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In the development of novel biomarkers, the proteomic approach is advantageous because using Received: November 7, 2007
it the cancer-associated proteins can be directly identified. We previously developed a 2-nitro- Revised: January 21, 2008
benzenesulfenyl (NBS) method to improve quantitative proteome analysis. Here, we applied this Accepted: January 31, 2008

method to proteomic profiling of colorectal carcinoma (CRC) to identify novel proteins with

altered expression in CRC. Each pair of tumor and normal tissue specimens from 12 CRC

patients was analyzed, and approximately 5000 NBS-labeled paired peaks were quantified. Peaks

with altered signal intensities (>1.5-fold) and occurring frequently in the samples (>70%) were

selected, and 128 proteins were identified by MS/MS analyses as differentially expressed proteins

in CRC tissues. Many proteins were newly revealed to be CRC related; 30 were reported in earlier

studies of CRC. Six proteins that were up-regulated in CRC (2YX, RAN, RCN1, AHCY, LGALS1,

and VIM) were further characterized and validated by Western blot and immunohistochemistry.

All six were found to be CRC-localized, either in cancer cells or in stroma cells near the cancer o
cells, These results indicate that the proteins identified in this study are novel candidates for CRC @
markers, and that the NBS method is useful in proteome mining to discover novel biomarkers. :
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1 Introduction

Co di Prof QOsamu Nishimura, Division of Dis-

ease P;ntaom'lcs. Institute for Protein Research, Osaka University,

Osaka 566-0871, Japan Colorectal carcinoma (CRC) is the third most common type
E-mail: osamu_nishimura@protein.osaka-u.ac.jp of cancer and the second leading cause of cancer death in
Fax: +81-6-6879-4320 developed countries. Over the past two decades, the clinical

test for CRC has utilized carcinoembryonic antigen (CEA) as
a marker protein. However, most positive cases are found in
patients with advanced cancers or even metastases. For

Abbreviations: AHCY, S-adanosylhomocysteine hydrolase; CEA,
carcinoembryonic antigen; CF, cytosolic fraction; CRC, colorectal
carcinoma; CSF, CHAPS-soluble fraction; IHC, immunohisto-

chemistry; LGALS1, galectinl; NBS, 2-nitrobenzenesulfenyl; example. the positive detection ratio of CEA in Pltiﬂrlti with
RAN, Ras-related nuclear protein; RCN1, reticulocalbinl; VIM, metastatic cancer generally ranges from 70 to 80%, whereas
vimentin; WB, Western blot; ZYX, zyxin it decreases in patients with both locally recurrent and early
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cancers [1-3]. CEA has not been proven effective as a
screening marker for early-stage cancers, and its applications
have been limited to the detection of advanced cancers. This
supports the need of development of novel CRC biomarkers
to improve the accuracy of diagnosing CRC. Recently, var-
1ous approaches involving transcriptome analysis have been
extensively applied in an effort to identify novel diagnostic
markers for CRC [4, 5]. However, mRNA expression levels do
not necessarily correlate with protein expression. Hence,
direct analysis of proteins is indispensable for the discovery
of novel biomarkers.

Most proteomic approaches involving CRC tissues have
been performed by 2-DE in combination with M$, and some
successful results have been obtained [6-10]. However, it is
still difficult to perform comprehensive proteome analysis,
as this method has several technical limitations [11]. There-
fore, we previously developed and improved the 2-nitro-
benzenesulfenyl (NBS) method, which is based on stable
isotope labeling of tryptophan residues by NBS reagents [12-
14] for global quantitative proteome analysis. In this method,
labeled peptides after enzymatic digestion are subjected to
HPLC separation, while intact proteins are analyzed directly
using the 2.DE method. These two different methodologies
can detect different sets of proteins, so the NBS method can
complement other methods such as 2-DE.

The primary advantage of this new method is that it
reduces the number of peptides by selecting NBS-labeled
tryptophan-containing peptides from bulk tryptic digests.
This is advantageous because tryptophan residues are the
least abundant amino acid in proteins, yet they occur in a
large proportion of proteins [15]. Another advantage of this
method is the special matrix used for MALDI-TOF MS
measurement, which can detect the NBS-labeled peptides
with high sensitivity [14]. For these reasons, we believe that
this method can improve proteome mining by increasing
the dynamic range of detection, and that it is advantageous
for quantitative proteome analysis [16-18]. Here, we
applied the NBS method to analysis of clinical samples
from CRC patients in order to discover novel biomarker
candidates.

