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Orexin A upregulates the protein expression of OX1R
and enhances the proliferation of SGC-7901 gastric
cancer cells through the ERK signaling pathway
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Abstract. Orexins are hypothalamic peptides that regulate
food intake, wakefulness, the reward system and energy
metabolism. Recent studies have demonstrated the ability of
orexins to promote a robust apoptosis and subsequent inhibi-
tion of cell growth in various types of cancer cells. The present
study was conducted to investigate the effects of orexin A on
the survival of human gastric cancer cells, SGC-7901, and the
possible mechanisms. SGC-7901 cells were exposed to various
concentrations of orexin A in vitro in the presence or absence
of the orexin receptor 1 (OX1R) antagonist (SB334867), extra-
cellular signal-regulated kinases 1 and 2 (ERK1/2) antagonist
(U0126) or a combination of the two antagonists. The amount
of cell proliferation, viability and apoptosis, caspase-8 and
caspases-9 activities, OX1R protein expression and ERK1/2
protein levels were determined. The expression of OXIR in
SGC-7901 cells was observed. Orexin A (10° to 10® M)
stimulated SGC-7901 cell proliferation and viability, reduced
the pro-apoptotic activity of caspase-9 and protected the cells
from apoptosis in a dose-dependent manner. Additionally,
ERK1/2 phosphorylation was stimulated by orexin A (10° to
10-® M). However, the OX1R antagonist SB334867 (10° M),
ERK1/2 antagonist U0126 (30 #M) or the combination of
antagonists blocked the effects of orexin A to a certain extent.
These results suggest that stimulation of OX1R induces the
growth of SGC-7901 gastric cancer cells through activation of
ERK1/2 signaling pathway. These findings add a new dimen-
sion to the biological activities of orexin, which may have
important implications in health and disease, in particular
gastric cancer.
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Introduction

Orexin A and orexin B (also called hypocretins) are evolution-
arily-conserved neuropeptides that were initially discovered by
subtractive cDNA cloning (1) and/or orphan receptor technolo-
gies (2). The two peptides originate from the same precursor
synthesized by hypothalamic neurons (1,2). They trigger
diverse facets of physiology via two subtypes of G-protein
coupled receptors, orexin receptor 1 (OX1R) and OX2R (3). In
addition to the hypothalamus, functions of orexins have also
been described in peripheral tissues, including adrenal gland,
pancreas, adipose tissue, gastrointestinal tract and testis (4-8).
They control a number of important physiological processes,
such as food intake, sleep-wake cycle, drug addition, energy
metabolism, gastrointestinal function, neuroendocrine regula-
tion and cardiovascular modulation (5,9,10).

Apart from its roles in regulating central and peripheral
actions, orexins have been previously highlighted in cancer
cells (11-14). Orexins, acting at OX1R or OX2R, result in strong
apoptosis and a decrease of cell growth in diverse cancer cell
lines, including human colon cancer cells (11,12), human
neuroblastoma cells (11), rat pancreatic tumor cells (13) and rat
C6 glioma cells (14). Studies have shown that orexins promote
strong apoptosis in human colon cancer cells through OX1R by
inducing the release of cytochrome ¢ from mitochondria and
activation of caspase-3/7 (12). Orexin A can induce apoptosis
via OX2R in rat pancreatic tumor cells involving the caspase-3
and caspase-9 pathway (13). A study also found that orexin A
induces p38/mitogen-activated protein kinase (MAPK)- and
caspase-dependent cell death in rat C6 glioma cells (14).

The finding that orexin signaling is capable of inducing
apoptosis in cancer cells, however, is not applicable to all cell
lines. The signaling pathways induced by orexins may be a
possible factor determining their effects on cell survival. The
complexity of orexin physiology and pathology is reflected
in the complicated downstream MAPK cascades being
activated, particularly the extracellular signal-regulated
kinase (ERK) and p38 (9). Previous studies have shown
involvement of orexin A-induced ERK1/2 activation in the
survival of Chinese hamster ovary (CHO) cells overexpressing
OXIR (15). The ERK1/2-MAPK pathway, which is frequently
activated in human cancers, may be conducive to increase cell
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proliferation and viability (16,17). The phosphorylation of the
ERK1/2-MAPK cascade can induce cell proliferation, and
inhibition of ERK1/2 with selective inhibitors may lead to cell
apoptosis in gastric cancer cells (18-20).

