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vortex briefly, and make 25 mL aliquots in 50-mL tubes. Leave at room temperature for a
short time and tighten tube caps. Store agarose gels at 4 °C until use.

APS (10%): dissolve 1.7 g APS in 17 mL MilliQ water before use. For the composition of
SDS-PAGE buffers refer to our previous report?’. The light and heavy solutions contain
10% and 15% bis-acrylamide, respectively.

A CRITICAL Add 10% APS and TEMED just before pouring the solution into the DALT
Gradient Maker; gels will be partially polymerized in the GiantGelCaster within 10 min.

Bind-Silane solution: mix 10 pL Bind-Silane, 200 pL glacial acetic acid, 8 mL ethanol, and
1.8 mL MilliQ water.

Electrode buffer for SDS-PAGE: for six GiantGelRunners (12 gels), dissolve 105 g of
Tris-HCl and 510 g of glycine in 30 L MilliQ water, add 350 mL 10% SDS. Make up to 35
L with MilliQ water.

In-gel digestion wash buffer 1: 50% methanol. Mix methanol with an equal volume of
MilliQ water.

In-gel digestion wash buffer 2: 50 mM ammonium bicarbonate. Dissolve 395 mg
ammonium bicarbonate in 100 mL MilliQ water.

In-gel digestion wash buffer 3: 50 mM ammonium bicarbonate, 50% acetonitrile. Dissolve
395 mg ammonium bicarbonate in 50% acetonitrile.

In-gel digestion dehydration buffer 1: 50% acetonitrile. Mix acetonitrile with an equal
volume of MilliQ water.

In-gel digestion dehydration buffer 2: 100% acetonitrile.

Trypsin solution: add 800 pl of 50 mM ammonium bicarbonate (wash buffer 2) in a tube
containing 20 pg Sequence Grade Modified trypsin.

1% TFA: mix 1 mL TFA with 99 mL MilliQ water.

Extraction buffer: 45% acetonitrile, 0.1% TFA. Mix 1800 pL 50% acetonitrile
(dehydration buffer 1), and 200 pL 1% TFA.

Dissolving buffer: mix 50 uL of 1% TFA and 450 pL of MilliQ water (0.1% TFA). Mix 10
mL of 100% TCA solution and 90 mL MilliQ water (10% TCA). Store at 4 °C until use.

Luria-Bertani (LB) medium (1L): dissolve 10 g bacto-tryptone, 5 g bacto-yeast extract,
and 10 g NaCl in 1 L water; adjust pH to 7.0 with 1N NaOH. Autoclave and store at 4 °C.

LB/Ampicilin plate: dissolve 10 g bacto-triptone, 5 g bacto-yeast extract, and 10 g NaCl in
1 L water. After adjusting the pH to 7.0 with 1 N NaOH, add 15 g bacto-agar and autoclave.
Add ampicillin solution (final concentration 100 pg/mL) at 50 °C, dispense the medium into
sterilized Petri dishes, and store at 4 °C.

Protoc exch. Author manuscript; available in PMC 2014 October 10.

181



Mimae et al. Page 14

IPTS (100 mM, 10 mL): dissolve 0.24 g IPTG in 10 mL distilled water. Filter with a 0.22-
um filter and store at —20 °C.

X-gal (4%, 10 mL): dissolve 0.4 g X-gal in 10 mL N,N-dimethylformamide and store at
~20 °C.

LB/ampicillin/IPTG/X-gal plate: apply 20 pL 100 mM IPTG and 20 pl 4% X-gal to LB/
ampicillin plate and spread.

PROCEDURE

Cell preparation
® Timing: days 1-3

1 Add 100 pL of 1 pg/mL human fibronectin in D-PBS on a 3-pm porous PET
membrane surface in a 12-well culture plate for 30 min at room temperature.

2| Remove fibronectin.

3] Seed 1 x 10° MDA-MB-231 cells/well in 700 pL of L-15 complete medium in
the upper chamber of the 12-well culture plate with fibronectin-coated porous
membranes; the bottom chamber is filled with 700 pL of NIH3T3-conditioned
medium. Culture the cells for two days at 37 °C in a 5% COj incubator.

4 Wash the cells on the porous membrane three times gently with D-PBS.

5| Remove D-PBS uéing a pipette and cotton swab without touching the cells. You
can now proceed to cell body ablation with the excimer laser using the following
protocol.

Excimer laser etching

6] In a LASIK system, an argon fluoride (ArF) excimer laser (193 nm, 10 Hz)
passes through laser pulse-shaper optics (a pattern mask, collimator lenses, and
an image rotator) to be tuned in a Gaussian pattern for LASIK surgery as
illustrated in Figure 2.

7| Tune the pulse configuration in a flat pattern by aligning the lenses so that two
adjacent laser pulses partially overlap. In this setting, the cumulative laser
intensity is constant at any point in the irradiation area and the ablation pattern is
horizontally flat within a circle 10~mm in diameter (Figure 2).

8| Adjust the laser pulse energy to 10-14 mJ and the pulse number to 12 per scan.

9| Immediately after absorbing D-PBS from the porous membrane, insert with a
cotton swab, and place the insert on the irradiation stage of the tuned LASIK
system.

10|  Focus the irradiation plane on the surface of the cell monolayer.

