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Abstract
Pancreatic cancer is the fourth leading cause of cancer death in the United States, with 4% survival
5 years after diagnosis. Biomarkers are desperately needed to improve earlier, more curable cancer
diagnosis and to develop new effective therapeutic targets. The development of quantitative
proteomics technologies in recent years offers great promise for understanding the complex
molecular events of tumorigenesis at the protein level, and has stimulated great interest in applying
the technology for pancreatic cancer studies. Proteomic studies of pancreatic tissues, juice, serum/
plasma, and cell lines have recently attempted to identify differentially expressed proteins in
pancreatic cancer to dissect the abnormal signaling pathways underlying oncogenesis, and to detect
new biomarkers. It can be expected that the continuing evolution of proteomics technology with
better resolution and sensitivity will greatly enhance our capability in combating pancreatic cancer.
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Introduction
Pancreatic cancer is a highly lethal disease that has seen little progress in diagnosis and
treatment for many years. One of the major obstacles for improving the outcome in this highly
aggressive tumor arises from the difficulty in diagnosing the disease at an early stage, a goal
that could markedly improve the survival rate[1]. Unfortunately, the current methods for
diagnosing pancreatic cancer are ineffective and/or impractical for identifying smaller,
potentially curable lesions in the general population. Therefore, the use of biomarkers for the
early detection of pancreatic cancer would be of invaluable clinical benefit. Because of the
relative low prevalence of pancreatic cancer in the general population, a biomarker test would
have to have extremely high specificity, in order to be feasible and cost-effective.

Many genetic alterations in pancreatic cancer have been discovered [2;3]. For example, Kras
point mutations occur in over 90% of pancreatic cancers[2]. Tumor suppressor genes, such as
p53, p16, and DPC4 are frequently inactivated[3], while epidermal growth factor receptor
HER-2/neu becomes activated [4–6]. More recently, a palladin mutation was linked with
certain familial pancreatic cancer[7–9]. However, the significant progress in the identification
and characterization of cancer-related gene abnormalities has not translated into useable
biomarkers for the general population (or even moderately elevated risk population). The
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emerging technology of quantitative proteomics has stimulated great interest to apply the
technique to investigate the proteome of diseased samples, with the goals of identifying
biomarkers and revealing the pathogenesis of disease mechanisms. While different approaches
of disease-associated protein discovery are now available, the typical scheme starts with the
comparison of the proteome of diseased and normal samples in a global scale to identify
differentially expressed proteins. Such a comparative approach for protein profiling greatly
facilitates the identification of dysregulated proteins associated with a specific biological
condition. Further more, the quantitative measurement or comparison of a protein that is
mechanistically informative for a disease may be essential in revealing the role of the protein
in the pathogenesis of the disease. For example, if protein X is discovered in cancer and in
normal tissue—the significance of the protein for the disease state (cancer) can be inferred if
the protein is significantly down or up-regulated compared to the normal tissue. As proof of
this principle, recent investigations using mass spectrometry-based quantitative proteomics for
large scale protein profiling of tumors, tumor cells, or bodily fluids in comparison of pancreatic
cancer patients and normal controls have identified many important biomarker candidates, and
provide new hypotheses to further elucidate molecular pathways of cancer[10;11]. With this
report, we hope to provide an update on the recent progress in proteomic studies of pancreatic
cancer.

Overview of current proteomics technology
Quantitative proteomics aims to systematically and quantitatively compare two or more
proteomes to assess static- or perturbation-induced changes in protein profiles. At present, no
single technique in a one-step operation can provide the identification and quantification of all
proteins in a complex system, such as body fluids, cell lysate or tissue extracts. To reach that
ambitious goal, concerted approaches, including sample preparation, protein or peptide
separation, mass spectrometric analysis, as well as bioinformatic tools for database search and
quantification, are typically integrated for such applications, and need to be further improved.
In general, most of the quantitative proteomics methods can be categorized into two different
approaches: the 2-dimensional electrophoresis (2DE) based approach and the mass
spectrometry (MS) based approach.

