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Abstract

AIM: To develop lymph node metastasis (LNM)-asso-
ciated biomarkers for colorectal cancer (CRC) using
quantitative proteome analysis.

METHODS: Differences in protein expression between
primary CRC with LNM (LNM CRC) and without LNM
(non-LNM CRC) were assessed using methyl esterifi-
cation stable isotope labeling coupled with 2D liquid
chromatography followed by tandem mass spectrome-
try (2D-LC-MS/MS). The relationship to clinicopatholog-
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ical parameters and prognosis of candidate biomarkers
was examined using an independent sample set.

RESULTS: Forty-three proteins were found to be dif-
ferentially expressed by at least 2.5-fold in two types of
CRC. S100A4 was significantly upregulated in LNM CRC
compared with non-LNM CRC, which was confirmed by
Western blotting, immunohistochemistry and real-time
quantitative polymerase chain reaction. Further immu-
nohistochemistry on another 112 CRC cases showed
that overexpression of S100A4 frequently existed in
LNM CRC compared with non-LNM CRC (P < 0.001).
Overexpression of S100A4 was significantly associated
with LNM (P < 0.001), advanced TNM stage (P < 0.001),
increased 5-year recurrence rate (P < 0.001) and de-
creased 5-year overall survival rate (P < 0.001). Univari-
ate and multivariate analyses indicated that S100A4
expression was an independent prognostic factor for
recurrence and survival of CRC patients (P < 0.05).

CONCLUSION: S100A4 might serve as a powerful bio-
marker for LNM and a prognostic factor in CRC.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer (CRC) is the third most prevalent hu-
man cancer wotldwide, with 1 million estimated new cases
annually, of which, about 50% die!”. CRC trequently mi-
grates through the lymphatic route, depositing tumor cells
into local lymph nodes, namely lymph node metastasis
(LNM). The status of the local lymph nodes delivers cru-
cial information concerning cancer staging, prognosis, and
clinical decision making, on the understanding that the
existence of LNM notably reduces the chance of CRC
survival”, Unfortunately, the mechanisms related to TLNM
remain poorly understood at present because LNM is a
complicated process that involves cancer cell detachment
from the primary tumor, migration, invasion, adhesion
and implantation in the new environment. A variety of
dystregulated molecules play a significant role in this highly
sophisticated process”™. Therefore, LNM-related investi-
gations have attracted much attention.

Clinicopathological features such as poorly differenti-
ated cancer, depth of wall penetration, lymphovascular
invasion, and tumor size are considered to be associated
with CRC with LNM (LNM CRC)"; however, these
characteristics are still insufficient to predict the existence
of LNM. In order to improve the diagnosis and prognosis
of CRC, there is an urgent need to identify specific tumor
molecular markers to recognize patients with LNM, which
can define a subset of CRC patients who could benefit
from rational management.

It is presently in progtess to develop new strategies for
the identification of cancer-related molecular markers. Pro-
teomics, the emerging technology that examines the overall
characteristics of the expressed proteins, has identified
many differential proteins associated with tumor develop-
ment and progtession in various diseases” . The recent de-
velopment of proteomic technology, which presents better
sensitivity than conventional gel-based strategies - coupling
stable isotope labeling with liquid chromatography followed
by tandem mass spectrometry (LC-MS/MS) - introduces a
powerful approach to accurate qualitative and quantitative
proteomic analysis of clinical samples, as successfully ap-
plied to research on difference cancers . This procedure
can provide new opportunities to develop biomarkers as-
sociated with LNM for CRC.

In the present study, we employed the combination of
methyl esterification stable isotope labeling and 2D-1.C-
MS/MS to petform an accurate quantitative analysis. A
total of 43 proteins were identified that were differently
expressed by at least 2.5-fold, including S100A4, which
was significantly upregulated in LNM CRC compared
with non-LNM CRC. S100A4 was recently reported in
association with LNM in several studies that attracted our
interest!”"". Meanwhile, there have been a limited number
of similar studies on the association of ST00A4 with CRC.
As a result, we focused our attention on S100A4. After
confirmation by Western blotting, immunohistochemis-
try and real-time quantitative polymerase chain reaction
(PCR), we further investigated the relationship between
S100A4 expression and the lymph node metastatic phe-
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notype of CRC, and determined its prognostic value on
another independent set of 112 CRC cases.