11] Start laser scahning monitoring with a CCD camera with oblique illumination.
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Stop the laser when the light scattering due to cell bodies disappears (record the
laser scan number.)

Fix the irradiated membrane with formalin and stain it with hematoxylin and
eosin.

Examine the stained membrane for the remaining cell bodies using a light

microscope.

Find the minimal laser scan number that provides complete removal of cell
bodies (18 to 24 scans are required.)

Immediately after complete cell body removal, cut out the irradiated membrane
area using a hollow leather punch (5 mm in diameter) and quickly freeze it in
liquid nitrogen.

A schematic diagram of laser ablation and protein extraction is presented in Figure 2. In
addition, a representative image of the excimer laser scanning of the cells cultured on the

porous membrane is provided in Supplementary Video 1.

17]

Protein extraction

Store the cut membrane at —80 °C until use.

A CRITICAL The total protein concentration in the final sample is too low to be
measured using conventional methods such as the Bradford or Lowry assays.
Thus, we routinely extract proteins from 100 sheets punched out of the ablated
porous membranes and analyze them in triplicate 2D gels. An average spot
intensity of three gels is then calculated and spots are subjected to further
analysis. Sitek et al. reported that 1000 cells were sufficient to generate a 2D
image using our protocol 24, Although the extracts from fewer membrane sheets
could generate 2D images, the procedural protein loss is enhanced when the
initial protein amount is decreased below a certain level. Although 100 sheets
per three gels empirically generate a 2D image with an adequate number of
protein spots, the amount of extracted protein can vary among cell types, and we
recommend using more membranes if the number of protein spots detected on
the 2D gel is less than expected.

® Timing: day 3,1h

18]

Extract proteins from pseudopodia in the cut porous membrane (option A) and
cell bodies (option B).

A. Extraction of pseudopodial proteins:
i.  Macerate 100 frozen membranes.

ii. Rotate macerated membranes in lysis buffer at 4 °C for 15
min.

iii. Centrifuge at > 10,000 g at 4 °C for 5 min to remove
insoluble material.
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iv. Recover the supernatant and use it in protein expression
studies.
B. Extraction of cell body proteins:

i.  Scrape 2-day MDA-MB-231 cell monolayers from the
porous membrane. '

il. Rotate the scraped cells in lysis buffer at 4 °C for 15 min.

iii. Centrifuge at > 10,000 g at 4 °C for 5 min to remove
insoluble material.

iv. Recover the supernatant and use it in protein expression
studies.
2D-DIGE

@ Timing: days 3-7 (Figure 3)—Protein separation by 2D-DIGE, handling of the target
gel, and in-gel protein digestion are performed as previously described 29, except the
following:

Sample preparation for 2D-DIGE: label the proteins extracted from pseudopodia (option
A) and cell bodies (internal control sample; option B) as described in REAGENT SETUP.
All procedures should be performed in the dark.

Expect the amount of protein extracted from pseudopodia to be rather small.

Functional analysis of candidate proteins
RNA isolation
@ Timing: day 8

19|  Total RNA was extracted from lysing MDA-MB-231 cells directly in a 10-cm
culture dish using TRIzol Reagent according to the manufacturer’s
instructions3C.

A CRITICAL Work with TRIzol Reagent in a chemical fume hood using gloves
and eye protection (shield, safety goggles). Avoid inhaling and contact with skin
and clothing.

A CRITICAL Following centrifugation, the mixture separates into a lower red
phenol-chloroform phase, an interphase, and a colorless upper aqueous phase.
RNA remains exclusively in the aqueous phase. The volume of the aqueous
phase is approximately 60% that of TRIZOL Reagent.

A CRITICAL Use 0.5 mL of isopropyl alcohol per 1 mL of TRIZOL Reagent
used for homogenization.

A CRITICAL Do not dry the RNA by centrifugation under vacuum.
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Total cDNA synthesis, polymerase chain reaction, TA cloning, and target cDNA and siRNA

synthesis

® Timing: days 8—X—All the procedures are performed as previously described 2031,

Transfection

@ Timing: days X-X+2

20]

Adherent cells are transiently transfected using the Lipofectamine LTX and Plus

reagents according to the manufacturer’s instructions32,

Immunostaining and confocal microscopy

@ Timing: days X + 2 (Figure 3)

21|

22|

23|

24|

25|

26|

27|

28|

29|

A total of 1 x 10 MDA-MB-231 cells are cultured on fibronectin-coated porous
membrane for 2 days after transfection.

Cells are washed 3 times with PBS and fixed with 4% paraformaldehyde at
room temperature for 10 min.

Membranes are washed 3 times with PBS and permeabilized with 0.25% Triton-
X in PBS at room temperature for 5 min.

After washing 3 times with PBS, the membranes are incubated in blocking
buffer containing 2% bovine serum albumin in PBS for 30 min at room
temperature.

The membranes are treated with antibodies against the target protein in the
blocking buffer overnight at 4 °C.

After washing with PBS for 5 min 3 times, the membranes are incubated with
Alexa Flour 488-conjugated goat anti-candidate molecule antibody (appropriate
dilution) in the blocking buffer for 2 h at 4 °C.

After washing 3 times with PBS, phalloidin staining is performed for 20 min at
room temperature.

The stained membranes are washed 3 times with PBS, mounted, and covered
with glass coverslips.

