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Abstract: Deregulation of production or degradation of sphingosine 1-phosphate (S1P), a bioactive lipid, involves in 
tumor progression, metastasis and chemoresistance. Since the tumor progression effects of S1P and its mecha-
nism in human pancreatic cancer is not fully understood, we investigated the role of S1P in Capan-1 and Panc-1 
cells proliferation and migration. The effects of S1P on proliferation, invasion and migration were studied using MTT 
and transwell assay, respectively. The concentrations of MMP2 and MMP9 were detected by ELISA assay. Role of 
S1P on the expressions of tyrosine kinase and cell proliferation related proteins were assessed by western blot. Our 
results showed that cell proliferation and migration were mediated by low concentration of S1P treatment in both 
cell lines. In addition, we also investigated another survival mechanism of S1P in cell survival and tumor progres-
sion, Src signaling pathway. These results indicated that roles of S1P in tumor progression were S1P receptor-de-
pendent through interaction with Src signaling pathway. In conclude, our data demonstrated the importance of this 
molecule as a target to design novel anticancer drugs in future through S1P receptors and Src signaling pathway.
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Introduction

In recent years, role of sphingolipids on the 
cancerous process has been the new field of 
cancer research, from their constitutive roles in 
the cell membrane to the signaling aspects of 
cellular bio-behaviours. The metabolic prod-
ucts of sphingolipids, such as ceramide, sphin-
gosine, and their phosphorylated forms 
ceramide 1-phosphate (C1P) and sphingosine 
1-phosphate (S1P), are biologically active and 
vital for variety of different cellular functions 
related to cell growth and migration [1, 2]. More 
and more experimental data over the past 
decade have indicated that S1P as one of the 
most important sphingolipid metabolites [3] 
and a source of some bioactive signaling mole-
cules. The functions of S1P in physiological pro-
cesses, for example, cellular proliferation and 
survival rely on the manner of an intracellular 
receptor-independent mechanism [4, 5]. 
Researches have shown that S1P not only as 
an intracellular signaling molecule, but also 
acts extracellularly through G-protein coupled 

receptors (GPCRs) [6]. Researches indicated 
that S1P and S1P receptors (S1PRs) are 
involved in regulation of cell proliferation, migra-
tion and angiogenesis [7]. The balance between 
synthesis and degradation of S1P is firmly regu-
lated by S1P kinase (SphK) and S1P phospha-
tase (SPP1, SPP2) [8, 9]. 

Modulation of normal tyrosine kinase level in 
blood or tissues can contribute to pathophysio-
logic events in cardiovascular diseases, chronic 
inflammation, cancer, drug resistance and 
metastasis [10, 11]. Additionally various stud-
ies have shown the role of Src involved in migra-
tion and invasion of tumor cells and cancer 
recurrence after chemotherapy in breast, lung 
and pancreatic cancer [12, 13].

In this study we assessed the effect of S1P on 
malignant behavior of Capan-1 and Panc-1 cells 
such as proliferation, migration and invasion of 
these cells through Src pathway. Our results 
confirm the key role of S1P in tumor develop-
ment. Blocking S1P receptors or its down-
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stream signaling can be considered as the 
novel strategies to control tumor growth and 
metastasis.

Materials and methods 

Capan-1 and Panc-1 cell lines were purchased 
from American Type Culture Collection 
(Maryland, American). S1P, S1PR1 inhibitor 
(W123), Src inhibitors (PP2), BSA (bovine serum 
albumin), fibronectin, 3-(4,5-dimethylthiazol-2-y 
l) -2,5-diphenyl tetrazoliumbromide (MTT) and 
agar obtained from Sigma-Aldrich (St. Louis, 
MO, USA), Transwells® (polycarbonate, 6.5 mm, 
8 µm pore size) were obtained from Corning 
(Corning, NY, USA). Antibodies to Src, phos-
phate Src (Tyr416), p38 MAPK, AKT (Thr308) 
were purchased from cell signaling technology 
(Danverse, USA). RPMI-1640 and FBS (Fetal 
Bovine Serum) were purchased from Invitrogen 
(Auckland, New Zealand). 

