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Abstract
Purpose—Gastric cancer is a commonly occurring cancer in Asia and one of the leading causes
of cancer deaths. However, there is no reliable blood-based screening test for this cancer.
Identifying proteins secreted from tumor cells could lead to the discovery of clinically useful
biomarkers for early detection of gastric cancer.

Experimental design—A SILAC-based quantitative proteomic approach was employed to
identify secreted proteins that were differentially expressed between neoplastic and non-neoplastic
gastric epithelial cells. Proteins from the secretome were subjected to SDS-PAGE and SCX-based
fractionation, followed by mass spectrometric analysis on an LTQ-Orbitrap Velos mass
spectrometer. Immunohistochemical labeling was employed to validate a subset of candidates
using tissue microarrays.

Results—We identified 2,205 proteins in the gastric cancer secretome of which 263 proteins
were overexpressed >4-fold in gastric cancer-derived cell lines as compared to non-neoplastic
gastric epithelial cells. Three candidate proteins, proprotein convertase subtilisin/kexin type 9
(PCSK9), lectin mannose binding 2 (LMAN2) and PDGFA associated protein 1 (PDAP1), were
validated by immunohistochemical labeling.

Conclusions and clinical relevance—We report here the largest cancer secretome described
to date. The novel biomarkers identified in the current study are excellent candidates for further
testing as early detection biomarkers for gastric adenocarcinoma.

Keywords
Secreted proteins; cell supernatants; in vivo labeling; gastric carcinoma; biomarkers; early
diagnosis

1. INTRODUCTION
Gastric cancer is the fourth most common malignancy and the second leading cause of
cancer deaths in both sexes worldwide [1–3]. Almost a million new cases of gastric cancer
occurred worldwide in 2008 [2]. Gastric cancer is often diagnosed at an advanced stage, and
currently, there are no suitable strategies to detect it at an early stage [4, 5]. In the context of
early detection, it is critical to identify biomarkers that can be detected in blood [6].
However, blood/serum/plasma is difficult to analyse using proteomic methodologies
because a few proteins are present at very high abundance with the large majority often at
very low concentrations. Secreted proteins from tumor tissues are more likely to enter the
systemic circulation and these proteins could potentially be used as biomarkers for early
detection [7]. To directly identify proteins with such biomarker potential, secretome of
tumor cells can be used for discovery as they may be more challenging to identify from
serum/plasma. [8]. Candidates identified in this fashion can then be further tested in serum/
plasma or other body fluids.

A number of mass spectrometry (MS)-based studies have been carried out to profile the
secretomes of various cancers [3, 9–12]. Stable isotope labeling by amino acids in cell
culture (SILAC) has become a method of choice for accurate measurements of protein
expression especially in experiments employing cell culture [13]. SILAC coupled with LC-
MS/MS analysis has been successfully applied to investigate the secretome of pancreatic
[14], esophageal [3] and head and neck cancers [10]. Two recent studies on the analysis of
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secreted proteins in gastric cancer have identified cathepsin S and granulin as candidate
markers for gastric cancer [15, 16]. In this study, we employed a SILAC-based mass
spectrometric approach and carried out differential proteomic analysis of secreted proteins
from gastric cancer cells. A panel of gastric cancer cell lines and a non-neoplastic gastric
epithelial cell line were used in this study. Secretome from the cancer cell lines were pooled
in order to minimize the effects of heterogeneity arising from independent analysis of
different cell lines. In this study, we identified 2,205 proteins that are secreted by the tumor
cells. To our knowledge, this is the largest set of proteins reported from the conditioned
media pertaining to gastric cancer. The proteins that were found to be overexpressed in the
secretome of gastric cancer cells could prove useful as potential biomarkers after validating
them in serum/plasma or other body fluids such as urine.

2. MATERIALS AND METHODS
SILAC labeling and cell culture

The gastric cancer cell lines, AGS, KatoIII, NCI-N87, SNU-1, SNU-5 and SNU-16 were
obtained from ATCC. The non-neoplastic gastric epithelial cell line, HFE-145 was derived
by immortalization with SV40 large T antigen as previously described [17]. SNU-1,
SNU-16 and NCI-N87 were grown in RPMI supplemented with 10% FBS. SNU-5 and
KatoIII were grown in IMDM supplemented with 20% FBS, AGS was grown in DMEM-
F12 supplemented with 10% FBS. The normal gastric epithelial cell line was grown in
RPMI containing 13C6 arginine and 13C6 lysine supplemented with 10% FBS.

