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Proteomic analysis reveals overexpression of moesin
and cytokeratin 17 proteins in colorectal carcinoma
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Abstract. The study of tumor biomarkers was gradually
facilitated by the adoption of proteomic strategies due to less
invasiveness and higher sensitivity. Colorectal cancer is one
of the most commonly occurring cancers worldwide and its
incidence has markedly increased in Korea. While the adop-
tion of proteomic strategies facilitated the study of tumor
biomarkers, to date, no common agreement has been derived
from proteomic investigations regarding tumor markers of
colorectal cancer. This study was designed to find molecules
differentially expressed in colorectal cancer compared to
non-tumor mucosa. Four colorectal adenocarcinoma and
corresponding non-tumor tissue samples were analyzed to
find previously unknown proteins via two-dimensional elec-
trophoresis and MALDI-TOF/MS spectrometry. Western blot
assays and tissue microarray (TMA) immunohistochemistry
were performed to validate the identified proteins. Among the
twelve up-regulated and one down-regulated proteins identi-
fied, moesin, cytokeratin (KRT) 17 and carbonic anhydrase I
were validated by Western blot analysis and/or immunobhis-
tochemistry. On immunohistochemistry, both moesin and
KRT17 demonstrated a tendency of increased expression as pT’
stage advanced. Both moesin and KRT17 were not expressed
in normal colorectal epithelium. These two proteins may play
a role in cancer invasion and/or metastasis in colorectal carci-
noma, and could be candidate biomarkers for the diagnosis
and prognosis of colorectal cancer.

Introduction

The incidence of colorectal carcinoma has markedly increased
in Korea (1). The increased incidence may be explained by
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adoption of a westernized diet, decreased physical activity,
smoking, and increased detection of early cancers due to the
popularization of colonoscopic examination (1). According to
the recent cancer statistics in Korea, the incidence of colorectal
carcinoma is second to that of gastric cancer, being the second
most common cancer in men and the third in women (http://
www.cancer.go.kr/cms/statics/incidence/index.html). Colorectal
cancer is also the fourth leading cause of cancer-related deaths in
Korea, after lung cancer, hepatocellular carcinoma, and gastric
cancer (http://www.cancer.go.kr/cms/statics/mortality/4lindex.
html). The relatively low mortality compared to the high inci-
dence is considered partially due to the comparatively early
manifestation of symptoms, and the easy diagnosis through
colonoscopy and biopsy. However, death from tumor recur-
rence and/or metastasis after initial treatment is very common
in colorectal cancer. Besides, in rectal cancer comprising a
significant proportion of the colorectal cancer, the surgical
treatment may be difficult in many cases and require the colos-
tomy formation that may cause considerable discomfort and
complication to the patient. Therefore, colorectal carcinoma
has a remarkable influence on the lives of the patients and
their families that is greater than expected from the simple
comparison of the mortality rates. To decrease the mortality
and minimize the complication, a lot of efforts have been
made to develop the diagnostic tools for early cancer detec-
tion, to apply the neoadjuvant treatment for increasing the
operability and decreasing the surgical complication, and to
develop the targeted therapy for suppressing cancer recurrence
or metastasis.

For the early detection of colorectal carcinoma, not only in
symptomatic but also in asymptomatic patients, colonoscopy is
currently the best method. However, despite the relatively low
invasiveness of this tool, it is difficult to perform colonoscopy
in every patient in the risk group because of the fastidious prep-
aration, the discomfort and pain caused by the examination,
and the high cost. Other attempts for simpler and more cost-
effective techniques have been tried, including, for example,
the stool guaiac test for detection of invisible blood, and the test
for detection of mutated DNA in stool (2-5). However, these
techniques have not been proved to be effective in clinical
practice or have too low specificity to replace the colonoscopic
examination for the early detection of colorectal carcinoma.
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Concerning the treatment, besides the surgical resection and
conventional chemotherapy, the two major strategies of current
interest in clinical practice of colorectal carcinoma are the
targeted inhibition of the epidermal growth factor receptor
(EGFR) and the blocking of tumor angiogenesis. Cetuximab,
the recombinant monoclonal antibody against the extracellular
domain of EGFR, has improved the survival in patients whose
tumors were resistant to previous conventional chemothera-
peutic agents (6,7). The angiogenesis inhibitor bevacizumab, a
humanized VEGF blocking antibody, demonstrated a marked
inhibition of tumor angiogenesis and tumor growth and is now
widely used in clinical practice for the treatment (8-10). Other
approaches for targeted therapy of colorectal cancer include
the inhibitors of Src tyrosine kinases (11-14), mTOR (15) or
PI3K (16,17), and molecules inducing apoptosis (18-22), and
radioimmunotherapy using cancer-specific antibodies (23).
However, the benefit from cetuximab and/or bevacizumab
treatment is so limited that only a small proportion of patients
respond to the drugs and their lifespan is increased by only a
few months compared to those who only receive supportive
care. In addition, no other targeted approach has produced a
sufficiently satisfactory result in clinical trials. Although there
is a good chance that some of the other candidates will further
improve the treatment of colorectal cancer, a lot of work both
in laboratory investigation and clinical trial needs to be done
to achieve this goal.