The stained cells are examined using a FV1000D IX81 confocal scanning
system equipped with 488-nm argon and 568-nm helium-neon lasers. X-YZ
vertical sections are generated using a 0.5-mm motor step. Each image
represents double-averaged (40-50 line scan) images.

Length and density of pseudopodia

@ Timing: days X + 2

30]

31

Capture multiple X-Y plane images uéing a 0.15-um motor step along the Z-
axis.

Reconstitute Z-plane views of pseudopodia by stacking the X-Y plane images.
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32|  Measure the Z-axial length of 200 pseudopodia for each cell type.

33]  Measure the area inside the peripheral margin of individual cells in the X-Y
planes using ImageJ software.

34)  Count the number of pseudopodia present in this area.

35]  Analyze 30 cells on the membrane and calculate the pseudopodial density as the
total number of pseudopodia divided by the total area occupied by the cells
(number/pm?).

36|  Perform triplicate measurements per each cell type and calculate the mean

density and standard error.

® Timetable

Days 1-3: cell culture on fibronectin-coated porous membranes.
Day 3: sample preparation for 2D-DIGE, 3 h; in-gel sample application, 30 min.

Day 4: first-dimension separation, 1 h, followed by 28 h of electrophoresis; SDS-PAGE
gel preparation, 1.5 h, followed by overnight polymerization.

Day 5: second-dimension separation, 2.5 h, followed by overnight electrophoresis.

Day 6: image acquisition, 1.5 h; spot picking, 1 h; in-gel digestion, 6 h, followed by
overnight treatment.

Day 7: in-gel digestion, 3 h. Day 8-X: identification of the candidate molecules and
cloning of the target genes. Day X: transfection with the cDNA of the target gene.

Day X + 2: observation of pseudopodia using confocal microscopy.

? Troubleshooting

The problems encountered during the procedure such as 2D images with unexpectedly small
number of protein spots, low separation of protein spots, and distorted images can be
attributed to technical issues with the excimer laser etching and 2D-DIGE. In the excimer
laser etching, laser scanning counts should be adjusted according to the cell type and
density. For the reproducibility of expression profiling, it is also critical to completely
remove cell bodies. In 2D-DIGE, troubleshooting for technical problems such as poor
quality of the 2D image can be found in the previous reports33-34. The first step in
troubleshooting is to determine whether it is the excimer laser etching or 2D-DIGE that has
caused the problem. For this purpose, we recommend using an adequate control sample for
2D-DIGE. We have described an established method of protein extraction from cultured
cells to be used for 2D-DIGE, and this control protein sample will be helpful to identify the
cause of the problem. :

Anticipated results

The proposed protocol couples proteomic data with tumor cell invasion activity allowing
generation of quantitative information on thousands of proteins from any type of adherent
tumor cells. Pseudopodial proteins are candidate biomarkers for evaluation of tumor cell
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malignancy potential, and their expression patterns are worth investigating for correlation
with clinical and pathological data. Thus, the proposed protocol should contribute to further
understanding of tumor invasion and may be used for assessment of cancer invasiveness in
clinical settings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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1st step

Purification and protein
extraction for pseudopodia
and cell body fraction

v
2nd step

Identification of candidate |
pseudopodia-enriched proteins

Final step

Comfirmation of pseudopodial
localization and functional
analysis of candidate molecules

Figure 1.

Fl(g)wchart of the experimental steps. The first step is the isolation of pseudopodia and
extraction of pseudopodia and cell body proteins. The second step is the identification of
pseudopodia-enriched proteins using two-dimensional difference gel electrophoresis (2D-
DIGE) and liquid chromatography-mass spectrometry/mass spectrometry (LC-MS/MS). The
final step is confirmation of pseudopodia-specific localization and functional evaluation of
candidate proteins by confocal imaging.
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{2 AVE Excimer Laser
i (193 tm. 10 H2)
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(tuned in a Gaussian pattern)
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Eye

Fibronectin—coated porous membrane
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tuned in a
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Figure 2. Excimer laser ablation and protein extraction
a. Laser-assisted in sizu keratomileusis (LASIK). To improve myopia, hypermetropia, and

astigmatism, the superficial anterior comneal tissue is reshaped by a topographically assisted
excimer laser after the epithelium is flapped from the Bowman’s layer. In LASIK, an argon
fluoride excimer laser reshapes the supefﬁcial anterior corneal tissue in Gaussian fitting
without damaging the underlying tissues. b. Pseudopodia isolation and protein extraction.
Protein extraction from the membranes containing pseudopodial microprocesses. Cell
culture on fibronectin-coated porous membrane positioned over the chemotactic factor-
containing medium is shown. The excimer laser ablates the cells on the porous membrane;
the laser scanning plane is adjusted to the surface of the porous membrane. The pulse energy
and scanning cycles are optimized to completely remove cell bodies and leave pseudopodia
intact in the membrane pores. Membranes are punched out after ablation and frozen in liquid
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nitrogen. The porous membrane before (left) and after (right) excimer laser ablation is
shown.

