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Suppression of IL-8-Src signalling axis by 17p-estradiol inhibits
human mesenchymal stem cells-mediated
gastric cancer invasion
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Abstract

Epidemiologic data show the incidence of gastric cancer in men is twofold higher than in women worldwide. Oestrogen is reported to have the
capacity against gastric cancer development. Endogenous oestrogen reduces gastric cancer incidence in women. Cancer patients treated with
oestrogens have a lower subsequent risk of gastric cancer. Accumulating studies report that bone marrow mesenchymal stem cells (BMMSCs)
might contribute to the progression of gastric cancer through paracrine effect of soluble factors. Here, we further explore the effect of oestrogen
on BMMSCs-mediated human gastric cancer invasive motility. We founded that HBMMSCs notably secrete interleukin-8 (IL-8) protein. Admin-
istration of IL-8 specific neutralizing antibody significantly inhibits HBMMSCs-mediated gastric cancer motility. Treatment of recombinant IL-8
soluble protein confirmed the role of IL-8 in mediating HBMMSCs-up-regulated cell motility. IL-8 up-regulates motility activity through Src sig-
nalling pathway in human gastric cancer. We further observed that 17p -estradiol inhibit HBMMSCS-induced cell motility via suppressing activa-
tion of IL8-Src signalling in human gastric cancer cells. 17p-estradiol inhibits IL8-up-regulated Src downstream target proteins including p-Cas,
p-paxillin, p-ERK1/2, p-JNK1/2, MMP9, tPA and uPA. These results suggest that 17B-estradiol significantly inhibits HBMMSCS-induced invasive
motility through suppressing IL8-Src signalling axis in human gastric cancer cells.
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Introduction

Mesenchymal stem cells (MSCs) as an important population of cells ~ Mesenchymal stem cells can migrate to the damaged tissue and
that contribute to tumour progression and drug resistance [1, 2].  the microenvironment of developing gastric tumour [3], in which
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MSCs might promote tumour malignance through tumour growth,
invasion, metastasis formation and therapy resistance, through
paracrine secretion of cytokines, chemokines, growth factors and the
differentiation of MSCs into tumour-associated fibroblasts [1, 4-6].
So far, gastric carcinoma is one of the most prevalent cancers world-
wide and is the secondary leading cause of cancer-related mortality
[7] because of the poor prognosis of patients. Invasion and metasta-
sis are the major causes of death from human gastric cancer.

Interleukin-8 (IL-8 or called CXCL8), a cytokine of the CXC che-
mokine family, has been proposed to contribute to chronic inflamma-
tion and cancer development. Human mesenchymal stem cells
(hMSCs) enhance cell motility of human HLaC78 head and neck squa-
mous cell carcinoma cell line and IL-8 cytokine secretion [8]. High
expression of I1L-8 in adipose-derived stem cells (ASCs) may support
breast tumour growth and progression [9]. Interleukin-8 may play a
critical role in regulating the progressive growth of human gastric car-
cinoma cells [10]. Overexpression of IL-8 promotes the capacity of
cellular adhesion, migration, invasion and chemoresistance in the
gastric cancer cells [11]. These findings suggest that IL-8 might be a
therapeutic target for gastrointestinal cancers.

Src family kinases play key roles in the development and progres-
sion of gastric cancer due of the elevated Src kinase activity in human
gastric carcinoma tissues [12]. Src-dependent pathway regulates
chemotaxis in response to a IL-8 gradient in neutrophils [13, 14]. Src
family kinases can affect cell adhesion and migration through regulat-
ing activation of Cas and paxillin scaffold proteins [15]. Studies
reported that deregulation of Cas signalling is involved in stomach
cancer progression and developmental defects in human [16]. Paxillin
that is demonstrated as a key regulator of the cellular migration
machinery 2- and 3-dimensional microenvironments has been
recently regarded as the future prognostic and therapeutic target
[17]. Paxillin is activated and regulates normal neutrophil adhesion
and motility when IL-8 stimulation [18]. Src/extracellularly responsive
kinase (ERK) signalling is reported to be associated with gastric
cancer progression [19, 20]. Activation of ¢-Jun N-terminal kinase by
N-myc downstream-regulated gene 1 (NDRG1) promotes tumour
angiogenesis via VEGF-A expression in gastric cancer [21]. Thus,
therapeutic strategies targeting Src hold promise for the treatment of
gastric cancer.

Oestrogen against gastric cancer development has been reported
such as that cancer patients treated with oestrogens have a lower
subsequent risk of gastric cancer, and that the delayed menopause is
associated with a reduced risk for gastric cancer development [22,
23]. Hormone replacement therapy (HRT) has been reported protect
against gastric cancer in women, even in men [24, 25]. In the animal
models of A-methyl-/-nitro-nitrosogunidine-induced gastric cancer,
evidences also show a reduced incidence in female compared with
male rats [26, 27]. Oestrogen has been shown to impair CCL5- and
IL6-induced gastric cancer cell motility [28, 29], and reduce gastric
cancer progression through suppression of erbB-2 oncogene activa-
tion [24]. These findings suggested that oestrogen might possess the
protective effect against gastric cancer development. Oestrogen treat-
ment is also reported to inhibit cell migration in human LoVo colon
cancer cells [30], and attenuate hepatocellular carcinoma progression
in vitro and in vivo [31].
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In the present study, we investigated if 17B-estradiol (E2) treat-
ment is sufficient to inhibit human bone marrow mesenchymal stem
cells (HBMMSCs)-mediated invasive motility activity through
impairing IL-8 function, and further identified the related precise
molecular and cellular mechanisms in human gastric cancer cells. The
results demonstrated that 17p-estradiol treatment inhibit HBMMSCS-
induced cellular motility by suppressing activation and expression of
IL-8-up-regulated Src downstream target proteins including phospho-
Cas, phospho-paxillin, phospho-ERK1/2, phospho-JNK1/2, MMP9,
tPA and uPA in human gastric cancer cells. This study suggests that
17B-estradiol possesses the properties of anti-cancer by inhibiting
HBMMSCS-mediated motility activity in human gastric cancer cells.

