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Abstract. Dopamine receptor 2 (DR2) may be a biomarker 
for various types of cancer. Ovarian cancer cells overexpress 
DR2; therefore, blocking DR2 may be a novel treatment 
strategy for ovarian cancer. Thioridazine, a DR2 blocker, has 
antineoplastic activity in a variety of cancer cells. In view of 
the requirement for novel therapeutic agents in ovarian cancer, 
the present study aimed to determine the potential effects of 
thioridazine in vitro and in vivo. It was revealed that the DR2 
blocker thioridazine induced cell death in a dose-dependent 
manner in ovarian cancer cells. Thioridazine treatment 
induced apoptosis and autophagy, which may be attributed 
to an increased level of reactive oxygen species and associ-
ated DNA damage. Additionally, the expression of various 
proteins increased with oxidative stress, including nuclear 
factor E2-related factor 2, which is a pivotal transcriptional 
factor involved in cellular responses to oxidative stress. Heme 
oxygenase 1, NAPDH quinone dehydrogenase 1 and hypoxia 
inducible factor-1α and phosphorylated (p)-protein kinase B 
expression was significantly decreased, and the expression 
level of p-extracellular signal-related kinases and p-P38 was 
increased. Using 3-methyl adenine to inhibit autophagy caused 
the rate of apoptosis to increase. Thioridazine inhibited the 
growth of SKOV3 xenografts in nude mice. The present study 
demonstrated that the DR2 blocker thioridazine exhibited 
anticancer effects in vitro and in vivo, suggesting that thiorida-
zine may be used as a potential drug in ovarian cancer therapy.

Introduction

Epithelial ovarian cancer is the leading cause of mortality 
among gynecological types of cancer. Surgical debulking 

combined with chemotherapy is the standard therapeutic 
strategy. However, the relapse rate is high, primarily due to the 
development of chemotherapy resistance (1), therefore, novel 
modalities must be explored.

Dopamine receptor (DR) expression may be associated 
with the development of various types of cancer. Patients with 
schizophrenia who receive DR antagonists have a reduced 
incidence of cancer of the rectum, colon, prostate and uterine 
cervix (2,3). Patients with Parkinson's disease, which function-
ally similar to disease-induced DR antagonism, also have a 
lower incidence of cancer. It was hypothesized that DR may 
be a biomarker for cancer (4). Knockdown/blocking of DR2 
inhibited the proliferation of cancer cells, including cancer 
stem cells (5). This suggested that DR2 may be a treatment 
target for types of cancer that expresses dopamine receptor 2.

Thioridazine is a DR2 antagonist and has been clini-
cally approved to treat schizophrenia and other psychotic 
disorders (6). Of note, thioridazine exhibits anticancer action 
in breast cancer, leukemia, hepatoma and cervical carci-
noma (5,7-9). Ovarian cancer cells express a number of DRs, 
with the exception of DR3 (10), suggesting that thioridazine 
may be used to treat ovarian cancer. In the present study, the 
effects of thioridazine on ovarian cancer were explored in vitro 
and in vivo. The findings suggested that thioridazine may be a 
promising candidate drug for ovarian cancer therapy.

Materials and methods

Reagents. Thioridazine was obtained from Sigma-Aldrich 
(Merck KGaA, Darmstadt, Germany) and kept as 50 mM 
stock solutions in water. Autophagy inhibitor 3-methyl adenine 
(3-MA) was purchased from Sigma-Aldrich (Merck KGaA) 
and kept as 50 mM stock solutions in dimethyl sulfoxide.

Cell culture. A2780 and SKOV3 human ovarian cancer cell 
lines (China Center for Type Culture Collection, Wuhan, China) 
were cultured in RPMI‑1640 medium (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) supplemented with 10% fetal bovine 
serum (Zhejiang Hisun Chemical Co., Ltd., Taizhou, China) and 
1% penicillin‑streptomycin solution at 37˚C and 5% CO2.

