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S100A8 and S100A9 Promotes Invasion and
Migration through p38 Mitogen-Activated Protein
Kinase-Dependent NF-xB Activation in

Gastric Cancer Cells

Chae Hwa Kwon"?*?, Hyun Jung Moon'?, Hye Ji Park'?, Jin Hwa Choi', and Do Youn Park

S100A8 and S100A9 (S100A8/A9) are low-molecular weight
members of the S100 family of calcium-binding proteins.
Recent studies have reported S100A8/A9 promote tumori-
genesis. We have previously reported that S100A8/A9 is
mostly expressed in stromal cells and inflammatory cells
between gastric tumor cells. However, the role of environ-
mental S100A8/A9 in gastric cancer has not been defined.
We observed in the present study the effect of S100A8/A9
on migration and invasion of gastric cancer cells. S100A8/
A9 treatment increased migration and invasionat lower
concentrations that did not affect cell proliferation and cell
viability. S100A8/A9 caused activation of p38 mitogen-
activated protein kinase (MAPK) and nuclear factor-xB
(NF-xB). The phosphorylation of p38 MAPK was not af-
fected by the NF-xB inhibitor Bay whereas activation of
NF-xB was blocked by p38 MAPK inhibitor SB203580, indi-
cating that S100A8/A9-induced NF-xB activation is medi-
ated by phosphorylation of p38 MAPK. S100A8/A9-induced
cell migration and invasion was inhibited by SB203580 and
Bay, suggesting that activation of p38 MAPK and NF-xB is
involved in the S100A8/A9 induced cell migration and in-
vasion. S100A8/A9 caused an increase in matrix metallo-
proteinase 2 (MMP2) and MMP12 expression, which were
inhibited by SB203580 and Bay. S100A8/A9-induced cell
migration and invasion was inhibited by MMP2 siRNA and
MMP12 siRNA, indicating that MMP2 and MMP12 is related
to the S100A8/A9 induced cell migration and invasion.
Taken together, these results suggest that S100A8/A9 pro-
motes cell migration and invasion through p38 MAPK-
dependent NF-xB activation leading to an increase of
MMP2 and MMP12 in gastric cancer.

INTRODUCTION

Gastric cancer is one of the most frequent malignancies in the
world. Gastric cancer cells express a variety of factors, such as
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growth factors and cytokines, through interaction with microen-
vironment (Smith et al., 2006). Interactions between tumor and
stromal cells have been reported to create a unique microenvi-
ronment that is essential for tumor growth and metastasis
(Whiteside, 2008). These reports reinforce the importance of
understanding the tumor microenvironment for tumor targeted
therapy.

S100A8 and S100A9 (S100A8/A9), a family of low-mole-
cular-weight intracellular EF-hand motif calcium-binding pro-
teins, are abundantly expressed in cells of the myeloid lineage,
including monocytes and neutrophils and early-differentiation
states of macrophages. These proteins function predominantly
as S100A8/A9 hetero-dimers and are highly chemotactic for
leukocytes recruitment, adhesion and migration, thereby ampli-
fying the local proinflammatory microenvironment (Nacken et
al., 2003; Rychman et al., 2003). These proteins have been
implicated in the inflammatory conditions such as rheumatoid
arthritis, inflammatory bowel disease, multiple sclerosis, cystic
fibrosis and psoriasis (Foell et al., 2007; Roth et al., 2001; 2003).

Upregulation of these proteins has also been observed in
many tumor, including gastric, colon, pancreatic, bladder, ovar-
ian, thyroid, breast, and skin cancers (Gebhardt et al., 2006;
Salama et al., 2008) and is seen in tumor-infilterating cells in
many tumors (Gebhardt et al., 2006; 2008). Consistent with this,
our earlier studies reported that S100A8 and S100A9 were
mostly expressed in infiltrating cells in the stroma between
gastric tumor cells (Choi et al., 2012). These proteins have been
reported to promote cancer proliferation (Turovskaya et al.,
2008) and cause cancer metastasis by stimulating the migra-
tion of monocytes and tumor cells to metastatic sites (Hiratsuka
et al., 2006; 2008). Although the role of S100A8/A9 has been
reported in smaller studies of gastric cancer cells, the role of
stromal S100A8/A9 on migration and invasion of gastric cancer
cell has not been defined. In addition, the underlying mecha-
nism of S100A8/A9-induced cell migration and invasion re-
mains to be elucidated in gastric cancer cells. Therefore, the
present study was undertaken to examine the effect of exoge-
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nous S100A8/A9 on migration and invasion of gastric cancer
cells and to define its underlying mechanism.

