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Objective(s): Degradation of sphingosine 1-phosphate (S1P), as a bioactive lipid, or deregulation of its
production involves in tumor progression, metastasis and chemoresistance. Since the tumor
progression effects of S1P and its mechanism in chronic lymphoblastic leukemia and non-small cell
lung cancer is not fully understood, we investigated the role and one of the mechanisms of S1P in
tumor progression of SKW3 and H1299 cells.

Materials and Methods: The effects of S1P on proliferation, invasion and migration was studied using
MTT assay, soft-agar colony forming assay and trans-well migration assay, respectively. In order to
find out the mechanisms of S1P action, the role of S1P on expression of Survivin gene was assessed by
real-time RT-PCR.

Results: Our results demonstrated that although invasion was shown only in H1299 cells, low
concentration of S1P, especially at 1 pM, mediated proliferation and migration in both cell lines. In
addition, these effects of S1P in tumor progression are S1P receptor-dependent, and Survivin plays a
key role in S1P tumorigenesis.

Conclusion: Our results confirmed the involvement of S1P and its receptors in tumor progression of
SKW3 and H1299. We also investigated another mechanism of S1P involved in cell survival, tumor
progression, and Survivin signaling. In conclusion, data demonstrated the importance of this molecule
as a target for designing new anticancer drugs such as anti-S1P monoclonal antibody for inhibiting
major downstream signaling, which plays significant role in tumorigenesis.
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Introduction

Sphingolipids are ubiquitous components of

as an intracellular signaling molecule, but also acts
extracellularly through G-protein coupled receptors
(GPCRs) that are called S1P1-S1P5 (5). Activation of

eukaryotic cell membranes, which can be metabolized
to ceramide, sphingosine, and their phosphorylated
forms such as ceramide 1-phosphate (C1P) and
sphingosine 1-phosphate (S1P) (1). In the recent years,
researches on lipids have shifted from their constitutive
roles in the cell membrane to the signaling aspects of
these molecules.

Sphingolipids have been implicated in a plethora of
biological processes including the regulation of cell
growth, cell survival, differentiation, and programmed
cell death (2). S1P is one of the most important
bioactive sphingolipid metabolites. It plays various
roles in physiological processes, promotes cellular
proliferation, stimulates cell survival and protects cells
against apoptosis through an intracellular receptor-
independent mechanism (3, 4). S1P functions not only

S1P receptors (S1PRs) induces some signaling
pathways, which lead to regulation of cytoskeletal
organization, cell proliferation, migration, invasion,
angiogenesis and inhibition of apoptosis (6). Pertussis
toxin (PTX) by coupling to GPCRs inhibits signal
transduction of S1P (7). Intracellular S1P levels are
regulated with S1P lyase (SPL), S1P kinase (SphK) and
S1P phosphatase (SPP1-SPP2); therefore, alteration in
any of these enzymes can change S1P levels and results
in cell survival or death (8). Balance between synthesis
and degradation of S1P is firmly regulated by
SPL, SphK and SPP1-SPP2 (9). Several lines of evidence
have demonstrated that deregulation of normal S1P
levels in blood or tissues may contribute to
pathophysiologic states including cardiovascular
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diseases, chronic inflammation, cancer drug
resistance and metastasis (10-12). Moreover, various
studies have shown that S1P implicated in
tumorigenesis such as cell migration, invasion, and
metastasis and cancer recurrence in the breast, lung
and colon cancer cells (6).

Survivin is an anti-apoptotic protein that in human
is encoded by BIRC5 gene, which can inhibit apoptosis
via Bcl-2 family independent pathway, and has an
important role in cell survival (13, 14); moreover, it is
over expressed in most cancer tissue such as Oral
Squamous Cell Carcinoma and Peritumoral tissue (15).
Studies showed that anti-Survivin inhibits proliferation
and migration in breast cancer cell line (16); in
addition, diagnostic role of Survivin in urinary bladder
cancer is also reported (17).

We hypothesized that S1P may involve in
Survivin pathway. To test our hypothesis, we
assessed the effect of S1P on malignant behavior of
cancer cell lines (SKW3 and H1299). We studied
cellular proliferation, migration and invasion in the
presence of S1P and monitored the Survivin levels to
find any possible relations. The effect of S1P on these
cell lines had not been specified up to now, and we
selected them to identifying the role of S1P in
different adherent and non-adherent cells.

