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Abstract: Sphingosine-1-phosphate receptor 1 (S1PR1) is abnormally expressed in a variety of tumors. However, the
clinical implications and biological roles of S1IPR1 in esophageal squamous cell carcinoma (ESCC) remain unknown.
In this study, we have focused on ESCC, and analyzed the expression of S1PR1 in human specimens at various
histological grades of ESCC and the role of S1PR1 in Eca109 cells. Using human ESCC tissue microarray and immu-
nohistochemistry, we found S1PR1 protein mainly located in the cytoplasm of cancer cells and normal esophageal
mucosal epithelial cells, and small amounts in the plasma membrane. The levels of cytoplasmic S1PR1 in ESCC
tissues were significantly higher than those in adjacent non-cancerous tissues. Cytoplasmic S1PR1 exhibited higher
expression in ESCC tissues with poor differentiation than those with well differentiation. Conversely, the positive
expression of plasma membrane S1PR1 was correlated with well differentiation. Kaplan-Meier survival analysis
showed that patients with positive membrane S1PR1 expression tended to have longer survival time. Univariate and
multivariate Cox regression analysis revealed that membrane S1PR1 expression was an independent prognostic
factor for ESCC patients. Furthermore, overexpression of cytoplasmic S1PR1 promoted Ecal109 cells from G1 phase
to S phase and plasma membrane S1PR1 as the opposite, which may be associated with p21. Cytoplasmic S1PR1
signaling also promoted Ecal09 cells migration. Our findings demonstrate that cytoplasmic S1PR1 plays an impor-
tant role in the malignant behavior of human ESCC and may serve as a new target for ESCC therapy.
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Introduction therapies, the 5 year overall survival is approxi-
mately 15-25% [2]. It is essential to understand
better the molecular characteristics of ESCC

for developing novel biomarkers and targeted

Esophageal cancer is the eighth most common
cancer and the sixth leading cause of cancer-

related mortality worldwide [1, 2]. In China,
esophageal cancer is the third most common
cancer and has been ranked as the fourth lead-
ing cause of cancer death [3]. The two primary
histologic types of esophageal cancer are eso-
phageal squamous cell carcinoma (ESCC) and
esophageal adenocarcinoma (EAC). In the high-
est-risk area, which stretches from Northern
Iran through the Central Asian republics to
North-Central China, 90% of cases are ESCC
[4]. Despite the development of multimodal

therapies.

Sphingosine kinases (SKs, two isoforms called
SK1 and SK2) phosphorylate sphingosine to
generate sphingosine 1-phosphate (S1P), a ple-
iotropic phospholipid mediator that is involved
in a diverse array of cellular processes includ-
ing proliferation, differentiation, adhesion, apo-
ptosis, calcium homeostasis, angiogenesis, vas-
cular and neuronal maturation, cell migration
and immune responses [5, 6]. Generally, S1P
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binds to its 5-related G-protein coupled recep-
tors (GPCRs), named as S1PR1-5 (also known
as S1P1-5, and originally termed EDG-1, 3, 5, 6,
and 8, respectively), to induce cellular respons-
es [5]. S1P can also act as a second messenger
to elicit various intracellular targets [6]. Recent,
growing evidence suggests SKs/S1P/S1PRs
signaling axis plays important roles in growth,
infiltration, metastasis, angiogenesis, autopha-
gy of various types of tumors [7-10]. SK1 is
overexpressed in a variety of cancers and pos-
sesses many characteristics of an oncogene
[7]. In contrast, the connection between SK2
and cancer is still not well defined [11]. S1P
stimulates S1PRs and have a significant role in
cancer progression [12].