Although there is increasing interest in the biological
actions of orexins on cancer cells, little information is available
regarding the potential role of this peptide on gastric cancer
cells. The present study aimed to investigate the expression of
the orexin receptors in the human gastric carcinoma cell line,
SGC-7901, and further examine whether orexin A induces
OXI1R and ERK1/2 signaling mediates its effects on the
survival of SGC-7901 cells.

Materials and methods

Reagents. Orexin A was obtained from Sigma-Aldrich
(St. Louis, MO, USA). RPMI 1640 medium and fetal bovine
serum were purchased from Gibco (Grand Island, NY, USA).
The ERK1/2 inhibitor, U0126, was purchased from Cell
Signaling Technology (Beverly, MA, USA). OX1R-specific
antagonist SB334867 was obtained from Tocris Bioscience
(Minneapolis, MA, USA). Total/phospho-ERK1/2 polyclonal
antibodies were obtained from Santa Cruz Biotechnology, Inc.
(Santa Cruz, CA, USA). The OX1R and (-actin polyclonal anti-
bodies were all obtained from Abcam (Cambridge, MA, USA).

Cell culture. Human gastric cancer cells SGC-7901 were
obtained from the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China) and maintained in
RPMI 1640 medium supplemented with 10% fetal bovine serum,
50 pg/ml penicillin and 100 pg/ml streptomycin (Xianfeng,
Shanghai, China). The cells were grown in a humidified atmo-
sphere containing 5% CO, at 37°C. Before the experiment, the
cells were grown in petri dishes in a serum-free medium for
24 h. The following day, the cells were treated with different
concentrations of orexin A (0, 107'°, 107 and 107 M), 10°° M
orexin A plus 10° M SB334867 (OXIR antagonist), 107 M
orexin A plus 30 uM U0126 (ERK1/2 inhibitor), and 10-* M
orexin A plus U0126 and SB334867 for 20 min, respectively.

Cell proliferation. SGC-7901 cells were seeded
(2x10° cells/well) in 96-well plates and cultured for 24 h. To
synchronize the cell cycles, cells were serum-deprived for 24 h
and subsequently treated with test agents for an additional 24 h.
BrdU solution (10~® M) was added and cells were incubated for
2.5 h. The BrdU incorporation into the DNA was measured
by the cell proliferation ELISA BrdU colorimetric kit (Roche
Diagnostics, Penzberg, Germany).

Cellviability.SGC-7901 cells were seeded into (2x 10 cells/well)
well plates and cultured for 24 h. Following incubation in a
serum-free RPMI 1640 supplemented with various concentra-
tions (0, 1019, 10~® and 10 M) of orexin A or 10 M orexin A
with 10 M OX1R antagonist SB334867 at 37°C, SGC-7901
cell proliferation was determined by a colorimetric methyl
thiazolyl tetrazolium cell proliferation and viability assay. A
total of 50 pl 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide (MTT Sigma-Aldrich) cell proliferation
assay solution was added to each well. After an additional 3 h,
the culture medium was removed and the formed formazan
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crystals were dissolved in 100 pl dimethyl sulfoxide. Optical
density was measured by a plate reader (SpectraMax Plus**
microplate reader; Molecular Devices, Ismaning, Germany)
at 570 nm and 650 nm (reference wave length). All the experi-
ments were performed in triplicate. The absorbance 570 nm
value of the control was used as a 100% standard and all the
individual measurements were compared to this standard.

Annexin V/propidium iodide (PI) assays for apop-
tosis. For Annexin V/PI assays, cells were stained with
Annexin V-fluorescein isothiocyanate (FITC) and PI, and
evaluated for apoptosis by flow cytometry according to the
manufacturer's instructions (BD Biosciences Pharmingen, San
Diego, CA, USA). Cells were treated with different concentra-
tions of orexin A in the absence of serum for 48 h. Briefly,
cells (1x10%) were washed twice with phosphate-buffered
saline, and stained with 5 yl Annexin V-FITC and 10 ul PI in
500 pl binding buffer for 15 min at room temperature in the
dark. Quantification of apoptosis was determined by counting
the number of cells stained by FITC-labeled Annexin V. Cell
apoptosis was detected using the Annexin V-FITC/PI apoptosis
detection kit (BestBio, Shanghai, China) by fluorescence-acti-
vated cell sorting analysis. Early apoptotic cells were identified
as PI negative and FITC Annexin V positive, while late apoptotic
or dead cells were considered FITC Annexin V and PI positive.