Materials and Methods

SKW3 and H1299 cell lines were purchased from
Pasteur Institute Cell Culture Collection (Tehran, Iran).
S1P, bovine serum albumin (BSA), RPMI1640,
fibronectin, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazoliumbromide (MTT) and agar obtained from
Sigma-Aldrich (St Louis, MO, USA). Transwells®
(polycarbonate, 6.5 mm D, 8 pm pore size) were
obtained from Corning (Corning, NY, USA). PTX and
Fetal Bovin Serum (FBS) purchased from Invitrogen
(Auckland, New Zealand). Primers were provided from
MWG Biotech (Ebersberg, Germany). RNA isolation kit
(RNX-Plus) was obtained from CinnaGen Co. (Tehran,
Iran), and REVERTA-L RT reagents kit was purchased
from Central Research Institute of Epidemiology of
Russia (Moscow, Russia). Power SYBR® Green PCR
Master Mix (5 ml) was obtained from Applied
Biosystems (Warrington, UK).

Cell culture

SKW3 and H1299 cells were maintained in RPMI
supplemented with 10% FBS, 100 U/ml penicillin
and 100 pg/ml streptomycin on culture plates at
37 °C in a humidified incubator supplemented with
5% CO2. Cell counting for the two cell line are
different. Since SKW3 cells are in suspension, they
were first centrifuged, and then supernatant was
diluted and counted by use of Neoubar lam and
inverted microscope. But, H1299 cells (attachment
cells) were trypsinised before counting to detach
form the bottom of flaks, and then counted as
mentioned for SKW3 cells.

Cell proliferation assessment by MTT assay
Number of the cells optimized for each cell line,
which seeded in each well (in 96-well plate) was
6000 and 50000 for H1299 and SKW3 cells,
respectively. The cells were treated with different
concentration of S1P 0.001-1 uM for 24 and 48 hr.
The media in each well was replaced with 200 pl
fresh media containing 50 pl of MTT and were
incubated for 4 hr at 37 °C. After incubation period,
media/MTT mixture was removed and 200 pl of
DMSO plus 25 pl of Sorenson’s glycine buffer (0.1 M
glycine, 0.1 M NaCl, pH 10.5) were added to each
well. The absorbance of each well was measured at
570 nm after shaking for 10 min, employing a
microplate reader (Biotek, ELx 800, and USA). MTT
solution with DMSO (without cells and medium) was
used as blank control. For confirming the effect of
S1P, cells pre-incubated with 200 uM of PTX before
treating by S1P and then all the processes repeated.

Boyden Chamber assay for migration

Two million cells were seeded in a 25 cm? flask with
growth medium for at least 48 hr. Starvation medium
(RPMI 1640 containing 0.1% BSA, 296% fatty acid free)
was added for the last 48 hr before the migration
experiment. Cells were centrifuged down, media were
removed by aspiration, and cells were re-suspended in
starvation media and counted. Cells (300,000) were
seeded into each of the fibronectin coated Transwell®
filters and incubated for 45 min. Filters were then
transferred into bottom chambers that contained 1.5 ml
of starvation medium. Chambers were incubated at 37
°C, and cells were allowed to migrate through the pores
in the filter for 3 or 6 hr. The cells that migrated into
bottom chamber were stained with trypan blue and
then counted.

Soft agar colony forming assay for invasion
Base agar

One percent agar ((DNA grade) was melted using
microwave, and then it was cooled to 40 °C in a
water-bath. Then 2X RPMI + 20% FBS warmed to
40 °C in water-bath and allowed at least 30 min for
temperature to equilibrate. Afterwards, equal
volumes of the two solutions mixed to give 0.5%
Agar + 1X RPMI + 10% FCS. Finally, 1.5 ml of the
solution added per well and allowed setting.

Top agar and plating

Agar (0.7%) was melted in microwave and cooled
to 40 °C in a water-bath. Also 2X RPMI + 20% FCS
were warmed at the same temperature. We required
5,000 cells for each well. For plating, 3 ml of 2X RPMI
and 3 ml of 0.7% agar were added to tubes
containing cells that treated with different
concentration of S1P. They were mixed gently and
1.5 ml content of each tube was added to each well
plate, and one ml of media (2XRPMI + 0.2% charcoal-
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treated FBS) was added to each well and replaced
with the fresh media every 4 to 5 days. Plates were
incubated at 37 °C in humidified incubator for 21
days. At last, plates were stained with 0.5 ml of
0.005% crystal violet, incubated about one hr, and
subsequently colonies counted by naked eyes. It is
very important to have a positive control line (eg. ras
transformed). In addition, all S1P treatments were
performed in duplicate.