So far, the approach for development of new target
molecules for early detection and treatment of cancer has
been focused on the molecular research on RNA, genomic
DNA or complimentary DNA. The recently developed high-
throughput technologies using a large population of samples
and microarray techniques have detected various genetic
alterations in cancer cells that may contribute to carcino-
genesis. However, these genetic changes may not frequently
be reflected in the phenotypic expression because, while the
genetic information of DNA is transmitted through mRNA
and then to protein molecules, various influences by molecules
of different information and/or participating different signal
transduction pathways can prevent the mutation or amplifica-
tion of genes from their final expression in effector proteins.
Because proteina are the final effector molecules in all cellular
activity, including cell survival, proliferation, transformation,
and apoptosis, the direct analysis of them by proteomics may
achieve the goal of detecting critical molecules in develop-
ment and progression of colorectal cancer, which may act as
biomarkers for diagnosis, prognostic indication, prediction
of treatment response, and/or treatment monitoring, which
cannot be discovered by the genomic analysis alone. The
proteomic approach for colorectal cancer biomarker discovery
is actively under investigation. In cancer research, proteomics
is used to compare the expression profiles of proteins in cancer
and normal tissues and attempts to detect the specific proteins
responsible for the characteristics of cancer tissue. Although
many groups have reported various protein molecules up- or
down-regulated in colorectal carcinoma as biomarker candi-
dates through proteomic analysis, currently the sensitivity
and/or specificity of these molecules are not satisfactory for
clinical practice (21,24-28).

In this study, we investigated the proteomic profile of
colorectal cancer, by comparing it with that of non-tumor
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colorectal mucosa, in an attempt to identify proteins differ-
entially expressed in cancer tissues. Then, by investigating
the expression of the detected proteins in paraffin-embedded
cancer tissues with variable clinicopathological characteris-
tics, we tried to find proteins that may help to comprehend
the biology of the development and progression of colorectal
carcinoma and contribute to the development of reliable
biomarkers of cancer diagnosis, prognosis, and/or treatment.

Materials and methods

Patients and samples. For proteomic analysis, fresh-frozen
colorectal cancer and paired non-tumor tissue samples from
10 patients who underwent surgery in Korea University Guro
Hospital, Seoul, Korea, between April 2006 and March 2009
were obtained from the Korea Lung Tissue Bank (KLTB) in
the Korea University Guro Hospital. The samples had been
collected within 1 h of surgical excision, quick-frozen in liquid
nitrogen, and then transferred to and stored in a -80°C freezer
in KLTB. The clinicopathological data and glass slides for
histological review were also provided by KLTB. All tumors
had been diagnosed at the time of surgery as more advanced
than stage IIB, being T4, according to the 6th AJCC cancer
staging system. They were reviewed and confirmed before
submission to the study.

To confirm the expression of the proteins detected in the
proteomic analysis by immunohistochemistry, paraffin blocks
of colorectal cancer and non-tumor mucosa from 176 patients
who underwent surgery in the Korea University Guro Hospital
between January 2002 and December 2004 were obtained
from KLTB. The clinicopathological data, including age,
gender, histological classification and TNM stage according
to the 6th AJCC cancer staging system, were also provided
from KLTB.

The study protocol was reviewed and approved by the
Institutional Review Board of the Korea University Guro
Hospital. All the samples and data from the KLTB had been
collected after informed consents had been obtained from the
participating patients.

Protein extraction and purification. Forty to fifty, 10-um
cryostat sections were serially cut from each frozen tissue
sample of about 8 mm?. Two or more inconsecutive sections
were stained with hematoxylin and eosin (H&E) to evaluate
whether the sample contains sufficient tumor or normal epithe-
lial cells for protein extraction without excessive necrosis or
stromal fibrosis (Fig. 1). The remaining sections were put into
a microtube and suspended immediately in 0.5 ml of lysis
solution containing 7 M urea, 2 M thiourea, 4% 3-[(3-chol-
amidopropyl) dimethylammoniol]-1-propanesulfonate
(CHAPS), 1% DTT, 10 mM protease inhibitor, and 2% IPG
buffer. Protein extraction was carried out on a vortex mixer
at room temperature for 1 h. After adding 10 ul of DNase I,
the solution was incubated for 30 min on ice, and centrifuged
at 13,200 rpm for 1 h at 15°C. The supernatant was mixed
1:1 with 20% trichloroacetic acid for protein precipitation
and then incubated at -20°C for 2 h or more, observing the
formation of whitish precipitate. After removing the superna-
tant, the protein precipitate was washed in precooled -20°C
acetone and then centrifuged again at 13,200 rpm for 20 min
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at room temperature. Removing the supernatant, the acetone
washing was repeated and the precipitate was left on the clean
bench till acetone was completely dried. The protein pellet
was dissolved again in the lysis solution. The concentration of
protein was measured by the Bradford method.

Two-dimensional gel electrophoresis (2-DE). For the first
dimensional electrophoresis, i.e., isoelectrofocusing (IEF),
1,000 ug of protein from the lysate was mixed with the rehydra-
tion solution (7 M urea, 2 M thiourea, 1% CHAPS, 0.4% DTT,
0.5% TPG buffer, and 0.002% bromophenol blue) to make a
total volume of 450 ul. The mixed solution was applied to an
Immobiline™ DryStrip gel (pH 3-10, 24 cm; GE Healthcare,
Uppsala, Sweden) and incubated at room temperature for
12 h on level surface for rehydration and protein loading.
Isoelectrofocusing was carried out at -20°C, first with linear
voltage at 200 V for 1 h,500 V for 1 h, and 1,000 V for 1 h, then
with gradient voltage from 1,000 to 8,000 V for 3 h and then
finally remaining at 8,000 V until the total V-h value reached
52,000.

The strips were then equilibrated sequentially in Buffer I
(50 mM pH 8.8 Tris-HCI buffer containing 6M urea, 30%
glycerol, 2% SDS, 0.01% bromophenol blue and 1% DTT)
and Buffer II (50 mM pH 8.8 Tris-HCI buffer containing 6M
urea, 30% glycerol, 2% SDS, 0.01% bromophenol blue and 4%
iodoacetamide) each for 15 min at room temperature. Each
strip was then placed on a 12.5% SDS-PAGE gel (240 x 200 x
1 mm) and separation in the second dimension was carried out
in two steps: 5 mA for 2 h per gel and 27 mA for 7 h per gel
in Ettan™ DALT six electrophoresis unit (GE Healthcare). All
experiments were repeated three times for each sample.

