
Abstract. Background/Aim: Glioblastoma multiforme (GBM)
is one of the most common brain tumors with a poor prognosis.
Previously, we reported that trifluoperazine (TFP), a well-
known antipsychotic, has anti-glioma activity through the
modulation of intracellular calcium levels. The present study
aimed to investigate the anti-cancer mechanism of action of
TFP on glioma cells. Materials and Methods: The effect of TFP
on U87MG cells was examined using a viability assay, flow
cytometry, enzyme-linked immunosorbent assay, quantitative
real-time PCR, western blot analysis, colony formation, and
immunocytochemistry. Results: TFP treatment decreased cell
viability. To test the possible involvement of COX-2 in the anti-
cancer activity of TFP on U87MG cells, a COX-2 inhibitor was
applied. COX-2 inhibitor pretreatment restored TFP-induced
reduction in viability to the control level. Additionally, TFP-
induced changes in the apoptotic cell population, production of
prostaglandins (PGE2, PGD2, 15d-PGJ2), and nuclear
translocation of peroxisome proliferator-activated receptor γ
(PPARγ) were ameliorated by COX-2 inhibitor pretreatment.
Conclusion: TFP suppressed the proliferation of U87MG
glioma cell in a COX-2/PPARγ-dependent manner. 

Glioblastoma multiforme (GBM) is a malignant brain tumor
derived from glial cells. The prognosis of patients is very low.
Median survival is less than 10 months. GBM treatment usually

involves surgery, radiation therapy, and chemotherapy with
temozolomide. However, the expected survival rate extension
is only several months even with these treatments (1).
Therefore, it is important to develop new drugs for GBM
treatment that can increase the survival rate without side effects.

The development of new drugs requires a lot of time and
money. Therefore, drug repositioning that uses the originally
discovered drugs for other diseases is increasing (2, 3).
Recently, as an extension of drug repositioning, it has been
confirmed that cancer incidence decreases when antipsychotics
are administered (4-6). Among them, trifluoperazine (TFP) has
been widely used to treat schizophrenia. TFP has also been
shown to inhibit the growth of lung cancer stem cells (7),
induce cell death in pancreatic ductal carcinoma (8), and
suppress the metastasis of melanoma (9) and breast cancer
(10). In previous reports, we demonstrated that TFP suppressed
the viability and growth of glioma cells via increasing
intracellular Ca2+ levels (11, 12).

Despite the several reported studies, the underlying
mechanisms of the TFP-induced intracellular Ca2+ increase
and cancer cell death remain unresolved. Here, we aimed to
identify the mechanism of action of TFP-induced cell death. 

Cyclooxygenase-2 (COX-2) is well known as an enzyme
that synthesizes prostaglandins (PGs) associated with
inflammation and pain. Recently, COX-2 has been shown to
affect proapoptotic mechanisms (13-15). Furthermore, it has
been reported that apoptosis is induced by COX-2 and
peroxisome proliferator-activated receptor γ (PPARγ) in lung
cancer cells (16). PPARγ is a nuclear receptor that functions
in many physiological processes, including lipid metabolism,
cell growth, and apoptosis (17). PPARγ can induce apoptosis
of cancer cells (18). The present study investigated the
potential contribution and coordinated action of COX-2 and
PPARγ in the TFP-induced apoptosis of human glioma cells. 

Materials and Methods

Cell culture. U87MG, U251MG, and T98G cells were purchased
from the American Type Culture Collection and cultured in
Dulbecco’s Modified Eagle’s Medium supplemented with 10% fetal
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bovine serum, penicillin (100 units/ml), and streptomycin (100 μg/ml)
in a humidified 5% CO2 incubator at 37˚C. All culture media and
supplements were obtained from Gibco (Grand Island, NY, USA).
Cell viability assay. Cell viability was measured by the
methylthiazoltetrazolium (MTT, Sigma-Aldrich, St. Louis, MO,
USA) assay. Cells were seeded in 96-well plates at a density of
2×103 cells per well. After overnight incubation, cells were treated
with TFP (Sigma-Aldrich) for 48 h. After treatments, 100 μl of
MTT (1 mg/ml) was added to the medium for 2 h. The cells were
solubilized with dimethyl sulfoxide (Amresco, Solon, OH, USA),
and absorbance was measured at 570 nm with Infinite M200 Pro
(Tecan, Mannedorf, Switzerland).