Materials and methods

Cells, antibodies, reagents and enzymes

Human gastric cancer cell lines (including AGS cells and CS12 cells)
and HBMMSCs were obtained from the American Type Culture Collec-
tion (ATCC; Manassas, VA, USA) or from their originators. Human AGS
gastric cancer cells were obtained from American Type Culture Collec-
tion/Bioresource Collection and Research Center (Taiwan) (ATCC® Num-
ber: CRL-1739™). Human bone marrow-derived mesenchymal stem
cells (ATCC® PCS-500-012™) were obtained from the ATGC. Human
(S12 gastric cancer cells were from the originator [32-34]. 17B-estra-
diol (E2) was purchased from Sigma (Sigma Chemical Co., St. Louis,
Missouri, USA). The LY294002 (Akt inhibitor), U0126 (ERK1/2 inhibi-
tor), SB203580 (p38 MAPK inhibitor), SP600125 (JNK1/2 inhibitor),
XAV939 (beta-catenin inhibitor), PP2 (Src inhibitor), PPT (ER-alpha ago-
nist) and DPN (ER-beta agonist) were purchased from TOCRIS (Ellis-
ville, MO, USA). Human cytokine array kit (Proteome Profile™ Array)
was purchased from R&D Systems (Minneapolis, MN, USA). We utilized
the following antibodies against phospho-ERK1/2, ERK1/2, Src, phos-
pho-Src, phospho-Cas, MMP9 (Cell Signaling Technology, Inc. Beverly,
MA, USA); phospho-JNK1/2, JNK1/2, Cas, phospho-paxillin, paxillin,
tPA, uPA, MMP2, ICAM-1 and IL-8RA/B (Santa Cruz Biotechnology, Inc.
Santa Cruz, CA, USA); beta-actin and alpha-tubulin (Millipore, Billerica,
MA, USA); ER-alpha (Abcam, Cambridge, UK); ER-beta (R&D Systems).
Interleukin-8 neutralizing antibody (R&D Systems) was used for specifi-
cally blocking human IL-8 function. Goat isotype IgG was purchased
from R&D Systems. Goat antimouse IgG antibody conjugated to horse-
radish peroxidase; goat anti-rabbit 1gG antibody conjugated to horserad-
ish peroxidase and rabbit anti-goat IgG horseradish peroxidase
conjugate were purchased from Cell Signaling Technology, Inc.

Cell culture

Human bone marrow mesenchymal stem cells were obtained from the
American Tissue Culture Collection (ATCC® Number: PCS-500-012™).
Human bone marrow mesenchymal stem cells isolated from bone mar-
row were negative for CD13, CD34, CD45 and CD133, but were positive
for CD29, CD44, CD73, CD90 and CD105. Human bone marrow mes-
enchymal stem cells were maintained and expanded in Iscove’s modi-
fied Dulbecco’s medium (IMDM; Gibco, Grand Island, NY, USA) and
10% foetal bovine serum (FBS; Hyclone, Logan, UT, USA) supple-
mented with 10 ng/ml basic fibroblast growth factor (FGF-2; Sigma
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Chemical Co.), 5 ng/ml epidermal growth factor (EGF; R&D Systems),
100 units penicillin, 1000 units streptomycin and 2 mM L-glutamine.
Human bone marrow mesenchymal stem cells at passages 1-10 were
used for the experiments in this study.

Human AGS cells (ATCC® Number: CRL-1739™) were cultured on
100-mm or 60-mm culture dishes in RPMI-1640 medium supplemented
with 100 pg/ml penicillin, 100 pg/ml streptomycin, 2 mM glutamine,
1 mM HEPS buffer and 10% FBS (all from Life Technologies, Carlsbad,
CA, USA). Cell cultures were maintained at 37°C in a humidified 5%
C0, atmosphere. Adherent cells were detached from the culture dishes
with trypsin/ethylenediaminetetraacetic acid (EDTA; Life Technologies).

Human CS12 cells from the originator [32-34] were maintained in
humidified air (5% CO,) at 37°C and in the modified MCDB-153 medium
(kerotinocyte-SFM; Gibco-Invitrogen Corporation, Carlshad, CA, USA) sup-
plemented with N-acetyl-Lcysteine (NAC; 2 mmol/l) and L-ascorbic acid 2-
phosphate (Asc 2P; 0.2 mmol/l), referred to as K-NAC medium [32-34].

Human cytokine array

Cell culture supernates form HBMMSCs were collected by centrifuging
at 10,000 x g for 10 min. to remove cell debris. The membranes from
human protein cytokine array kit (Proteome Profiler™ Array; R&D Sys-
tems) were blocked with blocking buffer at room temperature for one
hour, and were followed by incubation with cell culture supernates over-
night at 2-8°C on a rocking platform. The membranes were then
washed with wash buffer, and incubated with the diluted Streptavidin-
HRP for 30 min. at room temperature. After washing, the membranes
were assayed by chemiluminescence.

