
Abstract. Background/Aim: Fluoxetine, an antidepressant,
has cytotoxic effects on several cancer cell lines, while
paclitaxel is an antineoplastic agent for various cancers. The
aim of this study was to evaluate whether fluoxetine enhances
the cytotoxic effect of paclitaxel in gastric adenocarcinoma
cells and determine the mechanism of cell death. Materials and
Methods: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay was used to examine cell viability and
perform cell cycle analysis. Annexin V propidium iodide (PI)
staining, 4’,6-diamidino-2-phenylindole (DAPI) staining,
caspase-3/7 assay, and western blot analysis were performed
for determining cell death. Results: Fluoxetine enhanced the
anti-proliferative effect of paclitaxel. Fluoxetine-paclitaxel
combination caused G2/M arrest and increased events in the
sub G0/G1 phase in a time and dose-dependent manner,
indicating apoptotic cell death. Combination treatment caused
an increase in early apoptotic and late apoptotic cell death
compared to single treatment alone. Conclusion: Fluoxetine
enhanced the antiproliferation effect of paclitaxel in gastric
adenocarcinoma AGS cells and the combination caused cell
death by triggering apoptosis and necroptosis.

According to WHO cancer statistics in 2018, gastric cancer is
the sixth most common cancer and is responsible for one-third
of cancer deaths. The percentage of cancer patients suffering
from depression in the general population has increased from
5% to 20% (1). Antidepressants have been used to treat severe
to moderate depression in cancer patients for the last 20-25
years (2). Paclitaxel is used as a first-line treatment for
advanced diseases (breast, ovarian, and lung cancers), as

monotherapy or combination therapy (3). Numerous phase I
and phase II trials have been reported, suggesting the potential
effect of paclitaxel in treating advanced gastric cancers (4, 5).
It inhibits microtubule depolymerization, causes cell cycle
arrest at the G2/M phase and suppresses tumor growth (6).
Paclitaxel has been reported to initiate apoptosis through
multiple mechanisms, including an arrest of the cell cycle at
the mitotic phase (7). Moreover, one study has reported that
paclitaxel induces necroptosis in lung adenocarcinoma cells
through p-Casp8, receptor-interacting protein kinase 1
(RIPK1), and RIPK3 (8). Fluoxetine is an antidepressant
belonging to the class of selective serotonin reuptake
inhibitors (SSRIs) (9). It has been shown to inhibit the
proliferation of different cancer cell lines (10, 11) and to cause
cell cycle arrest in the G0/G1 phase in a time-dependent
manner (12). Another study has revealed that fluoxetine
induces apoptosis through extrinsic/intrinsic pathways and
diminishes ERK/NF-ĸB-modulated anti-apoptotic and invasive
potential in hepatocellular carcinoma cells in vitro (13). 

Antitumor drugs act through different mechanisms of
which programmed cell death (apoptosis) is highly conserved
(14). The main morphologic criteria of apoptosis are cellular
shrinkage, condensation and margination of nuclear
chromatin, DNA fragmentation, cytoplasmic vacuolization,
and cell lysis (14, 15). In addition to apoptosis, another form
of programmed cell death, is necroptosis, which is
characterized by a necrotic cell death morphology. Several
DNA-damaging agents kill cancer cells by inducing
necroptosis through the RIP1/RIP3/Mixed Lineage Kinase
domain-Like (MLKL) pathway (16).

