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Abstract

AIM: To discover novel biomarkers for early diagnosis,
prognosis or treatment of human colorectal cancer.

METHODS: iTRAQ 2D LC-MS/MS analysis was used
to identify differentially expressed proteins (DEPs) in
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the human colonic epithelial carcinogenic process using
laser capture microdissection-purified colonic epithelial
cells from normal colon, adenoma, carcinoma /in situ
and invasive carcinoma tissues.

RESULTS: A total of 326 DEPs were identified, and four
DEPs (DMBT1, S100A9, Galectin-10, and S100A8) with
progressive alteration in the carcinogenic process were
further validated by immunohistochemistry. The DEPs
were involved in multiple biological processes including
cell cycle, cell adhesion, translation, mRNA processing,
and protein synthesis. Some of the DEPs involved
in cellular process such as “translation” and "mRNA
splicing” were progressively up-regulated, while some
DEPs involved in other processes such as “metabolism”
and “cell response to stress” was progressively down-
regulated. Other proteins with up- or down-regulation
at certain stages of carcinogenesis may play various
roles at different stages of the colorectal carcinogenic
process.

CONCLUSION: These findings give insights into
our understanding of the mechanisms of colorectal
carcinogenesis and provide clues for further investigation
of carcinogenesis and identification of biomarkers.

Key words: Colorectal Cancer; Proteome; Biomarker;
Carcinogenesis

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we used iTRAQ 2D LC-MS/MS
analysis to identify differentially expressed proteins
(DEPs) in the human colonic epithelial carcinogenic
process using laser capture microdissection-purified
colonic epithelial cells from normal colon, adenoma,
carcinoma /n situ and invasive carcinoma tissues.
A total of 326 DEPs were identified. Four DEPs
(DMBT1, S100A9, Galectin-10, and S100A8) with
progressive alteration in the carcinogenic process were
further validated using immunohistochemistry. The
DEPs were involved in multiple biological processes
including cell cycle, cell adhesion, translation, mRNA
processing, and protein synthesis. These findings give
insights into our understanding of the mechanisms of
colorectal carcinogenesis and provide clues for further
investigation of carcinogenesis and identification of
biomarkers.
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INTRODUCTION

Colorectal cancer (CRC) is the third leading cause
of cancer death, affecting over a million people
worldwide per year in recent years™?. The World
Health Organization estimates a 77% increase in the
number of newly diagnosed cases of CRC and an 80%
increase in deaths from CRC by 2030, Despite an
improvement in relative survival of CRC at 5 years due
to early diagnosis at initial stages and breakthroughs
in treatment of stages I and I disease, CRC is
still one of the most lethal malignancies and the
5-year survival rate for patients with metastasis is <
5%, Most patients are diagnosed at an advanced
stage and have a poor prognosis. At present, CRC
diagnosis and therapy are still dependent upon
descriptive classification and staging systems based
on morphology/histology™. Remarkable achievements
in the understanding of cellular and molecular
mechanisms of colorectal carcinogenesis have been
made in recent years. However, therapy for advanced
colorectal cancer remains limited, and current screening
methods including sigmoidoscopy and colonoscopy lack
the required sensitivity and specificity®”). Therefore,
a comprehensive understanding of the mechanisms
behind colorectal carcinogenesis will contribute to the
improvement in early detection and prognosis and
provide novel therapeutic targets.

