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Abstract. Secretory leukocyte protease inhibitor (SLPI) protects 
tissue from proteases, and promotes cell proliferation and healing 
during inflammatory response. SLPI is also overexpressed in 
gastric, lung and ovarian cancers, which accelerates the metas-
tasis of cancer cells. Matrix metalloproteinases-2, -9 (MMP-2 
and MMP-9) are overexpressed in high metastatic cancers, and 
promote the migration of cancer cells through collagen degrada-
tion. SLPI and MMP-2, -9 are critical factors in stimulating the 
metastatic processes but there are no reports of a direct correla-
tion between these molecules. Therefore, this study examined 
the role of SLPI related to MMP-2 and MMP-9 using two gastric 
cancer cell lines, such as characterized non-metastatic SNU484 
and highly metastatic SNU638 cells. SLPI, MMP-2 and MMP-9 
mRNA and protein expression were higher in SNU638 cells 
than in SNU484 cells. In addition, the rate of cell migration 
and invasion was higher in the SNU638 cells than in SNU484 
cells. Interestingly, after treatment with SLPI, the rate of migra-
tion and invasion was higher in the SNU484 cells than in the 
positive control (PC) SNU484 cells. The rate of migration was 
also higher in the SNU638 cells after SLPI treatment than in the 
SNU638 cells (PC) but the invasion rate was not changed. The 
expression and secretion of MMP-2 and MMP-9 as well the rate 
of cell migration and invasion were significantly lower in SLPI-
siRNA transfected SNU638 cells (si-SLPI/SNU638) but higher 
in SLPI-treated SNU484 cells (SNU484 + SLPI). Strong Elk-1 
phosphorylation was detected in SNU484 + SLPI and SNU638 
cells but was barely detectable in SNU484 and si-SLPI/SNU638 
cells. These results show that SLPI promotes the metastasis of 

SNU638 gastric cancer cells by increasing MMP-2 and MMP-9 
expression through Elk-1 signaling, indicating its role as a 
signaling molecule not a protease inhibitor.

Introduction

The metastatic cascade of cancer cells is viewed as a series of 
sequential and interrelated steps, which include the following: 
epithelial-mesenchymal transition (EMT), degradation of the 
basement membrane; dissociation of tumor cells from the 
primary site; invasion of the neighboring tissue; intravasation 
into the blood and lymph vessels; transport through the vessels; 
extravasation from the vessels; and proliferation at a distant site. 
Among these processes, tumor cells invading the neighboring 
tissue after degrading the basement membrane is a major devel-
opment (1). 

Secretory leukocyte protease inhibitor (SLPI) is an 11.7-kDa 
cystein-rich protein and an epithelial cell product found in saliva, 
seminal plasma and in the cervical, nasal, and bronchial mucus. 
SLPI inhibits the serine protease activity, such as chymotrypsin, 
trypsin, pancreatic elastase, cathepsin G, mast cell chymase 
(2). Recently, SLPI was reported to be an anti-inflammatory 
factor that contributes at the early inflammatory response in 
odontoblasts (3). In addition, SLPI was reported to play a role 
not only in protecting the tissues from the protease (4) but also 
in promoting wound healing, cell proliferation, inhibiting HIV 
infections, anti-bacterial and anti-fungal activity (5,6). The 
overexpression of SLPI was reported to promote metastasis in 
lung carcinoma 3LL-S cells and oral carcinoma KB cells (7,8). 

Matrix metalloproteinases (MMPs) play important roles in 
normal physiological processes, such as embryogenesis, tissue 
remodeling and wound healing. The overexpression of MMPs 
is associated with many pathological abnormalities, such as 
atherosclerosis, tumor invasion and arthritic diseases (9). In 
overexpressed tumor cells, MMPs play a role in reorganizing 
the extracellular matrix through degradation as a protease (10). 
Among these MMPs, MMP-2 stimulates the migration of tumor 
cells and peripheral angiogenesis through the degradation of 
type IV collagen (11). The secretion of MMP-9 is high in cancers 
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with a high capacity of intravasation into the blood vessels, such 
as breast cancer, prostatic cancer and fibrosarcoma cells (12). 
The inhibition of MMP-9 expression was reported to decrease 
the number of metastatic cancer cells in the lung (13).

