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Abstract

To investigate the proteomic background of the carcinogenesis and progression of pancreatic cancer, the
protein expression profiles of nine well-characterized pancreatic adenocarcinoma cell lines, whose metastatic
potential was previously examined in a mouse xenograft model, and two immortalized pancreatic duct cell lines
were examined. Two-dimensional difference gel electrophoresis (2D-DIGE) identified 126 protein spots the
intensity of which was significantly different between the normal pancreatic duct cell lines and the pancreatic
cancer cell lines with different metastatic potential. Mass spectrometric protein identification demonstrated that
these protein spots corresponded to 95 unique genes, which included proteins not previously shown to be
aberrant in pancreatic cancer. To characterize the observed proteome, LC-MS/MS identified the proteins corre-
sponding to the 1101 protein spots detected by 2D-DIGE. The top-scoring proteins for all 1101 protein spots
corresponded to 459 unique proteins. 561 single protein spots included multiple proteins, and 213 unique pro-
teins were repeatedly detected as a top-scoring proteins in multiple protein spots. These results indicate that
2D-DIGE captures a wide spectrum of the proteome, and has the potential to detect the proteins associated with
carcinogenesis and progression of pancreatic cancer. The obtained protein expression and identification data
have been included in our public database, the Genome Medicine Database of Japan Proteomics.
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Abbreviations
2D-DIGE: Two-dimensional Difference Gel Electrophore-

sis

GeMDBJ: Genome Medicine Database of Japan

Introduction

Pancreatic cancer is the fifth leading cause of cancer
death in Japan and the fourth in the United States. Because

of a lack of specific symptoms in the early stages, limita-
tions of diagnostic methods and effective therapeutic strat-
egy, the mortality rate of pancreatic cancer is the highest
among all cancer types. Indeed, it annually claims more than
19,000 deaths in Japan and more than 28,000 in the United
States annually, while the mortality rate approaches 100%
(Lowenfels and Maisonneuve, 2004; Matsuno et al., 2004).
Although intensive investigations on the molecular back-
ground of the progression of pancreatic cancer identified
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numerous intriguing genetic 
alterations (Bardeesy and DePinho, 2002), these have 
not yet translated into success-ful clinical interventions for 
the patients.

To understand the molecular background of pancreatic
cancer cells, proteomics studies have been performed on
tissues and body fluids of pancreatic cancer patients.
Proteomic research has made significant progress on two
fronts. First, comprehensive and quantitative proteomic tis-
sue proteomics have identified numerous intracellular pro-
teins that had not been previously shown to be implicated in
malignant tumors. For instance, a large-scale immunoblotting
analysis with 900 well-characterized antibodies identified
102 proteins significantly deregulated in pancreatic cancer
cells (Crnogorac-Jurcevic et al., 2005). Studies with iso-
tope-coded affinity tag technology and tandem mass spec-
trometry detected 151 proteins aberrantly regulated in pan-
creatic cancer (Chen et al., 2005). Two-dimensional poly-
acrylamide gel electrophoresis followed by mass spectrom-
etry and database search also identified 29 proteins
aberrantly expressed in pancreatic cancer (Shen et al., 2004).
Studies on the properties of these proteins will give us clues
to understand the molecular background of the malignant
phenotypes of pancreatic cancer. Second, employing
proteomic tools allowed the identification of plasma marker
candidates for early diagnosis. The majority of pancreatic
tumors (more than 80%) have advanced locally or devel-
oped distant metastases by the time of diagnosis, rendering
the cancer surgically inoperable (Yeo et al., 2002) and em-
phasizing the need for early cancer detection. Existing plasma
tumor markers such as CA-19-9 have obvious limitations in
terms of sensitivity and specificity in detecting the patients
with localized and resectable pancreatic cancer (Ni et al.,
2005). Proteomic studies using mass spectrometry have led
to the discovery of many novel biomarker candidates that
may allow early diagnosis of pancreatic cancer
(Bhattacharyya et al., 2004; Faca et al., 2008; Honda et al.,
2005; Hong et al., 2004; Koomen et al., 2005; Koopmann et
al., 2004; Orchekowski et al., 2005; Yu et al., 2005b). Gel-
based proteomics studies have also reported plasma
biomarkers for pancreatic cancer (Kakisaka et al., 2007;
Yu et al., 2005a). Proteome-wide studies showed that the
proteins involved in the aberrant autoimmune responses
present in pancreatic cancer may be biomarker candidates
(Hong et al., 2006; Patwa et al., 2008). Taken altogether,
the use of proteomic modalities will further our understand-
ing of the pancreatic cancer biology and will provide clinical
applications beneficial to pancreatic cancer patients.

