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Abstract. Melanoma is one of the most fatal and therapy-
resistant types of cancer; therefore, identifying novel 
therapeutic candidates to improve patient survival is an 
ongoing effort. Previous studies have revealed that pimozide 
is not sufficient to treat melanoma; therefore, enhancing the 
treatment is necessary. Indoleamine 2, 3‑dioxygenase (IDO) 
is an immunosuppressive, intracellular rate-limiting enzyme, 
which contributes to immune tolerance in various tumours, 
including melanoma, and inhibition of IDO may be considered 
a novel therapeutic strategy when combined with pimozide. 
The present study aimed to assess the antitumour activities of 
pimozide in vitro, and to investigate the effects of pimozide 
combined with L‑methyl-tryptophan (L‑MT) in  vivo. For 
in vitro analyses, the B16 melanoma cell line was used. Cell 
cytotoxicity assay, cell viability assay, wound‑healing assay 
and western blotting were conducted to analyse the effects of 
pimozide on B16 cells. Furthermore, B16 cell-bearing mice 
were established as the animal model. Haematoxylin and eosin 

staining, immunohistochemistry, terminal deoxynucleotidyl 
transferase dUTP nick end-labelling staining, western blotting 
and flow cytometry were performed to determine the effects 
of monotherapy and pimozide and L‑MT cotreatment on 
melanoma. The results demonstrated that pimozide exhibited 
potent antitumour activity via the regulation of proliferation, 
apoptosis and migration. Furthermore, the antitumour effects 
of pimozide were enhanced when combined with L‑MT, not 
only via regulation of proliferation, apoptosis and migration, 
but also via immune modulation. Notably, pimozide may 
regulate tumour immunity through inhibiting the activities 
of signal transducer and activator of transcription (Stat)3 
and Stat5. In conclusion, the present study proposed the use 
of pimozide in combination with the IDO inhibitor, L‑MT, 
as a potential novel therapeutic strategy for the treatment of 
melanoma.

Introduction

Melanoma is the most severe form of skin cancer, with 
~232,000 new cases diagnosed and 55,000 cases of mela-
noma-associated mortality estimated annually worldwide (1). 
The current treatment of melanoma is based on surgery plus 
chemotherapy or radiation therapy; however, even dacarba-
zine, the standard first-line treatment for melanoma, does not 
improve the overall survival benefit (2). Previous studies have 
reported that numerous Food and Drug Administration (FDA)-
approved drugs may be useful as novel pharmacotherapies 
in the treatment of malignant tumours (3‑6). Consequently, 
additional novel drugs need to be identified to suppress cancer 
cell growth, diversify options and enhance the effectiveness of 
antitumour therapy.

As an FDA-approved neuroleptic drug, pimozide belongs 
to the diphenylpiperidine class of drugs, and is commonly used 
in the treatment of Tourette syndrome and schizophrenia (7). 
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Previous studies have revealed that pimozide is efficacious in 
the treatment of various types of leukaemia and carcinoma, 
including acute or chronic myelogenous leukaemia (8,9), breast 
cancer  (10), liver carcinoma  (11) and prostate cancer  (12). 
However, the effects of pimozide on melanoma are not 
sufficient, and the molecular mechanism has yet to be fully 
elucidated (13,14). Therefore, it is necessary to determine the 
mechanism underlying the progression of melanoma, in order 
to identify a novel strategy to enhance pimozide treatment.

It has previously been reported that a major impediment 
to cancer immunotherapy is the induction of indoleamine 2, 
3‑dioxygenase (IDO), which is an enzyme that may contribute 
to tumour immune tolerance (15). IDO is an immunosuppres-
sive, intracellular rate-limiting enzyme, which initiates the 
catabolism of essential amino acids along the kynurenine 
pathway (16). IDO expression has been detected in various 
stromal and immune cells, and is best characterized in 
dendritic cells (17). In cancer, IDO is expressed in various 
tumour cells, and tumours expressing IDO can resist immune 
reaction by tumour-associated antigen-specific host cyto-
toxic T lymphocyte cells in mouse models (18). Numerous 
studies and clinical trials have evaluated the role of IDO 
and its inhibitors in animal models and in patients with 
cancer, and have revealed the benefit of IDO inhibitors in 
cancer treatment (19-22). Therefore, the suppression of IDO 
expression may be considered a novel, effective therapeutic 
strategy (18,23).