Several intracellular signaling pathways regulate complex
processes such as development, proliferation, differentiation,
response to stress, and apoptosis. The mitogen-activated
protein kinase (MAPK) pathways participate not only in the
regulation of cell proliferation, but also in the regulation of
cell differentiation and death. In the Raf/MEK/ERK pathway,
Erk1 and Erk2 have central roles in determining its
physiological outputs (17) and play a critical role in cell
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survival, migration, and tumor invasion (18). Akt is a
serine/threonine protein kinase that has been implicated in the
pathogenesis of cancer as well as in essential cellular
processes including metabolism, cell growth, proliferation, cell
cycle progression, and survival (19). Poly (ADP-ribosylation)
PARP catalyzes the transfer of ADP-ribose to target proteins
and plays a crucial role in DNA repair and replication,
transcription, and cell death. Necroptosis is executed through
unique signaling pathways: the receptor interacting protein
RIP1/RIP3-dependent pathway activated by extracellular
stimuli such as tumor necrosis factor (TNF) and/or PARP-1
pathway triggered by continued DNA damage (20). In this
study, we evaluated whether fluoxetine enhances the anti-
proliferative effect of paclitaxel in the gastric adenocarcinoma
AGS cell line and examined the mechanism of its action in
order to provide the theoretical and experimental basis for
clinical applications and future research.

Materials and Methods
Materials. Paclitaxel was purchased from Sigma-Aldrich, (St.
Louis, MO, USA) and fluoxetine hydrochloride was purchased
from Selleckchem (Houston, TX, USA). Culture medium RPMI
1640, Dulbecco’s Phosphate Buffered Saline (DPBS), antibiotic
solutions and Fetal Bovine Serum (FBS) were purchased from
Welgene Inc. (Gyeongsan, Republic of Korea). Trypsin-EDTA
0.25% was purchased from (ThermoFisher Scientific, Waltham,
MA, USA). The 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-
tetrazolium bromide (MTT) and dimethyl sulfoxide (DMSO) were
also purchased from Sigma-Aldrich. The Anti-Erk, anti-p-Erk,
anti-Akt, anti-p-Akt, anti-RIP3, anti-Bcl2, anti-DR4, anti-DR5,
anti-PARP antibodies were purchased from Cell Signaling
Technology (Danvers, MA, USA). Anti-cyclin B1 antibody was
purchased from Novus Biologicals (CO, USA). Anti-actin
antibody was purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). Goat anti-rabbit IgG-HRP and goat anti-mouse
IgG-HRP antibodies were purchased from Bethyl Laboratories
(Montgomery, TX, USA). Enhanced chemiluminescence (ECL)
solutions and Acrylamide were purchased from Elpis
Biotechnology (Daejeon, Republic of Korea) and protein marker
was purchased form Bio-Rad (Hercules, CA, USA). Propidium
iodide and the Annexin V staining kits were purchased from
Abcam (Cambridge, UK). Propidium iodide and the RNase
solutions were purchased from Thermo Fisher Scientific (Eugene,
Oregon, USA). The caspase-3/7 activity kit was purchased from
Promega (Seoul, Republic of Korea).

Cell culture. The human gastric cancer cell line AGS (gastric
adenocarcinoma, KCLB 21739) was obtained from the Korean Cell
Line Bank (Seoul, Republic of Korea). The AGS cells were grown
in complete medium, consisting of Roswell Park Memorial Institute
(RPMI) 1640 medium supplemented with 10% fetal bovine serum,
1% penicillin-streptomycin, and 0.1% amphotericin B at 37˚C in a
humidified atmosphere of 5% CO2 and 95% air. The cells were
seeded and cultured until they reached 80% confluency.

Cell viability assay. The effect of different concentrations of
paclitaxel or fluoxetine alone or in combination on cell growth were

analyzed using the MTT assay. Briefly, 1×105 cells per well were
seeded in a 24-well plate and incubated at 37˚C for 24 h until they
reached 80% confluency. After exposure to the indicated
concentrations of drugs for 24 h and 48 h, the medium was
discarded and 200 μl of MTT solution [0.5 mg/ml in phosphate
buffered saline (PBS)] were added to each well and incubated for
an additional 4 h at 37˚C in a 5% CO2 incubator. Media were
removed and 200 μl of DMSO were added to each well to solubilize
formazan crystals (MTT metabolic product). The plates were shaken
for 15 min to dissolve the crystals and 100 μl of the solution were
added to the 96-well microplate reader and the optical density was
measured at 570 nm. In vitro cytotoxic activity was evaluated by
the calculation of the concentration of the drug required to kill 50%
of cells relative to the untreated cultures, known as the half maximal
inhibitory concentration (IC50).

