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Abstract
Objectives—We evaluated whether pancreatic main duct fluid can provide protein biomarkers
with prognostic value.

Methods—Mass spectrometry proteomics was applied to as little as 20 microliters of fluid
collected at the time of tumor surgical resection. Biomarker proteins identified for 27 patients
were correlated with clinical outcomes.

Results—Thirteen patients had pancreatic ductal adenocarcinomas (PDAC), 4 had IPMN with in
situ adenocarcinoma, 5 had ampullary adenocarcinomas, 2 had IPMNs and 3 had benign diseases.
In pathologic stage II or higher PDAC, moderate or high expression of S100A8 or S100A9
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proteins was associated with a median disease recurrence-free survival of 5.8 months compared to
17.3 months in patients with low expression (p=0.002). Median overall survival was 12.6 versus
27 months for patients with moderate to high versus low S100A8 and A9 expression (p=0.02).

Conclusions—This analysis suggests distinct proteomic signatures for pancreatic cancer.
Patients in our study with elevated levels of S100A8 or A9 in the ductal fluid, a near absence of
pancreatic enzymes, and high levels of mucins, were found to have significantly worse prognosis.
Although further validation is needed to corroborate these findings, analysis of pancreatic ductal
fluid is a promising tool for identifying biomarkers of interest.
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Considerable effort has been made to identify biomarkers of interest in pancreatic cancer for
diagnosis and prognosis. Pancreatic cancer is a deadly malignancy and the mainstay of
treatment remains complete surgical resection. Unfortunately, most pancreatic cancers are
diagnosed too late, with up to half of new diagnoses presenting with metastatic disease and
an additional 20% with locally advanced disease.1 However, pancreatic lesions of unknown
significance are increasingly being detected by imaging studies performed for other
indications, and the management of these lesions can be controversial.2-4 The distinction
between malignancy and benign disease is especially important in mucinous neoplasms,
where the incidence of invasive carcinoma can range between 6% and 36%.5 The
identification of a biomarker for prediction of invasive carcinoma may be useful for guiding
management decisions.

The discovery of biomarkers for prognosis is also of interest for clinicians for identifying
potential pathways as therapeutic targets in pancreatic cancer. Examples include the
recognition of microRNA-21 and RAD51 expression as associated with 5-fluorouracil and
gemcitabine resistance.6,7 Annexin II and S100A6 over-expression both relate to poor
prognosis and shortened disease-free survival, via related mechanisms.8,9 The mapping of
the interplay between protein expression and pathway up-regulation is key for our
understanding of tumor biology and may lead us to novel therapeutic agents. For instance,
triptolide, a diterpene triepoxide, has been shown to induce apoptosis in pancreatic cancer
cells via targeting of heat shock protein 70, which is over-expressed in certain pancreatic
cell lines.10 Investigations such as these are integral for the development of future
chemotherapeutics against pancreatic cancer.

There are several sample sources employed in proteomic profiling of pancreatic cancer,
including pancreatic cancer cell lines, xenograft models, human tumor blocks, serum, and
pancreatic ductal fluid. We previously utilized SDS gel fractionation followed by digestion
and HPLC-tandem mass spectrometry (GeLC-MS/MS) in identifying a proteomic protein
panel in pancreatic cyst fluids that were aspirated via endoscopic ultrasound for diagnosis.11

This method, which was further validated by Western blotting, unveiled around 30
biomarker proteins, many of which were known to be related to pancreatic cancer. However,
several novel homologs were discovered, such as mucin 5B and CEACAM 6 and 7, which
were not previously associated with pancreatic cancer. We next applied GeLC-MS/MS to
main pancreatic ductal fluids that were aspirated at the time of planned surgical resection for
varying pancreatic pathologies. Here we present our results, with the identification of MUC
homologs, amylase, and S100A8/A9 as biomarkers of particular interest.
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MATERIALS AND METHODS
Sample Acquisition

This study was approved by the Institutional Review Board of the Fox Chase Cancer Center.
Patient information was blinded and de-identified prior to performing proteomics on the
duct fluids. We prospectively aspirated pancreatic duct fluid at the time of surgical resection
(Figure 1) performed for various pancreatic pathologies for 27 patients. All the patients were
Caucasian. Briefly, the pancreatic neck or body was divided at time of resection, exposing
the main pancreatic duct. A syringe with an attached plastic catheter was used to directly
cannulate the duct to aspirate the fluid from either side of the cut, and the fluid was
immediately put on ice. The volume of fluid obtained varied between 20 microliters to 5
mL. Each duct fluid sample was photographed, centrifuged for 10 min at 13,000 × g at 4 °C
to remove cells and any insoluble materials, photographed again, and banked in aliquots at
-80 °C. Patient information was deidentified prior to receipt by the proteomics laboratory.