Carcinogenesis is a multistep and complicated
process characterized by genetic alterations, including
chromosomal abnormalities, gene mutations, and
epigenetic changes that disrupt normal cell growth and
division™®. A genetic model describing the transition
from healthy colonic epithelia through dysplastic
adenoma to malignant cancer has been proposed™.
According to the model™®, the colonic carcinogenic
process originates from normal colonic mucosa (NC)
and then transforms sequentially from adenoma
(AD), carcinoma in situ (CIS, equivalent to high-grade
intraepithelial neoplasia), and ultimately to invasive
colorectal cancer (ICC)"Y. A number of sequential
genetic abnormalities, including gene mutations in APC,
K-ras, and p53 and epigenetic changes, were identified
at different stages of colorectal carcinogenesis™*%,

In recent years, much progress has been made
in understanding genetic changes in the colonic
carcinogenesis process, and many studies have
been conducted to analyze differentially expressed
proteins (DEPs) between certain stages of colorectal
carcinogenesist’®**!, However, there has been no
systematic comparison between typical stages across
the carcinogenic process, and much less is known
about dynamic alterations at the proteome level
during the process. Tissue heterogeneity is the main
problem for analysis of biological samples in the study
of disease. Recent technological progress using laser
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capture microdissection (LCM) has made it possible
to overcome this problem and to enrich the desired
populations of cells from heterogeneous tissues™ %,

Isobaric tags for relative and absolute quantification
(iTRAQ) combined with two-dimensional liquid chroma-
tography-tandem mass spectrometry (2D LC-MS/MS)
is a highly sensitive and practical technology™®?,
Compared to conventional proteomic technology such
as 2D electrophoresis, the iTRAQ method has the
following advantages. First, it can label proteins from up
to eight samples in a single experiment. Second, it can
resolve large proteins (> 200 kD), small proteins (< 10
kD), and proteins with extremes in isoelectric point®®?.
Therefore, iTRAQ technology offered us a feasible
method to simultaneously compare the proteomes of
successive stages of colorectal carcinogenesis.

To clarify the dynamic patterns of DEPs during
colorectal carcinogenesis and provide valuable
information for further identification of biomarkers
for prevention, treatment or early diagnosis of
CRC, iTRAQ tagging followed by 2D LC-MS/MS was
performed to identify DEPs among LCM-purified
colonic epithelial carcinogenic tissues and explore
their dynamic expression patterns. A total of 326
DEPs were identified among different stages to have
distinct expression patterns during the carcinogenic
process, and four top-ranked DEPs (DMBT1, S100A9,
Galectin-10, and S100A8) were further validated by
immunohistochemistry. To our knowledge, this is the
first comprehensive study that systematically compares
the dynamic alterations of proteins during the process
of colorectal carcinogenesis by comparative proteomics.

MATERIALS AND METHODS

Sample collection

Twenty-seven cases of fresh colonic tissues (5 cases
of NC, 8 cases of AD, 5 cases of CIS, 9 cases of ICC)
collected between January 2011 and December 2012
were obtained from the Department of Surgery,
Xiangya Hospital, Central South University, China and
used for iTRAQ-labelling. The patients received neither
chemotherapy nor radiotherapy before curative surgery
and signed an informed consent form for the study,
which was approved by the local ethical committee.
All tissue specimens were obtained from surgical
resection, and the normal colonic tissue samples
were acquired from the resection edge furthest away
from the lesion (= 10 cm). The tissue samples in the
ICC group were from CRC patients with lymph node
metastasis. All of the tissues were flash frozen in liquid
nitrogen and stored at -80 ‘C until further use.

An independent set of formalin-fixed and paraffin-
embedded archival tissue specimens, including 50
cases of NC, 50 cases of AD, 30 cases of CIS, and
63 cases of ICC, were obtained from colonoscopic or
surgical resection at Xiangya Hospital, Central South
University, China, and used for immunohistochemical
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staining. The parameters of patients and tissue
specimens are shown in Supplementary Table 1.

Tissue processing and LCM

To exclude the interference of stromal elements and
adjoining cells, LCM"® was used to purify the target
cells. All NC, AD, CIS and ICC tissues were stained with
haematoxylin and eosin and independently evaluated
by two experienced pathologists. LCM was performed
to purify the cells of interest from each type of tissue
according to our previous procedure!”. Briefly, frozen
sections (8 um thick) of all tissues were prepared
using a Leica CM 1900 cryostat at -25 "C. The sections
were placed on membrane-coated glass slides (Leica),
fixed in 75% alcohol for 30 s, and stained with 0.5%
violet-free methyl green (Sigma). The stained sections
were air-dried and then subjected to LCM. Each cell
population was determined to be 95% homogeneous
by microscopic visualization of the captured cells
(Supplementary Figure 1).