Cell cycle analysis. The AGS cells were treated with paclitaxel or
fluoxetine alone or in combination for 6, 12, 24 and 48 h as described
above. Following treatment, cells were collected from culture plates
using 0.25% trypsin, and rinsed with cold PBS. Subsequently, the
cells were fixed with ice cold 70% ethanol and incubated at 4˚C
overnight. The cells were subsequently re suspended in cold PBS and
incubated with 1 ml propidium iodide (PI) staining solution
(containing 50 μg/ml propidium iodide and 50 μg/ml RNase A) at 20-
25˚C for 25 min in the dark. The distribution of cells in each cell
cycle phase was evaluated by flow cytometry (BD FACS Calibur, San
Jose, CA, USA) using CellQuest Pro software. 

Annexin V/PI assay. AnnexinV-fluorescein isothiocyanate
(FITC)/Propidium iodide (PI) double staining kit was used to
identify apoptotic cells and necrotic cells. The AGS cells were
treated with different concentrations of paclitaxel and fluoxetine for
24 and 48 h. After incubation, cells were harvested and resuspended
in 500 μl binding buffer, and then stained with 5 μl of Annexin V-
FITC and 5 μl of PI in the dark for 10 min. The apoptotic and
necrotic cells were detected using the FL1 and FL2 detector by flow
cytometry (BD FACS Calibur). The non-treated group was used as
a negative control. Cells showing up as Annexin V–/PI– were
recognized as healthy cells, Annexin V–/PI+ were recognized as
necrotic cells (post-apoptotic necrosis or late apoptosis), and
Annexin V+/PI– were considered as early apoptotic cells.

DAPI staining. The cells were washed with PBS and fixed with 4%
paraformaldehyde in PBS for 30 min at room temperature. The
fixed cells were washed again with PBS and stained with 4,6-
diamidino-2-phenylindole (DAPI, Sigma-Aldrich) solution for 2
min at room temperature. The cells were washed two more times
with PBS and analyzed using a fluorescence microscope (Leica,
Wetzlar, Germany). 

Electrophoresis and western blotting. In brief, from each sample, 20
μg of protein/lane were separated on 8-15% SDS-PAGE and
electroblotted onto nitrocellulose membranes. Subsequently,
membranes were incubated for 1 h in a solution containing Τris
buffered saline with Tween 20 (TBST) supplemented with 5% nonfat
dry milk or bovine serum albumin (BSA) and kept overnight at 4˚C
by incubating with the primary antibody in dilutions ranged from
1:500 to 1:2000. Membranes were washed in Τris-buffered saline [10
mM Tris-HCl (pH 8.0), 0.15 M NaCl, and 0.05% Tween 20] followed
by horseradish peroxidase-conjugated goat anti-mouse or goat anti-
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rabbit antibody. Biorad Universal Hood II Gel doc system (Hercules,
CA, USA) was used for detection, and protein expression was
quantified by Quantity One software (Bio-Rad). Protein loading
equivalence was corrected in relation to the expression of actin.

Bioluminescent assays for caspase-3/7 activities. Caspase-3/7
activities were assayed in triplicates using assay kit Caspase-Glo®
(Promega, Madison, WI, USA) on a white 96-well microplate. A
total of 1×104 cells were seeded per well and incubated with
different concentrations of paclitaxel and fluoxetine for 24 h.
Caspase activities were investigated according to the manufacturer’s
protocol. Briefly, 100 μl Caspase-Glo reagent were added and the
contents of wells were gently mixed using a plate shaker for 30 sec
and incubated at room temperature for 1 h. The luminescence of
each sample was measured by the Flex station 3 Multimode plate
reader (Molecular Devices, Sunnyvale, CA, USA).

Statistical analysis. All data were expressed as the mean±S.E.M. of
at least three independent experiments. Statistical significance of
differences among the groups were analyzed by one-way ANOVA
test. Values of p<0.05 were considered to indicate statistically
significant differences.