The present study aimed to investigate the mechanism 
underlying the antitumour effects of pimozide on melanoma 
cells in vitro. Since the promising effects of combination ther-
apies on melanoma have been verified in previous basic and 
clinical studies (24-28), the present study combined an IDO 
inhibitor, L‑methyl-tryptophan (L‑MT), with pimozide and 
investigated the antitumour effects of the combination in vivo.

Materials and methods

Cell lines, mice and reagents. The B16 mouse melanoma cell 
line was provided by Professor Liying Wang (Department of 
Molecular Biology, Jilin University, Changchun, China). The 
cells were cultured in RPMI-1640 medium (HyClone; GE 
Healthcare Life Sciences, Logan, UT, USA) supplemented with 
10% foetal bovine serum (MP Biomedicals, LLC, Santa Ana, 
CA, USA) at 37˚C in an atmosphere containing 5% CO2. A 
total of 120 male C57BL/6 mice (weight, 18-22 g; age, 6 weeks) 
were purchased from Beijing Vital River Laboratory Animal 
Technology Co., Ltd. (Beijing, China) and were maintained 
at 22±2˚C with a 12-h light/dark cycle under pathogen-free 
conditions. All mice had free access to food and water, and 
the animal studies were approved by the Ethics Committee 
of Xinxiang Medical University (Xinxiang, China). Pimozide 
was obtained from Shanghai ZZBIO Co., Ltd. (Shanghai, 
China) and L‑MT was purchased from Sigma-Aldrich (Merck 
KGaA, Darmstadt, Germany).

Cell cytotoxicity and cell viability assays. Cell cytotoxicity 
following treatment with various concentrations of pimozide 
was monitored according to morphological observation, 
whereas cell viability was detected using the Cell Counting 
kit (CCK)‑8 assay (Beyotime Institute of Biotechnology, 

Shanghai, China), according to the manufacturer's protocol. 
Briefly, 1x104 B16 cells were seeded onto 96-well plates 
(Corning Incorporation, Corning, NY, USA) and incubated at 
37˚C in a 5% CO2 humidified incubator for 24 h. Subsequently, 
the cells were treated with dimethyl sulfoxide or 0-40 µg/ml 
pimozide for 24 and 48 h. Cells in culture medium alone served 
as the untreated control group. For the cell cytotoxicity assay, 
images of the cells were captured under an inverted micro-
scope at 24 or 48 h. For cell viability assays, CCK‑8 regent 
(10 µl) was added to each well, and cells were incubated for 
2 h at 37˚C, after which the cells were analysed by measuring 
absorbance at 450 nm using a plate reader. Cell viability was 
exhibited as the optical density value.

Wound‑healing assay. A total of 3x105 B16 cells were seeded 
onto 6-well plates (Corning Incorporated) and were incu-
bated at 37˚C in a 5% CO2 humidified incubator for 24 h. 
Subsequently, each well was scratched using a thin, disposable 
pipette tip, in order to generate a wound in the cell monolayer. 
B16 cells were then treated with 0-5 µg/ml pimozide and incu-
bated for a further 24 or 48 h. Images of cell migration were 
captured and analysed under a light microscope (TI-S, Nikon 
Corporation, Tokyo, Japan).

Tumour challenge and animal treatment. Melanoma-bearing 
mice were established via the subcutaneous (s.c.) inoculation 
of B16 cells. Briefly, 5x105 B16 cells (s.c.) were injected into 
the right side of the back of C57BL/6 mice. A total of 7 days 
after tumour inoculation, mice were randomly assigned into 
four groups and received daily intraperitoneal injections 
with PBS, pimozide (200 µg/mouse), L‑MT (2 mg/mouse) 
or pimozide (200 µg/mouse) plus L‑MT (2 mg/mouse) for 
1 week (n=30/group). Tumour incidence and tumour weight 
were measured daily, and the experiment was terminated on 
day 30.