In the 2DE approach, the proteins from a sample are separated based on their isoelectric point
and molecular weight. The in-gel separated proteins can be excised and in-gel digested for
protein identification using either peptide mass-mapping by matrix-assisted laser desorption/
ionization (MALDI) time-of-flight (TOF) mass spectrometer, or peptide sequencing by
electrospray ionization (ESI) or MALDI tandem mass spectrometers. The quantification of the
stained protein spots is achieved assessing the staining intensity, and the 2DE patterns can be
compared to contrast the characteristic spots or patterns between different samples using
pattern-matching algorithms. A quantitative comparison of multiple samples in a single gel
under similar experimental condition can also be accomplished using more sophisticated
fluorescence difference gel electrophoresis (DIGE) technique[12;13]. While 2DE is one of the
most versatile technologies for protein separation, the major disadvantage for 2DE is the limited
dynamic range. The recent technical advancements in this field, including higher resolving
gels[14;15] and more sensitive staining methods[13;16] have aimed to improve its separation
efficiency and alleviated other inherent limitations.

Currently, the most widely used MS based approach for quantitative proteomics is based on
the bottom-up or “shot-gun” proteomics strategy[14], in which the identification and
quantification of proteins relies on the sequential and quantitative analysis of corresponding
peptides. The protein mixtures from a sample are digested, separated by one or multiple
dimensional liquid chromatography and introduced into tandem mass spectrometer for
automated analysis. In general, such an approach can be divided into four components, each
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emphasizing a different technical aspect: separation, mass spectrometry, peptide/protein
identification and quantification.

First, most of the clinical samples, such as tissue and body fluids, are highly complex with
substantial dynamic range in protein concentration. One-dimensional reversed phase liquid
chromatography (RP LC), which is typically used prior to MS analysis, does not provide
adequate separation power to resolve the complex protein tryptic digest, and consequently,
many of low abundance peptides can be missed. The most common approach at the present
time is the two-dimensional chromatographic separation, combining strong cation exchange
(SCX) and RP LC, which significantly enhances the resolution power and peak capacity for
MS analysis. In addition, a variety of purification or enrichment techniques, including organic
fractionation, size exclusion, chemical extraction, affinity binding and immunochemical
precipitation, have been developed to enrich a sub-proteome or sub-group of proteins with
specific properties or posttranslational modifications (PTMs) prior to proteomic analytical
flow.

By function, mass spectrometers consist of three major modules: an ion source, a mass analyzer
and an ion detector. Based on the ionization method, ESI[17] and MALDI[18;19] are the most
commonly used soft-ionization techniques to volatilize and ionize peptides and proteins. In
ESI, analytes in an acidic solution are spayed directly into the inlet of a mass spectrometer by
generating an electrically generated fine mist, producing ions with multiple charges. In
MALDI, analytes are entrapped in an UV-absorbing compound, and dissociated and ionized
by laser in a vacuum environment, generating predominately single charge ions. A variety of
mass analyzers or combination of mass analyzers can be coupled with either ESI or MALDI
ion sources. The most widely used mass analyzers for proteomics application include ion trap
(three-dimensional trap, linear trap, orbitrap), quadrupole, time-of-flight (TOF) and Fourier
transform ion cyclotron (FT-MS), based on the mechanism to control the ion motion. FT-MS
is basically an ion-trap instrument equipped with high magnetic field to achieve high mass
accuracy. More details in discussing mass spectrometers for proteomics applications can be
found in many reviews[14;20].

The most common proteomics approach for peptide and protein identification is based on
peptide sequencing using MS/MS spectra. The MS/MS spectra are generated by collision
induced dissociation (CID) or post-source decay (PSD) and searched against the theoretical
spectra in a database using search algorithm, such as SEQUEST[21] or MASCOT[22]. More
recently, electron transfer dissociation (ETD), an emerging fragmentation method, was
introduced to more effectively sequence peptides with PTMs[23]. The matching of empirical
data and theoretical spectra leads to the identification of peptides. The assignment of peptide
sequences and consequently proteins are typically validated with statistically based
approaches, such as PeptideProphet[24] and ProteinProphet[25], or a decoy database search
[26].