MATERIALS AND METHODS

Reagents

Recombinant human S100A8 and S100A9 were purchased
from ATGen Co. (Korea) and each recombinant proteins were
mixed and incubated for 1 h at 4°C to form S100A8/A9 com-
plex (Nacken and Kerkhoff, 2007). Fibronectin, Hoechst 33258
and 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenylte-trazolium  bro-
mide (MTT) were purchased from Sigma-Aldrich Chemical
(USA). SB203580 and Bay were obtained from Calbiochem
(USA). Antibodies were ob-tained from Cell Signaling Technol-
ogy Inc. (USA). All other chemicals were of the highest com-
mercial grade available.

Cell culture

SNU216 and SNU484 cells were obtained from the Korean Cell
Line Bank (Korea) and were maintained byserial passages in
75-cm? culture flasks (Costar, USA). The cells were grown in
RPMI-1640 (HyClone, Thermo Scientific Inc., USA) containing
10% fetal bovine serum at 37°C in 95% air/5% CO, incubator.
When the cultures reached confluence, subculture was pre-
pared using a 0.02% EDTA-0.05% trypsin solution. The cells
were grown on tissue culture platesin RPMI-1640 medium con-
taining 10% fetal bovine serum. Serum was removed from
culture media at the time of agent addition.

RNA. transfection

Cells were transfected with siRNA using Lipofectamine RNAi-
MAX reagent (Invitrogen, Life Technologies Corporation, USA)
according to the manufacturer’s instructions. The sequences of
siRNA are as follows: MMP2 siRNA (invitrogen), 5'-CCA GAU
GUGGCCAACUACAACUUC U-3, 5-AGA AGU UGU AGUUG
GCCACAUCUG G-3; MMP12 siRNA (invitrogen), 5-GCC
AACCUUGCCAUCUGGCAUUGA A’, 5'-UUC AAU GCC AGA
UGGCAAGGUUGG C-3'. RNAI negative control was obtained
from invitrogen.

Measurement of cell proliferation

Cell proliferation was evaluated using a MTT assay. After
washing the cells, culture medium containing 0.5 mg/ml of MTT
was added to each well. The cells were incubated for 2 h at
37°C, the supernatant was removed and the formed form azan
crystals in viable cells were solubilized with 0.11 ml of dimethyl-
sulfoxide. A 0.1 ml aliquot of each sample was then transferred
to 96-well plates and the absorbance of each well was meas-
ured at 570 nm with multiplatereader (Bio-Tek Synergy H1,
BioTeek, USA). Data were expressed as a percentage of con-
trol measured in the absence of S100A8/A9. Unless otherwise
stated, the cells were treated with 1 pg/ml S100A8/A9 for 24 h.
Test reagents were added to the medium 30 min before
S100A8/A9 exposure.

Nuclei staining

Cells were grown on 22-mm glass coverslips in 6-well plates.
After treatment with reagents as indicated, the cells were
washed twice with phosphate-buffered solution (PBS) and fixed
with 4% paraformaldehyde in PBS (pH 7.4) for 30 min at 4°C.
The fixed cells were stained with 10 uM Hoechst 33258 for 20
min at room temperature. Cells were then washed twice with
PBS and examined by a fluorescence microscope (Axioskop2
plus, ZEISS, Germany). Apoptotic cells were identified by con-
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densation and fragmentation of nuclei.

Cell cycle analysis

Cells were grown in 6-well plates and were treated as indicated.
Then, attached and floating cells were pooled, pelleted by cen-
trifugation, washed in phosphate-buffered saline, and fixed with
cold 70% ethanol containing 0.5% Tween 20 at 4°C overnight.
Cells were washed and resuspended in 1.0 ml of propidium
iodide solution containing 100 ug of RNase A/ml and 50 pg
propidium iodide/ml and incubated for 30 min at 37°C. Cells
were assayed using FACS Aria (BDBiosciences, USA) at 488
nm and data were analyzed. Cells with sub-G, propidium iodide
incorporation were considered as apoptotic. The percentage of
apoptotic cells was calculated as the ratio of events on sub-G;
to events from the whole population.