MATERIALS AND METHODS

Patients and samples

A total of 144 colorectal carcinoma samples were collected
after obtaining informed consent in our hospital (Fudan
University Shanghai Cancer Center, Shanghai, China).
None of the patients received chemotherapy or radiother-
apy before surgery. Resected specimens were reviewed by
two senior pathologists according to the criteria described
in the American Joint Committee on Cancer Cancer Stag-
ing Manual (6th edition, 2002)""". For the screening and
confirmation study, 32 primary CRC tissue samples that
were obtained from patients who underwent curative re-
section in 2009 were collected and divided into two groups
of LNM CRC and non-LNM CRC, with 16 cases in each
group. The number of lymph nodes retrieved was not less
than 12 in the non-LNM CRC. None of them had distant
metastasis. The fresh colorectal tumor tissues were ob-
tained immediately after surgery, washed twice with chilled
phosphate buffered saline (PBS), immediately stored in
liquid nitrogen and at -80°C in our tissue bank until further
use. The detailed clinical data of these patients is provided
in Table 1. For the S100A4 expression study, paraffin-em-
bedded tissues in another independent set of 112 primary
CRC samples between January and August 2004 were used
for immunohistochemistry assessment. Ethical approval
was obtained from the Cancer Center Research Ethics
Committee.

Sample preparation, methyl esterification stable isotope
labeling and 2D-LC-MS/MS

Frozen samples were crushed to powder in liquid nitro-
gen, and dissolved in lysis buffer [7 mol/L urea, 2 mol/L
thiourea, 100 mmol/L DTT and 1 X protease inhibitor
cocktail (Roche, Penzberg, Germany)] by continuous vor-
tex at 4°C for 1 h. After centrifugation at 15000 r/min
for 45 min at 4°C, equal amounts of each sample from
LNM CRC and non-LNM CRC groups were pooled to-
gether. One hundred micrograms of proteins from each
sample pool were reduced with 10 mmol/L dithiothreitol
(60 min, 56°C) and alkylated with 12 mmol/L iodoacet-
amide in darkness (45 min, 37°C), followed by digestion
with 1:20 (w/w) ratio of trypsin (Promega, Madison, W1,
USA) overnight at 37°C. The lyophilized peptides from
LNM CRC sample were tagged with d0-methanolic HCI,
whereas those from non-LNM CRC samples were la-
beled with d3-methanolic HCI (Sigma-Aldrich, St. Louis,
MO, USA) as previously described"™"”. Briefly, 100 pL
of d0-methanolic HC] or d3-methanolic HCI (created by
dropwise addition of 160 pl. acetyl chloride with stirring
to 1 mL dO-methanol or d3-methanol) was added to the
corresponding sample. The reaction was allowed to pro-
ceed for 2 h at room temperature. After lyophilization and
re-dissolving in 100 uL 5% acetonitrile in 0.1% formic
acid, the two peptides were mixed, followed by desalina-
tion using Sep-Pak Vac C18 (Waters, Milford, MA, USA).
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Patient No. TNM Sex Age (yr) Location

Non-LNM CRC
1 T2NOMO Male 73 Colon
2 T4NOMO Male 44 Rectum
3 T2NOMO Male 49 Colon
4 T3NOMO Female 53 Colon
5] T3NOMO Male 54 Colon
6 T4NOMO Female 52) Colon
7 T3NOMO Male 69 Rectum
8 T3NOMO Female 59 Colon
9 T4NOMO Male 66 Colon
10 T2NOMO Male 73 Colon
11 T2NOMO Female 72 Rectum
12 T3NOMO Male 68 Rectum
13 T2NOMO Male 71 Colon
14 T4NOMO Male 68 Colon
15 T3NOMO Male 59 Rectum
16 T2NOMO Female 43 Rectum