Cell survival. SKOV3 and A2780 cells were seeded into a 
96-well plate at a density of 1x104 cells/well, followed by 

DR2 blocker thioridazine: A promising 
drug for ovarian cancer therapy

MIN YONG1,  TINGHE YU2,  SI TIAN3,  SHUAIBIN LIU2,  JIAO XU2,  JIANGUO HU2  and  LINA HU2

1Department of Obstetrics and Gynecology, Affiliated Hospital of North Sichuan Medical College, 
Nanchong, Sichuan 637000; Departments of 2Obstetrics and Gynecology and 3Rehabilitation, 

Second Affiliated Hospital, Chongqing Medical University, Chongqing 400010, P.R. China

Received October 6, 2015;  Accepted March 21, 2017

DOI: 10.3892/ol.2017.7184

Correspondence to: Professor Lina Hu, Department of Obstetrics 
and Gynecology, Second Affiliated Hospital, Chongqing Medical 
University, 76 Linjiang Road, Chongqing 400010, P.R. China
E-mail: hulinapro@163.com

Key words: dopamine receptor 2 blocker, thioridazine, apoptosis, 
autophagy, oxidative stress, DNA damage, ovarian cancer



YONG et al:  DR2 BLOCKER THIORIDAZINE: A PROMISING CANDIDATE DRUG FOR OVARIAN CANCER8172

thioridazine treatment with increasing doses (5, 10, 15, 20 
and 25 µm) for 24 h at 37˚C. The controls were not exposed 
to the thioridazine. The cell viability was determined by 
performing a tetrazolium assay (Cell Counting kit-8; Dojindo 
Molecular Technologies, Inc., Kumamoto, Japan) according to 
the protocol of the manufacturer. A concentration of 15 µM 
thioridazine induced cell inhibition, which was then utilized in 
subsequent experiments. Cells (5x105) were seeded in a 6-well 
plate, then 15 µM thioridazine was added and maintained at 
37˚C for various time periods (6, 12 and 24 h) prior to assay 
analysis. Following exposure to 15 µM thioridazine for various 
time periods (6, 12 and 24 h), the morphological changes 
and the protein expression related to the DR2, apoptosis and 
autophagy were detected. Experiments were performed in 
triplicate.

Detection of reactive oxygen species (ROS). Cells were 
incubated with 10 µM 2',7'-dichlorofluorescein diacetate 
(Sigma‑Aldrich; Merck KGaA) for 30 min at 37˚C, rinsed 
with PBS, trypsinized, centrifuged (800 x g for 5 min at room 
temperature), resuspended in 1 ml PBS and then analyzed by 
flow cytometry, and 4 fields of view were observed under a 
fluorescence microscope at magnification, x200.

Detection of light chain 3 (LC3) using immunofluorescence. 
Cells were rinsed with PBS three times, fixed in 4% parafor-
maldehyde for 15 min, blocked with 5% bovine serum albumin 
(Beyotime Institute of Biotechnnology, Haimen, China) for 
30 min and permeabilized with 1% Triton X-100 for 10 min, 
all at room temperature. Subsequently, cells were incubated 
with a rabbit anti-LC3 antibody (1:100) (Sigma-Aldrich; 
Merck KgaA; cat. no. L8918) at 4˚C overnight. Following incu-
bation with a secondary antibody (goat anti-rat IgG (H+L), 
FITC conjugate, 1:1,000 (cat. no. SA00003-11); ProteinTech 
Group, Inc., Chicago, IL, USA) for 1 h at room temperature 
and nucleus staining using DAPI (Beyotime Institute of 
Biotechnnology), the cells in 4 fields of view were visualized 
using a fluorescence microscope at magnification, x200.