S1PR1 is the first identified S1P receptor, and
is ubiquitously expressed. Increasing evidence
has demonstrated S1PR1 is abnormally ex-
pressed in a variety of tumors. S1PR1 is associ-
ated with proliferation, migration, invasion of
tumor cells, and also correlated with the sur-
vival, drug resistance in tumor patients [9, 10,
12-15]. We have previously reported both ESCC
cell line Ecal09 and normal human esopha-
geal mucosal epithelium express S1PR1 [5].
The role of S1PR1 in the development of ESCC
remains obscure. In the present study, we
examine the expression of S1PR1 in ESCC tis-
sues and adjacent non-cancerous tissues, and
analyze the correlations between S1PR1 expre-
ssions and various clinicopathological charac-
teristics. Furthermore, we overexpress S1PR1
in Ecal109 cells to explore the roles of S1IPR1
in ESCC malignancy.

Materials and methods
Reagents and cell culture

Fibronectin and fatty acid-free bovine serum
albumin (FAF-BSA) were purchased from Sigma
(St Louis, MO, USA). Endo-Free plasmid midi
kit was from Omega (Beijing, China). Lipofecta-
mine 2000 was obtained from Invitrogen
(Carlsbad, CA, USA). Propidium iodide was from
Solarbio (Shanghai, China). SV total RNA isola-
tion system was purchased from Promega
(Madison, WI, USA). PrimeScript™ RT reagent
Kit with gDNA Eraser (Perfect Real Time) and
SYBR®Premix Ex Tag™ Il (Tli RNaseH Plus) kit
were from TaKaRa Biotech (Dalian, China). Anti-
S1PR1 (ab23695) antibody was obtained from
Abcam (Cambridge, MA, USA). Anti-p21 anti-
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body (#2947) and horseradish peroxidase-con-
jugated goat anti-rabbit IgG #7074) were
obtained from Cell Signaling Technology (Dan-
vers, CO, USA). Goat anti-mouse I1gG conjugated
to horseradish peroxidase (A0216), anti-B-ac-
tin antibody (AA128), RIPA buffer, BCA protein
assay kit, BeyoECL Plus, and 4’-6-diamidino-
2-phenylindole (DAPI) were supplied from Be-
yotime (Shanghai, China). Human ESCC cell line
Ecal09 was purchased from Cell Bank of the
Chinese Academy of Science (Shanghai, China).
Ecal09 cells were maintained in RPMI 1640
medium supplemented with 10% (v/v) fetal
bovine serum (FBS), 100 U/ml penicillin, and
100 U/ml streptomycin in a 5% CO, humidified
incubator containing at 37°C. All tissue culture
reagents were purchased from Invitrogen (Car-
Isbad, CA, USA).

Tissue microarray (TMA) and immunohisto-
chemistry (IHC)

Human ESCC tissue microarray (HESo-Squ-
180Sur-03, Shanghai Outdo Biotech Co. Ltd.,
Shanghai, China) was used in this study, which
contained a total of 87 pairs of ESCC tissues
and matched adjacent non-cancerous tissues,
and 6 non-matched ESCC tissues. The expres-
sion of S1PR1 in the tissues was evaluated by
immunohistochemical staining. Briefly, forma-
lin-fixed, paraffin-embedded sections were de-
paraffinized and rehydrated. Antigen retrieval
was conducted at high temperature under high
pressure in sodium citrate buffer (pH 6) for 10
minutes. After quenching of endogenous per-
oxidase activity and blocking of nonspecific
binding, sections were incubated with antibody
against S1PR1 (1:500) at 4°C overnight. Subse-
quently, the sections were serially rinsed.
EnVision FLEX Visualization System (K8000;
Dako, Glostrup, Denmark) was utilized for visu-
alization. 3,3’-diaminobenzidine was used as a
substrate. Finally, sections were counterstain-
ed with hematoxylin.

The staining was semi-quantitatively scored
according to the staining intensity and positive
rate by two pathologists in a blinded manner.
The percentages of stained cells were scored
from O, 1 to 9, corresponding to the ranges
from 0-5%, 5-15% to the final 85-100%. The
intensity of staining was graded on the follow-
ing scale: O, no visual staining; 1, weak stain-
ing; 2, moderate staining; or 3, strong staining;
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the mixed state between them was recorded as
0.5. In this context, the relative levels of protein
expression at histological levels were scored by
multiplying the percentage score by the inten-
sity value, i.e. by the so-called Q-score (Q = per-
centage x intensity; minimum = O and maxi-
mum = 27) proposed by Liu for TMA [16]. For
data analysis, Q-score <13.5 were considered
as low expression, and Q-score >13.5 were
considered as high expression.