Cell lines are a useful resource for cancer proteomics
and offer some unique advantages over the use of clinical
specimens. As surgical specimens contain various types of

tumor- and non-tumor cells, isolation of the specific cell
population to be studied before protein extraction is a pre-
requisite for accurate protein expression studies. Laser mi-
crodissection is the remedy for this problem. We have de-
veloped an application of two-dimensional difference gel
electrophoresis (2D-DIGE) technology with highly-sensi-
tive fluorescent dyes (CyDye DIGE Fluor saturation dye,
GE Healthcare, Little Chalfont, Buckinghamshire, UK) to
facilitate the use of laser microdissection in cancer
proteomics (Kondo and Hirohashi, 2006; Kondo et al., 2003).
Sitek et al., (2005) applied this method to the study of pan-
creatic cancer and successfully identified dysregulation of
actin filament-associated proteins (Sitek et al., 2005). How-
ever, even with the highly sensitive fluorescent dyes, isola-
tion of a specific population of cancer cells by microdissec-
tion is still labor intensive and time-consuming, and more
importantly, contamination with a small number of cells of a
different cell population cannot be avoided. In contrast, as
the cell lines consist of a pure population of cancer cells, we
can achieve accurate expression profiling. In addition, the
amount of protein obtained from the clinical materials is of-
ten limited, while cell lines provide an almost unlimited source
of proteins for proteomic studies in a reproducible way. The
proteins and peptides released by pancreatic cancer cell
lines have been identified by proteomics with the use of
stable isotope labeling with amino acids in cell culture
(SILAC) method (Gronborg et al., 2006), multidimensional
protein identification technology (MudPIT) (Mauri et al.,
2005), and surface-enhanced laser desorption/ionization
time-of-flight mass spectrometry (SELDI-TOF-MS) (Sasaki
et al., 2002). The functional assessment of the proteins ex-
pressed by the cell lines has also provided invaluable in-
sights into the role they play in cellular physiology. On the
other hand, there are certain limitations on the study of can-
cer diversity using cell lines; although many lines of evi-
dence have suggested that cell lines retain their original
morphological and physiological phenotypes at the genome,
transcriptome and proteome level (Neve et al., 2006), they
do not always reflect the in vivo characteristics. Further-
more, the number of available pancreatic cancer cell lines
is generally small considering the genetic variation observed
among individual pancreatic tumors. Therefore, the study
of both cell lines and clinical specimens would be the opti-
mal strategy in the study of the biology of pancreatic can-
cer.

In this paper, to identify the proteins associated with car-
cinogenesis and progression of pancreatic cancer, we used
11 well-characterized pancreatic duct cell lines, including
two derived from normal pancreatic ducts and nine from
pancreatic adenocarcinoma tissues. The metastatic poten-
tial of the nine pancreatic cancer cell lines was previously
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 examined using a mouse xenograft 
model (Loukopoulos et al., 2004). We identified the 
proteins the expression of which was significantly different 
between the cell line groups us-ing two-dimensional 
difference gel electrophoresis (2D-DIGE) and mass 
spectrometry, and validated the expres-sion of the 
identified proteins using specific antibodies. Al-though 2D-
DIGE has been widely used in cancer proteomics, it 
obviously does not uncover the entire proteome and the 
part of the proteome observed by 2D-DIGE is not defined. 
To estimate the potential of 2D-DIGE as a tool for pancre-
atic cancer proteomics and examine the characteristics of 
the proteome detected by 2D-DIGE we used LC-MS/MS 
and subsequently evaluated the potential significance of the 
identified proteins and the potential utilities of 2D-DIGE.