Activity of caspase-8 and caspase-9 in SGC-7901 cells.
SGC-7901 cells were cultured in a serum-free medium in
6-well plates (1.5x10° cells/well). Caspase-8 and caspase-9
activities were assessed using Caspase-8 and Caspase-9 colo-
rimetric assay kit (BioVision Inc., Headquarters, Milpitas, CA,
USA), respectively.

Quantitative polymerase chain reaction (qPCR). Total RNA
was extracted from SGC-7901 cells using the TRIzol reagent
(Life Technologies Co., Carlsbad, CA, USA). Following
spectrophotometric quantification, 1 ug total RNA was
converted into cDNA using the PrimeScript™ RT reagent kit
with gDNA FEraser (Takara Bio, Otsu, Japan) according to the
manufacturer's instructions. cDNA aliquots corresponding
to equal amounts of RNA were used for the quantifica-
tion of mRNA by qPCR using the LightCycler 96 real-time
quantitative PCR detection system (Roche, Indianapolis,
IN, USA). The following specific primers were used: OXIR
forward, 5"TGCGGCCAACCCTATCATCTA-3' and reverse,
5'-ACCGGCTCTGCAAGGACAA-3'; and OX2R forward,
5'-ATCGCAGGGTATATCATCGTGTTC-3' and reverse,
5"TGACTGTCCTCATGTGGTGGTTC-3'". As an internal
control for reverse transcription (RT) and reaction efficiency,
amplification of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNA was carried out in parallel for each sample.
The following specific primers were used: GAPDH forward,
5'-GGCACAGTCAAGGCTGAGAATG-3' and reverse,
5-ATGGTGGTGAAGACGCCAGTA-3'. The reaction system
was 25 pl, including 2 ul cDNA template, 2 ul forward and
reverse primers, 8.5 ul RNase-free ddH,0, and 12.5 ul SYBR®
Premix Ex Taq™ II (Takara). The PCR reactions were carried
out using the following conditions: 95°C for 30 sec, and
subsequently 40 cycles of 95°C for 5 sec, 60°C for 30 sec and
95°C for 15 sec. All the primers specific to OXIR, OX2R and
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GAPDH were designed using Primer Premier 5.0 software
(Premier Biosoft International, Palo Alto, CA, USA).

Protein preparations and western blot analysis. Total protein
was extracted from SGC-7901 cells using radioimmunopre-
cipitation assay cell lysis reagent containing proteinase and
phosphatase inhibitors (Solarbio, Beiijng, China). The cells
remained in the medium on ice for 30 min with re-dispersion
every 5 min. Cell lysates were centrifuged at 12,000 x g for
10 min at 4°C, and the protein concentrations of the supernatants
were determined using the bicinchoninic acid protein assay
reagent kit (Beyotime Institute of Biotechnology, Shanghai,
China). The supernatants containing total protein were mixed
with a corresponding volume of 5X SDS loading buffer and
were subsequently denatured by boiling for 10 min. Samples
were separated by SDS polyacrylamide gel electropheresis using
5% stacking and 12% separating gels. Subsequently, the samples
were transferred onto polyvinylidene difluoride membranes
(0.2 pm, Immobilon-P; Millipore, Billerica, MA, USA) at 60 V
for 2.5 h. After being blocked with skimmed dry milk for 2 h
at room temperature, the membranes were washed three times
with Tris-buffered saline with Tween 20 (TBST) for 30 min. The
samples were incubated overnight at 4°C with the appropriate
primary antibody. The primary antibodies and dilutions used
were as follows: Rabbit anti-human OXIR (cat. no. Ab68718;
1:250), rabbit anti-human ERK1/2 (cat. no. sc-292838; 1:1,000),
rabbit anti-human phospho-ERK1/2 (cat. no. sc-101760; 1:1,000)
and rabbit anti-human B-actin (cat. no. Ab8337; 1:1,000). The
membranes were washed and incubated at room temperature
for 1.5 h with the secondary goat anti-rabbit immunoglobulin G
(H+L) antibody (Beyotime, cat. no. A0208; 1:2,000) conjugated
with horseradish peroxidase, and were washed three times
with TBST for 30 min. The membranes were subjected to
enhanced chemiluminescence (ECL) using an ECL detection
kit (Beyotime) and quantified using Quantity One software
(Bio-Rad Laboratories Inc., Hercules, CA, USA).