Lastly, quantification is one of the most important aspects of quantitative proteomics, relevant
to many clinical related applications. The most widely used and versatile approaches utilizes
stable isotope labeling to introduce mass tags on proteins or peptides in different samples,
allowing mass spectrometry to distinguish and quantitatively compare a peptide with identical
sequence but from different origins. Such an approach allows peptides with different isotopic
labels to be separated under the same chromatographic conditions, ionized, separated and
analyzed under the same conditions in a mass spectrometer, thus, providing a reliable
quantitative comparison. In general, two main methods are applied to introduce stable isotope
labeling: chemical reaction and biological incorporation. The chemical reaction method is a
post-isolation method providing great flexibility for quantitative proteomics analysis. The
methods include the widely used isotope coded affinity tag (ICAT)[27], isotope tags for relative
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and absolute quantification (iTRAQ)[28] and global internal standard technology (GIST)[29;
30]. The biological incorporation approaches include metabolic stable isotope labeling[31–
35], such as stable isotope labeling by amino acids in cell culture (SILAC)[31–34], and stable
isotope incorporation via enzyme reaction[36;37]. In recent years, targeted quantitative
proteomics has been introduced, which utilizes synthetic reference peptides with stable isotope
labeling as signature markers for targeted identification and quantification, providing a
complementary approach for protein and peptide validation in a complex system[38;39]. Other
quantitative / semi-quantitative proteomics approaches including label free approach[40;41]
and SELDI (surface-enhanced laser desorption ionization) [42–45] have also been reported.

Proteomics study of pancreatic tissue
The typical sample types available for proteomics studies in pancreatic cancer include
pancreatic tissue, pancreatic juice, serum or plasma, and pancreatic cell lines. Global profiling
of tumor tissue has been used to successfully identify novel tumor-associated biomarkers in a
number of cancers[11;46–48]. Study of the tumor proteome can lead to understanding of
abnormally regulated signal pathways underlying tumorigenesis, providing new targets for
cancer diagnosis and intervention. Moreover, biomarkers identified through proteomic
profiling of tumor tissue can provide candidates for further biomarker development in serum
or plasma.

2DE study of pancreatic cancer tissue
A direct comparison of tissues from cancer and normal control represents one common
proteomics approach to discover differentially expressed proteins in tumor. 2DE was used to
compare 12 pancreatic cancer samples to the matching adjacent unaffected pancreatic tissues,
and successfully identified 70 over-expressed proteins in cancer [49]. Two over-expressed
proteins identified by the 2DE comparison were selected for validation by
immunohistochemistry (IHC) analysis. Fascin was observed to be positively stained in 13 out
of 21 cancer samples by IHC. More interestingly, the study found that the expression of fascin
positively co-related with the degree of differentiation of pancreatic cancer. Another over-
expressed protein identified by 2DE, cathepsin D, also showed increased staining in the
cancerous tissue in 12 of the 21 cases tested using IHC analysis. In a different 2-DE study of
pancreatic cancer[50], the authors identified 40 differentially expressed proteins, five of them
(including α-amylase; copper zinc superoxide dismutase; protein disulfide isomerase,
pancreatic; tropomyosin 2; and galectin-1) had previously been associated with pancreatic
disease in gene expression studies, indicating that the over-expression of these five genes at
the RNA level can be reflected into protein levels. Although similar in the experimental
approach, the two 2DE studies did not identify common proteins with the exception of
cathepsin D, suggesting the biologically variability and experimental design may both play
important roles in the outcome of the investigations.

2DE study of microdissected pancreatitc cancer cells
Pancreatic ductal adenocarcinoma is characterized by a strong stromal presence, with 30–90%
of tumor cells surrounded and interspersed by the fibroblastic stroma. There is therefore a good
reason to isolate cancer cells or normal epithelial cells from the stroma for expression analysis.
The use of enriched cancer cells may facilitate the discovery of very low abundant proteins
derived from the cancer cells. Different approaches have recently been applied to obtain
enriched cancer cells and epithelial cells, including Dynal bead based epithelial enrichment,
short-term cultures of pancreatic ductal cells, and laser capture microdissection (LCM)[11].
LCM is usually the method of choice and has been shown to be effective in microdissection
of epithelial cells from cancers, providing enriched populations of target cells. One limitation
is the relatively low number of cells that can be obtained from the capture. However, in a study
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using LCM to enrich for both normal and malignant pancreatic ductal epithelial cells,
investigators have managed to obtain sufficient material for 2-DE analysis[51]. About 800
spots were successfully detected with as little as approximately 50,000 microdissected cells.
It is not surprising that the study found that the protein profiles from unmicrodissected normal
pancreas and LCM isolated nonmalignant ductal cells were different. Comparison of protein
profiles from nonmalignant and malignant ductal cells revealed nine protein spots that were
consistently differentially regulated. One of these spots was identified as S100A6, and this
protein was further showed to be over-expressed in moderately or poorly differentiated
pancreatic cancers by IHC analysis. LCM, while labor intensive, may provide a solution for
qualitative and quantitative proteomic analysis of enriched cancer cells.