Cell cycle analysis. U87MG cells (1×106 cells) were cultured in
100-mm dish and treated with TFP for 48 h. Cell cycle analysis was
performed with Click-iT® EdU Flow Cytometry Assay Kit
(Invitrogen, Carlsbad, CA, USA), according to the manufacturer’s
instructions. SYTOX® AADvanced™ dead cell stain (Invitrogen)
was used to stain the DNA for the analysis of the cell cycle. Flow
cytometry was performed using the Attune NxT flow cytometer
(Thermo Fisher Scientific, Rockford, IL, USA).

DNA fragmentation assay. U87MG cells were grown for 12 h in 6-
well plates. Briefly, cells were harvested, and then incubated in an
Eppendorf tube with TFP for 4 h at 37˚C. The cell pellets were
collected, and DNA fragmentation was analyzed using the Cell
Death Detection enzyme-linked immunosorbent assay (ELISA) kit
(Roche Diagnostics, Mannheim, Germany) according to the
manufacturers’ guidelines.

Quantitative real-time PCR (qPCR). RNA was isolated with Trizol
reagent (Invitrogen) and 1 μg of it was reverse transcribed for the
synthesis of cDNA. The mRNA expression of COX-2 was evaluated
by qPCR. qPCR was performed using TOPreal (Enzynomics, Daejeon,
Republic of Korea) in a Light Cycler 480 Ⅱ (Roche Life Science,
Indianapolis, IN, USA). qPCR primer pairs were as follows: COX-2,
forward: TGGTGCCTGGTCTGATGATG and reverse: GCCTGCT
TGTCTGGACAAC. GAPDH, forward: GCACCCCTGGCCAA
GGTCAT and reverse: ACGCCACAGTTTCCCGGAGG.

Western blotting. U87MG cells were lysed in radioimmunoprecipitation
assay buffer (Thermo Fisher Scientific) containing 25 mM Tris-HCl pH
7.6, 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS,
protease inhibitor cocktail (Roche) and phosphatase inhibitor cocktail
(GenDepot, Barker, TX, USA). Equivalent amounts of total protein (20
μg) were separated by SDS-PAGE on 8% polyacrylamide gels and then
transferred to nitrocellulose membranes (Bio-Rad Laboratories,
Hercules, CA, USA). The membrane was blocked with 5% skim milk
in tris-buffered saline (TBS) containing 0.1% Tween-20 and then
incubated with anti-COX-2 (Cell signaling, Beverly, MA, USA, #4842)
or anti-β-actin (Sigma-Aldrich, A5441). The immunoreactivity was
detected by ECL (Thermo Fisher Scientific) using LAS 4000 (Fujifilm,
Tokyo, Japan).

Treatment of inhibitors. U87MG cells were grown for 12 h. COX-
2 inhibitor NS398 (Sigma-Aldrich) or PPARγ inhibitor GW9662
(Sigma-Aldrich) were added to cells 1 h before TFP treatment.

Soft agar colony formation assay. U87MG cells (5×103 cells/well)
were seeded in 6-well plates in 0.35% top agar overlaying a 0.5%
base agar. The solidified cell layer was filled with medium including

TFP, NS398, or GW9662, which was refreshed every 3 days. Cells
were incubated at 37˚C for 2 weeks to allow colonies to develop.
The colonies were stained with crystal violet and photographed.

Colony formation assay. U87MG cells (5×103 cells/well) were
seeded in 6-well plates. The plates were incubated with TFP, NS398
or GW9662. The medium was refreshed every 3 days. Cells were
incubated at 37˚C for 8 days to allow colonies to develop. The
colonies were stained with crystal violet and photographed with a
digital camera manually counted.

Apoptosis assay. U87MG cells (1×106 cells) were cultured in 100-
mm dishes and treated with TFP, NS398 or GW9662 for 12 h. After
treatment, cells were harvested, washed with 1 X PBS (plus 1%
BSA, 2 mM EDTA), and stained with Annexin V-FITC Apoptosis
detection kit (Thermo Fisher Scientific). We analyzed apoptotic
cells by flow cytometry using the Attune NxT flow cytometer
(Thermo Fisher Scientific).

Measurement of PGs. U87MG cells (3×104 cells/well) were grown
for 12 h in 24-well plates. Cells were treated with TFP and NS398
for 24 h. Cell culture medium was collected and analyzed for PGE2,
PGD2 (Cayman Chemical, Ann Arbor, MI, USA), and 15d-PGJ2
(Enzo Life Sciences, Farmingdale, NY, USA) using ELISA kits,
according to the manufacturer’s instructions.

