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A quantitative proteomics study on olfactomedin 4
in the development of gastric cancer
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Abstract. Gastric cancer (GC) is now one of the most
common malignancies with a relatively high incidence and
high mortality rate. The prognosis is closely related to the
degree of tumor metastasis. The mechanism of metastasis
is still unclear. Proteomics analysis is a powerful tool to
study and evaluate protein expression in tumor tissues. In the
present study, we collected 15 gastric cancer and adjacent
normal gastric tissues and used the isobaric tags for rela-
tive and absolute quantitation (iTRAQ) method to identify
differentially expressed proteins. A total of 134 proteins
were differentially expressed between the cancerous and
non-cancerous samples. Azurocidin 1 (AZU1), CPVL,
olfactomedin 4 (OLFM4) and Villin 1 (VIL1) were upregu-
lated and confirmed by western blot analysis, real-time
quantitative PCR and immunohistochemical analyses.
These results were in accordance with iTRAQ. Furthermore,
silencing the OLFM4 expression suppressed the migration,
invasion and proliferation of the GC cells in vitro. The present
study represents a successful application of the iTRAQ
method in analyzing the expression levels of thousands of
proteins. Overexpression of OLFM4 in gastric cancer may

Correspondence to: Dr Ligang Wu, Department of Oncological
Surgery, General Hospital of Ningxia Medical University, Yinchuan,
Ningxia 750004, P.R. China

E-mail: wuligang654321@163.com

Dr Weiqun Zeng, Department of Infectious Diseases, The Second
Affiliated Hospital of Chongqing Medical University, No. 74 Lin
Jiang Road, Yuzhong, Chongqing 400010, P.R. China

E-mail: zwq641213@sina.com

*Contributed equally

Key words: gastric cancer, mechanism, olfactomedin 4, iTRAQ,
migration, invasion, proteomics

induce the development of gastric cancer. Overall, suppres-
sion of OLFM4 expression may be a promising strategy in
the development of novel cancer therapeutic drugs.

Introduction

Gastric cancer (GC) is the fifth most common cancer in the
world, following lung, breast, prostate and colorectal cancers,
with an estimated 952,000 newly reported cases and 723,000
related deaths in 2012. Of these new cases, more than 70%
occurred in less developed regions, with 50% occurring in
Eastern Asia (mainly in China) (1). The depth of wall invasion,
local lymph node and distal organ invasion, which are found
with tumor-metastasis in the clinical staging systems, are
evaluated for GC diagnosis and prognosis. A 5-year survival
rate of >90% has been observed for patients diagnosed with
early gastric cancer, whereas the survival rate is only 5% for
those diagnosed with GC with synchronous distant metas-
tasis (2). The mechanism of metastasis is still unknown.
Therefore, investigating the molecular mechanism of gastric
cancer metastasis could provide insights to improve diagnosis
and therapeutic approaches.

In recent years, proteomics analysis has provided us with a
powerful, global tool to study and evaluate protein expression.
Two-dimensional gel electrophoresis (2-DE) was widely used
in proteomics-based approaches, which has been traditionally
performed in order to identify the cancer-related protein (3).
However, 2-DE is a labor-intensive method which is insensitive
to the detection of low-abundance protein and hydrophobic
membrane proteins. Both limited sample capacity and low
linear visualization range are its disadvantages (4). Nowadays,
isotope-based quantitative proteomics is widely used in the
identification and quantification of proteins, such as isobaric
tags for relative and absolute quantitation (iTRAQ) (5),
ICAT (6), 180 (7) and SILAC (8). Among these techniques,
the iTRAQ method is an MS/MS-based technique which
enables both protein identification and relative quantification
in a multiplexed experiment.