RNA isolation and cDNA synthesis

Cells were harvested 24 hr after treatment with
different concentrations of S1P and were lysed using
RNX-PLUS™ (RN7713C) CinnaGen Co., according to
manufacturer’s protocol. RNA pellet was dissolved in
Diethylpyrocarbonate (DEPC) treated water, quantified
by optical density measurement (A260/A280 ratio)
with NanoDrop 1000 Spectrophotometer (Wilmington,
DE, USA), quality checked by agarose gel
electrophoresis and then kept at -70 °C until use in
reverse transcription reactions. cDNA synthesis was
performed using REVERTAA-L (RT reagents kit) and
samples were stored at -20 °C.

Real-time PCR

The iQ5 Optical System (Bio-Rad Laboratories, Inc,
CA-USA) was utilized for performing all amplification
reactions in a total volume of 25 pl. Each well contained 1
ul of cDNA, 5.75 uM of each primer and 12.5 pl of 2X
Power SYBR Green PCR Master Mix. Primer for
Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH)
was designed according to published Gene Bank
sequences using Beacon Designer 5.01, and Survivin
primers (F: 5'GACCACCGCATCTCTACATTC-3' R: 5'TGC-
TTTT-TATGTTCCTCTATGGG-3") was ordered according
to Cho et al (18). Thermal cycle conditions were: 1 cycle
of primary denaturation at 94 °C for 10 min; 40 cycles of
amplification at 95 °C for 15 sec, 62 °C for 30 sec for
Survivin and 56.9 °C for GAPDH and 72 °C for 25 sec; 1
cycle for final extension at 72 °C. Interpretation of the
results was performed using the Pfaffle method and the
cycle threshold (CT) values were normalized with
respect to GAPDH expression. All reactions were
performed in triplicate and negative control was
included in each experiment.

Statistical analysis

Results were presented as means from three
independent experiments. Statistical analysis was
performed using SPSS software through ANOVA
or student t-tests. A P<0.05 was considered as
statistically significant, and accordingly the levels of
significance were defined as: * (P<0.05), ** (P<0.01) and
*** (P<0.001).

Results

Proliferative effects of S1P on SKW3 and H1299 cells
The effects of S1P in induction of proliferation of

SKW3 and H1299 cells were evaluated via MTT assay.
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For this examination, 6000 H1299 cells and 50000
SKW3 cells were seeded in each well of 96-well plate,
treated with increasing concentrations of S1P (0.01-10
UM ) for 24 hr and 48 hr in starvation media for MTT
assay to determine the optimal concentration of S1P
that shows maximum proliferative effect. MTT results
in both cell lines showed remarkably increase in cell
proliferation at a range of S1P concentration between
0.01 and 1 uM S1P after 24 hr incubation. However,
there was no significant increase in the number of cells
after 48 hr incubation. By increasing S1P concentration
to above 1 uM, cell proliferation decreased compared to
1 uM concentration. In addition, the increase in the
number of viable cells was similar in 24 hr and 48 hr
incubation (Figure 1A and C). These data showed that
S1P has little effect on SKW3 and H1299 cells after first
24 hr. In 1 pM S1P, the cell proliferation increased
approximately 5.5 fold in SKW3 cells and 2.2 fold in
H1299 cells compared to control cells (P<0.05).
Considering these results, the rest of experiments
performed in 24 hr and with 0.1-5 pM of S1P.

S1P induced H1299 and SKW3 cell proliferation in
PTX-sensitive manner

To investigate the signaling mechanisms by
which S1P induces proliferation in H1299 and SKW3
cells, we applied PTX for blockade of S1P receptors
and inhibition of cell proliferation. Treatment of cells
with PTX inhibited S1P-induced cell proliferation in
24 hr significantly (Figure 1 B and D), indicating that
the role of S1P (1 pM) in induction of cell
proliferation is S1P receptor dependent (P< 0.01).