2D DIGE study of pancreatic cancer tissue
One challenge in quantitative studies employing 2DE is the technical variations between
different gels, which require steps such as replicates and normalization. To overcome this, 2D
DIGE was introduced, enabling analysis of multiple samples in one gel[12;13]. This was
accomplished by the labeling of the proteins with structurally similar, but spectrally different,
fluorophores. In the improved version of 2D DIGE with saturation labeling dyes, the sensitivity
has been improved, facilitating simultaneous analysis of multiple samples with limited amount
of proteins[52]. When 2D DIGE was applied to the study of pancreatic cancer, proteins
extracted from about 1000 LCM microdissected cells resulted in a high resolution of up to
2500 protein spots[53]. Using protein lysates from the bulk pancreatic cancer tissue as a
reference proteome, the authors were able to demonstrate that 92% of the spots of the
microdissected sample map could be matched to bulk cancer tissue proteome. Eight
differentially expressed proteins were identified in PanIN lesions (pancreatic intra-epithelial
neoplasias), the precursor lesions of pancreatic cancer. Interestingly, among the differentially
expressed proteins identified, in addition to actin itself, three of them were actin filament-
associated proteins, including transgelin, vimentin and MRCL3, suggesting a relevant role of
the actin cytoskeleton during pancreatic tumor progression.

ICAT MS/MS based quantitative proteomics study of pancreatic cancer tissue
With the development of mass spectrometry and stable isotope tagging methods, quantitative
proteomics can now be effectively applied to study clinical samples, despite the fact that
complete proteome analysis of complex samples is still challenging. Among the various stable
isotope tagging methods, the ICAT method was the first introduced and widely used approach
for quantitative proteomic analysis[27]. This methodology has demonstrated a significant
improvement over gel-based methods in identifying low abundance proteins[54]. The approach
of ICAT labeling coupled with LC MS/MS was employed to perform quantitative protein
profiling of pancreatic cancer tissues compared to normal pancreas [46]. Identification and
quantification of the proteins was accomplished by differentially labeling the proteins in cancer
with heavy ICAT reagents and the normal comparator proteins with light ICAT reagents. The
isotopically labeled proteins were then combined, purified and followed by liquid
chromatography (LC) tandem mass spectrometry (MS/MS) analysis. The study identified 151
differential regulated proteins in cancer samples, most of which were involved in signal
transduction, cell growth and/or maintenance, metabolism, and cellular physiological
processes[11;46]. Validation of the discovered proteins from ICAT analysis, was performed
using Western blotting, IHC and tissue microarray analysis. This study identified a number of
unique proteins that have not been associated with pancreatic cancer or other cancers before,
providing potential new targets and biological hypotheses for future development of
biomarkers for early diagnosis and therapy. Furthermore, the study revealed a group of proteins
that were involved in orchestrating a complex relationship between the tumor cells, the
extracellular matrix and the immune system. These proteins include the upregulation of: a)
proteins that destroy the extracellular matrix (annexin A2, cathepsin B and matrix
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metalloproteinase inducer); b) proteins that promote invasion and metastases (versican and
lumican); c) angiogenesis (periostin and endothelial actin-binding protein); d) cancer cell
migration (integrin β1, thrombospondin-1, fibronectin, and migration stimulation factor
FN70); and e) proteins that allow tumor cell evasion (neutrophil defensin and annexin A1)
[46]. The data demonstrated the important interaction and cooperation between ductal
epithelium (cancer) and the extracellular matrix. These newly discovered proteins provide
valuable insights in dissecting the process of pancreatic tumorigenesis and towards devising
strategies for new interventions.

