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EDITORIAL

M ass Spectrometry Based Proteomic Profiling for Pancreatic Cancer

Nikhil Pawa, JamesM Wright, Tan HA Arulampalam

ICENI Centre, Colchester Hospital University NHSURdation Trust.
Colchester, Essex, United Kingdom

Pancreatic cancer is the fourth leading cause néara
death in the United States with approximately 3@,00
deaths in 2008. Despite advances in understantimg t
pathogenesis of the disease, the five-year survival
remains at 4%, with a majority of patients not
surviving longer than one year [1]. As surgical
resection remains the only reliable curative method
improving the 5-year survival to approximately 25%,
early detection is paramount [2, 3, 4]. Delays in
diagnosis are often due to small cancers or theepee

of non specific symptoms. Whilst there have been
significant developments in the imaging modalifies
pancreatic lesions in the last two decades, thex ha
not influenced the overall survival from pancreatic
cancer [5].

Research over the last few years has identifiethicer
genetic alterations associated with pancreatic exanc
such as point mutations of ¥as occurring in 90% of
cases, and inactivation of other tumour suppressor
genes such g3 andpl6 [6, 7]. Unfortunately to date
these have not led to the development of new
biomarkers. The current clinical tumour markers for
pancreatic cancer, CEA and CA 19-9, lack the
appropriate sensitivity and specificity requiredr fo
screening an asymptomatic population to aid early
diagnosis. CEA, a membrane glycoprotein, is less
sensitive in the diagnosis of pancreatic canceh wit
sensitivities reported between 59-71% and spetdgi

of 64-66%. In comparison, studies have reported a
sensitivity ranging 79-89% and specificity of 72980
for CA 19-9 [8]. Unfortunately, CA 19-9 has shown
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limited success in identifying small cancers witte t
Japanese cancer registry reporting only 48.4% of
patients with pancreatic cancers less than 2 cm
showing increased levels [9]. CA 19-9 levels amoal
elevated in both other malignancies and benign
conditions such as pancreatitis and biliary obsioac
[10]. Furthermore, 10% of the population possess a
negative genotype for the Lewis gene and are thieref
unable to produce CA 19-9 despite advanced cancer
[11]. Therefore CA 19-9 has a limited use as a
screening tool and the development of new safe,
accurate, cost-effective biomarkers is required
urgently. Unfortunately, due to the multifactorial
nature of the disease and genetic heterogeneitygmo
populations this task has proved more difficultntha
theorised.

Biomarker discovery can target either DNA, RNA or
specific proteins. Specimens suggested for testing
include pancreatic tissue, pancreatic juice or body
fluids such as serum/plasma. At present there are n
good DNA based biomarkers identified for pancreatic
cancer. Gene expression profiling studies have
identified certain genes of potential diagnostic
significance for pancreatic cancer, although theneo
clinical application at present. Proteomics invahike
study of the complete protein complement. In cattra
with the human genome, the proteome is dynamia, in
state of constant flux due to various modificatiams!
regulation. Analysis, therefore, of the proteomd no
only provides information relating to a mutated gen
but also the extent of its expression at a spetiifie
point. In order to identify an appropriate biomarker
cancer diagnosis, the protein product of an
overexpressed gene should be a secreted protein and
not expressed in benign pancreatic conditions &mer o
organs. The aim of cancer proteomics commences with
the comparison of proteomes from diseased andaontr
samples in large scale to identify differentially
expressed proteins (up- or down-regulated) forhimt
guantification and identification. The ideal speeim
for such assessment is serum due to its ease editexp
collection and availability. Traditionally proteomi
studies have been based around 2-dimensional gel
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electrophoresis with mass spectrometry. This ine®lv
the identification of differentially abundant praote
spots which can be excised and digested and
potentially identified. Bloomston conducted a large
scale study on 62 patients (32 with pancreatic &anc
and 30 controls) using 2-dimensional gel
electrophoresis. A total of 154 differentially ezpsed
protein spots which could distinguish between the t
groups were identified, with nine showing accurate
discrimination [12]. Unfortunately this technique i
extremely labour intensive and does not work weil f
small proteins, limiting its use to low throughput
studies and, therefore, restricting its application
biomarker discovery for screening purposes [10, 13]
There have been significant developments in mass
spectrometry technology in the last two decadesmdJs
these advancements an alternative approach
biomarker discovery has been developed in the fafrm
proteomic pattern analysis. This method utilises th
patterns of signals created within a mass spectum
distinguish between groups of samples such assisea
and control. One such method is surface enhanced la
desorption ionization time of flight mass spectrtnye
(SELDI TOF MS). In SELDI TOF MS, the protein
mixture or analyte is spotted on a plate or Pr@hip®
(Ciphergen Biosystems Inc., Fremont, CA, USA)
where the surface has been modified with a chosen
chemical functionality. Due to the chemical
functionality, some of the different proteins pretsa