Protein extraction

The microdissected cells were dissolved in lysis buffer (7
mol/L urea, 2 mol/L thiourea, 65 mmol/L dithiothreitol,
0.1 mmol/L phenylmethylsulfonyl fluoride) at 4 °C for
1 h and then centrifuged at 12000 rpm for 30 min at
4 °C. The supernatant was collected, and the protein
concentration was determined by the 2D Quantification
Kit (Amersham Biosciences). To diminish the effects
of biological variation on the proteomic results, equal
amounts of proteins from each individual sample in
various types of tissue (NC, AD, CIS and ICC) were
pooled to generate a sample for the corresponding
type of tissue. Four pooled protein samples (corre-
sponding to the four types of tissues) were obtained
for iTRAQ labelling.

Protein digestion and labelling with iTRAQ reagents
Trypsin digestion and iTRAQ labelling were performed
according to the manufacturer’s protocol (Applied
Biosystems). In brief, 100 pg protein of each pooled
sample was reduced, alkylated, and then digested
overnight at 37 'C with trypsin (mass spectrometry
grade; Promega). The samples were then labelled with
iTRAQ reagents as follows: iTRAQ reagent 113, AD;
iTRAQ reagent 114, NC; iTRAQ reagent 115, CIS; and
iTRAQ reagent 116, ICC. The labelled digests were
then mixed and dried.

Off-line 2D LC-MS/MS

The mixed peptides were fractionated according to
the procedure described in our previous study™®. A
total of 10 SCX fractions were collected. Each fraction
was dried down by the rotary vacuum concentrator,
dissolved in buffer C (5% acetonitrile, 0.1% formic
acid), and analysed on Triple TOF 5600 systems
(Applied Biosystems) in information dependent mode.
Briefly, peptides were separated on reverse-phase
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columns (ZORBAX 300SB-C18 column, 5 um, 300 ;&,
0.1 mm x 15 mm; Micromass) using an Eksigent 1D
PLUS system (Applied Biosystems). Peptides were
separated by a linear gradient mobile phase A (5%
acetonitrile, 0.1% formic acid) and mobile phase B
(95% acetonitrile, 0.1% formic acid) from 5 to 40 of
mobile phase B in 120 min at a flow rate of 300 nL/min.
Survey scans were acquired from 400-1500 with up
to 15 precursors selected for MS/MS and dynamic
exclusion for 20 s. Each SCX fraction was analysed in
duplicate.

Data analysis

Analyst QS 1.1 (Applied Biosystems) was used
for data acquisition, and ProteinPilot 4.2 (Applied
Biosystems) was used for protein identification and
quantification. The precursor tolerance and the iTRAQ
fragment tolerance were both set at 0.2 Da. The data
analysis parameters were set as follows: Sample
type, Itrag 4 plex (peptide labelled); Cys alkylation,
MMTS; Digestion, Trypsin; Instrument, Triple TOF
5600; Species, Homo sapiens; ID Focus, Biological
modifications; Database, Uniprot human database
(release Apr 2013); Search Effort, Thorough; Max
missed cleavages, 2; FDR Analysis, Yes; User Modified
Parameter Files, No; Bias Correction, Auto; Background
Correction, Yes. Identified proteins were grouped by
the software to minimize redundancy. All peptides used
for the calculation of protein ratios were unique to the
given protein or proteins within the group, and peptides
that were common to other isoforms or proteins of the
same family were ignored.