Detection of apoptosis using Annexin V. SKOV3 and A2780 
cells were pre-treated with 5 mM 3-MA (3-Methyladenine) 
(Sigma-Aldrich; Merck KGaA; cat. no. M9281) or not, 
followed by a 24-h thioridazine treatment. Cells were stained 
using fluorescein isothiocyanate‑labelled Annexin V (Nanjing 
KeyGen Biotech Co., Ltd., Nanjing, China) according to 
the protocol of the manufacturer, and analyzed using flow 
cytometry (FACSCanto II) according to the protocol of the 
manufacturer.

Western blotting. Nuclear factor erythroid 2-related 2 (Nrf2), 
phosphorylated Nuclear factor erythroid 2-related 2 (p-Nrf2), 
NAD(P)H quinone dehydrogenase 1 (NQO1), heme oxygenase 
1 (HO-1), c-Jun N-terminal kinase (JNK), p-JNK, p38, p-p38, 
extracellular signal-related kinase (ERK), p-ERK, protein 
kinase B (AKT), p-AKT, hypoxia inducible factor-1 (HIF-1), 
vascular endothelial growth factor (VEGF), P62, LC3 and 
cleaved caspase-3 were detected using western blotting. Total 
proteins were harvested by lysing cells in a buffer supple-
mented with protease inhibitor for 10 min in an ice bath. Equal 
amounts (25 µg/µl) of protein were separated using 8-12% 

gradient SDS-PAGE (Bio-Rad Laboratories, Inc., Hercules, 
CA, USA) and then transferred to polyvinylidene difluoride 
membranes. Following blocking 5% skimmed milk powder for 
2 h at room temperature, the membranes were incubated with 
various primary antibodies (1:1,000) overnight. Antibodies 
against Nrf2 (cat. no. 12721s), NQO1 (cat. no. 62262S), 
HO-1 (cat. no. 1:5853S), JNK (cat. no. 4672S), p-JNK (cat. 
no. 4668S), p38 (cat. no. 8690S), p-p38 (cat. no. 9216S), ERK 
(cat. no. 9102S), p-ERK (cat. no. 4377T), AKT (cat. no. 4685S), 
p-AKT (cat. no. 13038S), HIF-1 (cat. no. 14179S), VEGF (cat. 
no. 2463S), P62 (cat. no. 8025S) and cleaved caspase-3 (cat. 
no. 9664S) were purchased from Cell Signaling Technology, 
Inc. (Danvers, MA, USA), the antibody against LC3 was 
obtained from Sigma-Aldrich (cat. no. L8918; Merck KGaA), 
and the antibody against P-Nrf2 (cat. no. ab76026) was 
purchased from Abcam (USA). Subsequently, the blots were 
rinsed 3 times with PBS, incubated with a goat anti-rat IgG 
(H+L) horseradish peroxidase-conjugated secondary antibody 
(cat. no. SA00001-15; dilution, 1:1,000; ProteinTech Group, 
Inc., Chicago, IL, USA) at 4˚C overnight and observed using 
an ECL reagents kit (KeyGEN BioTECH, Nanjing, China) 
according to the protocol of the manufacturer. GAPDH served 
as the reference. Results were analyzed using Image Lab soft-
ware from Bio-Rad Laboratories, Inc. (Hercules, CA, USA; 
v.4.1.0.0). Experiments were performed in triplicate.