There is currently a vast amount of information on the differential gene expression of pancreatic
cancer at the mRNA level, including RNA expression arrays, DNA microarrays, differential
display experiments, and SAGE analysis of pancreatic cancer[55]. Compared to the gene
expression profiling data, about 80% of the differentially regulated proteins reported in the
proteomics study described above[46] have not been found to be differentially expressed by
previous mRNA studies. It is well known that the dysregulation at gene level does not always
reflect at protein level. The results reflected the complementary nature of proteomics versus
genomics approaches.

Proteomics study of pancreatic juice
Pancreatic juice is rich in proteins that are secreted directly from the pancreatic duct, where
pancreatic cancers arise. Cancer cells are preferentially shed into the ductal lumen, making
juice a rich source of cancer-specific proteins. While pancreatic juice may not be as easily
accessible as serum, it is a more specific source for searching biologically significant proteins
associated with pancreatic cancer due to the proximity to the tumor.

1DE and 2DE study of the pancreatic juice proteome
Pancreatic juice was extensively studied in late 1970s and 1980s, primarily by early 2-DE
analyses, which led to the discovery and description of several pancreatic enzymes [56]’[57–
60]. With recent progress in 2DE and mass spectrometry, several groups have reported
proteomic studies on pancreatic juice. A recent investigation employed 1DE and LC MS/MS
to comprehensively categorize the pancreatic juice proteome [61]. Pancreatic juice obtained
from pancreatic cancer patients was first separated in 1DE, cut into several gel slices and
subsequently analyzed by LC MS/MS for protein identification. A total of 170 unique proteins
were identified, including several proteins that were previously found to be over-expressed in
pancreatic cancer or known pancreatic cancer tumor markers, including carcinoembryonic
antigen-related cell adhesion molecules, mucin 1, hepatocarcinoma-intestine-pancreas/
pancreatitis-associated protein and lipocalin 2. The study represented a comprehensive study
of pancreatic juice proteome. The approach was aimed at identifying the protein constituents
of pancreatic juice, and therefore, was non-quantitative.

ICAT MS/MS based quantitative proteomics study of pancreatic juice
In an effort to search for biomarkers associated with pancreatic cancer the ICAT-based method
was applied to analyze the proteome of pancreatic juice and to quantify proteins that are
differentially expressed in pancreatic cancer compared to normal controls[62]. Proteins from
pancreatic juice samples from cancer patients and from normal controls were labeled with
isotopically heavy and light ICAT reagents, respectively, for quantitative analysis. To reduce
sample complexity and enhance protein identification and quantification, two-dimensional LC
separation, including SCX and RP LC, was applied for fractionation of the samples before
mass spectrometry analysis. To that end, 105 proteins were identified and quantified in the
pancreatic juice, of which 30 proteins showed abundance changes of at least two-fold in
pancreatic cancer juice compared to normal controls. Many of these proteins have been
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externally validated to be associated with pancreatic cancer, providing additional candidates
for diagnostic biomarkers. As proof of principle, that the identified cancer specific proteins
could be used as a foundation for biomarker development, one of the over-expressed proteins
in cancer pancreatic juice identified by ICAT analysis, insulin-like growth factor binding
protein 2 (IGFBP-2), was further validated and showed to be consistently over-expressed in
pancreatic cancer tissue by western blotting[62]. The study demonstrated a comprehensive
strategy for quantitative protein profiling of pancreatic juice and its potential for future
biomarker development.

Pancreatitis is an inflammatory condition of the pancreas. However, it often shares many
molecular features with pancreatic cancer. Biomarker candidates present in pancreatic cancer
frequently occur in the setting of pancreatitis as well. The efforts to develop diagnostic
biomarkers for pancreatic cancer have thus been complicated by the false positive involvement
of pancreatitis. Moreover, chronic pancreatitis is a risk factor for eventual neoplastic
progression. Therefore, understanding the proteins involved in both diseases may yield
valuable insights into the mechanisms that link these events, while helping to minimizing false
positive biomarker candidates. In a comparative proteomics study of pancreatic juices from
patients with chronic pancreatitis and controls[63], nine proteins (hemoglobin, fibrinogen,
trypsin i, trypsin ii, chymotrypsinogen b, Ig alpha-1 chain c region, Ig mu chain c region,
ribonuclease, and human serum albumin) that were previously shown to be up-regulated in
pancreatic cancer juice, were also differentially expressed in pancreatitis juice. Furthermore,
among the 27 differentially expressed proteins identified in pancreatitis juice, several proteins,
including plasminogen, neural cell adhesion molecule L1, and caldecrin, have not been
previously associated with pancreatitis, nor identified in pancreatic cancer juice; thus they may
serve as novel biomarker candidates for chronic pancreatitis[63].