Haematoxylin and eosin (HE) staining, immunohistochem‑
istry (IHC) and terminal deoxynucleotidyl transferase dUTP 
nick end-labelling (TUNEL) staining. A total of 21 days after 
inoculation, nine of the mice in each group were sacrificed, 
and the tumours were excised and fixed in 4% formalin at 
room temperature for >24 h. Formalin-fixed and paraffin-
embedded specimens were cut into 5-µm sections, which 
were mounted on glass slides. The sections underwent stan-
dard HE staining (29). Images were captured under a light 
microscope (TI-S; Nikon Corporation). For IHC, sections 
were deparaffinized and dehydrated in a series of xylene and 
alcohol washes. Following quenching of endogenous peroxi-
dase activity with 3% (vol/vol) H2O2 in methanol for 15 min, 
sections were microwaved (10 min) in citrate buffer for antigen 
retrieval. The tissues were then blocked with 1% (wt/vol) 
bovine serum albumin (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) at room temperature for 15 min and 
incubated with monoclonal antibodies directed against CD4 
(1:100) and CD8 (1:100) (cat. nos. 25229 and 98941; both Cell 
Signaling Technology, Inc., Danvers, MA, USA) overnight 
at 4˚C. After washing with PBS, the sections were incubated 
with a horseradish peroxidase-conjugated immunoglobulin G 
secondary antibody (1:1,000; cat.  no.  BS13278; Bioworld 
Technology, Inc., St. Louis Park, MN, USA) for 30 min at 
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room temperature. Immunostaining for CD4 and CD8 was 
evaluated by light microscopy (TI-S; Nikon Corporation) in a 
blinded fashion. The intensity of CD4 or CD8 cell staining was 
scored on a 0 to 3+ scale: 0, no staining identified; 1+, <25% of 
positive cells; 2+, 25-75% positive cells; and 3+, >75% positive 
cells. A TUNEL assay was used to detect tumour cell apoptosis 
and was performed according to the manufacturer's protocol 
(Beyotime Institute of Biotechnology). TUNEL‑positive cells 
were detected under light microscopy.

Western blotting. Cells were harvested at the 24 or 48 h 
following pimozide treatment. For animal experiments, nine 
mice were sacrificed from each group, and tumours were 
harvested and immediately frozen in liquid nitrogen at day 14 
after treatment. Proteins were extracted from the samples 
using radioimmunoprecipitation assay lysis buffer (Beyotime 
Institute of Biotechnology) and the protein concentrations 
were determined using a bicinchoninic acid protein assay 
(Beyotime Institute of Biotechnology). Protein samples 
(50  µg/lane) were subsequently separated by SDS-PAGE 
on 10-15% resolving gels, and were transferred onto poly-
vinylidene fluoride membranes (EMD Millipore, Billerica, 
MA, USA). After blocking with 5% non‑fat milk for 1 h at 
room temperature, the membranes were incubated with the 
following primary antibodies: IDO (1:1,000; cat. no. 68572), 
cyclin D1 (1:1,000; cat. no. 2978), proliferating cell nuclear 
antigen (PCNA) (1:1,000; cat. no. 13110), signal transducer 
and activator of transcription (Stat)3 (1:1,000; cat. no. 9139), 
phosphorylated (p)-Stat3 (1:500; cat.  no.  9145), Stat5 
(1:1,000; cat. no. 9363), p-Stat5 (1:500; cat. no. 4322), cleaved 
caspase 3 (1:500; cat. no. 9664s), cleaved caspase 7 (1:500; 
cat. no. 9491), matrix metalloproteinase 2 (MMP2) (1:1,000; 
cat. no. 87809) and α/β‑tubulin (1:1,000; cat. no. 2148) (all 
from Cell Signaling Technology, Inc.) overnight at 4˚C. 
Appropriate, horseradish peroxidase-conjugated anti-rabbit 
or anti-mouse immunoglobulin  G secondary antibodies 
(1:2,000; cat. nos. 7074 and 7076; Cell Signaling Technology, 
Inc.) were subsequently used for 1 h at room temperature. 
Specific immune complexes were visualized using enhanced 
chemiluminescence (Beyotime Institute of Biotechnology). 
Blots were semi‑quantifed using Quantity One software 
(version 4.62; Bio-Rad Laboratories, Inc., Hercules, CA, 
USA).

