[Frontiers in Bioscience, Landmark, 22, 596-608, January 1, 2017]

Sphingosine-1 phosphate promotes intestinal epithelial cell proliferation via S1PR2
Tanzhou Chen’, Zhiming Huang1, Runping Liu?, Jing Yangz, Phillip B. Hylemon2’3, Huiping Zhou'2?

7Department of Gastroenterology and Hepatology, The First Affiliated Hospital of Wenzhou Medical
University, Wenzhou, Zhejiang 325000, China, “Department of Microbiology and Immunology, Virginia
Commonwealth University, Richmond, VA 23298, USA, >McGuire VA Medical Center, Richmond, VA 23235,

USA

TABLE OF CONTENTS

1. Abstract

2. Introduction

3. Materials and methods
3.1. Reagents
3.2. Cell culture and treatment
3.3. Cell migration scratch assay
3.4. Cell proliferation assay
3.5. Western blot analysis

3.6. RNA isolation and quantitative real-time RT-PCR

3.7. RNA interference using lentiviral system

3.8. Statistical analysis
4. Results

4.1. S1PR2 is the predominant S1PR in the IEC-6 cells

4.2. Effect of S1P on cell proliferation and migration in IEC-6 cells

4.3. Role of S1PR2 in S1P-induced cell proliferation and migration in IEC-6 cells
4.4. S1P can activate the ERK1/2 signaling pathway via STPRZ2 in IEC-6 cells

5. Discussion
6. Acknowledgement
7. References

1. ABSTRACT

Sphingosine-1 phosphate (S1P) is a potent
bioactive lipid mediator that acts both as an intracellular
signaling molecule and a natural ligand of five different G
protein-coupled receptors (GPCRs), STPR1-5. The level
of S1P in intestinal tissue is abundant. Previous studies
have reported that S1P protects intestinal epithelial cell
from apoptosis by activating the ERK and Akt signaling
pathways. However, the effect of S1P on intestinal
epithelial cell proliferation under physiological conditions
and the underlying signaling mechanisms remain to
be elucidated. Here, we show that, except for S1PR4,
all S1PRs are expressed in normal intestinal epithelial
cells with S1PR2 being the most abundant. S1P dose-
dependently stimulated cell migration and proliferation,
which were inhibited by JTE-013, a selective chemical
antagonist of S1PR2, and by a S1PR2 shRNA. S1P
significantly upregulated the expression of c-Myc, cyclin
D1, E-cadherin and zona occluden-1 (ZO-1), which
was completely inhibited by downregulation of S1PR2
expression with a shRNA. In total, the results suggest
that S1P-mediated activation of the S1PR2 plays an
important role in regulating intestinal epithelial cell
proliferation and migration.
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2. INTRODUCTION

The gastrointestinal tract is the largest epithelial
barrier that protects the mammalian hosts from the external
environment (1). Intestinal epithelial cell proliferation and
migration effectively sustains a physical and biochemical
barrier between the host and its environment (2).
Maintenance of an intestinal mucosal barrier is critical
for gastrointestinal (Gl) functions, including digestion of
food, absorption of nutrients, expulsion of waste, and
mechanical exclusion of bacteria. The proliferation and
migration of intestinal epithelial cells are tightly regulated
by various signaling molecules and contribute critically to
the maintenance of the mucosal barrier (3-5). However,
the exact cellular/molecular mechanisms involved in
regulating intestinal barrier function have not been
completely elucidated.