Proteomics study of serum/plasma
Plasma/serum represents an ideal diagnostic specimen for clinical tests due to its easy and
inexpensive accessibility. Unfortunately, it is technically difficult to study low abundance
proteins in blood because of its enormous complexity and depth of proteome. Extensive
separation at both protein and peptide level using electrophoresis and multidimensional LC is
one way to enhance the identification of low abundant proteins in serum/plasma. Several
alternative approaches have also been developed to reduce the abundant proteins or the
complexity of the sample. Immunoaffinity methods are now available to deplete albumin and
other high abundance proteins from serum, allowing for the detection of lower abundance
proteins[64]. While depletion of high abundant proteins can increase the detection of lower
abundance proteins, the major concern for this approach is the potential variable and selective
losses of other proteins along with the immunoglobulins and albumin. A different approach to
reduce the complexity of serum/plasma proteins focuses on the in-depth analysis of biological
sub-proteomes to minimize the repeated analyses of abundantly expressed proteins. For
example, isolation of glycoproteins or glycopeptides, and enrichment of phosphoproteins from
serum/plasma for comparative analysis may reduce the interference of albumin and other
highly abundant proteins and allow a more specific search of biomarker candidates that have
undergone post-translation modification.

2DE and 2D DIGE study of serum
In a large-scale 2DE proteomic analysis of serum samples, 62 serum samples obtained from
32 patients with pancreatic cancer and 30 healthy volunteers were used to create protein profiles
[65]. The study identified 154 differentially expressed protein spots which could reliably
discriminate pancreatic cancer serum samples from normal using a PCA model. The study
found that nine selected protein spots were sufficient to discriminate 100% pancreatic cancer
samples and 94% of normal controls using cross-validation. One of the 9 spot was further
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identified as fibrinogen gamma, and was over-expressed in 67% of pancreatic cancers by IHC
analysis. The finding of over-expression of fibrinogen in the sera of pancreatic cancer patients
suggests a link between pancreatic cancer and the coagulation cascade.

In another 2DE based study[66], the highly abundant proteins including albumin,
immunoglobulins, transferrin, haptoglobin, and antitrypsin were first depleted by
immunoaffinity HPLC columns. The depleted serum was then subjected to 2D DIGE analysis.
The study identified 24 unique proteins that were increased and 17 unique proteins that were
decreased in cancer serum samples. Some of the proteins were validated in an independent
series of serum samples from 20 patients with pancreatic cancer and 14 controls. The increased
levels of apolipoprotein E, α-1-antichymotrypsin, and inter-α-trypsin inhibitor were found to
be associated with pancreatic cancer.

Glycoprotein enrichment of serum proteins
Malignant transformation is associated with abnormal glycosylation, leading to the
accumulation of tumor-specific glycoproteins actively involved in tumor progression and
metastasis[67]. This could explain why many of the tumor markers are glycoproteins.
Comparative studies of glycoproteins from cancer cells and corresponding normal cells can
lead to identification of biomarkers that are useful for diagnosis, prognosis, and therapy.

Mass spectrometry is a powerful tool to evaluate glycosylation sites and elucidate
oligosaccharide structures[68;69]. A method for comprehensive analysis of N-glycans and
glycosylation sites in human pancreatic cancer serum was recently reported[70]. N-
glycopeptides were first captured by double lectin column, and enzymatically cleaved to
separate the glycan and peptides for analysis. The observation of a 1 Da shift on asparagines,
as well as the consensus sequence for N-linked glycosylation was then used for identification
of the N-glycosylation sites. A capillary hydrophilic interaction column was applied to
fractionate the un-derivatized oligosaccharide mixtures before online detection by ESI-TOF
MS. Using this approach, 45 oligosaccharides were found altered in pancreatic cancer serum,
of which 44 were distinct in the cancer sample. Although demonstrated as a proof of principle,
this approach may become a useful tool for finding protein glycosylation sites and
oligosaccharides specific to cancer cells.