GeLC-MS/MS comparison of ductal protein expression
The mass spectrometer is effectively a high-resolution high-accuracy balance that can
identify peptide fragments and sequences according to their unique masses. Individual
protein concentration in a sample can be determined by mass spectrometry after resolution
of the duct fluid proteins by SDS PAGE followed by trypsin digestion of each gel slice
(GeLC-MS/MS). Reversed-phrase nanoHPLC provides the second round of fractionation so
the tryptic peptides generated from each gel slice are ionized and introduced into a qTOF
mass spectrometer wherein a third round of peptide resolution occurs. Counting of the
number of tryptic peptides observed for a given protein is compared with the number of
theoretical tryptic peptides that can be generated by that protein to lead to an approximate
measure of protein quantity, a relative molar abundance value called emPAI score.12 This
method is called GeLC-MS/MS as previously described in detail for cyst fluids.11 Fifteen
microgram of duct fluid protein was used for each GeLC-MS/MS experiment. Protein
determination was performed using the BioRad protein assay.13 The duct fluid protein was
reduced with dithiothreitol (DTT) and alkylated with iodoacetamide (IAA) as previously
described,13 then solubilized with lithium dodecylsulfate (LDS solution, Novex, Invitrogen)
at 70°C for resolution by PAGE.11

Mass spectrometry was performed as follows: The peptide samples were acidified with 0.2%
formic acid before being injected into a LC/MS/MS instrument QSTAR XL (Applied
Biosystems/MDS Sciex, Foster City, CA). Agilent nano-HPLC (Agilent, Wilmington, DE)
was equipped to interface the Q-TOF mass spectrometer. Samples were automatically
loaded onto a C-18 trap column (ZORBAX 300SB-C18, 0.3 × 5 mm, 5 μm) and then eluted
to a reversed-phase C-18 analytical column (ZORBAX 300SB-C18, 100 × 150 mm, 3.5
μm). The nanoflow was sprayed through a coated emitter (FS360-50-5-CE, New Objective
Inc., Woburn, CA) at 300 nL/min. The spray voltage was set at +2200 V. The loading and
washing steps took place within 4 min and then the system was switched to elution mode.
The total analysis time for each injection was 115 min. Elution involved 5% of solution B at
0 to 4 min (A: 0.1 % formic acid. B: 0.1 % formic acid, 90 % acetonitrile), and then B was
increased to 26 % at 8 min followed by 55 % at 80 min. In the next 5 min, B reached 100%
and was maintained there for 10 min. Then the gradient was returned to starting position at
100 min. The system was equilibrated for 15 min at the end of the gradient.

The acquisition method of QSTAR was set at a 2 sec precursor “survey” scan followed by
three 4 sec MS/MS scans. Parent ions with charge state of +2 or +3 and intensity above 15
counts were fragmented. The mass range for the “survey” scan was 400 to 1000 amu and
was 100 to 2000 amu for MS/MS scan. For discovery of more proteins and peptides in each
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gel slice and to overcome the possibility of false-negatives due to under-sampling of co-
eluting peptides, after the first LC/MS/MS run of a sample, an exclusion list composed of
the peptides sequenced in the first LC/MS/MS run was assembled and used to direct another
LC/MS/MS run to sequence only new peptides in the same sample. The two peak lists were
combined for database searching for protein identification.