2.1. Secretome collection and processing
Equal number of cells from each cell line was grown to ~80% confluence. The cells were
washed extensively and then serum-starved in RPMI medium containing appropriate amino
acids for 12 hours and processed as previously described [3]. Briefly, following serum
starvation, the conditioned media from each cell line was collected, centrifuged at 800 x g
for 10 minutes to remove any detached cells floating in the medium. The supernatant was
filtered using a 0.22 µm filter. The filtered supernatant was subsequently concentrated using
3 kDa cutoff filters (Millipore, Billerica, MA). Protein concentration was measured using
Lowry’s assay. Equal amount of protein from pooled tumor secretome and the normal
secretome were mixed.

2.2. Sample fractionation
2.2.1. In-gel digestion—Approximately 250 µg of protein from pooled (neoplastic and
non-neoplastic) secretomes were resolved on a 10% SDS-PAGE gel. The gel was stained
with colloidal coomassie blue (Invitrogen, Carlsbad, CA). Twenty five gel bands were
excised, destained and subjected to in-gel digestion as previously described [18]. Briefly, the
excised bands were reduced with 5 mM dithiothreitol in 40 mM ammonium bicarbonate at
60˚C for 30 min followed by alkylation with 10 mM iodoacetamide in 40 mM ammonium
bicarbonate for 10 min in the dark. Digestion was carried out using trypsin (modified
sequencing grade; Promega, Madison, WI) at 37˚C for 16 hours. The peptides were
extracted from the gel slices, dried and stored at −80˚C until LC-MS/MS analysis.

2.2.2. In-solution digestion and SCX fractionation—Approximately 250 µg of
protein from tumor and normal mixed secretome were subjected to in solution digestion as
described previously [18]. The proteins in solution were reduced with 5 mM dithiothreitol
followed by alkylation with 10mM iodoacetamide. Digestion was carried out using trypsin
(modified sequencing grade; Promega, Madison, WI) at 37˚C for 16 hours. The digested
peptides were fractionated by strong cation exchange chromatography using
PolySULFOETHYL A column (PolyLC, Columbia, MD) (100 × 2.1 mm, 5 µm particles
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with 300 Å pores). Forty SCX fractions (0.5 mL) were collected from a 0–350 mM KCl
gradient in the presence of 10 mM potassium phosphate buffer (pH 2.85), containing 25%
acetonitrile for 70 min at a flow rate of 0.2 mL/min. Solvent A contained 10 mM potassium
phosphate buffer, pH 2.85, 25% acetonitrile and solvent B contained 10 mM potassium
phosphate buffer, 350 mM KCl, pH 2.85, 25% acetonitrile.. The fractions were pooled to 12
fractions based on the absorption intensity. The obtained fractions were desalted using C18-
stagetips. The cleaned fractions were dried and stored at −80°C until mass spectrometry
analysis.

2.3. LC-MS/MS analysis
Nanoflow electrospray ionization tandem mass spectrometric analysis of peptide samples
was carried out using LTQ-Orbitrap Velos mass spectrometer (Thermo Scientific, Bremen,
Germany) interfaced with Agilent’s 1200 Series nanoflow LC system as previously
described [19]. The chromatographic capillary columns used were packed with Magic C18
AQ (Michrom Bioresources, 5 µm particle size, pore size 100Å) reversed phase material in
100% acetonitrile at a pressure of 1000 psi. The peptide sample from each fractionation
method was enriched using a trap column (75 µm × 2 cm) at a flow rate of 3 µl/min and
separated on an analytical column (75 µm × 10 cm) at a flow rate of 350 nl/min. The
peptides were eluted using a linear gradient of 7–30% acetonitrile over 50 min. Mass
spectrometry analysis was carried out in a data dependent manner with full scans acquired in
the Orbitrap mass analyzer at a mass resolution of 60,000 at 400 m/z. For each cycle, twenty
most intense precursor ions from a survey scan were selected for MS/MS and detected at a
mass resolution of 15,000 at m/z 400. The fragmentation was carried out using higher-
energy collision dissociation as the activation method with 40% normalized collision
energy. The ions selected for fragmentation were excluded for 30 s. The automatic gain
control for full FT MS was set to 1 million ions and for FT MS/MS was set to 0.1 million
ions with a maximum time of accumulation of 750 ms and 100 ms, respectively. For
accurate mass measurements, the lock mass option was enabled using the
polydimethylcyclosiloxane (m/z, 445.1200025) ion.