Results 

Fluoxetine enhances the sensitivity of AGS cells to paclitaxel
treatment. To determine the cytotoxic effect of Paclitaxel, AGS
cells were treated with 10, 20, 40, and 80 nM of paclitaxel for
24 h. Thereafter, cell viability was evaluated by the MTT cell
viability assay. The growth of AGS cells was inhibited by
paclitaxel in a dose-dependent manner. The cytotoxic effect
began at 10 nM and the IC50 value was 40 nM. The effect of
fluoxetine on proliferation was evaluated using the MTT assay
following treatment with 5, 10, 15, 20 and 30 μM of
fluoxetine. Treatment with 5 μM fluoxetine for 24 h, did not
affect viability of AGS cells but at 10 μM, the viable cells were
slightly decreased and reached less than 40% at 15 μM. To
examine the potential synergistic or antagonistic interaction
between fluoxetine and paclitaxel, AGS cells were treated with
three different concentrations of paclitaxel, either alone or in
combination with 10 μM fluoxetine, for 24 h and 48 h and
MTT assays were performed. The results described in Figure
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Figure 1. Effects of the treatment with paclitaxel (Pac) or fluoxetine (Flu) alone or in combination on the viability and morphology of AGS cells.
AGS cells were treated with different concentrations of paclitaxel alone or in combination with fluoxetine for 24 h and 48 h, and MTT assay was
conducted to determine cell viability. (A) The graph shows the percentage of viable cells compared to that in the non-treated group. (B) Cell
morphology was observed by light microscopy after single or combination treatment for 24 h and 48 h (magnification ×20). a, g: non-treated; b,
h:10 μM fluoxetine; c, i: 20 nM paclitaxel; d, j: 40 nM paclitaxel; e, k: 10 μM fluoxetine + 20 nM paclitaxel; f, l:10 μM fluoxetine + 40 nM
paclitaxel. All data are presented as mean±S.E.M, n=3; were analyzed using a one-way ANOVA test; (*p<0.05, ***p<0.001 compared with the
non-treated group, #p<0.05, ##p<0.01, ###p<0.001 compared with the single treatment group).



1 indicated that treatment of cells with 10, 20 and 40 nM of
paclitaxel combined with 10 μM fluoxetine decreased from
90.0% to 70.0%, from 65.0% to 40.0% and from 50.0% to
30.0%, respectively compared to paclitaxel treatment alone at
24 h and from 60.0% to 30.0%, from 50.0% to 20.0% and from
30.0% to 10.0% at 48 h (Figure 1A).

Simultaneous treatment of AGS cells with 10 μM
fluoxetine and 10, 20 and 40 nM of paclitaxel for 24 h and
48 h resulted in significant alterations in cell morphology.
Untreated AGS cells are polygonal with a homogeneous size
distribution. Paclitaxel and fluoxetine treated cells were more
suspended round shaped cells and the attached cells had
increased size (Figure 1B).

Paclitaxel and fluoxetine act synergistically to inhibit the
proliferation of AGS cells. To confirm the cell viability
results, western blot analysis was performed to detect the cell
proliferation protein markers, Erk 1/2, Akt, and cell cycle
checkpoint protein indicator, cyclin B1. Phoshporylation of
Erk1/2 was significantly decreased following treatment with

the combination of 10 and 40 nM paclitaxel and 10 μM
fluoxetine compared to that following treatment with
paclitaxel alone (p<0.05) (Figure 2B). Moreover, Akt was
also inactivated and the phosphorylation of Akt decreased
following single and combination treatment, but there was
no statistically significant difference between the
combination treatment and the single treatment (p>0.05).
Moveover, activation of cyclin B1 was decreased upon
treatment with 20 nM and 40 nM paclitaxel alone and upon
combination treatment with fluoxetine (Figure 2A). 