Data Analysis
The mass spectrometry data files were used to search the SwissProt Database Release
2010_09 using Mascot 2.2 (Matrix Science, London, U.K.), analyzing the MS/MS
sequencing spectra of the +2 and +3 ions.11 Fixed modification of carbamidomethylcysteine,
variable oxidation of methionine, and one trypsin miss-cleavage were allowed for protein
identification but the latter two were disallowed for calculating the emPAI scores. Protein
identification required at least two peptides with confidence over 95% of which one is not
found in any other protein of the proteome (Mascot “BOLD RED”). Peptide mass tolerance
was +/-150 ppm and fragment mass tolerance was 0.5 Da. False discovery rate due to
coincidence in database was less than 3.5% for individual peptides as judged by hits at a
decoy database containing randomized sequences in each entry. Data visualization was
assisted by Scaffold 3 Q+ (Proteome Software).14

Patient information was subsequently unblinded and clinical results were analyzed to
identify important questions for correlating with the proteomic data. In particular, pathology
reports were reviewed by a surgeon and a pathologist. Patients were re-staged in accordance
with the American Joint Commission on Cancer staging guidelines, 7th edition. Biomarker
concentrations observed in the study were tested in correlation with various clinical
parameters of interest. For our study, we evaluated overall survival (OS) and disease-free
survival (DFS) in patients with S100A8 or S100A9 expression. Patients with a moderate
expression of either S100A8 or S100A9 were considered positive for these biomarkers (i.e.,
emPAI score > 1) while patients with no expression or emPAI <1 were considered negative.
Kaplan-Meier curves were computed for OS and DFS for the positive and negative sub-
groups of patients identified as described above (Figure 2). The log-rank test was used to
compare OS and DFS between these patient subgroups. A Type I Error of 5% was used to
determine statistical significance.

Concentrations of mucins and S100s
The S100A8 and A9 proteins form a heterodimer in vivo most of the time. Hence, we
simplified expressing their relative concentrations in Table 1 as the sum of the emPAI scores
of the two proteins. The same was done for the mucins 1, 2, 5AC, 5B, 6 and 13, collectively
call mucins as the sum of their emPAI scores detected under our experimental conditions.

RESULTS
Around 503 proteins were identified with confidence among the duct fluids in this study
(Supplemental Digital Content). Similar to cyst fluids, duct fluids contain blood
contamination and pancreatic digestive enzymes. In Tables 1 and 2, we found we can use
serum albumin levels as a reasonable representative reporter for blood contamination (151
blood proteins were quantified in this study. See Supplemental Digital Content, rows in red
color). Similarly, amylase is a good representative indicator for the level of pancreatic
digestive enzymes present (30 digestive enzymes were quantified in this study. See
Supplemental Digital Content, rows in green color). Mucin1, mucin 2, mucin 5AC, mucin
5B, mucin 6, and mucin 13 were quantified in this study (Tables 1 and 2). Complete
proteome for each duct fluid is shown in Supplemental Digital Content.
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The pathology diagnoses of the 27 patients are shown in Tables 1 and 2. Of note, nine
patients had discordant pre-operative and post-operative diagnoses (data not shown),
suggesting the urgency of discovering diagnostic and prognosis biomarkers.

Upon analysis of biomarker expression, we noted a distinct lack of abundance of biomarker
proteins in the extrapancreatic pathologies (ampullary neoplasms) and benign pathologies
(chronic pancreatitis and serous cystadenomas). Of this aggregate, the median number of
biomarkers expressed is 0.0 (Supplemental Digital Content, rows in blue color in pages 4
and 5, Table 1). Conversely, the median number of biomarkers expressed by remaining
pathologies (IPMN, pancreatic carcinomas) is 7. Two biomarker families were represented
most prominently among the samples: mucins (MUC) and S100s.

When mucin homologs MUC1, MUC5AC and MUC5B were taken into consideration, we
found that only 1 of 7 patients (14%) with extrapancreatic neoplasms and benign pancreatic
disease expressed any MUC, versus 17 of 21 patients (81%) with pancreatic malignancies
and IPMN (Tables 1 and 2). Of note, the one patient with ampullary adenocarcinoma with
MUC5AC expression was found to have signet cells with mucinous features on pathology.
Interestingly, all four patients that lacked MUC expression had PDAC. These four patients
also fell into the cohort of PDAC patients who had improved overall survival, as seen below.

