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Asporin participates in gastric cancer cell growth and
migration by influencing EGF receptor signaling
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Abstract. Asporin (ASPN), a novel member of the small
leucine-rich proteoglycan (SLRP) family, serves as a key
component of the tumor stroma and has been reported to be
abnormally expressed in certain types of tumors. Specifically,
the proteoglycan was proven to activate the coordinated
invasion of scirrhous gastric cancer and cancer-associated
fibroblasts. However, the role of ASPN in cancer cell growth
and metastasis has not yet been addressed. In the present
study, we aimed to evaluate the tumoricidal benefits of ASPN
on tumorigenesis and progression of gastric cancer. Firstly,
it was demonstrated that ASPN was overexpressed in gastric
carcinoma tissues when compared to the corresponding
non-cancerous tissues, and it had varied levels of expression in
gastric cancer epithelial cell lines. Additionally, we assessed
the effects of transient siRNA-mediated ASPN knockdown
on gastric cancer cells. ASPN silencing inhibited prolifera-
tion and suppressed the migration of immortalized neoplastic
epithelial cells. Furthermore, at the molecular level, we found
that downregulation of ASPN blocked the anti-apoptotic
molecule Bcl-2, increased the expression of pro-apoptotic
molecule Bad, reduced the expression of migration-related
proteins CD44 and matrix metalloproteinase (MMP)-2, and
abrogated the activation of the phosphorylation status of ERK
and epidermal growth factor (EGF) and its receptor (EGFR).
Collectively, our findings indicate that ASPN is upregulated
and plays an oncogenic role in gastric cancer progression and
metastasis by influencing the EGFR signaling pathway.

Introduction
As one of the most common malignancies worldwide, gastric

cancer is a complex disease and is frequently characterized
by genetic and epigenetic alterations (1,2). The interaction

Correspondence to: Dr Can Liu, Department of Ultrasound, The
First Affiliated Hospital of Yangtze University, 8 HangKong Road,
Jingzhou, Hubei 434000, P.R. China

E-mail: liucancj@sohu.com

Key words: asporin, gastric cancer, proliferation, migration, EGF
receptor signaling

of genetic predispositions with environmental factors is one
major pathogenesis of this cancer (3). Metastasis, the most
critical aspect of tumorigenesis, is considered as a leading
cause of cancer-related mortality (3,4). Thus, important goals
of cancer research are the identification of key genes and
signaling pathways involved in metastasis and tumor progres-
sion, which may facilitate the prediction of those events and
hereby identify therapeutic targets.

It is generally accepted that the tumor environment
determines the behavior of malignant cells. In the tumor
environment, extracellular matrix (ECM) proteoglycans are
essential components and represent a complex structural entity
that supports and interacts with epithelial structures, playing
crucial pathological roles (5). Asporin (ASPN), a novel member
of the small leucine-rich repeat proteoglycan (SLRP) family,
contains a unique aspartate-rich N terminus and is involved
in the stromal modification of ECM (6). The expression levels
of ASPN and other related matrix proteoglycans, for instance
decorin and biglycan, have been assessed in gastric pathology,
and are implicated in the oncogenesis and development of
human gastric carcinoma (7-10). Particularly, Satoyoshi et al
recently concluded that ASPN activates the coordinated
invasion of scirrhous gastric cancer and cancer-associated
fibroblasts by activation of the CD44-Racl pathway (7). In
addition, by applying quantitative mass spectrometry, innova-
tive proteomic technologies or microarray analysis, ASPN
was proven to be upregulated in a series of cancers, including
pancreatic cancer (11), pancreatic ductal adenocarcinoma (12),
prostate cancer (13) and breast carcinoma (14). In osteoarthritis,
Kizawa et al found a direct interaction between ASPN and
TGF-p. An ASPN allele with a 14-aspartic acid repeat in the
N-terminal region, was designated as D14. The frequency of
the D14 allele was found to increase with disease severity, and
the effect of ASPN on TGF-f activity was allele-specific (15).
However, the exact roles of ASPN responsible for tumor cell
proliferation and migration and the specific molecular mecha-
nisms have not been fully elucidaded.