Staining and image analysis. The gels were stained overnight
in solution containing 34% methanol, 3% phosphoric acid,
10% ammonium sulfate and 0.12% Coomassie R250, and
then washed with distilled water for more than 6 h until the
protein spots were adequately revealed. The gels were scanned
with ImageScanner (GE Healthcare). The digitized gel images
were then analyzed and protein spots were detected by
ImageMaster 2-D Platinum 6.0 software (GE Healthcare). The
number of spots was automatically determined. The differen-
tially expressed proteins between the cancer and non-tumor
mucosa groups were selected based on the two normalized
spot values, i.e., the % volume and the % intensity. The former
was calculated as % volume = (spot volume/spot volumes of
all spots resolved in the gel) x 100 and the latter % intensity =
(spot intensity/spot intensities of all spots resolved in the gel)
x 100. Proteins were considered as differentially expressed
when the gap value of % volume, defined as the maximum
difference between the range of the one group and the range
of the other group), was positive or non-overlapping. Among
the proteins with positive gap values, 13 spots with the most
significant differences in % intensity were finally selected for
mass spectrometry and protein identification (Fig. 2).

In-gel digestion and mass spectrometry. The selected spots
were manually excised from gels, washed with distilled water,
destained with a 6:4 mixed solution of 50 mM NH,HCO,
(pH 7.8) and acetonitrile and then dried by vacuum centrifu-
gation. After adding 5 ul of trypsin (12.5 ng/ul in 50 mM
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NH,HCO:;) to each gel piece, in-gel digestion of protein was
preceded on ice for 45 min. After trypsin was removed, each
gel piece was incubated with 50 mM NH,HCO, for 12 h at
37°C. The obtained peptide solution was applied onto a
microcolumn packed with Poros R2 resin and washed with
2% formic acid. Adding 1-1.5 pl of matrix solution [10 mg/ml
a-cyano-4-hydroxycinnamic acid (CHCA) in 70% acetonitrile
and 2% formic acid] to the column, the eluted peptides were
loaded onto the MALDI plate.

The peptide mixtures were analyzed by 4800 MALDI TOF/
TOF™ Analyzer (Applied Biosystems, Foster City, CA, USA)
with reflection/delayed extraction mode. After calibration with
the trypsin-autodigested peaks, monoisotopic peptide masses
were obtained with Data Explorer 4.4 software (Applied
Biosystems). Peptide mass fingerprinting was processed with
the MASCOT algorithm (Matrix Science, London, UK) to
assign peptides in the NCBI non-redundant human genome
database (NCBI nr).

Western blotting. The protein lysates were separated by
one-dimensional SDS-PAGE electrophoresis. The resolved
proteins were transferred onto the nitrocellulose membrane
(Hybond™-P; Amersham Bioscience, Piscataway, NJ, USA).
The membrane was blocked with phosphate-buffered saline
(PBS) containing 0.2% Tween-20 and 5% non-fat dry milk,
and then incubated with the primary antibodies such as
mouse monoclonal anti-moesin (38/87) (dilution 1:2,000,
Abcam, Cambridge, MA, USA), rabbit polyclonal anti-keratin
17 (dilution 1:2,000, Abcam) and mouse monoclonal anti-
carbonic anhydrase I (1:2,000, Abcam) antibodies, at 4°C
overnight. After washing three times with Tris-buffered saline
(TBS) containing 0.1% Tween-20, they were incubated with
horseradish peroxidase-labeled secondary antibody (1:4,000,
Perkin-Elmer, Waltham, MA, USA) for 1 h. The membranes
were again washed three times in TBS buffer containing 0.1%
Tween-20, then incubated in ECL reagent (GE Healthcare) for
1 min, and then exposed to X-ray film (Pierce, Rockford, IL,
USA). Then the films were scanned and the intensity of protein
expression was analyzed by a public domain Java image
processing program, Image J (http://rsbweb.nih.gov/ij/index.
html). Mouse monoclonal anti-B-actin was used as control to
normalize the difference in loaded protein quantity.

Tissue microarray construction. To confirm the expression of
the proteins identified by proteomic analysis, a total of 176
cases of surgically resected colorectal adenocarcinoma were
retrieved from the Pathology File of Korea University Guro
Hospital between January 2002 and December 2004. After
reviewing the H&E-stained slides, from each patient two 2-mm
cores were harvested from representative areas of cancer and
normal mucosa, respectively. Then the cores were transferred
to a paraffin recipient block with a 0.5-mm distance between
the cores up to 30 cores per block, using the Tissue Arrayer
(Beecher Instruments, Gene Micro-Array Technologies, Silver
Spring, MD, USA).

Immunohistochemistry. Serial 4-uym sections of the tissue
microarray blocks were heat-dried on Silane-coated slides
(Muto Pure Chemical Co., Ltd., Tokyo, Japan) at 60°C
overnight. The slides were deparaffinized with xylene and
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Figure 1. Cryostat sections of tumor and non-tumor samples. Adequate samples contain sufficient normal epithelial cells (A) or cancer cells (B) with no
excessive necrosis, fibrosis or other unwanted tissue (magnification, x40). (C) Inadequate non-tumor samples contain insufficient normal epithelial cells and/
or excessive fibrosis and/or other unwanted tissues such as smooth muscle (magnification, x12.5). (D) Inadequate tumor sample consists of a small number of
cancer cells and/or excessive non-tumor epithelium and stroma (magnification, x40).