Immunoblotting

To isolate total proteins, cells were washed with cold PBS and resus-
pended in lysis buffer (50 mM Tris, pH 7.5, 0.5 M NaCl, 1.0 mM EDTA,
pH 7.5, 10% glycerol, 1 mM BME, 1% NP40) plus proteinase inhibitor
cocktail and phosphatase inhibitor cocktail (Roche Molecular Biochemi-
cals, Penzberg, Upper Bavaria, Germany). After incubation for 30 min.
on ice, the supernatant was collected by centrifugation at 12,000 x ¢
for 15 min. at 4°C, and the protein concentration was determined by the
Bradford method. Sample containing equal proteins (40 pg) were loaded
and analysed by immunoblotting. Briefly, proteins were separated by
12% SDS-PAGE and transferred onto PVDF membrane (Life Technolo-
gies). Membrane were blocked with blocking buffer (5% non-fat dry
milk, 20 mM Tris-HCI, pH 7.6, 150 mM NaCl and 0.1% Tween 20) for at
least 1 hr at room temperature. Membranes were incubated with primary
antibodies in the above solution on an orbit shaker at 4°C overnight. Fol-
lowing primary antibody incubations, membranes were incubated with
horseradish peroxidase-linked secondary antibodies (anti-rabbit, anti-
mouse or anti-goat IgG). Antibody-bound protein bands were detected
using high sensitive Immobilon Western Chemiluminescent HRP Sub-
strate (Millipore), and photographed with Bio-Rad Chemiluminescence
Imaging System (Bio-Rad Laboratories, Inc. Hercules, CA, USA).

Invasive motility assay

Cell invasive motility assay was performed with the 24-well modified
Boyden chambers containing membrane filter inserts with 8-um pores
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(Corning Incorporated Life Sciences, Tewksbury, MA, USA). Membrane
filter inserts were pre-coated with collagen | (Sigma Chemical Co.). To
detect the effect of HBMMSCs on cell motility, the lower compartment
was seeded with HBMMSCs, and gastric cells were placed in the upper
chamber. The assay system was filled with serum- and phenol red-free
medium and incubated for 24 hrs in the presence of 17p-estradiol,
recombinant IL-8 protein or IL-8 neutralizing antibody. After incubation,
invasive cells on the bottom of membrane filter were fixed with 4%
paraforrmaldehyde and stained with 1 pg/ml 4’-6-diamidine-2-phenylin-
dole dihydrochloride (DAPI; Roche Molecular Biochemicals) for 30 min.
to detect cell nucleus (blue stains) by fluorescence microscopy. The
motility phenotypes were determined by counting the cells that migrated
to the lower side of the filter with fluorescence microscopy at 40x and
100x magnification respectively.

ELISA

Conditioned medium (CM) from both of HBMMSCs culture and 17p-
estradiol-treated HBMMSCs culture were collected by centrifuging at
10,000 x g for 10 min. to remove cell debris. The level of IL-8 was
measured using the ELISA kit obtained from R&D Systems according to
the manufacturer’s instructions.

Cell proliferation assay

To determine the effect of 17p-estradiol (E2) on gastric cancer cell via-
bility, cells were treated with E2 (107'°, 107°, 10=8 M) for 24, 48 and
72 hrs and were subjected to 3-[4,5-dimethylthiazol-yl]-2,5-diphenylte-
trazolium bromide (MTT; Sigma Chemical Co.) assay. The absorbance
of blue formazan crystals was measured at 570 nm using an ELISA
plate reader. The quantity of the formosan product was directly propor-
tional to the number of viable cells in the culture medium. The cell via-
bility of cells was determined according to the absorbance corrected to
a background reading.

Statistical analysis

Each experiment was repeated at least three times. Results were pre-
sented as the mean + S.D., and statistical comparisons were made
using the Student’s t-test. Significance was defined at the P < 0.05 or
0.01 levels.

Results

17p-estradiol suppresses HBMMSCs-mediated
cellular motility in human gastric cancer cells

The co-culture system of HBMMSCs/gastric cancer cells was used to
value the influence of 17B-estradiol (E2) on HBMMSCs-induced cellu-
lar motility in gastric cancer cells. In this study, we detected the effect
of 17p-estradiol (E2) on HBMMSCs-increased motility activity in
human gastric cancer cells by co-culturing HBMMSCs and gastric
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cancer cells in the presence of E2 (1078 M) for 24 and 48 hrs. Sub-
sequently, we observed the ability of motility in gastric cancer cells by
motility assay. In the motility assay (Fig. 1), the findings showed that
E2 (1078 M) notably inhibits HBMMSCs-mediated motility activity in
human AGS and CS12 cells.

Analysis of secreted cytokines from HBMMSCs
and human gastric cancer cells

To determine which kind of cytokines were secreted by human
(HBMMSCs) and gastric cancer cells in the culture medium, we used
the human protein cytokine array to measure the cell culture super-
nates. Human bone marrow mesenchymal stem cells alone, CS12
cells alone and CS12 cells/HBMMSCs were, respectively, cultured for
24 hrs in serum- and phenol red-free IMDM medium, samples of cell
culture CM were collected for cytokine protein assay. The findings
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Fig. 1 Inhibition of HBMMSCs-induced cellular motility by 17B-estradiol
in human gastric cancer cells. Human bone marrow mesenchymal stem
cells (HBMMSCs; 5 x 10%) and human gastric cancer cells (AGS,
5 x 10* and CS12, 5 x 10%) were co-culture with/without 17B-estradiol
(E2; 108 M) treatment for 24 and 48 hrs (A and B). The effect of 17p-
estradiol on HBMMSCs-induced cellular motility in human gastric cancer
cells was measured. **P < 0.01 versus control; **P < 0.01 versus only
HBMMSCs co-culture (mean + S.D., n = 3).
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showed that HBMMSCs remarkably secreted IL-8 soluble protein
(Fig. 2A).