Table I. The clinical and pathological data of gastric cancer patients (15 samples).
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Sample no.  Gender  Age (years)  Tumor position Pathology Grade  Stage TNM Type
1 Female 68 Gastric antrum Adenocarcinoma 3 b T4N2MO  Malignant
2 Male 59 Gastric antrum Adenocarcinoma 3 Ia T2N3MO  Malignant
3 Female 65 Gastric fundus Adenocarcinoma 3 I T2NIMO  Malignant
4 Male 65 Gastric body Adenocarcinoma 3 Ia T4ANIMO  Malignant
5 Male 60 Gastric antrum Adenocarcinoma 3 IIIb T3N3MO  Malignant
6 Female 73 Gastric antrum Adenocarcinoma 3 v T3N2M1  Malignant
7 Male 47 Gastric antrum Adenocarcinoma 3 IMa T2N3MO  Malignant
8 Female 67 Gastric body Adenocarcinoma 3 v T3N3M1  Malignant
9 Male 77 Gastric fundus Adenocarcinoma 3 v T3NOM1  Malignant
10 Female 51 Gastric antrum Adenocarcinoma 3 IMa T3N2MO  Malignant
11 Male 55 Gastric antrum Adenocarcinoma 3 v T2N3M1  Malignant
12 Male 78 Gastric body Adenocarcinoma 3 v T3N3M1  Malignant
13 Female 56 Gastric antrum Adenocarcinoma 3 IMa T3N2MO  Malignant
14 Male 64 Gastric antrum Adenocarcinoma 2 II T2NIMO  Malignant
15 Female 65 Gastric fundus Adenocarcinoma 2 II TIN2MO  Malignant

In the present study, we used the quantitation of the
proteomics method to analyze the differences of protein
expression levels between gastric cancer and normal gastric
tissues. Among these proteins, we focused on olfactomedin 4
(OLFM4) because this protein has recently been shown to be
aberrantly expressed in malignancies. Furthermore, the study
on the function of OLFM4 in gastric cancer had not been
previously reported. We further studied the biological func-
tion of GC cells silencing OLFM4 expression, in an attempt
to determine whether the overexpression of this protein is
relevant to the malignancy of gastric cancer.

Materials and methods

Patients and cell lines. Fifteen patients with gastric cancer
were included in this study (Table I). In our clinical patients, a
majority of GC patients had neoplasms of intermediate differ-
entiation (stage III or I'V). The patients were selected from
gastric cancer patients from the Second Affiliated Hospital of
Chongging Medical University. Gastric cancer tissues and adja-
cent non-cancer gastric tissue were used for iTRAQ-coupled
LC-MS/MS analyses. Non-cancer tissues were obtained
from the distal edge of the resection at least 10 cm from the
tumor. The study was approved by the Ethics Committee of
Chongging Medical University and all patients signed written
informed consent prior to participation in the present study.
Two human gastric cancer cell lines (AGS and MKN28) from
ATCC were grown in RPMI-1640 medium supplanted with
10% fetal bovine serum (FBS; Gibco, San Diego, CA, USA)
and penicillin and incubated in an atmosphere of 5.0% carbon
dioxide at 37°C.

Protein digestion and peptide iTRAQ labeling. The 8-plex
iTRAQ kits were obtained from Applied Biosystems (Foster
City, CA, USA). All the proteins were extracted using a
Sample Grinding kit obtained from Amersham Biosciences

with lysis buffer which contains 7 M urea, 1| mM PMSF,
1 mM Na;VO, and 1 mg/ml DNase I. After being centrifuged
at 15,000 rpm for 15 min at 4°C (9), the supernatant liquid was
collected, then the protein concentrations were quantified by
the 2D Quantification kit. Approximately 100 ug of protein
from each sample were further precipitated with ice-cold
acetone at -20°C overnight and dissolved with a denatured lysis
buffer. According to the manufacturer's instrument (Applied
Biosystems, Framingham, MA, USA), the cysteines were then
blocked. Each sample was digested to peptides using 20 pl of
0.1 ug/ul sequencing grade modified trypsin (Promega) solu-
tion at 37°C overnight. Labeling was as follows with different
isobaric tags: i) gastric cancer tissues, 117 and 119 tags; and ii)
normal gastric tissues, 118 and 121 tags. Prior to fractionation
of peptides, the labeled samples were placed at room tempera-
ture for 1 h and combined.