Cell migration assay

Migration of gastric cancer cells was assayed using a multiwell
chambers (Neuroprobe, USA). The polycarbonate membrane
of a 96-well chemotaxis chamber was precoated with 5 mg/ml
fibronectin.Cells were suspended in serum-free RPMI at 2 x
10° cells/ml, and 50 pl cells were placed into the upper com-
partment of a chamber separated by an 8-um precoated poly-
hydrocarbon filter. The lower wells of the chamber were filled
with medium containing S100A8/A9 (1 pg/ml). In experiments
for inhibitors, cells were preincubated with agents for 30 min
and added to the upper chamber. After incubation for 18 h at
37°C, nonmigrated cells were removed by scraping, and cells
that had migrated across the filter were washed with PBS, fixed
with 4% paraformaldehyde for 20 min at room temperature, and
stained with Hoechst 33258 (10 uM) for 30 min at 37°C. Stained
cells were counted in three randomly chosen low-power fields
(x 40).

Cell invasion assay

The chemotactic cell invasion assay was performed using 24-
well Transwell units with an 8-um pore size polycarbonate filter
(Corning Incorporated, Costar). The upper side of the polycar-
bonate filter was coated with Matrigel (5 mg/ml in cold medium)
to form a continuous thin layer. Prior to addition of the cell sus-
pension, the dried layer of Matrigel matrix was rehydrated with
serum-free RPMI for 3 h at 37°C. Each lower compartment of
the Transwell was filled 600 pl RPMI containing with 1 pg/ml
S100A8/A9. Serum-starved gastric cancer cells (1 x 10°) were
suspended in 0.1 ml RPMI and added to the upper compart-
ment of the Transwell unit and incubated for 18 h at 37°C in a
humidified atmosphere containing 5% CO.. Cells remaining in
the upper compartment were completely removed with gentle
swabbing. The number of cells that had crossed the filter to the
lower compartment was determined using staining with Hoechst
33258.

Western blotting

Cells were harvested at various times after S1T00A8/A9 treat-
ment and disrupted in lysis buffer (1% Triton X-100, ImMMEGTA,
1mMEDTA, 10 mM Tris-HCI, pH 7.4 and protease inhibitors).
Cell debris was removed by centrifugation at 10,000 x g for 10
min at 4°C. The resulting supernatants were resolved on a 12%
SDS-PAGE under denatured reducing conditions and trans-
ferred to nitrocellulose membranes. The membranes were
blocked with 5% non-fat dried milk at room temperature for 30
min and incubated with primary antibodies. The membranes
were washed and incubated with horseradish peroxidase-
conjugated secondary antibody. The signal was visualized using
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Fig. 1. Effect of S100A8/A9 on gastric cancer cells. (A) Cells were treated with S100A8/A9 at the indicated concentrations for 24 h and cell
death was measured by MMT assay. Data are mean + SEM of four independent experiments. *P < 0.05 compared with control. After 24 h
incubation with 1 or 30 pg/ml S100A8/A9 (A89), Apoptotic cells were evaluated by Hoechst33258 staining (B) and cell cycle analysis (C). The

percentages within box indicate the extent of sub-G phase.

an enhanced chemiluminescence (Amersham, UK).

Nuclear factor-kB (NF-xB) luciferase reporter gene assay
NF-kB transcriptional activity was determined using NF-kB-
driven luciferase reporter plasmid (pNF-kB-Luc). Cells were
transfected with NF-xB reporter plasmid using lipofectamine
according to the instructions from the manufacturer when cells
reached 60% confluence. After incubation for indicated time
periods, the transfected cells were washed three times with ice-
cold PBS, then incubated with 100 ul of passive lysis buffer for
10 min, and harvested. After centrifugation for 5 min, the super-
natants were collected for measurements. Luciferase activities
were determined with the luciferase reporter assay system
according to the instructions of the manufacturers (Promega,
USA).