Cell culture and treatment

Capan-1 and Panc-1 cells were maintained in 
RPMI-1640 supplied with 10% FBS, 100 U/mL 
penicillin and 100 µg/mL streptomycin on cul-
ture plates at 37°C in a humidified incubator 
supplemented with 5% CO2. Prior to the experi-
ment, cultured cells at 70-80% confluence 
were digested by 0.5% EDTA-Typsin, followed 
with centrifugation at 500 g for 5 min and the 
cell pellet was re-suspended in fresh culture 
media to be used in the experiments.

S1P was reconstituted in methanol at 10 
mmol/L and stored at -20°C. Cells were trypsin-
ized and then plated in 48-well plates (5×103 
cells/well). Before cell stimulation, growth 
medium was replaced with factors-reduced 
medium (RPMI-1640 contained with 5% FBS). 
Cells were stimulated with varying concentra-
tions of S1P or pretreated with 10 µM Src inhib-
itor in serum-starved medium (RPMI-1640 con-
tained with 0.5% FBS).

MTT assay

The logarithmic growth phase cells were cul-
tured and treated as previous description for 
indicated time. The media in each well was 
replaced with 200 µL fresh media containing 
20 µL of 5% MTT and incubated for 4 h at 37°C. 
After incubation period, media was removed 
and 200 µL DMSO was added to each well. The 

absorbance of each well was measured at 570 
nm after shaking for 10 min, employing a micro-
plate reader (MultiPlex 600, USA). Wells with 
MTT solution and DMSO (without cells) were 
used as blank control.

Transwell assay

Two million cells were seeded in a 25 cm2 flask 
with growth medium for at least 48 h, follwed 
with serum starvation for 24 h before the migra-
tion experiment. Cells were centrifuged and re-
suspended in starvation media and counted. 
Cells (about 5×103) were seeded into each of 
the fibronectin coated Transwell® filters and 
incubated for 45 min. Filters were then trans-
ferred into bottom chambers which contained 
500 µL serum starvation medium containing 
S1P. Chambers were incubated at 37°C and 
cells were allowed to migrate through the pores 
in the filter for 12 h. The cells of the upper side 
of the filter was then scraped free. The cells 
attached on the filter were fixed with methanol 
and stained with a Diff-Quick staining kit (Life 
Science Products, IHC World). The number of 
cells on the lower side of membranes was 
determined by measuring optical densities at 
595 nm using a 96-well microplate reader 
model 355 (Bio-Rad).

Enzyme-linked immunosorbent assay

Capan-1 and Panc-1 cells were treated as 
described previously. MMP-9 and MMP-2 Elisa 
kits (R&D Systems, USA) were used for detec-
tion the concentrations of MMP-9 and MMP-2 
in the cell culture supernatants. Each sample 
was analysed in triplicate and manipulated 
according kit protocol. 

Western blot

Cells were lysed in RIPA buffer [50 mM Tris (pH 
7.4), 150 mM NaCl, 1% TritonX-100, 0.1% SDS, 
1% sodium deoxycholate, 5 mM EDTA, 100 mM 
NaF, and 1 mM Na3VO4] containing a protease 
inhibitor cocktail for 30 min on ice, followed by 
centrifugation for 30 min at 16000 g. Protein 
concentrations were determined by the BCA 
method (Pierce, USA). Equal total proteins were 
electrophoresis by 12% SDS-PAGE gel, followed 
by transferred to PVDF membranes using a wet 
transblot system (Bio-Rad, Hercules, CA). The 
membranes were blocked for 1 h at room tem-
perature with 5% nonfat milk and incubated 
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overnight at 4°C with anti-
bodies against phosphate-
Src (Tyr416), p38 MAPK, 
AKT (Thr308), β-actin (1: 
1000). After washing, the 
membrane was incubated 
for 1 h with HRP-conjugated 
goat anti-rabbit secondary 
antibody diluted 1:5,000 in 
PBST. After further washing 
and processing with Super 
Signal West Pico chemilumi-
nescent substrate (Pierce, 
USA), the membrane was 
exposed to Fujifilm LAS 
3000 Imager (Fuji, Japan). 
The band densities of the 
western blots were normal-
ized relative to the relevant 
β-actin with Image J analyst 
software (NIH).

