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Abstract

Background: Exosomes are nanovesicles that have been shown to mediate carcinogenesis in
pancreatic ductal adenocarcinoma (PDAC). Given the direct communication of pancreatic duct
fluid with the tumor and its relative accessibility, we aimed to determine the feasibility of isolating
and characterizing exosomes from pancreatic duct fluid.

Methods: Pancreatic duct fluid was collected from 26 patients with PDAC (n=13), intraductal
papillary mucinous neoplasm (IPMN) (n=8) and other benign pancreatic diseases (n=5) at
resection. Exosomes were isolated by serial ultracentrifugation, proteins were identified by mass
spectrometry, and their expression was evaluated by immunohistochemistry.

Results: Exosomes were isolated from all specimens with a mean concentration of 5.9 +/- 1 x
108 particles/mL and most frequent size of 138 +/- 9nm. Among the top 35 proteins that were
significantly associated with PDAC, multiple carcinoembryonic antigen-related cell adhesion
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molecules (CEACAMS) and extracellular matrix (ECM) proteins were identified. Interestingly,
CEACAM 1/5 expression by immunohistochemistry was seen only on tumor epithelia whereas
tenascin C positivity was restricted to stroma, suggesting that both tumor and stromal cells
contributed to exosomes.

Conclusions: This is the first study showing that exosome isolation is feasible from pancreatic
duct fluid, and that exosomal proteins may be utilized to diagnose patients with PDAC.

Keywords

Exosomes; extracellular vesicles; proteomics; pancreatic ductal adenocarcinoma; intraductal
papillary mucinous neoplasm; CEACAM; tenascin C

INTRODUCTION

Exosomes are lipid-bilayer extracellular nanovesicles containing proteins, DNAs, and
microRNAs.(1, 2) Secreted from many normal and cancerous cells, exosomes have emerged
as an important component of the intercellular communication between cancer cells and
their microenvironment.(3, 4) Cancer-derived exosomes have been shown to mediate
tumorigenesis and metastasis in melanoma, colon cancer, and pancreatic ductal
adenocarcinoma (PDAC).(5-8)

PDAC develops as a stepwise progression from precursor and premalignant lesions such as
intraductal papillary mucinous neoplasm (IPMN) and pancreatic intraepithelial neoplasia
(PaniIN).(9, 10) Molecular alterations in KRAS, p16, and p53 have revealed some
understanding of this progression, but much of its biological behavior and time to
progression remain unknown.(9, 11) Not only is it challenging to detect invasive component
in pre-existing IPMN and PanIN, it is also difficult to differentiate PDAC from benign
pancreas lesions.(9) In studying PDAC derived exosomes, glypican-1 was identified to
distinguish PDAC from normal pancreas, and macrophage migration inhibitory factor was
found to stimulate liver metastasis.(7, 8, 12)

Prior studies involving PDAC-related exosome interrogation have primarily utilized
peripheral blood.(7, 8, 13) Although peripheral blood based proteins are more appealing due
to easy access, pancreatic duct fluid has the inherent advantage of potential enrichment of
proteins given the direct contact with the tumor epithelia and stroma.(9) Exosomes from
primary tumor and stroma secreted into pancreatic duct fluid would provide PDAC-specific
information and its unique exosomal protein composition may be useful to distinguish
patients with PDAC from other pathology. Endoscopic ultrasound guided fine needle
aspiration or core needle biopsies are often used in patients presenting with suspicious
pancreatic lesions to confirm diagnosis and dictate course of treatment.(14, 15) Although
specificity is high, the sensitivity of pancreatic duct fluid cytopathology may vary due to the
evaluation of suspicious, atypical, or nondiagnostic cells.(14) We rationalized that pancreatic
duct fluid would be an ideal medium to study PDAC, as it may contain a high concentration
of PDAC-specific exosomes that are relatively accessible such as via endoscopic approach
and would reflect contribution of exosomes from tumor and stroma without invasive biopsies
or excision.
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Since pancreatic duct fluid exosomes have not been characterized, the goal of this pilot study
was to evaluate the feasibility of exosome isolation from pancreatic duct fluid of patients
with PDAC as well as IPMN and other benign pancreatic diseases, and to compare their
protein composition in order to distinguish PDAC from other pancreatic diagnoses.

METHODS

Study patients

With the approval of the Memorial Sloan Kettering Cancer Center Institutional Review
Board (IRB), pancreatic duct fluid was prospectively collected from patients during
pancreaticoduodenectomy or distal pancreatectomy in 2010 to 2014. At the time of
pancreatic parenchymal transection, 1mL of pancreatic duct fluid was aspirated from the
both sides of the transected main pancreatic duct using a 19-gauge needle. Patients included
in the study had PDAC, IPMN with or without microinvasive cancer, or other benign
pancreatic diseases serving as the controls. Patients were excluded from the study if less
than 1mL of pancreatic duct fluid was collected at the time of the surgery.