Sphingosine-1 phosphate (S1P) is a bioactive
sphingolipid involved in regulating numerous cellular
functions under both physiological and pathological
conditions (6). S1P is synthesized from sphingosine
by sphingosine kinase (SphK). Two distinct isoforms of
SphK have been identified, SphK1 and SphK2, which are
formed by alternative splicing (7). Sphk2 has a nuclear
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localization sequence while SphK1 is mainly located
in the cytosol. It also has been reported that Sphk2 is
responsible for producing S1P in the mitochondria (8).
S1P can directly function as an intracellular signaling
molecule or exert its effects extracellularly through
activating five different G protein-coupled receptors, S1P
receptors (S1PRs) (6,9). During the last two decades, a
number of studies have been done to examine the role
of S1P and S1PRs in health and disease. It has been
reported that S1P is a key regulator of cell proliferation,
migration and survival in various types of cells (9).
Five S1PRs are also found differentially expressed in
different tissues or organs (10). In the human intestine,
all five S1PRs are detectable, but the expression level
of individual S1PRs varies. A previous study reported
that S1P regulates the expression of adherens junction
protein E-Cadherin and enhances intestinal epithelial
cell barrier function via activation of S1PR1 (11). It also
has shown that S1P protects intestinal epithelial cells
from apoptosis via an Akt-dependent pathway (12).
However, in these studies the authors only examined
the expression of S1PR1 and S1PR3, not S1PR2 in
intestinal epithelial cells. The Human Protein Atlas data
indicate that all S1PRs are expressed in intestinal tissue
and expression of STPR2 is extremely high in the Gl tract
(http://www.proteinatlas.org). During the last decade,
extensive studies have been done to identify the signaling
pathways involved in regulating intestinal epithelial
cell proliferation and apoptosis. Activation of ERK1/2
significantly inhibited TNF-a-induced cell apoptosis in
intestinal epithelial cells (13,14). Our recent studies have
shown that activation of S1PR2 by S1P not only activates
the ERK1/2 and Akt pathways, but also promotes cell
proliferation in cholangiocytes (15). However, the role of
S1PR2 in S1P-mediated regulation of cell proliferation
and migration in normal intestinal epithelial cells has not
been explored.

Inthe current study, we examined the expression
of S1PRs and the role of S1PR2 in S1P-mediated cell
proliferation and migration in intestinal epithelial cells, and
further identified the underlying signaling mechanisms.

3. MATERIALS AND METHODS

3.1. Reagents

Cell culture DMEM medium, trypsin-EDTA,
antibiotics, and insulin were purchased from Invitrogen
(Carlsbad, CA). Heat-inactivated fetal bovine serum
(FBS) was purchased from ATLANTA biological, Inc
(Flowery Branch, GA) and dialyzed FBS was purchased
from GEMINI Bio-products (West Sacramento, CA).
Protease inhibitors and phosphatase inhibitors were from
Thermos Fisher Scientific Inc (Rockford, IL). S1P was
purchased from Enzo Life Sciences, Inc (Farmingdale,
NY). JTE-013 was purchased from Cayman Chemical
(Ann Arbor, Michigan). Antibody recognizing S1PR1
was obtained from Abcam (Cambridge, MA). Anti-p-AKT

antibody was from Cell Signaling Technology (Danvers,
MA). All other antibodies (p-ERK, total-AKT, total-ERK,
S1PR2, and S1PR3) were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA). Donkey anti-mouse IgG
IRDye-800CW, Goat anti-mouse IgM IRDye 800CW, and
Goat anti-rabbit IgG IREDye 800CW were from LI-COR
Biotechnology (Lincoln, NE). Antibody recognizing
B-actin, IPTG and all other chemicals were from Sigma
(St. Louis, MO).

3.2. Cell culture and treatment

The IEC-6 cells were derived from normal rat
intestinal crypt cells and were obtained from the American
Type Culture Collection (Manassas, VA) (16). The small
intestinal epithelium contains a large population of
undifferentiated cells in the crypt region. The proliferation,
migration and differentiation of these cells are tightly
regulated and play critical roles in maintaining normal
epithelial barrier function. IEC-6 cells have been well-
characterized and widely used to study the regulation
and function of intestinal epithelial cells. Cells were
cultured in DMEM with 10% heat-inactivated FBS with
1% antibiotic and 1% insulin and were maintained in a
humidified atmosphere of 95% air and 5% CO2 at 37°C.
S1P and JTE-013 were directly added into the cell culture
medium and incubated for indicated time periods.