IL-8 neutralizing antibody inhibits HBMMSCs-
induced human AGS cell motility

In this study, we found IL-8 was expressed from HBMMSCs in the
highest level. To identify the effect of IL-8 secreted from HBMMSCs
on cellular motility activity in human gastric cancer cells, we used the
specific neutralizing antibody to eliminate the function of IL-8 cyto-
kine. Co-culture of HBMMSCs and AGS cells were established for
valuing the effect of HBMMSCs on cellular motility in human gastric
cancer cells. We found that HBMMSCs significantly contributed to
cellular motility activity in AGS cells. However, the HBMMSCs-
increased motility activity in AGS cells was diminished when using
various concentrations of IL-8 neutralizing antibody in this co-culture
system (Fig. 2B). The findings suggested that IL-8 secreted from
HBMMSCs plays a critical role in the induction of cell motility in
human gastric cancer cells.

IL-8 promotes motility activity in human gastric
cancer cells

To further confirm the role of IL-8 in increasing the motility activity in
gastric cancer cells, we treated AGS and CS12 cells with various con-
centrations (0, 1, 10, 20, 50 and 100 ng/ml) of recombinant IL-8 for
24 hrs. Subsequently, the motility activity of gastric cancer cells was
valued by cellular motility assay (Fig. 2C and D). We observed that
IL-8 in various concentrations (1, 10, 20, 50 and 100 ng/ml) induce a
significant increase in cell motility in human AGS and CS12 gastric
cancer cells.

ERK, JNK and Src signalling pathways mediate
IL-8-induced AGS cell motility

To further identify which signal transduction pathway(s) was
involved in the mechanism behind IL-8-up-regulated motility activ-
ity in human gastric cancer cells, we applied the following inhibi-
tors such as LY294002 (Akt inhibitor), U0126 (ERK1/2 inhibitor),
SB203580 (p38 MAPK inhibitor), SP600125 (JNK1/2 inhibitor),
XAV939 (B-catenin inhibitor) and PP2 (Src inhibitor) to, respec-
tively, block these pathways in the presence of IL-8. AGS cells
were pre-incubated with 1Y294002 (10-% M), U0126 (107 M),
SB203580 (107% M), SP600125 (107 M), XAV939 (106 M) or
PP2 (1075 M) for 1 hr, followed by IL-8 (10 ng/ml) treatment for
24 hrs and subsequently were subjected to motility assay. The
finding showed that ERK1/2 inhibitor (U0126), JNK1/2 inhibitor
(SP600125) and Src inhibitor (PP2) significantly suppress IL-8-
induced motility activity of gastric cancer cells (Fig. 2E). The
results suggested that ERK1/2, JNK1/2 and Src mediate IL-8-
induced motility in human gastric cancer cells. We further found
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that PP2 possesses more inhibitory effect than U0126 and
SP600125 in the motility assay.

17p-estradiol inhibits IL-8-induced maotility in
human gastric cancer cells

We explored the effect of 17p-estradiol (E2) on IL-8-up-regulated
motility activity in human gastric cancer cells. We treated AGS and
(S12 cells with various concentrations (0, 1, 10 and 20 ng/ml) of IL-
8 soluble protein in the presence of 17p-estradiol (E2; 1072 M) for
24 hrs. We observed that 17p-estradiol (E2; 10~8 M) significantly
inhibits IL-8-promoted motility activity in human AGS and CS12 gas-
tric cancer cells (Fig. 3A and B). PPT (ER-o agonist) and DPN (ER-B
agonist) were also used for measure the inhibitory effect on invasive
motility. The results showed the significantly inhibitory effect of PPT
and DPN on invasive cell motility in human gastric cancer cells
(Fig. 3C).

17p-estradiol inhibits IL-8-induced gastric cancer
cell motility by suppressing activation of Src,
Cas, Paxillin, ERK, JNK signalling pathways

We further treated gastric cancer cells with IL-8 (10 ng/ml) in the
presence of 17p-estradiol (E2; 10-8 M) for 3 hrs, and measured the
phosphorylation/activation of cancer progression-related proteins by
immunoblotting assay. Phosphorylation of Src, Cas, paxillin, ERK1/2
and JNK1/2 were significantly induced in response to IL-8 stimula-
tion. The activation status of Src, Cas, paxillin, ERK1/2 and JNK1/2
depends on the ratio of the phosphorylated and total proteins. The
findings suggested that activation of Src, Cas, paxillin, ERK, JNK sig-
nalling pathways by IL-8 might play an important role in mediating
HBMMSCs-induced gastric cell motility. However, IL-8-up-regulated
activation of Src (Tyr416), Cas (Tyr165), paxillin (Tyr118), ERK1/2
(Thr202, Tyr204) and JNK1/2 (Thr183,Tyr185) were significantly
inhibited by 17B-estradiol (E2; 108 and 10~° M) treatment in human
gastric cancer cells (Fig. 4A and B).

Src mediates IL-8-induced activation of Cas,
Paxillin, EKR and JNK signalling pathways in
human gastric cancer cells

Here, we further identified the role of Src in IL-8-up-regulated phos-
phorylation/activation of Cas, paxillin, ERK1/2 and JNK1/2 in human
gastric cancer cells. AGS and CS12 cells were pre-treated with PP2
(Src inhibitor; 1078 M and 5 x 107 M) for 1 hr, and followed by
the administration of IL-8 (10 ng/ml) for 3 hrs, and subsequently
were subjected to immunoblotting assay. We observed the elimina-
tion of phospho-Cas (Tyr165), phospho-paxillin (Tyr118), phospho-
ERK1/2 (Thr202, Tyr204) and phospho-JNK1/2 (Thr183, Tyr185)
after PP2 (10" Mand 5 x 10~ M) administration. Therefore, these
data confirmed that Src mediates IL-8-induced cell motility and acti-
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vation of Cas, Paxillin, EKR and JNK signalling pathways in human
gastric cancer cells (Fig. 4C and D).

