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THE UNSUCCESSFUL HUNT FOR PANCREATIC CANCER BIOMARKERS – TIME TO
SEARCH DEEPER IN THE PROTEOME
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ARTICLE INFO ABSTRACT
Proteomics has been successful in the identification of reliable diagnostic and prognostic biomarkers
for a wide variety of malignancies. In addition, therapeutic biomarkers have allowed for the
identification of radio- or chemo-resistant phenotypes and the selection of sub-type-specific therapies.
However, the hunt for biomarkers of any kind related to pancreatic cancer has so far turned up
unfruitful. The few high-potential candidates which have been found so far, still do not show the
desired sensitivity and specificity. In this light, it is hence better to rely on a combination of proteins in
the form of a biomarker panel, which attempts to cover the entire spectrum of the disease state. The
observed heterogeneity and the presence of cancer stem cells in different pancreatic cancers are
important issues that need to be tackled efficiently in the search for significant biomarkers. With the
next-generation of mass spectrometers combining quadrupole, orbitrap, and ion trap mass analysis
systems it is now time to go beyond the search for biomarkers at a whole protein level and start
looking at post-translational modifications (PTMs) such a phosphorylation, ubiquitination, acetylation
and methylation for subtle changes which are known to have a dramatic effect on protein activation,
function or half-life. This makes PTMs a key focus for future investigations in this area of research.

Copyright © 2014 Byron Baron. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Most proteomic studies analyse protein expression profiles
through a collection of methods referred to as ‘expression
proteomics’ (Blackstock and Weir, 1999), in an attempt to
isolate and identify biomarkers, for subsequently confirmation
by immunohistochemistry or western blotting. Cancer
biomarkers give quantifiable information of aberrant cellular
processes and thus are not only useful to understand what is
happening at a molecular level but also as a direct clinical tool.
At a clinical level, diagnostic biomarkers are used to classify a
tumourhistopathologically, prognostic markers provide
information about the potential malignancy of a tumour, and
finally predictive biomarkers direct clinicians to more effective
treatment regimens based on therapeutic sensitivity. So far the
available biomarkers for pancreatic cancer are scarce and
unreliable. The standard pancreatic cancer biomarker is
Carbohydrate Antigen 19-9 (CA19-9), which has been used
for decades together with Carcinoembryonic antigen (CEA)
and Kras mutations to diagnose and classify pancreatic cancers
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(Satake et al., 1994; Steinberg, 1990; Posner and Mayer,
1994). A detailed review of CA19-9 use for diagnosis,
prognosis as well as in monitoring has recently been published
(Duffy et al., 2010). However, CA19-9 is not expressed in
individuals with a Lewis negative (Le a- and Le b-) genotype
(Takasaki et al., 1988) and not sensitive enough for early or
small-diameter pancreatic cancers (Steinberg, 1990) or poorly
differentiated pancreatic cancers compared to moderately or
well-differentiated tumours (Steinberg, 1990).

Apart from that, several diseases including chronic and acute
pancreatitis, liver cirrhosis, hepatitis, cholangitis, obstructive
jaundice, as well as various gastrointestinal cancers (bile duct
cancer, gastric cancer, colorectal cancer, esophageal cancer
and hepatocellular carcinoma) may present elevated CA19-9
levels (Gullo, 1994; Duffy, 1998; Lamerz, 1999; Steinberg,
1990; Goonnetilleke and Siriwardena, 2007; Albert et al.,
1988).

Combining various biomarkers into a panel

The isolation and identification of pancreatic cancer
biomarkers is difficult due to the lack of specific symptoms
which results in late diagnosis. This also implies that studies
on pancreatic cancer are generally carried out on terminal
stage tumour samples, by which time a tumour has undergone
several compound changes at a DNA, protein and post-
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translational level.  Additionally, each tumour harbours a
number of sub-populations presenting different molecular
aberrations (and hence clinical phenotypes), which can
potentially mask and nullify changes in individual protein
expression profiles. Recently, Harsha et al. (2009) reviewed
the literature describing changes observed in pancreatic
cancers at a transcriptional and translational level, which
might have biomarker potential. In total, 2,516 genes were
included of which, 1,868 genes were over-expressed at the
mRNA level, 207 genes were over-expressed at a protein
level, and most interestingly 441 genes over-expressed at both
levels. Of the over-expressed genes identified, 162 genes were
for secreted proteins and 166 genes were for membrane-bound
proteins (at both RNA and protein levels), which give ample
choice for easily accessible biomarkers. The downside of all
this was that only 200 genes (less than 8%) were reported to be
over-expressed in four or more pancreatic cancer studies.

