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Abstract. Background/Aim: Pancreatic ductal adenocarcinoma
(PDAC) is one of the deadliest types of cancer, particularly due
to its aggressive course and challenging diagnostics in early-
stage disease. The aim of this study was to discover new
potential prognostic and diagnostic pancreatic cancer
biomarkers. Materials and Methods: The proteomes of 37
samples from pancreatic cancer, inflammatory or healthy
pancreatic tissue derived through in-depth differential proteomic
analysis were compared. Results: A set of candidate proteins as
pancreatic cancer-specific diagnostic or prognostic biomarkers
were identified. Survival data of patients after two-year follow-
up indicated FLT3 and PCBP3 proteins as potential biomarkers
for favourable pancreatic cancer prognosis. The levels of
PCBP3 correlated with tumour stage and FLT3 levels, were
evaluated as independent prognostic marker. Conclusion: FLT3
and PCBP3 represent potential biomarkers for improved
individualized pancreatic cancer prognosis. Moreover, FLT3
may play a role in future treatment selection.

Pancreatic cancer is the fourth leading cause of cancer-related
deaths in the European population. Contrary to the most other
cancer types, the rate of pancreatic cancer mortality is still
increasing with the predicted numbers of deaths in year 2017
to be around 7.9 out of 100,000 in men and 5.6 out of
100,000 in women (1). Similarly, high incidence and
mortality rates of pancreatic cancer are also observed in the
USA with potential to become one of the three leading cancer
death causes during the next two decades (2, 3).
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It is known, that pancreatic cancer carcinogenesis is a
prolonged process, involving certain genetic alterations and
modified expression of many proteins and metabolites, that
usually follows pancreatic intraepithelial neoplasia (PanIN)
within  pancreatic  tissue before development of
adenocarcinoma (4-6). The conventional serum biomarkers
carbohydrate antigen 19-9 (CA 19-9) and carcinoembryonic
antigen (CEA) are neither very specific nor sensitive for early
pancreatic cancer and are mostly used for follow-up of
pancreatic ductal adenocarcinoma (PDAC) patients in
response to treatment, but not for screening for pancreatic
malignancies (7, 8). The intensive search for specific and
sensitive biomarkers to be used for screening of PDAC
focuses on proteome and metabolome of different body fluids
and tissues, as well as on the detection of genetic, epigenetic,
exosomic, microbiomic, micro-RNA and other biomarkers (7,
9, 10). There is also lack of molecular classification and
successful targeted therapies for pancreatic cancer (11).

The aim of this study was to find new protein biomarkers
for pancreatic cancer diagnosis and survival prognosis. In
quantitative proteomic analysis, tumour samples were
compared to healthy pancreas tissue samples; chronic
pancreatitis samples were used as additional control to
eliminate unspecific inflammation-related proteins. The
expression levels of the discovered potential biomarkers
were correlated with patients’ medical data.

Materials and Methods

Patient data and tissue samples. Tissue specimens from 37 patients
were included in the analysis: 19 pancreatic cancer samples, 10
samples of chronic pancreatitis and also 8 samples of healthy
pancreas tissue that were obtained from specimens after surgery for
benign pancreas or duodenum diseases. All patients have read and
signed the form of informed consent for taking part in the research,
approved by Lithuanian Bioethical Committee (Protocol No.
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PancCa001-3). Patients with adenocarcinoma underwent radical
surgery. Chronic pancreatitis group of patients underwent 9 standard
Frey’s procedures and 1 pylorus preserving pancreaticoduodenal
resection. Patients with benign pancreas or duodenum conditions
underwent surgical treatment depending on the pathology.

All diagnoses were confirmed by histological examination of
tissue specimens by an experienced pathologist. Tumour sizes were
determined by pathohistological examination of findings. Chronic
pancreatitis diagnosis was confirmed pathologically. The process of
freezing the specimens was identical to that described by Borner et
al. (12). Within less than 10 min after resection, tissue samples were
frozen in liquid nitrogen in cryotubes. After transportation period of
10 min, the samples were placed in a freezer and kept at a
temperature of —80°C (12).