17p-estradiol inhibits the expression of IL-8-Src
signalling downstream invasive proteins MMP9,
tPA and uPA in human gastric cancer cells

In this study, we investigated the influence of 17p-estradiol on the
invasive protein expression of IL-8-Src downstream signalling.
Interleukin-8 (10 ng/ml) treatment notably induced the expression of
invasive proteins MMP2, MMP9, tPA, uPA and ICAM-1. Interleukin-8-
up-regulated expression of MMP9 and tPA were suppressed by treat-
ments of 17p-estradiol (E2; 1078 M), PP2 (107% M), U0126
(107 M) and SP600125 (10~ M). Interleukin-8-induced expression
of uPA were inhibited by treatments of 17p-estradiol (E2; 1078 M)
and PP2 (1078 M). These findings suggested that 17p-estradiol inhi-
bits cell motility through suppressing the expression of [L-8-Src
signalling downstream invasive proteins MMP9, tPA and uPA in
human gastric cancer cells (Fig. 5A and B).

Discussion

Major findings of this study can be summarized as followings: (/)
Results from human cytokine arrays showed that HBMMSCs
remarkably secrete IL-8 soluble protein in cell culture CM. (i) In
the co-culture system of HBMMSCs/AGS cells, treatment of IL-8
specific neutralizing antibody inhibited HBMMSCs-up-regulated cell
motility activity by blocking IL-8 function. The role of IL-8 in medi-
ating cellular motility activity was further confirmed by using
recombinant IL-8 soluble protein. (/i) After administration of vari-
ous specific inhibitors for cellular signalling pathways, we found
that Src, ERK and JKN signalling pathways mediates IL-8-up-regu-
lated cell motility activity, and that Src mediates IL-8-induced acti-
vation of EKR and JNK signalling pathways in human gastric
cancer cells. (/) Co-culture of gastric cancer cells/HBMMSCs in
the presence of 17p-estradiol (E2) showed 17B-estradiol inhibition
of HBMMSCs-promoted motility activity in human gastric cancer
cells. (v) Activation of Src by IL-8 might play a critical role in
mediating HBMMSCs-up-regulated motility activity. However, IL-8-
up-regulated cell motility activity and activation of Src, Cas, paxillin,
ERK1/2 and JNK1/2 were significantly inhibited by17p-estradiol
(E2; 108 and 10~° M). (vi) Furthermore, 17B-estradiol inhibits the
expression of IL-8-Src signalling downstream invasive proteins
MMP9, tPA and uPA in human gastric cancer cells. These results
demonstrated that 17p-estradiol might inhibit HBMMSCs-mediated
human gastric cancer cell motility via suppression of IL-8-Src sig-
nalling axis (Fig. 6).

Mesenchymal stem cells recently have attracted attentions
because of their capacity of migrating to and engrafting into the
microenvironment of gastric tumour development. Studies have
showed that MSCs can promote tumour growth by migrating to
the developing intrahepatic cholangiocarcinoma through SDF-1a/
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concentration of recombinant IL-8 (1, 10, 20, 50 and 100 ng/ml) for 16—
24 hrs and subsequently measured the capacity of cell motility (C and
D). AGS cells were pretreated with vehicle, LY294002 (Akt activation inhi-
bitor, 1 uM), U0126 (ERK1/2 activation inhibitor, 1 uM), SB203580 (p38
MAPK inhibitor, 1 uM), SP600125 (JNK1/2 inhibitor, 1 uM), XAV939
(beta-catenin inhibitor, 1 uM) or PP2 (Src inhibitor, 1 uM) for 1 hr and
followed by recombinant IL-8 (10 ng/ml) administration for 24 hrs. AGS
cells were harvested and measured for cellular motility capacity (E).
#xP < 0.01 versus control (line 1); P < 0.05; **P < 0.01 versus only
HBMMSCs co-culture or IL-8 treatment (mean + S.D., n = 3).
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CXCR4 signalling pathway [35], and MMP2 molecular factor in
human medulloblastoma [36], in which subsequently may lead to
the effects of angiogenesis via VEGF, MCP-1 and HIF-1 signalling
pathways. High expression of IL-8 in ASCs may support breast
tumour growth and progression [9]. Increased IL-8 in the bone
microenvironment may represent one possible mechanism for
microenvironment perversion in favour of acute lymphoblastic leukae-
mia cells [37]. Interleukin-8 has been proposed to contribute to
chronic inflammation and cancer development. Interleukin-8 may play
an important role in regulating the progressive growth of human gas-
tric carcinoma cells [10]. Interleukin-8 overexpression increases the
capacity of cellular adhesion, migration, invasion and chemoresis-
tance in the gastric cancer cells [11]. Helicobacter pylori-increased
IL-8 promotes human gastric cancer cell proliferation through trans-
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activation of EGF receptor (EGFR) by disintegrin and metallopro-
teinase (ADAM) activation [38]. In the present study, we observed
HBMMSCs notably secrete IL-8 protein in the human cytokine array.
Human bone marrow mesenchymal stem cells-up-regulated motility
activity of AGS cells was significantly inhibited by IL-8 specific neu-
tralizing antibody. Treatment of recombinant IL-8 confirmed the influ-
ence of IL-8 in mediating HBMMSCs-up-regulated cell motility. These
findings suggested that IL-8 secreted from HBMMSCs significantly
increases cellular motility activity of human gastric cancer cells via
the paracrine effect.