2.4 Data analysis
The raw data obtained was processed using Proteome Discoverer (Version 1.3.0.339)
software (Thermo Fisher Scientific, Bremen, Germany) workflow and searched using
Mascot and Sequest search algorithms against NCBI RefSeq release 49 human protein
database containing 32,967 sequences and known contaminants. The search parameters used
were oxidation of methionine, SILAC modifications of arginine and lysine (13C6 R and 13C6

K) as variable modifications and carbamidomethylation of cysteine residues as fixed
modification. Precursor ion quantitation node was added in the workflow for SILAC
quantitation. A maximum of one missed cleavage was allowed for tryptic peptides. False
discovery rate was calculated by enabling the peptide sequence analysis using decoy
database. Mass error window of 20 ppm and 0.1 Da were allowed for MS and MS/MS,
respectively. FDR of 1% was used as a cut-off value for reporting identified peptides. The
peptide and protein data were extracted using high peptide confidence and top one peptide
rank filters.

2.5. Data submission
The mass spectrometry data reported in this study can be downloaded from
proteomecommons.org tranche network using the following hash 2viXRiUSVPO
+Acmbw2o8L79QITHkILBelnoJ+D/6V41pA250ygXmUuYCqz8hAWw1oHGErVejZ/
+3FIb7sWJCk9Zt7qQAAAAAAAAStQ== The peptide identifications and associated MS/
MS spectra are available from Human Proteinpedia [20] (HuPA_00696)

Marimuthu et al. Page 4

Proteomics Clin Appl. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2.6. Immunohistochemical labeling
Tissue arrays prepared by JCR (Universidad de La Frontera, Temuco, Chile) were used for
the analysis. Immunohistochemical staining was carried out as previously described [21].
Briefly, formalin fixed paraffin embedded tissue sections were deparaffinized and antigen
retrieval was performed for 20 minutes in antigen retrieval buffer. Endogenous peroxidases
were quenched using a blocking solution, followed by washes with wash buffer (Phosphate
buffered saline with 0.05% Tween). The sections were incubated with primary antibody
overnight at 4°C. Anti-PCSK9 was purchased from Epitomics (T2283) and used at 1:50
dilution. Anti-PDAP1 was purchased from PTGlab (Cat # 15081) and used at 1:50 dilution.
Anti-LMAN2 was purchased from Sigma Aldrich (Cat # AV46788) and used at 1:250
dilution. Following incubation with respective primary antibodies, the sections were rinsed
thrice with wash buffer. The tissue arrays were then incubated with horseradish peroxidase
conjugated rabbit secondary antibody. Any excess secondary antibody was washed with
wash buffer followed by addition of DAB substrate. The signal was developed using DAB
chromogen (DAKO). Tissue sections were then observed under the microscope. The
immunohistochemical labeling was assessed by an experienced pathologist and the intensity
of staining scored as negative (0), weak (1+) moderate (2+) or strong (3+). Chi square test
was carried out to determine the significance of expression of the candidate markers in
tumors tissues as compared to normal mucosa.

3. RESULTS AND DISCUSSION
We carried out quantitative proteomic analyses to discover proteins that are secreted from
gastric cancer cells. The workflow employed during this analysis is illustrated in Figure 1.

3.1. Quantitative mass spectrometric analysis of the gastric cancer secretome
LC-MS/MS analysis of the pooled secretome from neoplastic and non-neoplastic gastric
cells led to the identification of 2,205 proteins from 32 fractions. Of these, 263 proteins were
found to be present in higher abundance (>4-fold) and 45 proteins were found to be less
abundant (<4-fold) in the secretome of tumor cells when compared to that of normal gastric
epithelial cells. A complete list of the identified peptides and the corresponding proteins is
provided in Supplementary Tables 1 and 2. Among the identified proteins, 761 were
identified based on single peptides, 398 were based on evidence from two unique peptides,
and 1,130 proteins were based on evidence from more than two unique peptides. Annotated
spectra for all the single peptide identifications are provided in Supplementary Figure 1