the sample bind to the surface, while the othezsnat
bound and are therefore removed by washing. After
washing the spotted sample, a matrix material is
applied to the surface and allowed to crystallizthw
the bound sample proteins. The selective binding ac
as a further separation step as only a subsetotdips

in the analyte bind to the surface. There are sg¢ver
different available SELDI ‘Chips’ available with
different chemical functionality. Surfaces can also
‘functionalised’ with antibodies, other proteinsy o
DNA. The chip surface is then pulsed with a UV tase
and the bound proteins ionize. The ions generated a
accelerated in a high vacuum along a time of flight

to

Table 1. Serum profiling for pancreatic cancer.

tube to a detector. Since their time of flight brefthey
reach the detector is a function of their molecufass,

the detector is able to separate out the individad
generated. This technique has shown promisingteesul
in the identification of serum biomarkers for déieg
breast, ovarian and prostate cancers [14, 15, 16].
SELDI has numerous advantages over other techniques
to date showing a high tolerance to impurities ey

low sample requirements. Additionally with pre-
fractioning of the samples detection of low aburman
proteins can be improved. A number of biomarkers ca
be identified and compared using bioinformatic $ool
allowing high throughput analysis [13]. Unfortungte
there are certain limitations to this techniquethe
analysis of complex molecules as different molezule
do not absorb the energy from the UV laser in Hraes
manner, resulting in different ionisation charaistérs
from molecule to molecule. Many molecules are
completely transparent to UV light and thereforendb
ionise at all. The result is that only moleculesichh
highly absorb the UV energy are accessible. Lower
absorbing molecules can only be analysed by
increasing the UV laser energy, but this causes
molecular fragmentation and pyrolysis, leading to
erroneous readings.

The technique of matrix assisted laser desorption/
ionisation MS (MALDI MS) assists the investigatioh
complex protein mixtures. It too is often coupledat
time of flight (TOF) detector and is able to prawid
molecular weight information on the components of
protein mixtures. MALDI TOF MS overcomes many
of the problems associated with SELDI TOF MS by
using a matrix mixed with the analyte. The matsx i
usually a highly UV energy absorbing organic acid
which has been protonated at acidic pH. The matrix
takes over the job of desorption and ionisatiorthef

UV laser energy in the analyte, without causing any
damage to the protein or peptide molecules. The
presence of matrix molecules, usually in vast exces
compared to the analyte, also prevents analyte
intermolecular association and increases the useful
mass range of the analysis considerably.

Reference Method No. of No.of  Sensitivity Specificity Peaks (m/z) ®

cases controls
Bhattacharyyat al., 2004 [8] SELDI 49 54 100% 93% 3966, 3983, 4309, 8951, 5592
Koopmanret al., 2004 [17] SELDI 60 60 78% 97% 3146, 3473, 3867, 8929, 16008
Hondaet al., 2005 [18] SELDI 71 71 91% 91% 876,272, 28080
Yu etal., 2005 [19] SELDI a7 53 89% 74% 3816, 3955, 643M6, 7562, 9134
Koomenet al., 2005 [20] MALDI 68 57 88% 75% 4284, 8204, 9353863, 17240, 19064, 39892, 51534
Ehmanret al., 2007 [21] SELDI 96 96 83% 77% 17270
Kojima et al., 2008 [22] MALDI 24 15 88% 93% 4470792, 8668, 8704, 8838, 9194, 9713, 15958
Maet al., 2008 [23] SELDI 29 57 100% 97% 3243,4935, 5&IA5
Liu et al., 2009 [24] SELDI 41 41 92% 92% 3204, 3273, 648643, 6663
Navagliaet al., 2009 [25] SELDI 126 12 83% 100% 1526, 1211, 3519
Guoet al., 2009 [26] SELDI 58 51 83% 100% 4158591, 28068