The secretion of MMP-9 was low in the cells treated with 
SLPI, which is similar to the control, and was increased signifi-
cantly in the cells treated with lipopolysaccharide (LPS) in 
monocytes. On the other hand, MMP-9 is suppressed in LPS 
treated monocytes through the addition of SLPI in a dose-
dependent manner (14). The secretion of MMP-2 and MMP-9 
in the skin wound tissue of SLPI null mice was higher than that 
in normal mice (15). The migration and invasion rate in the 
AZ521 gastric cancer cell line was increased strongly by the 
overexpression of SLPI (16). MMP-2 and MMP-9 are expressed 
strongly in gastric cancer tissue compared to normal tissue (17). 
Based on previous reports, although SLPI, MMP-2 and MMP-9 
are involved directly in the metastatic process as an accelerating 
factor, the functions of these two molecules have not been 
reported. 

This study examined whether SLPI promotes the cell migra-
tion and invasion related to MMP-2 and MMP-9 using two 
gastric cancer cell lines, SNU484 (no metastatic potential) and 
SNU638 (strong metastatic potential) (18). The results showed 
that SLPI promotes the metastatic process of SNU638 gastric 
cancer cells including cell migration and invasion by enhancing 
MMP-2 and MMP-9 expression through Elk-1 phosphorylation. 

Materials and methods

Cell culture, SLPI-siRNA transfection. The gastric cancer cell 
line, SNU484 and SNU638, were purchased from Korean Cell 
Line Bank (KCLB, Republic of Korea). The cells (1x106 cells) 
were plated in 100-mm culture dishes and incubated in a CO2 
incubator (5% CO2, 37˚C). The cells were then cultured in 
Dulbecco's modified Eagle's medium (DMEM) (Gibco-BRL, 
USA) supplemented with a 1% antibiotic-antimycotic solution 
(Gibco-BRL) containing 10% fetal bovine serum (Gibco-BRL). 
The following sequences were used for the synthetic human 
SLPI-siRNA duplexes. The forward and reverse sequence of 
SLPI-siRNA was 5'-GAA GUG CCA GUU GAU CAA U-3' and 
5'-AUU GAU CAA CUG GCA CUU C-3' (Bioneer, Republic 
of Korea), respectively. The SNU638 cells were subcultured 
in 60-mm culture dishes (1x105 cells) and transfected with 
160 pmol SLPI-siRNA (si-SLPI/SNU638) using WellFect-si™ 
(WellGene, Republic of Korea). The si-SLPI/SNU638 cells 
were used for another experiment 72 h after transfection. 
The SNU484 and si-SLPI/SNU638 cells were incubated with 
a 1 µg/ml of recombinant human SLPI protein (rhSLPI; R&D 
Systems, USA) (SNU484 + SLPI and si-SLPI/SNU638 + SLPI) 
for 24 h after serum starvation for 12 h. 

Extraction of total RNA and reverse transcription and poly-
merase chain reaction. The total RNA was extracted from the 
cells using the TRI reagent (MRC Inc., USA) according to the 
manufacturer's instruction. A sample of the total RNA (1 µg)
was used to synthesize the complementary DNA (cDNA). The 
synthesis of cDNA was performed on the AccuPower RT Premix 
(Bioneer). The PCR reaction was carried out in a thermal cycler 
(Takara, Japan) after adding 1 µl of cDNA to the AccuPower 
PCR Premix (Bioneer). The following primers were synthesized 