Immunocytochemistry (ICC)

Ecal09 cells were gently placed on poly-L-
lysine coated coverslips in the bottom of each
well of 6-well culture plates. The cells were then
incubated at 37°C in 5% CO,. When cells on the
coverslips reached 50-80% confluence, the
media in the wells were removed, and cells on
the coverslips were washed with phosphate-
buffered saline (PBS) 3 times, fixed with 4%
(w/v) paraformaldehyde/PBS for 15 min and
washed with PBS 3 times again. To perform
ICC, the cells on the coverslips were incubated
with permeabilizing solution (0.5% Triton X-100
in PBS) for 20 min and washed with PBS 3
times. The immunostaining protocol was the
same as described for immunohistochemistry.
Under a light microscope, the extent and sub-
cellular localization of S1PR1 were observed.

Plasmids and transfection

Plasmid S1PR1-EGFP encoding a human S1PR1
and EGFP fusion protein was a kind gift from Dr.
Meixiong Wu (Harvard Medical School, MA,
USA) and has been described previously [17].
The control plasmid Control-EGFP was con-
structed as previously described [5]. Trans-
fection was performed using Lipofectamine
2000 according to the manufacturer’'s pro-
tocols.

Confocal microscopy

3.5x10° Ecal09 cells were plated onto glass
coverslips in six-well dishes. 1 day later, cells
were grown to 80-90% confluence and trans-
fected with either S1PR1-EGFP plasmid or
Control-EGFP plasmid. Ecal09 cells were incu-
bated in RPMI 1640 medium containing 0.1%
FAF-BSA for 12 h, 24 h and 48 h, and fixed with
4% (w/v) paraformaldehyde/PBS for 15 min at
room temperature. Cell nuclei were stained
with DAPI. Coverslips were mounted using an
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antifade medium. The fluorescence was re-
vealed on a Leica SP5 confocal microscope
(Leica Microsystems, Wetzlar, Germany).

Cell cycle analysis by flow cytometry

3.5x10° Ecal09 cells were in six-well dishes. 1
day later, cells were grown to 80-90% conflu-
ence and transfected with either SIPR1-EGFP
plasmid or Control-EGFP plasmid. Eca109 cells
were incubated in RPMI 1640 medium contain-
ing 0.1% FAF-BSA for 12 h or 48 h. Transfected
Ecal09 cells were harvested by trypsinisation
and washed twice in ice-cold PBS. After resus-
pension in ice-cold PBS, cells were fixed in a
final concentration of 0.5% (w/v) ice-cold para-
formaldehyde/PBS for 30 min at 4°C. Following
brief centrifugation, cells were washed in ice-
cold PBS then resuspended in ice-cold 70%
(v/v) ethanol in PBS at -20°C overnight. Cells
were centrifuged and stained with 50 yg/ml of
propidium iodide in PBS containing 0.1% (v/v)
Triton X-100 and 50 pyg/ml RNase A for 30 min
at 4°C in the dark. Finally cells were analyzed
by flow cytometry (Guava easyCyte, Merck
Millipore, MA, USA), and cell cycle profiles were
evaluated using ModFit LT software (Verity
Software House, Topsham, ME, USA). The prolif-
eration index (Pl) was calculated according to
the following equation: (5+G2)/G1.

