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Escitalopram oxalate inhibits proliferation and migration
and induces apoptosis in non-small cell lung cancer cells
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Abstract. Population-based cohort studies have revealed
that neuroleptic medications are associated with a reduced
cancer risk. Recent studies have demonstrated that selective
serotonin reuptake inhibitors (SSRIs) have an antiprolifera-
tive or cytotoxic effect on certain cancer types. Known as a
superior SSRI, escitalopram oxalate exhibits favorable toler-
ability with generally mild and temporary adverse events.
The present study aimed to examine the effects of escitalo-
pram oxalate on non-small cell lung cancer (NSCLC) cells.
The experimental results revealed that escitalopram oxalate
significantly inhibited the proliferation and invasion of A549,
and H460 cells compared with BEAS-2B cells. Additionally,
escitalopram oxalate significantly increased the sub-G,
population and caspase-3 activity of A549, and H460 cells.
Furthermore, escitalopram oxalate significantly induced mito-
chondria-dependent apoptotic signaling cascades in A549 and
H460 cells, which included increases in the protein expression
levels of apoptosis regulator Bax, truncated BH3-interacting
domain death agonist, cytochrome ¢, apoptotic protease-acti-
vating factor 1, and cleaved caspase-9. These findings suggest

Correspondence to: Dr Tsai-Ching Hsu, Institute of Biochemistry,
Microbiology and Immunology, Chung Shan Medical University,
110, Section 1, Jianguo North Road, Taichung 40201, Taiwan, R.O.C.
E-mail: htc@csmu.edu.tw

Dr Bor-Show Tzang, Department of Biochemistry, School of
Medicine, Chung Shan Medical University, 110, Section 1, Jianguo
North Road, Taichung 40201, Taiwan, R.O.C.

E-mail: bstzang@csmu.edu.tw

“Contributed equally

Key words: escitalopram oxalate, non-small cell lung cancer,
proliferation, migration, apoptosis

that escitalopram oxalate could serve a therapeutic agent for
the treatment of NSCLC due to its antiproliferative and apop-
totic effects.

Introduction

Many statistical reports indicated that malignant tumors
that are associated with lung cancer are the leading cause of
death globally (1,2). Based on its biological characteristics
and clinical manifestations, lung cancer can be classified into
small cell lung cancer (SCLC) and non-small cell lung cancer
(NSCLC) (3). Small-cell lung tumors undergo metastasis
more rapidly than NSCLC to other organs, such as the brain,
skeleton, and lymph tissues (4). NSCLC can be divided into
adenocarcinoma, squamous cell carcinoma, and large cell
carcinoma. Large cell carcinoma is the most difficult to treat
owing to its potential presence in any part of the lungs as well
as its rapid growth and migration (5).

Antidepressants are frequently dispensed to cancer patients
who are suffering from depressive disorders that develop
in later stages. A population-based cohort study found that
neuroleptic medications are associated with a reduced cancer
risk (6), including a reduced lung cancer (7). An increasing
number of retrospective studies are finding that selective sero-
tonin reuptake inhibitors (SSRIs) have an anti-proliferative or
cytotoxic effect on various cancers (8). Fluoxetine, acommonly
used SSRI, has been demonstrated to slow the cell cycle
progression in A549 cells by reducing cyclin D1 and cyclin A
expressions and inducing P53 and P21 protein expressions (9).
These findings reveal that antidepressants such as SSRIs may
have therapeutic potential against NSCLC.

Escitalopram oxalate, also known as Cipralex®
(H. Lundbeck A/S, Copenhagen, Denmark) and Lexapro®
(Forest Laboratories, Inc., St. Louis, MO, USA), is a SSRI that
is used for the treatment of major depressive disorder (MDD)
and anxiety disorder by selectively binding to the human sero-
tonin transporter (10). Based on a meta-analysis and a pooled
analysis, escitalopram oxalate is more effective than other
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antidepressants (11). The relevant results indicated that escitalo-
pram oxalate was superior to a placebo, and almost as effective
as, or superior to, other SSRIs, including citalopram, paroxetine,
fluoxetine and sertraline, and serotonin-noradrenaline reuptake
inhibitors, including duloxetine and sustained-release venla-
faxine. Escitalopram oxalate also exhibits favorable tolerability
and causes generally mild and temporary adverse events (11).
Since few studies of reports on the effects of escitalopram
oxalate in NSCLC cells have been published, the present study
attempts to examine the effects of escitalopram oxalate on
NSCLC and the underlying mechanism involved.