(Bioneer) for RT-PCR analysis: a) human SLPI: forward 5'-ACT 
CCT GCC TTC ACC ATG AA-3', reverse 5'-CAT TCG ATC 
AAC TGG CAC TT-3'; b) human MMP-2: forward 5'-TGA TGG 
TGT CTG CTG GAA AG-3', reverse 5'-GAC ACG TGA AAA 
GTG CCT TG-3'; c) human MMP-9: forward 5'-TGG GCT ACG 
TGA CCT ATG ACA T-3', reverse 5'-GCC CAG CCC ACC TCC 
ACT CCT C-3'; and d) glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH): forward 5'-CCA TGG AGA AGG CTG GG-3' 
and reverse 5'-CAA AGT TGT CAT GGA TGA CC-3'. GAPDH 
was used as the internal control for RT-PCR. The PCR condi-
tions for SLPI were as follows: initial denaturation for 5 min at 
94˚C, followed by 29 cycles of denaturation at 94˚C for 40 sec, 
annealing at 55˚C for 40 sec and extension at 72˚C for 40 sec. 
The PCR conditions for MMP-2 were as follows: 4 min at 94˚C, 
35 cycles at 94˚C for 1 min, 1 min at 56˚C, 1 min at 72˚C. MMP-9 
were as follows: 5 min at 94˚C, 30 cycles at 94˚C for 30 sec, 30 sec 
at 64˚C, 30 sec at 72˚C. The PCR conditions for GAPDH were 
as follows: 5 min at 94˚C, 30 cycles at 94˚C for 30 sec, 30 sec 
at 56˚C, 30 sec at 72˚C. After the final cycle, all the samples 
were incubated for an additional 5 min at 72˚C. The products 
were electrophoresed on a 1.5% agarose gel buffered with 0.5X 
Tris-Borate-EDTA and stained with ethidium bromide after 
amplification. The staining bands were visualized by Gel-Doc 
(Bio-Rad Laboratories, USA). These primer sets recognized 
only the genes of interest, as indicated by the amplification of 
a single band of the expected size (570 bp for SLPI, 280 bp for 
MMP-2, 172 bp for MMP-9 and 199 bp GAPDH) according to 
the nucleotide sequence of SLPI (Genbank no. NM_003064.2), 
MMP-2 (Genbank no. NM004530.4), MMP-9 (Genbank no. 
NM_004994.2) and GAPDH (Genbank no. M33197.1). The 
intensity of the bands was measured using a Science Lab Image 
Gauge (Fuji film, Japan).

Northern blotting. The total RNA (30 µg) was electrophoresed 
on a 1.5% agarose gel buffered with 1X MOPS (0.02 M MOPS, 
5 mM sodium acetate, 1 mM EDTA) supplemented with form-
aldehyde (Sigma, USA). The total RNA was transferred to a 
Hybond N+ nylon membrane (Amershamphamacia, UK) for 
12 h at room temperature after electrophoresis. The membrane 
was baked for 2 min and the total RNA was fixed for 90 sec in a 
UV-cross-linker. The membrane was pre-hybridized in a hybri-
dization solution (0.5% SDS, 6X SSC, 10% dextran sulfate, 1 mM 
EDTA) supplemented with 100 µg/ml of Salmon sperm DNA 
(Stratagene, CA) for 2 h at 62˚C. The SLPI and GAPDH PCR 
products were labeled with [α-32P]-dCTP (AmershamPhamacia) 
as probes using a Random priming kit (AmershamPhamacia). 
The membrane was incubated in a hybridization solution with 
the [α-32P]-dCTP labeled probe for 18 h at 60˚C. The membrane 
was washed twice with 2X SSC/0.1% SDS solutions (10 min, 
room temperature), once with the same solution (30 min, 42˚C) 
and once with a 0.1X SSC/0.1% SDS solution (30 min, 42˚C). 
After washing, the membrane was exposed to X-ray film (Fuji 
film) for 48-72 h and developed in a dark room. The size of the 
SLPI and GAPDH bands was 0.7 kb and 1.5 kb, respectively. 
The density and quantification of the expressed bands was 
measured using a Science Lab Image Gauge (Fuji film).