Determination of cell cycle arrest. To access the distribution
of cells in the different phases of cell cycle and the extent of
cell death, AGS cells were treated with paclitaxel alone or
the combination of paclitaxel and fluoxetine for 6, 12, 24 and
48 h,.The cells were collected, stained with PI and analyzed
using flow cytometry. The results showed that the sub G0/G1
DNA content was significantly increased at 24 h and 48 h of
combination treatment relative to single treatment (p<0.05)
(Figure 3B). Treatment with different concentrations of
fluoxetine alone , significantly increased in a dose-dependent
manner the cell population in the G0/G1 phase and the sub
G0/G1 phase compared to the non-treated group (p<0.01). 

In the case of different concentrations of paclitaxel alone,
the cell population in the G2/M phase was increased in a
dose- and time-dependent manner up to 24 h compared to
the non-treated group. Following 48 h treatment with 40 nM
and higher concentrations of paclitaxel, the cell population
in the G2/M phase was decreased  and that in the sub G0/G1
phase was increased .

Fluoxetine enhances paclitaxel-induced apoptosis. Tretament
of cells with 20 nM and 40 nM paclitaxel alone or in
combination with 10 μM fluoxetine, increased the number of
apoptotic AGS cells, but fluoxetine treatment alone had a
small effect at 24 h. At 48 h of combination treatment, there
was a greater increase in the number of apoptotic AGS cells,
and most of the remaining cells showed chromatin
condensation, nuclear fragmentation and increased nuclear
size (Figure 4). 

Thereafter, the apoptotic effect of paclitaxel and fluoxetine
in AGS cells was examined following single or combination
treatment using flow cytometry with Annexin V/PI doubled
staining. The percentage of early apoptotic cells and late
apoptotic cells increased two-fold and four-fold after the
combination treatment for 24 h, respectively, when compared
to the single treatment group (Figure 5B).

To confirm the apoptotic effect of the combination
treatment, cleaved PARP levels were evaluated by western
blotting. Cleaved PARP levels were significantly increased
upon treatment with 10 nM and 40 nM paclitaxel in
combination with fluoxetine, compared to single treatment
(p<0.01 and p<0.05) (Figure 6A). Thereafter, caspase-3/7
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Figure 2. Effect of paclitaxel (Pac) and fluoxetine (Flu) on the expression
of cell proliferation-associated proteins in AGS cells. (A) AGS cells were
treated with 10 nM, 20 nM, and 40 nM paclitaxel alone or in
combination with 10 μM fluoxetine for 24 h and the expression levels of
Akt, p-Akt, Erk, p-Erk, and Cyclin-B1 were determined by western blot
analysis. β-Actin was used as the loading control. (B) The blots of Erk
and p-Erk protein expression were quantified by densitometry. The data
are presented as mean±S.M.E, n=3; they were analyzed using a one-way
ANOVA test (*p<0.05 compared with the non-treated group and #p<0.05
compared with the single treatment group).



activity was also evaluated using a caspase-3/7 activity assay
kit by measuring luminesence. Caspase activity was
increased in the fluoxetine and paclitaxel combination treated
group compared to the non-treated group and paclitaxel only
treated group (p<0.05) (Figure 6B). 

The combination treatment caused an increase in DR5
protein expression compared to single treatment and the non-
treated group. However, in the case of DR4 protein, there
was no significant difference in its expression levels relative
to the non-treated group (Figure 7). Bcl-2 protein expression
decreased in single and combination treatment compared to
the non-treated group. In case of the necroptotic protein

marker, RIP3 protein, paclitaxel and the combination treated
group showed a greater increase in protein expression
compared to the non-treated group and single treated group
(Figure 5C).

Discussion

Gastric cancer is predicted to be the fourth leading cancer
causing mortality and the third leading cancer in women in
Korea (21). A review has stated that 15.6% of cancer patients
are prescribed antidepressants. Selective serotonin reuptake
inhibitors are the most frequently prescribed antidepressants
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Figure 3. Effects of paclitaxel (Pac) and fluoxetine (Flu) on cell cycle distribution after single or combination treatment. (A) Cell-cycle distribution of
AGS cells was analyzed following propidium iodide (PI) staining by flow cytometry (B) Sub G0/G1 phase was calculated by CellQuest Pro software, in
which M1=Sub G0/G1 phase, M2=G0/G1 phase, M3=S phase, and M4=G2/M phase. Data are presented as the mean±S.E.M, n=3; were analyzed using
a one-way ANOVA test (***p<0.001, **p<0.01 and *p<0.05 compared with the non-treated group, #p<0.05 compared with the single treatment group).