Statistical analysis

Results were presented as 
means ± SD from three 
independent experiments. 
Statistical analysis was per-
formed using SPSS software 
through ANOVA or student 
t-tests. P<0.05 was consid-
ered as significant statis- 
tically.

Results

Proliferation effects of S1P 
on Capan-1 and Panc-1 
cells

The effects of S1P in the 
proliferation of Capan-1 and 
Panc-1 cells were evaluated 
via MTT assay. We first treat-
ed Capan-1 and Panc-1 cells 
with increasing concentra-
tions of S1P for 24 h and 48 
h in starvation media to 
determine the optimal con-
centration of S1P that shows 
maximum proliferation effe- 
ct. MTT results in both cell 
lines showed cell prolifera-
tion increased remarkably 
upon treatment with a range 

Figure 1. Effect of S1P on proliferation of Capan-1 and Panc-1 cells. MTT assay 
was used for detection the proliferation of cells that treated with 0.1-1.6 μM 
S1P for 24 h (A, B). 

Figure 2. Effect of S1P and Src inhibitor on proliferation of Capan-1 and Panc-1 
cells. Pre-incubation of Capan-1 and Panc-1 cells with 10 µM PP2 for 30 min, 
the proliferation effect of S1P was monitored by MTT assay.
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of concentrations S1P between 0.1 and 1 µM 
S1P (Figure 1A and 1B).

S1P induced Capan-1 and Panc-1 cell prolif-
eration through c-Src signaling pathway

To investigate the signaling mechanisms by 
which S1P induced proliferation in Capan-1 and 
Panc-1 cells, we applied PP2 to inhibit Src sig-
naling pathway on cell proliferation. We found 
that, pre-treatment cells with PP2 inhibited 
S1P-induced cell proliferation significantly 
(Figure 2A and 2B), indicating that the role of 
S1P in induction of cell proliferation is Src 
dependent. 

Effect of S1P on the migration and invasion of 
Capan-1 and Panc-1 cells 

To evaluate migration effects of S1P on Capan-
1 and Panc-1 cells, at first, about 50,000  
cells were seeded in starvation media in  
each of the fibronectin coated Transwell  
filters. Total 500 µL starvation media contain-

The concentrations of MMP2 and MMP9 in cell 
culture medium were detected by ELISA meth-
ods. We found that the concentrations of MMP2 
and MMP9 increased significantly compared 
with the control group. However, the effect 
reduced when the cells pretreated with 10 µM 
PP2 for 30 min (Figure 4A and 4B). 

S1P induce Src signaling pathway activated in 
Capan-1 and Panc-1 cells

Western blot experiment was done for the 
Capan-1 and Panc-1 cells that were treated 
with variable concentrations of S1P (0, 0.5 and 
1 µM) for 30 min. We found that the activated 
Src levels (pY416) increased remarkably in  
contrast to the cells without of S1P (Figure 5). 
We also found that cell proliferation related pro-
teins were increased significantly compare to 
the control group. However, cells that pre-incu-
bated with PP2 (10 µM for 30 min) significantly 
decreased the expressions of proliferation 
related proteins.

Figure 3. Effect of S1P in Capan-1 and Panc-1 cell migration. Transwell assay 
showed that S1P increased cell migration and invasion (A for Capan-1 cells 
and B for Panc-1 cells). Pre-incubation of Capan-1 and Panc-1 cells with 10 µM 
PP2 for 30 min almost abolished the effects of S1P in induction of tumor cell 
migration. Columns, average number of migratory cells (triplicated wells) in five 
random fields in 100× magnification per insert; error bars, SD. *, P<0.05 by 
Student’s t test compared with the control group.

ing indicated concentra-
tions of S1P was added to 
the lower chamber and 
incubated for 12 h. Our 
results showed that S1P 
exert a significant effect on 
migration of both Capan-1 
and Panc-1 cells (Figure 3A 
and 3B). However, the 
effect was reduced signifi-
cantly when cells pretreat-
ed with Src inhibitors.  
Our results showed that 
the migration of PP2-
treated cells from both 
Capan-1 and Panc-1 cell 
lines were decreased re- 
markably in comparison to 
control cells. These data 
strongly suggested the 
involvement of Src-sen- 
sitive in induction of migra-
tion and invasion of Capan-
1 and Panc-1 cells by S1P. 