Flow cytometry. A total of 14 days post-treatment, spleens 
were excised from nine mice in each group, lysed with Red 
Blood Cell Lysis Buffer (Beyotime Institute of Biotechnology), 
centrifuged at 204 x g for 5 min at 4˚C and washed with PBS. 
Cell suspension was prepared at a concentration of 1x107/ml. 
Subsequently, 100 µl cell suspension was incubated with appro-
priate fluorochrome-labelled CD3 (2 µl; cat. no. 100204), 
CD4 (1.5 µl; cat. no. 100412), CD8 (1.5 µl; cat. no. 100708) 
and natural killer (NK)1.1 (0.7 µl; cat. no. 108706) antibodies 
(all from BioLegend, Inc., San Diego, CA, USA) in the dark 
for 30 min at 4˚C. Regulatory T cell (Treg) detection was 
performed using the Mouse Regulatory T Cell Staining kit 
(eBioscience; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol. The fluorescence intensity of cells 
was measured using a flow cytometer (Guava easyCyte; EMD 
Millipore) with a minimum of 10,000 cells collected.

Statistical analysis. All values are expressed as the means 
±  standard deviation of three independent experiments. 
Statistical analyses were performed using SPSS software 21.0 
(SPSS Inc., Chicago, IL, USA). Differences of measurement 
data were compared using one-way analysis of variance 
(ANOVA) followed by the least significant difference post 
hoc test. For survival analysis, the Kaplan-Meier method with 
log-rank test was used. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Pimozide inhibits B16 cell growth in vitro without toxicity when 
the concentration is <10 µg/ml. The present study analysed 
the cytotoxic effects of various concentrations of pimozide on 
B16 cell growth at 24 and 48 h. Morphological alterations and 
cell detachment were observed at concentrations >10 µg/ml 
(Fig. 1A). To further determine whether pimozide exerted 
direct effects on B16 cell growth, the viability of B16 cells was 
detected following pimozide treatment for 24 and 48 h using 
the CCK‑8 assay. Pimozide, at a concentration between 1.25 
and 20 µg/ml, decreased the viability of B16 cells following 
treatment for 24 and 48 h (P<0.05), whereas pimozide at 
concentrations between 0.3125 and 0.625 µg/ml did not exert 
antitumour effects (P>0.05; Fig. 1B). These results suggested 
that the 1.25-5 µg/ml pimozide did not exhibit toxicity but 
inhibited B16 cell viability.

Apoptosis- and proliferation-associated proteins are regu‑
lated following treatment with pimozide. To determine the 
effects of pimozide on proliferation and apoptosis following 
24 and 48‑h treatment, the expression levels of related 
proteins, including Stat5, p-Stat5, cyclin D1, PCNA, cleaved 
caspase 3 and cleaved caspase 7 were detected. As shown in 
Fig. 2A-D, treatment with pimozide at various concentrations 
altered protein expression; proliferation-associated proteins 
(cyclin D1, PCNA, Stat5 and p-Stat5) were suppressed and 
the expression of apoptosis-associated proteins (cleaved 
caspase 3 and cleaved caspase 7) were increased. In addition, 
the present study detected whether pimozide could affect 
the expression levels of IDO. The results demonstrated that 
1.25 and 2.5 µg/ml pimozide inhibited the expression of IDO 
(P<0.01; Fig. 2C and D). Conversely, when the concentration 
of pimozide reached 5 µg/ml, IDO expression was increased 
(Fig. 2C and D). These results suggested that apoptotic and 
proliferative proteins were regulated when treated with the 
appropriate concentration of pimozide.