LNM CRC
1 T4AN2MO Male 41 Colon
2 T3N1IMO Male 60 Rectum
3 T2N1MO Male 63 Rectum
4 T2N2MO Female 37 Rectum
B T4ANIMO Female 40 Colon
6 T4AN2MO Male 80 Colon
7 T4ANIMO Male 32 Colon
8 T4N2MO Female 65 Colon
©) T3N1MO Female 49 Colon
10 T2N1MO Female 47 Rectum
11 T2N2MO Female 55 Rectum
12 T4N1IMO Male 86 Colon
13 T3N1IMO Female 71 Colon
14 T3N2MO Male 79 Colon
15 T3N1IMO Male 70 Colon
16 T4N1IMO Male 56 Colon

LNM: Lymph node metastasis; CRC: Colorectal cancer.

They were Iyophilized again and re-dissolved in 40 plL of
the above-mentioned solution. Subsequently, the resultant
sample was separated by a 2D microcapillary HPLC sys-
tem, followed by MS/MS analysis using an LTQ Orbitrap
(Thermo Fisher, San Jose, CA, USA). LC solvent gradients
were controlled by the chameleon 6.5 (Dionex, Amsterdam,
The Netherlands). The MS scan was operated in the data-
dependent mode to switch automatically between MS and
MS/MS acquisition. Fragment ion selection was based on
ion intensity (above 10 counts) and charge state (+2, +3).

Data analysis

Bioworks 3.3.1 was used to generate the peaklists of all
acquited MS/MS spectra, which were then automatically
searched against the International Protein Index human
protein sequence database, version 3.43 using SEQUEST
(University of Washington, licensed to Thermo Fisher),
with a 95% confidence level. Except for 57 Da reductive
alkylation modification on Cys, static modifications were
set on Asp, Glu, C-terminal (+14 Da and +17 Da for light
and heavy isotope labeling, respectively). The mass tolet-
ance of the peptides and fragment ions was 10 ppm and 1.0
Da, respectively. The identified peptides were further ana-
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lyzed with two computer software programs, PeptidePro-
phet and ProteinProphet. PeptideProphet with a prob-
ability score of 0.9 and ProteinProphet with a probability
score of 0.95 were used to ensure an overall false-positive
rate below 0.005. Quantification of the ratio of each pro-
tein was achieved using the Xpress program. Proteins with
expression fold change > 2.5, P < 0.05 were defined as
differentially expressed proteins.

Western blotting

The same protein samples for screening were used for
Western blotting, Briefly, 30-ug protein samples from each
case were separated by 10% SDS-PAGE and subsequently
transferred to PVDF membranes. The membranes were
incubated with rabbit polyclonal antibody against S100A4
(1:1000 dilution; Abcam, Cambridge, UK) and then incu-
bated with a horseradish-peroxidase-conjugated secondary
antibody (1:100 dilution; Proteintech, Chicago, IL., USA).
B-actin was detected simultaneously as a loading control
(anti-B-actin, 1:1000 dilution; Kangchen, Beijing, China).
All blots were visualized using an ECL detection system
(Amersham, Arlington Heights, 1L, USA )and quantitated
by densitometry using an LAS-3000 imager.

Immunohistochemistry

S100A4 expression was examined immunohistochemi-
cally using paraffin-embedded tissues. In brief, 4-um-
thick tissue sections were heated in 6.5 mmol/L citrate
buffer (pH 6.0) at 100°C for 28 min, and incubated with
antibody against ST00A4 (1:200 dilution). Immunostain-
ing was performed employing the DAKO En-Vision
System (Dako Diagnostics, Zug, Switzerland). In the
negative control group, PBS was used instead of primary
antibody. S100A4 expression was scored by two indepen-
dent experienced pathologists. Each sample was graded
according to the intensity and extent of staining as de-
scribed previously' . The intensity of staining was scored
as 0 (no staining), 1 (weak staining), and 2 (strong stain-
ing). The extent of staining was based on the percentage
of positive tumor cells: 0 (no staining), 1 (1%-25%), 2
(26%-50%), 3 (51%-75%), and 4 (76%-100%). The final
score was assessed by summarizing the results of inten-
sity and extent of staining, The case was considered nega-
tive if the final score was 0 or 1 (-) or 2 or 3 (%), and pos-
itive if the score was 4 or 5 (+) or 6 or 7 (++). In most
cases, the two reviewers provided consistent results. Any
inconsistencies were resolved by discussion to achieve a
consensus scote.