Materials and methods

Cell line and escitalopram oxalate. NSCLC cell lines,
A549 and H460, purchased from Taiwan Food Industry
Development Research Institute (Hsinchu, Taiwan) were
cultured in RPMI-1640 medium containing 5% FBS (Gibco;
Life Technologies Co., Grand Island, NY, USA). Human
bronchus epithelial cell line BEAS-2B, kindly provided by
Dr Gow-Tarng Sheu (Graduate Institute of Medicine, Chung
Shan Medical University, Taichung, Taiwan) was cultured in
RPMI-1640 medium containing 10% FBS as control cell line.
The SSRI, escitalopram oxalate (Lexapro; Sigma, St. Louis,
MO, USA), was provided by Chiayi Chang Gung Memorial
Hospital.

MTT assay. A total of 5x10° cells was seeded in each well of
a 96-well plate and cultured overnight for cell adhesion. The
culture medium was then removed and replaced with medium
containing different concentrations of escitalopram oxalate.
Triplicate treatments were conducted for each concentration.
After incubation with different concentrations of escitalopram
oxalate for 24 or 48 h, the culture medium was removed and
0.2 ml MTT reagent (0.5 mg/ml) was added to each well for
another 2 h. A 0.2 mI DMSO was then added to each well of
the plate to dissolve the crystal and absorbance was measured
at 570 nm with an ELISA reader. The relative cell survival
rate was calculated based on the ratio of the absorbance of
the sample treatment relative to the absorbance of the control
treatment.

Cell-migration assay. To measure the effects of escitalopram
oxalate, a modified Boyden chamber assay using cell culture
inserts with a 12-um pore size polycarbonate filter in a 48-well
format was used to perform an in vitro migration assay. Cells
were seeded on the upper part of the chamber at a density
of 2x10* cells/well in 50 ul of serum free medium. For the
invasion assay, 10 ul Matrigel (BD Biosciences, Bedford,
MA, USA) was applied to 12-um-pore size polycarbonate
membrane filters, with the bottom chamber of the apparatus
containing standard medium and then incubated for 16 h at
37°C. The cells that had invaded to the lower surface of the
membrane were fixed with methanol, washed with dd-H,O,
and then stained with Giemsa. Ten random fields were counted
for each experiment under a light microscope at x200 magni-
fication per filter.

Flow cytometric analysis. A total number of 2x10° cells per
100 mm? were seeded in culture plates for 24 h at 37°C in a
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5% CO, incubator. The cells were then incubated with various
concentrations of escitalopram oxalate for 24 h. After incuba-
tion, the cells were harvested, washed with PBS, and fixed
with 70% alcohol for 16 h at 4°C. The cells were then washed
using PBS and transferred into 12x75 mm tubes. A total of
10 ul of propidium iodide (PI) staining solution was added to
each tube, and the contents were gently mixed. The mixture
was incubated in an ice bath in the dark. Following filtration
through a 40 ym nylon screen, the stained cells were analyzed
using a FACSCalibur analyzer (Becton Dickinson, Bedford,
MA, USA).

Caspase-3 activity assay. Analysis of caspase-3 activity was
performed in triplicate using the caspase-3, active form, ELISA
pair kit (BD Biosciences, San Diego, CA, USA) according to
the manufacturer's protocol.