The protein confidence threshold cutoff was 1.3
(unused ProtScore) with at least one peptide with
95% confidence. The average iTRAQ ratios from
the duplicate experiments were calculated for each
protein®?*. The confidence level of the altered
expression of proteins was calculated by ProteinPilot
as a P-value, which allows the results to be evaluated
based on the confidence level of expression change.
In addition, false discovery rate (FDR) for the protein
identification was calculated by searching against a
concatenated reversed database””.

Determination of cutoff threshold for significant fold
changes in iTRAQ experiments
In a comprehensive iTRAQ experiment, the variations
are composed of technical, experimental and biological
variations®®, According to previous reports®**, the
cutoff threshold for meaningful fold changes over
experimental errors can be determined by using the
experimental replicate method. Particularly, the main
variation in this study was experimental variation,
whereas the biological variation was minimized by
sample pooling effect. The variations in our method
using experimental replicates are considered to be the
actual variations in the iTRAQ experiment.

The number of shared quantified proteins in the 2
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iTRAQ experiments was 379 based on the following
selection criteria: containing more than 2 unique
peptides (> 95%), P-value < 0.05, and EF < 2. These
379 proteins were used initially to determine the
experimental variations and to confirm the threshold
for meaningful fold changes.

Experimental variations for the 113/114, 115/114,
and 116/114 reporter ions were calculated using
the ratios of the 379 common quantified proteins
between the first and second iTRAQ experiments; the
experimental variations for the reporter ions were
= 0.8499, * = 0.8382, and ¥ = 0.9283, respectively
(Supplementary Figure 2A). In addition, the cutoff
threshold for meaningful fold changes (cutoff for DEPs)
in the expression ratios of 113/114, 115/114, and
116/114 were determined using the experimental
replicate method described in previous studies”®,
Accordingly, 90% of the identified proteins in the 2
iTRAQ experiments fell within 50% of the respective
experimental variation (Supplementary Figure 2B).
Therefore, only fold changes > 1.5 or < 0.67 were
considered significant.

Differential proteome expression during colorectal
carcinogenesis

To identify the DEPs in the colorectal carcinogenic
process, protein expression profiles between two
stages of this process (AD, CIS or ICC vs NC; CIS vs
AD; ICC vs CIS) were compared. The proteins that
met the following criteria were confidently considered
as DEPs: (1) proteins were repeatedly identified by the
two experiments; (2) proteins were identified based on
= 2 peptides; (3) an averaged ratio-fold change > 1.5
or < 0.67 between two stages; (4) proteins in CIS or
ICC should be differentially expressed compared with
NC; and (5) proteins should be differentially expressed
in at least one of the three comparisons between
adjacent stages (AD vs NC, CIS vs AD and ICC vs
CIS).

Cluster analysis of differential protein expression
profiles

The averaged iTRAQ values obtained in two experi-
mental replicates for each protein of the four types of
tissues (NC, AD, CIS, and ICC) were log2-transformed.
Total DEPs were normalized and clustered with
J-express 2012 (http://jexpress.bioinfo.no) into nine
categories by using the K-means algorithm with the
Pearson correlation distance.

Bioinformatics analysis

The DEPs were first annotated by GO from Biological
Process using David software (http://david.abcc.
ncifcrf.gov/). The GO terms were considered to be
significantly enriched when the corrected P-value was
less than 0.05. Pathway analyses of each K-means
cluster of proteins were performed using REACTOME
software (http://www.reactome.org/). The REACTOME
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Figure 1 Venn diagrams of comparisons of the differentially expressed
proteins from the different stages compared to the NC group.

performs an enrichment test to determine whether
any Reactome pathways are enriched in the submitted
data. A binomial test was used to calculate the
probability. The P-values are corrected for multiple
testing (Benjamini-Hochberg procedure) that arises
from evaluating the submitted list of identifiers against
every pathway. The pathway with the corrected P-value
less than 0.05 was considered to be significantly
enriched.