Table I. Clinicopathological characteristics of the patients submitted to protein analysis and identification.

Sample  Gender/ Size  pN pT TNM Astler-Coller
no. Age Histological type Location (cm) stage* stage® stage® stage
Tumor 1  M/62  Mucinous adenocarcinoma Ascending colon 6.7  pNI1 pT4 1B C3
Tumor2  M/57  Mucinous adenocarcinoma Transverse colon 9.0  pNI1 pT4 1IIB C3
Tumor3  M/48  Adenocarcinoma, moderately differentiated Sigmoid colon 45 pN2 pT4 1IIB C3
Tumor4  F/66  Adenocarcinoma, moderately differentiated Rectum 53 pNO pT4 1IIB B3

*TNM stage by the 6th edition of the AJCC cancer staging manual.

rehydrated in a graded alcohol series. They were placed in
10 mM of citrate buffer (pH 6.0) and heated in a microwave
for 5 min three times for antigen retrieval. They were then
incubated with primary antibodies, i.e., anti-moesin (1:10,000,
Abcam), and anti-keratin 17 (1:800, Abcam), for 30 min at
room temperature. After a series of TBS rinse, the slides were
incubated with biotinylated secondary antibody and diami-
nobenzidine substrate for 30 min according to the manual of
a detection kit, Dako Envision™+ system (Dako, Glostrup,
Denmark). Mayer's hematoxylin was used for counterstaining.
As for carbonic anhydrase I protein, we could not find an anti-
body available for immunohistochemistry with formalin fixed
paraffin-embedded tissue.

Immunohistochemical staining. Protein expression was evalu-
ated by two pathologists, considering the staining intensity and
proportion of positive cells. The moesin stain was considered
positive when membrane and/or cytoplasm of epithelial cells

were stained. The presence of moesin in mesenchymal cells was
ignored in this study. The scoring was performed as follows: 0,
when no positive cells were present; 1, when <1/3 of epithelial
cells were weekly stained; 2, when 1/3-2/3 of epithelial cells
were stained in weak to moderate intensity; 3, when >2/3 of
epithelial cells were stained in moderate to strong intensity
(Fig. 3). The cytokeratin (KRT) 17 stain was also considered
positive when membrane and/or cytoplasm of epithelial cells
were stained and the cells were considered distinctly positive
when they were stained in moderate to strong intensity. The
scores of KRT17 were classified as follows: 0, when no posi-
tive cells were present; 1, when <25% of epithelial cells were
stained distinctly in membrane or cytoplasm; 2, when <50%
of epithelial cells were distinctly stained in membrane or cyto-
plasm; 3, when <75% of epithelial cells were distinctly stained
in membrane or cytoplasm; 4, when <95% of epithelial cells
were distinctly stained in membrane and cytoplasm; 5, when
=295% of epithelial cells were distinctly stained (Fig. 4).
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Statistical analysis. All statistical analyses were carried
out using the SPSS version 15.0.1 for Windows (SPSS Inc.,
Chicago, IL, USA). The  test or Fisher's exact test were used
for determining the association between the immunohisto-
chemical findings and the clinicopathological parameters.
To determine whether there is a gradual change or a trend in
protein expression according to the progression of pT, pN, pM,
and anatomic stage/prognostic group, linear by linear associa-
tion ¥* tests were performed. P-values <0.05 were considered
to indicate statistically significant differences.

Results

Patients and samples

Protein identification and Western blot analysis. The frozen
tissue specimens were excluded from protein analysis in
the following cases: i) the tumor sample was unsuitable for
comparison with non-tumor sample because it contained a
small number of actual tumor cells compared to muscle or
other connective tissue components (Fig. 1); and ii) consistent
2-DE dispersion results suitable for analysis were unable to
be obtained. In this study, only 4 of the 10 colorectal cancer
specimens produced 2-DE gels suitable for subsequent image
analysis and protein identification. They had been obtained
from 3 men and 1 woman with an age range from 48 to 66
(mean 58.3) years, and histologically consisted of two moder-
ately differentiated adenocarcinomas and two mucinous
adenocarcinomas. Tumor locations were different in all 4
cases. The average tumor size was 5.7 cm, and the stage was
IIIB in 3 patients and IIB in 1 (Table I).

Tissue microarray (TMA) and immunohistochemistry. The
clinicopathological characteristics of the 176 patients are
summarized in Table II. The patients consisted of 98 men and
78 women. The mean age was 61.8 years with a range from
22 to 85. The mean tumor size was 5.3 cm. The tumors were
located in the ascending colon (n=49), transverse colon (n=8),
descending colon (n=6), sigmoid colon (n=9) and rectum
(n=104). Histologically, more than half of the tumors were
moderately differentiated adenocarcinomas and the remain-
ders were well or poorly differentiated adenocarcinomas and
mucinous adenocarcinomas. None of the patients received
chemotherapy or radiation before surgery. According to the
6th edition of AJCC staging system, there were 9 pT'1, 31 pT2,
129 pT3 and 7 pT4 tumors, and 93 pNO, 49 pN1 and 34 pN2
tumors. Nineteen patients had metastatic lesions at the time
of diagnosis. Combining the T, N, and M stages, the tumors
were then grouped into the anatomic stage/prognostic groups
as stage I (n=33), ITA (n=59), I[IB (n=0), IIC (n=0), IITA (n=6),
IIIB (n=39), IIIC (n=20) and IV (n=19).