Real-time quantitative PCR

Total tissue RNA was extracted using the Rneasy Mini Kit
(Qiagen, Valencia, CA, USA). Real-time quantitative PCR
analysis was performed according to the manufacturer’s
instructions (the Quant SYBR Green PCR Kit, TIAN-
GEN BIOTECH, Beijing, China). B-actin was applied
as an internal control. The primers for B-actin (205 bp)
wetre 5" TGACGTGGACATCCGCAAAG-3' (sense) and
5"CTGGAAGGTGGACAGCGAGG-3' (antisense). The
primers for S100A4 (185 bp) were 5-GCCCTGGATGT-
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Accession No. Protein name Protein ratio' sD Peptide Coverage rate (%)

Upregulated
1P100171494 Isoform 2 of cytoplasmic dynein 2 heavy chain 1 21.8 0 1 24
1P100103253 Isoform 5 of pyrin and hin domain-containing protein 1 8.68 2.85 19 49
1P100298520 Putative uncharacterized protein dkfzp686m09245 7.39 0 1 2.5
1P100027194 Syntaxin-18 6.30 0 1 3.9
1P100410639 Isoform 2 of fch and double sh3 domains protein 2 5.25 1.03 5 2.1
IPI00300631 Scaffold attachment factor B1 4.69 0 1 151
1P100009236 Isoform o of caveolin-1 4.42 375 2 3.0
1P100216654 Isoform B of nucleolar phosphoprotein P130 4.35 0 1 1.6
IPI00004273 RNA binding motif protein 25 3.87 0 1 15
1P100239077 Histidine triad nucleotide-binding protein 1 3.73 0.38 5 791
1P100010320 Chromobox protein homolog 1 3.56 1.90 4 1.8
1P100010274 Isoform 1 of tryptase o-1 precursor 3.52 0.09 2 9.0
1P100010414 Pdz and lim domain protein 1 3.41 0 1 4.0
TPI00014852 Isoform 1 of phosphoglucomutase-like protein 5 3.24 1.07 4 11.1
TPI00000156 Ligase I, DNA, ATP-dependent isoform B precursor 3.10 0.60 2 2,0
1P100102821 Isoform 1 of proapoptotic caspase adapter protein precursor 3.09 0.40 2 36.1
1P100032313 Protein S100-A4 3.04 0.69 2 7.9
TPI00008750 Metallothionein-1H 2.95 0.11 2 27.9
1P100216153 40S Ribosomal protein S15 2.94 0.57 4 9.0
1P100654777 Eukaryotic translation initiation factor 3 subunit 5 2.90 0.24 2 5.1
1P100024933 60S Ribosomal protein L12 2.86 1.02 11 144
TP100025366 Citrate synthase, mitochondrial precursor 2.85 0.47 4 5.9
1P100007928 Pre-mRNA-processing-splicing factor 8 2.81 0 1 13
1P100024976 Mitochondrial import receptor subunit tom22 homolog 2.78 0 1 8.5
1P100577039 Annexin A2 277 0.32 2 3.6
1P100062151 Similar to 60s ribosomal protein L15 2.70 0.37 6 6.5
1P100219757 Glutathione S-transferase P1 2.55 0.37 2 9.1
1P100396437 Isoform 2 of drebrin-like protein 2.51 0.45 5 2.8