S1P induced migration of H1299 and SKW3 cells

To evaluate migration effects of S1IP on cancer
cells, at first 300,000 cells of both SKW3 and H1299
cells were seeded in starvation media in each of the
fibronectin coated Transwell® filters. One ml of
starvation media containing different concentrations
of S1P was added to the lower chamber and
incubated for 3 to 6 hr. Our results showed that S1P
exerts a significant effect on migration of both SKW3
and H1299 cells. SKW3 and H1299 cells showed a
similar migratory response to S1P in 0.1 to 1 uM S1P
after 3 to 6 hr. Maximum migration occurred in 1 pM
S1P in both cell lines. Migration effects of S1P (1 uM)
in SKW3 was 1.3 fold more than its effect in H1299
cells (P<0.01) (Figure 2A and C).

S1P induced migration of SKW3 and H1299 by
PTX-sensitive GPCRs

To evaluate the role of S1P in induction of migration
in SKW3 and H1299 cells, we examined the effects of
S1P on PTX pre-treated cells. For this purpose, 200
ng/ml of PTX added to each well containing the cells
and incubated for 2 hr, then the well containing 1 ml of
starvation media with different concentrations of S1P
incubated for 3 to 6 hr in 37 °C. Our results showed that
the migration of PTX-treated cells from both SKW3

815



816

Tabasinezhad et al I]

MS

S1P induces malignancy of cancer cells by Survivin

(A) SKW3 cells

=24 h o458 h
* Xk
¥ 600 -
=
=
2
=
= 400
o
200 -
o
o 0.01 01 1 5 10
S1P ( un)

(C) H1299 celils m24h 0348 h

400
£ I -
= 300
=
= 200 |
]
L]
100
0
0O 001 01 1 5 10
S1P ( uM)

(B) SKW3 cells

os1P m S1P+PTX
= 600 %
=
=
=
= 400
[
“w
200
o]
o 001 0.1 1 5 10
S1P pumM
(D) H1299 cells
O s1P mS1P + PTX
= 200 * %
=
=
= 150
=
=
= 100 =
L&)
S0
o]
o 0.01 0.1 1 5 10

S1IP(uM)

Figure 1. MTT assay for examination of proliferative activity of S1P. SKW3 and H1299 cells treated with 0.01-10 uM S1P for 24 and 48 hr
(A and B). Pre-incubated of SKW3 and H1299 cells with PTX (200 ng/ml) for 2 hr prior to treatment with 0.01-10 uM S1P for 24 hr (B and

D). *(P<0.05), ** (P<0.01)

and H1299 cell lines were decreased remarkably in
comparison to control cells (PTX pre-incubated without
S1P) and S1P treated cells. These data strongly suggest
the involvement of PTX-sensitive GPCRs in induction of
migration in H1299 (P<0.05) and SKW3 (P<0.01) cells
by S1P. The experiments were performed in triplicate
(Figure 2B and D).

S1P induced cell invasion just in H1299 cells

To evaluate the effects of S1P on cancer cell
invasion, we first optimized the number of seeded
cells. For this purpose, different cell number of SKW3
and H1299 without any treatment were seeded in
top agar in 6-well plates and incubated in 37 °C. After
21 days, no colony was observed in the plates that
were seeded with SKW3 cells; however, a huge
number of colonies were observed in the wells
seeded with H1299 cells. So, we examined the effects
of different concentrations of S1P on colony
formation of H1299 cells in soft agar (5000 cells in
each plate). S1P significantly induced colony
formation of these cells with a concentration range of
0.01 to 5 uM. The highest number of colonies was
achieved with 1 uM S1P (P<0.05) (Figure 3A).

S1P induced invasion of cells, mediated by PTX-
sensitive G-proteins
We also examined the effects of PTX on S1P

induced invasion in H1299 cells. When H1299 cells
were pre-incubated with 200 ng/ml of PTX prior to
the invasion assay, the number of colonies toward
S1P was significantly reduced in comparison to the
number of the cells that were not treated with PTX.
Our results strongly suggest the involvement of PTX-
sensitive GPCRs in colony formation and invasion of
H1299 cells (P< 0.05) (Figure 3B).