Protein identification. The protein spots detected in the 2-DE
gels ranged from 1053 to 1476 in number. The image analysis
of scanned 2-DE gels by the ImageMaster 2-D platinum 6.0
program (GE Healthcare) revealed that 69 protein spots were
differentially expressed in % volume (gap value >0) between
the cancer and non-tumor mucosa groups. For protein iden-
tification, 13 spots out of the 69 with the greatest differences
expressed as % intensity were finally selected for mass spec-
trometry (Fig. 2).
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Table II. Clinicopathological characteristics of patients sub-
mitted to tissue microarray and immunohistochemical analysis.

N (%)

Age (years)
Mean 61.8
Range 22-85
Sex

Male 98 (55.7)

Female 78 (44.3)
Tumor size (cm)

Mean 53

Range 1.0-18.0
Tumor location

Ascending colon 49 (27.8)

Transverse colon 8(4.5)

Descending colon 634)

Sigmoid colon 9(5.1)

Rectum 104 (59.1)
Histological type

Tubular adenocarcinoma, 42 (23.9)

well differentiated

Tubular adenocarcinoma, 118 (67.0)

moderately differentiated

Tubular adenocarcinoma, 11 (6.3)

poorly differentiated

Mucinous adenocarcinoma 5(2.8)
pT stage

pT1 9(5.1)

pT2 31(17.6)

pT3 129 (73.3)

pT4 7 (4.0)
pN stage

pNO 93 (52.8)

pNI1 49 (27.8)

pN2 34 (19.3)
TNM stage

1 33 (18.8

IA 59 (33.5)

IITA 634

111B 39 (22.2)

IIcC 20 (11.4)

v 19 (10.8)

Each protein spot was processed with in-gel trypsin
digestion. The extracted peptide solution was submitted to
mass spectrometry [4800 MALDI TOF/TOF™ Analyzer
(Applied Biosystems)] and the protein identification was
accomplished using the Matrix Science search engine (http://
www.matrixscience.com) and selecting the highest MASCOT
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Figure 2. (A) The master 2-DE gel shows differentially expressed proteins
between the colorectal carcinoma and the non-tumor mucosa. DryStrips
(24 cm) (pI 3-10) and large 12.5% SDS-PAGE gels (24 x 20 cm) were used
to analyze protein profiles. Protein spots were visualized by Coomassie blue
stain. The inlet contains the spot identified as KRT17. To detect the differ-
entially expressed proteins, each spot in non-tumor mucosa group (B) and
colorectal carcinoma group (C) was compared to each other by ImageMaster
2-D Platinum 6.0 software.

Table III. Identification of differentially expressed proteins between colorectal carcinoma and non-tumor mucosa.

MASCOT MALDI-TOF/MS  Matched NCBI
Protein name score MW (Da) PI % Coverage peptide no. accession no.
Chain A, moesin FERM domain bound 169 35010 9.03 50 14 gil50513540
to Ebp50 C-terminal peptide
Chain A, human muscle fructose 39720 8.39 40 10 gild4557976
1,6-bisphosphate aldolase complexed
with fructose 1,6-bisphosphate
Cytokeratin (KRT) 17 148 40520 4.90 53 20 gil47939651
Porin 31HM (human, skeletal muscle 135 30737 8.63 59 14 gil238427
membranes, Peptide, 282 aa)
RAE1 (RNA export 1, S.pombe) homolog 91 41569 7.96 41 14 2il4506399
Proteasome activator subunit 1 isoform 1; 90 28876 5.78 46 13 gil5453990
PA28
p27BBP 83 26845 4.56 62 10 gil13785574
Tropomyosin 4 isoform 2 83 28619 4.67 44 10 gil4507651
Cell division cycle 2 isoform 1;CDK1 80 34131 8.37 46 13 gil4502709
Microtubule-associated protein, 77 30151 5.02 43 11 gil6912494
RP/EB family, member 1;EB-1
C100RF6 74 131868  9.08 20 16 gil26225113
Ubiquitin carboxyl-terminal esterase L1 68 24808 5.33 45 10 gil21361091
o 1T spectrin 67 285689  5.22 12 23 £il1805280
Carbonic anhydrase I 80 28909 6.59 58 11 gil4502517
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Figure 3. Moesin immunohistochemistry. (A) In normal colorectal mucosa, the mesenchymal cells are positive but the benign epithelial cells are completely
negative for moesin (magnification, x100). (B-D) In colorectal carcinoma, the malignant epithelial cells are positive for moesin as well as the mesenchymal
cells (magnification, x200; B, score 1; C, score 2; D, score 3).

Figure 4. Cytokeratin 17 immunohistochemistry. (A) In normal colorectal mucosa, the benign epithelial cells are negative for CK17 (score 0) in all patients.
(B-D) In colorectal carcinoma, the malignant cells are distinctly stained with CK17 in membrane and cytoplasm in variable proportion (magnification, x200;
B, score 1; C, score 3; D, score 5).

score (Table III). Ten proteins showed MASCOT scores of  binding phosphoprotein) domain and Ebp50 complex (Chain
over 75 with 95% significance (p<0.05). Among them, nine A, moesin ferm domain bound to Ebp50 C-terminal peptide),
proteins including moesin FERM (EZrin-radixin-moesin-  p27BBP, tropomyosin 4 isoform 2, proteasome activator
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Figure 5. Protein identification by MALDI-TOF-MS analysis and MASCOT software. (A) The mass spectrum of a protein spot is obtained by MALDI-
TOF-MS and the peak data are processed with the MASCOT algorithm. (B) Among 297 amino acids, 148 were matched (shown in bold) and the sequence

coverage was 49.8%.

subunit 1 isoform 1 (proteasome activator 28; PA28), REA1
(RNA export 1) homolog, cell division cycle isoforms 1
(cyclin-dependent kinase 1; CDK1), cytokeratin (KRT) 17,
C100RF6, microtubule-associated protein RP/EB family
member 1 (End-binding protein 1; EBI1), and porin 31 HM
(voltage-dependent anion-selective channel 1; VEAC1), were
significantly increased in colorectal cancer compared to
normal colorectal mucosa. Carbonic anhydrase I was the only
protein which was decreased in cancer compared to normal
mucosa (Table III). The protein identification data for moesin
complexed with Ebp50 are presented in Fig. 5.