Detection of DNA damage using an alkaline comet assay. DNA 
damage was detected using the alkaline Comet Assay (11), 
using normal-(cat. no. A9414) and low-melting point agarose 
(A9414; Sigma-Aldrich; Merck KGaA). In brief, a slide was 
pre-coated with 150 µl 1% normal-melting-point agarose and 
mounted on a coverslip for 20 min at 4˚C. Subsequently, 70 µl 
(containing 1x104 cells) 1% low-melting-point agarose was 
spread on the agarose pre-coated slide and then mounted using 
a coverslip for 20 min at 4˚C. The slide was immersed in 40 ml 
176.55 g/l freshly prepared alkaline lysis solution (2.5 M NaCl, 
100 mM EDTA, 10 mM Tris, 34 mM N-lauroylsarcosine 
sodium at pH 10.0-10.5 with freshly added 1% Triton X-100) 
at 4˚C overnight. Following rinsing with PBS, the slide was 
placed in an electrophoresis chamber filled with freshly 
prepared alkaline electrophoresis buffer (300 mM NaOH, 
1 mM EDTA, pH 13) for 20 min at 4˚C in the dark and elec-
trophoresed at 300 mA and 25 V for 20 min. Subsequently, the 
slide was washed with 0.4 M Tris buffer (pH 7.5) for 10 min 
and dried at room temperature for 1 h. The slide was stained 
with 5 µg/ml DAPI (Beyotime Institute of Biotechnnology) for 
15 min at room temperature, rinsed with cold distilled water, 
and 4 fields of view were observed under a fluorescence micro-
scope at microscope, x200. The comet formation rate, or the 
comet quantity/total number of cells was used to evaluate the 
degree of DNA damage.

In vivo therapeutic efficacy. Female BALB/c nude mice aged 
5-6-weeks (16-17 g) were obtained from the Peking University 
Health Science Center (Laboratory Animals Science 
Department, Beijing, China) and kept in an atmosphere of 
21‑24˚C, with a relative humidity of 40‑67%. Air exchange was 
performed 14.4-17.2 times/h. Food and water were provided 
ad libitum. The mice were injected subcutaneously with 1x107 
SKOV3 cells. Tumors reached 100 mm3 following ~14 days. 
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Nude mice were administered an intraperitoneal injection of 
25 mg/kg thioridazine dissolved in physiological saline into 
the abdominal cavity, and length (L, mm) and width (W, mm) 
of the tumors were determined every once every three days 
for 3 weeks, so that each mouse received 7 injections. Tumor 
volume (V, mm3) was subsequently evaluated using the 
following equation: V=(LxW2)/2. A total of 3 days following 
the final injection, the nude mice were sacrificed via cervical 
dislocation and the tumors were excised. All procedures for 
animal experiments were approved by the Committee on the 
Use and Care of Animals (Chongqing Medical University, 
Chongqing, China) and performed in accordance with the 
institution's guidelines.

Statistical analysis. Data are presented as the mean ± standard 
deviation. Statistical analysis was performed using SPSS 
version 17.0 (SPSS Inc., Chicago, IL, USA) and comparison 
of groups was analyzed by the Student's t-test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Thioridazine blocks DR2 and suppresses cell proliferation. 
SKOV3 and A2780 cells were exposed to thioridazine for 
24 h. The concentration that produced significant cell inhibi-
tion was determined to be 15 µM (P<0.05; Fig. 1A). The cell 
viability values for each cell type at each concentration of thio-
ridazine were as follows: SKOV3: 5 µm, 95.24±3.64%; 10 µm, 
90.7±3.48%; 15 µm, 57.00±4.13%; 20 µm, 36.04±4.52%; 
25 µm, 21.45±4.23%; and A2780: 5 µm, 92.51±6.36%; 10 µm, 
74.21±4.54%; 15 µm, 53.22±7.81%; 20 µm, 21.17±5.74%; 
25 µm, 9.97±3.62%. The morphological changes observed 
included cellular rounding, vacuolation and detachment 
(Fig. 1B). Western blotting indicated that the expression of 
DR2 in SKOV3 and A2780 was downregulated following 
treatment with 15 µM thioridazine (Fig. 1C). These results 
suggested that the inhibition of cell proliferation by thiorida-
zine may be associated with the suppression of DR2.