Comparative study of serum before and after resection of pancreatic cancer
A challenge in biomedical research is the biological variability that can obscure the true
differences or changes induced by a diseased state. To minimize the biological variability, a
study compared samples of plasma from the same patient at different time points during
diagnosis and treatment of pancreatic cancer[71]. 2D DIGE was applied to quantitatively
analyze plasma samples longitudinally collected along with the disease course of 10 individual
pancreatic cancer patients to identify the plasma proteome profile patterns associated with
clinical prognosis and response to surgical therapy. To this end, the authors found several
protein spots consistently associated with tumor across ten patients studied[71]. Some of these
protein spots were identified, including complement factors, hemopexin, and apolipoprotein
A IV. The authors were able to further identify 14 proteins which were differentially expressed
between patients who had no recurrence of disease versus those who exhibited recurrence or
had died. Although the study unavoidably suffered with the technical difficulties associated
with plasma analysis, it demonstrated an experimental model to develop therapeutic response
biomarkers for pancreatic cancer-- such biomarkers, if effective, could potentially change the
strategy for patient management[71].
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Proteomics study of pancreatic cancer cell lines
Cancer cell lines are important model systems to study cancer that would not have been feasible
with tumor/tissue/body fluid. One unique feature of studying in vitro cell models is the ability
to perform perturbations/treatments on cells and investigate the effects, providing useful model
systems for the investigation of cancer therapeutic response, including drug effectiveness,
toxicity, drug resistance etc.

Study of drug response in cancer cell lines
Recent studies have been carried out in proteomics prospects to investigate the effects of drug
treatments, combination therapy, the mechanisms of drug resistance and chemoresistance using
pancreatic cancer cell lines as model systems. The most commonly used drug for chemotherapy
of pancreatic cancer is gemcitabine, which is a nucleoside analogue that can prevent DNA
repair and cause apoptotic cell death when incorporated into the cells. Other anti-cancer drugs
can act on epigenetic events to suppress tumor growth by inhibiting DNA methylation (such
as 5-aza-2’-deoxycytidine) or histone deacetylation (such as trichostatin A). One study used
2DE to investigate the protein profile in pancreatic cancer cell lines treated with trichostatin
A and/or gemcitabine in single or combined treatment[72]. Among the differentially expressed
proteins identified, most were involved in two major biological processes: apoptotic cell death
and proliferation, consistent with the modes of drug action. Moreover, the study revealed that
trichostatin A enhances the anti-tumoral effect of gemcitabine by promoting growth inhibition
and apoptosis. Further pathway analysis suggested that the combined treatment is able to
compensate for the p53 loss of function occurring in most of pancreatic cancers. These findings
provide useful information for future therapeutic strategies.

Resistance to chemotherapy is usually a major cause of cancer treatment failure. The outcomes
for many cancers could be improved by understanding the mechanisms of drug resistance,
developing biomarkers capable of identifying resistant tumors, and better therapies for treating
them. A 2DE study of proteomics profiles of chemo-resistant pancreatic cancer cell lines
identified three novel proteins, including E-FABP, cofilin and 14-3-4-sigma. The study
suggested that these proteins might be involved in the development of chemoresistance[73],
providing new insights and hypothesis into the mechanism of developing chemoresistance.

Study of signaling pathway via siRNA silencing
RNAi (RNA interference) technology is a powerful tool to study gene silencing. Proteomics
study of RNAi mediated gene silencing provides the opportunity to study the global changes
of protein expression associated with the loss of a specific gene function. Smad4 is a tumor –
suppressor gene that is lost or mutated in 50% of pancreatic cancer[74]. Its tumor suppressor
function likely acts through TGF-β (transforming growth factor- β) induced growth inhibition.
Analysis of the proteomic profile of the Smad4-knockdown pancreatic cancer cell line revealed
10 novel targets for TGF- β, suggesting a novel TGF- β signal pathway independent of Smad4
[74]. The study demonstrated the combined and complementary approach of proteomics and
RNAi for examining novel target molecules in unknown pathways.