Materials and Methods
Cell Lines

Pancreatic cancer cell lines Capan-1, Capan-2, HPAF-
II, CFPAC, HPAC, Panc-1, AsPC-1, Mpanc-96 and Hs766T
were obtained from the American Type Culture Collection
(ATCC) and maintained in the recommended culture me-
dia. Normal pancreatic duct cell lines H6C7 and HPDE4
cells were kindly provided by Dr. Ming-Sound Tsao (Ontario
Cancer Institute, Toronto, ON, Canada) and maintained in
keratinocyte serum-free medium (KSF) supplemented by
epidermal growth factor and bovine pituitary extract (Gibco-
BRL, Grand Island, NY) (Furukawa et al., 1996; Ouyang
et al., 2000). Different culture media, optimized for each
cell line, were used to minimize the variance in growth rate.
The HPDE4 and H6C7 cells were established from normal
pancreatic ducts and did not show tumorigenic properties
(Furukawa et al., 1996; Ouyang et al., 2000). The meta-
static potential of the pancreatic cancer cells was exam-
ined in a previous orthotopic transplantation study
(Loukopoulos et al., 2004). Briefly, trypsinized pancreatic
cancer cells were inoculated into the pancreas of
laparotomized SCID mice. After tumor formation was con-
firmed by palpation, the mice were sacrificed and the pri-
mary tumors, liver, lung, peritoneal lymph nodes with visible
or suspected tumor infiltration or metastases were exam-
ined histologically. The study showed that only AsPC-1 and
Mpanc96 derived tumors showed a high metastatic rate to
the lungs (Loukopoulos et al., 2004). Only the cell lines that
produced adenocarcinomas in vivo (Loukopoulos et al.,
2004) were involved in the present study. Thus, we grouped
the 11 cell lines in three groups according to their metastatic
profile as follows: 1) the normal pancreatic duct cell lines
(H6C7, HPDE4), 2) the cell lines with low metastatic rate
(Capan-1, Capan-2, HPAF-II, CFPAC, HPAC, Panc-1,
Hs766T), and 3) the cell lines with high metastatic rate

(AsPC-1, Mpanc 96) and then investigated the proteomic
differences between these three groups.

Protein extraction, fluorescence labeling and two-
dimensional gel electrophoresis

Protein extraction and fluorescence labeling were car-
ried out according to our previous report with some modifi-
cations (Fujii et al., 2005a). In brief, when the cells reached
80-90% confluence, they were washed with PBS twice and
fixed with 10% trichloroacetic acid on ice for 30 min. The
cells were then scraped off and collected following a brief
centrifugation. The cell pellet was briefly washed with PBS
and incubated for 30 min with a lysis buffer including 6 M
urea, 2 M thiourea, 1% TritonX-100 and 3% CHAPS. Af-
ter centrifugation at 15,000 rpm for 30 min, the supernatant
was recovered and protein concentration was measured
using a Protein Assay Kit (Bio-Rad Laboratories, Hercures,
CA).

Protein samples were labeled with CyDye DIGE Fluor
saturation dye (GE Healthcare) according to our previous
reports (Kondo and Hirohashi, 2006; Kondo et al., 2003). In
brief, the protein concentration was adjusted to 1 mg/ml
with the lysis buffer and the pH was adjusted to 8.0 with 40
mM Tris-HCl. Five μg of the protein sample were reduced
by incubation with 2 μM tris-(2-carboxethyl)phosphine hy-
drochloride (TCEP; Sigma, St. Louis, MO) at 37 oC for 60
min. The internal control was prepared by mixing a small
equal amount of total protein from all individual cell line
samples in this study together. The internal control sample
and the individual protein samples were labeled with 5
nanomol of Cy3 and Cy5 CyDye DIGE Fluor saturation
dye (GE Healthcare) respectively, by incubation at 37 oC
for another 30 min. The labeling reaction was terminated
by adding an equal volume of lysis buffer containing 130
mM DTT and 2.0% Pharmalyte (GE Healthcare). The Cy3-
labeled internal control sample and the Cy5-labeled indi-
vidual sample were then mixed. The volume of the mixture
was adjusted to 420 μL with lysis buffer containing 65 mM
DTT and 1.0% Pharmalyte. All labeling procedures were
performed in the dark. The labeled proteins were separated
by two-dimensional polyacrylamide gel electrophoresis (2D-
PAGE), which included isoelectric focusing and SDS-PAGE.
The first dimension separation was achieved by immobiline
pH gradient gel (pI range 4-7, 24 cm length) using Multiphor
II (GE Healthcare). The second dimension separation was
performed using EttanDalt II (GE Healthcare) on a home-
made 9-15% gradient polyacrylamide gel produced using a
gradient maker (GE Healthcare). For preparative purposes,
100-200 μg labeled proteins were loaded to the 2D-PAGE
gel.
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Following electrophoresis, the gels were scanned at the
appropriate wavelength for Cy3 and Cy5. A typical Cy3
image is shown in Figure 1 and an enlarged image with the
margin of protein spots is demonstrated in our proteome
database, GeMDBJ Proteomics (https://gemdbj.nibio.go.jp/
dgdb/DigeTop.do); the image can be found by clicking
‘Search by Gel Image‘ in the top page, then ‘Pancreatic
Cancer Cell Lines‘ in the second page. A representative
pair of cropped images of Cy3 and Cy5-labeled samples,
and their merged image, as well as the experimental work
flow are shown in Supplemental Figure 1. The Cy5 to Cy3
intensity ratio was calculated for all protein spots in identi-
cal gels using the DeCyder software version 4.0 (GE
Healthcare) to obtain the standardized spot intensity. The
standardized spot intensities were then logarithmically trans-
formed and subjected to data-mining using the Expression-
ist software (GeneData, Basel, Switzerland) (Fujii et al.,