Downregulated
TP100023673 Galectin-3-binding protein precursor 0.09 0 1 22
TP100011062 Isoform 1 of carbamoyl-phosphatesynthase , mitochondrial precursor 0.10 0 1 1.0
IPI100030279 Isoform 1 of zinc finger ran-binding domain-containing protein 3 0.11 0 1 7.6
1P100219682 Erythrocyte band 7 integral membrane protein 0.20 0 1 9.8
1P100433499 Rhomboid, veinlet-like 6 isoform 1 0.20 0 1 2.1
1P100000230 Tropomyosin 1 a chain isoform 2 0.26 0.06 32 51.8
1P100029631 Enhancer of rudimentary homolog 0.27 0 1 7.7
TPI00009950 Vesicular integral-membrane protein vip36 precursor 0.30 0 1 3.4
TP100384603 Isoform 2 of ribonuclease p protein subunit P21 0.30 0.11 13 10.7
1P100177543 Peptidylglycine a-amidating monooxygenase isoform A 0.31 0.08 2 8.1
TPI00000330 Isoform 1 of uncharacterized protein c9orf80 0.35 0 1 17.6
1P100298949 Cyclin G-associated kinase 0.35 0 1 13
IP1I00008964 RAS-related protein rab-1B 0.37 0 1 7.5
TP1I00013860 3-Hydroxyisobutyrate dehydrogenase, mitochondrial precursor 0.37 0 1 54
TP100296053 Isoform mitochondrial of fumarate hydratase, mitochondrial precursor 0.39 0.18 1 24

'Protein ratio represents the abundance ratio between lymph node metastasis group and non-lymph node metastasis group. LNM: Lymph node metastasis;

CRC: Colorectal cancer.

GATGGTGT-3' (sense) and 5'-TCGTTGTCCCTGTT-
GCTGTC-3' (antisense). Each assay was done in triplicate,
and the average was calculated. For relative quantification,
2% \yas calculated and used as an indication of the rela-
tive expression levels.

Statistical analysis

The Student # test was used to evaluate the differences in
S100A4 expression between LNM CRC and non-LNM
CRC. The xz test was used to assess the relationships be-
tween S100A4 expression and clinicopathological factors.
The cumulative recurrence and survival probability were
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estimated using the Kaplan-Meier method, and differences
were calculated by log-rank test. Prognostic factors were
determined using Cox regression analysis. The recurrence-
free and overall survival times were calculated from the
first resection of the primary tumor to first evidence of
recurrence or to death from any cause, respectively. The
diagnosis of recurrence was based on the typical features
presented on computed tomography/magnetic resonance
imaging and elevated serum carcinoembryonic antigen.
All P values were two-sided, and P < 0.05 was considered
to be significant. Statistical analyses were performed using
SPSS 13.0 software.
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RESULTS

Quantitative proteome analysis with methyl esterification
stable isotope labeling combined with 2D-LC-MS/MS

To perform accurate quantitative analysis, we compared
the protein expression profiles between LNM CRC and
non-LNM CRC using methyl esterification stable isotope
labeling combined with 2D-LC-MS/MS. The quantitative
differential expression of 644 proteins was identified, after
calibration with (3-casein. Significantly, 43 of these (6.7%)
proteins were displayed differentially (at least 2.5-fold) in
LNM CRC compared with non-LNM CRC. Among these
43 proteins, 28 were found to be upregulated in LNM
CRC (Table 2), and 15 were downregulated (Table 2).
The identification of S100A4 significantly upregulated in
LNM CRC is shown in Figure 1 as an example. These dif-
ferentially expressed proteins formed the possible protein
profiles associated with LNM in CRC.

Confirmation of S100A4 expression by Western blotting,
immunohistochemistry and real-time quantitative PCR
We extended the experiments to confirm the differential
expression of S100A4 in the same samples described
above.

Thirty micrograms of total proteins from LNM CRC
and non-LNM CRC were analyzed zia Western blotting;
The expression of S100A4 was dramatically higher in
LNM CRC compared with non-LNM CRC (P < 0.001).
A representative Western blotting result is presented in
Figure 2A.

To confirm upregulation of S100A4 at the protein
level, we used immunohistochemistry to evaluate SI00A4
expression z sifu. In normal mucosa, there was no immu-
noreactivity in cells. In non-LNM CRC, there was weak
staining in cancer cells. In LNM CRC, there was notable
brown staining in both primary and matched metastatic
lymph node cancer cells. Positive staining was present
mainly in the cytoplasm and/or nucleus of cancer cells
(Figure 2B).

Real-time quantitative PCR revealed that S100A4
mRNA level was higher in LNM CRC than in non-LNM
CRC (P < 0.001, Figure 2C), which is consistent with the
trend at the protein level.