S1P induced overexpression of Survivin gene in
H1299 and SKW3 cells

Real-time RT-PCR experiment was performed for
the SKW3 and H1299 cells that were treated with
variable concentrations of S1P (0, 0.1 and 1 pM) after
24 hr. We found that 1 uM of S1P remarkably increased
mRNA levels of Survivin about 5.5 fold in both of cell
lines in comparison to control (P<0.001) (Figure
4A and C). GAPDH gene was considered as a house-
keeping gene in our experiments, an internal control
in gene expression assesses. Analysis of GAPDH
expression by quantitative Real-time PCR technique
demonstrated that cells under treatment with different
concentrations of S1P had roughly the same amount of
GAPDH expression, which is critical before continuing
to investigate the expression of target genes (Survivin)
in tumor progression, as it shows the lack of systematic
€errors.
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Figure 2. Migration effect of S1P. A) Migration assay showed that different concentrations of S1P increased migration of SKW3 and H1299
cells with a maximum increase at 1 uM (A and C). Pre-incubation of SKW3 and H1299 cells with PTX (200 ng/ml) for 2 hr almost abolished
the effects of S1P in induction of tumor cell migration (B and D). *(P<0.05), ** (P<0.01)

S1P induces Survivin expression through GPCRs

pathway

In this experiment, we applied PTX to show the
effects of S1P and find the role of S1P receptors in
overexpression of Survivin. SKW3 and H1299 cells
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6
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[}

pre-incubated with 200 ng/ml of PTX for 2 hr in
37 °C and treated with 1 uM S1P for 24 hr, and Real-
time RT-PCR was used to investigate the rate of
Survivin expression (we applied 1 pM S1P to assess
the PTX effect because the most significant
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Figure 3. Invasion role of S1P. A) S1P induced colonies forming of H1299 cells in agar after 21 days that significant increase of colonies
forming was in 1 pM. B) H1299 cells that pre-incubated with PTX (200 ng/ml for 2hr) and treated with S1P, could not increase the number
of colonies in agar due to blockage of GPCRs via PTX in contrast to S1P treated cell * (P<0.05)
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Figure 4. Overexpression of Survivin by S1P. SKW3 and H1299 cells treated with 0.1 and 1 uM S1P showed a significant increase in the
expression of Survivin gene after 24 hr, especially at 1 pM (A and C). S1P (1 uM) treated SKW3 and H1299 cells that pre-incubated with PTX
(200 ng/ml for 2hr) significantly decreased expression of Survivin gene after 24 hr. These results showed the involvement of S1P in cell

survival in a PTX-sensitive manner (B and D). *** (P<0.001)

overexpression of Survivin was observed in 1 pM).
Our data demonstrated that S1P has no significant
effect on PTX pre-incubated cells, and expression of
Survivin was decreased remarkably in both of cell
lines (P<0.001). However, in S1P-treated cells, PTX
caused more significant decrease in Survivin
expression in SKW3 cells (Figure 4B and D).

Discussion

S1P through binding to its receptors activates
different intracellular signaling pathways depending
on which intracellular Ga protein they couple to. The
S1P1 receptor primarily couples through Gai/o,
whereas S1P2 and S1P3 receptors can couple
through Gai/o, Gaq and Gal2/13, S1P4 and S1P5
receptors can couple through Gai/o and Gal2/13
(19-23). Signaling through Ga12/13 can promote the
activation of small GTPase Rho and Rho-associated
kinase (ROCK) to inhibit migration (19).

S1P is sensitive to PTX by restrain of Gi/o-coupled
receptors (24). Therefore, PTX is a PAN-S1P receptor
inhibitor. Our data showed that S1P increases
proliferation up to 1 uM in both SKW3 and H1299 cell
lines in a dose-dependent manner, although PTX
pretreated cells did not show cell proliferation in
contrast to our control cells. S1P activates S1PRs, which
coupled to Gi/o. Therefore, S1P by activating G-protein
signaling pathway motivates cell proliferation. PTX by
inhibition of Gi/o prevents the S1PR signaling pathway.
In conclusion, combination of S1P via PTX attributes to
neutralize S1P effect on cell proliferation. Higher effect
of S1P in proliferation of SKW3 in comparison to H1299
cells suggests that S1PRs are probably more
overexpressed in SKW3. This could be followed by
future studies. Yoshida et al in 2009 showed that
proliferation effect of S1P through S1PR in glioma cells
correlated with patient survival (25). Our results are in
agreement with these findings.
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S1P regulation of cellular migration occurs
through the Rho family of GTPases (Racl, Rho, and
CDC42) signaling (26). In the present study, we
demonstrated that cell migration increased in the
studied cell lines results in S1P signaling. As a result,
enhanced migration in SKW3 and H1299 cells may
occur by S1PR activation, which is mediated
migration via GPCR-Gi coupling. Furthermore,
decrease of SKW3 and H1299 cells migration
observed after treatment of cells with S1P and PTX.
In addition, SKW3 cells migration was 1.3 fold more
than H1299, which suggests higher ability of SKW3
cells for migration.