Epidermal growth factor (EGF) and its receptor (EGFR)
are closely associated with tumorigenesis. Overexpression or
activation of these has been observed in a variety of tumor
types and cell lines, including gastric cancer (16,17). Binding
of EGF to EGFR may accelerate cell proliferation and migra-
tion, and trigger epithelial cell signaling in gastric cancer (18).
The MAPK/ERK pathway is a classic downstream signaling
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pathway of EGFR signaling (19). The Bcl-2 gene family could
be regulated by the MAPK/ERK pathway. The homeostatic
balance between pro-apoptotic and anti-apoptotic homodi-
mers (such as Bax and Bcl-2) can reflect cellular apoptosis or
proliferation (20). CD44, a cell surface molecule, is associated
with EGFR and is involved in diverse cell-cell and cell-
matrix interactions, resulting in the metastasis of mammary
carcinoma cells (21). In addition, matrix metalloproteinases
(MMPs), particularly the gelatinase subfamily MMP-2, has
been considered to participate in tumor progression and
metastasis in many types of cancers (22).

Therefore, based on these previous findings, the present
study aimed to further investigate the expression and the
specific cellular function of ASPN in human primary gastric
adenocarcinomas, to extend the knowledge of this matrix
proteoglycan in the development and progression of cancer.

Materials and methods

Clinical materials. Pairs of primary gastric carcinoma tissues
and their corresponding non-neoplastic gastric mucosal tissues
(=5 cm) were acquired from 46 gastric cancer patients who
underwent curative surgery at the First Affiliated Hospital of
Yangtze University. Written informed consent was obtained
from all the participants according to a protocol approved
by the Yangtze University of Medicine Institutional Review
Board. The characteristics of the patients were obtained from
medical records and are summarized in Table I. Portions of
the tissues were processed for immunohistochemistry, quan-
titative real-time PCR and western blot analyses. All samples
were frozen immediately in liquid nitrogen and stored at -80°C
until required.

Immunohistochemical analysis. Gastric tissues were formal-
dehyde-fixed and paraffin-embedded. Sections (5-um) were
deparaffinized in Citrisolve and rehydrated through graded
ethanol. Immunohistochemical staining was performed using
an EnVision kit (Dako, Carpinteria, CA, USA) according to
the manufacturer's protocol. The sections were incubated
with a primary antibody against ASPN (Sigma-Aldrich, St.
Louis, MO, USA) or the negative control (normal rabbit IgG;
Cell Signaling Technology, Danvers, MA, USA). Analysis
of the immunohistochemical staining was performed inde-
pendently by two pathologists. Five random fields from each
section were photographed and analyzed with Image-Pro Plus
6.0 software.

Cell lines and culture. The human normal gastric epithelial cell
line GES and, human gastric cancer cell lines SGC-7901 and
BGC-823 were purchased from the Institute of Biochemistry
and Cell Biology of the Chinese Academy of Science. Human
gastric cancer cell lines AGS, MKN45 and N87 were obtained
from the China Center for Type Culture Collection. All of the
cell lines were maintained in RPMI-1640 (Hyclone, Logan,
UT, USA) medium, and the media were supplemented with
10% FBS (Hyclone), 100 U/ml penicillin, 100 ug/ml strep-
tomycin sulphate and 1 M sodium pyruvate. The cells were
cultured at 37°C in a humidified incubator with 5% CO,. The
cells were passaged with trypsin-EDTA (0.05% trypsin and
0.53 uM tetrasodium EDTA).
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Table I. Clinical characteristics of the gastric cancer patients.