In the light of all this, there is a drive towards improved
detection including the availability of a screening tool for
asymptomatic individuals.With the extent of putative
biomarkerinformation available resulting from changes
undergone by the various forms of pancreatic cancer, the aim
should be to develop a panel of reliable biomarkers, for the
combined assessment of various biochemical pathways. This
should result in an increased sensitivity and specificity in
comparison to using any single biomarker (Makawita et al.,
2011). The use of such a panel of biomarkers should improve
the chances of detecting and treating pancreatic cancer at an
earlier stage. When it comes to choosing the type of proteins to
be included in such a screening panel for routine clinical use,
the preference is for proteins available in serum, or other body
fluids such as urine, as these can be easily collected and
assayed essentially since tissue specimens are difficult to
obtain, requiring invasive procedures and biopsies. Proteins in
serum may increase as a result of release by the tumour or
decrease as a result of protein degradation processes within the
tumour (Wulfkuhle et al., 2003). Membrane-bound proteins
are often found in serum as they are shed by the tumour and
are attractive candidates for inclusion in a screening panel
because they represent the majority of drug targets use to treat
cancer and can direct towards an effective therapy in addition
to being useful for imaging of tumours.

Understanding the level of heterogeneity

In order to better assess the viability of such biomarkers, it is
useful to look at the precursor lesions of pancreatic cancer
including pancreatic intraepithelial neoplasia (PanIN),
intraductal papillary mucinous neoplasms (IPMNs) and
mucinous cystic neoplasms (MCNs) (Hruban et al., 2001;
Hruban et al., 2004; Maitra et al., 2005), although the
frequency and speed of this progression is not as yet known.
Thus potential pancreatic cancer biomarkers also over-
expressed in such precursor lesions (particularly PanIN-3) are
possibly the most promising diagnostic markers.
Approximately 1,100 genes were found to be over-expressed
in Pan INs and IPMNs, most of which were also being
expressed in invasive pancreatic ductal adenocarcinomas
(PDACs) (Buchholz et al., 2005b). To initially screen the
number of pancreatic cancer biomarkers reported, it is
important to disregard those proteins that are common to
pancreatitis, especially considering that 40% of proteins

reported to be differentially expressed in pancreatic cancer,
undergo a similardysregulation in chronic pancreatitis (Chen et
al., 2007a; Chen et al., 2007b). However, there is as yet no
clear agreement in the literature as to the list of such proteins
with many contradictory reports. Furthermore, it was shown
using biological network analysis,that the transcription factor
c-MYC is prominent in both pancreatic cancer and chronic
pancreatitis(Chen et al., 2007a). This does not mean that there
is no significance to such common elements, as patients with
chronic pancreatitis have a 2-fold increased risk of pancreatic
cancer. There are underlying mechanisms common to both
disease which can be unravelled using the observed
commonalities at both a gene and protein level. Specialised
techniques have been applied to better isolate sub-populations
of interest within a tumour and further increase sample
specificity. Laser Capture Microscopy (LCM) has proved to be
excellent at separating sub-populations from heterozygous
samples (Emmert-Buck et al., 1996) in sufficient amounts for
downstream analysis such as antibody arrays (Knezevic et al.,
2001) or 2D-electrophoresis (Wulfkuhle et al., 2002, Craven et
al., 2002), which thanks to post-labelling techniques can be
carried out with as few as 10,000 cells (Zang et al.,
2004).LCM has been successfully applied to the analysis of
pancreatic cancer proteomics (Shekouh et al., 2003).