Western blotting. Western blotting was performed to examine 
the expression of the SLPI, MMP-2, MMP-9 and pElk-1 and 
β-actin proteins. The total cytosolic protein was extracted 
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using an NP-40 lysis buffer [150 mM NaCl, 1% NP-40, 50 mM 
Tris-Cl (pH 7.4), 2 mM Na3VO4, 2 mM Na4P2O7, 50 mM NaF, 2 
mM EDTA (pH 7.4) 0.1 µg/ml leupeptin and 1 µg/ml aprotinin]. 
These lysates were incubated on ice for 30 min and centrifuged 
at 13,000 rpm and 4˚C. The nuclear protein was extracted 
from the cells using a Fraction PREP™ kit (BioVision, USA) 
according to the manufacturer's instructions. After protein 
extraction, the concentration in 30 µg was determined using a 
Dc protein assay kit (Bio-Rad Laboratories). The quantity of 
secreted SLPI protein was examined by incubating the cells in 
the culture medium without serum for 18 h. A 500-µl sample 
of medium was mixed with 50 µl of a protein G bead solution 
(Kirkegaard and Perry Laboratories, USA) and 1:100 of anti-
rabbit SLPI (19) for 16 h at 4˚C. The bead-anti-SLPI complex 
was washed with 1X PBS and electrophoresed onto 10-15% 
SDS polyacrylamide gel. After electrophoresis, the protein was 
transferred to a nitrocellulose membrane and blocked with either 
5% non-fat dry milk or 5% bovine serum albumin (Sigma) for 
1 h at room temperature. The membrane was blotted with 1:500 
of anti-rabbit SLPI, 1:1,000 of anti-mouse MMP-2 (Millipore, 
USA), 1:2,000 of anti-rabbit MMP-9 (Millipore), 1:1,000 of 
anti-mouse phosphoElk-1 (pElk-1, Cell Signaling, USA) and 
1:2,500 of anti-mouse β-actin (Sigma) for 16 h at 4˚C. After 
washing, the membrane was blotted with 1:5,000 - 1:10,000 
of HRP-conjugated goat anti-rabbit or mouse-IgG (Santa Cruz 
Biotechnology, USA) and developed using chemiluminescence 
film (AmershamPhamacia) after being treated with an ECL 
solution (AmershamPhamacia). The size of the SLPI, MMP-2, 
MMP-9, pElk-1 and β-actin bands was 12 kDa, 72 kDa, 92 kDa, 
62 kDa and 42 kDa, respectively. The density of the expressed 
bands was measured using a Science Lab Image Gauge (Fuji 
film). 

Migration and invasion assay. The SNU484, SNU638 and 
si-SLPI/SNU638 cells were incubated in serum-free medium 
for 18 h and detached from the culture plates using 0.25% 
TrypLE (Gibco-BRL). The cells were transferred to serum-
free DMEM medium and suspended after centrifugation 
for 3 min at 12,000 rpm. For the migration assay, a HTS 
FluoroBlock™Insert (BD Labware, USA) was placed onto 
a 24-well plate and 5x104 cells were added to the insert. The 
lower chambers of a 24-well plate were filled with 500 µl 
serum-free DMEM with or without 1 µg/ml of rhSLPI, and the 
plate was incubated in a CO2 incubator (5% CO2, 37˚C) for 4 
h. An invasion assay was performed with a BioCoat™ Tumor 
Invasion System (BD Labware) according to the manufacturer's 
instructions. The cells (2.5x104) were used in an invasion assay 
and the insert was coated with a basement membrane extract 
(BME). The lower chambers of the 24-well plate were filled 
with 750 µl serum-free DMEM with or without 1 µg/ml rhSLPI 
and the plate was incubated in a CO2 incubator (5% CO2, 37˚C) 
for 16 h. The cells were stained with 1X PBS containing 4 µg/
ml Calcein-AM (Molecular Probe, USA) for 30 min at 37˚C 
after migration or invasion. rhSLPI was not added to the lower 
chamber in the positive control (PC), and the negative control 
(NC) did not contain cells and rhSLPI in the insert and lower 
chamber, respectively. The fluorescence was measured using a 
GENios FL (wavelength excitation 485 nm/emission 530 nm, 
Tecan, Switzerland). The cells were observed by fluorescence 
microscopy (Olympus, Japan). 

Gelatin zymography. The gelatin zymography was used to 
identify MMP-2 and MMP-9 secreted in the culture medium. 
The culture medium (30 µl) of the SNU484, SNU484 + SLPI, 
SNU638, si-SLPI/SNU638, si-SLPI/SNU638 + SLPI and 
HT-1080 cells was electrophoresed on SDS 10%-zymogram gel 
(Invitrogen, USA). The conditioned media from the HT-1080 
human fibrosarcoma cells were loaded as a size marker for 
MMP-2 and MMP-9. After electrophoresis, the gels were 
incubated 3 times in a zymogram renaturing buffer (Invitrogen) 
at room temperature for 20 min and then in a zymogram 
developing buffer (Invitrogen) for 30 min. The gels were then 
incubated at 37˚C for 16 h after being transferred to the same 
developing buffer. After developing, the gels were stained with 
0.2% Coomassie brilliant blue (Bio-Rad Laboratories) for 1 h 
and incubated with a destaining solution (10% acetic acid, 40% 
methanol in distilled water) for 30 min. The density of the 
MMP-2 and MMP-9 bands was measured using a Science Lab 
Image Gauge (Fuji film).