Effect of S1P on the ex-
pressions of MMP2 and 
MMP9 in Capan-1 and 
Panc-1 cells
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Discussion

Different intracellular signaling pathways can 
be activated by S1P through binding to its 
receptors, which depending on intracellular Gα 
protein they couple to. Signaling through Gα 
can promote the activation of small GTPase 
Rho, Rho-associated kinase or other signaling 
pathway [15].

ence of S1P mediated through S1PR receptor. 
And we also found that the effect reduced evi-
dently when cells pretreated with S1PR inhibi-
tor. It can be concluded that S1P-induced c-Src 
activated is S1P receptor-dependent. 

Previous research has shown that involvement 
of S1P in cell survival through S1PRs by activat-
ing PI3K/AKT pathway as well activation of sur-

Figure 4. Effect of S1P on the expression of MMP2 and MMP9 in Capan-1 and 
Panc-1 cells. ELISA assay was used for detection the concentrations of MMP2 
and MMP9 in cell culture supernatants. Columns, average protein concentration 
from three independent experiments; error bars, SD. *, P<0.05 by Student’s t 
test compared with the control group.

Figure 5. Proteins expresssion analysis of Capan-1 and Panc-1 cells treated with 
S1P. Western blot assay was used for detection the expressions of activated Src 
and cell proliferation related proteins.

Our data showed that S1P 
increased the prolifera-
tion effect in both cell 
lines in a dose-dependent 
manner. However, cell 
proliferation effect was 
reduced upon PP2 pre-
treatment in contrast to 
the control cells. These 
results indicated that 
combination of S1P via 
Src inhibitor attributes to 
neutralize S1P effect on 
cell proliferation. 

Previous research showed 
that S1P regulation of cel-
lular migration occurs 
through the Rho family of 
GTPases (Rac1, Rho, and 
CDC42) signaling [16]. In 
our research, we demon-
strated cell migration 
increased evidently in 
both of cell lines upon 
S1P signaling pathway 
activated. Furthermore, 
decreasing of cell migra-
tion was seen after treat-
ment of cells with c-Src 
inhibitors, which suggest-
ed that c-Src pathway 
involved in the S1P-S1PR1 
signaling in regulation 
Capan-1 and Panc-1 cell 
migration. 

To detect whether c-Src 
pathway was activated by 
S1P, we detected the 
expression of phosphory 
c-Src upon S1P treat-
ment. Our results showed 
that the expression of 
activated c-Src increased 
significantly in the pres-
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vivin through PI3K/AKT pathway [17]. In our 
current research, we also demonstrated one of 
the mechanisms of S1P in cell survival, tumor 
proliferation and even invasion through c-Src 
related pathway. We found the levels of MAPK, 
ERK and AKT increased evidently upon S1P 
treatment, and the effect also was Src signaling 
pathway dependent. Although more investiga-
tions are required to find some signals down-
stream of c-Src when cells were treated with 
S1P.

Conclusion

In this study, we studied the involvement of S1P 
and its receptors in tumor progression of 
Capan-1 and Panc-1, we also investigated 
another survival mechanism of S1P in cell sur-
vival through interaction with Src signaling 
pathway. In conclude, our data demonstrated 
the importance of this molecule as a target to 
design novel anticancer drugs in future. 

Disclosure of conflict of interest

None.

Address correspondence to: Ying Zhu, Department 
of Oncology, Zhengzhou Central Hospital Affiliated 
to Zhengzhou University, Zheng Zhou 450041, 
Henan Province, P. R. China. E-mail: 15518267769@ 
163.com

References

[1]	 Chalfant CE, Spiegel S. Sphingosine 1-phos-
phate and ceramide 1-phosphate: Expanding 
roles in cell signaling. J Cell Sci 2005; 118: 
4605-12.