RNA extraction and quantitative reverse
transcript-PCR (QRT-PCR) analysis

Total RNA was extracted using SV total RNA iso-
lation system according to the manufacturer’s
instructions. The RNA was reverse transcribed
using PrimeScript™ RT reagent Kit with gDNA
Eraser (Perfect Real Time). The gRT-PCR analy-
sis of the samples was performed using a
LightCycler 96 System (Roche Diagnostics,
Mannheim, Germany) with SYBR®Premix Ex
Tag™ Il (Tli RNaseH Plus) kit. The following prim-
er sequences were used: for S1PR1, 5-AT-
CGTCCTGAGCGTCTTCAT-3' (Forward), 5-CCA-
GGAAGTACTCCGCTCTG-3’ (Reverse); for GAP-
DH, 5-ACCCACTCCTCCACCTTTG-3" (Forward),
5-CTCTTGTGCTCTTGCTGGG-3’ (Reverse). Am-
plifications were performed starting with 10
min of denaturation at 95°C, then 40 cycles
of 10 s denaturation at 95°C, and 40 s of prim-
er specific annealing and specific extension
at 60°C. All reactions were run in triplicate.
The results were normalized using the 2%4°T
method.
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Figure 1. S1PR1 protein expression is assessed in ESCC tissues
and adjacent non-cancerous tissues. A, B. Significant differential
expression of cytoplasmic S1PR1 was confirmed between paired
ESCC tissues and their adjacent non-cancerous tissues by Q-
scores, with representative images. C. Plasma membrane S1PR1
expressed in ESCC tissues and adjacent non-cancerous tissues.
D. Representative IHC images for S1PR1 with different histological
grade were shown. E. Kaplan-Meier curves for patients with ESCC
indicated no significant association between the expression level of
cytoplasmic S1PR1 and overall survival (P>0.05), while positive ex-
pression of plasma membrane S1PR1 significantly associated with
better survival (P = 0.013).
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Western blot analysis

Cells were lysed with ice-cold RIPA buffer, con-
taining protease inhibitor mixture. Protein con-
centration was determined using BCA protein
assay kit. Equal amounts of protein were sepa-
rated in 12% SDS-PAGE gels, and then trans-
ferred to polyvinylidene difluoride (PVDF) mem-
branes (Millipore, Bedford, MA, USA). After
being blocked in Tris-based saline-Tween 20
(TBST) containing 5% (w/v) non-fat milk, the
membranes were incubated with specific pri-
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mary antibodies at 4°C overnight and then
with horseradish peroxidase-conjugated anti-
mouse or anti-rabbit antibody for 70 min at
room temperature. The signals were visualized
using BeyoECL Plus and imaged using Fusion
Fx7 imaging system (Vilber Lourmat, Marne-la-
Vallée, France).

Migration assay

Migration assay was performed on a 6.5 mm-
diameter transwell chamber with an 8 ym pore

Int J Clin Exp Pathol 2017;10(10):10293-10303
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Table 1. Association between the expression of S1PR1 and clinico-

pathological characteristics in ESCC (n = 93)

under an Olympus IX71 in-
verted microscope.

Cytoplasmic Membrane L .
Variables S1PR1 expression S1PR1 expression Statistical analysis
Low High Pvalue Negative Positive P value
Age/year 0871 0.894 All group data were presen;—
<60 13 14 20 ; ed as mean * standard devi-
= ation (SD) from at least thr-
>60 33 33 48 18 ee independent experiments.
Gender 0.031 0.122 Analysis was performed with
Male 42 35 59 18 SPSS 16.0 software for win-
Female 4 12 9 7 dows (IBM Corp., Armonk, NY,
Size (cm) 0.248 0.793 USA). Graphical representa-
<4 18 24 32 11 tions were carried out with
>4 28 23 36 14 GraphPad Prism 6 software
Pathologic type 0.595 0.044 S?enngtlaegior; C’?r;eUSeA)zb-:gses?(:];
Medulléry 1014 20 4 level of S1IPR1 between ESCC
Ulcerative 26 22 37 11 . .
tissues and adjacent non-
Others 10 11 1 10 cancerous tissues were ana-
Lymph node metastasis 0.470 0.068 lyzed by Wilcoxon test. The
Negative 24 21 29 16 relationship between S1PR1
Positive 22 26 39 9 and clinicopathological char-
Infiltration degree 0.704 0.115 acteristics was tested by Chi-
T0-2 11 11 13 9 square test or Fisher’'s exact
13-4 29 135 49 15 test. The survival calculations
Miss 6 1 6 1 were illustrated with Kaplan-
Histological grade 0.030 <0.001 Meier curves and differences
L o7 17 22 22 between survival curves were
tested by the log-rank test.
1, A, 19 30 46 3 Cox regression was used for
TNM stage (AJCC) 1.000 0.064 univariate and multivariate
| 1 2 1 2 analysis. The student’s t-test
Il 21 24 30 15 was used for comparison
1 19 21 33 7 between two groups depend-
v 0 0 0 0 ing on distribution. P values
Miss 5 0 4 1 <0.05 were considered sta-
tistically significant.
size (Corning, NY, USA). The underside of tran- Results