2 Materials and methods
2.1 Tissue samples

Twelve primary colorectal cancer specimens and corre-
sponding normal colonic mucosal specimens were
obtained from surgical resections from March 2003 to
November 2004. All patients with tumors were diagnosed
at advanced stages, and none of the adenomas was con-
tained in a cancerous component. All normal tissues were
histopathologically confirmed as cancer-free. None of the
patients was treated with preoperative chemotherapy or
radiotherapy. The samples were stored in RNAlater (Qia-
gen, Valencia, CA) at —20°C after sampling. This study was
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approved by the Institutional Review Board of Osaka Uni-
versity and formed consent was obtained from each
patient.

2.2 Sample preparation

Frozen tissue samples were homogemized in 500 pL of lysis
buffer A (50 mM Tris-HCI at pH 8.0, 100 mM NaCl, 5 mM
EDTA, 1mM PMSF, 1pg/mL leupeptin, and S pg/mL
aprotinin) on ice using a Sample Grinding Kit (GE Health-
care, Buckinghamshire, UK). Homogenates were cen-
trifuged at 100000 x g for 60 min and supernatants were
obtained as the cytosolic fraction (CF). Pellets were washed
twice with lysis buffer A and homogenized in 500 pL of
lysis buffer B (29% CHAPS, 9 M urea, 50 mM Tris-HCl at
pH 8.0, 100 mM NaCl, 5 mM EDTA, 1 mM PMSF, 1 pg/mL
leupeptin, and 5 pg/mL aprotinin); homogenates were cen-
trifuged at 100000xg for 60 min. Supernatants were
obtained as the 2% CHAPS-soluble fraction (CSF). These
fractionated samples were precipitated using the 2D-Clean-
Up Kit (Bio-Rad. Hercules, CA) and resuspended in 8 M
urea and 5 mM EDTA. After centrifugation at 10000 x g for
5 min, supernatants were recovered and subjected to NBS
reagent labeling. Protein concentration was determined by
BCA Protein Assay (Pierce, Rockford, IL) using BSA as a
standard.

2.3 NBS reagent labeling, peptide fractionation and
MS measurement

NBS reagent labeling was performed according to the man-
ufacturer’s protocol (“CNBS stable isatope labeling kit-N;
Shimadzu Biotech, Kyoto, Japan). Normal and tumor tissue
samples (100 pg each) were labeled with isotopically light
and heavy NBS reagent, respectively. NBS-labeled samples
were then mixed, reduced, alkylated and digested by trypsin.
NBS-labeled peptides were enriched from tryptic digests and
fractionated using Phenyl Sepharose, as described previously
[13]. The resulting seven fractions were combined into three
fractions and subjected to RP-LC (LC-10ADvp pHPLC Sys-
temy; Shimadzu), as described previously [16]. Eluates were
automatically deposited onto MALDI target plates by the LC
spotting system {AccuSpot; Shimadzu). These samples were
automatically analyzed by MALDI-TOF MS (AXIMA.CFR
Plus; Shimadzu/Kratos, Manchester, UK) [16].

2.4 Relative quantification and identification of
differentially expressed proteins in CRC

Relative quantification of each NBS-labeled peptide pair was
performed using TWIP Version 1.0 (Dynacom, Kobe, Japan),
referring to a monoisotopic mass list from MASCOT Dis-
tiller Version 1.1.2 (Matrix Science), as described previously
[16]. We previously demonstrated that quantifiation errors
(%) using a model protein mixture were less than 4% [16).
Thus, peptide pair ratios larger than 1.5-fold, or smaller than
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0.66, were set as threshold values for significant differences.
A threshold value for the occurrence was set to 70% of all the
CRC patient samples in which peptide pairs were detected.
[n this manner, candidate peptides were selected and further
subjected to MS/MS analysis (AXIMA-QIT-TOF; Shimadzu/
Kratos) [16]. Proteins were identified by the MASCOT MS/
MS lon Search algorithm (Version 2.0; Matrix Science) using
mass lists generated by MASCOT Distiller. The MASCOT
search parameters were as follows: trypsin digestion allow-
ing up to two missed cleavages, fixed modifications of
12CNBS (or 13CNBS) and carbamidomethyl (C), vanable
modifications of oxidation (M), peptide tolerance 0.3 Da and
MS/MS tolerance of 0.5 Da. Search results having p-values
less than 0.05 were judged as positive identifications.