/
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Figure 3. Identification and confirmation about localization of pseudopodia-enriched proteins
a. Identification of pseudopodia-enriched proteins. The proteins purified from pseudopodia

and cell bodies are separated by 2D-DIGE, and protein spots are compared based on the
relative intensity of fluorescence signals. Proteins spots with signals stronger in the
pseudopodial than in the whole cell body fraction are analyzed by LC-MS/MS to identify
the candidate pseudopodia-enriched molecules. b. Confirmation of pseudopodia-specific
localization and functional analysis of pseudopodia-enriched proteins using
immunocytochemical staining. The representative immunocytochemical staining of F-actin
with phalloidin to identify pseudopodia and the target candidate protein are shown. In the
functional analysis, the length of pseudopodial microprocesses is measured to evaluate the
invasiveness/motility of cancer cells with different levels of target protein expression.
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To examine the proteomic background of lymph node metastasis (LNM) in gastric cancer,
we performed protein expression profiling of paired non-tumor, primary tumor, and LNM
tissues. Using a label-free proteomic approach, we generated protein expression profiles of
3894 unique proteins and identified 109 differentially expressed proteins. Functional path-
way analysis of the differentially expressed proteins showed that members of the beta-3
integrin (ITGB3) pathway were significantly enriched. Aberrations of ITGB3 were reported
in various malignancies; however, ITGB3 in LNM tissues has not been examined to date.
Different level of ITGB3 expression was confirmed in 20 gastric cancer cases by Western
blotting. We analyzed the mRNA levels of the differentially expressed proteins by using a
public mRNA expression database; 38.8% of the proteins examined, including those involved
in oxidation and reduction, showed correlation between protein and mRNA levels. Proteins
without such correlation included factors related to cell adhesion. Our study suggests a novel
role for the integrin pathway in the development of LNM in gastric cancer and indicated

Transcriptome
possible benefits of observational transcriptomic analysis for proteomic studies.
© 2014 Published by Elsevier B.V. on behalf of European Proteomics Association (EuPA).
This is an open access article under the CC BY-NC-ND license
(http//creativecommons.org/licenses/by-nc-nd/3.0/).
" the metastatic process and is most commonly observed in
1. Introduction

metastatic gastric cancer [2,3]. The LNM status is one of the
most important prognostic factors for gastric cancer, and

Gastric cancer is the fourth most common cancer and the
second leading cause of cancer-related deaths worldwide
[1]. Lymph node metastasis (LNM) is an early event of

the 5-year survival rate for LNM-positive gastric cancer is
33.2% [4,5]. These observations suggest that the understand-
ing of the molecular mechanisms of LNM can lead to a novel
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prognosticindicator or therapeutic approach for the treatment
of gastric cancer.

Metastasis of tumor cells consists of multiple selection
steps. Subpopulations of cancer cells with high metastatic
potential may migrate from the primary site to distant tissues,
where cells adaptive to foreign microenvironments clonally
proliferate in metastatic sites [6]. To elucidate the molecular
mechanisms underlying these multistage events, genome-
wide screening has been performed to identify genetic
differences between the primary tumors and the LNM tis-
sues in gastric cancer [7,8]. These studies have suggested the
existence of complex genetic abnormalities related to gastric

- cancer metastasis.

The proteome is a functional translation of the genome.
The genomic aberrations of cancer cells are transcribed to
the transcriptome, translated to the proteome, then deter-
mining cancer phenotypes. In this sense, the proteome is
a functional translation of the genome, directly regulating
tumor behavior. Proteomic studies can generate unique data
about the final products of genome information. The pro-
teomic study has been employed to elucidate the mechanisms
underlying LNM development in several types of cancers,
and various intriguing findings have been reported [9]. There-
fore, the investigations by the proteomic approach will be
important clues to understand the molecular mechanisms
underlying LNM in gastric cancer. These approaches will fur-
ther the understanding of biological mechanisms in gastric
cancer progression and will eventually benefit cancer patients.

In this study, we aimed to elucidate the proteomic back-
ground of LNM in gastric cancer. Protein expression profiles
consisting of 3894 unique proteins were generated using
sodium dodecyl sulfate (SDS)-PAGE-based protein separa-
tion followed by LC-MS/MS. Using a label-free quantification
method, we identified 109 differentially expressed proteins in
the LNM tissues. Functional pathway analysis demonstrated
that proteins involved in the beta-3 integrin (ITGB3) pathway
were significantly enriched within LNM, and the expression
pattern of ITGB3 in gastric cancer progression and metastasis
was examined by Western blotting. The application of meta-
transcriptomics revealed the possible trends of proteins with
concordant and discordant expression between proteins and
mRNA.