Gastric carcinogenesis is reported to be induced by active
membrane-bound receptors that lead to the activation of intracellu-
lar signalling pathways through multiple GTPase proteins, receptor
kinases, kinases and phosphatases. The activation of phos-
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Fig. 3 17B-estradiol down-regulates IL8-induced motility activity in human AGS and CS12 gastric cancer cells. Human gastric cancer cells (AGS and
€S12) were treated with various concentrations of IL-8 (1, 10 and 20 ng/ml) in the absence or presence of 17p-estradiol (108 M) for 16-24 hrs,
then followed by measuring the capacity of cell motility. Agonists of ER-o and ER-B were also used for measure the inhibitory effect on invasive
motility. P < 0.05; **P < 0.01 versus control (line 1); *P < 0.05; #P < 0.01 versus IL-8 treatment (mean + S.D., n = 3).
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Fig. 4 17B-estradiol down-regulates IL8-induced motility activity by suppressing activation of Src, EKR and JNK signalling in human gastric cancer
cells. Human gastric cancer cells were pre-treated with 17p-estradiol (1078 and 10° M) or PP2 (Src activation inhibitor; 10~6 and 5 x 1078 M)
for 1 hr and followed by IL-8 (10 ng/ml) treatment for 3 hrs. AGS and CS12 cells were then harvested for immunoblotting assay. **P < 0.01 versus

control (line 1); **P < 0.01 versus IL-8 treatment (mean =+ S.D., n = 3).

phatidylinositide 3-kinase (PI3-K)/Akt (protein kinase B) and mito-
gen-activated protein kinases (MAPKs) pathways occur during
tumour development [39]. Mitogen-activated protein kinases
include three major subfamilies such as the ERKs, the JNKs, also
known as stress-activated protein kinases, and the p38 MAPKs
[39]. Activation of B-catenin signalling pathway is shown to medi-

© 2016 The Authors.

ate gastric cancer growth and invasion [40]. Another pathway that
has received attentions is Src pathway. Src plays a critical role in
the variety of cancer cellular regulation such as cell division,
motility, adhesion, angiogenesis and survival, so Src is regarded
as the attractive target for future anti-cancer therapeutics. Src
kinase closely regulates the phosphorylation and activation of Cas
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adhesion protein and paxillin cytoskeletal protein, which operate
cell migration in invasive cells during the development and patho-
logical conditions associated cancer metastasis. Src-dependent
pathway has been show to regulate neutrophils chemotaxis in
response to a IL-8 gradient [13, 14]. So targeting Src strategic
therapies has been regarded as a great approach for gastric can-
cer. In this study, we observed that Src mediates IL-8-induced
invasive motility in human gastric cancer cells. The critical role of
Src was confirmed by using PP2, a specific inhibitor for Src, in
the motility and immunoblotting assays. Compared with various
signalling pathway inhibitors including LY294002 (PI3K/Akt activa-
tion inhibitor), U0126 (ERK1/2 activation inhibitor), SB203580
(p38 MAPK inhibitor), XAV939 (B-catenin inhibitor) and SP600125
(NK1/2 inhibitor), the findings indicated that Src mainly mediates
IL-8-up-regulated motility activity through modulating the activa-
tion of Cas, paxillin, EKR1/2 and JNK1/2 signalling pathways and
the expression of invasive proteins MMP9, tPA and uPA in human
gastric cancer cells.

Protective properties of oestrogen against gastric cancer develop-
ment have been reported because of the reduced gastric cancer risk
in the delayed menopausal women and in the HRT-treated population
compared with non-treated one [22, 23]. In the present study, we
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tion inhibitor; 107% M), U0126 (ERK1/2
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observed that 17B-estradiol treatment significantly inhibited

HBMMSCS-mediated cell motility activity through suppressing IL-8-
Src downstream target protein activation and expression, including
Cas, paxillin, ERK1/2, JNK1/2, MMP9, tPA and uPA in human gastric
cancer cells. 17p-estradiol may inhibit HBMMSCS-induced invasive
motility through suppressing IL-8-Src signalling axis in human gastric
cancer.

Conclusion

Gastric cancer is one of the most common cancers worldwide,
and is also the second leading cause of cancer-related mortality.
Accumulating evidence suggest that BMMSCs may contribute to
the progression of cancer development through paracrine effect.
Epidemiological data report that the incidence of gastric cancer in
male is ~twofold higher than in women worldwide. Studies also
report the delayed menopause is associated with a reduced risk
for gastric cancer development. In this study, we further observed
that 17B-estradiol significantly inhibits HBMMSCS-induced invasive
motility through suppressing IL-8-Src signalling axis in human
gastric cancer cells.

© 2016 The Authors.
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Fig. 6 A schematic representation showing 17p-estradiol inhibition of cell motility via suppression of IL8-Src signalling axis in human gastric cancer
cells. 1L-8 secreted from HBMMSCs induces the activation of Src, Cas and paxillin, contributing to the changes in organization of cellular actin
cytoskeleton; up-regulates ERK and JNK signalling pathways and the expression of invasive proteins MMP2, MMP9, tPA, uPA and ICAM-1, which
thus promotes invasive cell motility events in human gastric cancer cells. Src mainly mediates the activation of Cas, paxillin, ERK and JNK pathways
and the high expression of invasive proteins MMP9, tPA and uPA in the presence of IL-8. Treatment of 17B-estradiol significantly inhibits
HBMMSCs-mediated invasive cell motility by suppressing activation of IL8-Src signalling axis.