Statistical analysis. All experiments were performed at least 
in triplicate. All data are reported as the mean and standard 
deviation using Excel 2007 statistical software (Microsoft, 
USA). The significant differences (*p<0.05, **p<0.005) were 
determined using a Student's t-test.

Results

Expression of SLPI mRNA and protein in SNU484 and SNU638 
cells. RT-PCR showed that SLPI mRNA was expressed 
strongly in SNU638 cells; 54 times higher than that observed in 
the SNU484 cells (p<0.005) (Fig. 1A). SLPI mRNA expression 
was detected at very low levels in the SNU484 cells by Northern 
blotting but was expressed strongly in SNU638 cells; 133 times 
higher than that observed in the SNU484 cells (p<0.005) 
(Fig. 1B). The secreted SLPI protein was not detected in the 
medium of the SNU484 cells and was enhanced 80-fold in the 
SNU638 cells compared to the SNU484 cells. The SLPI protein 
was expressed strongly in the SNU638 cells; 108 times higher 
than that observed in the SNU484 cells (p<0.005) (Fig. 1C). 

Migration and invasion in SNU484 and SNU638 cells after 
the SLPI treatment. The migration assay showed that the 
fluorescence intensity of SNU638 cells was 1.7 times higher 
than that of SNU484 cells (PC). After the SLPI treatment, the 
fluorescence intensity was 1.7 times higher in the SNU484 
cells than the SNU484 cells (PC), and 1.5 times higher in 
the SNU638 cells than the SNU638 (PC) (p<0.05) (Fig. 2A). 
Fluorescence microscopy revealed many migrated SNU638 
cells than SNU484 cells (PC). The SLPI treatment increased 
the migration of both cell types compared to the PC (Fig. 2B). 
In the invasion assay, the fluorescence intensity of the SNU638 
cells was 4.2 times higher than that in the SNU484 cells (PC). 
After the SLPI treatment, the fluorescence intensity of the 
SNU484 cells was increased 3-fold (p<0.05) compared to the 
SNU484 (PC) but the SNU638 cells was unchanged (Fig. 2C). 
Fluorescence microscopy revealed a higher number of invading 
SNU638 cells than SNU484 cells (PC). After the SLPI treat-
ment, the invasion of SNU484 cells was higher than that of 
SNU484 (PC) but the SNU638 cells showed a similar level of 
invasion to SNU638 (PC) (Fig. 2D). The rate of SNU484 and 
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SNU638 cell migration was higher than the invasion rate of the 
PC and SLPI-treated group (Fig. 2A and C).

Invasion of SNU638 cells after transfection of SLPI siRNA. 
SLPI mRNA was expressed 54 and 56 times more strongly in 
the SNU638 cells than in the SNU484 and si-SLPI/SNU638 
cells, respectively (p<0.005) (Fig. 3A). In addition, the level 
of SLPI protein expression was 15 and 24 times higher in 
the SNU638 cells than in the SNU484 and si-SLPI/SNU638 
cells, respectively (p<0.005) (Fig. 3B). In the invasion assay, 
the fluorescence intensity was 4.4 and 5.2 times higher in the 
SNU638 cells than in the SNU484 and si-SLPI/SNU638 cells, 
respectively (p<0.005) (Fig. 3C). Fluorescence microscopy 
revealed significantly less si-SLPI/SNU638 cell invasion than 
the SNU638 cells (Fig. 3D).