swell membranes was precoated with fibronec-
tin (10 pg/ml) and allowed to dry. Cells were
trypsinized at 48 h post-transfection, washed
and resuspended in RPMI 1640 medium with
0.1% FAF-BSA at 1x10° cells/ml. Cells (1x10°
cells/well) were added into the upper chamber
of transwell chambers, and the lower chamber
was filled with RPMI 1640 medium with 0.1%
FAF-BSA. Following 24 h incubation, nonmigrat-
ing cells on the upper surface of membranes
were removed with cotton swabs, fixed and
stained with 0.1% crystal violet in PBS at the
ambient temperature, and then destained with
PBS. Migrating cells were counted in 5 random-
ly selected high-power fields per membrane

10297

Cytoplasmic S1PR1 is highly expressed in
human ESCC tissues and correlated with poor
differentiation

S1PR1 protein expression mainly located in
the cytoplasm of cancer cells and normal
esophageal mucosal epithelial cells, and small
amounts in the plasma membrane. The levels
of cytoplasmic S1PR1 in ESCC tissues were sig-
nificantly higher than those in paired, adjacent
non-cancerous tissues (P<0.001, Figure 1A
and 1B). Positive plasma membrane expres-
sion of S1PR1 was rare in ESCC tissues and
adjacent non-cancerous tissues. In ESCC tis-
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Table 2. Univariate and multivariate analysis of the overall survival in ESCC

Univariate analysis

Multivariate analysis

Variables
HR (95% Cl) P value HR (95% ClI) P value
Cytoplasmic S1PR1 expression 1.060 (0.639-1.760) 0.821
Membrane S1PR1 expression 0.446 (0.231-0.862) 0.016 0.415 (0.208-0.830) 0.013
Age/year 1.013 (0.985-1.043) 0.362
Gender 0.556 (0.252-1.225) 0.145
Size (cm) 1.070 (0.642-1.783) 0.797
Pathologic type 1.009 (0.692-1.470) 0.963
Lymph node metastasis 1.737 (1.037-2.912) 0.036
Infiltration degree 2.038 (1.025-4.056) 0.042
Histological grade 1.444 (0.865-2.411) 0.160
TNM stage (AJCC) 2.148 (1.273-3.627) 0.004 2.024 (1.187-3.451) 0.010

HR, hazard ratio; Cl, confident interval.

sues, membrane S1PR1 mainly expressed in
well differentiated cancer cells, including kera-
tin pearl. In normal human esophageal mucosal
epithelium, S1PR1 expressed in the cytoplasm
of the basal layer epithelial cells, which are
mitotically active, in contrast, in the membrane
of polyhedral higher layer cells and flattened
surface cells (Figure 1C).

The correlation between S1PR1 protein expres-
sion and the clinicopathological characteristics
of the patients with ESCC was investigated
(Table 1). The high expression of cytoplasmic
S1PR1 in cancer cells was significantly corre-
lated with gender (P = 0.031) and histological
grade (P = 0.030), but not with other factors,
including age, tumor size, pathologic type,
lymph node metastasis, infiltration degree, and
TNM stage. The expression of plasma mem-
brane S1PR1 was significantly correlated with
pathologic type (P = 0.044) and histological
grade (P<0.001), but not with other factors.
Collectively, cytoplasmic S1PR1 exhibited high-
er expression in ESCC tissues with poor differ-
entiation than those with well differentiation.
Conversely, the positive expression of plasma
membrane S1PR1 was correlated with well dif-
ferentiation. Representative IHC images for
S1PR1 with different histological grade were
shown in Figure 1D.