MALDI: matrix assisted laser desorption/ionisati®ELDI: surface enhanced laser desorption ionigatio

m/z: mass to charge ratio
@ Three common peaks were identified within the istsidbold)
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Proteomics studies on pancreatic cancer in thefdast
years have focused mostly on the SELDI approach. A
majority of these studies have used serum as the
diagnostic specimen from pancreatic cancer patients
healthy controls and in certain studies patientth wi
benign pancreatic conditions. Table 1 summarises th
results to date of serum based studies using ditieer
SELDI or MALDI technique for profiling pancreatic
cancer. These studies have shown promising reisults
distinguishing pancreatic cancer with healthy calstr
with a sensitivity ranging from 78-100% and
specificity from 74-100%. These are certainly hette
than the current CA 19-9 marker. Koopmah al.
reported superior diagnostic performance when
combining the serum SELDI markers with CA 19-9 in
comparison with CA 19-9 alone. A particular benefit
discussed is the ability to diagnose smaller cancer
[17]. On reviewing the peaks identified within the
spectra, there have been three common peaks iddntif
within the studies (mass to charge ratio; m/z: 3966
4791, 17272), with some studies identifying members
of the apolipoportein group from other peaks. Taet f
that such studies have independently identified the
same proteins shows promise in using such a teglniq
in the future, however with such a variety of peaks
identified further independent studies are requiiad
clinical validation.

Whilst the results with this technique using small
samples numbers are encouraging, certain pitfale h
also been identified. As mentioned above, serum
remains the ideal choice of specimen due to ity eas
availability. Despite this the analysis of low adance
proteins in serum remains a difficult task, espbces
proteins such as albumin, immunoglobulins, tramsfer
and macroglobulin make up 80% of all serum proteins
[10]. Various additional methods including pre-
fractionation of the serum to remove high abundance
proteins have also been developed, with the risk of
excluding other proteins of interest. The peptipeaks
identified from the samples represent the specific
protein profile. The hope is to identify these pins
using specific software and the protein database.
Unfortunately, to date, only a small proportiontbé
peaks postulated as significant biomarkers have bee
identified, with most of them acute phase reactants
associated with general disease. This further dirthie
use of such proteins as valid biomarkers.
Bioinformatics tools have become integral composent
of this technology. They are necessary for theager
and analysis of large amounts of data, togethdr thi
ability to present the results in a recognisablentd

for pattern recognition. By using training sets of
protein spectra created by mass spectrometrystitati
algorithms can be developed that can cluster esult
and distinguish between healthy and diseased sample
based on these patterns. Petricetiral. using SELDI
TOF-MS developed such an algorithm for detecting a
specific proteomic pattern in the diagnosis of @ar
cancer with a sensitivity of 100% and specificity o
95% [15]. One area of concern, however, is regardin
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the presence of chemical noise in the spectra. Low
level protein contamination can lead to variatiathim

the spectra. This experimental error can lead to
variations in the analysis that may be unrelatethéo
biological consequences of the cancer in study but
processing of the samples [27]. Another area of
concern associated with bioinformatics, as desdrihye

De Nooet al. is the issue of overfitting. This involves
the analysis of larger datasets where discriminaito
identified based on over interpretation of data imgk
the studies not reproducible. This problem can be
minimised by methods of double cross validatior].[28
The area of bias and error within this techniqué no
only involves the methodology of sample preparation
and analysis, but also the biological variableshimit
the population groups. It is theorised that sudiois
such as different diseases, age, gender, race raigd d
treatment may affect the proteome of subjects
introducing further potential error in the analysis
Similarly with the technology evolving other factor
such as sample handling and preparation with
advancements in algorithms may have an impacten th
results. Naturally this will affect the reprodudityi and
overall validity of these biomarker studies. For
example Karsaret al. produced algorithms that were
able to discriminate between breast cancer patamds
healthy controls with modest success but were very
accurate in selecting which of two clinics had jaregl

the samples and on what day [29]. Another study by
Engwegeret al. attempted to replicate earlier studies of
renal cell carcinoma patients carried out by Vébal.

and Tolsonet al. [30, 31, 32].They were unable to
replicate many of the discriminating peaks andeiadt
found others that were not in the earlier studies.
some extent this may have been due to experimental
procedure variation but the authors also postutlze

the differences could be due to the relatively $mal
sample sizes used in all the studies (50-75) and
consequent variation in the composition of the damp
population. A similar situation is seen in stud@s
pancreatic cancer to date.

The use of mass spectrometry based proteomic
profiling in studying pancreatic cancer whilstIgtil its
early stages has highlighted some promising results
However, with this certain potential difficultiesave
also been identified. With advancing technology
leading to improved sensitivity, quantification and
reproducibility it is hoped this method will aid
identifying low abundance proteins to be used disl va
biomarkers for pancreatic cancer.
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