Thioridazine induced apoptosis. In order to investigate the 
mechanisms underlying the cytocidal effects of thioridazine, 
SKOV3 and A2780 cells were treated with 15 µM thioridazine 
for various durations (0, 6, 12 or 24 h). Flow cytometry analysis 
revealed a higher percentage of apoptotic cells following a 24-h 
thioridazine treatment (Fig. 2A). Apoptosis was confirmed 
with the activation of caspase 3 and the subsequent produc-
tion of cleaved caspase-3, which was detected by western blot 
analysis. The expression levels of cleaved caspase-3 (a marker 
of apoptosis) were increased after a 24-h treatment (Fig. 2B).

Thioridazine induces ROS production and DNA damage. In 
order to investigate the underlying mechanisms of thioridazine 
induced apoptosis, the cellular ROS, DNA damage and protein 
expression associated with oxidative stress were evaluated. 
The ROS levels and comet formation rates (SKOV3: 8.33±1.53 
vs. 30.33±3.21%; P=0.002; A2780: 5.67±2.08%; P=0.002) 
were increased following 15 µm thioridazine treatment for 
24 h (Fig. 3A and B). The expression levels of p-Nrf2, a pivotal 
transcriptional factor involved in the cellular responses to 
oxidative stress, and its downstream targets, HO-1, NQO1 and 

HIF-1α, were significantly decreased (P<0.05). The expression 
level of VEGF, a pivotal enabling factor for tumor angiogen-
esis, was reduced. VEGF is regulated by HIF-1α (Fig. 3C) (10).

Thioridazine induces autophagy. To investigate whether 
thioridazine induces autophagy, the immunofluorescence 
assay was used to detect the localization of LC3. LC3-green 
punctate were observed in 15 µm thioridazine-treated cells 
(Fig. 4A). The expression levels of LC3 (a marker of autophagy) 
and P62 (a substrate of autophagy) were evaluated. LC3-II 
was significantly upregulated in a dose‑ and time‑dependent 
manner in the two cell lines following treatment with 0, 5, 10 
and 15 µm thioridazine for 0, 6, 12 and 24 h (Fig. 4B and C; 
P<0.05). Notably, autophagy occurred with a relatively lower 
drug concentration (5 µM) and earlier drug processing time 
(6 h). To investigate the pro-survival or pro-cell death mecha-
nisms underlying thioridazine-induced autophagy, SKOV3 
and A2780 cells were pre-treated with 5 mM 3-MA for 2 h 
to inhibit the formation of autophagosomes, followed by a 
24-h treatment with thioridazine (Fig. 4D). The apoptosis rate 
(SKOV3: 14.43±1.76%; A2780; 29.71±1.98%) was increased in 
the 3-MA pretreated group (SKOV3: 36.24±3.93%, *P=0.004; 
A2780: 44.35±3.78%, **P=0.021). These results indicated that 
thioridazine induces autophagy, which may be a pro-survival 
mechanism associated with thioridazine-induced cytotoxicity 
in ovarian cancer cells.

Figure 1. Thioridazine blocked DR2 and suppressed cell proliferation. 
(A) The effect of thioridazine on cell proliferation; a concentration of 15 µM 
was the minimum required to induce the inhibition of SKOV3 and A2780 
cells. Data are presented as the mean ± standard derivation of three inde-
pendent experiments. *P=0.003; **P=0.009 vs. control. (B) Light microscopy 
images of ovarian cancer cell morphology following treatment with 15 µM 
thioridazine for the designated length of time (0, 6, 12 and 24 h). Scale bar, 
100 µm. (C) DR2 expression as determined by western blotting analysis. 
GAPDH was used as the reference. Bar graph represents the mean ± standard 
deviation of triplicate experiments. *P=0.019, **P=0.038, compared with the 
control group.
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Thioridazine induces autophagy via the AKT/ERK signaling 
pathway. It has previously been demonstrated that DR2 expres-
sion is associated with the phosphorylation/activation of AKT 
and ERK [members of the mitogen activated protein kinase 
(MAPK) family], which serve an essential role in the prolif-
eration, apoptosis and autophagy of cancer cells (12-14). The 
activity of ERK and AKT was evaluated by western blot anal-
ysis, which revealed that p-AKT was downregulated (Fig. 4A) 
and that the expression of p-ERK was upregulated following 
treatment with 15 µM thioridazine. Furthermore, the activity 