Real-time RT-PCR

Total RNA was extracted from gastric cancer cells, usingTRIzol
reagent (Invitrogen, Life Technologies, USA) following the ma-
nufacturer’s instructions. 2 ug of RNA were reverse transcribed
with Superscrip (Invitrogen) in a final volume of 20 pul. The 2 pl
of cDNA were amplified with each primer and SYBRGreen (Ap-
plied Biosystems, Life Technologies, USA), using the fluores-
cence reader Corbett Rotor-Gene 6000 (Qiagen Inc., USA).
The primers used were the following: GAPDH 5-TCCATG
ACAACTTTGGTATCG-3, 5-TGTAGCCAAATTCGTTGTCA-
3’; MMP13 5-TTCGGCTTAGAGGTGACTGG-3, 5'-CGCAGC
AACAAGAAACAAGT-3; MMP12 5-TACACATTCAGGAGG
CAC-3, 5-CCACGGTAGTGACAGCATCA-3; MMP11 5-CTT
GGCTGCTGTTGTGTGCT-3, 5-AGGTATGGAGCGATGTGA
CG-3; MMP9 5-GAGCACGGAGACGGGTAT-3, 5-GCAGG
CGGAGTAGGATTG; MMP8 5-GCATCACCTCTCATCTTCA
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CC-3, 5-AGCATCTCCTCCAATACCTTG-3; MMP7 5-GGA
ACAGGCTCAGGACTATCTC-3, 5-CAACATCTGGCACTCC
ACA-3'; MMP3 5-GATGCCCACTTTGATGATGA-3, 5-AGGT
TCTGGAGGGACAGGTT-3; MMP2 5-GCCTCTCCTGACAT
TGACCT-3, 5-AACACAGCCTTCTCCTCCTG-3; MMP1 5'-
GATGTGGAGTGCCTGATGTG-3, 5-TGATGTCTGCTTGAC
CCTCA-3'. The number of cycles in the PCR was determined
for each gene and ranged from 25 to 35. Data were normalized
to GAPDH, and mRNA abundance was calculated using the
2T method. The PCR products were also confirmed by mo-
bility on gel electrophoresis.

Statistical analysis

The data are expressed as means + S.E.M. and the difference
between two groups was evaluated by unpaired Student’s #-test
using SPSS v10.1 (SPSS Inc., USA). Aprobability level of 0.05
was used to establish significance.

RESULTS

S100A8/A9 stimulates invasion and migration of gastric
cancer cells

Effect of S100A8/A9 on cell viability was examined in SNU216
and SNU484 gastric cancer cells. SNU216 and SNU484 cells
were exposed to various concentrations of S100A8/A9 for 24 h.
As shown in Fig. 1A, S100A8/A9 caused loss of cell viability in
dose-dependent manner. To delineate whether the S100A8/9-
induced cell death was due to the induction of apoptosis,
changes in nuclear morphology and cell cycle were investi-
gated. Cellstreated with high concentration S100A8/A9 (30
ug/ml) were observed apoptotic-like characteristics such as
condensation and fragmentation of nuclei, whereas cells treated
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with low concentration S100A8/A9 (1 ng/ml) were not shown
significant morphological changes (Fig. 1B). The cell cycle ana-
lysis also shown that the proportion of the cells in the sub-G;
phase at 30 pg/ml S100A8/A9 was increased (Fig. 1C).

Ang and colleagues showed that S100A8/A9 at 0.4 and 2
ug/ml, respectively, stimulate migration in colorectal and pan-
creatic cancer cells (Ang et al., 2010). Thus, in subsequent
experiments, cells were treated with 1 pg/ml S100A8/A9 to
examine the effect on cell proliferation, invasion and migration.
Although S100A8/A9 did not affect cell proliferation (Fig. 2A), it
significantly increased the invasion and migration activity (Figs.
2B and 2C). These data indicate that exogenous S100A8/A9
induces cell invasion and migration in gastric cancer cells.