When analyzing IPMN and PDAC patients, two distinct groups emerged: those with
moderate to high S100A8 or S100A9 expression (Table 1 #8-12) and those with low or no
expression (Table 1 duct fluid #1-5). We found that in patients with pathologic stage II or
above PDAC, expression of either S100A8 or S100A9 predicted a worse disease-free and
overall survival. Two patients with in situ pancreatic adenocarcinoma (TisN0) arising from
IPMN (Table 2 duct fluids #26 and 27) and one patient with no residual invasive
adenocarcinoma seen in histologic sections following neoadjuvant chemoradiation (Table 1
duct fluid #13) were excluded from Kaplan-Meier analysis (Figure 2). Furthermore, one
patient who died of post-operative complications was also excluded (Table 1 duct fluid #6).
In the remaining patients, we found that moderate to high expression of S100A8 or S100A9
resulted in a median recurrence-free survival of 5.8 months compared to 17.3 months in
those patients with low expression (p=0.002). Overall, median overall survival in patients
with and without moderate to high expression of S100A8 or S100A9 was 12.6 months
compared to 27 months (p=0.02) in patients with low expression of these biomarkers.

Pancreatic enzymes and mucins in duct fluids
Following the segregation of two groups of PDAC patients with different prognosis (Table
1), we noted that duct fluids #1-6 versus #8-13 also differed in the expression of pancreatic
enzymes, represented by amylase, and in the opposite direction, mucins. Thus the duct fluid
of one group (duct fluids #8-13) has high S100A8 and S100A9, a high level of mucins and
an absence of pancreatic enzymes, represented by amylase, and has a less favorable
prognosis. The second group of PDAC (duct fluids #1-7) has the opposite findings. Taken
together, the biochemical evidence and prognostic data suggest that there may be two major
groups of PDAC with different properties and prognosis.

DISCUSSION
The field of proteomic profiling for biomarker discovery for pancreatic cancer and other
cancers has exploded in the past decade. The hope is to identify pathways that are up-
regulated in cancer and target these pathways for diagnostic or therapeutic purposes.
Previous profiling of pancreatic duct fluids have focused on validation of methods but have
yielded hundreds of potentially interesting and cancer-associated biomarkers.15-17 The
challenge remains to identify a biomarker, or a panel of biomarkers, with sufficient
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sensitivity and specificity to be of clinical value. We have previously described the utility of
GeLC-MS/MS in proteomic profiling of pancreatic cyst fluids to unveil new homologs of
biomarkers associated with pancreatic cancer.11 Here applying the same technique in
pancreatic ductal fluid drawn directly at the time of surgery, we established a clinical
correlation for the biomarkers identified. The increased expression of two families of
biomarkers stood out: mucins for differentiating pancreatic malignancies and IPMN from
other benign and extra-pancreatic neoplasms, and S100s for prognosticating overall and
disease-free survival. Amylase is normally not thought of as a biomarker of PDAC.
Surprisingly, loss of amylase, as a representative of the loss of pancreatic enzymes in the
ductal fluids, is also associated with the worsening of the PDAC prognosis.

The expression of MUC5AC and MUC5B in the pancreas can be variable. IHC studies have
demonstrated that MUC5B is expressed in normal pancreatic tissue, while both MUC5AC
and MUC5B are expressed in pancreatic cancer.18,19 However, the significance of
expression is controversial. Some studies suggested that MUC5AC-positive IPMN and
PDAC patients have improved prognosis, while others suggested that MUC5AC expression
enhances tumor cell invasive properties.20-22 MUC1, which has some prognostic value in
IPMN, did not have a significant clinical role in our patients. Interestingly, although mucins
are expressed in extrapancreatic malignancies (cholangiocarcinoma and ampullary
carcinomas),23,24 only one of five ampullary adenocarcinomas in our study elaborated
mucin (it is often difficult to distinguish the site of origin of cancers near the ampulla of
Vater, and so this cancer could have well arisen from the pancreas). As expected, MUC4,
which is specific to pancreatic cancer in IHC studies,25 was not identified in our duct fluid
analysis, given that MUC4 is a membrane-bound mucin. This highlights the fact that tumor
biomarker expression may be distinct from ductal fluid expression which may be secondary
to the limits of detection or to different patterns of expression and secretion.

One initial observation in this report was the lack of digestive enzymes noted in some duct
fluid samples (e.g.: duct fluids #9-13). Because all samples in this study were collected from
the main pancreatic duct, we expected that all samples would contain digestive enzymes. We
considered whether there was technical error in performing GeLC-MS/MS. However, for
samples #9-13 which showed almost no digestive enzymes, represented by amylase, mucins
were present and at levels as high as in other duct fluids that contained amylase (duct fluids
#1-8), suggesting that GeLC-MS/MS was performed properly and that some samples truly
had enzymes at levels below our limit of detection.