3.2. Bioinformatics analysis of the secreted proteins in gastric cancer
Secretory proteins typically contain an N-terminal signal peptide that directs them to the
endoplasmic reticulum [18] and are facilitated by vesicular transport to the plasma
membrane where the vesicles fuse with the membrane releasing them to the extracellular
space. A smaller subset of proteins are also known to be secreted via non-classical secretory
mechanisms including endosomal recycling, plasma membrane transporter proteins,
membrane blebbing and membrane flip-flop events [22]. Data from the current study was
searched against the Human Protein Reference Database (http://www.hprd.org) [23] that
contains manually curated information from published literature. Twenty percent of
identified proteins contained an N-terminal signal peptide and 14 percent had experimental
evidence for their presence in the extracellular compartment. Of the remaining identified
proteins, 652 were predicted to be secreted by the non-classical secretory pathways [24]. To
ascertain whether identified proteins were found in body fluids, we searched Human
Proteinpedia (http://www.humanproteinpedia.org) [20], a community portal for sharing and
integration of human protein data and HPRD. We found 70% of identified proteins to have
been previously reported in other body fluids (Supplementary Table 1).
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3.3. Known proteins differentially expressed in gastric cancer
In the current study, we identified a number of proteins which have previously been
associated with gastric cancer. A partial list of these proteins is provided in Table 1.
Kallikreins are a subgroup of serine proteases with multiple biological functions [25]. Four
members of the kallikreins family were overexpressed in the secretome of gastric cancer
cells. KLK10, KLK11 and KLK6 have been previously reported to be overexpressed in
gastric cancer [25–27]. In addition to these previously reported kallikreins, we report here a
novel kallikrein, KLK14, as being abundantly present in the secretome of gastric cancer.
Claudins belong to the family of tight junction proteins involved in maintaining cell polarity
in epithelial and endothelial cells [28]. Members of this family have been reported to be
dysregulated in gastric cancer [28–30]. Rendon-Huerta et al have reported overexpression of
Claudins 6, 7 and 9 in gastric adenocarcinoma. Subsequently, forced overexpression of these
proteins in gastric adenocarcinoma cell line, AGS has proven sufficient for gastric
tumorigenesis [31]. In agreement with literature, we found 10-fold overexpression of claudin
6 in the secretome of tumor cell lines compared to that of normal cells. This molecule was
also found to be 3-fold upregulated at the mRNA level in gastric adenocarcinoma tissues as
compared to adjacent non-tumor tissues [32]. Furthermore, we observed 2.8-fold
overexpression of tight junction protein 1 (TJP1), which is known to be increased in cells
overexpressing claudin 6 [31]. Glutathione S-transferase theta 1 (GSTT1) belongs to the
theta family of glutathione S-transferase enzymes that play an essential role in the protection
of tissues against harmful toxins and carcinogens. In humans, two theta class isoenzymes,
GSTT1 and GSTT2 have been described [33].GSTT1 has been reported to be expressed at
significantly higher levels in normal gastric mucosa than in gastric cancer tissues [34]. In
concordance with this previous study, we also found GSTT1 to be 2.5-fold downregulated in
non-neoplastic gastric epithelial cells as compared to tumor cells. These results indicate that
the experimental approach used in the current study is a viable approach for discovering
candidate cancer biomarkers.