Western blotting. Of the 13 identified proteins, moesin, KRT17
and carbonic anhydrase I, which had fairly high MASCOT
scores and easily obtainable commercial antibodies, were
selected for validation by Western blotting. The intensity of
KRT17 was significantly increased in 2 cancer samples than in
normal mucosa while carbonic anhydrase I was more abundant
in normal mucosa (n=3) than in cancer (Fig. 6). However, moesin
was hardly detectable in both cancer and normal mucosa and
showed no distinct difference between the 2 groups.

Immunohistochemistry. A total of 176 cases of colorectal
carcinoma and their paired normal mucosa were submitted
to TMA construction to evaluate the protein expression by
immunohistochemistry. In normal colorectal mucosa, moesin
was not expressed in epithelial cells but present only in
stromal fibroblasts and inflammatory cells. In colorectal carci-
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Figure 6. (A) Western blot anaylsis of KRT17 and carbonic anhydrase I in
normal colorectal mucosa (N) and paired colorectal carcinoma (T). (B) The
intensity of KRT17 was compared to the intensity of [3-actin. The relative
intensity of KRT17 in colorectal carcinoma was significantly higher in two
cases (T3, T4).

noma, moesin was localized in the membrane and cytoplasm
of tumor cells as well as in stromal cells and inflammatory
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Table I'V. Moesin immunoreactivity in colorectal carcinomas.

Tumor stage

Immunoreactive score pT1 pT2 pT3 pT4  Total
0 7 26 106 6 138
1 2 3 9 0 14
2 0 2 11 0 13
3 0 0 3 1 4
Total 9 31 129 7 176

Table V. KRT17 immunoreactivity in colorectal carcinomas.

Tumor stage

Immunoreactive score pTl1 pT2 pT3 pT4  Total
0 3 9 44 0 56
1 3 12 40 5 60
2 2 16 0 22
3 1 3 13 1 18
4 0 2 7 1 10
5 0 1 9 0 10
Total 9 31 129 7 176

cells. Thirty-one (17.6%) colorectal cancers were positive
with moesin immunoreactivity (Fig. 3) and an increasing
tendency of moesin expression in cancer cells in relation to
the advancement of T stage was observed although no statis-
tical significance was proven (p>0.05) (Table IV). In contrast
to moesin, KRT17 was expressed only in epithelial cells. In
normal colorectal mucosa, KRT17 was negative in all cases. In
colorectal carcinoma, KRT17 was reactive in malignant tumor
cells in 120 cases (68.2%) (Fig. 4). The intensity of KRT17
tended to increase in relation to the advancement of T stage
(Table V). However, no statistical significance was observed
(p>0.05). Interestingly, in 23 of 120 reactive cases (19.2%),
KRT17 reactivity seemed most strong in those cells present
along the infiltrative growth front, forming angulated glands,
irregular cell clusters or cords, or scattered single cells (Fig. 7),
although no statistical significance was observed (p>0.05).

Neither moesin nor KRT17 immunoreactivity showed
a significant association with other clinicopathological
parameters, including patient's age and gender, lymph node
status (N stage) or distant metastasis (M stage), histological
subtype or grade, the final anatomic stage/prognostic group
determined by T, N, and M stages, or survival. Carbonic anhy-
drase I was not evaluated immunohistochemically because we
could not obtain an antibody.

Discussion

A proteomic approach was used in this study to find proteins
overexpressed in primary colorectal carcinoma compared to
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Figure 7. The KRT17 immunoreactivity is stronger in those cells irregularly
infiltrating the stroma as invasive cellular cords or scattered single cells.
(magnification, x200; A, H&E; B, KRT17).

normal colorectal mucosa. To evaluate the protein expression
and various clinicopathological characteristics, immunohis-
tochemical examination of TMA was performed. The 2-DE
and mass spectrometric identification revealed 12 up- and one
down-regulated proteins in colorectal carcinomas (Table III).
Of the 13 proteins, moesin, KRT17, and carbonic anhydrase I,
which were with high MASCOT scores and available anti-
bodies, were selected for further analysis and validation by
Western blotting and immunohistochemistry.