Immunohistochemistry and evaluation of staining
Immunohistochemistry was performed according to the
procedure described in our previous study'®. Briefly,
the sections were incubated with anti-DMBT1 (1:200;
Santa Cruz), anti-S100A9 (1:200; Santa Cruz), anti-
Galectin-10 (1:200; Abcam), or anti-S100A8 (1:200;
Santa Cruz) antibody overnight at 4 'C, and they
were then incubated with a biotinylated secondary
antibody followed by avidin-biotin peroxidase complex
(DAKO) according to the manufacturer’s instructions.
Finally, tissue sections were incubated with 3’,3’-dia-
minobenzidine until a brown colour developed and
were then counterstained with Harris” modified hae-
matoxylin. The evaluation of immunostaining was
performed as previously described®. A score (ranging
from 0-6) was obtained for each case. A combined
staining score of < 2 was considered to be negative
staining (no expression); a score between 3 and 4 was
considered to be moderate staining (expression); and
a score between 5 and 6 was considered to be strong
staining (high expression).

Statistical analysis

SPSS software (IBM, v19) was used for statistical
analyses. Numerical variables with normal distribution
were compared using unpaired t-tests or paired t-tests.
Non-normal distribution data were compared using
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Table 1 Number of protein expression changes in comparison
between adjacent stages of colon carcinogenesis process

Comparison Protein expression
Downregulated Upregulated
AD:NC (113:114) 113 86
CIS:AD (115:113) 137 102
ICC:CIS (116:115) 103 141

Wilcoxon rank sum tests. A P-value less than 0.05 was
considered statistically significant.

RESULTS

Identification of quantified proteins during colorectal
carcinogenesis

A total of 3211 non-redundant proteins were identified
at a minimum confidence level of 95% (unused Prot-
Score > 1.3) in two iTRAQ experiments. Among these,
2374 proteins were repeatedly identified in the two
experiments. In total, 3123 proteins were quantified,
and 2319 of them were commonly quantified in the
two iTRAQ experiments (Supplementary Figure 3).
The detailed protein identification and quantification
data are shown in Supplementary Table 2. Using the
concatenated target-decoy database search strategy
as detailed by Elias and Gygi™®!, a 0% rate of false
positives was estimated, which further strengthened
the reliability of our data.

To define significant changes in protein expression,
fold-changes > 1.5 or < 0.66 were established as
cutoff values, which were determined using the
experimental replicate method as described in the
Methods section. A total of 326 DEPs were found
according to the selection criteria, of which 199 were
found in AD/NC, 307 in CIS/NC, and 228 were in
ICC/NC. There were 141 (43%) common DEPs among
all three tumor stages compared to NC. All the DEPs
in AD/NC group were found in CIS/NC or ICC/NC
groups, while there were 50 DEPs specific to CIS/NC,
and 9 DEPs specific to ICC/NC (Figure 1). Out of 326
DEPs, 199 were found in AD/NC (86 upregulated and
113 downregulated), 239 were found in CIS/AD (102
upregulated and 137 downregulated), and 244 in ICC/
CIS (141 upregulated and 103 downregulated) (Table
1).

To obtain a biological view of the DEPs, GO
enrichment analysis was employed to discover the
significant biological processes. In the comparison of
proteome expression in AD (113 reporter) vs NC (114
reporter), out of 199 DEPs, 86 up-regulated proteins
were involved in gene expression processes such
as “"DNA replication”, "DNA metabolic process” and
“translation”, whereas 113 down-regulated proteins
were involved in energy and metabolism processes
such as “blood coagulation”, “response to external
stimulus” and “complement activation” (Figure 2A).