Characteristics No. of patients (%) (N=46)
Gender

Male 27 (58.70)

Female 19 (41.30)
Age (years)

>60 24 (52.17)

<60 22 (47.83)
Tumor size (cm)

<6 25 (54.35)

>6 21 (45.65)
Type

Tubular adenocarcinoma 17 (36.96)

Mucosal adenocarcinoma 16 (34.78)

Signet-ring cell carcinoma 13 (28.26)
Clinical stage

Tand II 19 (41.30)

IIT and IV 27 (58.70)

Plasmid construction and cell transfection. The ASPN
silencing plasmid shRNA was constructed by Shanghai
GenePharma Co., Ltd. (Shanghai, China) targeting the gene
aspn (Gene Bank accession no. NM_017680), and was cloned
into the mammalian expression vector GV248 with Agel and
EcoRlI restriction enzyme sites. Four siRNAs targeting the
indicated genes were designed as follows: ASPN-RNAi
(26538), CGG TGA AAT ACT GGG AAA T; ASPN-RNAi
(26539), TCT TGA TAA TAA TGG GAT A; ASPN-RNAi
(26540), CTC TTG ATA ATA ATG GGA T; and ASPN-RNAIi
(26541), AAC CAA CAT TCC ATTTGAT.

According to the manufacturer's specifications, human
gastric cancer cells were transfected with siRNA-ASPN-GV248
or siRNA-NC-GV248 with Lipofectamine 2000 transfection
reagent (Invitrogen, Gaithersburg, MD, USA) in 6-well plates.
The plasmid expressing EGFP was used to evaluate the trans-
fection efficacy.

Quantitative real-time PCR analyses. Total RNA from the
cells or the frozen tissues was extracted with TRIzol reagent
(Takara, Dalian, China) according to the manufacturer's
instructions. The RNA quality (A260/A280 ratio) and quan-
tity were determined using a standard spectrophotometer.
One microgram of RNA was reversely transcribed using
the RevertAid™ First Strand cDNA Synthesis kit (#1622;
Fermentas, Vilnius, Lithuania) at 42°C for 45 min, followed
by 70°C for 5 min. Quantitative real-time PCR was performed
using QPK-201 SYBR-Green Master Mix (Toyobo, Osaka,
Japan) on a 7300 Real-time PCR system (Applied Biosystems,
Foster City, CA, USA). The target cDNA-specific primers of
ASPN were utilized as described previously (14). GAPDH
was used as the normalization control, and duplicate experi-
ments were performed for ASPN mRNA measurement. The
mRNA expression level was determined using the 2¢24¢Y
method.
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Cell viability assay. AGS cells were seeded onto 96-well plates
for 24 h after siRNA-ASPN-GV248 or siRNA-NC-GV248
transfection at a density of 3,000 cells/well (day 0). Cell viability
was assessed on day 24, 48 and 72 h, using the Cell Counting
Kit-8 assay (CCK-8; Dojindo Laboratories, Tokyo, Japan). Ten
microliters of reagent was added to each well, incubated at 37°C
for 1 h, and the absorbance was detected at 450 nm according
to the manufacturer's instructions. With 5 replicates in each
experiment, independent experiments were repeated 3 times.

Colony formation assay. AGS cells transfected with
siRNA-ASPN-GV248 or the GV248 empty vector were
selected with G418-resistance (Sigma-Aldrich) for 2 weeks.
The stably transfected cells were cultured in 6-well plates
(500/well) until colonies formed consisting of more than
50 cells. Then the cells were fixed in cold-methanol and
stained with crystal violet solution. The colonies were counted
with Quantity One software (Bio-Rad, Hercules, CA, USA)
and photographed. The experiment was performed in triplicate
wells in 3 independent experiments.

Transwell assay. Transwell assays were performed after the
expression of ASPN was downregulated to observe the direct
effect of the apsn gene on the migration of gastric cancer cells.
Briefly, Transwell inserts with 6.5-mm diameter polycarbonate
8-uym microporous membranes (Corning, Inc., Corning,
NY, USA) were placed over the bottom chambers that were
filled with culture medium containing 20% FBS. The AGS
cells that transfected for 24 h with siRNA-ASPN-GV248 or
siRNA-NC-GV248 were suspended in RPMI-1640 medium
containing 1% FBS and added to the upper chamber. After
another 20-h incubation, cells on the upper surface of the well
were removed with a cotton swab, and the migrated cells were
fixed in cold methanol and stained with crystal violet (23). The
number of transmigrated cells in 5 random fields from each
well was counted and photographed. Each experiment was
performed in triplicate, and migration was expressed as the
mean + SD of total cells counted per field.