Moesin, detected in this study in the form of moesin FERM
(Ezrin-radixin-moesin-binding phosphoprotein) domain and
Ebp50 complex (Chain A, moesin FERM domain bound to
Ebp50 C-terminal peptide), are part of the ezrin-radixin-
moesin (ERM) family of proteins, which are known to play a
key role in the control of cell-surface morphology and also in
cell signal relaying via connecting the membranous adhesion
molecules such as interleukins, to the cytoplasmic actin cyto-
skeleton (29-33). Of the ERM family proteins, ezrin has been
reported in many studies to be related to cancer progression
and metastasis, thereby conferring poor prognosis (34-43). In
contrast, studies reporting that moesin has a direct effect on
tumor incidence or progression are relatively few in number.
However, evidence supporting that moesin plays an important
role in cancer behavior, especially in invasion and metastasis,
have begun to accumulate. For example, Carmeci et al in their
research using breast cancer cell lines reported that moesin
expression was much higher in ER-negative breast cancer
cells than in ER-positive cells and suggested that moesin
may be involved in the invasiveness or metastatic potential
characteristic of the ER-negative breast cancer phenotypes
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(44). Analyzing the gene expressions and copy numbers in
uterine cervical cancers, Lyng et al reported that moesin gene
expression was strongly associated with metastatic phenotypes
of cervical cancer (45). In another study on cervical cancer
metastasis, He er al demonstrated that the expression levels of
moesin in surgically resected cancer tissue were significantly
correlated with tumor malignancy and metastasis (46). In a
proteomic profiling study by Cui et al, moesin expression was
much higher in pancreatic cancer with lymph node metastasis
than in tumor without metastasis (47). In a study using mela-
noma cell lines, Estecha et al have reported that moesin was
crucial for invasion by melanoma cells in 3D matrices and
early lung colonization by controlling adhesion-dependent
activation of Rho and myosin II contractility (48). Although
several studies have suggested that moesin is associated with
aggressive behavior in various cancers, this study is, to our
knowledge, the first evaluating its expression and possible
role in colorectal carcinoma. In the present study, moesin
expression was higher in colorectal cancer than in non-tumor
mucosa. Although not proven statistically significant in
the current study, the tendency of the increasing expression
according to the T stage progression of tumor, may support
the results of previous research suggesting that moesin may
play an important role in cancer invasion and metastasis when
further evaluated with larger numbers of subjects in each stage
group. Besides, although moesin was expressed in connective
tissues both of cancer and non-tumor specimens, its expression
in epithelial cells was confined to cancer cells only, suggesting
this molecule really has a specific function in carcinoma cells.

Cytokeratin (KRT) 17 is a protein usually present in the
basal cells of stratified squamous epithelium or ductal epithe-
lium. KRT17 has been considered a tumor marker in squamous
cell carcinoma of head and neck and breast cancers (49,50).
Especially, in ‘triple-negative’ breast cancers in which ER,
progesterone receptor (PR) and HER?2 are all test-negative,
KRT17 expression has been associated with a worse prognosis,
high tumor grade and positive axillary lymph nodes (51-54).
There has also been a report that KRT17 was suggested as
the marker of a highly tumorigenic basal cell compartment
in urothelial carcinoma (55). However, no remarkable results
have been reported concerning the expression and/or func-
tion of KRT17 in colorectal cancer so far. In this study, we
demonstrated increased KRT17 expression in colorectal
cancer compared to normal colorectal mucosa by proteomic
profiling, and confirmed it by immunohistochemistry of tissue
microarray. Like moesin, KRT17 also showed a tendency of
increased expression with advancement of T stage, although in
this study statistical significance was not achieved.

Carbonic anhydrase I was the only protein that showed a
significant decrease in expression in colorectal cancer tissue
compared to normal mucosa. Although there have been
reports of less-than-normal expression in squamous cell carci-
nomas of the head and neck, to date, no correlation has been
made between this molecule and colorectal carcinoma (56).
We were unable to obtain an available antibody for immuno-
histochemical analysis in TMA that will confirm the result in
2-DE analysis; however, by Western blot analysis, the expres-
sion of carbonic anhycrase I was lower in the colorectal cancer
group than in the normal mucosa group. Further study with an
immunohistochemistry-compatible antibody may support our

617

result and suggest a correlation between this protein expres-
sion and other interesting clinicopathological parameters,
including tumor stage or metastasis.

In the 2-DE experiment, both moesin and KRT17 was
distinctly increased in colorectal cancer compared to non-
tumor mucosa. However, in Western blot analysis, their
expression in cancer and non-tumor mucosa showed only a
subtle or no difference. Such results could have been caused
by a few reasons. First, the fresh-frozen tissues that were used
in the Western blot analysis were not as good in quality and
quantity as those used in 2-DE analysis. A great amount of
well-preserved tissues was required to perform the 2-DE and
protein identification. Thus, the tissues available for Western
blot analysis were relatively small in amount and not as fresh
as those used in earlier experiments. This is an inevitable
obstacle in studies requiring human tissue. To overcome
such an obstacle, research plans should be completed before
collecting tissue specimens and much effort should be put into
obtaining sufficient amounts of high-quality tissue in a great
amount of time. Second, the formalin-fixed paraffin-embedded
(FFPE) tissues used in immunohistochemistry may have quite
different characteristics from those of the fresh-frozen tissues
in Western blot analysis. Formalin fixation and subsequent
tissue processing can add reactive radicals to macromol-
ecules and induce various crosslinks within and between
the molecules, resulting in the conformational changes of
proteins and changes in antigen epitopes (57). The subsequent
antigen retrieval process in immunohistochemistry may also
have caused further changes in antigenicity. These changes in
molecular structure and antigenicity may be one of reasons
that cause the different results from the reactions with same
antibodies.

Beside the above-mentioned three proteins, several other
proteins showed a different expression between colorectal
carcinomas and non-tumor mucosa tissues in 2-DE and were
identified with a MASCOT sore >75 with 95% significance
(p<0.05). Ebp50 (ezrin-radixin-moesin binding phosphoprotein
of 50 kDA) or NHEFR1 (Na*/H* exchanger regulating factor
1), discovered as bound to moesin FERM domain, has been
known to bind to more than 30 proteins and play important
roles in ion transport regulation, stabilization of transmembrane
receptors, organization of apical microvilli, and regulation of
cell signaling pathways related to cancer progression (58,59).
Ebp50 was proposed to act as a tumor suppressor when it is
localized at the plasma membrane and as an oncogenic protein
when localized in the cytoplasm (58). Ebp50 interacts with
all three members of the ERM family. Although a significant
in vivo functional connection has been found mainly between
Ebp50 and ezrin so far (37-39,60-64), parallel expression of
Ebp50 and moesin, with shifts in cellular distribution from
membrane to cytoplasm, have also been reported to correlate
with increasing invasiveness of oral squamous cell carcinoma
(65). In our study, Ebp50 was detected as bound to moesin and
expressed more highly in colorectal cancer than in non-tumor
mucosa, thus suggesting that moesin and Ebp50 also play
together a role in development and progression of colorectal
carcinoma.

p27BBP interacts with integrin B4 in epithelial cells to
control ribosome assembly within the cytoplasm (66-68).
p27BBP has been reported to be highly expressed in rapidly
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dividing cells, including colorectal adenoma and carcinomas,
and in particular to be increased progressively from adenoma
to carcinoma, and in the latter, to be related to tumor stage (66).
Besides colon cancer, p27BBP has been reported to increase
greatly in carcinoma of the head and neck, seemingly playing
a significant role in the carcinogenic process (68).