Peptide fractionation. The pooled iTRAQ-labeled samples
were solubilized in 300 ul of 1% Pharmalyte (Amersham
Biosciences) and 8 M urea. Samples were used to rehydrate
18 cm-long IPG gel strips (pH 3-10; Amersham Biosciences)
at 30 V for 14 h. Electrofocusing of the peptides was carried
out successively at 500 V for 1 h, 1000 V for 1 h, 3000 V for
1 h and 8000 V for 8.5 h to reach a final level of 68 kVeh. After
focusing, the strips were withdrawn and sliced into 36 sections
of 5 mm thickness. Peptides were extracted by incubating the
gel pieces in 100 ul of 2% acetonitrile, 0.1% formic acid for
1 h (10). The pieces were purified and concentrated on a C18
Discovery DSC-18 SPE column (Sigma-Aldrich), then lyophi-
lized and maintained at -20°C (10). Just prior to LC-MS/MS
analysis, the samples were resuspended in 20 ul of Buffer A
(0.1% formic acid in 2% acetonitrile).

Mass spectrometry and database search. The samples were
analyzed using a QStar Elite mass spectrometer (Applied
Biosystems) coupled with an Dionex UltiMate 3000 liquid
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chromatography system (Amsterdam, The Netherlands) (9,10).
For each analysis, samples were loaded onto a C18 PepMap
column (Dionex) at a flow rate of 300 nl/min. A 125-min
gradient was generated between Buffer A and Buffer B (98%
ACN, 0.1% FA), and consisted of 3 min of both 4% Buffer B
and 96% Buffer A, 7 min of 4-10% Buffer B, 55 min of 10-35%
Buffer B, 25 min of 35-100% Buffer B, 15 min of 100% Buffer
B and a final 20 min of 96% Buffer A (10). The mass spec-
trometer was set to perform data acquisition in the positive ion
mode, with a selected mass range of 300-1800 m/z. The two
most abundant charged ions which exceeded 20 counts were
chosen for MS/MS and dynamically excluded for 30 sec with
a =50 mDa mass tolerance (10).

ProteinPilot software (version 2.0; Applied Biosystems,
MDS-Sciex) was used for protein identification and quantifi-
cation. MS/MS data were searched against the International
Protein Index (IPI) human database v3.77. The database was
searched by setting a fixed modification of cysteine using
MMTS. Other parameters included oxidation of methionine,
iTRAQ labeled-lysine, N-terminal iTRAQ labeling, MS/MS
tolerance: 0.5 Da, and a maximum of one missed cleavage. The
relative quantification of each peptide in the case of iTRAQ
was determined on the MS/MS scans using the peak areas of
117,118, 119 and 121 Da. The Paragon Algorithm embedded in
ProteinPilot V2.0 software was used for the statistical calcula-
tion. In brief, protein identification was based on 3 or more
unique peptides, of >95% confidence, being assigned.

RNA extraction and quantitative RT-PCR. Total RNA was
extracted with a TRIzol reagent (Gibco-BRL, Gaithersburg,
MD, USA) according to the manufacturer's instructions.
First-strand cDNA was synthesized from 2 ug of total
RNA, using A3500 Reverse transcription system (Promega).
RT-PCR was performed on an ABI 7900HT system using the
Tag-Man Gene Expression Assay kit and following primers
for GAPDH (Hs00486019_CE), NAPSA (Hs00188200_CE),
KRT1 (Hs00459308_CE), BCAM (Hs00185951_CE),
OLFM4 (Hs00447959_CE), LGALS7 (Hs00355547_CE),
LGALS3BP (Hs00417610_CE), IDH2 (Hs00475823_CE),
GDI1 (Hs00401968_CE), EPX (Hs00169490_CE), FKBP9
(Hs00405072_CE), HNRNPAB (Hs00269605_CE),
LASP1 (Hs00348599_CE), FGB (Hs00255169_CE), CPVL
(Hs00507250_CE), ACAT1 (Hs00111889_CE), CALDI
(Hs00372592_CE), ATP5L (Hs00334349_CE), BASP1
(Hs00258102_CE), ATP5B (Hs00481655_CE), APCS
(Hs00289738_CE), VIL1 (Hs00206299_CE) and AZUl
(Hs00177715_CE). Relative expression was calculated
according to the 2"*2°T quantification method (11).