The expression of MMP-2, MMP-9 and pElk-1 on SLPI and 
si-SLPI-treated cells. The level of MMP-2 and MMP-9 mRNA 
expression was 2.3 and 5.2 times higher in the SNU484 + SLPI 
cells than SNU484 cells (p<0.05) but was 5.6 and 4.3 times 
higher in the SNU638 cells than si-SLPI/SNU638 cells, respec-
tively (p<0.005). In si-SLPI/SNU638 + SLPI cells, MMP-2 
mRNA expression was 1.9 times higher but MMP-9 expression 

was 1.6 times lower than in the si-SLPI/SNU638 cells. In addi-
tion, the level of MMP-2 and MMP-9 mRNA expression was 
3.9 and 14 times higher in the SNU638 cells than SNU484 cells, 
respectively (Fig. 4A). Zymography revealed a 55- and 23-fold 
increase in MMP-2 and MMP-9 protein secretion in SNU484 + 
SLPI cells than SNU484 cells, and a 4.0- and 4.4-fold decrease 
in the si-SLPI/SNU638 cells compared to the SNU638 cells 
(p<0.005). MMP-2 and MMP-9 protein secretion was 2.0 and 
2.3 times higher in the si-SLPI/SNU638 + SLPI cells than 
si-SLPI/SNU638 cells. In addition, the level of MMP-2 and 
MMP-9 protein secretion was 70 and 36 times higher in the 
SNU638 cells than SNU484 cells, respectively (Fig. 4B).

The expression of the MMP-2 and MMP-9 protein was 2.5 
and 2.9 times higher in the SNU484 + SLPI cells than SNU484 
cells, respectively (p<0.05) but was 4.6 and 10.2 times higher 
in the SNU638 cells than si-SLPI/SNU638 cells, respectively 
(p<0.005). The level of MMP-9 protein expression was similar 
in the si-SLPI/SNU638 and si-SLPI/SNU638 + SLPI cells 
but the level of MMP-2 was 3.2 times higher in the si-SLPI/
SNU638 + SLPI cells than si-SLPI/SNU638 cells. The expres-
sion of the MMP-2 and MMP-9 protein was 4.6 and 10.4 times 
higher in the SNU638 cells than SNU484, respectively (Fig. 5). 
The expression of pElk-1 was barely detectable in the SNU484 
cells but was expressed strongly in the SNU484 + SLPI cells; 46 
times higher than that observed in the SNU484 cells (p<0.005). 
On the other hand, the level of pElk-1 protein expression 
in si-SLPI/SNU638 cells decreased to a similar level to that 
observed in SNU484 cells (p<0.005). The pElk-1 expression 
was 18.4 times higher in si-SLPI/SNU638 + SLPI cells than 
si-SLPI/SNU638 cells, and 61 times higher in SNU638 cells 
than SNU484 cells (Fig. 5).

Discussion

SLPI is expressed in a range of cancer cell lines, and is parti-
cularly overexpressed in the highly liver metastatic tumor cell 
line, IMC-HA1 (20). SLPI is overexpressed in rarely developed 
inflammatory breast cancer with highly angiogenic and meta-
static capacity (21). In addition, the overexpression of SLPI in 
lung carcinoma cells showed rapid tumorigenicity and lung 
metastasis upon subcutaneous inoculation compared to the 
control cells (7). The level of SLPI expression was higher in all 
types of ovarian cancers. Moreover, the blood concentration of 
SLPI is high in ovarian cancer compared to normal ovaries or 
benign ovarian tumors, and is particularly high in malignant 
tumors with a high metastatic potential (22). SLPI mRNA is 
overexpressed in serosa invading gastric cancer cells, and the 
cell migration and invasion rate was significantly increased 
in AZ521 cells, a SLPI overexpressing gastric cancer cell line 
(16). In the present study, SLPI mRNA and protein expression 
in SNU638 cells, which have higher metastatic potential than 
SNU484 cells, was higher than in SNU484 cells. In addition, 
the migration and invasion rate of SNU638 cells was higher 
than that in SNU484 cells. After treatment with the SLPI 
protein, the migration rate was higher in both cell types, and 
the invasion rate was higher in the SNU484 cells than SNU638 
cells under these conditions. However, the invasion rate was 
significantly lower in the si-SLPI/SNU638 cells. Furthermore, 
the migration and invasion rate of non-metastatic SNU484 cells 
after the SLPI treatment was similar to that in SNU638 cells. 