Yamashita et al showed that S1PRs expression
profile is correlated with the effects of S1P on
migration in gastric cancer cells (27). Kluk et al
showed a similar correlation between S1PRs and
migration in classical hodgkin’s lymphoma (28).

Although cell motility responses as discussed
above are an important aspect of cancer invasion and
metastasis, it is only a part of the entire process. In
addition, we examined the effects of S1IP on SKW3
and H1299 invasion. According to the mentioned
process, S1P increased H1299 cells invasion and
leaded to more colonies formation in agar resulting
in the activation of S1PRs that enhance cell adhesion
and invasion. However, treatment of H1299 cells
with S1P and PTX contributed to block of S1PRs and
decreased colony number of H1299 cells. In addition,
SKW3 cells do not have invasive function and are
unable to attach together in presence or absence of
S1P, and subsequently S1P may not exert adhesion
effect on the cell line.

It is inferred from our results that although the
SKW3 cells showed high level of migration in the
presence of S1P, but they did not have adhesion
performance, concluding that SKW3 cells show
moderate invasion function in presence of S1P.
Furthermore, H1299 cells showed an increase in
migration and adhesion of the cells in presence of
S1P, so the lipid makes these cells more invasive.
Park et al in 2007 showed that increasing the
invasion of OVCAR3 ovarian cancer cells in the
presence of S1P is mediated through S1PR receptor,
which is in consistent with our data (29). Gandy KAO
and Van Brocklyn ] also showed that S1P/S1PR
signaling stimulates cell migration and invasion of
cancer cells (30, 31).

In addition, S1P has a crucial role in cell survival
via different mechanisms. A number of studies
showed that S1P have implicated in induction of anti-
apoptotic mitogen-activated protein kinase (MAPK)
and impediment of pro-apoptotic MAPK pathway in
U937 leukemia cells (32, 33). In addition, pro-
survival effects of S1P are mediated through
prevention of cytochrome C and SMAC/DIABLO
release from mitochondria and subsequent
inhibition of caspase-3 activation in the human acute
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leukemia Jurkat, U937, and HL-60 cell lines (33). As

well, S1P receptors activate MAPK, PI3K
(Phosphoinositide 3-kinase) and AKt
(serine/threonine-specific  protein kinase) by

coupling to Gai/o and G12/13 and subsequently
induce cell survival (34).

PI3K/ Akt pathway is upstream signaling that
activates Survivin, a key anti-apoptotic protein, and
then Survivin blocks apoptotic pathway by inhibition
of SMAC/DIABLO (35-37).

With regard to involvement of S1P in cell survival
through S1PRs by activating PI3K/AKt pathway as
well as activation of Survivin through PI3K/AKt
pathway (38), we demonstrated that one of the
mechanisms of S1P in cell survival, tumor
proliferation and even chemoresistance is
overexpression of Survivin.

Therefore, to evaluate the role of Survivin in S1P-
induced tumor progression, the expression of
Survivin gene was examined in S1P treated-SKW3
and H1299 cells. Our data revealed that 1 uM S1P
induces remarkable cell survival and anti-apoptotic
signal via overexpression of BIRC5 gene in SKW3 and
H1299 cells. Furthermore, BIRC5 overexpression as a
result of S1P was higher in SKW3. Based on our
results, we concluded that S1P mediates activation of
Survivin pathway in the SKW3 cells, and hence leads
to cell survival. Expression of BIRC5 gene induced by
S1P was decreased remarkably in SKW3 and H1299
cells when they are incubated with PTX. Since PTX
blocks the S1PRs, it can be concluded that S1P-
induced BIRC5 gene expression is S1P receptor-
dependent. However, more researches are needed to
investigate expressions of genes upstream of
Survivin pathway in cells treated by S1P.

Conclusion

In this study, we showed involvement of S1P and its
receptors in tumor progression of SKW3 and H1299
cell lines. We also demonstrated that increase in gene
expression of Survivin as another survival mechanism
of S1P in cell survival and tumor progression.
Consequently, data demonstrate the importance of S1P
as a target to design novel anticancer drugs in order to
inhibit major downstream signaling, which plays
significant role in tumorigenesis.
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