Pancreatic cancer stem cells (CSCs)

The study ofpancreatic cancer stem cells (CSCs) are as yet
another special sub-class of cells and are considered of
extremely high prognostic value. Pancreatic CSCs are of
particular interest because they dysregulate cell proliferation
and are resistant to apoptosis as well as being associated with
inflammation and metastasis (Dai et al., 2010), however they
constitute just 0.2-0.8% of the total tumour cells. One such
isolated sub-population of CD44+CD24+ESA+ pancreatic
tumour cells was shown to possess CSC properties including
self-renewal and differentiation (Li et al., 2007). The
advantage of looking at proteins impacting the tumorigenic
ability of CSCs is that these are linked to a restricted number
of pathways, with mitochondrial dysfunction being central, as
a consequence of its role in apoptosis and tumor genesis
(Newmeyer and Ferguson-Miller, 2003; Lu et al., 2009; Bapat,
2007), together with inflammation, which has been shown to
possibly accelerate the process of mutagenesis and mutation
accumulation (Lee et al., 2008; Guerra et al., 2007; Dai et al.,
2010).

Comparing expression profiles of pancreatic tumour CSCs
with their non-CSC counterparts lead to the isolation of two
interesting proteins, inter-alpha try sin inhibitor H3 (ITIH3)
and mitochondrial apoptosis-inducing factor (AIFM1) (Dai
et al., 2010). ITIH3 (a downstream target genes of Sonic
Hedgehog (Shh)) has been linked to inflammatory response in
local tissue (Zhou and Kimata, 2008) and over-expression of
ITIH3 corroborates up-regulated Shhm RNA expression in
pancreatic CSCs (Li et al., 2007), important for the self-
renewal and apoptosis-inhibition functions of CSCs (Kato et
al., 2001). Similarly, AIFM1 inactivation is known to make
embryonic stem cells resistant to cell death (Joza et al., 2002).
Other proteins reported to be dysregulated in CSCs include
NF-κβ, c-MET and CXCL5(Donahue and Hines, 2009; Wente
et al., 2006; Hansel et al., 2004; Birnie et al., 2009; Alvero
et al., 2009; Dai et al., 2010).

884 Asian Journal of Science and Technology Vol. 5, Issue 12, pp.883-891, December, 2014



Promoising protein candidates

Despite the need for such an elimination process to be carried
out with care and attention based on sound and reproducible
protein data, there are a small number of very promising
candidates which deserve further mention and particular
attention.

Fibrinogen and plasminogen

Fibrinogen β and γ chains and fibrinogen precursors were
reported to be higher in pancreatic cancer serum and juice
than normal controls (Bloomston et al., 2006; Chen et al.,
2005a; Charlton et al., 1999). Immuno-histochemistry has
shown that fibrinogen exists throughout the tumour stroma
but the pancreatic islets lack fibrinogen in both chronic
pancreatitis and pancreatic cancer, with the highest expression
being in the cytoplasm of pancreatic cancer cells
(Wojtukiewicz et al., 2001; Bloomston et al., 2006).Thus
tumour cells are surrounded by fibrin (Wojtukiewicz et al.,
2001) and the adjacent stromal fibroblasts have been shown to
promote pancreatic cancer progression (Hwang et al., 2008).
This up-regulation of fibrinogen in pancreatitis juice may be
due to its role as a major acute response protein involved in the
inflammation of pancreas (Chen et al., 2007b).

The role of fibrinogen and fibrinogen degradation products in
carcinogenesis has been suggested for various tumor types
(Gerner et al., 2001; Palumbo et al., 2005; Palumbo et al.,
2002; Bloomston et al., 2006). This is thought to occur
through deposition of fibrin or fibrinogen which induces
fibrinolytic activity, mainly via plasmin, which leads to the
degradation of the extracellular matrix aggravating
proliferation, invasion and metastasis (Gerner et al., 2001;
Pollanen et al., 1991; Hatzfeld et al., 1982; Wojtukiewicz et
al., 2001). Although fibrinogen has been associated with
various malignancies, there are known ties between pancreatic
cancer and fibrinogen storage disease (Radhi and Lukie, 1998)
or migratory thrombophlebitis (Trousseau, 1865).
Plasminogen has been shown to be concomitantly
differentially expressed in pancreatic cancer (Bloomston et al.,
2006) with a down-regulation of plasminogen reported from
the secretome of pancreatic cancer (Grønborg et al., 2006). In
addition to its role in inflammation, plasminogen activation is
known to be a key factor in invasion and metastasis
(Andreasen et al., 2000; Schmitt et al., 1997). In fact the
generation of plasmin at the surface of pancreatic cancer cells
is considered a key event in invasion and metastasis
(Andreasen et al., 2000; Schmitt et al., 1997).