Association of S100A4 expression with
clinicopathological features and postoperative
prognosis of CRC patients

To detect the relationship between S100A4 expression
and clinicopathological features and whether S100A4
could be a prognostic factor in predicting clinical out-
comes of CRC patients, we evaluated S100A4 expression
in an additional archived 112 CRC samples. In the group
of 53 LNM CRC samples, 83% were positive for ST00A4
expression, whereas 16.9% of the 59 non-LNM CRC
samples had positive expression.

After division of these patients into S100A4-positive
and S100A4-negative groups, statistical analysis revealed
that positive expression of SI00A4 was significantly as-
sociated with LNM, and advanced TNM stage (P < 0.001).
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Clinicopathological n S100A4 expression P value'
factors B
Negative Positive

Sex
Male 59 32 27 0.252
Female 53 23 30

Age (yr)
<60 76 39 37 0.497
> 60 36 16 20

Tumor size (cm)
<5 74 32 42 0.083
>5 38 23 15

Tumor location
Colon 47 23 24 0.975
Rectum 65 32 33

Tumor differentiation”
I-1 82 43 39 0.244
m-v 30 12 18

Tumor status’
T1-2 34 18 16 0.592
T3-4 78 37 41

Lymph node metastasis”
NO 59 49 10 <0.001
N1-2 53 9 44

TNM stage’
I-1 57 46 11 <0.001
m-Iv 55 9 46

'Statistical analysis was estimated with x* test, and P < 0.05 was consid-
ered statistically significant; *Grading of differentiation status and TNM
classification for colorectal cancer were based on the American Joint Com-
mittee on Cancer Cancer Staging Manual (6th edition, 2002). The tumors
were classified into two groups: well differentiated (grades I and II) and
poorly differentiated (grades Il and V).

However, no significant correlations were observed be-
tween S100A4 expression and other clinicopathological
parameters of sex, age, tumor size, tumor differentiation
and tumor location (Table 3).

Furthermore, we found that patients with S100A4-
positive CRC had significantly poorer prognosis than
those with S100A4-negative CRC. The 5-year cumulative
recurrence rate was significantly higher in patients with
S100A4-positive CRC than in the S100A4-negative group
(P < 0.001, Figure 3A). The 5-year cumulative survival
rate in patients with S100A4-positive CRC was much
lower than in those with S100A4-negative CRC (P < 0.001,
Figure 3B). Univariate analyses revealed that LNM, TNM
stage and S100A4 expression were associated with recur-
rence and overall survival. In multivariate analysis, LNM,
TNM stage and S100A4 expression were also indepen-
dent prognostic factors of recurrence and overall survival

(P < 0.05, Table 4).

DISCUSSION

Metastasis remains one of the major challenges in man-
agement of CRC patients. LNM is the most common
form of metastasis in CRC. To develop LNM-associated
biomarkers for CRC, we employed the quantitative pro-
teomic strategy of methyl esterification stable isotope
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Figure 1 Identification of quantitatively dysregulated expression of S100A4. A: Quantification of S100A4 through the isotopically labeled fragment ion signals of
the peptide “TDEAAFQK”. The areas under the monoisotopic peaks represent the relative abundance of peptides, light [lymph node metastasis (LNM)]/heavy (non-LNM)

= 3.04:1; B: Identification of the peptide “TDEAAFQK” from S100A4 by MS/MS.

labeling coupled with 2D-LC-MS/MS. A total of 644 pro-
teins were identified, including 43 that were differentially
expressed by at least 2.5-fold between LNM CRC and
non-LNM CRC. We found many of the 43 proteins that
possibly participate in the biological processes associated
with tumor metastasis, such as cell motility and adhesion,
migration, and signal transduction.

Among the upregulated proteins, annexin A2, one of
the calcium- and phospholipid-binding proteins, has been
widely reported in vatious cancers with the regulation of
cell growth, motility, invasion and signaling pathwayslzo]
The increase in caveolin-1 performs the functions of sig-
nal transduction, cell transformation and anti-apoptotic
activity”'. Moreover, caveolin-1 has been found to be
overexpressed in several multidrug-resistant cancer cell
lines™™. In addition, some downregulated proteins iden-
tified in our study have also been observed to possess
similar biological effects, including galectin-3-binding pro-
tein and cyclin-G-associated kinase™.