Upon comparison of the proteomes of CIS (115
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Cluster 2

Cluster 1

[ Cluster 3 Cluster 4

+  Cluster 5 +  Cluster 6

Cluster 7 Cluster 8

Cluster 9

Figure 3 K-mean clusters of differentially expressed proteins. These proteins could be clustered into nine clusters. According to the average tendency, the nine
clusters can be arbitrarily categorized into three groups. Group 1 includes clusters 1 and 5, in which the abundance of proteins progressively increased during the
colon carcinogenic process. Group 2 consists of clusters 2 and 7, in which the abundance of proteins progressively decreased during the process. Group 3 consists of
clusters 3, 4, 6, 8 and 9, in which the abundance of proteins was significantly up-regulated or down-regulated in certain stages of the process.
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Figure 4 REACTOME pathway analysis of differential expressed proteins in each cluster. Only top 3 significant pathways are presented. Each pathway is

presented as negative logarithm of P-value.

and IC, and exhibited the lowest expression in CIS
or IC. Group 3 consists of clusters 3, 4, 6, 8 and 9, in
which the abundance of proteins fluctuated during the
colorectal carcinogenic process and was significantly
up-regulated or down-regulated only in certain
stages. Ideally, the proteins within each cluster are co-
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regulated proteins, and may have similar biological
functions during colorectal carcinogenesis. Pathway
analysis with REACTOME revealed that proteins in
clusters 1 and 5 were mainly involved in “translation”,
“EPH-Ephrin signaling” and “Sema4D induced cell
migration and growth-cone collapse”, etc., whereas
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Table 2 Top 10 differential proteins (up-regulated and down-regulated) between different stages

No. GN Protein name Cluster AD:NC CIS:NC ICC:NC
1 DMBT1 Deleted in malignant brain tumors 1 protein 5 3.12 3.43 4.82
2 S100A9 Protein S100-A9 5 2.56 2.52 4.67
3 CLC Galectin-10 5 421 2.50 4.54
4 S100A8 Protein S100-A8 5 151 1.46 3.72
5 MPO Myeloperoxidase 6 1.22 0.09 3.12
6 OLFM4 Olfactomedin-4 B 3.89 3.01 3.02
7 LDHA L-lactate dehydrogenase A chain 5 1.93 3.69 2.92
8 SERPINB5 Serpin B5 ® 432 2.69 2.78
9 EPX Eosinophil peroxidase 5 3.16 2.82 2.73
10 COL12A1 Collagen alpha-1(XII) chain B 0.57 4.35 2.68
11 TNC Tenascin 5 -0.48 441 2.33
12 HNRNPA1 Heterogeneous nuclear ribonucleoprotein A1l 5 2.69 3.55 2.16
13 MUC2 Mucin-2 2 -0.80 -5.21 -0.39
14 CA2 Carbonic anhydrase 2 2 -2.86 -5.08 -0.62
15 DCN Decorin 4 -3.67 -2.03 -1.06
16 COL14A1 Collagen alpha-1(XIV) chain 2 -4.25 -3.42 -1.06
17 LUM Lumican 4 -3.90 -1.40 -1.21
18 CA1 Carbonic anhydrase 1 2 -2.63 -4.96 -1.74
19 ITLN1 Intelectin-1 2 -2.18 -5.00 -1.91
20 ASPN Asporin 4 -3.59 -1.36 -1.91
21 OGN Mimecan 2 -4.35 -4.71 -2.29
22 GSTP1 Glutathione S-transferase P 7 -1.36 -1.06 -2.73
23 CKB Creatine kinase B-type 2 -1.26 -2.98 -2.76
24 PEN1 Profilin-1 7 -0.47 0.30 -2.84
25 CHGA Chromogranin-A 2 -3.44 -4.84 -3.20
26 TPI1 Triosephosphate isomerase 7 -0.88 -2.32 -3.75

the proteins in clusters 2 and 7 were associated with
"02/CO:2 exchange in erythrocytes”, “glutathione
synthesis and recycling,” and “TCA cycle” (Figure 4,
Supplementary Tables 4 and 5). Interestingly, the
abundance of proteins in clusters 8 and 9, which were
mainly involved in pathways related with integrin
and complement, were reduced first, and then
increased. These proteins may exert different or even
opposite functions at different stages of colorectal
carcinogenesis through the associated pathways.
The DEPs in each cluster were involved in multiple
pathways, which indicated that multiple cellular
pathways participated in the carcinogenic process,
implying the complexity of the process.