2005a; Fujii et al., 2005b; Hatakeyama et al., 2006; Seike et al., 2005;
Suehara et al., 2006). We ran triplicate gels for each sample
and calculated the mean standardized spot intensity; in to-
tal, 33 gels were ran and 66 images were produced from
the 11 cell lines.

To assess the electrophoresis reproducibility, we first pro-
duced protein profiles from the same sample (Capan 1) in
triplicate and compared the standardized intensity of the
paired spots (Figure 2). The scatter gram showed that the
correlation values were significantly high for these three
pairs (r values more than 0.884). The intensity of almost all
protein spots was scattered within a two-fold difference
range; only the intensity of spots 570, 1289, and 1411 con-
stantly showed differences higher than two-fold. Visual in-
spection revealed that these spots were divided or irregu-
larly merged by the DeCyder software. Although we in-
cluded these spots in the analysis, they were not selected in
the subsequent statistical studies because of their low re-

Figure 1: 2D image of the internal control sample. The proteins were separated according to their isoelectric point on IPG
gels and by their molecular weight on SDS-gels.

  Image analysis and statistical analysis
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Figure 2: Scatter gram showing the reproducibility of the results obtained by 2D-DIGE. The same sample was subjected
to 2D-DIGE three times, and the intensity of all protein spots was compared. The correlation coefficiency value between the
experiments was at least 0.88, and the intensity of most protein spots was scattered within a two fold difference range. The
correlation coefficiency value was calculated using the Expressionist software (GeneData).
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Figure 3: Sample classification based on spot intensity. Hierarchical clustering (A) and principal component analysis (B)
based on the spot intensity observed grouped the samples with similar phenotypes together, with the exception of Hs766T, a
pancreatic cancer cell line that was grouped with two normal pancreatic duct cell lines. The overall similarity of protein
profiles within each group is demonstrated by the correlation matrix table (C), showing that the two normal cell lines and the
two highly metastatic cell lines had a similar protein expression profile within their groups. 1. H6c7, 2. HPDE4, 3. Hs766T, 4.
Capan-1, 5. Capan-2, 6. HPAF-II, 7. Panc-1, 8. CFPAC-1, 9. HPAC, 10. AsPC-1, 11. Mpanc96. The spot numbers refer to
those in Supplemental Tables 1 and 2.
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producibility.

Mass spectrometric protein identification

Protein identification was performed as previously de-
scribed (Kondo and Hirohashi, 2006). In brief, the spots on
the preparative gels containing 100-200 μg of the labeled
proteins were recovered by an automated spot excision ro-
bot (SpotPicker; GE Healthcare) into 96-well plates. In-gel
digestion was then performed as previously described
(Kondo and Hirohashi, 2006). The mass of each peptide
was determined by liquid chromatography coupled with tan-
dem mass spectrometry (LTQ, Thermo) (Hatakeyama et
al., 2006).  All data from tandem mass spectrometry were
investigated with the Mascot search engine (Matrix Sci-
ence Ltd., London, UK) against Homo sapiens subsets of
the sequences in the Swiss-Prot database with previously
reported searching conditions (Hatakeyama et al., 2006).