S100 protein family

The S100 gene family consists of over 20 members
distinguished in part by the calcium binding EF-hand motif
(Heizmann et al., 2002). A number of S100 family genes
including S100A2, S100A4, S100A6, S100A8, S100A11, and
S100P have been shown to be over-expressed at an mRNA
(Friess et al., 2003; Han et al., 2002; Logsdon et al., 2003)
and/or protein level (Shekouh et al., 2003; Shen et al., 2004)
in pancreatic cancer.  Such an up-regulation has been observed
at different stages of various human cancers suggesting that
S100 family proteins might play a role in carcinogenesis
(Emberley et al., 2004). In disagreement, S100A2 has been

found to be down-regulated in the secretome of pancreatic
cancer (Grønborg et al., 2006). Although S100 protein
dysregulation is not unique to pancreatic cancer (Luo et al.,
2004; El-Rifai et al., 2002; Zucchini et al., 2001; Ott et al.,
2003) they are an important consideration because of their role
in cell survival, apoptosis and drug resistance (Sommer et al.,
2003) particularly S100A4 is a suitable pancreatic cancer
biomarkeras it is thought to mediate drug resistance through
the BCL2/adenovirus E1B 19 kd-interacting protein 3 (BNIP3)
gene regulation, a hypoxia-induced pro-apoptotic gene
(Mahon et al., 2007; Erkan et al., 2005).

Annexins

The annexins are a very large family of proteins which share
in common the ‘annexin repeat’ and the ability to bind
negatively-charged phospholipids in a calcium-dependent
manner (Gerke and Moss, 2002). Members of this protein
family that have been reported to be dysregulated in pancreatic
cancer include annexin 1, annexin A2 and annexin A8 (Bai et
al.,2004; Han et al., 2002; Nedjadi et al., 2009; Takano et al.,
2008; Vishwanatha et al., 1993; Karanjawala et al., 2008) with
the most promising being annexin A2, even though over-
expression of annexin A2 has been observed in othercancer
types (Zimmermann et al., 2004; Sharma et al., 2006; Syed et
al., 2007; Gillette et al., 2004; Huang et al., 2008; Duncan et
al., 2008). An immunohistochemical study has shown no or
mild annexin A2 expression in acinar cells, ductal cells, and
islet cells of normal pancreas, while 93% (118/127) of
pancreatic ductal adenocarcinoma samples showed strong
expression (Chen et al., 2005b). Over-expression of annexin
A2 at an mRNA (Kumble et al., 1992; Vishwanatha et al.,
1993) and protein level (Crnogorac-Jurcevic et al., 2005; Chen
et al., 2005a; Lu et al., 2004; Buchholz et al., 2005a; Sitek et
al., 2005) and is a suitale biomarker candidate as it is not over-
expressed in chronic pancreatitis (Chen et al., 2007a) has been
extensively reported in pancreatic cancer. Annexin A2 and A4
could also be used to distinguish pancreatic cancer from
pancreatitis as these proteins are only over-expressed in the
former (Shen et al., 2004; Chen et al., 2007a). Additionally,
annexin A3 and annex in 5 have been found to be down-
regulated in pancreatic cancer secretome (Grønborg et al.,
2006) making them easily accessible for analysis.

IGFBP2

In pancreatic cancer Insulin-like Growth Factor-binding
Protein 2 (IGFBP-2) was found to be over-expressed at an
mRNA level (Nakamura et al., 2004) and at a protein level in
pancreatic juice (Chen et al., 2006), while in chronic
pancreatitis the protein levels of IGFBP-2 are similar to those
in normal pancreas (Chen et al., 2007a).IGFBP-2 has however
been shown to be over-expressed in the serum and
cerebrospinal fluid of patients with ovarian cancer, malignant
solid tumors, acute leukemiaand hepatocellular carcinoma
(Flyvbjerg et al., 1997; Muller et al., 1994; Ranke et al.,
2003).