Wound-healing assay. Wound-healing assays were performed
as described previously (23). Briefly, after transfecting with
siRNA-ASPN-GV248 or siRNA-NC-GV248 for 24 h, the
cells were seeded in 6-well plates (2.0x10° cells/well). Once a
confluent cell monolayer formed, it was scraped using a yellow
sterile pipette tip to generate a scratch wound. Then, the cells
were washed with PBS to remove the cellular debris. The
migration of the cells into the scratch was observed and photo-
graphed at time-points of 0, 10 and 20 h. Wound areas were
calculated to determine the migrated distance. Experiments
were performed in triplicate.

Protein extraction and immunoblotting. Total protein was
prepared from the human tissue specimens and treated
cells with RIPA lysis buffer. The protein concentration was
determined using the protein assay reagent (BCA; Beyotime,
Shanghai, China). The protein extracts were boiled with
5X loading buffer. Equal amounts of protein (40 ug) were
separated on polyacrylamide gel and electro-transferred, trans-
ferred to a nitrocellulose membrane, and then blocked with
5% non-fat dry milk in TBS containing 0.1% Tween-20. The
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following primary antibodies were used for the assays: anti-
ASPN (Sigma-Aldrich), anti-Bcl-2, anti-Bax, anti-ERK and
anti-p-ERK (Cell Signaling Technology), anti-EGFR, anti-p-
EGFR and anti-CD44 (Peprotech, Inc., Rocky Hill, NJ, USA),
anti-MMP-2 (Abcam, Cambridge, UK) and anti-GAPDH
(Bioworld Technology Inc., St. Louis. Park, MN, USA).
The blots were visualized with a HRP-conjugated antibody
followed by chemiluminescence reagent (Millipore, Billerica,
MA, USA) detection on photographic film. The target protein
was normalized to GAPDH through a comparison of the gray
scale values, and the analysis was performed with Quantity
One software.

Statistical analysis. Quantitative data are presented as
means = SD. GraphPad Prism version 5.0 for Windows was
used for all statistical analysis, and the Student's t-test was used
to compare the values of the test and control samples. P<0.05
was considered to indicate a statistically significant result.

Results

Abnormally expressed ASPN in gastric cancer. To evaluate
the expression of ASPN in gastric cancer, 46 pairs of primary
gastric carcinoma tumors and matched adjacent non-tumor
tissues were analyzed by immunohistochemical staining. The
sections showed markedly increased ASPN staining (31/46) in
cancer relative to the matching non-cancerous gastric mucosa
samples from the same patients (Fig. 1A). Additionally, the
aberrant ASPN expression was confirmed by western blot
analysis in 10-paired gastric carcinoma tissues. This analysis
also revealed that ASPN protein levels were significantly
increased in the primary tumor tissues when compared to the
tumor adjacent tissues (Fig. 1B and C). Furthermore, ASPN
mRNA expression was investigated in gastric cancer with
quantitative real-time PCR. There was an insignificant trend
toward ASPN mRNA upregulation in the gastric cancer tissues
relative to the matched adjacent non-tumor tissues (Fig. 1D).
Taken together, these results suggest that ASPN is aberrantly
expressed in gastric cancer and the proteoglycan may function
as an oncogene in gastric carcinogenesis.

ASPN has varied expression in gastric cancer epithelial cell
lines. We further examined ASPN protein levels in different
gastric cancer epithelial cell lines, including AGS, MKN28,
SGC-7901, N87, BGC-823, MKN45, and the human immor-
talized gastric mucosa epithelial cell GES. Among these cell
lines, as shown in Fig. 1E, the poorly differentiated adeno-
carcinoma cell lines AGS, BGC-823 and MKN45 exhibited
relatively high levels of ASPN expression; the moderately
differentiated adenocarcinoma cell line SGC-7901 and the
well-differentiated adenocarcinoma cell line N87 revealed low
levels of ASPN; and the human immortalized gastric mucosa
epithelial cell line GES showed apparently low levels of
ASPN (2). Collectively, the results suggest that ASPN expres-
sion is varied in an inverse trend following the differentiation
degree of gastric cancer epithelial cell lines, at least to some
extent.