Positive expression of plasma membrane
S1PR1 is associated with better overall sur-
vival

Survival analysis was performed to identify
whether S1PR1 has prognostic role in ESCC
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patients. Significant association was observed
between the positive expression of plasma
membrane S1PR1 and better overall survival (P
= 0.013). However, there was no statistically
significant relationship in overall survival bet-
ween patients with high level and low level of
cytoplasmic S1PR1 (P>0.05) (Figure 1E). Fur-
thermore, multivariate Cox regression analysis
revealed that membrane S1PR1 was an inde-
pendent prognostic factor for ESCC patients
(hazard ratio = 0.415, 95% confident interval:
0.208-0.830, P = 0.013) (Table 2).

The expression and subcellular localization of
S1PR1 is different in transiently transfected
Ecal009 cells at different time points

Because the mRNA expression level of S1PR1
is low in human ESCC Ecal09 cells [5], the pro-
tein expression level and subcellular localiza-
tion was detected by ICC. Shown in Figure 2A is
representative ICC for S1PR1 protein expres-
sion in Ecal109 cells. S1PR1 was weakly expre-
ssed in the cytoplasm of Ecal09 cells. Thus,
we overexpressed S1PR1 in Ecal109 cell line to
examine the biological function. S1PR1-EGFP
plasmid or Control-EGFP plasmid was tran-
siently transfected into Ecal09 cells. A signifi-
cant increase of SIPR1 mRNA in the S1PR1-
EGFP-transfected Ecal09 cells was confirmed
by qRT-PCR (P<0.05, Figure 2B). Using confo-
cal microscopy, the expression and subcellular
localization of S1PR1-EGFP and Control-EGFP
fusion protein were analyzed at 12 h, 24 h and
48 h post-transfection. The green fluorescence
of S1PR1-EGFP fusion protein was predomi-
nantly localized in the plasma membrane, plas-
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Figure 2. The expression and subcellular localization of S1PR1 is different in transiently transfected Ecal09 cells
at different time points. A. S1PR1 protein was weakly expressed in the cytoplasm of Ecal09 cells. B. A significant
increase of SIPR1 mRNA in the S1PR1-EGFP-transfected Ecal09 cells was confirmed by gRT-PCR. C. Cellular lo-
calization pattern of S1IPR1-EGFP and Control-EGFP fusion protein was analyzed by confocal microscopy. Scale bar,

10 pm.

ma membrane/cytoplasm, and cytoplasm at
12 h, 24 h and 48 h post-transfection, respec-
tively. At all three time points, Control-EGFP
fusion protein was localized in the cytoplasm
and nucleus (Figure 2C). At 48 h post-transfec-
tion, the subcellular localization of S1PR1 was
consistent with the results of IHC and ICC.
Therefore, we chose 48 h post-transfection as
the main time point.

Differential subcellular localization of S1IPR1
affects cell cycle distribution and the expres-
sion of p21 in Eca109 cells

To clarify the effects of S1PR1 overexpression
on the cell cycle progression in Ecal09 cells,
we performed flow cytometry analysis to detect
cell cycle. At 12 h post-transfection, a signifi-
cantly higher percentage of Gl-phase cells
(67.75% vs. 46.23%) were detected in S1PR1-
EGFP-transfected cells compared to Control-
EGFP-transfected cells (Figure 3A and 3B). The
proliferation index (Pl) of S1PR1-EGFP-trans-
fected cells was apparently lower than that of
Control-EGFP-transfected cells (P<0.01) (Figure
3C). By contrast, at 48 h post-transfection, a
significantly lower percentage of G1-phase cells
(30.64% vs. 52.42%) were detected in S1PR1-
EGFP-transfected cells compared to Control-
EGFP-transfected cells (Figure 3A and 3B). The
proliferation index of S1PR1-EGFP-transfected
cells was apparently higher than that of Control-
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EGFP-transfected cells (P<0.01) (Figure 3C).
These data indicate that cytoplasmic S1PR1
promotes G1/S-phase transition and increases
the proliferation index, whereas plasma mem-
brane S1PR1 transduces opposite effects.