In addition to patients enrolled for exosome analysis, we obtained non-matched pancreatic
tumor from additional patients with PDAC and IPMN for immunohistochemistry. These
patients were selected from a prospective biospecimen banking protocol approved by IRB
based on the absence of neoadjuvant chemoradiation and availability of adequate formalin-
fixed paraffin-embedded (FFPE) tumor blocks from tumors resected during 2003 to 2016.
None of these patients had concurrent malignancy of another type and all patients either
developed recurrence or had at least 3 years of recurrence-free follow-up.

Pancreatic duct fluid analysis

Pancreatic duct fluid was snap-frozen in liquid nitrogen and stored at —80°C until analysis.
One mL of pancreatic duct fluid from each patient was used for analysis. Serial
ultracentrifugation protocol was used to remove cell debris and isolate exosomes, as
previously described protocol for plasma(8). In brief, pancreatic duct fluid was centrifuged
at 500xg for 10 minutes at 4C. The supernatant then was centrifuged at 3,000xg for 20
minutes, followed by 12,000xg for 20 minutes, and then 100,000xg for 70 minutes. The
supernatant of the last centrifugation was removed and the pellet was resuspended in 2mL of
phosphate-buffer saline (PBS), centrifuged at 100,000xg for 70 minutes, and the pellet was
resuspended in 100 uL of PBS.

We quantified exosome size and concentration using the DS500 nanoparticle
characterization system (NanoSight, Malvern Instruments) equipped with a blue laser (405
nm). Presence and morphology of exosomes and characteristic size of approximately 100nm
were visually confirmed by transmission electron microscopy. Exosomal proteins were
identified and analyzed using liquid chromatography-mass spectrometry (LC-MS), as
previously described. (8, 16) Levels of expressions of exosomal proteins were quantified as
presence or absence as well as by their relative expression levels using Log?2 transformed
label-free quantification (LFQ) intensities.(16, 17)
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Pancreatic tumor immunohistochemistry

The expression of selected exosomal proteins was evaluated on non-matched primary
pancreatic tumors by IHC. Representative FFPE tumor blocks were obtained for each patient
and the IHC studies were performed with a Leica Bond RX (Leica Biosystems) automated
stainer on 5-pm tissue sections using the standard avidin-biotin peroxidase method.
Pancreatic tumors were immunostained with anti-CEACAM1 + CEACAM 5 antibody
(Abcam #190718) and anti-tenascin C antibody (Abcam #ab108930). To ensure antibody
specificity, mouse and rabbit immunoglobulins were used as negative controls for CEACAM
1/5 and tenascin C, respectively. After staining, the sections were mounted with Permount
for digital scanning with Pannoramic Confocal (3dHistech). Stained tissue slides were
scored by 2 pathologists (A.G. and B.O.) blinded to clinical information. The epithelial
tumor cells and adjacent stromal components were both evaluated for immuno-labeling. The
staining pattern was scored as negative (0), focal (1) (labeling in 10-25% of cells), and
diffuse (labeling in = 25% of cells) (2), whereas staining intensity was scored as weak (1),
moderate (2), or strong (3). The expression for CEACAM 1/5 and tenascin C was accepted
as positive if a total score of = 4 was obtained from combined staining intensity and pattern.
For CEACAM, expression pattern was further categorized as being in the membranous or
luminal part of the tumor epithelial cells.

Statistical analysis

RESULTS

Patients

Categorical variables were expressed as frequency and percentage and were compared using
Fisher’s exact test. Continuous variables were expressed as median and range and were
compared using Mann-Whitney. P values < 0.05 from two-sided tests were considered
significant. Statistical analyses were performed using GraphPad Prism (GraphPad Software,
CA) and SPSS version 22 (IBM Corp., Armonk, NY). Venn’s diagram was plotted using
Venny 2.1 (BioinfoGP Service, Spain, http://bioinfogp.cnb.csic.es/tools/venny/).

Exosomes were isolated and characterized from the pancreatic duct fluid of patients with
PDAC (n=13), IPMN with microinvasive cancer (n=4), IPMN without invasive component
(n=4), or other benign pancreatic diseases, including 3 with chronic pancreatitis, 1 with
retention cyst, and 1 with duodenal adenoma. Whole tissue sections of primary pancreas
tumors were obtained from additional patients with PDAC (n=27) or IPMN (n=12) for IHC.
These included 6 patients with PDAC and 1 patient with IPMN from the original exosome
isolation cohort. Clinical and pathological characteristics of all study patients are shown
(Table 1).