Previously, Pei ez al*” have carried out a proteomic
study on 10 CRC samples using conventional 2D elec-
trophoresis coupled with MALDI-TOF-MS, and have
reported a pattern of four differentially expressed pro-
teins potentially associated with LNM. In contrast, our
results revealed up to 43 proteins that were differentially
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expressed by at least 2.5-fold. Annexin A2 and glutathione
S-transferase P1 both correlated with LNM in our study
and that of Pei e# a/ Heat shock protein-27 and liver fatty
acid binding protein (L-FABP) were found to correlate
with LNM by Pei ¢f a/, but not in our study, whereas 41
proteins identified in our study were not listed by Pei ef a/
This discordance is probably due to the different clinical
background of the samples included in the studies, and
the different proteomic strategies used. It is required to
analyze systemically and integrate all the complementary
data from various institutions into a common databank
to elucidate exactly the molecular background of CRC.
In addition, Pang ez al’ have identified and confirmed six
differentially expressed proteins (e- fatty acid binding pro-
tein 5, methylcrotonoyl Coenzyme A carboxylase 2, pyro-
phosphatase 2, synaptotagmin-like protein 2, Ezrin, and
smooth muscle protein) that are associated with LNM in
prostate cancer by DIGE-based proteome analysis. How-
ever, there was no concordance between the results in that
study and our study, which is probably mainly due to the
different cancers and proteomic approaches included.
Recently, several studies have shown that S100A4 is
an important factor relevant to progression and prognosis
in various human cancers, such as thyroidm], breast™,
pancreatic””, bladder™, gastric'” and colorectal™ cancer.
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Figure 2 Confirmation of the overexpression of S100A4 in colorectal cancer. A: Western blotting analysis for S100A4 expression in colorectal cancer (CRC)
specimens. B-actin was used as the internal loading control. The histogram shows the relative expression levels of S100A4 in non-LNM (16 cases) and lymph node
metastasis (LNM) (16 cases) groups. Data represent the mean + SE (P < 0.001, Student ¢ test); B: Immunohistochemical study of S100A4 distribution and expression
in CRC specimens at 20 x 10 magnification. a: There was no immunoreactivity in the normal mucosa; b: Weak staining in cancer cells in the non-LNM group; c: Strong
staining in cancer cells in the LNM group; d: Marked metastatic lymph nodes (arrow); C: mRNA level of S100A4 via real-time quantitative polymerase chain reaction.
S100A4 was consistently increased in the LNM group (16 cases) compared with non-LNM group (16 cases). The mRNA level was normalized to that of B-actin. Data
represent the mean + SE (P < 0.001, Student ¢ test).

In particular, several studies have revealed that overex- LNM CRC, which has been confirmed at the protein and
pression of S100A4 strongly indicates the presence of mRNA levels, attracted our attention and interest.
LNM"" which agrees with our original study aim. S100A4, also known as 18A2/mts1, CAPL, PEL-98,

However, similar investigations have been limited between 42A, p9Ka, and metastasin, belongs to the S100 super-
S100A4 expression and LNM in CRC. In view of the family of calcium-binding proteins'™. S100A4-mediated
above reasons, S100A4, one of the significantly upregulat- calcium signaling plays a major role in crucial biological
ed proteins identified in LNM CRC compared with non- functions that influence various aspects of cell physiology,
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Figure 3 Overexpression of S100A4 correlated with poor prognosis in 112 colorectal cancer patients. A: Cumulative recurrence between the S100A4-positive
and S100A4-negative groups (P < 0.001, log-rank test); B: Cumulative survival between the S100A4-positive and S100A4-negative groups (P < 0.001, log-rank test).