Proteomic sample preparation. To examine disease associated
changes in the proteome, high-throughput differential label-free
quantitative proteomic analysis of healthy, pancreatic carcinoma and
pancreatitis patient samples was performed using high-definition
mass spectrometry (HDMS) technology. In addition, pancreatic
carcinoma samples were divided into 2 groups: tumours larger than
3 cm and 2 cm or smaller.

Homogenized samples were lysed using Urea/Thiourea lysis
buffer and sonicated for 1 min at the amplitude of 20% and 0.4 sec
pulsations on/off cycles. Lysates were centrifuged at 20,000 xg for
15 min at 4°C, and the supernatants were collected and stored
at —80°C. Trypsin digestion was performed according to a modified
filter aided sample preparation (FASP) protocol as described
previously (13).

LC-MS analysis. Liquid chromatography (LC) separation of peptides
was performed with nanoAcquity UPLC system (Waters Corporation,
Elstree, UK) on reversed-phase trap column as described previously
(13). Data were acquired using Masslynx version 4.1 software
(Waters Corporation) in positive ion mode. LC-MS data were
collected using data independent acquisition (DIA) mode MSE in
combination with online ion mobility separation.

The trap collision energy of mass spectrometer was ramped from
18 to 40 eV for high-energy scans in MSE mode. The trap and transfer
collision energy for high-energy scans in HDMS mode was ramped
from 4 to 5 eV and from 27 to 50 eV. For both analyses, the mass
range was set to 50-2,000 Da with a scan time set to 0.9 sec. The
reference compound [Glul]-Fibrinopeptide B (Waters Corporation)
was infused continuously (500 fmol/ul at flow rate 500 nl per min)
and scanned every 30 sec for on-line mass spectrometer calibration
purpose. The samples were run in triplicate.

Data processing, searching and analysis. Raw data files were
processed and searched using ProteinLynx Global SERVER (PLGS)
version 2.5.3 (Waters Corporation). The following parameters were
used to generate peak lists: (i) minimum intensity for precursors was
set to 150 counts; (ii) minimum intensity for fragment ions was set
to 50 counts; (iii) intensity was set to 500 counts. Processed data were
analysed using trypsin as the cleavage protease, one missed cleavage
was allowed, fixed modification was set to carbamidomethylation of
cysteines and variable modification was set to oxidation of
methionine. Minimum identification criteria included 1 fragment ions
per peptide, 3 fragment ions per protein and minimum of 2 peptides
per protein. The false discovery rate (FDR) for peptide and protein
identification was determined based on the search of a reversed
database generated automatically when global false discovery rate
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was set to 4%. UniProtKB/SwissProt human database (2018-02-05)
was used for protein identification.

Computational analysis of proteomic data. For quantitative analysis
of global proteome, increase or decrease in protein level of 1.5-fold
or more was considered as up-regulation or down-regulation,
respectively, with p-value<0.05. Kaplan—Meier survival analysis
with Log-Rank test was performed using SigmaPlot 11.0 statistical
software (Systat Software Inc., San Jose, USA).

Results

Differential global proteomics of chronic pancreatitis (CP)
and pancreatic ductal adenocarcinoma (PDAC) samples.
Tissue samples from 37 patients with pancreatic cancer,
CP or healthy pancreatic tissue were analyzed. The
samples were fractionated and analyzed by HDMS in two
series of proteomic experiments. Nineteen to twenty tissue
samples were analysed in each series, 3192 proteins in
total in all patient proteomes were identified and
quantified.

Proteins were considered differentially regulated, when
their levels were significantly (p<0.05) increased or
decreased by 1.5-fold and higher in CP or PDAC patients
versus control pancreatic tissue samples in both series of
experiments. In CP, 171 differentially regulated proteins
were identified; 156 — increased and 15 decreased. In PDAC,
519 differentially regulated proteins were found; 333
increased and 186 decreased. PCA analysis of protein
identification data (Figure 1) showed that control, CP and
PDAC samples split into separate groups (with exception of
one PDAC sample) with CP falling in a group between the
control and tumour tissue. The differences in proteome of
smaller (>2 cm) and larger (<3 cm) PDAC tumours can also
be distinguished by PCA analysis.