S100A8/A9 activates p38 MAPK and NF-«xB signaling
We next determined S100A8/A9-activated signaling pathways
in gastric cancer cells. Mitogen-activated protein kinase (MAPK)
is a key mediator of intracellular signaling pathway in response
to different stimuli and has been reported to be activated by
S100A8/A9 in various cancers (Hermani et al., 2006; Ichikawa
et al., 2011). To investigate activation of MAPK, the phosphory-
lation of MAPK subfamilies was estimated by Western blotting
in gastric cancer cells. S100A8/A9 stimulated rapid phosphory-
lation of p38 MAPK in both SNU216 and SNU484 cells within
30 min, with reduced phosphorylation after 12 h. Whereas
S100A8/A9 induced an inhibition in phosphorylation of ERK
and no detectable phosphorylation of JNK (Figs. 3A and 3B).
NF-kB is transcription nuclear factor that could promote tu-
morigenesis, and is linked to cell invasion and metastasis.
S100A8/A9 has also been reported to mediate NF-xB for tu-
morigenesis (Ghavami et al., 2009; Hermani et al., 2006). There-
fore, NF-xB activity was determined by a luciferase reporter
assay using an NF-kxB reporter construct. S100A8/A9 induced
anincrease of luciferase activity after 6 h of treatment in both
SNU216 and SNU484 cells. NF-xB transcriptional activity was
increased to approximately 2-fold of control (Fig. 3C). To further
confirm S100A8/A9-induced activation of NF-xB, we examined
IkBo. degradation. S100A8/A9 also induced degradation of
IkBo in both cells (Fig. 3D). These results indicated that the
treatment of S100A8/A9 on gastric cancer cells resulted in acti-
vation of p38 MAPK and NF-«kB signaling pathway.

S100A8/A9-induced p38 MAPK phosphorylation mediates
NF-xB activation

The S100A8/A9-induced p38 MAPK activation was totally abol-
ished by the p38 MAPK inhibitor, SB203580, but it was not
affected by the NF-«xB inhibitor, Bay (Fig. 3E). NF-xB transcrip-
tion activity was also measured in cells exposed to S100A8/A9
in the present or absence of inhibitors. S100A8/A9-induced NF-
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kB transcriptional activation was inhibited by addition of SB
203580 or Bay (Fig. 3F). These results indicate that S100A8/9
activated NF-kB through p38 MAPK activation.

p38 MAPK and NF-xB are involved in S100A8/A9-induced
cell invasion and migration

To investigate whether activation of p38 MAPK and NF-«xB is
involved in the S100A8/A9-induced cell invasion and migration,
we examined the effect of inhibitors of p38 MAPK and NF-xB
on invasion and migration. The S100A8/A9-induced cell inva-
sion was inhibited by the p38 MAPK inhibitor SB203580 and
the NF-xB inhibitor Bay (Figs. 4A and 4B). The S100A8/A9-
induced cell migration was also inhibited by SB203580 and Bay
(Figs. 4C and 4D). Exposure of cells to SB203580 or Bay alone
for 24 h did not affect cell invasion and cell migration (data not
shown). These results suggest that activation of p38 MAPK and
NF-«B is required for the S100A8/A9-induced cell invasion and
migrationin gastric cancer cells.

MMP2 and MMP12 are involved in S100A8/A9-induced cell
invasion and migration

MMPs were shown to play a pivotal role in tumor invasion and
metastasis (Roy et al., 2009). To examine whether S100A8/A9
upregulates MMPs expression, we analyzed the mRNA ex-
pression levels of MMP1, 2, 3, 7, 8, 9, 11, 12 and 13 by real-
time PCR. When the cells were treated with S100A8/A9, mRNA
expressions of MMP2 and MMP12 were increased by S100A8/
A9 but MMP1, 3, 7, 8, 9, 11 and 13 were not altered (data not
shown) in both SNU216 and SNU484 cells. Upregulated MMP2
and MMP12 were inhibited by SB203580 and Bay (Fig. 5).
These results indicate that the p38 MAPK and NF-xB are in-
volved in S100A8/A9-induced MMP2 and MMP12 up-regula-
tion in gastric cancer cells.

Next, to examine roles of MMP2 and MMP12 in the S100A8/
A9-induced cell invasion and migration, cells were transfected
with MMP2 siRNA or MMP12 siRNA. MMP2 siRNA or MMP12
siRNA decreased the mRNA level of MMP2 or MMP12 in
SNU216 and SNU484 cells, respectively (Fig. 6A). S1T00A8/A9-
induced cell invasion and migration were inhibited by transfec-
tion of MMP2 siRNA or MMP12 siRNA (Figs. 6B and 6C).
These results suggest that MMP2 and MMP12 are associated
with S100A8/A9-induced cell invasion and migration in gastric
cancer cells.