Variables Recurrence Survival
HR (95% CI) P value HR (95% CI) P value
Univariate analysis
Sex
Male/female 0.872 (0.490-1.549) 0.640 0.857 (0.452-1.624) 0.636
Age (y1)
< 60/> 60 1.517 (0.842-2.732) 0.165 1.842 (0.967-3.508) 0.063
Tumor size (cm)
<5/>5 0.881 (0.165-0.685) 0.687 0.880 (0.444-1.745) 0.715
Tumor location
Colon/rectum 0.823 (0.463-1.464) 0.508 0.920 (0.483-1.752) 0.799
Tumor differentiation
[-11/10-IV 1.234 (0.660-2.305) 0.511 1.171 (0.581-2.361) 0.659
Tumor status
T1-2/T3-4 0.886 (0.484-1.620) 0.693 1.026 (0.517-2.033) 0.942
Lymph node metastasis
NO/N1-2 2.727 (1.510-4.923) 0.001 2.852 (1.463-5.559) 0.002
TNM stage
[-1/m-IV 3.560 (1.940-6.534) <0.001 3.393 (1.680-6.850) <0.001
S100A4 expression
Negative/ positive 3.666 (1.929-6.964) <0.001 4.154 (1.963-8.792) <0.001
Multivariate analysis
LNM
NO/N1-2 0.205 (0.055-0.769) 0.019 0.193 (0.044-0.857) 0.031
TNM stage
[-1I/1I0-IV 8.915 (2.081-38.189) 0.003 9.057 (1.705-48.108) 0.010
S5100A4 expression
Negative/ positive 2.454 (1.056-5.705) 0.037 2.888 (1.131-7.379) 0.027

HR: Hazard ratio; CI: Confidence interval.

including proliferation and apoptosis, and differentiation
and morphogenesis. It is also significantly involved in cell
adhesion and motility, and cancer invasion and metasta-
sis™ L A large body of evidence suggests that S100A4 is
involved in cell metastatic phenotype by modulating the cy-
toskeletal dynamics, cadhetin/catenin complex cytoskeletal
linkage, CD44/cytoskeletal linkage, and extracellular-ma-
trix-associated proteolytic enzyme. Furthermore, S100A4
can participate in the activation of the matrix metallopro-
teinase/tissue inhibitor of metalloproteinase system and
angiogenic factor vascular endothelial growth factor, which

. o BT
in turn can lead to tumor neovascularization”™”.

(49

Boishidengs  WIG | www.wjgnet.com

76

To study further the relationship between S100A4 ex-
pression and the LNM phenotype of CRC, and determine
whether S100A4 could be a prognostic factor in predict-
ing clinical outcomes of CRC patients, we examined an
additional 112 archived CRC samples for S100A4 expres-
sion. We found that the elevation in S100A4 expression
level was significantly correlated with LNM and advanced
TNM stage, which suggests that SI00A4 plays an impor-
tant part in the progression of CRC from a localized to
lymph node metastatic disease. In addition, patients with
S100A4-positive CRC had an increasing risk of recurrence
and significantly reduced overall survival. Univariate and
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multivariate analyses indicated that ST00A4 expression is
a powerful independent prognostic factor for recurrence
and overall survival in CRC, which indicates the consider-
able prognostic value of S100A4 expression.

In conclusion, our current study employed a quantita-
tive proteome analysis to profile the differently expressed
proteins associated with LNM in CRC. S100A4 was iden-
tified and confirmed to be significantly overexpressed in
LNM CRC. Further evaluation in an independent sample
set has suggested that SI00A4 acts as a powerful bio-
marker for LNM and prognosis in CRC. However, many
questions remain to be answered with respect to the cel-
lular function of S100A4 and how it exerts its influence
on metastatic progression, with further investigations on
our part in progress. We also identified a number of pro-
teins besides ST00A4 that might provide a more profound
insight into the mechanism of LNM in CRC and merit
further research.
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tastasis (LNM) is the most common form of metastasis although the mechanism
is largely unknown. Studies on metastasis of CRC were performed in order to
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LNM is a complicated process that involves a variety of dysregulated molecules
playing a significant role. Increasingly, it has become a hot research topic to
employ proteome analysis to identify proteins associated with tumor develop-
ment and progression in various diseases.
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The authors performed also an extensive proteomics analysis, and identified
43 proteins that were differentially regulated in metastatic cancer, including 16
proteins that were upregulated even more than S100A4. The results indicate that
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