3.4. Novel proteins differentially expressed in gastric cancer
We also found a number of novel candidates that have not been previously reported in the
context of gastric cancer. A partial list of these proteins is provided in Table 2. The protein
disulphide isomerase (PDI) family of enzymes is a multidomain, multi-functional
component of the larger thioredoxin superfamily. PDI proteins are localized to the
endoplasmic reticulum and are involved in protein folding [35]. For the first time, we report
overexpression of three members of the PDI family in the secretome of gastric cancer.
Protein disulphide isomerase family A, member 3 (PDIA3), also known as glucose-regulated
protein 58 kDa (GRP58) is known to be involved in the regulation of folding of newly
synthesized glycoproteins. It has been reported to be overexpressed in hepatocellular
carcinoma and ESCC [3, 36]. In the current study, we observed 3.3-fold overexpression of
PDIA3 in gastric cancer. Protein disulphide isomerase family A, member 4 (PDIA4) is a 72k
Da protein also known as ERP72. It is a less characterized member of the PDI family and is
thought to be a stress-induced protein. Recently, it has been shown to be overexpressed in
ESCC [36]. In the current study, we found 2.8-fold overexpression of PDIA4 in secretome
from gastric cancer. PDIA6, another member of the PDI family was overexpressed 3.6-fold
in the gastric cancer secretome. Future studies will be necessary to elucidate the roles of
these PDI family members in gastric tumorigenesis. Other proteins that we report for the
first time in the gastric cancer secretome include heparan sulfate proteoglycan 2 (HSPG2),
lectin mannose binding 2 (LMAN2), proprotein convertase subtilisin/kexin type 9 (PCSK9),
and twisted gastrulation protein (TWSG1). HSPG2 (perlecan), is a glycosaminoglycan
known to bind to many extracellular matrix components and cell surface proteins. HSPG2
has been shown to be involved in numerous cellular processes such as cell adhesion, cell-
cell communication, cell signaling and ECM-receptor interaction. It is a crucial molecule in
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the tumor microenvironment and is known to promote tumor cell growth [37]. In our study,
we observed 3.4 fold overexpression of HSPG2 in the neoplastic secretome as compared to
secretome of non-neoplastic cells. HSPG2 has also been reported to be overexpressed in
prostate [38] and pancreatic cancer [14]. TWSG1 was originally discovered as a bone
morphogenic protein (BMP) binding protein and involved in BMP signaling in Drosphila
[39]. It was considered to be involved in developmental process. Subsequently, it has been
shown to be implicated in TGF-beta signaling [40]. It was found to be 4.5-fold
overexpressed in gastric cancer secretome. Further studies are needed to decipher the role of
this protein in gastric cancer. A novel protein that was downregulated in the gastric cancer
secretome was Follistatin- related protein 1 (FSTL1, Figure 2D), which is a secreted
myokine that is highly similar to follistatin in sequence and consists of an FS module [41].
FSTL1 regulates endothelial cell function and revascularization in response to ischemic
insult by activating nitric oxide synthase-dependent mechanism [42]. In endometrial and
ovarian cancers, its expression was downregulated suggesting a tumor suppressor role for
FSTL1 [43]. There are no earlier reports of its association with gastric cancer. In our study,
it was downregulated 25-fold in gastric cancer.

3.5. Immunohistochemical validation of novel biomarker candidates
Extracellular novel proteins that we found to be highly abundant in the secretome of gastric
cancer were validated in a larger set of patient samples using tissue microarrays. A detailed
description of the chosen proteins PCSK9, LMAN2, PDAP1 and the pattern of
immunohistochemical staining is provided below. Representative MS and MS/MS spectra of
some of the peptides identified for these proteins are shown in Figure 2.

3.5.1. Proprotein convertase subtilisin/kexin type 9 (PCSK9)—PCSK9 (Figure
2A), is a secreted serine protease and the ninth reported member of the proprotein
convertase (PC) family [44]. It was overexpressed 13-fold in the gastric cancer-derived
secretome. Members of the PC family are implicated in the activation, inactivation and
regulation of cellular localization of proteins that pass through the secretory pathway. A
variety of proteins including zymogens, prohormones, adhesion molecules, cytokines and
growth factors are processed by PC family members [45]. Other members of the PC family-
PC1/PC3, PC2, Furin and PACE4 have been reported to be overexpressed in neuroendocrine
or epithelial cancers including pheochromocytomas [46], non-small cell lung carcinoma [47]
and small cell lung carcinoma [47]. Furin was shown to be expressed in metastasizing head
and neck squamous cell carcinoma [48]. However, there have been no reports pertaining to
the involvement of PCSK9 in human cancers. We observed it to be at undetectable levels in
the secretome of normal gastric normal mucosa. Immunohistochemical staining clearly
showed a significant overexpression of PCSK9 in tumor tissues (Table 3). Figure 3 shows
the representative staining pattern of this protein in gastric adenocarcinoma tissues and
normal mucosa. It shows predominantly cytoplasmic and extracellular staining. Normal
epithelial cells were not stained. However, we observed staining of basal cells in the normal
mucosa.