Statistical analysis. All the data are expressed as the
means =+ standard error of the mean and differences between the
means were analyzed by one-way analysis of variance. P<0.05
was considered to indicate a statistically significant difference.
Statistical analysis was performed using the SPSS 15.0 software
package (SPSS Inc., Chicago, IL, USA).

Results

Detection of OXIR expression in SGC-7901 cells. qPCR tests
showed that OX/R mRNA was expressed in SGC-7901 cells
(Fig. 1A). However, OX2R mRNA was not detectable under the
same conditions (data not shown). OX/R mRNA and protein
levels were significantly increased in response to orexin A (1071,
10 and 10-° M) treatment compared to the untreated control
group. The observed effects were concentration-dependent, with
1075 M orexin A being the most potent (Fig. 1A and B). However,
these effects were blocked with 10-° M SB334867, a specific
OXI1R antagonist (Fig. 1B). These results suggested that orexin A
increased OX/R mRNA and protein levels in SGC-7901 cells.

Effects of orexin A on proliferation and viability of SGC-7901
cells. To characterize the effects of orexin A on the proliferation

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 35: 539-545, 2015

541

A ¢ ,
w

_a 5p

Z x

HF"‘\

N

o &

< 8 3)

23 *

w 220

x

(@] 1)

LI
OrexinA OM  10°M 10°M  10°M

B

B B —— e

43 kDo —  — . — m— | -21in
. =

OXI1R protein in cells
(Fold to control)

0

Orexin AOM 10°M 10*M 10°M 10°M

+0X1Ri

Figure 1. Expression of orexin receptor 1 (OX/R) in mRNA and protein acti-
vation in SGC-7901 cells. Cells were exposed to orexin A at concentrations of
0,10"°,10°® and 10° M for 24 h. Another treatment group consisted of 10° M
orexin A in the presence of the OXIR antagonist SB334867 (10* M OX1Ri).
The expression of (A) OX/R mRNA and (B) protein was measured via reverse
transcription (RT)-PCR and western blot analysis, respectively. Data are
presented as mean + standard error of the mean based on triplicate determina-
tions from a representative experiment. ‘P<0.05 compared to control.
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Figure 2. Effects of orexin A on the proliferation and viability of SGC-7901
cells. Cells were exposed to orexin A at concentrations of 0, 107°, 108 and
107 M for 24 h. Another treatment group consisted of 10°° M orexin A in the
presence of the OXIR antagonist SB334867 (10° M OX1Ri). Proliferation and
viability were determined by the BrdU assays and the MTT test, respectively.
Data are presented as mean + standard error of the mean based on triplicate
determinations from a representative experiment. ‘P<0.05 compared to control.

and viability of SGC-7901 cells, viable cells were treated
with different concentrations of orexin A (0, 107'°, 10~ and
107M) or orexin A (10-°M) with OX1R antagonist, SB334867
(107 M). Results showed that orexin A (107'°, 10~® and 10~ M)
dose-dependently improved the proliferation and viability
of SGC-7901 cells (Fig. 2). Stimulation by 10° M orexin A
increased proliferation and viability of the cells by 80 and 60%
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Figure 3. Orexin A protects SGC-7901 cells against serum deprivation-induced apoptosis. Cells were exposed to orexin A at concentrations of (A) 0, (B) 1071,
(C) 10~* and (D) 10~ M for 48 h, or cells treated with 10® M orexin A in the presence of the (E) OXIR antagonist SB334867 (10°* M OX1Ri) for 48 h. Apoptosis
was assessed with flow cytometry using Annexin V-fluorescein isothiocyanate (FITC) and propidium iodide (PI). Intensity of PI staining (y-axis) is plotted
versus FITC intensity (x-axes). In all five plots, viable cells are observed in the left lower quadrant (FITC/PI’); early apoptotic cells in the right lower quadrant
(FITC*/PI); late apoptotic cells in the right upper quadrant (FITC*/PI*); and necrotic cells in the left upper quadrant (FITC/PI*). (F) The percentage of early

apoptotic cells in the different groups are shown. Data are presented as mean +
tive experiment. "P<0.05 compared to control.

over basal, respectively (Fig. 2). These effects were blocked
by SB334867 (10~° M) (Fig. 2). These results indicated that
orexin A, acting at OX1R, promoted proliferation and viability
of SGC-7901 cells.