Immunohistochemistry

Four of the top ranked proteins (DMBT1, S100A9,
Galectin-10, and S100A8), which had expression levels
that were progressively up-regulated during colorectal
carcinogenic process, were chosen for immuno-
histochemical verification (Table 2). An independent
set of archival tissue specimens including NC, AD, CIS
and ICC were used for detection of the expression
levels of the four proteins by immunohistochemistry.
As shown in Figure 5 and Supplementary Table 3,
expression levels of the four proteins significantly
increased from early stage, AD, until late stage, ICC,
but their expression patterns were not identical. For
example, although Galectin-10 expression increased
in all pathological stages (P < 0.05 for AD vs NC, CIS
vs NC, and ICC vs NC), the expression level was lower
at CIS than at AD or (P < 0.05 for CIS vs AD and ICC
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vs CIS). As another example, S100A8 expression
was significantly higher at ICC than at AD or CIS (P <
0.05 for ICC vs AD and ICC vs CIS), although it also
increased in all three pathological stages (P < 0.05 for
AD vs NC, CIS vs NC and ICC vs AD).

DISCUSSION

Colorectal carcinogenesis has been a typical model for
multistage carcinogenesis. The colorectal carcinogenic
process includes several typical pathological stages: AD,
CIS and ICC. Previous studies mostly focused on genes
and acquired a great deal of information supporting the
multistage model of colorectal carcinogenesis. With the
advent of proteomics, researchers have made efforts
to study alterations of the proteomes between certain
stages of carcinogenesis>**'!, Compared to previous
reports on colorectal carcinogenesis, our current study
mainly investigated the characteristics and dynamics
of DEPs throughout multiple typical stages of the
colorectal carcinogenic processes. Protein quantification
by iTRAQ is a very useful technique to monitor relative
changes in proteins in a variety of settings, such
as multiple stages of cancer development. Some
limitations of iTRAQ technique include underestimation
of ratios, limited dynamic range (fold changes of <
2 orders of magnitude), and relatively expensive
reagents®****!, Since iTRAQ underestimates ratios, we
expect that the actual ratio change of up-regulation or
down-regulation would be more than that we reported.

There were 199 DEPs founded between AD vs
NC. GO enrichment analysis indicated that proteins
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Figure 5 Representative results of inmunohistochemistry show the expression of DMBT1, S100A9, Galectin-10 and S100A8 in the NC, AD, CIS and ICC
(Original magnification, x 200). DMBT1 immunostaining in NC, AD, CIS and ICC. Negative staining was observed in NC, moderate in AD tissues, and strong
cytoplasmic staining in CIS and ICC tissues. S100A9 immunostaining in NC, AD, CIS and ICC. Negative staining was found in NC, weak intralesional staining in AD,
moderate intralesional staining in CIS and strong intralesional staining in ICC. Galectin-10 immunostaining in NC, AD, CIS and ICC. Negative staining was found in
NC, weak staining in AD and CIS, and moderate staining in ICC. S100A8 immunostaining in NC, AD, CIS and ICC. Negative staining was observed in NC, moderate

intralesional staining in AD and CIS, and strong intralesional staining in ICC.

associated with DNA replication, translation, protein
complex biogenesis and assembly were significantly
up-regulated in AD, whereas proteins associated with
blood coagulation, response to external stimulus,
complement activation and cell adhesion, etc., were
down-regulated in AD. Previous genetic analysis by
Suppression Subtractive Hybridization (SSH) also
found that genes involved in DNA replication, com-
plement activation and cell adhesion were significantly
differentially expressed in AD™%, This is in accordance
with our findings at the protein level.