Immunocytochemistry. Cells were fixed with 4% paraformaldehyde
and permeabilized with 0.1% Triton X-100. Subsequently, fixed
cells were incubated with anti-PPARγ (Cell signaling, #2435) and
anti-lamin A/C (Santa Cruz biotechnology, Dallas, TX, USA, sc-
7292) to detect cells. Secondary antibodies were goat anti-rabbit
Alexa Fluor® 488 labeled IgG for detection of PPARγ and a goat
anti-mouse Alexa Fluor® 594 labeled IgG for detection of lamin
A/C. The fluorescence pictures were captured using BX51-DSU
microscopy (Olympus IX81, Tokyo, Japan). 

Statistical analysis. All data are shown as the mean±standard error
(S.E.). Data were analyzed with GraphPad Prism (La Jolla, CA,
USA). Significance was determined using the unpaired student’s t-
test and one-way analysis of variance (ANOVA) plus post hoc
Dunnett’s post-test or Tukey’s multiple comparison test. p-Values
<0.05 were considered statistically significant.

Results

TFP inhibits cell viability and induces cell death in glioma cells.
To evaluate the effect of TFP on glioma cell viability, MTT
assay was performed. Cells were treated with TFP at various
concentrations (0, 1, 2, 5, 10, and 20 μM) for 48 h. TFP reduced
cell viability in all glioma cells (Figure 1A). Among three
glioma cells, U87MG cells were selected for further
experiments because of its common use and representative
responsiveness to TFP. Since treatment with 10 μM TFP
suppressed nearly 40% of U87MG cell viability, following
experiments were performed at this concentration. In order to
elucidate whether the reduced cell viability caused by TFP
treatment is a result of the induction of cell death or inhibition
of proliferation, we performed cell cycle analysis and DNA
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fragmentation assay. TFP treatment significantly increased sub-
G1 and G2/M and decreased G0/G1 population of U87MG cells
(Figure 1B). Furthermore, TFP treatment induced DNA
fragmentation (Figure 1C). The results indicate that TFP
treatment inhibits the cell cycle and induces cell death.

TFP increases COX-2 expression in U87MG cells. Some
studies have reported that increased COX-2 expression is
related to cancer cell apoptosis (19-21). Thus, we examined
the effects of TFP treatment on the expression of COX-2 in
U87MG cells. Results using qPCR showed that TFP
treatment increased the mRNA levels of COX-2 (Figure 2A).
The mRNA level was significantly elevated at 6 h after TFP
treatment, reached a maximum level at 12 h, and remained
high until 24 h although slightly reduced compared to the 12-
h time point. Western blot analysis showed that the COX-2
protein levels increased in a time-dependent manner after
TFP treatment. Elevated COX-2 protein levels were observed
at 24 h after TFP treatment and remarkably high expression
levels were reached at 48 h (Figure 2B). These results
indicate that mRNA and protein expression of COX-2 are
increased by TFP treatment.

COX-2 inhibitor recovers the effects of TFP on U87MG
cells. To reveal the possible involvement of COX-2 in the
TFP-induced decrease in cell viability, we applied the
specific COX-2 inhibitor NS398. Pretreatment with NS398
reduced the increased COX-2 protein levels induced by TFP
(Figure 3A) and restored the reduced cellular viability
caused by TFP treatment. However, NS398 alone did not
affect U87MG cell viability (Figure 3B). These results
demonstrated that TFP suppressed U87MG cell viability, at
least in part, via the COX-2 pathway. In addition, NS398
treatment also restored the reduced anchorage-dependent
and anchorage-independent colony formation of U87MG
cells by TFP (Figure 3C). Furthermore, the TFP-induced
increase in apoptotic cell populations was also significantly
reduced by NS398 treatment (Figure 3D). This result
strongly demonstrates that the anti-tumorigenic activity of
TFP is mediated by COX-2.