Western blotting

Protein samples (10 μg) separated by SDS-PAGE were
transferred to nitrocellulose membranes. The membrane was
blocked with 2% skimmed milk for 1 h and incubated over-
night with the primary antibody at 4°C with gentle agitation.
The antibodies used were as follows: anti-PACSIN2 anti-
body, anti-GRP78 antibody, anti-lamin A/C antibody, anti-
aldehyde dehydrogenase antibody, anti-protein disulfide
isomerase A6 antibody, anti-annexin IV antibody, anti-14-3-
3 sigma antibody (all Becton, Deckinson and Company, San
Jose, CA, diluted 1:1000), anti-Rab-1A antibody and beta-
actin (Abcam Limited, Cambridge, UK, 1:500). The mem-
branes were then reacted with horseradish peroxidase-con-
jugated second antibody (GE Healthcare). The signal was
developed with the enhanced chemiluminescence system
(GE Healthcare) and analyzed with an image analyzer (LAS-
1000; Fuji film, Tokyo, Japan).

Results

To determine the biological factors that may most domi-
nantly affect the overall features of protein expression, we
performed hierarchical clustering (positive correlation and
complete linkage) based on the 1056 spots, the presence of
which was confirmed in more than 80% of the Cy3 images
of the internal control sample. The resulting classification
grouped the cell lines into two groups, the normal cell lines
and the cancer cell lines with the exception of Hs766T which
was separated from the other cancer cell lines (Figure 3A).
In principal component analysis, the cell lines were divided
into three groups, the normal ones, the ones with low meta-
static rate and the ones with high metastatic rate (Figure

3B). We examined the similarity of the intensity pattern of
the spots and summarized the results in a correlation matrix
table. We found that the two normal cell lines and the two
highly metastatic cell lines (AsPC-1, Mpanc 96) shared more
similar spot-intensity patterns within their groups than the
other cancer cell lines (Figure 3C). The results of the ex-
pression study were linked to our public proteome database,
GeMDBJ Proteomics. The intensity level of the protein spots
can be viewed by selecting ‘Expression level‘ in the right
panel, then clicking on the protein spots. The intensity levels
of the selected protein spots across all the cell line samples
can be viewed.

We then identified the protein spots that showed statisti-
cally significantly (p<0.05) different intensity between the
cell line groups and had a more than two-fold difference in
intensity values. These included: 1) 44 protein spots when
the normal cell lines were compared with the cancer cell
lines, 2) 38 protein spots when the normal cell lines were
compared with the seven cell lines with low metastatic rate,
3) 78 protein spots when the normal cell lines were com-
pared with the two highly metastatic cancer cell lines, 4) 35
protein spots when comparing the cell lines with low versus
high metastatic rate. The proteins corresponding to these
protein spots were identified by LC-MS/MS (Figure 4). As
some protein spots were repeatedly listed, the total number
of identified proteins was 126. The supporting peptide data
concerning protein identification are demonstrated in Supple-
mental Table 1 and GeMDBJ Proteomics. The mass spec-
trogram and the exact results of Mascot search will appear
in the database in the near future. For each comparison, the
cell line similarity as defined by the identified protein spots
is shown following principal component analysis (Figure 4
A-D, left panel) and hierarchical clustering (Figure 4 A-D,
right panel). The heat-map in right panel demonstrates the
variability in spot intensity in the cell lines. The spot number
and protein names in Figure 4 are shown in Supplemental
Table 2.