Protein extraction and western blotting. Cell lysates were
obtained by homogenizing the cells in lysis buffer (20 mM
Tris-HCI, 150 mM NaCl, 1 mM Na,EDTA, 1 mM EGTA,
1% Triton X-100, 2.5 mM sodium pyrophosphate, I mM
B-glycerophosphate, 1 mM Na;VO, and 1 pg/ml leupeptin).
The homogenates were then centrifuged at 12,000 x g for
40 min and the supernatants were collected and stored at -80°C
for further experiments. Western blotting was performed as
described elsewhere (12). Protein samples were denatured
for 10 min in boiling water with sample buffer (0.0625 M
Tris-HCI buffer, pH 6.8, containing 2.3% SDS, 5% 2-mercap-
toethanol, and 10% glycerol). Samples were applied to a 12.5%
Sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE) and
electrophoresis at 100-150 V for 1.5 h and then electropho-
retically transferred to a nitrocellulose membrane (Amersham
Biosciences, Piscataway, NJ, USA). The membrane was then
soaked in PBS with 5% nonfat dry milk for 30 min at room
temperature. Antibodies against Bax, tBid, cytochrome c,
Apaf-1, cleaved caspase-9, phosphorylated IkB-a (p-IkB-a)
and NF-xB (p-p65) and (-actin (Upstates, Charlottesville,
VA, USA; Santa Cruz Biotechnology, Santa Cruz, CA, USA)
were diluted in PBS with 2.5% BSA and incubated for 1.5 h
with gentle agitation at room temperature. The membranes
were washed twice with PBS-Tween for 1 h, and a secondary
antibody conjugated with horseradish peroxidase (HRP) was
added. Pierce's SuperSignal West Dura HRP Detection kit
(Pierce Biotechnology Inc., Rockford, IL, USA) was used to
detect antigen-antibody complexes. The blots were scanned
and quantified by densitometry (Appraise, Beckman-Coulter,
Brea, CA, USA).

Statistical analysis. All statistical analyses were performed
using SPSS 10.0 software (SPSS Inc., Chicago, IL, USA).
Three independent experiments were repeated. Statistical
analyses were performed using the analysis of variance plus
posterior multiple comparison test to determine the difference.
P<0.05 was considered statistically significant. The significant
differences were stressed with symbols as shown in figures.

Results

Escitalopram oxalate attenuates proliferation and invasive
ability in A549 and H460 cells. To evaluate the effects of
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Figure 1. The effects of escitalopram oxalate on viability of BEAS-2B,
A549 and H460 cells. Relative survival of BEAS-2B, A549 and H460 cells
treated with different concentrations of escitalopram oxalate for (A) 24 or
(B) 48 h were determined by MTT assay. The characters, a, b and ¢, indicate
significant difference, P<0.05, as compared to the control group (0 mM), and
d indicates significant difference as compared to BEAS-2B cells. Similar
results were observed in three repeated experiments.

escitalopram oxalate on NSCLC, A549 and H460 cell lines
were treated with various concentrations of escitalopram
oxalate. Treatment with 0.1, 0.2, 0.4 or 0.5 mM escitalopram
oxalate for 24 h significantly reduced the viability of both
A549 and H460 cells relative to those in the control group
and the control cell line, BEAS-2B, respectively (Fig. 1A).
Significantly reduced cell viability was also detected in
A549 and H460 cells that were treated with 0.1, 0.2, 0.4 or
0.5 mM escitalopram oxalate for 48 h relative to those in the
control group and the control cell line, BEAS-2B, respec-
tively (Fig. 1B). Moreover, the invasive ability of BEAS-2B,
A549 and H460 cells was evaluated as the number of cells
that passed through a polycarbonate filter with 12 ym pores,
the number of invaded in BEAS-2B, A549 and H460 cells that
were treated with 0.05, 0.1, 0.2, 0.4 or 0.5 mM escitalopram
oxalate for 24 h cells was significantly smaller than the corre-
sponding number in the control group (Fig. 2).

Escitalopram oxalate increases sub-Gl population and
induces apoptosis in A549 and H460 cells. To study the cell
death pathway that is involved, BEAS-2B, A549 and H460
cells were treated with various concentrations of escitalopram
oxalate for 24 h and examined by flow cytometry with PI
staining and caspase-3 activity assay. Significantly increased
sub-G1 proportions were detected in both A549 and H460
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Figure 2. The effects of escitalopram oxalate on invasive ability of A549
and H460 cells after treatment with escitalopram oxalate for 24 h.
(A) Photographic pictures of invaded A549 and H460 cells that were treated
with different concentrations of escitalopram oxalate (200x magnification).
(B) Number of invaded cells relative to the control group (0 mM). "P<0.05
was considered to indicate a significant difference, as compared to the control
group. Similar results were observed in three repeated experiments.

cells that had been treated with 0.1, 0.2 and 0.4 mM escita-
lopram oxalate, relative to those in the control group or the
control cell line, BEAS-2B (Fig. 3A). Significantly increased
caspase-3 activities were detected in both A549 and H460 cells
that had been treated with 0.1, 0.2 and 0.4 mM escitalopram
oxalate, relative to cells in the control group or the control cell
line, BEAS-2B (Fig. 3B). Since significantly increased sub-G1
and caspase-3 activity were detected in A549 and H460 cells,
relative to BEAS-2B cells, the following experiments were
performed on A549 and H460 cells.