AGR2

Anterior gradient homolog 2 (AGR2) was first isolated in
Xenopus laevis in which it plays a role in ectodermal
patterning (Aberger et al., 1998), however the function of
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human AGR2 is as yet largely unknown. It is known to be up-
regulated invarious human cancers including pancreatic cancer
and possibly serum (Liu et al., 2005; Park et al., 2011; Pohler
et al., 2004; Zhang et al., 2005; Barraclough et al., 2009;
Fritzsche et al., 2007; Zhang et al., 2007; Chen et al., 2010;
Makawita et al., 2011) AGR2 has been shown to play a role in
invasion, metastasis and poor prognosis (Smirnov et al., 2005;
Barraclough et al., 2009; Ramachandran et al., 2008; Zhang
et al., 2010). AGR2 is not normally expressed in the pancreas
but its expression has been confirmed in all sporadic and
familial samples from the earliest PanINs to late stage PDACs
as well as circulating tumour cells and metastases (Sitek et al.,
2009; Dumartin et al., 2011).

In one study, expression of AGR2 led to its localisation to the
endoplasmic reticulum (ER) and the external surface of
tumour cells and resulted in the up-regulation of  three
chaperone proteins (PDI/P4HB, CALU and RCN1) as well as
the deregulation of several proteins within the ubiquitin-
proteasome degradation pathway (HIP2, PSMB2, PSMA3,
PSMC3, and PSMB4) (Dumartin et al., 2011). In another,
AGR2 expression resulted in over-expression of the lysosomal
proteases cathepsin B and cathepsin D, as reported in
pancreatic cancer by various authors (Shen et al., 2004;
Tumminello et al., 1996; Iacobuzio-Donahue et al., 2003),
including up-regulation of cathepsin B and cathepsin D in the
secretome of pancreatic cancer (Grønborg et al., 2006).
Cathepsins are known to play a role in the dissemination of
cancer cells (Rao, 2003; Joyce et al., 2004; Tzanakakis et al.,
2003). Cathepsin D up-regulation has also been observed in
pancreatitis (Chen et al., 2007a). When on the other hand,
AGR2 was silenced in the pancreatic cancer cell line MPanc-
96, these cells showed a decrease in metastatic ability
(Ramachandran et al., 2008). Additionally, it was found that
the level of AGR2 expression has a directly proportional
relationship to the invasiveness of pancreatic cancer cells
(Dumartin et al., 2011).

mTOR-related proteins

Ras proteins are small GTPases essential in signaling
pathways that control the transduction of growth and
differentiation signals, regulating various important cellular
operations, from the receptor tyrosine kinases to the cell
nucleus, where gene transcription is initiated (Khosravi-Far
and Der, 1994). It has been known for a long time that most
pancreatic cancer harbour specific activating KRAS mutations,
which occur early on in pancreatic cancer progression,
indicating it as a key factor in this initial phase (Hruban et al.,
1993) however Ras inhibitors failed in pancreatic cancer phase
III trials (Van Cutsem et al., 2004). The Mammalian target of
rapamycin (mTOR) pathway is a downstream target of Ras.
The mTOR pathway is known to regulate both the translation
initiation and the inactivation of 4E-binding protein (4E-BP1)
and both mTOR and P70-S6 Kinase 1 were found to be
activated in all of the pancreatic cancer cell lines tested (Ito
et al., 2006). When phosphoinositol 3-kinase (PI3K) is
phosphorylated it stimulates the catalytic activity of Akt,
which leads to the phosphorylation of a variety of proteins that
affect processes such as cell growth, cell cycle entry and cell
survival having many implications for cancinogenesis (Vara et
al., 2004). In a preclinical study it has been shown that
pancreatic cancer xenografts can be induced to apoptose in a

dose-dependent manner by administering PI3K inhibitors
such as wortmannin and LY294002 (Ng et al., 2001). PI3K
inhibitors have also been shown to increase apoptosis induced
by gemcitabine directly proportional to concentration (Ng et
al., 2000) although another study disagrees (Arlt et al., 2003).
The reduction in phosphorylated Akt levels correlates directly
to the increase in gemcitabine-induced apoptosis, suggesting
that the mTOR pathway is one of the major pathways by
which pancreatic cancer becomes resistant to apoptosis caused
by chemotherapy or molecular targeting agents (Ng et al.,
2000).