Previous studies compared the proteomes between
colorectal adenomas and carcinomas, and found that
the DEPs participated in RNA processing, translation,
and cell adhesion™%., In the present study, we also
showed that during the transition from AD to CIS,
the DEPs were associated with cell-cell adhesion,
cell-matrix adhesion, translation and RNA metabolic
processing. In addition, our results showed that the
up-regulated proteins were associated with cell cycle
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and cellular component movement, while the down-
regulated proteins were associated with respiratory
electron transport chain and fatty acid beta-oxidation.
Previous studies using genome-wide mRNA expression
profile analysis showed that the pathway of fatty acid
metabolism is down-regulated in CRC compared to
adenomas™. In addition to CRC, proteins involved
in fatty acid p-oxidation were also found to be down-
regulated in pancreatic cancer cells®**,

Between CIS and ICC, the proteins associated
with complement activation were up-regulated in ICC.
The multiple roles that complement proteins play in
carcinogenesis, including functions that facilitate cancer
metastasis such as promotion of angiogenesis, invasion
and migration, have been reviewed**, Furthermore,
recent studies demonstrate that activation of the
complement C5 component C5a and its receptor C5aR
can promote cancer cell invasion®**,

DMBT1 (deleted in malignant brain tumours 1) gene
is located in 10g25.3-g26.1, a region with frequent LOH
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in many types of human cancers. Therefore, DMBT1
was proposed to be a tumour suppressor'**. DMBT1
deletion occurs in brain tumours™*, and down-regulation
of DMBT1 was reported in mammary tumours, oral
squamous cell carcinoma, skin cancers and other
tumour types“®*1. However, there are also a number
of reports showing that DMBT1 was up-regulated in
cancers. For example, Dolznig et ai*® found that DMBT1
expression was increased in colonic samples compared
to normal controls. In our present study, we also found
that DMBT1 expression was up-regulated from early
to late stages of colonic carcinogenesis. In addition to
CRC, DMBT1 expression was also up-regulated during
oesophageal carcinogenesis'*. Since DMBT1 expression
was up-regulated in some cancer types while down-
regulated in others, the mechanism by which DMBT1
contributes to carcinogenesis could be tissue-specific,
and needs more investigation.

S100A9 and S100A8 proteins are members of a
family of Ca2+ binding proteins. Both proteins are often
co-expressed and form a heterodimer to exert their
biological functions. Overexpression of S100A8 and
S100A9 has been associated with carcinogenesis™" >
For example, Stulik et a/*® reported that S100A9/
A8 were up-regulated in human colon carcinoma.
S100A9/A8 could activate MAPK and NF-kB pathways
in colon tumour progression™”. Our results showed
that S100A9/A8 expression was gradually up-regulated
during carcinogenesis. The tendency of both protein
expression levels during colonic carcinogenesis was
similar, which was consistent with the performance of
their biological function as a heterodimer. Our study
suggested that both proteins are associated with
colorectal carcinoma progression, which supported the
therapeutic strategies of blocking S100A9/A8 activity
for either inflammatory diseases or cancer®,

Galectins are a family of proteins characterized
by their binding specificity for p-galactoside sugars.
The best understood galectin in cancer is Galectin-3.
Galectin-3 has been shown to play important roles in
tumorigenesis processes, including transformation,
metastasis and invasion®***, As for Galectin-10,
Agesen et al*® demonstrated that Galectin-10 was
the most differentially expressed gene, with 10-fold
higher expression in early- vs late-onset CRC, and was
important in the development of early-onset CRC.

The present work investigated for the first
time the dynamic expression patterns of DEPs in
multistage carcinogenesis of CRC using quantitative
proteomic methods. We systematically compared the
characteristics and dynamics of the expressed proteins
across the various stages of colorectal carcinogenesis.
The findings reported here provide a basis for discovery
of candidate biomarkers for early diagnosis of CRC, and
give clues for further investigation of the mechanisms
of colorectal carcinogenesis and for discovery of new
therapeutic targets.
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