Escitalopram oxalate-induced mitochondrial dependent
apoptosis in A549 and H460 cells. To clarify further the
signaling that is involved in escitalopram oxalate-induced
apoptosis in both A549 and H460 cells, the expressions
of Bax, tBid, cytochrome ¢, Apaf-1 and cleaved caspase-9
proteins were detected. Significant increases in levels of Bax
and tBid proteins were detected in A549 cells that were treated
with 0.2 and 0.4 mM escitalopram oxalate for 24 h relative
to those in the control group (Fig. 4). Thersefore, significant
increases in cytochrome c¢ and Apaf-1 were detected in A549
cells that were treated with 0.2 and 0.4 mM escitalopram
oxalate for 24 h, relative to those in the control group (Fig. 4).
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Figure 3. Escitalopram oxalate increases sub-G1 population and apoptosis in
A549 and H460 cells. (A) Representative results of flow cytometry with PI
staining, arrow indicated the sub-Gl proportion and (B) caspase-3 activity
in A549 and H460 cells that were treated with different concentrations of
escitalopram oxalate for 24 h. The characters, a, b and c, indicate significant
difference, P<0.05, as compared to the control group (0 mM), and d indicates
significant difference as compared to BEAS-2B cells. Similar results were
observed in three repeated experiments.

Furthermore, cleaved caspase-9, the level of a downstream
molecule of Apaf-1, was significantly increased in A549 cells
that were treated with 0.2 and 0.4 mM escitalopram oxalate
for 24 h, relative to those in the control group (Fig. 4). Similar
results were observed for H460 cells. Significantly increased
Bax, tBid, cytochrome ¢, Apaf-1 and cleaved caspase-9 protein
levels were detected in H460 cells that had been treated with
0.2 and 0.4 mM escitalopram oxalate for 24 h, relative to those
in the control group (Fig. 5).

Signaling molecules involved in the escitalopram oxalate
induced-apoptosis in A549 and H460 cells. To identify
signaling pathways that may be involved in escitalopram
oxalate-induced apoptosis in A549 and H460 cells, the expres-
sions of p-IkB-a and NF-kB (p65-p) proteins were examined.
The expressions of both p-IkB-a and NF-xB (p65-p) proteins
were significantly increased in both A549 and H460 cells
following treatment with 0.2 and 0.4 mM escitalopram
oxalate for 24 h, relative to those in the control group (Fig. 6).
Significantly increased p-IxB-a and NF-xB (p65-p) protein
levels were also detected in H460 cells that had been treated
with at 0.2 and 0.4 mM escitalopram oxalate for 24 h, relative
to those in the control group (Fig. 6).
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Figure 4. Escitalopram oxalate induced mitochondrial dependent apoptosis
in A549 cells. (A) The expressions of Bax, tBid, cytochrome ¢, Apaf-1 and
cleaved caspase-9 proteins in A549 cells that were treated with different
concentration of escitalopram oxalate for 24 h were detected by western blot-
ting. (B) Bars represent the relative protein levels of Bax, tBid, cytochrome c,
Apaf-1 and cleaved caspase-9 proteins on the basis of B-actin. "P<0.05 was
considered to indicate a significant difference, as compared to the control
group (0 mM). Similar results were observed in three repeated experiments.

Discussion

Neuroleptic medications are reportedly associated with a
reduced risk of certain cancers. However, relatively little is
known about the mechanism by which SSRI causes NSCLC
cell death. This study demonstrated that escitalopram oxalate,
a more effective SSRI, has significantly inhibitory effects
on the proliferation and invasive ability of A549 and H460
cells, relative to the controls. Escitalopram oxalate also caused
significant apoptosis by inducing mitochondria-associated
cascades in both A549 and H460 cells. These findings suggest
that escitalopram oxalate may have therapeutic potential
against NSCLC.