The name and intensity values of the protein spots identi-
fied and the results of sample classification based on the
intensity of the identified protein spots are shown in Figure
5. As some proteins appeared repeatedly in different spots,
the 126 detected protein spots corresponded to 95 unique
proteins (Figure 5A). The intensity of the protein spots cor-
responding to the same protein varied across the cell lines
(Figure 5A). These observations may suggest that these
spots correspond to different protein variants for each pro-
tein, the latter probably being the result of posttranslational
modifications, alternative splicing, or cleavage, and that cer-
tain, but not all, of these protein variants, may have a role in
carcinogenesis and cancer progression. The cell lines were
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Figure 4: The proteins with significantly different intensity between the two sample groups. Based on the intensity of the
protein spots with significantly different intensity between the two sample groups, the samples were correctly grouped with
their corresponding group by principal component analysis (left panel). The protein name, ratio of means, and p-value are
shown next to the heatmap (right panel). The average standardized intensity was calculated for each cell line sample, which
was ran in triplicate. Then, the means of the average standardized intensity were generated in each sample group. The ratio
of the means between the sample groups was then calculated. A. Normal vs cancer cell lines. B. Normal vs cancer cell lines
with low metastatic rate. C. Normal vs.highly-metastatic cancer cell lines. D. Cancer cell lines with low and highly-metastatic
rate. Each comparison resulted in the identification of protein spots with different intensity between two sample sets. 1. H6c7,
2. HPDE4, 3. Hs766T, 4. Capan-1, 5. Capan-2, 6. HPAF-II, 7. Panc-1, 8. CFPAC-1, 9. HPAC, 10. AsPC-1, 11. Mpanc96.
The spot numbers refer to those in Supplemental Tables 1 and 2.
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Figure 5: The proteins with significantly different expression between the sample groups. Hierarchical clustering (A) and
principal component analysis (B) based on the intensity of the identified 126 protein spots grouped the samples with their
corresponding groups. The overall similarity of the intensity of the 126 protein spots between the cell line groups is shown in
the correlation matrix table (C). 1. H6c7, 2. HPDE4, 3. Hs766T, 4. Capan-1, 5. Capan-2, 6. HPAF-II, 7. Panc-1, 8. CFPAC-
1, 9. HPAC, 10. AsPC-1, 11. Mpanc96. The spot numbers referred to those in Supplemental Table 1 and 2.
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Figure 6: Functional classification of the identified proteins and protein spots. The first-scored proteins were categorized
based on their function as reported in the literature (A). The protein spots with increased and decreased intensity in the cell
line groups with malignant potential were categorized in (B) and (C), respectively. The number of proteins and protein spots
in each category is shown in the parenthesis.
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Figure 7: The differential expression of selected proteins was validated using specific antibodies and employing two
different techniques. The correlation coefficiency (R value) between the 2D-DIGE data and SDS-PAGE/Western blotting
data is demonstrated in the panels and was overall high. The grey bars indicate the expression level measured by 2D-DIGE,
and the white bars by Western blotting. The highest intensity of protein spots and western-blotting band was considered as
100% for each protein (y-axis). The concordance between 2D-DIGE and SDS-PAGE/western blotting is shown by the
height of gray and white bars. Overall, the data generated by 2D-DIGE and Western blotting correlated well, except for
PDIA6 and Rab-9. The spot numbers refer to those in Supplemental Tables 1 and 2.
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Figure 8: The characteristics of 2D-DIGE data. A. Single spots contain multiple proteins. The number of proteins included
in the single spots is demonstrated. B. Single proteins appeared in multiple protein spots. The number of protein spots repre-
senting the same protein is demonstrated.
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 classified according to their 
malignant potential based on the intensity of the 
identified proteins, suggesting that the aberrant 
expression of these genes may contribute to the 
phenotypes of pancreatic duct cells in a coordinate manner 
(Figure 5A and B), even when identical gene products 
showed variable expression levels. The correlation matrix 
shows the overall similarity of protein profiles of cell lines 
within each group (Figure 5C). The location of the protein 
spots on the 2D gel image and the proteins with lower but 
significantly different score are shown in GeMDBJ 
Proteomics.

The 95 identified proteins were functionally classified
based on their gene ontology and literature curation (Figure
6A and Supplemental Table 2). More than 50% of the iden-
tified proteins were categorized as being involved in me-
tabolism, cytoskeleton, protein synthesis, transport and chap-
eron function. We grouped the 126 protein spots into two
groups according to their correlation with malignant pheno-
types; the first group included the protein spots with higher
intensity in the pancreatic cancer cell lines than in the nor-
mal pancreatic duct cell lines (Figure 6B), while the second
group was vice versa (Figure 6C).

To characterize the proteome fraction that we observed
by 2D-DIGE, we identified proteins corresponding to ran-
domly selected protein spots. We performed mass spectro-
metric protein identification for more than 1,200 protein spots,
and resulted in the positive identification of 1101 protein spots.
We found that 459 unique proteins were top-ranked pro-
teins corresponding to these 1101 protein spots. The loca-
tion of the identified protein spots on the 2D gel images, the
identified proteins, and the peptide data supporting the pro-
tein identification are included in the GeMDBJ Proteomics
database.