2. Material and methods
2.1.  Clinical samples

This study included 20 patients with gastric cancer. Matched
and unmatched pairs of tumors, non-tumor and LNM tis-
sues were used; paired tissues from two cases were used for
proteomic studies, and all samples were used for Western
blotting., The patients underwent surgery at Niigata Univer-
sity Medical and Dental Hospital and the affiliated institutions
in Niigata prefecture (Nagaoka Chuo General Hospital, Nan-
bugo General Hospital, Nagaoka Red Cross Hospital, Nippon
Dental University Medical Hospital, Niigata City General Hos-
pital, Tachikawa General Hospital, Shibata Hospital, Saiseikai
Niigata Daini Hospital, Sakamachi Hospital, Kashiwazaki Gen-
eral Hospital and Medical Center). All patients underwent
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surgical resection in 2010 and had no history of cancer treat-
ments involving systemic therapy. At the time of surgery,
tissue fragments were grossly resected from the primary
tumors, and the matched non-tumor mucosa tissues located
at least 5cm away from the tumor margins were collected.
All the tissues were immediately snap-frozen in liquid nitro-
gen and stored at —80°C until use. The LNM tissues were
cut into two pieces; one was embedded in OCT compound
(Sakura Finetechnical, Tokyo, Japan) for histological iden-
tification of tumor metastasis, and another was used for
proteomic study and Western blotting. By staining frozen sec-
tions with hematoxylin-eosin, we confirmed that the lymph
node metastatic tissues had at least 50% tumor cells. The
tumors were classified on the basis of the histological stage,
according to the International Union against Cancer tumor-
node-metastasis (TNM) classification, 7th edition [10]. The
clinicopathological data for 20 cases are presented in Table 1.
This study was approved by the Ethical Review Board of the
Niigata University Faculty of Medicine, the affiliated institu-
tions of Niigata University Medical and Dental Hospital, and
National Cancer Center. Informed consent was obtained from
all the patients at each institution.

2.2.  Protein expression profiling

Frozen samples were crushed to powder in liquid nitrogen
with a Multi-beads shocker (Yasui Kikai, Osaka, Japan) and
treated with lysis buffer containing 6 M urea, 2M thiourea,
3% CHAPS, and 1% Triton X-100. After the mixtures were
centrifuged at 15,000 rpm for 30 min, the supernatants were
recovered and used in subsequent protein expression studies.

Protein expression profiles were generated by the
LC-MS/MS method. Sixty micrograms of each protein sample .
was separated on a ready-made 12.5% SDS-PAGE gel (ATTO,
Tokyo, Japan). Each gel lanes were cut into 48 pieces of equal
size by GridCutter (Gel Company, San Francisco, CA) and
subjected to in-gel tryptic digestion as described previously
[11]. Trypsin digests were subjected to liquid chromatography
coupled with analysis with a LTQ-Orbitrap XL mass spectrom-
eter (Thermo Fisher Scientific, San Jose, CA). Acquired MS and
MS/MS spectra (Thermo raw files) were analyzed with the
Progenesis LC-MS software, version 3.4 (Nonlinear, Dynamics,
Newecastle, UK). Profile data of MS scans were transformed-’
to peak lists with respective peak m/z values, intensities,
abundances (areas under the peaks), and m/z width. MS/MS
spectra were treated similarly.

After selecting one sample as the reference, the reten-
tion times of all the other samples used in the experiment
were aligned by manually creating three to five landmarks,
followed by automatic alignment of all retention times to max-
imal overlay of the 2D feature maps. Features with only two
or three charges were included in further analyses. MS/MS
spectra were exported from the Progenesis software as Mas-
cot generic files (mgf) and were used for peptide identification
by searching the SWISS-PROT database (Homo sapiens, 471,472
sequences in the Sprot.57.5.fasta file) by using the Mascot soft-
ware (version 2.2; Matrix Science, London, UK). The following
search parameters were used: tolerance of two missed trypsin
cleavages, variable modifications on the methionine residue
(oxidation, +16 Da), maximum precursor ion mass tolerance



L61

Lymphatic
‘invasion .

‘Vascular
- invasion

s
20
0
o
0
0
0
1
S
1

18

e

Presence

Presence .

 Absence

“Absence i

. Absence -

. .Absence =

. Absence

Presence

~Presence
Presence.

. Presence
‘Presence

- Presence-

- Absence

- Presence
‘Absence
Presence

Presence

" Presence

. Presence
o Absehc'e','
~Absence

Absence:

'Absende k

Absence’

~Absence -
' Presence
' Presence
. Presence
. Presence
" Absence

Presence
Presence

- Presence

20 were ,u‘skeyd for Westém blottihgjanalysié. a1 : k o cons
classification of 7th edition.

Py
1™

5t Cancer tumor-node-metastasis (TNM)

‘Presence

¥61-€g1 (¥10T) € SOIWOILOUd NIJO vdni

S8t



186 EuPA OPEN PROTEOMICS 3 (2014) 183-104

of +10 ppm, and fragment ion mass tolerance of 0.8 Da. Pro-
teins with a Mascot score of 34 or more were considered as
positively identified. Peptide search results were re-imported
to the Progenesis software.

For protein quantification, only nonconflicting peptides
(ie., peptides occurring in only one protein) were selected.
After summing up the abundances of all the peptides allocated
to each protein, the results of 48 fractions were combined in
a total analysis set. All the experiments were performed in
duplicates, and each number represented an average of two
replicates. The processed raw data on protein abundances
were normalized by fixing the mean intensity of each sam-
ple at one and were presented as a scatter plot; the ratios of
mean abundances in two cases between tissue types were cal-
culated using the Expressionist analyst software (GeneData,
Basel, Switzerland). We defined the different expression as
more than 2.0-fold difference of the mean protein abundance
between tissue types. Proteins that showed higher expression
in tumor than non-tumor tissues, and also higher expression
in LNM than in the tumor tissues, or proteins that showed
lower expression in tumors than in the non-tumor tissues,
and even lower expression in the LNM tissues were selected
as candidate proteins associated with LNM.