Pimozide inhibits the migration of B16 cells. Wound‑healing 
assays were used to analyse the effects of pimozide on cell 
migration. As shown in Fig. 3A and B, the wound‑healing 
assay indicated that treatment with >0.3125 µg/ml pimozide 
significantly inhibited the migration of B16 cells at 24 and 
48 h (P<0.01), whereas in the control group, the cells migrated 
into the wound area in 48 h. Furthermore, the present study 
investigated whether MMP2, which has been reported to 
be associated with cell migration (30), was involved in the 
inhibitory effects of pimozide on migration. The results of the 
western blot analysis indicated that treatment with pimozide 
(≥1.25 µg/ml) significantly inhibited the expression levels of 
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MMP2 in B16 cells (P<0.01; Fig. 3C-E). Taken together, these 
results indicated that pimozide may inhibit the migration of 
B16 cells.

Antitumour efficacy of pimozide and L‑MT combined treat‑
ment in a mouse B16 xenograft model. To explore whether 
inhibiting IDO expression could enhance the antitumour effects 
of pimozide in mice, the present study administered pimozide 
or L‑MT single therapy, and pimozide and L‑MT combined 
treatment. According to the results of previous studies 
(9,12,31,32) and a preliminary experiment, the optimal dosage 
of pimozide and L‑MT was 200 µg/mouse and 2 mg/mouse, 
respectively. As shown in Fig. 4A and B, the average tumour 
weight of the L‑MT and pimozide groups was less than that 
of the PBS group after 2 weeks of treatment; tumour weight 
was decreased by 22 (P<0.01) and 11% (P<0.05), respectively. 
In addition, the average tumour weight following combination 

therapy was decreased by 33, 41 and 48% compared with that 
of the L‑MT, pimozide and PBS groups (P<0.01), respectively, 
thus indicating that combination therapy exhibited the most 
substantial antitumour effect. As shown in Fig. 4C, tumour 
incidence in the PBS and pimozide groups was highest (100%) 
on days 11 and 12, respectively, compared with in the L‑MT 
and combination groups, where tumour incidence rate was 
90 and 80% on day 24, respectively; this finding was consistent 
with tumour weight alterations. Finally, treatment with L‑MT 
significantly prolonged the survival rate of B16 tumour-bearing 
mice compared with in the PBS group (P<0.05). Notably, 
combined treatment with pimozide and L‑MT significantly 
prolonged the survival rate when compared with the three 
other treatment groups (Fig. 4D).

Pimozide + L‑MT treatment significantly inhibits melanoma 
cell proliferation and induces apoptosis in vivo. The marked 

Figure 1. Effects of pimozide on B16 cell cytotoxicity and viability. (A) B16 cells were treated with various concentrations (0-40 µg/ml) of pimozide for 24 
and 48 h. Images of the cytotoxic effects of pimozide were captured. (B) Growth inhibitory effects of pimozide on B16 cells were assessed by Cell Counting 
kit‑8 assay. Values are presented as the means ± standard deviation (n=3, in triplicate). *P<0.05 vs. the control group; **P<0.01 vs. the control group. DMSO, 
dimethyl sulfoxide.
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inhibitory effects of pimozide on cell growth in vitro suggested 
that pimozide may suppress tumour cell proliferation or 
induce B16 cell apoptosis in vivo. To verify this hypothesis, 
and to detect the effects of combination therapy, the under-
lying mechanisms were assessed. HE staining detected 
obvious morphological differences in the tumour cells in 
both monotherapy groups and particularly in the combina-

tion group (Fig. 5A). TUNEL staining detected an increase 
in the amount of tumour cells undergoing apoptosis in the 
combination group (Fig. 5B and C). To further characterize 
pimozide-induced tumour growth inhibition and apoptosis, the 
expression levels of some associated proteins were detected by 
western blotting. IDO, p-Stat3, Stat3, p-Stat5, Stat5, cyclin D1, 
PCNA, cleaved caspase 3 and cleaved caspase 7 expression 