COX-2 inhibitor ameliorated the TFP-induced increased
release of PGs and suppressed PPARγ nuclear translocation.
We investigated whether TFP affects COX-2-related PG
release. As shown in Figure 4A, TFP treatment significantly
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Figure 1. Effects of TFP on U87MG cell viability and cell death. (A) U87MG, U251MG, and T98G cells were treated with TFP at concentrations
ranging from 0 to 20 μM for 48 h, and cell viability was determined using MTT assay. Data are represented as mean±S.E. *p<0.05, ***p<0.001
vs. CTL. (B) Cell cycle analyses of U87MG cells treated with TFP at 10 μM for 48 h. *p<0.05, **p<0.01, ***p<0.001 vs. CTL. (C) DNA
fragmentation analyses of U87MG cells. TFP was used at 10 μM for 4 h. Data are presented as mean±S.E. **p<0.01 vs. CTL.



increased the release of PGE2, PGD2, and 15d-PGJ2 in
U87MG cells. Pretreatment with NS398 clearly suppressed
the increased release of PGE2, PGD2, and 15d-PGJ2.

Several studies have indicated that COX-2-derived PGE2,
PGD2, and 15d-PGJ2 induced COX-2-dependent apoptosis
through activating the transcription factor PPARγ. PGE2,
PGD2, and 15d-PGJ2 are endogenous ligands of PPARγ and
involved in the apoptosis of cancer cells (18, 22). Using
immunocytochemistry, we showed the nuclear translocation
of PPARγ as an indicator of PPARγ activation. TFP
treatment evoked nuclear translocation of PPARγ, and this
translocation was significantly inhibited by NS398 (Figure
4B). These results suggested that PGs and PPARγ activation
are associated with COX-2-dependent apoptosis.

Impact of PPARγ on TFP-induced cell death. To determine
whether PPARγ is a key mediator of TFP-induced U87MG
cell death, we applied a PPARγ inhibitor (GW9662). The
TFP-induced reduction in cell viability and colony formation,
and the increase in apoptotic cell population were recovered
by GW9662 co-treatment (Figure 5). These findings revealed
that the induction of COX-2 expression and subsequent
activation of PPARγ by COX-2-derived PGs as key events in
the proapoptotic action of TFP on U87MG cells.

Discussion

The present study aimed to identify the underlying
mechanism of TFP-induced intracellular Ca2+ increase and
cell death in glioma cells. Previous reports have
demonstrated that TFP has anti-cancer activity on several
cancers including glioma (10-12, 22-25). However, to the
best of our knowledge, there is no report on how TFP
induces cancer cell death, especially in glioma.

Among antipsychotics, TFP has long been used for the
treatment of schizophrenia (6, 26). Notably, cancer incidence
is low in schizophrenia patients who have received
antipsychotic treatment (27). Furthermore, several studies
have shown that TFP has anti-tumor effects in many cancers
(28-30). Since TFP, as an antipsychotic drug, can cross the
blood-brain barrier, it may possibility be used for the
treatment of GBM (31).

In our previous study, we showed that TFP directly interacts
with the Ca2+ binding protein calmodulin (CaM) subtype 2
(32), triggering the irreversible release of Ca2+ by inositol
1,4,5-triphosphate receptor subtypes 1 and 2, and resulting in
the inhibition of motility, invasion, and viability of GBM cells
in vitro (11). CaM antagonists can induce apoptosis in GBM
cells (33). Thus, it is possible that TFP induces GBM cell
apoptosis as a CaM antagonist. However, the precise
mechanism of action of TFP requires further evaluation.

