
DRD2, which was ~ 39 months (Fig. 2A). The correlation
between the mRNA levels of DRD2 and prognosis were also
analyzed using online resources. Patients with gastric cancer
with higher transcription levels of DRD2 also had reduced
survival durations (Fig. 2B). This further demonstrated the
inverse correlation between the expression of DRD2 and the
survival durations of patients with gastric cancer. The corre-
lations between the expression of DRD2 and other clinic
pathological features were also analyzed in the present study,
however, no significant associations were found between the
expression of DRD2 and age, gender, tumor volume, differ-
entiation, metastasis, node positivity or TNM stage in the
patients with gastric cancer (Table I).

DRD?2 inhibitor, thioridazine, decreases gastric cancer cell
survival. To assess whether the DRD2 inhibitor, thioridazine,
has any inhibitory effect on gastric cancer cells, the AGS cells
were treated with different concentrations of thioridazine and
the cell viability was measured 48 h later. Only 45% of the
AGS cells were viable following treatment with 12 uM thio-
ridazine and 10% of the cells were viable following treatment
with 20 M thioridazine (Fig. 3). This demonstrated that the
DRD?2 inhibitor inhibited the growth of the gastric cancer
cells.

Discussion

The dopamine receptor pathway is of vital importance in the
neurological system. Disorder of the dopamine pathway may
result in severe neurological disease. Previously, the DRD2
inhibitor thioridazine was predominantly used for patients with
psychosis, however, it has been found to have an antagonist
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Table I. Correlation between pathological factors and expres-
sion of DRD?2 in tumor tissues.

DRD2 (n)
Variable Low High P-value
Age 0.578
=65 years 26 18
<65 years 26 14
Gender 0.466
Female 11 9
Male 41 23
Tumor volume 0.623
>35cm’® 23 16
<35 cm? 27 15
Tumor differentiation 0.163
I, 1T, II-I1I 18 16
111 34 16
Metastasis 0.299
Yes 1 2
No 51 30
Node positive 0.587
>5 25 13
<5 27 18
TNM stage 0.311
1A-2B 22 10
3A-4 30 22

DRD2, dopamine receptor D2; TNM, tumor-node-metastasis.

Figure 1. Gastric cancer tissues show higher protein expression levels of
DRD2, compared with adjacent non-cancerous tissues. The expression
levels of DRD2 was scored in gastric cancer tissues (left) and respective
non-cancerous tissues (right). Original magnification, x100. DRD2, dopa-
mine receptor D2.

effect in tumors. Thioridazine has shown anti-angiogenic
effects and apoptosis-inducing abilities in breast and ovarian
cancer (20,21). It also induced cell death in cervical and gastric
cancer (22,23). These findings indicate that DRD2 may be
involved in cancer progression, and that its expression may be
correlated with cancer prognosis.

In the present study, 84 pairs of tumor and adjacent
non-tumor tissues were collected. Immunochemical analysis
was used to detect the expression levels of DRD2 in the
tissues. DRD2 was expressed at a higher level in tumors,
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Figure 2. Patients with higher expression levels of DRD2 exhibit shorter survival durations. (A) Correlation between the expression levels of DRD2 and the
survival durations of patients with gastric cancer, analyzed using the Kaplan-Meier method. (B) Analysis of the correlation between the survival durations
of patients with gastric cancer and the expression levels of DRD2 was performed using the Kaplan-Meier method and online resources. DRD2, dopamine

receptor D2.
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Figure 3. Dopamine receptor D2 inhibitor thioridazine decreases gastric
cancer cell survival. The inhibitory effect of thioridazine on AGS cell pro-
liferation was measured using a 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyl
tetrazolium bromide assay.

compared with adjacent matched non-tumor tissues (Fig. 1).
Patients with higher expression levels of DRD2 had lower
survival durations (Fig. 2). These results demonstrated that the
expression of DRD2 was negatively associated with survival
durations of patients with gastric cancer. The inhibition of
DRD2 by thioridazine in the gastric cancer cell line markedly
inhibited cell growth (Fig. 3). As the expression of DRD2 was
correlated with the survival of patients with gastric cancer,
it may function in cancer cell survival. Developing small
molecule drugs to target DRD2 may provide antitumor effects.
Sachlos et al (15) found the anticancer stem cell effects of
thioridazine through drug screening. The inhibition of DRD2
by thioridazine showed potent anticancer and cancer stem cell
properties. In addition to thioriazine, other DRD2 inhibitors

may have inhibitory effects on cancer cells, even cancer stem
cells, and require further investigation.

Gastric cancer is one of the most common types of cancer.
It is important to identify specific markers, develop efficient
drugs and use drug combinations to cure gastric cancer. In
addition, it is important to prevent the development of gastric
cancer by improving lifestyle factors. Maintaining the fresh-
ness of food in a refrigerator, and decreasing the prevalence
of Helicobacter pylori by improving hygiene and reducing
salt intake may assist in preventing the occurrence of gastric
tumors (2,24). Regular detection of Helicobacter pylori may
assist in further decreasing the occurrence of gastric cancer. It
is hoped that, in the future, the incidence of gastric cancer can
be decreased through improved lifestyle. For individuals with
gastric cancer, the detection of DRD2 may assist in evaluating
prognosis, and the use of DRD?2 inhibitors alone or together
with other drugs may have potent inhibitory effects on tumors.
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