3.3. Cell migration scratch assay

The IEC-6 cells were plated onto 12-well plates
at a density of 5 x 10° cells per well overnight to form
a confluent monolayer. The “Scratch” was created by
scraping the cell monolayer in a straight line with a p200
pipet tip. Cells were washed gently with culture medium
to remove the debris and were cultured in 1 ml of culture
medium. The first image of the scratch was captured
under an Olympus 1x71 phase-contrast microscope
using a 10 x objective at a marked reference point. The
cells were treated with different concentrations of S1P
(0.01, 0.1, and 1 uM) or vehicle control (DMSO) with or
without JTE-013 (10 uyM) for 24 or 48 h. At the end of
treatment, the plates were placed under the microscope
and the second image of the same scratch area was
captured after matching the reference point. The images
acquired for each treatment group were further analyzed
using IPLab 4.0 (15).

3.4. Cell proliferation assay

The IEC-6 cells were plated onto 48-well plates
and cultured in serum-free medium for overnight. After
treatment with different concentrations of S1P (0.01, 01,
and 1 yM) with or without pretreatment with JTE-013 for
different time periods, the number of cells was counted
using the Cellometer Vision CBA Analysis System
(Nexcelom Bioscience, Lawrence, MA).

3.5. Western blot analysis

Total cell lysates were prepared using ice-cold
modified radioimmunoprecipitation assay buffer (RIPA)

© 1996-2017



S1PR2 and intestinal epithelial cells

® 600
)
2 500 =
< 400
o o
=
€ o 3001
Q Y= 40
> O
5 301 Rk
o 20 T L
() 104 = _.-. |_—|_l_—|_|
m o T 1 1 T
A S1PR1 S1PR2 S$1PR3 S1PR4 S1PR5
S1PR1 S1PR2 S1PR3
—| | ——
B-ACLIN | w—| | c—— | —
B
w 10
-
2 8- *x
5 &
[ 6
:
;‘ ua 44 x%
£ -
®
C S1PR1 S1PR2 S$1PR3

Figure 1. Differential expression of S1PRs in IEC-6 cells. (A) Total cellular
RNA was isolated from IEC-6 cells. mRNA levels of individual S1PRs
were determined by real-time RT-PCR, as described in materials and
methods, and normalized using GAPDH as an internal control. Relative
mRNA levels of individual S1PRs to S1PR1 (designated=1) are shown.
Values represent the mean + S.E. of three independent experiments.
Statistical significance relative to the S1PR1 (designated=1): *P<0.05,
***P<0.001 (B) Total cell lysate of IEC-6 cells was prepared as described
in Materials and Methods. Protein levels of S1PR1, S1PR2 and S1PR3
were determined by western blotting analysis using specific antibodies.
B-actin was used as a loading control. Representative images are
shown. (C). Relative densities of individual S1PRs were analyzed using
Odyssey image software using p-actin as a loading control. Values
represent the mean + S.E. of three independent experiments. Statistical
significance relative to the S1PR1 (designated=1): **P<0.01.

containing 50 mM Tris, 150 mM NaCl, 1.0.% Nonidet
P-40, 0.5% sodium deoxycholate, 0.1.% SDS, protease
inhibitors and phosphatase inhibitors, pH 8.0. and
centrifuged at 4°C for 10 min. The protein concentration
of the supernatant was measured and then boiled in
SDS-PAGE loading buffer for 10 min. The fifty ug of
protein were resolved on 10% Bis-Tris NuPage gels
and transferred onto Nitrocellulose membranes. After
blocking with 5% non-fat milk in TBS buffer, the blots
were incubated with primary antibodies overnight at
4°C. The immunoreactive bands of the target proteins
were detected using IRDye secondary antibodies using
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an Odyssey Fluorescence Imaging System (LI-COR
Biosciences, USA). The densities of immunoblot
bands were analyzed using Image Studio software
(LI-COR)(15).

3.6. RNA isolation and quantitative real-time
RT-PCR

Total cellular RNA was isolated using QIAzol
Lysis Reagent after different treatments. Two ug of
total RNA were reverse transcribed into the first-strand
cDNA using a High Capacity cDNA Transcription Kit
(Life Technologies, Carlsbad, CA). The mRNA levels of
specific target genes were determined by real-time PCR
using iQ™ SYBR Green Supermix PCR reagents (BIO-
RAD) and normalized using B-actin or glyceraldehyde
3-phosphate dehydrogenase (GAPDH) as an internal
control (15).