Acknowledgements

This study was supported by grant from National Science Council (NSC 101-
2314-B-037-054, NSC 102-2314-B-037-069); Kaohsiung Medical University
Hospital (KMUH99-9M08, KMUH100-0101, KMUH101-1R01); Kaohsiung
Medical University ‘Aim for the Top Universities Grant, grant no. KMU-
TP104G00, KMU-TP104G01, KMU-TP104G03 and KMU-TP104G04)'.

Conflicts of interest
The authors declare that they have no competing interests.

Supporting information

Additional Supporting Information may be found in the online
version of this article:

Figure $1 17B-estrodial significantly inhibits human bone marrow

mesenchymal stem cells (HBMMSCs)-induced cell proliferation in
human gastric cancer cells.

References

Figure S2 The effects of 17B-estrodial on the protein expres-
sion of IL-8RA/B in human gastric cancer cells.

Figure 83 The effect of E2 alone on the human gastric cancer
cells motility.

Figure S4 In the present study, we detected the effect of
17B-estradiol (E2) on HBMMSCs- increased motility activity
in human gastric cancer cells by co-culturing HBMMSCs and
gastric cancer cells in the presence of E2 (1078 M) for
24 hrs.

Figure S5 The effect of 17B-estrodial on IL-8 secretion from
HBMMSCs (using ELISA).

Figure S6 Male NOD/SCID mice with 7 weeks of age were ran-
domly assigned into 3 groups: AGS group (control), AGS+IL-8
group, AGS+IL-8 + E2 group.

1.

Loebinger MR, Kyrtatos PG, Turmaine M,
et al. Magnetic resonance imaging of mes-
enchymal stem cells homing to pulmonary
metastases using biocompatible magnetic
nanoparticles. Cancer Res. 2009; 69: 8362—7.
Meads MB, Hazlehurst LA, Dalton WS. The
bone marrow microenvironment as a tumor
sanctuary and  contributor to drug
resistance. Clin Cancer Res. 2008; 14:
2519-26.

© 2016 The Authors.
Journal of Cellular and Molecular Medicine published by John Wiley & Sons Ltd and Foundation for Cellular and Molecular Medicine.

5.

Houghton J, Stoicov C, Nomura S, ef al.
Gastric cancer originating from bone mar-
row-derived cells. Science. 2004; 306:
1568-71.

Dawson MR, Chae SS, Jain RK, ef al. Direct
evidence for lineage-dependent effects of
bone marrow stromal cells on tumor progres-
sion. Am J Cancer Res. 2011; 1: 144-54.
Hung SC, Pochampally RR, Chen SC, ef al.
Angiogenic effects of human multipotent

stromal cell conditioned medium activate the
PI3K-Akt pathway in hypoxic endothelial
cells to inhibit apoptosis, increase survival,
and stimulate angiogenesis. Stem Cells.
2007; 25: 2363-70.

Mishra PJ, Mishra PJ, Humeniuk R,
ef al. Carcinoma-associated fibroblast-like
differentiation of human mesenchymal
stem cells. Cancer Res. 2008; 68: 4331-
9.

971



972

Crew KD, Neugut Al. Epidemiology of gastric
cancer. World J Gastroenterol. 2006; 12:
354-62.

Scherzed A, Hackenberg S, Radeloff A,
ef al. Human mesenchymal stem cells pro-
mote cancer motility and cytokine secretion
in vitro. Cells Tissues Organs. 2013; 198:
327-37.

Razmkhah M, Jaberipour M, Hosseini A,
et al. Expression profile of IL-8 and growth
factors in breast cancer cells and adipose-
derived stem cells (ASCs) isolated from breast
carcinoma. Cell Immunol. 2010; 265: 80-5.
Kitadai Y, Haruma K, Mukaida N, et al.
Regulation of disease-progression genes in
human gastric carcinoma cells by interleukin
8. Clin Cancer Res. 2000; 6: 2735-40.

Kuai WX, Wang Q, Yang XZ, et al. Inter-
leukin-8 associates with adhesion, migra-
tion, invasion and chemosensitivity of
human gastric cancer cells. World J Gas-
troenterol. 2012; 18: 979-85.

Takekura N, Yasui W, Yoshida K, et al.
pp60c-src protein kinase activity in human
gastric carcinomas. Int J Cancer. 1990; 45:
847-51.

Sai J, Raman D, Liu Y, ef al. Parallel phos-
phatidylinositol 3-kinase (PI3K)-dependent
and Src-dependent pathways lead to CXCL8-
mediated Rac2 activation and chemotaxis.
J Biol Chem. 2008; 283: 26538-47.

Di Cioccio V, Strippoli R, Bizzarri C, ef al.
Key role of proline-rich tyrosine kinase 2 in
interleukin-8 (CXCL8/IL-8)-mediated human
neutrophil chemotaxis. /mmunology. 2004;
111: 407-15.

Tsuda M, Tanaka S. Roles for crk in cancer
metastasis and invasion. Genes Cancer.
2012; 3: 334-40.

Noguchi T, Tsuda M, Takeda H, ef al. Inhi-
bition of cell growth and spreading by stom-
ach  cancer-associated  protein-tyrosine
phosphatase-1 (SAP-1) through dephospho-
rylation of p130cas. J Biol Chem. 2001; 276:
15216-24.

Deakin NO, Pignatelli J, Turner GE. Diverse
roles for the paxillin family of proteins in
cancer. Genes Cancer. 2012; 3: 362-70.
Cohen-Hillel E, Mintz R, Meshel T, ef al.
Cell migration to the chemokine CXCL8: pax-
illin is activated and regulates adhesion and
cell motility. Cell Mol Life Sci. 2009; 66:
884-99.