Immunoblot analysis. The cells/tissues were lysed for 30 min
at 4°C in a non-ionic detergent (NID) lysis buffer containing
1 mM, pH 8.0 EDTA, 0.5% IGEPAL, 50 mM, pH 7.5 Tris-HCl,
50 mM sodium fluoride, 150 mM NaCl, 1 mM sodium
orthovanadate, 0.5% Triton-X and protease inhibitors (11).
Approximately 20 ug of the protein specimens were separated
with the use of SDS-polyacrylamide and transferred onto
PVDF membranes (Amersham Biosciences). After blocking
with 5% non-fat powdered milk in TBS-T buffer (pH 7.6, 0.5%
Tween-20), the monoclonal antibodies against Azurocidin 1
(AZU1), CPVL, OLFM4, Villin 1 (VIL1), transducer and
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activator of transcription 3 (STAT3), phosphorylated STAT3
(pY705-STAT3), matrix metalloproteinase 9 (MMP9),
matrix metalloproteinase 2 (MMP?2), and actin from Abcam
(Cambridge, MA, USA) were incubated at a dilution of
1:500-1:1,000 at normal temperature for 2 h. A horseradish
peroxidase-conjugated goat anti-mouse IgG or goat anti-rabbit
IgG (Amersham Biosciences) was incubated at a dilution of
1:5,000 for 1 h at room temperature. All of the blots were
developed by the enhanced chemiluminescence (ECL) system
obtained from Amersham Biosciences (Uppsala, Sweden).

Immunohistochemistry (IHC) and tissue microarrays (TMA).
The tissue microarrays (LV801a) obtained from US Biomax
Inc. (Rockville, MD, USA) contain formalin-fixed paraffin
embedded samples of 40 cases of gastric cancer and 40
matched or unmatched cancer adjacent normal, single core
tissues. Immunohistochemistry of TMA was carried out as
previously reported (12). After dewaxing with xylene, sections
were rehydrated using an alcohol gradient (100, 95 and
70%) and finally washed in double-distilled H,O (12). After
quenching endogenous peroxidase activity with 3% H,0O, for
10 min and blocking with BSA for 30 min, the sections were
incubated with antibodies against AZU1, CPVL, OLFM4, and
VILI (1:100) overnight at 4°C. Detection was achieved with the
Envision/horseradish peroxidase system (DakoCytomation,
Glostrup, Denmark) (12). All slides were counterstained with
Gill's hematoxylin for 1 min, dehydrated and mounted for light
microscope analysis (10,12).

The stained TMA slides were evaluated and scored by the
same certified pathologist who was blinded to the clinical data.
The protein expression was assessed using a semi-quantitative
scoring consisting of an assessment of both staining intensity
(scale 0-3) and the percentage of positive cells (0-100%),
which, when multiplied, generate a score ranging from O to
300. The t-test was performed at 95% confidence. All the
statistical analyses were performed using SPSS software for
Windows, version 16.0 (SPSS, Inc., Chicago, IL, USA).

OLFM4 siRNA transfection, wound-healing, cell migration
and invasion assays. AGS and MKN28 cells were transfected
with negative control siRNA (12935-400) or 100 nM of
OLFM4 specific Stealth Select RNAi™ siRNA (HSS116245,
HSS116246 and HSS116247) using Lipofectamine 2000
according to the manufacturer's protocol (Invitrogen-Life
Technologies, Carlsbad CA, USA). Two days following trans-
fection, wound-healing, cell migration and invasion assays
were conducted. The wound healing assay was performed
in 6-well plates. When the cells had grown to confluence, a
wound was incised in the cell monolayer using a sterile p200
pipette tip. Images of the scratches were captured at 0 and 24 h
using a phase contrast microscope. The rate of cell migration
was determined by the extent of gap closure. The transwell
migration and invasion assays were performed using a 24-well
cell migration and invasion assay kit (8 gm pore size, colo-
rimetric format) obtained from Cell Biolabs Inc. (San Diego,
CA, USA) according to the manufacturer's protocol. Briefly,
after being transfected with OLFM4 or control siRNA for
48 h and starved for 24 h, AGS and MKN cells were harvested
and resuspended in serum-free media. Approximately 3x10°
cells/300 ul media were loaded into the upper chamber, and
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Figure 1. Flow chart of iTRAQ proteomics approach.