Tropomyosins are actin-associated cytoskeletal proteins in
muscle and non-muscle cells, with multiple isoforms (69,70).
Several isoforms of tropomyosins, the so-called low-molecular
weight tropomyosins, which are composed of less than 248
residues, were reported to be associated with metastatic
potential of several cancer cells, including melanoma, breast
carcinoma, and lung cancer cells (71-73). Tropomyosin 4 is one
of these low-molecular weight tropomyosins, and was reported
to increase in esophageal squamous cell carcinoma compared
to adjacent normal epithelium (74).

The proteasome is a 200,000-Da, multisubunit protease
complex. It associates with a number of other protein
complexes, which function as regulators of its activator (75).
Proteasome activator 28 (PA28) is a protein activator of the
20S proteasome and activates the proteasome's hydrolysis of
small peptides, not related to the degradation of ubiquitinated
proteins (76,77). It has been suggested by Miyagi et al that a
decreased expression of PA28 in colon cancer cells reduces
HLA 1 protein expression, helping cancer cells avoid effects
of the immune system (78). Giusti et al observed, through a
proteomic method, that PA28 significantly increased in papil-
lary carcinoma of the thyroid gland compared to normal tissue
(79). In our study, PA28 was distinctly increased in resected
colorectal carcinoma than in non-tumor mucosa. Whether this
protein plays a specific role in development or progression of
colorectal cancer requires further studies.

RAETI is considered a critical protein for maintaining the
biopolarity of mitotic spindles (80). Although there has been
no clear evidence that RAE]1 is directly related to cancer
development, an unstable mitotic spindle leads to aberrant
chromosome segregation during mitosis and chromosome
instability, which has been proposed to cause tumor develop-
ment and/or progression (81).

Cell division cycle 2 isoform 1 (cyclin-dependent kinase 1;
CDK1), along with cyclin B, was recently reported to promote
phosphorylation of the anti-apoptotic proteins Bcl-xL and Bcl-2,
disabling their anti-apoptotic activity, in cells experiencing
mitotic arrests or sustained spindle checkpoint activation.
CDKI1 has been suggested to be the kinase responsible for the
effects of microtubule inhibitors and other antimitotic agents
that prolong the activation of this checkpoint (82,83). It is not
clear whether CDK1 plays a direct role in certain cancer devel-
opment or progression.

End-binding protein 1 (EB-1) is a member of microtubule
plus-end tracking proteins (+TIPs), which controls microtubule
dynamics and participates in various microtubule-mediated
cell activities, such as cell migration, division, and morpho-
genesis (84-86). Several recent studies suggest that EB-1 may
be involved in carcinogenesis, too. For example, overexpres-
sion of EB-1 has been detected in hepatocellular carcinoma,
gastric carcinoma, esophageal squamous cell carcinoma,
and breast carcinoma (87-90). In breast carcinoma, Dong
at al also proposed that EB-1 expression was correlated with
higher histological grade, advanced pTNM stage, and more
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frequent lymph node metastasis (90). In this study, EB-1
was increased in colorectal carcinoma than in non-tumor
mucosa. Adenomatous polyposis coli (APC) protein, a tumor
suppressor in colorectal epithelium, is known as one of the
interacting partners of EB-1 in microtubule dynamics and
mitosis; however, whether EB-1 plays a direct role in cancer
development requires further studies.

Voltage-dependent anion-selective channel 1 (VDACI) is
a pore-forming protein that exists in the outer mitochondrial
wall and cell membrane. It adjusts cell oxidation-reduction
reactions and participates in apoptosis through regulating the
permeability of mitochondrial membrane under the influence
of proapoptotic Bax and Bak proteins or antiapoptotic Bcl-xL.
protein (91,92). VDACI has been reported to be overexpressed
in several cancer cells (93,94), however, the suggested roles
of this molecules have been inconsistent in several studies.
For example, in studies by Simamura et al, overexpression of
VDACI in cancer cells was reported to increase the sensitivity
of cancer cells to quinine antitumor drugs (93-95). On the
other hand, Pan ef al reported that VDACI1 was consistently
increased at both the protein and the RNA levels in caboplatin-
and paclitaxel-resistant ovarian cancer (96). In another recent
study, Koren et al suggested that VDACI promote cancer
cell growth in animal models (97). To elucidate the roles of
VDACI in various cancers, including the colorectal cancer in
our study, further studies will be required.

In summary, using a proteomics approach we detected
several interesting proteins including moesin and KRT17,
which were significantly increased in colorectal cancer.
Moesin and KRT17 has been proposed to play a role in cancer
invasion, metastasis and poor prognosis in several cancers,
and may also contribute to development and progression of
colorectal cancer. Besides moesin and KRT17, several other
proteins, also detected as elevated or reduced in colorectal
cancer, has been suggested to participate in cancer behaviors,
including cell proliferation, mobility, and invasion, in various
cancers. Further studies in colorectal carcinoma may eluci-
date their role in the carcinogenesis and tumor behavior of
colorectal cancer.
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