Figure 2. Effects of pimozide on the expression of proliferation- and apoptosis-associated proteins in B16 cells. B16 cells were treated with pimozide at the 
indicated doses. Western blotting was conducted to detect the expression of proliferation- and apoptosis-associated proteins, including p-Stat5, Stat5, cyclin D1, 
PCNA, cleaved caspase 3, cleaved caspase 7 and IDO, following (A) 24 and (B) 48‑h treatment. α/β‑tubulin was used as a standard. Semi‑quantitative results of 
the relative protein levels at (C) 24 and (D) 48 h. Values are presented as the means ± standard deviation (n=3, in triplicate). *P<0.01 vs. the control group. IDO, 
indoleamine 2, 3‑dioxygenase; p-, phosphorylated; PCNA, proliferating cell nuclear antigen; Stat, signal transducer and activator of transcription.
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levels were detected in tumour tissues following various treat-
ments for 2 weeks. As shown in Fig. 5D and E, IDO expression 
was significantly inhibited in the L‑MT and combination 
therapy groups, thus indicating that the IDO inhibitor L‑MT 
could efficiently suppress IDO expression. Furthermore, the 
proliferation-associated proteins, including p-Stat3, p-Stat5, 
cyclin D1 and PCNA, were markedly decreased, whereas the 
apoptosis-associated proteins, cleaved caspase 3 and cleaved 
caspase  7, were significantly increased in the combina-
tion therapy group (P<0.01; Fig. 5D and E), suggesting that 
combination therapy-induced apoptosis might occur via the 
mitochondrial apoptotic pathway. Collectively, these results 
indicated that combination therapy with pimozide and L‑MT 

could delay tumour growth in vivo, potentially via inhibiting 
tumour cell proliferation and inducing apoptosis.

Effects of combination therapy on T-lymphocyte infiltration 
into tumour tissue. To determine the effects of combination 
therapy on T lymphocytes, an IHC assay was performed 
on tumour tissue samples. The results demonstrated that 
following treatment with pimozide and L‑MT, the number of 
CD4+ and CD8+ T cells in tumour tissues increased, particu-
larly CD8+ T cells (Fig. 6A). In addition, the results of western 
blotting confirmed that the expression levels of CD8 were 
markedly increased in the three treatment groups, particularly 
in the pimozide + L‑MT group (P<0.01, Fig. 6B and C). These 

Figure 3. Effects of pimozide on the migration of B16 cells. (A) Wound‑healing assay. Cells were seeded onto 6-well plates and the cell monolayer was 
wounded manually. Images were captured at 0, 24 and 48 h following treatment with pimozide. (B) Quantification of the wound‑healing assay. Western blotting 
was conducted to detect MMP2 expression in B16 cells following various concentrations of pimozide for (C) 24 and (D) 48 h. (E) Semi‑quantitative results 
of relative MMP2 protein levels. Values are presented as the means ± standard deviation (n=3, in triplicate). **P<0.01 vs. the control group. MMP2, matrix 
metalloproteinase 2.
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results suggested that the therapeutic effects of combination 
therapy on melanoma may be enhanced by promoting the 
T-lymphocyte response.

Effects of combination therapy on the proportion of immune 
cells in the spleen. The spleen is the centre of cellular immu-
nity; in order to analyse whether tumour-infiltrating T cells 
multiplied following treatment, the proportion of CD4+ and 
CD8+ T cells, NK cells and CD4+CD25+Foxp3+ Treg cells 
was detected in the spleens of mice. As shown in Fig. 7, after 
combination therapy, the proportion of CD4+ and CD8+ T cells, 
and NK cells, was increased; among these cells, the proportion 
of CD8+ T cells was most significantly increased. In addition, 
Treg cells, as representatives of CD25+Foxp3+ T cells, were 
significantly inhibited following combination therapy. These 
results suggested that L‑MT enhanced the pimozide-induced 
therapeutic effect partly through regulation of the immune 
response.