Orexin A protects SGC-7901 cells from apoptosis. The effect of
orexin A on apoptosis of SGC-7901 cells in a serum-deprived
culture condition was evaluated by flow cytometry for
Annexin V/PI staining. The cells underwent apoptotic death in
the absence of serum for 48 h (Fig. 3A). However, addition of
orexin A (107'°, 10-® and 10~ M) dose-dependently decreased
the number of dead cells. The percentage of early apoptotic
cells (Annexin V*/PI') was 9.1, 7.0, 1.8 and 1.1% in response to
the vehicle, 107'°, 1078, and 10~° M orexin A, respectively, for
48 h (Fig. 3A-D). Orexin A (10~° M) did not protect the cells
against apoptosis in the presence of SB334867 (Fig. 3E and F).
These results showed that orexin A effectively inhibited serum
starvation-induced apoptosis in SGC-7901 cells.

Effect of orexin A on ERK1/2 activation in SGC-7901 cells. To
elucidate the molecular mechanism responsible for the effects
observed with orexin A treatment, the effect of orexin A
was investigated on the ERK1/2-MAPK pathway, which is
frequently activated in human cancers and contributed to
increase cell proliferation and survival. The results showed
that no significant change was observed in total protein
expression of ERK1/2 (Fig. 4). The phosphorylation level
of ERK1/2, however, was increased in response to orexin A
(1071°, 1078 and 10-° M) treatment for 20 min in a dose-depen-
dent manner (Fig. 4). Orexin A (10-® M) stimulated ERK1/2

standard error of the mean based on triplicate determinations from a representa-
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Figure 4. Effects of orexin A on extracellular signal-regulated kinase (ERK)1/2
activation in SGC-7901 cells. Cells were treated with orexin A at concentra-
tions of 0, 107'°, 10~* and 10~° M for 20 min in the presence or absence of
U0126 (30 uM ERKi), SB334867 (10-° M OX1Ri) or the combination of the
two antagonists. The phosphorylation of ERK1/2 (p-ERK1/2) (corresponds to
42 and 44 kDa) was normalized against the total protein (t-ERK1/2) activa-
tion. The t-ERK1/2 protein expression was used as an internal control for equal
protein loading. Protein activation was measured by western blot analysis.
Data are presented as mean + standard error of the mean based on triplicate
determinations from a representative experiment. ‘P<0.05 compared to control.

phosphorylation by 2.7-fold over basal (Fig. 4). Additionally,
the 30 uM ERK1/2 antagonist U0126, 10~ M OX1R antagonist
SB334867 or the combination of the two antagonists prevented
orexin A (10~° M) in stimulating ERK1/2 phosphorylation
(Fig. 4). Thus, the data suggested that orexin A treatment
resulted in the activation of ERK1/2, which may participate in
orexin A-induced cell growth in SGC-7901 cells.
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Figure 5. Effects of orexin A on the proliferation and viability of SGC-7901
cells via stimulation of extracellular signal-regulated kinase (ERK)1/2 sig-
naling pathway. Cells were treated with or without orexin A (10°° M) for
24 h in the presence or absence of U0126 (30 uM ERKi), SB334867 (10° M
OXI1Ri), or a combination of the two antagonists. Proliferation and viability
were determined by the BrdU assay and MTT test, respectively. Data are
presented as mean + standard error of the mean based on triplicate deter-
minations from a representative experiment. “P<0.05 compared to control.
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Figure 6. Effects of orexin A on caspase-8 and caspase-9 activities in
SGC-7901 cells. Cells were treated with or without orexin A (10°® M) for
24 h in the presence or absence of U0126 (30 uM ERKi), SB334867 (10 M
OX1Ri) or a combination of the two antagonists. Caspase-8 and caspase-9
activities were assessed using the caspase-8 and caspase-9 colorimetric assay
kits, respectively. Data are presented as mean =+ standard error of the mean
based on triplicate determinations from a representative experiment. "P<0.05
compared to control.