3.7. RNA interference using lentiviral system

The recombinant lentiviruses of shRNA for
S1PR2 were produced by transient transfection of
HEK293FT cells as described previously (17). IEC-6 cells
were transduced with lentiviral shRNA specifically
targeting S1PR2 or control lentiviral shRNA for 48h.
After removing the virus, cells were treated with S1P
or vehicle control for specified time periods. The effect
of downregulation of S1PR2 on cell proliferation and
migration was measured as described in the previous
sections.

3.8. Statistical analysis

All of the experiments were repeated at least
three times and the results were expressed as mean *
SD. One-way ANOVA and the Duncan’s test were used
to analyze the differences between sets of data using
GraphPad Prism 5.0. (GraphPad, San Diego, CA).
Avalue of P < 0.05 was considered statistically significant.

4. RESULTS

4.1. S1PR2 is the predominant S1PR in the
IEC-6 cells

S1P is a high-affinity natural ligand of five
GPCRs, S1PR1-5, which are differentially expressed in
cells in different tissues (10). S1P-mediated activation
of GPCRs has been reported to regulate diverse
physiological and pathological processes via coupling
with different G proteins (18). A previous study reported
that S1P regulated the expression of adherens junction
protein E-Cadherin (E-cad) via S1PR1 (EDG1) in
intestinal epithelial cells, but not other S1PRs (11).
However, the expression of other S1PRs in intestinal
epithelial cells has not been fully examined. In the
current study, we first examined the mRNA levels of all
S1PRs in IEC-6 cells. As shown in Figure 1A, all S1PRs
were detectable except S1PR4. The relative expression
level of S1PR2 was ~20-fold higher than any other
S1PRs. We further confirmed the expression of S1PR1,
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Figure 2. Effect of S1P on cell proliferation and migration in IEC-6 cells. (A)
IEC-6 cells were cultured in 1% dialyzed FBS overnight and then treated
with different concentrations of S1P (0, 0.01, 0.1 and 1 uM) for 48 h. At
the end of the treatment period, cells were harvested and analyzed using
a Cellometer Vision CBA automatic cell counter. Relative cell number,
compared to vehicle control group, is shown. Values represent the mean
+ S.E. of three independent experiments. Statistical significance relative
to the vehicle control (designated=1): *P<0.05, **P<0.01. (B) IEC-6 cells
were plated on 12-well plates until confluent. Cells were scratched to
simulate a wound and images were recorded as 0 h. Cells were treated
with different concentrations of S1P (0, 0.01, 0.1 and 1 mM). After 24 h,
images of wound areas were recorded. Representative images are
shown. (C) The area of wound was quantified using IPLab4.0. Relative
wound closure was calculated. *P<0.05, **P<0.0.1, compared to control
group, n=3.

S1PR2, S1PR3 and S1PR5 by DNA sequencing (Data
not shown). Western blot analysis also showed that the
protein level of S1PR2 was 3-8 fold higher than those of
S1PR1 and S1PR3 (Figure 1B-C).

4.2. Effect of S1P on cell proliferation and
migration in IEC-6 cells

S1P has been identified as a pleiotropic bioactive
lipid mediator, which plays an important role in regulating
numerous cellular processes including cell proliferation,
survival, and migration (19). Previous studies reported
that S1P enhances intestinal epithelial cell barrier function

via regulating the expression of adherens junction protein
E-cad and inhibits tumor necrosis factor-a (TNF-a)/
cycloheximide (CHX)-induced apoptosis via activating
the Akt signaling pathway (11-12). In this study, we
examined whether S1P has any effect on cell proliferation
and migration under normal physiological conditions.
As shown in Figure 2, S1P not only dose-dependently
increased cell proliferation, but also promoted cell
migration of IEC-6 cells.