Ito T, Yamada S, Tanaka C, et al. Overex-
pression of L1CAM is associated with tumor

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

progression and prognosis via ERK signaling
in gastric cancer. Ann Surg Oncol. 2014; 21:
560-8.

Chen S, Duan G, Zhang R, ef al. Helicobac-
ter pylori cytotoxin-associated gene A pro-
tein upregulates alpha-enolase expression
via Src/MEK/ERK pathway: implication for
progression of gastric cancer. Int J Oncol.
2014; 45: 764-70.

Murakami Y, Watari K, Shibata T, et al. N-
myc downstream-regulated gene 1 pro-
motes tumor inflammatory angiogenesis
through JNK activation and autocrine loop of
interleukin-1alpha by human gastric cancer
cells. J Biol Chem. 2013; 288: 25025-37.
Frise S, Kreiger N, Gallinger S, et al. Men-
strual and reproductive risk factors and risk
for gastric adenocarcinoma in women: find-
ings from the canadian national enhanced
cancer surveillance system. Ann Epidemiol.
2006; 16: 908-16.

Freedman ND, Chow WH, Gao YT, et al.
Menstrual and reproductive factors and gas-
tric cancer risk in a large prospective study
of women. Gut. 2007; 56: 1671-7.
Chandanos E, Lagergren J. Oestrogen and
the enigmatic male predominance of gastric
cancer. Eur J Cancer. 2008; 44: 2397-403.
Camargo MC, Goto Y, Zabaleta J, et al.
Sex hormones, hormonal interventions,
and gastric cancer risk: a meta-analysis.
Cancer Epidemiol Biomarkers Prev. 2012;
21: 20-38.

Furukawa H, Iwanaga T, Koyama H, ef al.
Effect of sex hormones on the experimen-
tal induction of cancer in rat stomach - a
preliminary study. Digestion. 1982; 23:
151-5.

Furukawa H, lwanaga T, Koyama H, et al.
Effect of sex hormones on carcinogenesis in
the stomachs of rats. Cancer Res. 1982; 42:
5181-2.

Kuo CH, Liu CJ, Lu CY, ef al. 17beta-estra-
diol inhibits mesenchymal stem cells-
induced human AGS gastric cancer cell
mobility via suppression of CCL5- Src/Cas/
Paxillin signaling pathway. /nt J Med Sci.
2013; 11: 7-16.

Liu CJ, Kuo FC, Hu HM, ef al. 17beta-Estra-
diol inhibition of IL-6-Src and Cas and paxillin
pathway suppresses human mesenchymal
stem cells-mediated gastric cancer cell motil-
ity. Transl Res. 2014; 164: 232-43.

Hsu HH, Liu CJ, Shen CY, ef al. p38alpha
MAPK mediates 17beta-estradiol inhibition

31.

32.

34.

35.

36.

37.

38.

39.

40.

of MMP-2 and -9 expression and cell migra-
tion in human lovo colon cancer cells. J Cell
Physiol. 2012; 227: 3648-60.

Xu H, Wei Y, Zhang Y, ef al. Oestrogen
attenuates tumour progression in hepatocel-
lular carcinoma. J Pathol. 2012; 228: 216-
29.

Lin TM, Tsai JL, Lin SD, ef al. Accelerated
growth and prolonged lifespan of adipose
tissue-derived human mesenchymal stem
cells in a medium using reduced calcium
and antioxidants. Stem Cells Dev. 2005; 14:
92-102.

Yang YC, Wang SW, Hung HY, efal
Isolation and characterization of human
gastric ~ cell lines with stem cell
phenotypes. J Gastroenterol Hepatol. 2007;
22: 1460-8.

Yang YC, Wang SW, Wu IC, ef al. A tumori-
genic homeobox (HOX) gene expressing
human gastric cell line derived from putative
gastric stem cell. Eur J Gastroenterol Hepa-
tol. 2009; 21: 1016-23.

Okamoto K, Tajima H, Nakanuma S, ef al.
Angiotensin Il enhances epithelial-to-
mesenchymal transition through the interac-
tion between activated hepatic stellate cells
and the stromal cell-derived factor-1/CXCR4
axis in intrahepatic cholangiocarcinoma. /nt
J Oncol. 2012; 41: 573-82.

Bhoopathi P, Chetty C, Gogineni VR, et al.
MMP-2 mediates mesenchymal stem cell
tropism towards medulloblastoma tumors.
Gene Ther. 2011; 18: 692-701.

de Vasconcellos JF, Laranjeira AB, Zanchin
NI, ef al. Increased CCL2 and IL-8 in the
bone marrow microenvironment in acute
lymphoblastic leukemia. Pediatr Blood Can-
cer. 2011; 56: 568-77.

Joh T, Kataoka H, Tanida S, et al
Helicobacter pylori-stimulated interleukin-8
(IL-8) promotes cell proliferation through
transactivation of epidermal growth factor
receptor (EGFR) by disintegrin and metallo-
proteinase (ADAM) activation. Dig Dis Sci.
2005; 50: 2081-9.

Adachi Y, Yamamoto H, Ohashi H, ef al. A
candidate targeting molecule of insulin-like
growth factor-I receptor for gastrointestinal
cancers. World J Gastroenterol. 2010; 16:
5779-89.

DuR, Xia L, Sun S, ef al. URG11 promotes
gastric cancer growth and invasion by acti-
vation of beta-catenin signalling pathway. J
Cell Mol Med. 2010; 14: 621-35.

© 2016 The Authors.

Journal of Cellular and Molecular Medicine published by John Wiley & Sons Ltd and Foundation for Cellular and Molecular Medicine.