2.5 Western blot analysis

Total protein extracts (20 pg; CF or CSF) from the tumor
and corresponding normal tissue samples of each patient
were separated on 10 or 15% SDS-polyacrylamide gels,
Proteins were then transferred to a NC membrane and
prestained SDS.-PAGE standards (Bio-Rad) were used to
estimate their molecular weights. The following primary
antibodies were used: mouse anti-human Zyxan (ZYX),
polyclonal (Abnova, Taipei, Taiwan), mouse anti-human
RAN, monoclonal (Abcam, Cambridge, UK), mouse anti-
human S-adenosylhomocysteine hydrolase (AHCY), poly-
clonal (Abnova), rabbit anti-human reticulocalbin 1 (RCN1),
monoclonal  (Abnova), rabbit anti-human galectini
(LGALS1), polyclonal (Abcam), and rabbit anti-human
Vimentin (VIM), polyclonal (Abcam). NC membranes were
incubated with diluted antibody solution for 2 h at room
temperature. After washing in PBS, the membranes were
incubated at room temperature for 1h with HRP-con-
jugated sheep anti-mouse IgG antibody (GE Healthcare) for
ZYX, RAN and AHCY, or HRP-conjugated donkey anti-rab-
bit IgG antibody (GE Healthcare) for RCN1, LGALS1 and
VIM. Primary antibody dilutions were anti-ZYX (1:500);
anti-RAN (1:1000); anti-AHCY (1:1000); anti-RCN1 (1:1000);
anti-LGALS1 (1:1000); and anti-VIM (1: 1000). Secondary
antibody dilutions were anti-mouse 1gG (1:4000) and anti-
rabbit 1gG (1:10000). Proteins were then visualized by ECL
Plus detection reagents (GE Healthcare), exposed to X-ray
film (Kodak, US), and the protein band densities were
quantified using “CS Analyzer v3.0" software (ATTO,
Tokyo). Used membranes were stained with 0.2% CBB R-
250 in 40% MeOH, 10% AcOH for 5 min and destained
with 90% MeOH, 2% AcOH for 15 min to confirm equal
protein loading and blotting (data not shown).

2.6 Immunochistochemical staining
Ten percent buffered formalin-fixed paraffin-embedded sec-
tions were prepared from ten surgically resected cancers.

Tissue specimens from the same cancers were also used for
proteomics analyses. The streptavidin-biotin immunoperox-
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idase complex method was used for immunchistochemical
analysis. Briefly, 4-pm slices of tissue section were depar-
affinized and incubated with 0.03 mol/L citrate buffer (pH
6.0) and heated to 98°C for 40 min for antigen retrieval.
Endogenous peroxidase activity was blocked with 0.3%
hydrogen peroxide and 0.1% sodium azide in distilled water
for 15 min. After three rinses in PBS pH 7.2, 10% bovine
serum (Wako, Osaka, Japan) was applied for 10 min to block
nonspecific reactions. Sections were incubated with the pri-
mary antibedy for 60 min at room temperature. Primary
antibodies for immunchistochemical staining were the
same as those used in the Western blot (WB) analyses. After
washing in PBS, the sections were treated with biotinylated
sheep anti-mouse IgG (Amersham, London, UK) for ZYX,
RAN and AHCY or biotinylated anti-rabbit 1gG (Nichirei,
Tokyo, Japan) for RCN1, LGALS1 and VIM for 15 min. After
washing in PBS, the sections were reacted with streptavidin-
biotin peroxidase complex (Dako, Copenhagen, Denmark)
at 1:300 dilution for 15 min. The peroxidase reaction was
visualized by incubating the sections with 0.02% 3,3"-dia-
minobenzidine tetrahydrochloride in 0.05 M Tris buffer (pH
7.6) with 0.01% hydrogen peroxide for 3 min. Sections were
then counterstained with hematoxylin. Negative control
sections were tested using normal mouse or rabbit serum
instead of the primary antibody. Tissue sections of normal
liver (for AHCY), skin (for VIM), lymph node (for LGALS1)
and testis (for RAN, RCN1, and ZYX) were prepared as
positive controls according to the manufacturers' recom.
mendations or previous publications. All slides were eval-
uated by a blinded pathologist. For each immunohisto-
chemical analysis, the mean intensity of the tumor cells or
stromal cells was evaluated in comparison with the positive
controls as follows: weak, 1+; moderate, 2 | ; strong, 3+.

3 Results

3.1 Proteomic profiling and identification of
differentially expressed proteins in CRC tissues

Differential proteome analysis between CRC and normal
tissues from each patient was performed using the NBS
method (Fig. 1A), This analysis was performed using CFand
CSF samples from each of the 12 patients. After a series of
experiments, including NBS labeling, peptide fractionation
and MS measurement, 2600-3000 paired peaks were
observed per analysis. Tn this method, the relative ratio of
expression for each protein is calculated from the relative
ratio of peak intensity (or area) in each pairpeak (NBS-
labeled peptides) [12]. Following this relative quantification,
pair-peak lists were evaluated (see Section 2) and 320 pairs
were judged to have significant differences in protein
expression and to occur with significant frequency in
patients. After these peaks were subjected to MS/MS analy-
sis, 226 decent MS/MS spectra were obtained, and 156
search results (138 identical peptides) were judged as