Study of cancer cell lines secretome
Body fluid based biomarkers are often secreted proteins or proteins that may come from
necrotic and apoptotic cells. Secreted proteins (the secretome) from cancer cells are therefore
among the candidates that have the greatest potential for translation to fluidbased biomarkers
for cancer detection. In a recent study, multidimensional protein identification technology
(MudPIT) was applied to identify proteins released by pancreatic cancer cells in cultured
systems[75]. Although the approach is nonquantitative in nature, the study revealed multiple
proteins that have not been previously associated with pancreatic cancer. In addition to the
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identification of novel proteins released by pancreatic cancer cells, the study also suggested
that pancreatic cancer cells secreted a series of proteoglycans, including versican, perlecan,
syndecan 1 and 4, challenging the common view that fibroblasts of tumor stroma are the sole
source of these molecules[75].

In a quantitative proteomics study investigating secreted proteins from a pancreatic cancer cell
line, SILAC was used to identify differentially expressed proteins in the culture media of a
pancreatic cancer cell line in comparison with a non-neoplastic pancreatic ductal cell line
[76]. A total of 145 differentially secreted proteins (>1.5-fold change) were identified, several
of which were previously reported as differentially regulated in pancreatic cancer, confirming
the validity of the approach. When the protein expression data from SILAC were compared
with mRNA expression data obtained using gene expression microarrays, a correlation
coefficient of 0.28 was obtained, confirming previously reported poor associations between
RNA and protein expression studies[76].

Summary
With the development of proteomic technologies and different working platforms, global
measurement of the perturbed state induced by pancreatic cancer is now feasible at the protein
level. Various sample types, including pancreatic tissue, pancreatic juice, serum/plasma and
cancer cell lines have been studied in searching of candidate markers for early diagnosis,
biomarkers of treatment response, and new targets for therapy (Figure 1), Due to their proximity
to the tumor, pancreatic tissue and pancreatic juice represent the most direct and effective
sources for proteomics investigation aimed at biomarker discovery or an increased mechanistic
understanding of pancreatic cancer. In contrast, serum/plasma remains as a better material for
developing clinical assays. Because proteins carry most of the biological activities, the
identification of novel proteins associated with pancreatic cancer is expected to provide new
hypotheses and help to reveal abnormal signaling pathways to understand the mechanisms of
pancreatic oncogenesis.

One of the major technical challenges for current proteomics studies is the validation of
biomarker candidates across different proteomics platforms and laboratories. A main obstacle
is to the large biological variation, such as gender, age, genetic factors, dietary, environmental,
and drug treatment; and the fact that none of the current platform technologies can provide a
non-biased and complete protein identification and quantification in a complex biological
sample. As an evolving technology, many technical aspects, including sample handling,
separation methods, mass spectrometry, search algorithms and databases used, can all impact
the final outcomes of the experiments. While the results of many investigations have suffered
from a lack of sensitivity and reproducibility of the methods used, the discoveries in the past
few years have been encouraging and informative, and laid important groundwork for future
studies. Many of the current limitations may be transient as the technologies in this field are
quickly evolving. It can be anticipated that proteomics technologies with better resolution,
sensitivity, quantification and reproducibility will greatly enhance our effort in revealing low
abundant protein markers, and provide more consistent platforms for validating marker
candidates.

As most of the current proteomics studies in pancreatic cancer research were designed and
performed from a discovery perspective with global approaches, the targeted validation of
identified marker candidates is becoming an important part for biomarker development for
pancreatic cancer. Targeted quantitative proteomics aims to analyze specific proteins with
biological significance; and not only provides technical advantages, such as absolute
quantification, enhanced sensitivity and higher throughput, but also facilitates in-depth
characterization of a protein, such as different isoforms and PTMs. The combination of global
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profiling with targeted validation techniques, such as tissue microarray, ELISA, protein array
or MS based targeted proteomics, provides a more systematic approach and is expected to
greatly facilitate the identification of specific candidate biomarkers for cancer diagnosis,
prognosis and therapy.
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Figure 1. Proteomic approaches in the studies of pancreatic cancer
Different experimental approaches have been applied to study different sample types. (A)
Pancreatic tissue; (B) Pancreatic juice; (C) Serum/plasma; (D) Pancreatic cell lines.
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