the lower chambers were filled with 500 pl media (1640 plus
10% FBS). Cells were allowed to migrate or invade for 12 or
24 h, respectively. The non-invasive cells on the top of the
Transwell membrane filter inserts were removed with cotton
swabs, while the migrating/invading cells on the bottom of
the filters were stained, fixed, extracted, and measured at
OD 560 nm according to the manufacturer's instructions. In
each case, the silencing of protein expression was verified by
western blot analysis as described above.

Cell proliferation assay. AGS and MKN28 cells were seeded
onto 96-well plates at a density of 1.5x10° cells/well. Cells
were cultured in RPMI-1640 media with 10% FBS and trans-
fected with OLFM4 siRNA or control siRNA for 0, 24, 48, 72
and 96 h at 37°C. The MTT assay wad performed as follows:
cells were incubated with 20 yl MTT (Sigma-Aldrich) at 37°C
for 4 h. The MTT substrate was then dissolved in 200 ul of
DMSO (Sigma-Aldrich) for 5 min. Finally the absorbance was
measured at 570 nm.

Statistical analysis. All experiments were performed at least
in triplicate. The data were plotted as mean + standard devia-
tion (SD) and performed with the Student's t-test between the
two groups. A P-value of <0.05 was considered statistically
significant.

Results

Analysis of iTRAQ data of aberrantly expressed proteins. We
used the iTRAQ quantification to investigate the mechanism of
GC. The ITRAQ assay was performed on pooled tumor tissues
and pooled non-tumor tissues. To improve the confidence and
enhance the range of protein identification, specimens were
iTRAQ labeled in duplicate. Fig. 1 shows the flow chart of
iTRAQ proteomics approach. The ratio of 117:118 and 119:121
expressed the relative protein expression in the GC tissues
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compared to non-cancer tissues, which were used as a control
group.

For protein quantitation and identification, we used
ProteinPilot 2.0 software to identify hundreds of proteins. The
protein threshold was set to achieve 95% confidence at 5%
FDR (false discovery rate). To classify proteins as upregulated
or downregulated, we introduced an additional 1.3-fold cut-off
for all iTRAQ ratios (10,13-16). Therefore, proteins with
iTRAQ ratios <0.77 (1/1.3) or >1.3 (1.3/1)-fold cut-off (P<0.05)
were considered to be downregulated or upregulated, respec-
tively (13,17). The technical variation of data from duplicate
experiments was <30% (12,14,18-21). A total of 753 unique
proteins were identified with 95% confidence, regardless of
whether or not there was a significant P-value in the iTRAQ
ratios. A total of 134 proteins were expressed differently in
gastric cancer compared to non-cancer tissues (51 overex-
pressed and 83 downregulated proteins). Due to limitations of
space, only the top 30 downregulated and upregulated proteins
in both pooled non-cancer tissues and pooled cancer tissues
are shown in Table II.

Cellular and molecular functional characteristics of the
proteins. To better identify the functional characteristics,
the 134 aberrantly expressed proteins were uploaded into
PANTHER (www.pantherdb.org/) and grouped on the basis
of their reported biological processes and molecular functions.

The identities of a total of 134 proteins and their molecular
functions are shown in Fig. 2, which include 12 biological
processes, 25 protein classes and 9 molecular functions.
Metabolic, cellular and developmental processes were the
most common biological processes reported.