4.3. Role of S1PR2 in S1P-induced cell
proliferation and migration in IEC-6 cells

S1P can function as a signaling molecule to
directly activate multiple intracellular signaling pathways
or activate GPCRs on the cell membrane to activate
various signaling pathways (6,18). Although previous
studies reported that S1PR1 is the major receptor
involved in S1P-mediated protection of normal intestinal
epithelial cells from apoptosis (12), the expression and
role of other S1PRs in S1P-mediated cell proliferation
and migration in IECs have not been examined. Our
data indicate that S1PR2 is the predominant S1PR
expressed in IEC-6 cells. In order to determine the role
of S1PR2 in S1P-induced cell proliferation and migration,
a specific chemical antagonist of S1PR2, JTE-013, was
used. As shown in Figure 3A, S1P-mediated increase of
cell proliferation was significantly inhibited by JTE-013.
Similarly, S1P-induced cell migration was also blocked
by JTE-013 (Figure 3B). To further delineate the specific
role of S1TPR2 in S1P-mediated cell proliferation and
migration, a gene specific shRNA targeting S1PR2
was used as described previously (20). As shown in
Figure 4, S1P-mediated cell proliferation and migration
were significantly reduced in IEC-6 cells transduced with
S1PR2 shRNA.

4.4. S1P can activate the ERK1/2 signaling
pathway via S1PR2 in IEC-6 cells

Activation of ERK1/2 and Akt signaling
pathways is linked to the regulation of gene expression,
growth, and differentiation in many cell types including
intestinal epithelial cells (21-23). In IEC-6 cells, S1P
(1 pM) rapidly and significantly induced activation of
the ERK1/2 signaling pathway, as shown in Figure 5A.
S1P had less effect on Akt activation in IEC-6 cells
(Figure 5B). To further examine the role of S1PR2 in S1P-
induced ERK1/2 activation, JTE-013 was used as an
antagonist. As shown in Figure 6, S1P-induced ERK1/2
activation was completely inhibited by JTE-013. Similarly,
down-regulation of S1PR2 expression using shRNA
also blocked S1P-induced ERK1/2 activation (data
not shown). We further examined the effect of down-
regulation of S1TPR2 expression on S1P-induced gene
expression related to cell proliferation and epithelial cell
barrier function. As shown in Figures 7 and 8, knocking
down S1PR2 expression with shRNA completely inhibited
S1P-induced expression of c-myc, cyclin D1, E-Cad and
Z0O-1in IEC-6 cells.
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Figure 3. Effect of JTE-013 on S1P-induced cell proliferation and migration in IEC-6 cells. (A) IEC-6 cells were cultured in 1% dialyzed FBS overnight.
After pretreatment with JTE-013 (10 uM) for 0.5 h, cells were treated with vehicle or S1P (1 uM) for 48 h. At the end of the treatment period, cells were
harvested and analyzed using a Cellometer Vision CBA automatic cell counter. Relative cell number, compared to vehicle control group, is shown. Values
represent the mean + S.E. of three independent experiments. Statistical significance relative to the vehicle control (designated=1): *P<0.05, statistical
significance relative to the S1P group, #P<0.05 (B) IEC-6 cells were plated on 12-well plates until confluent. Cells were scratched to simulate a wound
and images were recorded as 0 h. Cells were pre-treated with JTE-013 (10 uM) for 0.5 h, then treated with S1P (1 uM). After 24 h, images of wound
areas were recorded. Representative images are shown. (C) The area of wound was quantified using IPLab4.0. Relative wound closure was calculated.
**P<0.01, compared to control group. #p<0.05, compared to S1P group, n=3.

5. DISCUSSION from the underlying sterile tissue (24,25). Undifferentiated
intestinal epithelial cells continuously replicate in the

The mammalian intestinal epithelium is a proliferative zone within the crypts and differentiate

single cell layer comprising proliferative crypts and as they migrate up the luminal surface of the intestine
differentiated villi, which separates the intestinal lumen to replace cells lost under physiological conditions.
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Figure 4. Effect of S1PR2 shRNA on S1P-induced cell proliferation and migration in IEC-6 cells. (A). IEC-6 cells were transfected with control or STPR2
shRNA for 48 h. Cells were treated with S1P (1uM) for 48 h. At the end of the treatment period, cells were harvested and analyzed using a Cellometer
Vision CBA automatic cell counter. Relative cell number, compared to vehicle control group, is shown. Values represent the mean + S.E. of three
independent experiments. Statistical significance relative to the vehicle control (designated=1): *P<0.05, statistical significance relative to the S1P group
transfected with control shRNA, #P<0.01 (B) IEC-6 cells were transfected with control or STPR2 shRNA for 48 h, then plated on 12-well plates until
confluent. Cells were scratched to simulate a wound and images were recorded as 0 h. Cells were treated with vehicle or S1P (1 mM). After 24 h, images
of wound areas were recorded. Representative images are shown. (C) The area of the wound was quantified using IPLab4.0. Relative wound closure
was calculated. *P<0.05, compared to control group. #P<0.05, compared to control shRNA group, n=3.