Comparative proteomics of smaller and larger PDAC
tumours. The study was designed to elucidate not only the
difference between CP and PDAC but also to compare
smaller (>2 cm) and larger (<3 cm) tumour proteomes. There
were indeed some differences in smaller versus larger
tumour specimens. In particular, three proteins were
significantly increased in smaller compared to larger
tumours: PCBP3, HBE1 and RHOB. Three other proteins
were increased in larger tumours: GPRC5A, KRT13 and
GNAT3. All six proteins, characteristic to smaller or larger
tumours, were considered as candidate diagnostic and
prognostic biomarkers that could potentially add to treatment
selection. These proteins were also included in correlation
analysis with patient’s survival as described below.

PDAC biomarker analysis. Proteomic analysis revealed a
number of proteins detected exclusively in patients with
PDAC, but not in chronic pancreatitis patients or in healthy
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Figure 1. PCA analysis of protein identification data highlighted overlaps and differences between chronic pancreatitis and pancreatic ductal

adenocarcinoma.

Table 1. List of potential PDAC biomarkers.

Gene name Name Percentage of patients Prognostic marker (unfavourable)
expressing the marker (HPA pathology data)

THBS3 Thrombospondin-3 79 Renal, endometrial, colorectal cancer

FLT3 Receptor-type tyrosine-protein kinase FLT3 79 -

GPRC5A Retinoic acid-induced protein 3 79 PDAC, renal cancer

MYOIF Unconventional myosin-If 58 Renal cancer

GPX2 Glutathione peroxidase 2 52 Head and neck cancer

KRT23 Keratin, type I cytoskeletal 23 42 Urothelial cancer

PSCA Prostate stem cell antigen 42 PDAC

S100A14 Protein S100-A14 42 -

LGALS9C Galectin-9C 37 -

pancreatic tissue. We selected 9 PDAC-specific proteins
detected in 37-79 % of all PDAC patients as potential
diagnostic or prognostic markers (Table I). For estimation of
the potential value of the biomarker candidates, data from
The Human Protein Atlas database were employed. The data
showed that most of the selected proteins are already known
as potential prognostic markers in other cancer types such as
renal, endometrial as well as urothelial cancer. GPRC5A (14)
and PSCA (15, 16) proteins have already been reported as
potential prognostic markers with unfavourable outcome for
pancreatic cancer.

Survival analysis of patients. The levels of proteins
varying between smaller or larger tumours as well as those
of the selected PDAC-specific candidate biomarkers were
correlated with the survival of the patients, monitored
during the two years after the surgery. Significant
correlation between patient survival and the levels of FLT3
or PCBP3 (Figure 2) proteins in postoperative tissue was
established. The expression of both markers correlated
with better 24 months survival compared to PDAC patients
without detectable expression of FLT3 (p=0.01) and
PCBP3 (p=0.043) in tumour tissue. The correlation of
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Survival analysis (OS): PCBP3 marker; p=0.043 Survival analysis (OS): FLT3 marker; p=0.01
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Figure 2. FLT3 and PCBP3 expression in patient samples correlated with increased survival.

Table II. Association of PCBP3 expression with patients’ clinical data.

Time (months)

Table II1. Association of FLT3 expression with patients’ clinical data.

Variable

No.of  PCBP3 expression  p-Value Variable No. of FLT3 expression p-Value
cases ———————————— cases
Negative  Positive Negative  Positive

Age Age
<65 13 4 9 0.417 <65 13 2 11 0482
>65 7 1 6 >65 7 2 5

Gender Gender
Male 10 3 7 0.606 Male 10 3 7 0.264
Female 10 2 8 Female 10 1 9

Stage Stage
1A 8 0 8 0.035 IIA 8 1 7 0.494
1B 12 5 7 1B 12 3 9

Lymph node invasion Lymph node invasion
Positive 12 5 7 0.035 Positive 12 3 9 0.494
Negative 8 0 8 Negative 8 1 7

Tumour differentiation Tumour differentiation
Moderate 15 4 11 0.766 Moderate 15 4 11 0.197
Poor 5 1 4 Poor 5 0 5

Perineural invasion Perineural invasion
Positive 8 3 5 0.291 Positive 8 1 7 0.494
Negative 12 2 10 Negative 12 3 9