of P38 and JNK, which are also members of the MAPK family 
and share a 40-50% sequence identity to ERK, was analyzed. 
Consistent with the expression pattern of p-ERK, the expres-
sion level of p-P38 was also increased following treatment 
with 15 µM thioridazine (Fig. 5). However, the expression level 
of p-JNK was not detected (data not presented).

Thioridazine inhibits the growth of SKOV3 xenografts in 
nude mice. The effect of thioridazine on the growth of ovarian 
cancer cells in vivo was investigated using a xenograft mouse 

Figure 3. Thioridazine induces ROS production and DNA damage. (A) Fluorescence microscopy images of cells following exposure to 15 µM thioridazine for 
24 h (scale bar, 50 µm). Flow cytometry was used to detect the DCFH‑DA fluorescence of the cells treated with thioridazine for various lengths of time (0, 6, 
12 or 24 h). (B) DNA damage was detected using an alkaline Comet Assay (scale bar, 50 µm). (C) Western blot analysis investigating the expression levels of 
p-Nrf2/Nrf2, NQO1, HO-1 HIF-1α and VEGF. GAPDH was used as an internal control.

Figure 2. Thioridazine induced apoptosis. (A) Annexin V/PI double staining analysis of SKOV3 and A2780 cells treated with or without 15 µM thioridazine. 
Data are representative of the results of triplicate independent experiments. *P=0.01, **P=0.005, compared with the control group. (B) Representative western 
blotting demonstrating the levels of cleaved caspase-3. GAPDH was used as an internal control. Bar graph represents the mean ± standard deviation of triplicate 
experiments. *P=0.041, 12 h; **P=0.012, 24 h; ***P=0.044, 12 h; ****P=0.026, 24 h, vs. control group. PI, protease inhibitor; NC, negative control.
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model. The tumor size was smaller in the thioridazine treat-
ment group (mice treated with 25 mg/kg for 3 weeks) on the 
day 21 (tumor volume: 1094.74±127.31 mm3) compared with 

the control group (tumor volume: 478.07±72.63 mm3; P=0.004; 
Fig. 6A). The morphology of tumors with or without treatment 
of 25 mg/kg thioridazine on day 21 is demonstrated in Fig. 6B.

Discussion

Treatment with the DR2 blocker, thioridazine, inhibited the 
proliferation of ovarian cancer cells in vivo and in vitro. The 
concentration of 15 µM is within the range of tolerability in 
human patients (15,16). This suggests that thioridazine may be 
a candidate drug for ovarian cancer treatment. In the present 

Figure 4. Thioridazine induced autophagy in ovarian cancer cells. (A) LC3 localization following treatment with thioridazine for 12 h (scale bar, 50 µm). 
(B) Representative western blot analysis demonstrating the expression levels of LC3 following treatment with thioridazine (0, 5, 10 and 15 µM) for 24 h. 
GAPDH was used as an internal control. (C) Representative western blot analysis demonstrating the expression levels of LC3 and P62 following treatment 
with 15 µM thioridazine for various lengths of time (0, 6, 12 and 24 h). GAPDH was used as an internal control. (D) Ovarian cancer cells were pre-treated with 
5 mM 3-MA for 2 h, and then treated with 15 µM thioridazine for 24 h. Annexin V/PI double staining was used to analyze the effect of thioridazine on ovarian 
cancer cells. Data are representative of the results of two independent experiments. *P=0.004, **P=0.021 compared with the control group. 3-MA, 3-methyl 
adenine; NC, negative control; PI, protease inhibitor; LC3, light chain 3.