Intestinal epithelial cell proliferation and migration
effectively sustain a physical and biochemical barrier
between host and its environment. Disruption of intestinal
epithelial barrier integrity is linked to various pathological
conditions (26-30).
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S1P is a highly active lipid signaling molecule
with a broad spectrum of biological activities, including
regulation of cytoskeletal rearrangements, angiogenesis
and vascular maturation, cell proliferation and survival,
calcium homeostasis, immune cell trafficking, as well as
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Figure 5. Effect of S1P on ERK1/2 and Akt activation in IEC-6 cells. IEC-6 cells were cultured in 1% dialyzed FBS overnight and then treated with
S1P (1 mM) for 10 min, 30 min, 1h, 2h, or 4h. At the end of treatment, cells were harvested and total protein was isolated. The protein levels of
phosphorylated ERK1/2 (p-ERK), total ERK1/2 (T-ERK), phosphorylated Akt1/2/3 (p-Akt), and total Akt1/2/3 (T-Akt) were detected by Western blot
analysis. Representative images of the immunoblots for p-ERK, T-ERK, p-Akt, and T-Akt are shown. Relative levels of p-ERK1/2/t-ERK and p-Akt/T-Akt
were calculated based on the densities of immunoblots using Odyssey image software. (A). p-ERK and T-ERK, Values represent the mean + S.E. of three
independent experiments. Statistical significance relative to the vehicle control (designated=1): *P<0.05 (B). p-Akt and T-Akt.

endothelial and epithelial barrier function (18,19,31-34).
In addition to directly functioning as an intracellular
signaling molecule, S1P exerts its physiological and
pathological effects via activating five different GPCRs
(S1PR1-5) on the cell membrane (10,31,33,35,36).
Tissue distribution analysis of S1P indicates that
its content in intestine is very high (37). Although
there are a couple of studies reported that S1P
protects intestinal epithelial cells from apoptosis and

regulates the expression of adherens junction protein,
E-cad, and enhances intestinal epithelial cell barrier
function (11-12), the role of S1P-mediated activation of
S1PRs in regulating intestinal epithelial cell proliferation
and migration under physiological conditions has not
been explored.

In the current study, we identified that S1PR2
is the predominant S1PR expressed in intestinal
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Figure 6. Effect of JTE-013 on S1P-induced ERK activation. IEC-6 cells were cultured in 1% dialyzed FBS overnight. Cells were pretreated with JTE-
013 (10 uM) for 30 min, then treated with S1P (1 mM) for 30 min. At the end of treatment, cells were harvested and total protein was isolated. The protein
levels of phosphorylated ERK1/2 (p-ERK) and total ERK1/2 were detected by Western blot analysis. The representative images of the immunoblots for
p-ERK and T-ERK are shown. Relative levels of p-ERK1/2/t-ERK were calculated based on the densities of immunoblots using Odyssey image software.
Values represent the mean + S.E. of three indeé)endent experiments. Statistical significance relative to the vehicle control (designated=1): **P<0.01

statistical significance relative to the S1P group, #P<0.01.