Pancreatic enzyme secretion is regulated by hormonal and nutrient signals26 from low basal
levels to high levels after meals. The first 90 minutes of pancreatic secretion after food
intake in humans appears to be via the release of storage zymogens followed by steady
enzyme synthesis.27 In one report, infusion of 100 mM phenylalanine into the duodenum
stimulated the secretion of trypsin, amylase and lipase. Further infusion of trypsin lowered
this induction while inhibition of the trypsin in the duodenum returned the secretion of
amylase and lipase to very low basal levels.28 The regulation of pancreatic enzyme release
can also be altered by pancreatic diseases. In pancreatitis, the levels of amylase in the blood
can be very high.29 For the PDAC cases with poor prognosis, it is possible that a reason for
the low enzymes might be that the tumors had blocked the ducts such that no functioning
acini were connected to the ducts from which the fluid was drawn, S100A8 and A9 had
become elevated and mucins could still be secreted into the duct. Whether this explanation is
sufficient or whether there are gene expression programs changed in the formation of this
class of PDAC will be further studied.

We considered that in cases with chemoradiotherapy, the treatment can produce pancreatic
atrophy. However, the chemoradiation treatment had no obvious effect on the biomarkers
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observed in the ductal fluids. This observation by itself may be interesting but its elucidation
may require us to understand the origin of the biomarker proteins.

It is interesting that S100A8 and S100A9 were found to have some bearing on pancreatic
cancer outcomes given that these two biomarkers are probably not expressed in pancreatic
ductal cells but rather in stromal cells. The S100 family is postulated to be involved in
inflammatory processes, including autoimmune diseases and a number of malignancies. This
suggests that these inflammatory mediators may either enhance the cross-talk between tumor
environment and tumor, or else may be sequelae of more aggressive disease. Although the
one study examining IHC expression of S100A8 and S100A9 in pancreatic cancer tissue did
not find a correlation with improved survival, no such study has been performed in ductal
fluids to our knowledge. It is of interest to note that in colorectal cancer, S100A8 and
S100A9 have been proposed as serologic biomarkers for diagnosis.30 S100A8 and S100A9
may also be involved in activating other downstream pathways via the multi-ligand RAGE
receptor, including JAK/STAT and Ras, which are implicated in a number of cancers.31 As
an aside, we considered the possibility that potential infection may lead to inflammation and
rise in the levels of S100A8/A9. We thus reviewed the bile cultures of our PDAC cohort,
which are obtained at the time of surgery, but there was no evident correlation with S100A8/
A9 expression (data not shown).

For most clinicians, proteomic profiling of pancreatic ductal fluid remains of academic
interest. There has been little information regarding correlation of ductal fluid biomarker
expression and tumor IHC expression, the sensitivity or specificity of biomarker detection
for disease or prognosis, or the relevance of biomarker expression. However, despite our
small cohort of patients, we were able to identify two families of biomarkers of particular
interest, mucin and S100. Together with whether pancreatic enzymes were absent in the duct
fluids or not, our data suggested the possibility that there are two major groups of PDAC
worth noting for patient treatment. We do believe that S100A8 and S100A9, in particular,
deserve further study, given their ubiquity in other cancers and their potential as therapeutic
targets. Future directions of interest may include the development of a serologic test for
S100A8 and S100A9 in the setting of pancreatic cancer, analyzing other serologic markers
of inflammation, and potentially evaluating the alteration of ductal fluid biomarker
expression before and following neoadjuvant chemoradiation. That there may be at least two
major groups of PDAC with different biomarkers and prognosis has many implications. The
observations of the presence or not of amylase and mucins may each point to different cell
types of origin of the cancer cells or changes in cell programming. Whether there are further
differences in the genomes, in the locations of the two PDAC groups in the pancreas,
whether the determinants lie in the cancer cells or in the stroma, are also topics of
considerable interest for future studies.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Diagram of pancreatic resection and main pancreatic duct fluid collection.
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FIGURE 2.
Survival of patients after pancreatic resection for tumors of grade T2 or above. A. Disease-
free survival. B. Overall survival. Dotted lines denote patients #8-12 with high S100A8+A9
(combined emPAI score over 2), no amylase (except when IPMN was present) but high
mucins (Table 1). Solid lines were patients #1-5 with low S100A8+A9 (combined emPAI
score < 2), have amylase but no mucins (Table 1).
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