It has been shown that an increase in Ca2+ levels activates
COX-2. Treatment with the calcium ionophore, ionomycin,
resulted in a significant induction of COX-2 mRNA and
protein levels (34). Diosgenin, a component of plant extracts,
induced cell cycle arrest and apoptosis in erythroleukemia
cells through intracellular Ca2+ increase and COX-2 over-
expression (35). As expected, TFP treatment remarkably
increased the expression of COX-2 in U87MG cells (Figure
2). Although there were many controversies, COX-2 is known
to be involved in cell death (36-39). Thus, we hypothesized
that COX-2 might mediate the anti-cancer effect of TFP on
glioma cell death. Treatment with a COX-2 inhibitor reversed
the changes induced by TFP treatment, including the increased
expression of COX-2, reduced cell viability, decreased colony
formation, and increased apoptotic cell population. From these
results, we could conclude that COX-2 is an important
mediator of TFP-induced cell death in U87MG cells.
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Figure 2. Effects of TFP on COX-2 expression. (A) U87MG cells were
treated with TFP at 10 μM for 6, 12, and 24 h. COX-2 mRNA expression
levels were determined by qPCR. Data are represented as mean±S.E.
**p<0.01, ***p<0.001 vs. CTL. (B) U87MG cells were treated with TFP
at 10 μM for 24 and 48 h. The protein levels of COX-2 were examined
by western blot. β-actin was used as the loading control.
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Figure 3. Effects of NS398 on the TFP-induced suppression of U87MG cell viability. (A) U87MG cells were pretreated with or without the COX-2 inhibitor
NS398 (1 μM) for 1 h, and then additionally treated with 10 μM TFP for 48 h. COX-2 protein expression was determined by western blot. β-actin was
used as the loading control. (B) U87MG cells were pretreated with or without NS398 (1 μM) for 1 h, and then additionally treated with 10 μM TFP for
48 h. Cell viability was determined using the MTT assay. Data are presented as mean±S.E. ***p<0.001 vs. Vehicle (Veh), ###p<0.001 vs. TFP. (C) Colony
formation of U87MG cells was determined using an anchorage-independent/-dependent colony formation assay. Scale bar represents 200 μm. (E) U87MG
cells were pretreated with or without NS398 for 1 h, and then treated with 10 μM TFP for 48 h. Flow cytometry analysis of Annexin-V and propidium
iodide (PI) staining of U87MG cells. Data are presented as mean±S.E. ***p<0.001 vs. Veh, ###p<0.001 vs. TFP.



COX-2 produces PGH2, a precursor of many other
biologically significant PGs. PGs are known to be involved in
the inflammatory response and cell viability (40). PGE2
induced apoptotic cell death in human leukemia cells (41) and
fibroblasts (42). PGD2 and PGJ2 were found to be involved in
apoptosis in leukemia cells (43). Recent studies have shown
that COX-2-dependent PGD2 and 15d-PGJ2 activated PPARγ
and caused apoptosis of lung cancer cells (18, 22). Based on

these, we hypothesized that TFP treatment up-regulated COX-
2, then increased PGs production, and eventually activated
PPARγ nuclear translocation in U87MG cells.

Since PPARγ is a nuclear receptor protein, the
translocation of PPARγ from the cytoplasm to the nucleus is
important for its activation. We revealed the nuclear
translocation of PPARγ with immunocytochemistry after
TFP treatment. As shown in Figure 4, COX-2 inhibitor
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Figure 4. Effects of NS398 in PPARγ activation by TFP. (A) U87MG cells were pretreated with or without NS398 (1 μM) for 1 h, and then treated
with 10 μM TFP for 24 h. PGs levels were determined by ELISA. Data are presented as mean±S.E. ***p<0.001 vs. Vehicle (Veh), ###p<0.001 vs.
TFP. (B) U87MG cells were pretreated with or without NS398 for 1 h, and then treated with 10 μM TFP for 24 h. Representative image of lamin
A/C (red) and PPARγ (green) positive immunocytochemical staining. Scale bar represents 50 μm.
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Figure 5. Effects of GW9662 on the TFP-induced suppression of
U87MG cell viability. (A) U87MG cells were pretreated with or without
GW9662 (10 μM) for 1 h, and then treated with 10 μM TFP for 48 h.
Cell viability was determined using a MTT assay. Data are presented
as mean±S.E. ***p<0.001 vs. Vehicle (Veh), ###p<0.001 vs. TFP. (B)
Colony formation of U87MG cells was determined using an anchorage-
independent colony formation and anchorage-dependent colony
formation. Scale bar represents 200 μm. (C) U87MG cells were
pretreated with or without GW9662 for 1 h, and then treated with 10
μM TFP for 48 h. Flow cytometry analysis of Annexin-V and PI staining
of U87MG cells. Data are presented as mean±S.E. ***p<0.001 vs. Veh,
###p<0.001 vs. TFP.



effectively blocked the increase in TFP-induced PG release
as well as the nuclear translocation of PPARγ.

In several reports, COX-2-dependent activation of PPARγ
was associated with apoptosis (18, 22). However, there are
many contradictory results about the role of PPARγ. Thus,
we applied a PPARγ inhibitor to test our hypothesis that TFP
exerts anti-glioma activity by COX-2-dependent activation
of PPARγ. PPARγ inhibitor ameliorated TFP-induced
changes in cell viability, colony formation, and apoptotic cell
population in U87MG cells.

In conclusion, TFP, at least in part, exerts an anti-cancer
effect on GBM through the induction of apoptosis via a
COX-2/PPARγ-dependent manner.
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