ASPN is required for the proliferation of gastric cancer cells.
To understand the potential function of ASPN in gastric cancer,
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Figure 1. Identification of differential ASPN expression in gastric carcinoma tissues and cells. (A) Immunohistochemical staining of ASPN in human gastric
carcinoma (left) and adjacent normal (right) specimens. (B) Expression of ASPN protein in gastric carcinoma tissues and the matched adjacent non-tumor
tissues. C, carcinoma tissues, N, surrounding non-tumor tissues. (C) The intensity of ASPN bands of the western blot analysis in 10 pairs of gastric carcinoma
tissues and corresponding normal tissues was quantified by scanning densitometry. ““P<0.01. (D) Quantitative real-time PCR showed that ASPN expression
was upregulated in gastric carcinoma tissues. (E) Western blotting revealed that ASPN had varied expression in different gastric cancer epithelial cell lines.

ASPN, asporin.

the most highly ASPN-expressing AGS cells were transfected
with siRNA-ASPN-GV248 or siRNA-NC-GV248 vector. The
transfection efficiency was identified and confirmed by quanti-
tative real-time PCR and western blotting. Among the 4 siRNAs
targeting for the indicated gene, siRNA-ASPN (26540, #40)
induced the highest level of downregulation (Fig. 2A and B).
The effect of ASPN on the cell proliferation in AGS cells was
confirmed by CCK-8 assay, which showed significant reduc-
tion in cell viability in the siRNA-ASPN-transfected cells at
the time-points of 48 and 72 h, but not at 24 h, compared with
the control vector transfectants (Fig. 2C). In addition, similar
results were revealed in the colony formation assay. The cells
stably transfected with siRNA-ASPN displayed a markedly
decreased number of surviving colonies forming on the plates
(Fig. 2D). Collectively, these results indicate that aberrant

expression of ASPN may be critical for the proliferation and
survival of gastric tumor cells.

ASPN silencing suppresses the migration of gastric cancer
cells. Increased cell motility is one of the properties shared by
cancer cells. Thus, Transwell and wound-healing assays were
performed to further determine whether the downregulation
of ASPN influences the migratory ability of gastric cancer
cells. The results of the Transwell assay indicated that the
numbers of cells in the siRNA-ASPN-GV248 (#40) group that
migrated to the lower surfaces were significantly reduced at
the time-points of 20 h, in comparison to these numbers in the
siRNA-NC and untreated control groups (Fig. 3A). Similarly,
the wound-healing assay showed that ASPN silencing appar-
ently induced less migrating cells than did the control siRNA
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Figure 2. ASPN knockdown decreases the cell viability and clone forma-
tion in gastric epithelial cells. (A) Four siRNAs targeting the indicated
gene selected and ASPN expression as identified by quantitative real-time
PCR. A marked decrease in ASPN mRNA is evident in the siRNA-ASPN-
GV248 (#40) transfectants relative to the mock- and control transfectants.
(B) ASPN protein levels were assessed by western blotting in AGS cells
after sSiRNA-ASPN-GV248 or siRNA-NC-GV248 vector transfection for
48 h. (C) The cell viability levels were measured by the CCK-8 assay. The
assay was performed at 24, 48 or 72 h in AGS cells transfected with siRNA-
ASPN-GV248 (#40) or siRNA-NC-GV248 control vector. Experiments
were performed in triplicate. (D) The monolayer colony formation assays.
AGS cells were transfected with siRNA-ASPN-GV248 (#40) or siRNA-NC-
GV248 control vector and selected with G418 for 2 weeks. The downregulated
expression of ASPN significantly inhibited the colony formation of AGS

cells. Data shown are from representative experiments repeated 3 times with
similar results. "P<0.05, “P<0.01. ASPN, asporin.
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Figure 3. The influence of ASPN knockdown on the migratory ability of gas-
tric cancer cells. (A) The directed migratory capacities of gastric cancer cells
after tranfection with the sSiRNA-ASPN (#40) were evaluated by a Transwell
assay. The cells on the undersurface of the filter were photographed and
are shown. Values are the mean + SD from 3 independent experiments.
“P<0.05. (B) A wound-healing assay was performed to assess the migration
of AGS cells after transfection with siRNA-ASPN-GV248 (#40) or siRNA-
NC-GV248. The migratory rate was quantified by measuring the distance
between the edges of the scratch at t=0 h relative to t=20 h. ASPN, asporin.