3.5.2. Lectin mannose binding protein 2 (LMAN2)—LMAN2 (Figure 2B), a type I
integral membrane protein, is an intracellular lectin in the mammalian early secretory
pathway [49, 50]. It is also known as vesicular integral membrane protein of 36 kDa
(VIP36). LMAN2 is classified as an L-type lectin due to the presence of a luminal
carbohydrate recognition domain, which is homologous to the leguminous lectins that have
been suggested to play a role in glycoprotein sorting and trafficking [50]. LMAN2 was
isolated from epithelial Madin-Darby canine kidney (MDCK) cells [51]. This protein has
been shown to be localized to the Golgi apparatus and to structures cycling between the
Golgi apparatus and the endoplasmic reticulum (ER) [49]. LMAN2 interacts with high-
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mannose glycans and has been postulated to bind glycoproteins in the Golgi rather than the
ER [52]. Although its sugar binding properties have been characterized in detail, its
biological function remains an enigma as no cargo glycoprotein has yet been identified for
this lectin. [53]. We report here, for the first time, a 6-fold overexpression of this protein in
gastric cancer secretome. LMAN2 was significantly overexpressed in tumor tissues as
compared to normal tissues (Table 3). Figure 4 shows a representative staining pattern of
this protein in gastric adenocarcinoma tissues and normal mucosa. It predominantly
demonstrates cytoplasmic staining. Normal epithelial cells were not stained. However, we
were able to observe weak staining of basal cells in the normal mucosa.

3.5.3. PDGFA associated protein 1 (PDAP1)—PDAP1 (Figure 2C) is a
phosphoprotein, isolated from the rat neural retinal cell line, R33. It binds with low affinity
to PDGF, a growth factor associated with cellular proliferation and development and
modifies its biological activity [54]. PDAP1 was shown to be phosphorylated by casein
kinase II, protein kinase C and protein kinase A [55]. PDAP1 was reported to be highly
expressed in brain, lung and intestine of new born rats [54]. Recently, PDAP1 was found to
be overexpressed in human rectal carcinoma cells [56]. In the current study, we found it to
be overexpressed by 5.2-fold in the gastric cancer secretome. PDAP1 was also significantly
overexpressed in tumor tissues as compared to normal tissues (Table 3). Figure 5 shows the
representative staining pattern of this protein in gastric adenocarcinoma tissues and normal
mucosae. It predominantly demonstrates cytoplasmic and stromal staining. Normal epithelial
cells were not stained. However, we were able to observe staining of basal cells in the
normal mucosa.

4. CONCLUDING REMARKS
Using high resolution mass spectrometry, we identified 2,205 proteins in the secretome,
which marks the largest known catalog of secreted proteins in any cancer reported thus far.
We identified multiple novel candidate biomarkers for gastric cancer, which can be
validated against a larger cohort of patient samples to establish their clinical utility. A large
majority of these proteins were known to be localized in the extracellular region or had been
reported in body fluids. We validated three novel candidate markers- PCSK9, LMAN2, and
PDAP1, and observed 60%, 73% and 82% overexpression, respectively, in the tested gastric
adenocarcinoma cases. We believe that candidate biomarkers described in this study have
the potential to be developed as valuable biomarkers for early diagnosis and prognosis of
gastric cancer.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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CLINICAL RELEVANCE