Validation of iTRAQ identified candidate proteins. To validate
the observed protein changes, western blotting and RT-PCR
were performed with identical pooled cancer samples and
non-cancer samples used in the iTRAQ assay. Fig. 3A
shows that AZU1, CPVL, OLFM4 and VIL1 were obvi-
ously increased in the gastric cancer tissues, compared with
normal gastric tissues. Although each immunoblot had its own
control, only one representative actin blot is shown. Fig. 3B
shows the mRNA expression levels of NAPSA,KRT1, BCAM,
OLFM4, LGALS7, LGALS3BP, IDH2, GDI1, EPX, FKBP9,
HNRNPAB, LASPI1, FGB, CPVL, ACAT1, CALDI1, ATPSL,
BASP1, ATP5B, APCS, VIL1, AZU1 and HEXB as standard-
ized to GADPH. As expected, the mRNA levels of KRTI,
OLFM4, LGALS7, LGALS3BP, EPX, FKBP9, LASP1, FGB,
CPVL,CALDI, VIL1,HEXB, BASP1, AZU1 and HNRNPAB
were found to be increased in gastric cancer tissues, whereas
the levels of NAPSA, BCAM, IDH2, GDI1, ACAT1, ATP5SL,
ATP5B and APCS were decreased, compared to non-cancer
tissues. These results correspond with that revealed by iTRAQ.
Similarly, IHC (immunohistochemistry) in tissue microarrays
of gastric cancer tissues and non-cancerous tissues proved
that gastric cancer tissues expressed increased AZUI1, CPVL,
OLFM4 and VIL1 immunostaining compared to control
tissues (Fig. 4).

OLFM4 plays a role in GC cell invasion, migration and
wound healing and proliferation. Since we observed that the
upregulation of OLFM4 in gastric cancer is a frequent event
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Figure 2. Classification of proteins identified through proteomics into their (A) molecular biological processes, (B) protein class, and (C) molecular functions.
This was done via the PANTHER (Protein Analysis through Evolutionary Relationships) Classification System (www.pantherdb.org/).

and closely associated with gastric cancer metastasis, we
postulated that overexpression of OLFM4 in gastric cancer
cells can promote cell migration and invasion. Thus, we used
siRNA technology to inhibit OLFM4 expression in gastric
cancer cell lines. AGS cells and MKN28 cells were trans-
fected with OLFM4-specific siRNA sequences. According to
western blot analysis, efficient silencing of OLFM4 expression
was demonstrated by the OLFM4-specific siRNA sequences
(Fig. 5A). Using RNA interference, we saw that the downregu-
lation of OLFM4 markedly inhibited the invasion of AGS and

MKN28 cells by 48-50 and 41-50%, respectively, compared to
the controls (P<0.05) (Fig. 5B). The migration assay proved
that OLFM4-specific siRNAs weakened the migration of AGS
cells and MKN28 cells by 43-49 and 44-54%, respectively, in
comparison with control siRNA (P<0.05) (Fig. 5C). Similarly,
the ability to close scratch wounds was decreased in AGS
and MKN28 cells (Fig. 5D). We also used the MTS assay to
examine the proliferation of OLFM4-silenced vs. control AGS
cells and MKN28 cells. The proliferation of AGS cells and
MKN?28 cells was depressed compared to the control cells,
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Figure 3. Evaluation of the differentially expressed proteins in gastric cancer tissues and normal gastric tissues. (A) A representative western blot analysis for
AZU1,CPVL, OLFM4 and VILI expression in gastric cancer tissues and normal gastric tissues. The expression of proteins AZU1, CPVL, OLFM4 and VILI
was significantly increased in cancer tissues compared to normal gastric tissues (bars indicate SD, "P<0.05). Actin was used as the normalization standard.
(B) Real-time RT-PCR detected the relative mRNA expression levels of NAPSA, KRT1, BCAM, OLFM4, LGALS7, LGALS3BP, IDH2, GDI1, EPX, FKBP9,
HNRNPAB, LASPI, FGB, CPVL, ACAT1, CALDI, ATP5L, BASP1, ATP5B, APCS, VILI, AZUI and HEXB as normalized to GADPH (P<0.05).

indicating that OLFM4 plays a crucial role in GC cell prolif-
eration (Fig. 5E).

Knockdown of OLFM4 suppresses p-STAT3, MMP9 and
MMP?2 protein expression. The expression of p-STAT3,
STAT3, MMP9 and MMP2 are known to participate in the
pathogenic mechanism of tumor metastasis (22-24). To inspect
the role of differential OLFM4 expression, the protein levels of
STATS3, p-STAT3, MMP9 and MMP2 were evaluated in GC
cells following OLFM4 silencing. We observed that the down-
regulation of OLFM4 inhibits p-STAT3, MMP9 and MMP2
expression at the protein level in AGS cells (P<0.05) (Fig. 6). A
consistent phenotype was also observed in MKN28 cells after
OLFM4 silencing (data not shown).