DISCUSSION
The tumor microenvironment plays an important role in tumor

progression. A variety of stromal cells in the surrounding envi-
ronment does not only enhance growth of the primary cancer
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Fig. 3. Effect of ST00A8/A9 on MAPK and NF-«B signaling. (A) Lysates of cells treated with 1 ug/ml S100A8/A9 for indicated times were per-
formed Western blotting using antibodies specific against p-ERK1/2, p-p38 MAPK, p-JNK and blot were probed with antibodies against gapd
has loading control. (B) S100A8/A9 induced- activation of MAPK was quantified by densitometry. Data are mean + SEM of three independent
experiments. (C) Cells were transfected with pNF-kB-Luc. Transfected cells were treated with 1 ng/ml S100A8/A9 for indicated times and NF-
kB transcriptional activity was determined by luciferase assay. (D) Lysates of cells treated with 1 ng/ml S100A8/A9 (A89) for 12 h were per-
formed western blotting using antibodies against IkBa. (E) Cells were treated with 1 pg/ml S100A8/A9 (A89) for 6 h in the presence or ab-
sence of 10 uM SB203580 (SB) and 5 uM Bay. Expression of p-p38 MAPK was evaluated by Western blotting. (F) Cells were transfected with
pNF-kB-Luc. Transfected cells were treated with 1 ng/ml S100A8/A9 (A89) for 12 h in the presence or absence of 10 uM SB203580 (SB) and
5 uM Bay. NF-kB transcriptional activity was determined by luciferase assay. Data indicated as fold of each control. Data are mean + SEM of
three independent experiments. *P < 0.05 compared with control (C); #P < 0.05 compared with S100A8/A9 (A89) alone.

but also facilitate its metastatic dissemination to distant organs
(Joyce and Pollard, 2009). Stromal S100A8- and S100/A9-
positive myeloid cells in a cancer microenvironment have been
characterized (Ichikawa et al., 2011; Sheikh et al., 2007;
Turovskaya et al., 2008). Previously, we have also observed
the enhanced S100A8 and S100A9 expression in infiltrating cells
in the stroma of gastric cancers (Choi et al., 2012). These obser-
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vations prompted us to examine the role of exogenous S100A8/
A9. The present study showed that exogenous S100A8/A9
induces migration and invasion of the gastric cancer cell lines
SNU216 and SNU484 (Fig. 2), indicating that extracellular
S100A8/A9 may play an important role in the migration and
invasion of gastric cancer cells. Consistent with this, S100A8/
A9 have been reported to play a role in guidance for the adhe-
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were shown. Data are mean + SEM of three inde-
pendent experiments.
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A SNU216 SNU484 SNU216 SNU484 Fig. 6. Role of MMP2 and MMP12
on S100A8/A9-induced cell invasion
MMP2 _ MMP12 _ and migration. (A) Cells were trans-
fected with MMP2 siRNA (siMMP2),
gapdh = gapdh = MMP12 siRNA (siMMP12) or non-
targeted siRNA (siNT) and two days
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sion and invasion of disseminating malignant cells in lung can-
cer (Hiratsuka et al., 2006) and colon cancer (Ichikawa et al.,
2011). However, we previously demonstrated that endogenous
S100A8 and S100A9 might be negative role on migration and
invasion (Choi et al., 2012), indicating that endogenous S100A8/
A9 play a role that is different to that of exogenous S100A8/A9.
These results suggest that extracellular S100A8/A9 promote
migration and invasion through interaction with gastric cancer
cells.

Although S100A8/A9 protein has been shown to exert apop-
totic effect against various tumor cells including colon carci-
noma cells (Ghavami et al., 2004) and breast cancer cells and
neuroblastoma cells (Ghavami et al., 2008a), the effect of S100A8/
A9 on cell viability has been reported to be dependent on con-
centration exposed. S100A8/A9 resulted in significantly re-
duced cell viability at concentration above 50 ug/ml, while it at
concentration lower than 25 pg/ml promotes proliferation and
migration of various cancer cells (Ghavami et al., 2008b; Her-
mani et al., 2006; Moon et al., 2008). We observed that S100A8/
A9 at high concentration (30 pug/ml) exerts apoptotic effects in
gastric cancer cells (Fig. 1), whereas at low concentration (1
ug/ml) promotes migration and invasion without significant
changes in cell proliferation (Fig. 2). This concentration (1 pg/ml)
was chosen for migration and invasion because S100A8/A9 at
0.4 and 2 pg/ml, respectively, increase migration in colorectal
and pancreatic cancer cells (Ang et al., 2010), and because
higher concentrations (over 1 pg/ml) of S100A8/A9 did not
significantly increase migration and invasion compared to 1
pg/ml (data not shown).