Discussion

Melanoma is a drug-resistant malignancy that is found 
worldwide, the incidence of which is rapidly increasing (33). 
This neoplasm can be surgically removed at the early stages 
of disease (34); however, when the tumour is detected at the 
advanced stage, there are few therapeutically effective options 
that arrest or prevent tumour progression  (35). Therefore, 

there is an urgent requirement for a low-cost novel drug that 
is more effective against melanoma (36,37). The present study 
provided evidence to suggest that treatment with a combina-
tion of pimozide and an IDO inhibitor exerted a significant 
therapeutic effect against malignant melanoma in vivo.

In the present study, the antipsychotic agent pimozide 
was investigated for its potential action against melanoma. 
The results of a CCK‑8 assay demonstrated that pimozide 
(1.25-5 µg/ml) inhibited the growth of B16 cells with little 
cytotoxicity. To evaluate the mechanism underlying the anti-
growth effects of pimozide, the expression levels of some 
key proteins associated with proliferation and apoptosis were 
detected by western blotting. Generally, as the target protein 
for pimozide, Stat5 phosphorylation serves an important 
role in melanoma cell survival  (38). In the present study, 
Stat5 phosphorylation was significantly suppressed in B16 
cells following treatment with pimozide at low micromolar 
concentrations. Cell cycle dysregulation has a vital role in 
modulating cell proliferation regulated by cyclins and cyclin-
dependent kinases (39,40). Additionally, the nuclear protein, 
PCNA, is expressed during the G1-M phases of the cell cycle 
and promotes cell cycle progression (41). The present data 
indicated that treatment of B16 cells with pimozide decreased 
the protein expression levels of cyclin D1 and PCNA. As a 
fundamental component of cancer pathogenesis, apoptosis 
has a major role in melanoma progression (42). Therefore, 
inducing apoptosis is an important therapeutic approach 

Figure 4. Antitumour effects of pimozide + L‑MT on a mouse B16 xenograft model in vivo. B16 cell-bearing mice were treated with pimozide, L‑MT or a 
combination of the two drugs. (A) Images of representative tumours from each group. (B) Tumour weight. (C) Tumour incidence curves. (D) Survival rate 
curves for each group. n=10/group. *P<0.05; **P<0.01. L‑MT, L‑methyl-tryptophan.
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Figure 5. Effects of pimozide and L‑MT treatment on proliferation and apoptosis in vivo. B16 cell-bearing mice were treated with pimozide, L‑MT or a com-
bination of the two drugs. After 1 week, the mice were sacrificed and tumours were excised. (A) Haematoxylin and eosin staining was conducted to observe 
tumour tissue morphology. (B) Apoptosis of tumour cells was detected by TUNEL staining. (C) Quantitative analysis of apoptotic cells using the TUNEL 
assay. (D) Western blotting was performed to detect the expression levels of related proteins. (E) Semi‑quantitative results of relative protein levels. n=9/group. 
*P<0.05; **P<0.01. IDO, indoleamine 2, 3‑dioxygenase; L‑MT, L‑methyl-tryptophan; p-, phosphorylated; PCNA, proliferating cell nuclear antigen; Stat, signal 
transducer and activator of transcription; TUNEL, terminal deoxynucleotidyl transferase dUTP nick end-labelling.
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to treat cancer (43). In the present study, pimozide-induced 
apoptotic death of B16 cells was confirmed by upregulation of 
cleaved caspase 3 and cleaved caspase 7. Melanoma is a malig-
nancy that can spread to the lungs, lymph nodes and other 
organs (44), and the poor effectiveness of melanoma treatment 
might be ascribed to its high metastatic potential (45). The 
occurrence of cancer cell metastasis is associated the activa-
tion of MMP (46). In the present study, pimozide inhibited 
cell migration and significantly reduced MMP2 expression. 
Therefore, the present study indicated that pimozide treat-
ment may inhibit B16 cell growth and migration.