Gastric adenocarcinoma is an aggressive cancer that is associated with poor prognosis
and high mortality. Gastric cancer is often diagnosed at an advanced stage resulting in
limited therapeutic options. Identification of biomarkers to detect cancer at an early stage
has the potential to improve clinical outcome of this disease. Using a SILAC-based
quantitative approach coupled with high resolution mass spectrometry, we sought to
identify candidate biomarkers for early detection of gastric cancer. Proteins secreted into
the bloodstream or other body fluids are attractive candidates as biomarkers for early
detection. Because proteomic analysis of serum/plasma is challenging, we analyzed the
proteins secreted by tumor cell lines as the secretome contains proteins that could be
detected in serum. Our discovery studies provide a list of candidate biomarkers that could
now be systematically tested for their utility in serum as biomarkers for early detection of
gastric cancer.
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Figure 1. Workflow employed for the analysis of gastric cancer secretome
SILAC was employed to identify the more abundant proteins in the secretome of gastric
cancer cells compared to the normal cells. Gastric cancer cell lines (AGS, SNU-1, SNU-1,
SNU-5, SNU-16, NCI-N87, AGS and KATO-III) were grown in medium containing normal
arginine and lysine. The normal gastric epithelial cell line was grown in a medium
containing heavy arginine and lysine. Equal amounts of protein from pooled tumor
secretome and from normal secretome were mixed. Proteins were subjected to fractionation
by SDS-PAGE and strong cation exchange chromatography. The fractionated proteins were
subjected to LC-MS/MS analysis using an LTQ-Orbitrap Velos mass spectrometer. The data
was searched and quantitated using the Proteome Discoverer software suite.
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Figure 2. Representative MS and MS/MS spectra of a subset of proteins that were found to be
differentially expressed in the gastric cancer secretome
Representative MS/MS spectra of identified peptides from A) proprotein convertase
subtilisin/kexin type 9 (PCSK9) B) Lectin mannose binding 2 (LMAN2) C) PDGFA
associated protein 1 (PDAP1) and D) Follistatin related protein 1 (FSTL1) are shown. The
MS spectra in the inset provide the relative abundance of the representative peptides in
secretome derived from tumor and normal cells.
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Figure 3. Validation of PCSK9 by immunohistochemical labeling
Representative sections from tissue microarrays for normal gastric tissues and tumor tissues
stained with anti-PCSK9 antibody are shown.
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Figure 4. Validation of LMAN2 by immunohistochemical labeling
Representative sections from tissue microarrays for normal gastric tissues and tumor tissues
stained with anti-LMAN2 antibody are shown.
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Figure 5. Validation of PDAP1 by immunohistochemical labeling
Representative sections from tissue microarrays for normal gastric tissues and tumor tissues
stained with anti-PDAP1 antibody are shown.
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Table 1

A partial list of overexpressed proteins previously reported in gastric cancer

Gene
Symbol

Protein Description Fold change
(Tumor/
Normal)

Unique
Peptides

Citation

MIA Melanoma-derived growth regulatory protein Undetectable in normal 3 Aung et al, 2003[57]

PRSS2 Protease, serine, 2 Undetectable in normal 2 Rajkumar et al, 2010[58]

KLK11 Kallikrein 11 18.1 5 Wen et al, 2011[27]

KLK6 Kallikrein-related peptidase 6 41.5 10 Nagahara et al, 2005[26]

ADAM10 Disintegrin and metalloproteinase domain-containing
protein 10

20.6 9 Wang et al, 2010[59]

KLK10 Kallikrein-related peptidase 10 4.1 9 Feng et al, 2006[60]

CHI3L1 Chitinase 3-like 1 7.2 7 Bi et al, 2009[61]

TGFB2 Transforming growth factor beta-2 13.9 5 Vagenas et al, 2007[62]

GDF15 Growth/differentiation factor 15 Undetectable in normal 2 Lee et al, 2003[63]

LGALS3BP Galectin-3-binding protein 7.1 18 Park et al, 2007[64]

IGFBP6 Insulin-like growth factor- binding protein 6 8.2 5 Yi et al, 2001[65]
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Table 2

A partial list of novel proteins overexpressed in gastric cancer secretome

Gene
Symbol

Protein description Fold change
(Tumor/Normal)

Unique
peptides

F11R Junctional adhesion molecule A Undetectable in normal 3

QPCT Glutaminyl-peptide cyclotransferase 20 3

PDAP1 28 kDa heat- and acid-stable phosphoprotein 5.2 3

LGALS4 Galectin-4 38.7 11

TWSG1 Twisted gastrulation protein homolog 1 7.1 1

HSPA4L Heat shock 70 kDa protein 4L 16.0 6

GALNS N-acetylgalactosamine-6-sulfatase 7.6 1

LMAN2 Lectin, mannose-binding 2 6.0 4

PCSK9 Proprotein convertase subtilisin/kexin type 9 Undetectable in normal 13

HSPA5 78 kDa glucose-regulated protein 4.8 24

PSMC5 26S protease regulatory subunit 8 2.5 4

NCL Nucleolin 3.3 23

COL1A1 Alpha 1 type I collagen 0.2 19

COL12A1 Collagen, type XII, alpha 1 0.1 27
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Table 3

Immunohistochemical validation of potential candidates in gastric cancer

PCSK9 PDAP1 LMAN2

Tumor Positive 60 73 82

Strong 30 57 43

Moderate 12 12 24

Weak 18 4 15

Tumor Negative 40 27 18

Normal Positive 14 12 10

p-value 8.90E-08 3.68E-11 6.07E-14
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