Effects of orexin A on proliferation and viability of SGC-7901
cells via ERK1/2 signaling pathway. Whether the activation
of ERK1/2 signaling was responsible for orexin A-induced
cell proliferation and viability was further explored. BrdU
analysis and MTT analysis were employed to test cell survival.
As shown in Fig. 5, 10° M orexin A stimulation significantly
increased the proliferation and viability of SGC-7901 cells
compared to the control. However, these effects were inhib-
ited with U0126 (30 uM ERKi) co treatment, SB334867
(10 M OX1Ri) or the combination of the two antagonists
(Fig. 5). These data suggested that ERK1/2 participated in
orexin A-induced stimulation of proliferation and viability in
SGC-7901 cells.

Activities of caspase-8 and caspase-9 in SGC-7901 cells. The
caspase family proteins are critical enzymes that execute apop-
tosis. To determine whether the orexin A-induced anti-apoptotic
effect was through extrinsic or intrinsic mechanisms, caspase-8
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and -9 activities was examined. As shown in Fig. 6, 107 M
orexin A treatment caused a significant attenuation in caspase-9
activity (33% below the control). However, caspase-8 activity in
cells was not significantly changed (Fig. 6). Additionally, the
effect of orexin A in caspase-9 activity was inhibited in the
presence of U0126 (30 uM ERKi), SB334867 (10~ M OX1Ri),
or the combination of these two antagonists (Fig. 6). These find-
ings suggested that orexin A protected SGC-7901 cells against
apoptosis through blocking the activation of the pro-apoptotic
executor protease caspase-9 via ERK1/2.

Discussion

To the best of our knowledge, the present study demonstrated
for the first time that OX/R was expressed in human gastric
cancer cells SGC-7901. These results showed that orexin A
promoted proliferation and viability, attenuated caspase-9
activity and protected against apoptotic cell death of SGC-7901
cells. In addition, the pro-survival and anti-apoptotic proper-
ties of orexin A in SGC-7901 cells were associated, at least in
part, with activation of ERK1/2-MAPK pathway.

As an important group of G protein-coupled receptors,
orexin receptors have been identified as expressed in a number
of cancer cell lines. The cell lines expressing OX1R included
human colon carcinoma cells HT29-D4, SW480, LoVo,
Caco-2 and human neuroblastoma SK-N-MC (11). OX2R
mRNA was expressed in rat pancreatic acinar tumor line
AR42J (13). OX1R and OX2R were detected in rat C6 glioma
cells (14). These cell lines exhibited decreased cell division and
increased cell death upon orexin exposure. Clinically, recent
evidence indicated the involvement of epigenetic silencing
of OX2R in endometrial endometrioid carcinoma (21).
Compared to normal prostates, expression levels of OX2R
were markedly elevated in adenomatous prostates (22). All
these studies point to orexin receptors as novel therapeutic
target in cancer chemotherapy. In the present study, OX/R was
expression was confirmed in SGC-7901 gastric cancer cells
while OX2R mRNA was not detectable under the same condi-
tions. Orexin A dose-dependently upregulated the expression
of OXIR in SGC-7901 cells. Instead of causing apoptosis,
orexin A exerted survival-promoting activity through OX/R
in SGC-7901 cells, which coincided with the effects observed
in human adrenocortical adenomas (23) and rat adrenocortical
cells (24). Thus, orexins may act as a regulatory peptide taking
part in cell proliferation and apoptosis.

MAPK signaling pathways regulate multiple cellular
programs including differentiation, gene expression and prolif-
eration (25). ERK1/2 is a main member of the MAPK family
and has been well-documented to associate with cell prolif-
eration and survival (26,27). Several key growth factors and
pro-oncogenes promote cell growth by activating this signaling
cascade (28-31). Previous evidence indicates that orexins can
govern diverse physiological and pharmacological processes
by regulating ERK1/2 activation (32-34). In 3T3-L1 preadi-
pocytes, orexin A stimulated cell proliferation and viability,
and protected the cells from apoptosis via ERK1/2 signaling
pathway (35). Consistent with these observations, activation
of the ERK1/2 in response to orexin A treatment was also
observed in the present study. Furthermore, orexin A-induced
cell proliferation and viability was significantly reduced by
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co-treatment with the ERK1/2 antagonist, indicating that the
growth and proliferation of SGC-7901 cells possibly occur
through the ERK1/2 signaling pathway.