2.3.  Pathway analysis

Pathway analysis of differentially expressed proteins was
performed using the Cytoscape software [12] with the Reac-
tome functional interaction (FI) plug-in [13]. The Reactome FI
dataset unites interactions from Reactome and those derived
from the pathway databases, including KEGG, BioCye, Pan-
ther, The Cancer Cell Map (hitp://cancer.cellmap.org/), and
NCI-PID, with pair-wise interactions gleaned from physical
protein-protein interactions in human and model organisms,
gene coexpression data, protein domain-domain interactions,
protein interactions generated from text mining, and GO
annotations [13]. To investigate the functions of the network
created, pathway enrichment analysis was performed using
the Reactome FI plug-in. Pathways with a false discovery rate
(FDR) <0.05 were considered to be significantly enriched.

2.4.  Western blotting

Protein samples were separated by SDS-PAGE and blotted
onto a PVDF membrane. Primary antibodies against ITGB3
(1:1000; BD Bioscience, San Jose, CA) and secondary antibod-
ies against mouse IgG (1:2000, GE Healthcare Biosciences,
Uppsala, Sweden) were used, and immunocomplexes were
detected using an enhanced chemiluminescence system (ECL
Prime Western Blotting Detection Reagents; GE Healthcare
Biosciences) and LAS-3000 (Fujifilm, Tokyo, Japan). To nor-
malize the amount of protein loaded in each lane, the same
membranes were stained with Ponceau S. The intensity of
‘Western Blot signals and the density of the total lanes stained
with Ponceau S were measured using ImageQuant software
(GE Healthcare Biosciences), and the relative intensity was cal-
culated by dividing the intensity of Western Blot signals by the
optical density of the total lanes.
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2.5.  Gene expression analysis

The microarray and clinical and pathological dataset of 89
gastric cancer cases was obtained from the Gene Expression
Omnibus (GEO) database (GSE 4007). This dataset consists of
a total of 44,500 probes corresponding to about 30,300 unique
genes. Gene expression data of 14 cases that included 14 pri-
mary tumor tissues, 14 corresponding LNM tissues, and 5
matched non-tumor mucosae, were selected for the analy-
sis. To compare protein and mRNA expression, we selected
probes corresponding to the differentially expressed 109 genes
identified in proteomic analysis. We could obtain the expres-
sion data of 67 genes. We selected a probe with the highest
expression value when multiple ones exist for the identical
gene. Additional data processing such as normalization was
not performed. Gene expression data were imported to the
Expressionist analyst software (GeneData, Basel, Switzerland),
and mean expression ratios between different tissue types
were calculated. We defined the different expression as more
than 1.0 fold difference of the mean expression value between
the tissue types.

2.6.  Gene ontology enrichment analysis

Gene ontology (GO) enrichment anélysis was performed using
DAVID, version 6.7 [14]. Data related to genes with concordant
and discordant mRNA and protein expression were separately
uploaded to DAVID, and the background was defined as “Homo
sapiens”. Functional annotation charts were created using
“GOTERM.BP_FAT” (collection of broadest GO terms curated
from GO annotations dataset). Thresholds were changed to
a gene count of two and an EASE score of one (modified
Fisher exact P-value). The P-value for each GO term reflects
enrichment in the frequency of that GO term in the uploaded
gene list, relative to all the genes in the background list.
The GO terms were filtered to include enrichments with
Benjamini-Hochberg corrected P-values less than 0.20.

2.7.  Statistical analysis

The Kruskal-Wallis test was performed to compare contin-
uous variables in multiple groups by using the SPSS 11.5
statistical package (SPSS, Chicago, IL), and differences with
P<0.05 were considered statistically significant.

3. Results

An overview of the experiment workflow is shown in Fig. 1.
First, we generated protein expression profiles of paired non-
tumor, tumor, and LNM tissues from cases 1 and 2 (Fig. 1,
Table 1). Each protein sample was separated by SDS-PAGE, and
the gel lanes were cut to obtain 48 pieces. Trypsin digests were
extracted from each gel piece, and subjected to LC-MS/MS.
We identified and quantified 109,949 unique peptides corre-
sponding to 3894 nonredundant proteins from six samples in
technical duplicates by the Progenesis LC-MS software (Sup-
plementary Tables 1 and 2). To monitor the reproducibility of
the whole process (SDS-PAGE separation, in-gel tryptic diges-
tions, LC-MS/MS, and protein quantification), we generated a
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Fig. 1 — Experimental workflow of a label-free proteomics
approach with pathway enrichment and mRNA expression
meta-analysis. Non-tumor (NT), tumor (T) and lymph node
metastasis (LNM) tissues were examined. The label-free
quantification method quantified the expression of a total
of 3894 proteins; 109 differentially expressed proteins were
further analyzed for functional interactions and biological
enriched pathways. The beta-3 integrin (ITGB3) pathway
was the most enriched pathway in the functional
interaction network created. The association between
ITGB3 protein expression and gastric cancer progression
was confirmed by Western blotting. Among the 109 genes,
67 were grouped according to similarity between the
protein and mRNA expression patterns, such as
“Goncordant genes” or “Discordant genes”. Gene ontology
analysis showed the enriched functional characteristics in
the each gene groups.

scatter plot of technical duplicates from identical samples of
the primary tumor tissue from case 2 (Table 1) and calculated

the Pearson’s correlation coefficient. The scatter plot showed |

that the normalized abundance of 83.7% and 94.5% of the pro-
teins ranged within 2.0-4.0-fold difference, respectively, and

that the correlation coefficient was 0.92 (Supplementary Fig.
1). These results demonstrated high reproducibility of label-
free protein expression profiling.