Cell cycle progression is governed by cyclins,
cyclin-dependent kinases (CDKs) and CDK in-
hibitors (CKls). Cyclins facilitate S phase en-
try, whereas CKls (e.g., p21) keep cells arrested
in G1 phase [18]. To study whether S1PR1 pro-
motes cell cycle through the expression regula-
tion of p21, Ecal09 cells were transiently
transfected with either S1IPR1-EGFP or Control-
EGFP plasmid for 12 h, 24 h and 48 h, followed
by Western blot analysis for the levels of p21.
The expression level of p21 in S1PR1-EGFP-
transfected Ecal09 cells was significantly high-
er than Control-EGFP-transfected Ecal109 cells
at 12 h post-transfection, Conversely, it was
significantly lower at 48 h post-transfection
(Figure 3D). The results show that cytoplasmic
S1PR1 can significantly promote G1/S-phase
transition, and plasma membrane S1PR1 inhib-
its G1/S-phase transition, which may be asso-
ciated with the down-regulation or up-regula-
tion of p21.

Overexpression of cytoplasmic S1PR1 enhanc-
es cell motility in Eca109 cells

The migration capability of Ecal09 cells at 48
h post-transfection was detected by transwell

Int J Clin Exp Pathol 2017;10(10):10293-10303
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Figure 3. Differential subcellular localization of S1PR1 affects cell cycle distribution and the expression of p21 in
Ecal09 cells. A. Side scatter versus EGFP fluorescence dot plot of Control-EGFP-transfected and S1PR1-EGFP-trans-
fected cells incubated for the indicated time showing the position of gate R2. B. Histogram and the percentages of
cells in the G1, S, and G2/M phases of Control-EGFP-transfected and S1PR1-EGFP-transfected cells incubated for
the indicated time within gate R2. C. The proliferation index (Pl) was calculated using the following equation: Pl =
(S+G2)/G1, where S, G2, and G1 are the percentages of cells in the S phase, G2/M phase, and G1 phase, respec-
tively. D. The expression of p21 was measured in Control-EGFP or S1PR1-EGFP transfected Ecal09 cells.

S1PR1-EGFP g 08
T, b, D v o
2 M £ a0-
- rhpe Lo
B Rl
G e = 604
e - 3
.;- ’ .‘“uo '.‘o 1—
< ,-.o‘ o 5 404
R S, AR = .
St AT B . B 20
S T Wi . ° CH -
e o L W el 0 .
Figure 4. Overexpression of cytoplasmic S1PR1 promotes migration of Eca109 6@?? e@??
cells. Left panel, the migration capability of Ecal109 cells was detected using “o' ??:\'
transwell assay. Right panel, quantitative results were illustrated for left panels. 00“ e\

assay. The average cell counts crossing fibro-
nectin-coated membrane in one high power
field was 67.00+11.00 for S1PR1-EGFP-tra-
nsfected EcalO9 cells and 39.33+6.43 for
Control-EGFP-transfected Ecal09 cells. The
migrated number of S1PR1-EGFP-transfected
Ecal09 cells was more than that of Control-
EGFP-transfected Ecal09 cells at 48 h post-
transfection (Figure 4, P<0.05). These results
indicate that cytoplasmic S1PR1 promotes
Ecal09 cells migration.