Another important target of Akt is c-MYC and in fact a
number of Ras-dependent phosphorylation pathways have
been shown to regulate Myc protein stability (Sears et al.,
2000). The regulatory protein c-MYC interacts with five
differentially expressed proteins observed in a pancreatic
cancer study, namely HBB protein, integrinβ1, NDRG1
protein, thioredoxin, and tropomyosin 2. Apart from this, the
same study identified four other transcription factors important
in the network which were c-FOS, c-JUN, NF-κB1, and p53
(Chen et al., 2007a). PI3K-mediated signaling can be
terminated by phosphatase and tensin homologue deleted from
chromosome 10 (PTEN), a tumour suppressor gene, which
acts as a lipid phosphatase that regulates major signal
transduction pathways and is particularly important in
embryonic development, cell migration and apoptosis. In solid
tumors where PTEN is mutated there is activation of the
PI3K/Akt pathway, resulting in resistance to apoptosis. In
pancreatic cancer however PTEN is not mutated, but in over
60% of cases it is functionally suppressed due to loss of
expression (Maitra and Hruban, 2005).

The potential of post-translational modifications (PTMs)

The above data reflects the importance of screening for,
analysing and understanding PTMs (particularly
phosphorylation) to provide a clearer picture of the activation
state of kinase pathways, particularly those involved in
metastasis and apoptosis. Such an argument can be extended to
other protein properties related to their function, which affect
the working order of a cell in both normal and disease states.
While most of the routine lab based protein analysis of tumour
samples is done by Western Blotting with antibodies that
recognise an unknown epitope within the protein, the more
detailed and sensitive proteomic work is done by mass
spectrometry.  First generation mass spectrometers, despite
being sensitive enough to identify proteins from nanogram
quantities of peptides isolated using two-dimensional
polyacrylamide gel electrophoresis (2D PAGE) methods,
could not be used to determine the presence and position of
PTMs.

Next-generation mass spectrometers have greatly improved the
resolution of protein analysis by combining quadrupole,
orbitrap, and ion trap mass analysis systems. This has now
enabled scientists to sequence proteins and identify the
position (on which amino acid residue) and degree (e.g. mono,
di- or tri-methylation) of PTMs based on the shift in mass over
charge (m/z) resulting from the adition of such small chemical
groups as a phosphate or a methyl group. In terms of the
variety of PTMs, the list is quite extensive, but among those
that seem to show most potential as biomarkers in relateion to
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cancer are phosphorylation, ubiquitination, acetylation and
methylation. Each one fulfils a different biological role and as
such provides information as to unique processes of
dysregulation. Phosphorylation (the addition of a phosphate
group to serine, threonine or tyrosine residues) is synonymous
with protein activation and as mentioned above aberrant
phosphorylation can be one of the hallmarks of a sub-set of
pancreatic cancers with implications in cell growth, survival,
apoptosis, or response to extracellular stimuli. On the other
hand, ubiquitination (the addition of a chain of ubiquitin
monomers onto a lysine residue)is mostly linked to protein
stability and half-life as it generally leads to proteosomal
degradation, while acetylation (the addition of an acetyl group
to lysine residues) is generally linked with activation, mainly
through the alteration of DNA-binding properties. The
importance of methylation (the addition of a methyl group to a
lysine or arginine) in protein function and tumourigenesis
unfortunately is still not well characterised and understood.
However, many ubiquitination, acetylation and methylation
sites overlap, which may suggest a competition between the
three modifications and an inbalance in which could lead to
catastrophic downstream effects. Thusnow is the time to start
considering the role of PTMs in pancreatic cancer as a viable
option for biomarker searches in various stages of the disease
and looking for processes which share common dysregulation
at a post-translational level. The PTM data collected from such
studies would most definitely have similar importance in other
malignancies, as a number of common processes take place
during cancer initiation and progression.

Conclusion

The volume of data available for pancreatic cancer is vast but
the region of overlap between the results is disappointingly
small. This is mainly due to the fact that pancreatic cancer
displays no symptoms until the very late stages of malignancy,
most of which are not specific. By that time, the tumour has
undergone a number of changes and formed various sub-
populations and possibly even metastases, making the
identification of biomarkers difficult to say the least. When
looking at the total levels of a protein in cells, it unfortunately
groups together all the different variants present. Individual
peptides may be presenting PTMs which fulfill a variety of
important functions (activation, change conformation, mark
for degradation) but this information is not being collected
when using traditional proteomic methods. Thus it is now time
to start going beyond and looking for answers at a deeper
protein level. This is achievable with the current technology
and will definitely improve our understanding of malignant
transformation, protein biology and possibly provide us with
better biomarkers and direct us towards better therapeutics for
pancreatic cancer.
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