transfectants (Fig. 3B). These results indicated that ASPN
downregulation reduced the migratory ability of gastric cancer
cells. Conversely, it could be concluded that ASPN expression
levels were correlated with the gastric cancer migration levels.

ASPN is critical for the activation of the EGFR/ERK signaling
pathway. To further substantiate the proliferation and migra-
tion activity of ASPN, apoptosis-related proteins (Bcl-2 and
Bax) and migration-related proteins (CD44 and MMP-2) were
analyzed after silencing of the expression of ASPN. Asexpected,
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Figure 4. ASPN silencing reduces the activity of the EGFR/ERK pathway. Protein indicators related to Bcl-2, Bax, CD44, MMP-2 (A), and ERK1/2, p-ERK1/2,
EGFR, p-EGFR (B) were detected by western blotting after AGS cells were transfected with siRNA-ASPN-GV248 (#40) or siRNA-NC-GV248 for 72 h.
“P<0.05, “'P<0.01. p- indicates the phosphorylated form. ASPN, asporin; EGFR, epidermal growth factor receptor; MMP, matrix metalloproteinase.

the western blot analysis results revealed that the downregula-
tion of ASPN blocked the expression of the anti-apoptotic
molecule Bcl-2 and increased the pro-apoptotic molecule Bad,
keeping in line with the results of the cell viability and colony
formation assays. Meanwhile, ASPN silencing also reduced
the levels of the migration-related proteins CD44 and MMP-2,
confirming the results of the Transwell and wound-healing
assays, at the protein level (Fig. 4A). The EGFR/ERK pathway,
with many interactions occurring, has been well characterized
as a key element of a complex signaling network involved in
cell survival, migration and angiogenesis (24,25). To evaluate
the potential influence of ASPN on EGFR/ERK signaling,
total and general phosphorylation of expression of the related
molecules were measured. As shown in Fig. 4B, ectopic ASPN
significantly influenced the activation of the phosphorylation
status of ERK and EGFR, but not the total molecules. Thus,
these findings indicate the possibility that ASPN is involved
in gastric cancer cell growth and migration via EGFR-ERK
signaling, at least in part.

Discussion
The tumor environment is one major factor that determines

the behavior of malignant cells, and the ECM proteoglycans
are essential components of the structural entity (23). Thus,

we hypothesized that aberrant expression of proteoglycans is a
more frequent event and plays many physiological and patho-
logical roles in the development and progression of tumors and
merits further investigation. It is clear that SLRPs are biologi-
cally active components of ECM (26). ASPN, a new member
of the SLRPs, is expressed abundantly in several malignant
tumors, suggesting its involvement in the tumorigenesis and
progression of cancer (6). Our present results, consistent with
previous studies, revealed a significantly elevated ASPN
expression in carcinoma tissues relative to the matched adja-
cent non-tumor tissues (11-14). In addition, ASPN had varied
expression in an inverse trend according to the differentiation
degree of gastric cancer epithelial cell lines, hinting its onco-
genic property, to some extent.

ASPN may have numerous ways to contribute to tumor
progression. However, owing to the limited studies to date,
the association between stromal ASPN expression and
clinicopathological tumor characteristics remains largely
uncharacterized. Even though Satoyoshi ef al (7) reported that
ASPN promotes the coordinated invasion of cancer-associated
fibroblasts and gastric cancer both in vitro and in vivo, further
investigation is required to clarify both the general role and
exact mechanisms of action of ASPN in human neoplasia.