Figure 1. SLPI mRNA and protein expression in SNU484 and SNU638 cells. 
SLPI mRNA expression in SNU484 and SNU638 cells was compared using 
RT-PCR (A) and Northern blotting (B). SLPI mRNA was expressed strongly 
in SNU638 cells compared to SNU484 cells. (C), The expression of secreted 
and cytosolic SLPI protein in SNU484 and SNU638 cells was compared. The 
secreted and cytosolic SLPI protein was expressed strongly in SNU638 cells 
compared to SNU484 cells. β-actin was used as the internal control. Sup, super-
natant; Lys, lysate.
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Figure 2. Migration and invasion by SLPI in SNU484 and SNU638 cells. A migration (A) and invasion (C) of SNU638 cells was higher than in the positive 
control (PC) SNU484 cells. The migration of SNU484 and SNU638 cells was higher than the PC after the SLPI treatment. The invasion of SNU484 cells was 
increased but the SNU638 cells were unaffected compared to the PC of SNU638 cells after the SLPI treatment. More migrated (B) and invaded (D) cells were 
observed in SNU638 than SNU484 cells. RFU, relative fluorescent units; NC, negative control. All scale bars are 200 µm.

Figure 3. SLPI mRNA, protein expression and invasion assay in SNU484, SNU638 and si-SLPI/SNU638 cells. (A), The expression of SLPI mRNA was significantly 
lower in si-SLPI/SNU638 cells than in SNU638 cells. (B), The level of SLPI protein expression was significantly higher in si-SLPI/SNU638 cells in accordance with 
the mRNA expression. (C and D), Invasion assay of SNU484, SNU638 and si-SLPI/SNU638 cells. The number of invaded si-SLPI/SNU638 cells was significantly 
lower than SNU638 cells. All scale bars are 200 µm. 
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Figure 4. Expression of MMP-2 and MMP-9 in SNU484, SNU484 + SLPI, SNU638, si-SLPI/SNU638 and si-SLPI/SNU638 + SLPI cells. (A), The level of 
MMP-2 and MMP-9 mRNA expression was higher in SNU484 + SLPI cells than the SNU484 cells but was lower in si-SLPI/SNU638 cells than in SNU638 
cells. (B), MMP-2 and MMP-9 secretion in SNU cells using gelatin zymography. The quantity of MMP-2 and MMP-9 secreted was significantly higher in 
SNU484 + SLPI cells than SNU484 cells but was lower in si-SLPI/SNU638 and si-SLPI/SNU638 + SLPI cells than in SNU638 cells. 

Figure 5. MMP-2 and MMP-9 expression related to the phosphorylation of pElk-1 in SNU484, SNU484 + SLPI, SNU638, si-SLPI/SNU638 and si-SLPI/SNU638 + 
SLPI cells. Expression of MMP-2, MMP-9 and Elk-1 proteins was significantly higher in SNU484 + SLPI and SNU638 cells than in SNU484 cells but the levels 
of these proteins were lower in si-SLPI/SNU638 cells than in SNU638 cells. 
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This suggests that SLPI accelerates the migration and invasion 
of SNU638 gastric cancer cells, as in other cancer cells.

Matrix metalloproteinases (MMPs) are responsible for 
reorganizing the extracellular matrix as enzymes under physio-
logical and pathological circumstances. Degradation of the 
extracellular matrix by MMP in cancer progression is one of the 
processes for angiogenesis, cell migration, invasion and meta-
stasis, and the balance of expression and activation between 
the MMPs and protease inhibitors is very important in these 
processes. Among these MMPs, the expression and activation 
of MMP-2 and MMP-9 was higher in malignant lung cancer 
than normal tissue (23). In addition, the expression of MMP-2 
and MMP-9 was higher in malignant ovarian cancer, which 
promoted lymphatic metastasis (24). A high circulating blood 
concentration of MMP-2 and MMP-9 and enhanced metastatic 
potential of cancer cells were observed in a gastric cancer patient 
(25). Moreover, the level of MMP-2 and MMP-9 was higher in 
malignant gastric cancer tissue, and MMP-2 plays a key role 
for the spreading of gastric carcinoma cells (26). In this study, 
the MMP-2 and MMP-9 mRNA and protein was expressed 
strongly in SNU638 cells and secreted abundantly to the extra-
cellular space. Interestingly, MMP-2 expression was higher than 
MMP-9. In a previous study, MMP-2 protein expression was 
higher in endometrioid carcinoma tissue than MMP-9 (27), and 
MMP-2 plasma level was higher than MMP-9 in ovarian tumor 
tissue (28). In contrast, MMP-9 protein expression was higher 
than MMP-2 in ameloblastoma and adenomatoid odontogenic 
tumors (29). In addition, the number of MMP-9 positive cells 
and plasma level were significantly higher than that of MMP-2 
in melanoma tissue (30). A level of MMP-9 protein and mRNA 
was significantly higher in gastric cancer tissue that MMP-2 
(17,31). The reason for the differences in the expression and 
activity of MMP-2 and MMP-9 is unknown but might be due to 
the matrix-matrix interactions with cancer cells (32).