(22), of which fluoxetine is one of the most commonly
prescribed. Different studies have shown that fluoxetine has
antiapoptotic effects against different cancer cell types (11,
13, 23). Paclitaxel is an antineoplastic agent widely studied
in clinical trials of advanced gastric cancer as a single
treatment or a combination treatment with other anticancer
agents (4, 9, 24). In the present study, the effect of paclitaxel
in combination with fluoxetine on the viability and the
mechanisms of death of AGS cells was evaluated by MTT
assay, cell cycle analysis, DAPI staining, Annexin V/PI
staining, and western blotting. Fluoxetine was not found to
be toxic in AGS cells up to a concentration of 5 μM,
following 24 h treatment. However, at 15 μM, cell viability
decreased to 30% in comparison to that in the non-treated
group. Consequently, fluoxetine was used at the
concentration of 10 μM in combination with paclitaxel in
AGS cells. As for paclitaxel, three different concentrations
(10, 20, and 40 nM), that were less than the IC50 (50 nM),
were used for 24 h to evaluate its cytotoxic effect on AGS
cells. Based on the cell viability assay, fluoxetine enhanced
the cytotoxic effect of paclitaxel on AGS cells (Figure 1). To
verify the cell viability assay results, the levels of proteins
related to cell proliferation and survival, Akt and Erk ½,
were examined using western blot analysis. One study has
reported that Akt phosphorylation and its transducing
downstream events play a central role in cell survival and
cell cycle progression at the G2-M transition phase and that
paclitaxel inhibited Akt-Ser473 phosphorylation and induced
mitotic arrest (25), which is consistent with our results. The
combination treatment with paclitaxel and fluoxetine caused
a significant decrease in p-Akt and p-Erk protein expression
compared to single treatment and no-treatment. It was
suggested that fluoxetine enhanced the antiproliferative
effect of paclitaxel in the AGS cell line.

To investigate the possible mechanism by which
fluoxetine enhances the cytotoxic effect of paclitaxel, we
performed cell cycle analysis, DAPI staining, Annexin V/ PI
staining, and western blot analysis. It has been previously
reported that taxol is effective in inducing apoptosis at
extremely low doses (0.020-0.035 μM), in lung cancer cell
lines (26), and this effective concentration was concurred in
AGS cells in our study. In cell cycle analysis, fluoxetine
treatment alone caused cell cycle arrest at the G0/G1 phase
and induced apoptosis of cells in the sub G0/G1 phase in a
dose- and time-dependent manner. Fluoxetine-induced
apoptotic cell death may be attributed to cell cycle arrest at
the G0/G1 phase. However, paclitaxel caused cell cycle arrest
at the G2/M phase and cell death in a time- and dose-
dependent manner. This is in agreement with other studies
showing rapid, dramatic effects of higher paclitaxel
concentrations on mitosis and cell death that were originally
believed to be responsible for its efficacy in cancer therapy
(7). After treatment with paclitaxel and fluoxetine
combination, the number of cells at the G2/M phase and sub
G0/G1 phase increased (Figure 3). These results suggested
that the effect of fluoxetine in sub effective doses did not
overtake that of paclitaxel in cell cycle distribution. 