On the basis of the literature, we performed cell prolifera-
tion assays to evaluate the potential role of ASPN in gastric
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cancer epithelial cell proliferation. Our findings from both
the CCK-8 and colony formation assays showed that ASPN
blockade abrogates the proliferation of AGS cells. At the
protein level, ASPN silencing also induced a decreased level
of anti-apoptotic Bcl-2 and an increased level of pro-apoptotic
Bad, indicating that ASPN may play an oncogenic role in
gastric tumor cell survival and proliferation.

Furthermore, we performed migration assays to investigate
whether ASPN influences the migratory ability of gastric
cancer cells. To exclude the possibility that cell proliferation
influenced cell migration, migration assays were carried out
within 24 h of siRNA transfection, when siRNA-ASPN did
not induce a significant reduction in cell viability. Our results
revealed that siRNA-mediated knockdown of ASPN in AGS
cells significantly decreased the migration of gastric cancer
cells. CD44 together with other oncoproteins, such as MMP-2
and MMP-9, have been reported to be associated with gastric
cancer metastasis (27). Khurana et al recently documented
that loss of CD44 in vivo results in decreased proliferation of
gastric epithelium and the ERK—>CD44—STAT3 signaling
pathway regulates normal and atrophy-induced gastric
stem/progenitor-cell proliferation (28). Additionally, lines of
evidence suggest that MMPs participate in cell growth, angio-
genesis and epithelial-mesenchymal transition (3). Particularly
MMP-2, regulated by tissue inhibitor of MMP-2, was proven to
play an important role in the progression of gastric cancer (29).
Particularly, the activation of the MMP-2 protein is positively
related to the metastasis of gastric cancer AGS cells (30). In
this context, our data showed that the expression levels of
CD44 and MMP-2 were decreased significantly when ASPN
was silenced, which further suggests that ASPN is related to
the migration of gastric cancer cells.

An ASPN allele with a 14-aspartic acid repeat in the
N-terminal region, was designated as D14. The frequency of
the D14 allele was found to increase with disease severity, and
the effect of ASPN on TGF- activity was allele-specific (15).
Song et al also reported that the D14 allele is associated
with lumbar disc degeneration (31). Likewise, through its
leucine-rich repeat motif, ASPN inhibits the activation of bone
morphogenetic protein receptor, resulting in the inactivation of
differentiation of periodontal ligament cells (32). Nevertheless,
the biological mechanisms of ASPN involved in the carcino-
genesis and metastasis of tumors are not yet fully clarified.

Decorin, with a similar structure to ASPN, is a multifunc-
tional molecule of the ECM (33). Previous evidence suggests
that decorin, as a key component of the tumor stroma, inter-
acts with various growth factors such as EGF and TGF-f
and is necessary for cell migration (34,35). Furthermore, it
may regulate the action of several tyrosine-kinase receptors,
including the EGFR, ERK and insulin-like growth factor
receptor I (36,37). Thereupon, whether similar mechanisms of
ASPN play a role in tumors warrants attention. In the present
study, ectopic ASPN significantly blocked the activation of the
phosphorylation status of ERK and EGFR, but not the total
molecules.

Because of the causal involvement in gastric cancer
differentiation and progression, EGFR and its ligands have
recently received considerable attention (17). MAPK/ERK,
one classic downstream signal of the EGFR pathway, could
regulate CD44 to modulate tumor aggressiveness (38). The
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most recent study showed that prostate cancer cell migration
and invasion were inhibited by reducing MMP-2/-9 expres-
sion via the ROS/ERK pathways (39). Based on this evidence
and our present results, it seems reasonable to conclude that
ASPN regulates gastric cancer metastasis through activation
of EGFR and the ERK-CD44/MMP-2 pathway.

In summary, our study implies that ASPN, a proteoglycan
that is aberrant expressed in gastric carcinoma tissues and cell
lines, possesses characteristics of an oncogene to a certain
extent in gastric carcinogenesis. The cell and molecular
biological analyses of ASPN suggest that the proteoglycan
contributes to gastric cancer growth and metastasis by
regulating the EGFR signaling pathway. Thus, our research
provides additional support of previous studies that report that
ASPN represents a viable therapeutic regimen with which to
treat gastric cancer aimed at manipulating the cancer micro-
environment.
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