The SLPI protein is divided into two domains, to act as an 
anti-inflammatory cytokine and to inhibit protease (2). As an 
anti-inflammatory cytokine, SLPI decreased the inflammatory 
response in the conjunctiva with the viral antigen to suppress 
the infiltration and degranulation of eosinophil (33). In addition, 
SLPI decreased the tissue injury via the inflammatory response 
in arthritis as the reducing infiltration of neutrophils (34). As a 
protease inhibitor, SLPI protected against injuries to the human 
bronchial tissue through an inflammatory response by inhibiting 
the elastase activity secreted from neutrophils (4). Although 
tissue inhibitor of matrix metalloproteinases (TIMP) inhibits 
MMPs, the mRNA expression of TIMP-1, TIMP-2, MMP-2 and 
MMP-9 was higher in breast cancer tissue and the metastasis 
was high in the lymph nodes or other organs (35). In the present 
study, RT-PCR, zymography and Western blot results showed 
that SLPI regulates the level of MMP-2 and MMP-9 expression. 

The level of MMP-2 and MMP-9 secretion is higher in the 
skin wounds of SLPI null mice compared to the wild-type (15). 
Moreover, MMP-9 expression was increased during the inflam-
matory response in bronchiole epithelial cells but decreased 
significantly after SLPI treatment (36). Based on previous 
reports, exogenous SLPI may suppress the expression and 
secretion of MMP-9 in the inflammatory response by treatment 
with LPS or wound induction. Interestingly, SLPI, MMP-2 and 
MMP-9 are expressed strongly and secreted in high metastatic 
SNU638 cells but not in si-SLPI/SNU638 cells. In addition, the 

rate of si-SLPI/SNU638 cell invasion was found to be signifi-
cantly lower than that of SNU638 cells. MMP-9 secretion was 
increased significantly by LPS stimulation but this increase in 
secretion was interrupted by SLPI treatment, suggesting that 
SLPI acts as a signaling molecule, which is not a protease 
inhibitor in monocytes (14). Hepatocyte growth factor (HGF) 
increased the rate of invasion, Elk-1 phosphorylation (pElk-1) 
and MMP-9 secretion in the human hepatoma cell line, HepG2 
(37). Elk-1 is a transcription factor known to induce the 
expression of the MMP-2 and MMP-9 gene by binding to the 
promoter region of the MMP-2 and MMP-9 gene after phos-
phorylation (38,39). Therefore, SLPI-siRNA was transfected 
to SNU638 cells to regulate MMP-2 and MMP-9 by SLPI. 
In addition, SNU484 and si-SLPI/SNU638 cells were treated 
with the rhSLPI protein. These results showed that MMP-2 and 
MMP-9 are expressed weakly in SNU484 cells but strongly 
in SNU484 + SLPI and SNU638 cells, and were significantly 
lower in si-SLPI/SNU638 cells. pElk-1 was barely detectable 
in SNU484 cells but was expressed strongly in SNU484 + 
SLPI and SNU638 cells. The level in si-SLPI/SNU638 cells 
was similar to that observed in SNU484 cells. In addition, the 
expression pattern of pElk-1 was similar to the expression and 
secretion of MMP-2 and MMP-9 in these cells. These results 
suggest that SLPI can regulate the increase in MMP-2 and 
MMP-9 expression by inducing Elk-1 phosphorylation.

In conclusion, SLPI may play a role not as protease inhibitor 
but as a signaling molecule, promoting the metastatic process 
including cell migration and the invasion of gastric cancer cells, 
SNU638, by increasing MMP-2 and MMP-9 expression through 
Elk-1 phosphorylation. Nevertheless, a further examination of 
the signaling transduction pathway of SLPI in MMP-2 and 
MMP-9 expression will be needed. 
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