Supplementary Tables 1 and 2 and Fig. 1 can be found, in
the online version, at doi:10.1016/j.euprot.2014.03.001.

We compare protein expression profiles between the
non-tumor, tumor, and LNM tissues in two cases (Case 1 and
2, Table 1). Among the 3894 proteins, 55 proteins showed
significantly (>2-fold ratio of means in two cases) higher
expression in tumor than non-tumor tissues and also signif-
icantly higher expression in LNM than in the tumor tissues
(Fig. 2). In contrast, 54 proteins showed significantly (<2-fold
ratio of means in two cases) lower expression in tumors
than in the non-tumor tissues, and even significantly lower
expression in the LNM tissues (Fig. 3). We selected the 109
differentially expressed proteins as candidate proteins asso-
ciated with LNM. Details of these proteins are presented in
Supplementary Table 3.

Supplementary Table 3 can be found, in the online version,
at doi:10.1016/j.euprot.2014.03.001.

We studied the functional interactions of these 109 pro-
teins by using Cytoscape with the Reactome FI plug-in. We
found that 11 (10.1%) of the 109 proteins were functionally
linked to each other and that the ITGB3 cell surface inter-
actions pathway was the most significantly enriched in the
identified network of the 11 proteins (FDR < 1.00E-4, Fig. 4A and
Table 2). ITGB3 was identified and examined in our proteomic
analysis. ITGB3 protein expression in the LNM tissues was
lower than that of the tumor tissues (ratio of means=3.96), .
and that of the tumor tissues was higher than that of the
non-tumor tissues (ratio of means=1.76) (Fig. 4B). We vali-
dated the relationship between ITGB3 expression and gastric
cancer progression in 20 cases by Western blotting. ITGB3
expression was found to significantly increase with cancer
stage progression but decrease in LNM tissues (Fig. 4C). These
observations confirmed the results of the label-free protein
expression profiling.

We analyzed the mRNA levels for the 109 differentially
expressed proteins by using a public mRNA expression
database. We selected the GSE4007 dataset in the NCBI Gene
Expression Omnibus (GEO) because it was the only dataset
that included mRNA expression data obtained from paired
non-tumor tissues, primary tumor tissues, and LNM tissues,
along with sufficient clinical information. From the 109 genes,
the mRNA expression data for 67 genes were included in the
GSE4007 dataset. Clinical and pathological information and
data on mRNA expression have been presented in Supplemen-
tary Tables 4 and 5, respectively.

Supplementary Tables 4 and 5 can be found, in the online
version, at doi:10.1016/j.euprot.2014.03.001.

To characterize the genes according to the correlation
between mRNA and protein expression, we divided the 67
genes into two groups: 26 genes (38.8%) that showed the same
protein and mRNA expression patterns were grouped into
“Concordant genes” (Table 3), whereas 41 genes that showed
different patterns were grouped into “Discordant genes”. We
analyzed the enriched GO terms in each group by using DAVID,
version 6.7. GO terms related to oxidation, reduction, or hor-
mone metabolism were enriched in the group of “Concordant
genes”, while those involved in phagocytosis or cell adhesion