Cell migration is known to involve a complex mecha-
nism. It is required for many biological activities, including
embryogenesis, wound healing, immune response and
tissue repair (13). Errors in the cell migration process cause
serious pathologic episodes, including cancer invasion and
metastasis (14,15), which are important characteristics of
malignant tumor cells (16). Cancer metastasis comprises four
essential steps, including detachment, migration, invasion
and adhesion, which are different but interrelated (17,18).
Once cancer cells have spread beyond their initial primary
site, the cancer is typically incurable and fatal (19).
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Figure 5. Escitalopram oxalate induced mitochondrial dependent apoptosis in H460 cells. (A) The expressions of Bax, tBid, cytochrome ¢, Apaf-1 and cleaved
caspase-9 proteins in H460 cells that were treated with different concentration of escitalopram oxalate for 24 h were detected by western blotting. (B) Bars
represent the relative protein levels of Bax, tBid, cytochrome ¢, Apaf-1 and cleaved caspase-9 proteins on the basis of f-actin. 'P<0.05 was considered to
indicate a significant difference, as compared to the control group (0 mM). Similar results were observed in three repeated experiments.
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Figure 6. Escitalopram oxalate induces the expressions of p-IkB-a and NF-kB (p65-p) proteins in A549 and H460 cells. (A) The expressions of p-IkB-o and
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Cancer metastasis is the leading cause of morbidity and mortality (20). Therefore, constraining cancer metastasis
mortality, and is responsible for almost 90% of all cancer is important in cancer therapy. In this study, escitalopram
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oxalate significantly reduced the motility and invasive abili-
ties of A549 and H460 cells, exhibiting a potential to inhibit
the migration of NSCLC cells.

Unlimited proliferation is known to be a critical process
in cell carcinogenesis. Therefore, compounds that suppress
tumor growth by inducing cell cycle arrest and apoptosis
are favored for cancer therapy (21,22). The induction of
apoptosis is one of the main mechanisms for impeding
cancer growth and is regarded as necessary for screening
novel anti-cancer agents (23). The mechanisms of apop-
tosis are highly complex and sophisticated. The two main
pathways of apoptosis are extrinsic and intrinsic, which
are linked with each other (24). The extrinsic signaling
pathways that initiate apoptosis involve transmembrane
receptor-mediated interactions, such as the engagement of
tumor necrosis factor (TNF) and TNF receptor (25). The
intrinsic signaling pathways that induce apoptosis involve
intracellular signals that act directly on targets in the cell
and are mitochondria-initiated events. The events involve
cytochrome c, which activates the caspase-dependent
mitochondrial pathway. Cytochrome ¢ binds and activates
Apaf-1 and procaspase-9, forming an ‘apoptosome’ (26). The
clustering of procaspase-9 in this manner eventually results
in caspase-9 and caspase-3 activation (27). In this study,
the cytotoxic activity of escitalopram oxalate was triggered
by releasing Bax, tBid, cytochrome ¢ and Apaf-1, resulting
in the proteolytic cleavage of caspase-9 and caspase-3
in A549 and H460 cells. These findings suggest that the
therapeutic efficacy of escitalopram oxalate against NSCLC
cells involves inducing mitochondria-dependent apoptosis.
However, other possible mechanisms and interactive targets
that are involved in escitalopram oxalate-induced cell death
in NSCLC cells warrant further investigation.

Evidence reveals that neuroleptic medications are
associated with a reduced cancer risk (6,28). Various
SSRIs, especially fluoxetine, are known to reduce the risk
of cancer (29-31), including lung cancer (9). However,
the side-effects of fluoxetine remain problematic (32).
Escitalopram oxalate is a superior SSRI that has been
demonstrated to have favorable tolerability and to cause
generally milder and more temporary adverse events than
other SSRIs (11). The present study firstly demonstrated
that escitalopram oxalate significantly inhibits the prolif-
eration and invasion of A549 and H460 cells and induces
mitochondria-dependent apoptosis therein. These findings
suggest that escitalopram oxalate is more effective than other
SSRIs and probably effective for reducing the risk of NSCLC
development.

In summary, this study firstly revealed that escitalopram
oxalate significantly inhibits the viability and mobility in A549
and H460 cells, resulting in subsequent mitochondria-depen-
dent apoptosis through p-IkB-a/NF-xB (p65-p) signaling.
Accordingly, escitalopram oxalate also reduces cell viability
and mobility and induces apoptosis in the control cell lines,
BEAS-2B; however, these phenomena are milder than those
detected in A549 and H460 cells. Although further animal
study may be required, this study reveals that escitalopram
oxalate exhibits significant cytotoxic effects on A549 and
H460 cells and suggests a therapeutic potential of escitalopram
oxalate in the treatment of NSCLC patients.
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