According to DAPI staining and the caspase-3/7 activity
assay, fluoxetine promoted the apoptosis effect of paclitaxel.
To further verify the cell death mechanism, we analyzed
treated cells by Annexin V/PI staining in flow cytometry.
According to Annexin V/PI staining, following treatment with
the combination of fluoxetine and paclitaxel, there was a
significant difference in early apoptotic cells relative to single
treatment with paclitaxel. However, late apoptotic cell death
increased in the group treated with the combination of these
drugs. One study has reported that RIP3 catalytic activity was
dispensable for apoptosis but essential for necroptosis and
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Figure 4. Assessment of the nuclear morphology using DAPI staining and fluorescence microscopy. AGS cells were treated with paclitaxel (Pac)
and fluoxetine (Flu) alone or in combination for 24 h and 48 h before they were fixed and stained with DAPI. The stained nuclei were then observed
under a fluorescence microscope using a blue filter magnification, ×20. a, g: non-treated; b, h: 10 μM fluoxetine; c, i: 20 nM paclitaxel; d, j: 40
nM paclitaxel; e, k: 10 μM fluoxetine + 20 nM paclitaxel; f, l: 10 μM fluoxetine + 40 nM paclitaxel. Micrographs are representative of three
independent experiments. Arrowheads indicate the shrunken or fragmented nuclei with chromatin condensation.



both apoptosis and necroptosis could proceed simultaneously
(27). It was suggested that paclitaxel alone or in combination
caused necroptotic and apoptotic cell death simultaneously. To
confirm the induction of necroptosis, we studied RIP3 protein
expression after treatment of AGS cells, using western
blotting. RIP3 protein expression increased in cells treated
with paclitaxel alone or in combination with fluoxetine.

Two major apoptotic signaling pathways exist in mammalian
cells: The intrinsic pathway, which is controlled by the Bcl-2
family of proteins and is induced by chemotherapy and
radiotherapy, and the extrinsic pathway, which is mediated by
the TNF receptor superfamily (28). To further examine the
apoptotic effect of single and combination treatments, western
blot analysis was performed to determine the levels of DR4,
DR5, and PARP protein expression. In the combination-treated

cells, PARP expression was increased compared to that in the
single agent treated cells. Moreover, it has been previously
suggested that the PARP pathway is an integral part of TNF-
induced necroptosis in L929 fibrosarcoma cells (29). Therefore,
it was suggested that increased levels of cleaved PARP are
involved in apoptosis and necroptosis. There was no significant
difference in DR4 protein expression relative to that in the non-
treated group. DR5 protein expression was increased in the
combination treatment group. Therefore, it is suggested that the
TRAIL receptor DR5 is involved in one of the apoptotic cell
death mechanisms in treated cells. It has been reported that
paclitaxel down-regulates Bcl-2 and activates caspases and
PARP (30). This is in agreement with our study in which
proapoptotic protein Bcl-2 expression decreased and PARP and
caspase activity increased in combination-treated cells
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Figure 5. Effects of paclitaxel (Pac) and fluoxetine (Flu) alone or in combination on apoptosis and necroptosis. (A) Apoptotic cells were determined by
flow cytometry following Annexin V–fluorescein isothiocyanate/propidium iodide (PI) staining after 24 h and 48 h treatment with paclitaxel and fluoxetine
in which Q1=necrotic cells, Q2=late apoptotic cells, Q3=live cells and Q4=early apoptotic cells (B, C) Quantitative analysis of early and late apoptotic
cells. (D) The AGS cells were treated individually with 10, 20, and 40 nM paclitaxel, or in combination with 10 μM fluoxetine for 24 h and RIP3 expression
was determined by western blot analysis. β-Actin was used as the loading control. The data are presented as the mean±S.E.M, n=3; were analyzed using
a one-way ANOVA test. (*p<0.05, **p<0.01 ***p<0.001 compared with the untreated group, #p<0.05 and ##p<0.01 compared with individual treatment
group).



compared to cells treated with one of the drugs. In contrast,
fluoxetine enhanced the anti- proliferative effect of paclitaxel
by decreasing phosphorylation of Erk ½ and Akt. Moreover,
fluoxetine enhanced the apoptotic effect of paclitaxel by
activating caspase-3/7 and PARP. In addition to apoptosis, the

fluoxetine–paclitaxel combination caused an increase in
necroptotic cell death. Therefore, the mechanism of the effect
of paclitaxel on necroptosis in gastric cancer cells needs to be
studied in detail.
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