epithelial cells (Figure 1), suggesting that S1PR2 is
the key S1PR involved in S1P-mediated regulation of
intestinal epithelial barrier function. A previous study
by Green J, et al. reported that only S1PR1 was
expressed in IEC-6 cells, not S1PR3. But the authors
did not mention whether they measured the expression
of other S1PRs (11). Nevertheless, we were able to
detect all S1PRs except S1PR4 by real-time RT-PCR
and confirmed this by DNA sequencing. Due to the
limitation of available specific antibodies for S1PR4
and S1PR5, we only examined the protein levels of
S1PR1, S1PR2 and S1PR3. In contrast to the previous
report, we detected S1PR1, S1PR2, and S1PR3 both
at the mRNA and protein levels. Our results indicated
that the expression level of S1PR2 is much higher
than that of S1PR1 or S1PR3. By using a specific
chemical antagonist of S1PR2 or gene-specific shRNA
of S1PR2, we further demonstrated that S1P-mediated
cell proliferation and migration is mainly mediated by
S1PR2 (Figures 2-4). Furthermore, S1P-mediated
activation of S1PR2 induced activation of the MEK/
ERK1/2 signaling pathway. It has been reported that
MEK/ERK activity controls JNK activation via regulating
MAPK phosphatase (MKP-1), which prevents cell
apoptosis (13). We also found that S1P-mediated cell
proliferation was significantly inhibited by U0126, a
chemical inhibitor of MAPK (Data not shown). A recent

study also reported that S1P-induced upregulation
of Downregulated-in-adenoma (DRA), the major
CI-/HCO3-exchanger involved in electroneutral NaCl
absorption in the mammalian intestine, is mediated
by S1PR2 (38). Consistent with our previous finding,
S1P-mediated activation of ERK1/2 via S1PR2
represents an important signaling pathway involved
in regulating intestinal epithelial cell proliferation
and migration. In addition, it has also been reported
that S1PR2 is positively coupled to renal mesangial
cell proliferation (39). Several recent studies further
demonstrated that activation of S1PR2 attenuates
reactive oxygen species formation, inhibits cell death
and negatively regulates macrophage activation
and ameliorates atherosclerosis (40-43). Our recent
studies in cholangiocarcinoma cells indicated that
S1PR2 is critical to conjugated bile acid-mediated cell
proliferation and invasion (15, 44). Intestinal epithelial
cells are constantly exposed to high concentrations
of conjugated bile acids. Our preliminary study also
showed that conjugated bile acids significantly promote
cell proliferation in IEC-6 cells (data not shown).
Whether S1PR2 is responsible for conjugated bile
acid-mediated cell proliferation in intestinal epithelia
cells remains to be identified and is our current ongoing
project.
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Figure 7. Effect of SIPR2 shRNA on S1P-induced expression of c-myc and cyclin D1 in IEC-6 cells. IEC-6 cells were transfected with control or STPR2
shRNA for 48 h. Cells were treated with S1P (1 uM) for 24 h. At the end of the treatment period, cells were harvested for isolation of total RNA. The
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control (designated=1): **P<0.01 Statistical significance relative to the S1P group,

In summary, the intestinal barrier function is key
for the maintenance of intestinal homeostasis. Intestinal
epithelial cells not only effectively sustain a physical and
biochemical barrier between host and its environment, but
are also actively involved in regulating the communication
between host and its environment. Our current study
indicates that S1P-mediated activation of S1PR2 plays a
critical role in maintaining intestinal barrier function under
physiological conditions. Whether S1P/S1PR-mediated
signaling pathways contribute to the pathogenesis
of gastrointestinal diseases associated with barrier
dysfunction remains to be identified. Understanding these
signaling pathways will provide important information for
the development of novel therapeutics for gastrointestinal

# P<0.01(A). c-myc, (B) cyclin D1.

diseases such as intestinal mucosal hypoplasia and short
bowel syndrome.
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Figure 8. Effect of SIPR2 shRNA on S1P-induced expression of E-cad
and ZO-1 in IEC-6 cells. IEC-6 cells were transfected with control or
S1PR2 shRNA for 48 h. Cells were treated with S1P (1 uM) for 24 h. At
the end of the treatment period, cells were harvested for isolation of total
RNA. The mRNA levels of E-cad and ZO-1 were determined by real-time
RT-PCR and normalized using GAPDH as an internal control. Relative
mRNA levels of E-cad and ZO-1 are shown. Values represent the mean
+ S.E. of three independent experiments. Statistical significance relative
to the vehicle control (designated=1): **P<0.01 statistical significance
relative to the S1P group, #P<0.01 (A). c-myc, (B) cyclin D1.
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