Apoptotic signaling is typically mediated by two main
apoptotic pathways, which have been identified as the death
receptor-mediated caspase-8 extrinsic pathway and the
mitochondria-mediated caspase-9 intrinsic pathway (36,37).
Caspase-3, characterized as the downstream executor, cleaves
cellular target proteins leading to cell death. Orexins have
been reported to suppress cell growth by inducing apoptosis
through activation of caspase-3 and caspase-9 in rat pancre-
atic tumor cells and CHO cells (13). Conversely, orexins can
promote growth of neuronal cells via inhibition of caspase-3
activity (38). In the present study, orexin A treatment was
show to markedly inhibit serum starvation-induced apoptosis
of SGC-7901 cells, which was further confirmed by attenuated
activity of caspase-9. However, orexin A had no effect on the
activity of caspase-8 under the same conditions, suggesting that
orexin A can inhibit the intrinsic apoptotic pathway to protect
SGC-7901 cells against apoptosis. Furthermore, activation of
ERK signaling is known to inhibit apoptosis by inactivating the
pro-apoptotic proteins (39-41). In the present study, orexin A
treatment failed to inhibit caspase-9 activity in the presence
of the ERK1/2 antagonist. Thus, it can be hypothesized that
the activation of ERK1/2 by orexin A treatment resulted in the
attenuation of caspase-9 activity and subsequent inhibition of
apoptosis in SGC-7901 cells.

Although studies have demonstrated the ability of orexins
to induce apoptosis and subsequently inhibit cell growth in
diverse cancer cells, the effect of orexin signaling appears to
be different in different types of cells. Contrary to expecta-
tion, orexin A stimulated the proliferation and viability of the
gastric cancer cells, SGC-7901, reduced pro-apoptotic activity
of caspase-9 and protected the cells from apoptosis. This is
similar to a previous study performed on human adrenocor-
tical adenomas that express the two orexin receptors, which
demonstrated that orexins stimulated in vitro growth of the
tumor cells (23). Orexin A also increased cell viability and
inhibited the activities of caspase-3 and caspase-7 to protect
against apoptosis in immortalized primary embryonic rat
hypothalamic R7 cells (42). The mechanisms underlying
dual functions of orexins in the context of cell growth and
death require investigation. Why the peptides raise prolif-
erative activity in some cells, while in other cells they induce
apoptosis remains to be solved. One possible explanation for
this may be due to the pathways induced by orexins. Studies
performed on CHO cells and human embryonic kidney
(HEK-293) stably expressing human OX1R and OX2R have
demonstrated that orexins can exert the opposite effects on cell
survival through activation of the classical MAPK pathways.
The ERK1/2 pathway was central for cell growth, whereas p38
was important for cell death (15,43). In accordance with these
observations, the orexin A-induced increase in proliferation
and viability of 3T3-L1 preadipocytes was blocked by U0126,
an ERK1/2 inhibitor (35), whereas the suppressive action
of orexin A on survival of rat C6 glioma cells was blocked
by SB202190, a specific p38 MAPK inhibitor (14). Another
possible explanation may be the different intrinsic sensitivity
of cells to the action of cytochrome c. In the intrinsic apoptotic
pathway, cytochrome c releases from mitochondria to cytosol,
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and binds to Apaf-1 resulting in formation of the apopto-
some (44). The levels of Apaf-1 may be different depending on
cell type and growth stage (45). However, the understanding
of the function and mechanism of orexin signaling in cancer
remains at an early stage and further studies are required to
clarify this novel field.

In conclusion, the present study demonstrates for the first
time that a physiologically present neuropeptide, orexin A,
has direct pro-survival and anti-apoptotic effects presumably
through OXIR being expressed in SGC-7901 gastric cancer
cells through the ERK1/2 signaling pathway. Overall, these
findings add a new dimension to the biological activities of
this neuropeptide on gastric cancer cells, which may have
important implications in health and disease.
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