The present study showed that S100A8/A9 incresed phos-
phorylation of p38 MAPK, but inhibited phosphorylation of ERK
and did not affect phosphorylation of JNK (Fig. 3). This is con-
sistent with the finding that S100A8/A9 provoked p38 MAPK
while JNK phosphorylation was unaffected in human prostate
and breast cancer cells (Ghavami et al., 2008b; Hermani et al.,
2006). In contrast, S100A8/A9 activates ERK and JNK but not
p38 MAPK in colon cancer cells (Ichikawa et al., 2011). There-
fore, the effect of S100A8/A9 on MAPK signaling may depend
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on the cancer cell types.

In the present study, S100A8/A9 also caused NF-«xB activa-
tion, inhibited by the p38 MAPK inhibitor SB203580, but S100A8/
A9-induced phosphorylation of p38 MAPK was not affected by
the NF-xB inhibitor, Bay (Fig. 3). These data indicate that p38
MAPK mediates the NF-kB activation induced by S100A8/A9.
These results are consistent with reports that S100A8/A9 pro-
motes activation of MAP kinase and NF-kB signaling pathway
in breast cancer, leukemia, neuroblastoma, prostate cancer
and colon cancer cells (Ghavami et al., 2008b; Hermani et al.,
2006; Ichikawa et al., 2011). In addition, we found that activa-
tion of p38 MAPK and NF-xB was associated with the S100A8/
A9-induced cell migration and invasion as evidenced by at-
tenuation of the migration and invasion by the SB203580 and
Bay (Fig. 4). Our data are in line with previous reports that the
activation of NF-xB downstream of MAPK pathway is involved
in numerous pathological processes, such as cancer cell adhe-
sion, invasion, metastasis, and angiogenesis (Aggarwal, 2004;
Takade et al., 2004).

Enzymatic degradation of extracellular matrix is one of the
crucial steps in cancer invasion and metastasis. Matrix metal-
loproteinases (MMPs) are a family of proteolytic enzymes and
capable of degrading ECM proteins. Abnormal expression of
MMPs has been found to be involved in tumor invasion, metas-
tasis, and angiogenesis (Egeblad and Werb, 2002; Roy et al.,
2009). As shown in Fig. 5, S1T00A8/A9 increased the expres-
sion level of MMP2 and MMP12 but not MMP1, MMP3, MMP?7,
MMP8, MMP9, MMP11 and MMP13 (data not shown). Up-
regulated MMP2 and MMP12 were inhibited by SB203580 and
Bay. These results suggest that S100A8/A9 induced an in-
crease of MMP2 and MMP12 through activation of p38 MAPK
and NF-xB. Role of MAPK pathway in regulation of MMPs is
well known (Rao, 2003). The transcription of MMPs is regulated
by upstream sequences, including motifs corresponding to NF-
kB (Silva, 2004). We further found that knockdown of MMP2 or
MMP12 by transfection of each siRNA decrease the S100A8/
A9-induced invasion and migration of gastric cancer cells.
MMP2 has been shown to be related to invasiveness in various
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cancer including hepato-cellular carcinoma (Li et al., 2011),
colorectal cancer (Dong et al., 2011) and gastric cancer (Zhao et
al., 2010). It also has been reported that MMP12 correlates with
metastasis in hepatocellular carcinoma (Ng et al., 2011), squa-
mous cell carcinoma (Kerkerla et al., 2002) and non-small cell
lung cancer (Hofmann et al., 2005). Thus, these two MMPs
may play important roles in S100A8/A9-induced invasion and
migration of gastric cancer cells.

In summary, exogenous S100A8/A9 promotes cell migration
and invasion through activation of p38 MAPK and NF-xB fol-
lowed by up-regulation of MMP2 and MMP12 in gastric cancer
cells. To our knowledge, this is the first report to examine in-
volvement of p38 MAPK, NF-kB and MMPs signaling pathway

on S100A8/A9-induced migration and invasion in gastric cancer.

These results suggest that extracellular S100A8/A9 plays an
important role in regulating processes such as tumor cell migra-
tion and invasion. Thus, the molecular pathways mediated by
S100A8/A9 could be an attractive target for pharmacological
interventions.
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