We studied the expression level some of the identified
proteins by SDS-PAGE/western blotting, and examined the
correlation between SDS-PAGE/Western blotting and 2D-
DIGE data (Figure 7). The proteins that were examined for
western blotting were selected based on the availability of
antibodies in our laboratory. PACSIN2 (R=0.524), GRP78
(R=0.815), lamin A/C (R=0.754), ALDH I (R=0.415),
annexin IV (R=0.924), and 14-3-3 protein (R=0.610) had
high correlation between the 2D-DIGE and Western blot-
ting data, while PDIA6 (R=0.140) and Rab-9 (R=0.34) did
not show significantly different levels in Western blotting.

We identified multiple proteins from 561 single spots. The
number of proteins observed from each of these spots is
shown in Figure 8A. When multiple proteins shared identi-
cal amino acid sequences, which were used for protein iden-

tification, all of these proteins were considered as candi-
dates for the proteins corresponding to the same protein
spots. We found that 213 unique proteins were observed in
multiple protein spots. The number of spots derived from
single proteins is demonstrated in Figure 8B.

Discussion

Multiple proteins or protein groups may regulate cell phe-
notypes in a coordinate manner, and in turn, the overall fea-
tures of the proteome may to an extent reflect the charac-
teristics of the cells. To understand the relation between
protein expression and cellular phenotypes, it may be useful
to identify both the phenotypes that are most reflected by
the overall proteomic profiles and a limited number of pro-
teins that are associated with certain cell-phenotypes. We
performed pancreatic cancer proteomics employing 2D-
DIGE (Figure 1). 2D-DIGE with the use of an internal con-
trol sample demonstrated high reproducibility (Figure 2).
Hierarchical clustering of the cell lines based on the spot
intensity grouped the cell lines into two groups; the two nor-
mal pancreatic duct cell lines and Hs766T, and the other
pancreatic cancer cell lines (Figure 3A). Ryu et al., (2002)
defined Hs766T cell line as a normal-like cancer cell line
because its global mRNA expression pattern showed a high
degree of correlation to the normal pancreatic ductal epi-
thelium (Ryu et al., 2002). Although the molecular back-
ground that would explain the similarity in the expression
profiles of Hs766T cells and normal cells is unclear, our
proteomics classification is, to a certain degree, consistent
with this transcriptome study. Principal component analysis
based on the overall proteome profiles obtained classified
the cell lines into 1) the two normal pancreatic duct cell
lines, 2) the two highly-metastatic pancreatic cancer cell
lines, and 3) the remaining seven pancreatic cancer cell lines
that showed a low metastatic rate (Figure 3B). The corre-
lation matrix revealed that the cell lines belonging to the
same group showed similar protein expression patterns (Fig-
ure 3C). These observations may suggest that the major
proteomic changes occur in at least two steps; when the
cells are transformed into malignant tumor cells, and when
they obtain increased metastatic potential. In the correla-
tion matrix study, the normal cell lines demonstrated more
homogeneous protein expression profiles between them than
the cell lines in the other cell line group, probably reflecting
the heterogeneity of the cancer genome.

We compared the protein expression profiles of normal
pancreatic duct cell lines, pancreatic cancer cell lines with
low metastatic rate, and highly-metastatic pancreatic can-
cer cell lines, and identified the proteins showing signifi-
cantly different intensity between the cell line groups (Fig-
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ure 4 and 5). These proteins may contribute to carcinogen-
esis and cancer progression in a coordinate manner. The 
previous studies using pancreatic cancer tissues reported 
results consistent with our study. For instance, the following 
identified proteins showed aberrant expression levels in pan-
creatic tumor tissues; HSP90 (Ogata et al., 2000), EZR (Yeh 
et al., 2005), K2C8 (Treiber et al., 2006), ANXA4 (Shen et 
al., 2004), PHS3 (Liu et al., 2000), SODC (Wheatley-Price 
et al., 2008), TERA (Yamamoto et al., 2004), ENOG 
(Inagaki et al., 1993), ANXA8 (Karanjawala et al., 2008), 
GRP78 (Hirano et al., 2008) and ACNT (Kikuchi et al., 
2008). In contrast, four proteins, namely COLT1 (Nakatsura 
et al., 2002), NDKA (Ni et al., 2003), LEG1 (Shen et al., 
2004), and 1433S (Okada et al., 2006) showed expression 
levels in pancreatic cancer tissues inconsistent with the ones 
detected in our study using cell lines. The remaining 69 pro-
teins have not been previously reported in pancreatic can-
cer studies. However, they included proteins previously as-
sociated with the malignant potential of tumor cells. For in-
stance, APC-binding protein EB1, identified when the nor-
mal and highly metastatic cell line profiles were compared 
(Figure 4C), was originally discovered as a protein bound to 
tumor suppressor gene product APC (Su et al., 1995). We 
have recently revealed the prognostic value of APC-bind-
ing protein EB1 expression in hepatocellular carcinoma us-
ing immunohistochemistry (Orimo et al., 2008). While func-
tional experiments can only be performed using in vitro 
models, expression studies using clinical samples will pro-
vide information on the possible correlation between the 
expression of certain proteins and clinico-pathological pa-
rameters. Our study is the first reporting and comparing the 
global expression levels of proteins in a set of normal and 
well-characterized cancer cell lines, and subsequent 
proteomic studies using clinical samples will complement 
the in vitro studies. The expression of APC-binding protein 
EB1 in the pancreatic cancer cell lines with higher meta-
static potential may suggest that different types of malig-
nant tumors may share common molecular mechanisms for 
their malignant phenotypes, a hypothesis that should be vali-
dated by in vivo proteomics.