[2]	 Hannun YA, Obeid LM. Principles of bioactive 
lipid signalling: lessons from sphingolipids. Nat 
Rev Mol Cell Biol 2008; 9: 139-50.

[3]	 Maceyka M, Harikumar KB, Milstien S, Spiegel 
S. Sphingosine-1-phosphate signaling and its 
role in disease. Trends Cell Biol 2012; 22: 50-
60.

[4]	 Proia RL, Hla T. Emerging biology of sphingo-
sine-1-phosphate: its role in pathogenesis and 
therapy. J Clin Invest 2015; 125: 1379-1387. 

[5]	 Hla T, Brinkmann V. Sphingosine 1-phosphate 
(S1P) Physiology and the effects of S1P recep-
tor modulation. Neurology 2011; 76: S3-S8.

[6]	 Kong Y, Wang H, Lin T, Wang S. Sphingosine-1-
phosphate/S1P receptors signaling modulates 
cell migration in human bone marrow-derived 
mesenchymal stem cells. Mediators Inflamm 
2014; 2014: 565369.

[7]	 Tabasinezhad M, Samadi N, Ghanbari P, 
Mohseni M, Saei AA, Sharifi S. Sphingosin 
1-phosphate contributes in tumor progression. 
J Cance Res Therapeut 2013; 9: 556-63.

[8]	 Gangoiti P, Camacho L, Arana L, Ouro A, 
Granado MH, Brizuela L. Control of metabo-
lism and signaling of simple bioactive sphingo-
lipids: Implications in disease. Prog Lipid Res 
2010; 49: 316-334.

[9]	 Salas A, Ponnusamy S, Senkal CE, Meyers-
Needham M, Selvam SP, Saddoughi SA. 
Sphingosine kinase-1 and sphingosine 1-phos-
phate receptor 2 mediate Bcr-Abl1 stability 
and drug resistance by modulation of protein 
phosphatase 2A. Blood 2011; 117: 5941-
5952.

[10]	 Xia GH, Zeng Y, Fang Y, Yu SR, Wang L, Shi MQ, 
Sun WL, Huang XE, Chen J, Feng JF. Effect of 
EGFR-TKI retreatment following chemotherapy 
for advanced non-small cell lung cancer pa-
tients who underwent EGFR-TKI. Cancer Biol 
Med 2014; 11: 270-276.

[11]	 Graham DK, DeRyckere D, Davies KD, Earp 
HS. The TAM family: phosphatidylserine sens-
ing receptor tyrosine kinases gone awry in can-
cer. Nat Rev Cancer 2014; 14: 769-785.

[12]	 Shi C, Ma YC, Zhang YX, Jia HT. The Non- 
Receptor Tyrosine Kinase c-Src Mediates 
PDGF-induced Furin-MT1-MMP Association in 
HPAC Pancreatic Cells. Mol Cell Biochem 
2012; 362: 65-70. 

[13]	 Ma YC, Shi C, Zhang YN, Zhang YX, Sarkar FH. 
The non-receptor tyrosine kinase c-Src directly 
mediates growth factor-induced Notch-1 and 
Furin interaction and Notch-1 activation in 
pancreatic cancer cells. PLoS One 2012; 7: 
e33414. 

[14]	 Brinkmann V. Sphingosine 1-phosphate recep-
tors in health and disease: mechanistic in-
sights from gene deletion studies and reverse 
pharmacology. Pharmacol Ther 2007; 115: 
84-105.

[15]	 Huang YL, Huang WP, Lee H. Roles of sphingo-
sine 1-phosphate on tumorigenesis. World J 
Biol Chem 2011; 2: 25-34.

[16]	 Shi M, Zhang H, Li M, Xue J, Fu Y, Yan L. Normal 
endometrial stromal cells regulate survival 
and apoptosis signaling through PI3K/AKt/
Survivin pathway in endometrial adenocarci-
noma cells in vitro. Gynecol Oncol 2011; 123: 
387-392.

mailto:15518267769@163.com
mailto:15518267769@163.com