Discussion

Previous studies have shown S1PR1 is local-
ized in various cellular compartments such as
plasma membrane, cytoplasm and nucleus
[19, 20]. In our study, S1PR1 protein mainly
locates in the cytoplasm of cancer cells and
normal esophageal mucosal epithelial cells,
and small amounts in the plasma membrane.
The levels of cytoplasmic S1PR1 in ESCC tis-
sues are significantly higher than those in
adjacent non-cancerous tissues. Cytoplasmic
S1PR1 exhibits higher expression in ESCC tis-
sues with poor differentiation than those with
well differentiation. The results suggest that
cytoplasmic S1PR1 could be important in pro-
moting malignant transformation in ESCC and
might be a potential marker for the diagnosis of
ESCC. Unexpectedly, although the expression
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of plasma membrane S1PR1 is rare in ESCC
cancer cells, the analysis shows the positive
expression of plasma membrane S1PR1 is cor-
related with well differentiation. The plasma
membrane S1PR1 is closely linked to better
prognosis and is an independent prognostic
factor for ESCC patients. These results suggest
plasma membrane S1PR1 could serve as a bio-
marker for ESCC diagnosis and prognosis.
S1PR1 translocation from plasma membrane
to cytoplasm might be one reason for increased
S1PR1 in cytoplasm where it obtains protumor
function.

We have clearly shown that S1PR1 is highly
expressed in cytoplasm of ESCC cancer cells
from patient samples. This prompted us to
examine the biological function of S1PR1 in
greater detail through in vitro analysis of ESCC
cell lines. In this study, cytoplasmic S1PR1 pro-
motes Ecal09 cells from G1 phase to S phase,
and plasma membrane S1PR1 inhibits G1/S-
phase transition, which may be associated with
the down-regulation or up-regulation of p21.
p21 regulates G1/S-phase transition, not only
by inactivating G1-phase cyclins/CDKs com-
plexes, but also through other processes
including interaction with proliferating cell
nuclear antigen (PCNA) or downregulation of
inverted CCAAT box binding protein (ICBP9O) to
inhibit DNA replication [21]. S1IPR1 can regu-
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late cell cycle progression through p21, which
possibly affect cell proliferation and tumorige-
nicity. It is important to note that there have
been conflicting reports about the effects of
S1PR1 on the proliferation. Yoshida et al. [22]
reported overexpression of S1PR1 suppresses
glioma cell proliferation and downregulation of
S1PR1 promotes glioma cell proliferation. Mo-
Iderings et al. [23] demonstrated that S1PR1
negatively regulates cell proliferation in pheo-
chromocytoma cells. Conversely, Liu et al. [24]
reported inhibiting S1PR1 expression down-
regulates STAT3 activity and causes growth
inhibition of the lymphoma tumor cells in vitro
and in vivo. Xu et al. [25] reported S1PR1 inhib-
its the apoptosis of human myeloid leukemia
cells and promotes their proliferation. The rea-
son for this discrepancy is unclear. However,
different tumor cells used and different subcel-
lular localization of S1PR1 could be a probable
cause. In the studies of S1PRs, in addition to
analyzing the expression level of mRNA and
protein, subcellular location also should be
considered.

In this study, overexpression of cytoplasmic
S1PR1 promoted the migration of Eca109 cells.
For the most part, binding of S1PR1 has been
shown to promote migration of several cancer
cell lines, including follicular thyroid cancer
[13], hepatocellular carcinoma [14], gastric
cancer [15], glioblastoma [26], Wilms tumor
[27], etc. These results suggest that the sup-
pression of cytoplasmic S1PR1 expression has
potential for antimetastatic therapy.

Because human ESCC tissues and cell lines
express SK1 that forms S1P [28], it is possible
that autocrine signaling by S1P affects ESCC
cell biology. In summary, the present study first-
ly showed that cytoplasmic S1PR1 in ESCC
tissues are significantly higher than those in
adjacent non-cancerous tissues. Cytoplasmic
S1PR1 exhibits higher expression in ESCC tis-
sues with poor differentiation than those with
well differentiation. We have also presented
experimental evidence that overexpression of
cytoplasmic S1PR1 promotes Ecal09 cells
from G1 phase to S phase with reduced expres-
sion of p21. Cytoplasmic S1PR1 signaling also
promotes EcalO09 cells migration. Based on
these findings, we conclude that S1PR1 is func-
tionally important in the development and pro-
gression of ESCC and may serve as a new tar-
get for ESCC therapy.
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