One of the attractive approaches to understanding the
molecular background of pancreatic cancer based on the
proteome data is the network study. As the total number of
proteins identified is presently limited, protein identification
is ongoing in our laboratory, and more comprehensive data
sets become available, it will be possible to assign the iden-
tified proteins to the known pathways. Functional classifi-
cation is one of the most interesting approaches to under-
standing proteomic alterations although, as the available
proteome data is limited in our study, such novel approaches

may presently not be effective, compared with functional
studies on specific proteins. However, protein identification
can be easily achieved using LC-MS/MS, and it is possible
to identify all proteins observed on 2D images.

We found that the spot intensity as detected by 2D-DIGE
did not perfectly or always correlate with the total amount
of protein as measured by SDS-PAGE/Western blotting
(Figure 7). We speculate that this is probably due to the fact
that the intensity of the protein spots represents the expres-
sion level of single protein isoforms. Indeed, identical pro-
teins appeared in multiple protein spots, presumably in dif-
ferent isoforms (Figure 8B). Characterization of the pro-
teins that showed concordant or discordant expression be-
tween the protein and mRNA level is the next challenge,
because such understanding may enable the speculation of
the proteomic changes using transcriptome data. Because
each isoform may have distinct functionality and contribute
to malignant behaviors of tumor cells in different ways, de-
tailed structural and functional studies on the isoform spots
will give us novel clues for understanding pancreatic can-
cer biology.

We identified the proteins corresponding to the 1101 pro-
tein spots detected by in-gel digestion and LC-MS/MS. Four
hundred and fifty nine unique proteins were identified as
the top-ranked ones for these 1101 protein spots. We found
that many single spots included multiple proteins as previ-
ously pointed out by Righetti et al (Campostrini et al., 2005;
Pietrogrande et al., 2003) (Figure 8A). Considering the num-
ber of proteins to be separated in the limited area of a 2D-
PAGE gel, multiple proteins are presumably co-detected in
every spot. Although we may be able to solve this problem
to some extent by increasing the resolution by using large
format 2D gels and by decreasing the sample complexity
by pre-fractionation, further improved in-gel digestion pro-
tocols and the future development of advanced mass spec-
trometry machines will eventually allow the detection of
multiple proteins from single spots, or even from empty
spaces on the gel. As the spot intensity of a particular spot
may reflect the total expression level of the multiple pro-
teins in it, it may be possible that the expression changes of
multiple proteins contribute to the intensity changes of pro-
tein spots. The acquisition of a larger amount of data will
allow us to address certain statistical considerations, and
provide insights on this issue. This is a general issue to be
considered in expression studies using 2D-PAGE. In prac-
tice, experiments with specific probes such as antibodies
may be required to confirm that certain identified proteins
are responsible for differences in the intensity of protein
spots.
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In conclusion, toward the understanding of the pancreatic
cancer proteome, we identified the proteins, the expression
of which was different between normal cells and pancre-
atic cancer cells with different metastatic potential. Some
of the 95 identified  proteins included proteins not previ-
ously associated with pancreatic cancer. We also identified
459 unique proteins corresponding to 1101 protein spots
observed by 2D-DIGE. All the obtained protein expression
and identification data are freely available on our open
proteome database, GeMDBJ Proteomics, as a hopefully
useful resource for the study of pancreatic cancer
proteomics.
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