Discussion

Gastric cancer is one of the most frequent malignant tumors
worldwide with a high mortality and morbidity. Surgery
and chemotherapy are the mainstream methods of treating
this malignancy, but vast majority of patients have already
metastasis by the time a diagnosis is made. The prognosis of
these patients is still very poor after operation and chemo-
therapy (25). The 5-year survival rate is obviously decreased

for patients with metastasis, compared to patients diagnosed
early (2). Investigations into the molecular mechanisms
involved in gastric cancer progression are necessary and may
provide insights leading to improved diagnosis and therapeutic
approaches.

The present study used the iTRAQ based proteomics
method to confirm proteins with differential expressions
between patient samples of gastric cancer tissues and non-
cancerous tissues. As a result, 134 aberrantly proteins were
identified in gastric cancer samples. Many of them, including
AZUl, CPVL, OLFM4 and VIL1 were identified using
western blot analyis, RT-PCR and THC. The data indicated that
the iTRAQ labeling method is both reliable and powerful for
protein quantification. Moreover, OLFM4 has been proven to
be associated with GC cell invasion, migration and prolifera-
tion. The invasion and migration of tumor cells is an important
biological behavior of a tumor and is closely related to the
prognosis of the disease. Furthermore, suppression of OLFM4
expression may be a promising strategy in the development of
novel cancer therapeutic drugs. We discuss below several key
proteins identified in the present study.

Olfactomeding (also called as GW112) is an important
member of the family of olfactomedin (26). The protein
sequences within OLF domains are comprised of approxi-
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Figure 4. Immunohistochemistry (IHC) for AZU1, CPVL, OLFM4 and VILI1. (A) Representative immunohistochemistry images of AZU1, CPVL, OLFM4
and VIL1. (B) Corresponding scorings from tumorous and non-tumorous tissue microarray samples. IHC scores for AZU1, CPVL, OLFM4, and VIL1 were

obviously higher in tumor tissues than in non-tumor tissues (“P<0.01).

mately 260 amino acids (27). They play a significant role
in maintaining the stability of various biological functions,
including neural occurrence, intercellular adhesion, cell cycle
regulation and apoptosis (28). The unique functional struc-
ture and capability of OLFM4 suggests it can promote the
occurrence and developmental progress of malignant tumors.
Previous studies indicated that OLFM4 was overexpressed
in malignancies, including pancreatic carcinoma, lung carci-
noma, breast carcinoma and colorectal carcinoma (29-33).

For example, it was proven that OLFM4 mRNA was upregu-
lated in cancerous tissues of the colon, breast and lungs (32).
In the secreted proteins of head and neck squamous cells,
OLFM4 was found to be present in higher abundance (33).
Zhang et al (34) showed that forced overexpression of OLFM4
in prostate cancer cells led to increased oncogenesis and
strongly suggested that OLFM4 is a significant regulator of
cell death, which plays significant roles in cancer cell survival
and cancer growth.
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Figure 5. Functional studies of OLFM4 in gastric cancer cell lines. (A) Western blot analysis showed that the silencing of OLFM4 by three different gene-
specific siRNA sequences significantly reduced OLFM4 protein levels in cell lysates of AGS and MKN28, compared to the controls. (B) Silencing of OLFM4
by the three gene-specific siRNAs significantly inhibited the invasiveness of gastric cancer cell lines AGS and MKN28, compared to control siRNA. (C) The
migration ability was significantly inhibited in cells transfected with OLFM4-specific siRNAs. (D) Wound healing and (E) proliferation were significantly
inhibited in cells transfected with OLFM4-specific siRNAs ('P<0.05).
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Figure 6. Western blot analysis of STAT3, p-STAT3, MMP9 and MMP2. Protein levels from AGS cells transfected with OLFM4-specific or control siRNAs
were analyzed by western blot analysis. Band intensity analysis shows significant reduction of p-STAT3, MMP9, and MMP?2 after OLFM4 silencing, but not

STAT3 ('P<0.05).