Drugs with potent anticancer activity in  vitro do not 
necessarily exhibit antitumour activity in vivo. To date, the 
elimination of large tumours in the advanced stages of cancer 
has been reliably achieved using a combination of different 
therapies in clinical trials and animal models (25,47-50). 
In addition, the IDO pathway has been reported to serve a 
central role in regulating the immunological tolerance of 
tumours  (51-54). Numerous preclinical studies examined 
the application of IDO-targeted therapy (55-57). Among the 
inhibitors of IDO, L‑MT is the most widely studied compound 
with a small molecular weight (18,23,58). In the present study, 
the results of western blotting demonstrated that pimozide, 
at a concentration of 5 µg/ml, increased IDO expression, 
which may be the cause of the insufficient effects of pimozide 
against melanoma in the clinic. Therefore, an IDO inhibitor 
combined with pimozide was used to generate an improved 

antitumour effect. The results suggested that tumour growth 
was markedly inhibited, and survival rate was prolonged in 
the combination therapy group compared with in the PBS or 
other monotherapy groups. Additionally, significantly reduced 
proliferation and induced apoptosis were observed following 
treatment with pimozide and L‑MT, as detected by the alter-
native levels of associated proteins. Unexpectedly, regardless 
of Stat5 suppression, activation of Stat3 was also reduced 
following pimozide single treatment or pimozide + L‑MT 
combination therapy, thus suggesting that pimozide was not 
only an inhibitor of Stat5 but also a potential inhibitor of 
Stat3, which is consistent with the results of a similar study in 
prostate cancer (12).

Tumours can escape immune attack through various 
mechanisms of immunosuppression (59,60). CD8+ T cells have 
an important role in antitumour immunity (61,62), and the 
importance of innate immune effector cells, such as NK cell, 
has also been described. A large body of evidence has indi-
cated that the tumour microenvironment may prompt tumour 
development, progression and immune evasion (63,64). In the 
present study, CD4+ and CD8+ T cells were increased, not 
only in the spleen, but also in the tumour microenvironment 
following combination therapy; in particular, the propor-
tion of CD8+ T  cells was increased. Consistent with the 
importance of the innate immune response, this enhanced 
tumour immunity in response to combination therapy was 
attributed not only to T lymphocytes, but also to NK cells. 

Figure 6. Effects of combination therapy on T-lymphocyte infiltration into tumour tissues. Tumour tissue samples were harvested on day 21 after tumour 
inoculation. (A) Infiltration of CD4+ and CD8+ T cells in tumour tissues was determined by immunohistochemical analyses (each group contained three 
independent samples). (B) Protein expression levels of CD4 and CD8 in tumour tissues were analysed using western blotting. (C) Semi‑quantitative results of 
CD4 and CD8 protein levels. n=9/group. **P<0.01. CD, cluster of differentiation; L‑MT, L‑methyl-tryptophan.
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Unexpectedly, immune stimulation was detected, to some 
extent, in the pimozide monotherapy group; the underlying 
mechanism may be attributed to the suppression of Stat3 
activation, which is relevant to immune escape (58). In addi-
tion, Tregs have been identified as key components to induce 
the immune tolerance of cancer cells (65). As expected, the 
number of Tregs was significantly decreased following treat-
ment with pimozide and L‑MT.

In conclusion, the present study provided evidence to 
suggest that pimozide and L‑MT have a combined effec-
tiveness against melanoma. Notably, L‑MT enhanced the 
antitumour immunity of pimozide against melanoma in vivo 
through regulating tumour proliferation, apoptosis, migration 
and immunity. Therefore, these results suggested that combi-
nation therapy with pimozide and L‑MT may be considered a 
novel treatment strategy for melanoma.

Figure 7. Effects of combination therapy on the proportion of immune cells in the spleen. A total of 2 weeks post-treatment, the spleens were obtained and 
immune cells were evaluated by flow cytometry. (A) CD4+ and CD8+ T cells, (B) NK1.1+ cells and (C) CD25+Foxp3+ T cells were detected by flow cytometry. 
(D) Statistical analysis of the proportion of CD4, CD8, NK and Treg cells. n= 9/group. *P<0.05; **P<0.01. CD, cluster of differentiation; Foxp3, forkhead box 
P3; L‑MT, L‑methyl-tryptophan; NK, natural killer; Treg, regulatory T cells.
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