Radical resection Radical resection
Positive 16 4 12 1.000 Positive 16 3 13 0.780
Negative 4 1 3 Negative 4 1 3

FLT3 and PCBP3 expression with other clinical parameters
was also evaluated. Data showed that expression of PCBP3
in patients was associated with tumour stage and lymph
node invasion (Table II). On the contrary, expression of

FLT3 did not correlate with any of the analyzed clinical
parameters (Table III) presenting FLT3 as promising
independent biomarker for better survival of PDAC
patients.
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Discussion

In case of pancreatic cancer, the surgery at the early stages of
the disease is the best option for increasing the survival of
patients. Scientists and healthcare providers worldwide are
striving to find new methods for early diagnosis of pancreatic
cancer. Improved imaging technologies did not bring the
expected advances to date and therefore, cannot be applied as
a first-choice screening methods in large populations.

As a result, biomarker research seems to be one of the
most promising solutions to find the means for screening,
diagnosis, prognosis and therapy prediction of pancreatic
cancer.

In this study, in-depth high-throughput differential
proteomic analysis for the discovery of pancreatic cancer-
specific biological processes and potential PDAC biomarkers
was applied. Pancreatic cancer tumour samples were
compared to pancreatic tissue samples from healthy
individuals as well as from individuals with chronic
pancreatitis. PCA analysis showed chronic pancreatitis (CP)
as an intermediate condition between normal and pancreatic
cancer supporting the current consensus that both conditions
are interdependent (17). Bioinformatic analysis of Gene
Ontology category enrichment of differentially expressed
proteins confirms this statement by demonstrating that all
main biological processes altered in chronic pancreatitis are
also enriched in PDAC proteome (data not shown). CP has
for a long time been known as risk factor for pancreatic
intraepithelial neoplasia (PanIN) (17). In mouse models, it
has directly been shown how CP leads to PanIN formation
from KRAS-mutated cells (18). Accurate distinction between
processes altered in both CP and PDAC and the
identification of specific PDAC malignant features are
crucial for early pancreatic cancer diagnostic as well as for
effective treatment selection.

Our work demonstrated that the expression of FLT3 and
PCBP3 correlated with favourable prognosis. PCBP3
belongs to a family s of RNA-binding proteins that interact
in a sequence-specific manner with single-stranded poly(C)
RNA (19). PCBPs are also capable of binding single-strand
DNA elements and PCBP3 acts as transcription suppressor
(20, 21). According to The Human Protein Atlas, this gene
is expressed at high to medium levels in 8 of the 11 patients
with pancreatic cancer. No data associated PCBP3 with
carcinogenesis. However, overexpression of its counterpart
PCBP4 in human maxillary cancer cells led to the G,/M
arrest and contributed to cisplatin resistance (22).

FLT3 is a receptor tyrosine kinase expressed primarily in
haematopoietic progenitor cells. The earlier data based in
immunohistochemical staining showed heterogeneity of FLT3
expression in normal pancreatic tissue and pancreatic cancer,
the highest level of FLT3 being characteristic to ductal cancer
cells (23). On the other hand, FLT3-ligand is a growth factor

that directs the development and maturation of dendritic cells
(DC) (24). DC are usually present in low numbers in the
pancreatic tumour and tumour microenviroment and often in
an immature form (25, 26). The presence of DC along with
other tumour-infiltrating lymphocytes in PDAC serves as a
good indicator of patient’s outcome after surgical treatment
(26) and has repeatedly been proposed as a marker of
“immune rich” (27) or “immunogenic” (28) pancreatic cancer
subtype characterized by better outcome. Thus, correlation of
FLT3 expression in PDAC patients with better survival may
be explained by the significant increase of tissue DC
population that coordinates innate and adaptive immune
response. Therefore, FLT3 expression may serve as biomarker
of DC population in PDAC. Notably, DC-based vaccines
against pancreatic cancer are now being tested in phase II/II1
studies (29). Moreover, FLT3 ligand that acts via FLT3
manifests antitumor activity (30) and is considered as
potential adjuvant for immunotherapy (31).

Altogether, our data propose that FLT3 expression should
be considered an important prognostic marker for
individualized immunotherapeutic response and PCBP3 is a
promising survival marker for PDAC patients.
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