There have been few studies on the function of OLFM4 in
gastric cancer cells. We discovered that OLFM4 was signifi-
cantly overexpressed in GC tissues compared to non-cancer
tissues, and also investigated the invasion and migration of
gastric cancer cells by silencing OLFM4. The present study
revealed that siRNA-mediated downregulation of OLFM4
significantly weakened the invasive and migratory properties
of AGS and MKN28 cells in vitro. Previous studies proved
that OLFM4 is an extra-cellular matrix glycoprotein, which is
mediated by endogenous cell surface lectins and cadherin (35).
Alterations in migratory and adhesive capabilities allow
cancer cells to deviate from the structure of normal tissue
and to advance in their malignant progression. OLFM4 also
interacts with GRIM-19, a potent apoptotic inducer, and bound
to lectins and cadherins (33,36). Indeed, we obtained identical
results and showed that OLFM4 induces the proliferation of
AGS and MKN28 cells. Collectively, the evidence suggests
that OLFM4 may be involved in gastric cancer cell migra-
tion, invasion and progression. These results suggest that the
involvement of OLFM4 in GC progression make it a feasible
therapeutic and prognostic tool.

It has been reported that activation of STAT3 signaling
pathway is involved in the migration of cancer cells (22,23). In
the present study, we observed that the upregulation of OLFM4
is closely associated with gastric cancer metastasis. Thus, we
speculate that OLFM4 is involved in the STAT3 pathway on
the basis of these observations. In line with this, we found
that the expression of MMP9, MMP2 and STAT3 activation
was decreased after the silencing of OLFM4 in GC cell lines.
Yoon et al (37) showed that STAT?3 is activated by an inherent
mechanism under the stressful conditions of cancer cells, and
it induced various survival factors. In conclusion, the above
suggests that OLFM4 may contribute to the STAT3 signaling
pathway in GC.

Apart from OLFM4, other proteins having associations
with gastric cancer were identified in the present study
with supporting literary evidence include VIL1, which was
discovered to be at differential levels in GC patients. VIL1
was selected for confirmation analysis by western blotting,
RT-PCR and ITHC. Previous studies have reported that VIL1
is an actin-modifying protein that regulates the restructuring

of microvillar actin filaments (38,39). Osborn et al (40) proved
that VIL1 was involved in intestinal metaplasia and gastric
carcinoma. VIL1 was useful for distinguishing normally
differentiated epithelial cells from the simple epithelia lining
the gastrointestinal tract (41). Upregulation of VIL1 was
observed in HCC tissues (42). VIL1 may be a biomarker of
metastatic adenocarcinomas.

Another candidate protein in the study found to be markedly
upregulated in GC tissues was AZU1 (also known as CAP37),
an antimicrobial protein. Interestingly, AZU1 is considered
as a chemoattractant for monocytes (43). Raff er al (44) used
a model to predict that changes in AZU1 action could affect
cancer progression but were unlikely to be the major cause
of carcinoma. Considering these known functions of AZUI,
AZU1 may play an important role in GC.

CPVL was also confirmed in the present study as an
increased protein in GC tissues. CPVL may play an important
role in antigen presentation, including trimming of peptides,
digesting phagocytosed particles in the lysosome, and partici-
pating in an inflammatory protease cascade (45). However,
the link between CPVL and gastric cancer requires further
investigation.

In conclusion, we have performed a comparative proteomic
profile between gastric cancer tissues and adjacent non-cancer
tissues. The resulting datasets of GC proteins supplied a useful
resource for fundamental and translational study. In addition,
we observed that overexpression of OLFM4 may induce the
development and metastasis of gastric cancer. OLFM4 may
play a new role in the development of gastric cancer, and
reveals its impact in gastric cancer cell proliferation and cancer
metastasis. Furthermore, suppression of the OLFM4 expres-
sion may be a hopeful strategy in developing new therapeutic
drugs. These findings supply insight into novel candidate
proteins that represent critical malignant mechanisms that
may be accessible targets useful for GC therapeutic strategies.
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