199



188 EuPA OPEN PROTEOMICS 3 (2014) 183-194

Ratio of  Ratio of

v
] means means
Gene description (T/NT) (LNM/T)
— Sushi, von Willebrand factor type A, EGF and pentraxin domain-containing protein 1 3.61 4.56
UPF0327 protein Clorfi51 3.01 228
B-lymphocyte antigen CD20 2.96 2.63
Thymidine kinase 2, mitochondrial 13.59 2,19
Transmembrane glycoprotein NMB 6.14 2.67
Arachids -lipoxyg activating protein 5.11 2.41
Thioredoxin domain-containing protein 6 3.15 32
T-cell leukemia/lymphoma protein 1A 88.57 3.65
TSC22 domain family protein 2 2.35 231
Agmatinase, mitochondrial 291 2.51
Sulfate transporter 2,42 2,07
Mannose-G-phosphate receptor-binding protein 1 2.05 4.34
Mitoferrin-1 4,92 3.04
Probable serine carboxypeptidase CPVL 2.66 231
wn Nicotinate-nucleotide pyrophosphorylase [carboxylating] 2.1 3.75
5 Neutrophil gelatir ssociated lipocali 2.09 742
Carbonic anhydrase 4 3.7 18.06
m Trans-Golgi network integral membrane protein 2 2.84 3.73
[5) Tapasin 102.06 726.07
Chromodomain-helicase-DNA-binding protein 4 207 249
&hn Prostasin 5115 558
Carcinoembryonic antigen-related cell adhesion molecule 8 22.18 1122
) Serum paraoxonase/arylesterase 2 2.17 337
W Carcinoembryonic antigen-related cell adhesion molecule | 3,73 8.84
Dynein heavy chain 2, axonemal 2.27 17.81
Carci bryonic anti lated cell adhesi lecule 5 4.57 4.59
'Tj Spermine synthase 2.19 2.59
(D] Collagen alpba-1(XXII) chain 3.21 8.25
Pty 5'-3' exoribonuclease 2 13.38 236
3 Probable fiuctose-2,6-bisphosphatase TIGAR 298 2.61
o UDP-GleNAc:betaGal beta-1,3-N-acetylglucosaminyltransferase-like protein | 10.41 5.4
Vacuolar protcin sorting-associated protein 28 homolog 2.99 3.06
ﬁ Neutrophil eytosol factor 2 4.97 6,98
1)) Procollagen-lysine,2-oxogl 5-dioxygenase 2 11.38 2.7
0) Myeloblastin 437 237
Constitutive coactivator of PPAR-gamma-like protein 1 5.68 4.07
L Cathepsin H 278 333
1 Syntenin-1 2.05 2,61
Q Carcil bryonic antigen-related cell adhesi lecule 6 5.59 7.2
V-type proton ATPase 16 kDa proteolipid subunit 7.13 3.73
D Heat shock 70 kDa protein 1L 316 347
Ganglioside-induced differentiation-associated protein 1 3.99 3.09
Thrombospondin-1 217 279
Protein FAM103A1 2.09 2.79
Matrix metalloproteinase-9 3.46 2.63
Protein $100-A12 223 2.12
Collagen alpha-2(V) chain 3.03 2,18
Inositol-3-phosphate synihase 1 427 8.3
Putative L-aspartate dehydrogenase 2.76 2.82
Collagen alpha-1(I1) chain 3.77 4,16
High affinity immunoglobulin epsilon receptor subunit gamma 2,23 2.08
Collagen alpha-2(I) chain 2.46 2.86
Fibutin-2 212 248
Collagen alpha-I(l) chain 3.59 292
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Fig. 2 - Fifty-five significantly upregulated proteins identified by a label-free quantification method. The protein abundance
in each case was z-transformed across all six samples and has been presented in a heatmap format. Tissue types are
marked as non-tumor (NT), tumor (T), and lymph node metastasis (LNM). Case numbers correspond to those in Table 1 and
Fig. 4. Refer to Supplementary Table 3 for the gene description and values of the ratio of means.

were over-represented in the “Discordant genes” group (Fig. 5
and Supplementary Table 6).

Supplementary Table 6 can be found, in the online version,
at doi:10.1016/j.euprot.2014.03.001.

4, Discussion

LNM is one of the most important prognostic factors in gas-
tric cancer, and investigation of the molecular background of
LNM formation may lead to novel therapeutic modalities [4].
Metastasis has been assumed to occur through clonal genomic
and epigenetic evolution [5]. Molecular mechanisms related to
tumor metastasis are upregulated in metastatic tumor cells
compared to primary tumors, and exploring differences in

the molecular background of primary tumors and LNM tis-
sues may be the most direct and credible way to elucidate the
molecular mechanisms underlying the metastasis process.
We employed SDS-PAGE-based size fractionation before
mass spectrometry analysis. Pre-fractionation of proteins by
SDS-PAGE has significant advantages over other separation
techniques in that it detects a greater number of proteins
and is widely used to characterize protein complexes in can-
cer proteomic studies [15-17]. Gel-based size fractionation for
the identification of proteins is superior to separation by lig-
uid chromatography as a pre-fractionation method [18]. Jafari
et al. compared gel-based protein-separation techniques,
including SDS-PAGE, isoelectric focusing with immobilized
pH gradient gel strips (IEF-IPG), and two-dimensional PAGE
(2D-PAGE), on the basis of their ability to serve as a
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Fig. 3 - Fifty-four significantly downregulated proteins identified by a label-free quantification method. The protein
abundance of each gene was z-transformed across all 6 samples and has been presented in a heatmap format. The tissue
types are marked as shown in Fig. 2. Gase numbers correspond to those in Table 1 and Fig. 4. Refer to Supplementary Table

3 for the gene description and values of the ratio of means.

fractionation technique for MS analysis of a complex protein
sample [19]. They reported that SDS-PAGE yielded the highest
number of identifiable proteins.

In addition, we quantified the identified proteins by
a label-free method with the Progenesis LC-MS software.
Label-free quantification is widely used because it is a simple
technique that allows simultaneous identification and quan-
tification of proteins. Alternatively, isotopic labeling methods
such as ICAT [20], iTRAQ {21], and SILAC [22] are also used for
MS-based protein quantification; these isotopic labeling meth-
ods allow for the comparison of multiple samples in a single
LC-MS/MS run, thereby providing increased accuracy, preci-
sion, and reproducibility {23}. However, such experiments are
complicated because of the additional labeling reactions, and
SILAC is available only in tissue culture systems. A label-free
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method based on Progenesis LC-MS can quantify and iden-
tify thousands of proteins from complex samples with a
simple technique and high reproducibility. Progenesis LC-MS
aligns the ion chromatograms to compensate for variations in
retention times among multiple samples before quantification
based on ion intensities. It has been reported that analy-
sis of retention time alignment shows similar quantification
precision and reproducibility but higher identification capac-
ity than isotope labeling methods such as SILAC [24]. In this
study, we identified and quantified 3894 non-redundant pro-
teins from complex clinical samples with high reproducibility
(Supplementary Fig. 1) and then employed a label-free quan-
tification method for the proteomic studies.

The development of tumor invasion and metastasis is a
very complicated and continuous process with multi steps.