Figure 6. Thioridazine inhibited tumor growth in vivo. (A) Growth curve 
derived from SKOV3 xenografts in nude mice treated with or without 
25 mg/kg thioridazine. *P=0.007, **P=0.004, compared with the control 
group. (B) Morphology of tumors with or without treatment of 25 mg/kg 
thioridazine on day 21. NC, negative control.

Figure 5. Thioridazine induced autophagy via the AKT/ERK signaling 
pathway. Representative western blotting demonstrating the expression 
levels of P-AKT/AKT, P-ERK/ERK, P-P38/P38 following treatment with of 
15 µM thioridazine for various lengths of time (0, 6, 12 and 24 h). GAPDH 
was used as an internal control. AKT, protein kinase B; ERK, extracellular 
signal-related kinase; P, phosphorylated.
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study, thioridazine was observed to induce apoptosis and 
autophagy. Apoptosis is the primary mechanism underlying 
the action of anticancer drugs (17). Autophagy, the intracel-
lular degradation of cytoplasmic components, serves an 
intricate and paradoxical role in tumor chemotherapy (18,19). 
The results of the present study indicated that autophagy may 
act as a pro-survival mechanism in the anticancer action of 
thioridazine. Conversely, a previous study reported that it 
was autophagy, not apoptosis, induced by thioridazine in 
glioblastoma cells that appeared to be the principal pro-cell 
death mechanism (20). In certain cell systems with apoptotic 
dysfunction, autophagy has acted as a cell death mecha-
nism (21). The role of autophagy in apoptotic competent cells 
may depend on the type of stimulus (22). In other cases, the 
role of autophagy in initiating cell death has been identified: 
In response to hypoxia, ER stress, chemotherapeutic, virus 
infection and toxin (23-26). The diverse role of autophagy 
in different cells appears complex, and further research is 
required.

Thioridazine induced a higher level of cellular ROS and DNA 
damage in comparison with the control group. Simultaneously, 
antioxidative stress-associated proteins were downregulated, 
including p-Nrf2 and its downstream targets, HO-1, NQO1 
and HIF1α. This inhibition of the expression of certain cellular 
antioxidant stress-associated proteins, and consequent increase 
in intracellular levels of ROS, may explain the mechanism by 
which thioridazine induces apoptosis and autophagy. HIF1α 
binds to the promoter of VEGF (27,28), which activated 
the proliferation and migration of endothelial cells during 
microvessel formation (29). Consistent with the expression of 
HIF1α, VEGF was downregulated. Inhibition of angiogen-
esis may result in anticancer efficacy (30). Overexpression or 
hyper-activation of Nrf2 may participate in tumorigenesis. 
Knockdown of Nrf2 may reverse cisplatin resistance in ovarian 
cancer (31); the present study demonstrated that thioridazine 
inhibited the expression of p-Nrf2, and suggested that it may 
be an potential adjuvant for cisplatin therapy. A previous study 
demonstrated that the co-delivery of thioridazine and doxoru-
bicin (DOX) using polymeric micelles eradicated cancer cells 
and DOX-resistant cancer stem cells (32).

DR may be associated with cancer chemotherapy (33,34) 
Thioridazine and its analogs have exhibited antitumor effects 
in melanoma (35). The development of certain small molecules 
with a high specificity for DR2 or knockdown of DR2 may 
confer an improved therapeutic prognosis (34,36). However, the 
DR2 agonist bromocriptin has inhibited proliferation in MCF-7 
breast cancer cells (37). Thus, a strategy specifically targeting 
DR2 must be developed dependent on the type of cancer.

In conclusion, DR2 may be a therapeutic target for ovarian 
cancer. The DR2 blocker thioridazine exhibited anticancer 
effects in vivo and in vitro by inducing oxidative stress and 
apoptosis, inhibiting tumor angiogenesis and interacting with 
the AKT and ERK signaling pathways. Thus, thioridazine may 
be a promising candidate drug for ovarian cancer.
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