Exosome quantification

Using Nanosight characterization, the mean concentration of exosomes isolated was 5.9 +/
-1 x 108 particles/mL. The most frequent particle size was 138 +/- 9nm with the mean size
of 188 +/- 5nm. No significant differences were detected in size distribution or
concentration of exosomes when patients were stratified by diagnosis (Supplementary Table
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1). Isolated exosomes were visualized by transmission electron microscopy (Fig. 1A).
Characteristic exosomal surface markers including CD9, CD81, and TSG101 were identified
using Data Dependent Acquisition-based liquid chromatography-mass spectrometry (LC-
MS/MS) as described previously. (2, 16, 18) As expected, cellular organelle markers such as
Golgi marker 130 (GM130) and mitochondrial marker cytochrome C1 (CYC1) were not
detected on the exosomes.(18)

Exosomal proteins

A total of 2153 unique exosomal proteins in the pancreatic duct fluid were identified using
LC-MS/MS, with 693 unique proteins identified in patients with IPMN to 1785 in patients
with PDAC (Fig. 1B). More than 26% of the proteins were present in all patients irrespective
of the diagnosis, while 29% of proteins were unique to patients with PDAC. When patients
were stratified by diagnosis, no significant differences were detected in the total numbers of
proteins identified (p=0.293). Multiple carcinoembryonic antigen-related cell adhesion
molecules (CEACAMS) and extracellular matrix (ECM) proteins were identified among
those top 35 proteins that distinguished PDAC (Supplementary Table 2). These 35 proteins
were present in most patients with PDAC (n=13 total) and present in no more than 1 patient
without cancer (n=9 total, including n=4 IPMN without microinvasive component or n=5
other benign diseases). The median expression levels using LFQ intensities were also shown
to be higher among patients with PDAC compared to those without cancer. Selected
CEACAM and ECM exosomal protein expression data from the top 35 proteins are shown
(Table 2).

CEACAML1/5 and tenascin C appeared to be among the most discriminating proteins
between malignant and benign diagnoses. CEACAM1 was identified in 12 (92%) of patients
with PDAC compared to zero patients with IPMN without microinvasive component and 1
patient with chronic pancreatitis and PanIN 1-2. Of those patients with CEACAM 1
identified, the median expression level of CEACAM1 among patients with PDAC was 2-fold
higher than that of the benign patient. Tenascin C was identified in 11 (85%) of patients with
PDAC compared to zero patients with IPMN without microinvasive component and 1 patient
with chronic pancreatitis and PanIN 1. Of those patients with tenascin C present in their
pancreatic duct fluid exosome, the median expression level of tenascin C among patients
with PDAC was 4-fold higher than the tenascin C level of the benign patient.

Immunohistochemistry

CEACAML1/5 and tenascin C were selected for further evaluation by IHC, using primary
pancreatic tumors from 27 patients with PDAC and 12 patients with IPMN without
microinvasive cancer. When examining CEACAM 1/5 staining on pancreatic tumors,
patients with PDAC had stronger membranous staining in the tumor epithelial cells
compared to patients with IPMN (Table 3, p=0.020). In both PDAC and IPMN tumors,
tenascin C only stained stroma and did not stain any tumor epithelial cells. Tenascin C
staining was stronger and more diffuse in the stroma of PDAC as compared to IPMN
(p=0.002). Representative immunostaining of CEACAM 1/5 and tenascin C are shown (Fig.
2).
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DISCUSSION

In this study, we have documented the feasibility of using pancreatic duct fluid to isolate
tumor specific exosomes. Importantly, we adapted a protocol that is readily reproducible by
any group with access to pancreatic duct fluid and a high-speed centrifuge. In undertaking
this study, we have shown the potential for biomarker discovery in discriminating pancreatic
pathology. We have also demonstrated that tumor and stroma contribute to the exosomal
protein composition, which may be exploited to further investigate the role of exosomes in
the biology of primary pancreatic tumors.

CEACAM 1/5 and tenascin C were highly abundant proteins in pancreatic duct fluid
exosomes among patients with PDAC. CEACAM 1 and 5 are members of the
glycosylphosphatidylinositol (GPI)-linked immunoglobulin family, and they function in cell
adhesion as well as intracellular and intercellular signaling.(19, 20) CEACAM 5, also known
as the carcinoembryonic antigen (CEA), is a well-known biomarker in many cancers,
including colorectal cancer and PDAC.(19) In patients with PDAC, CEACAM 1 and 5 were
overexpressed on the neoplastic epithelial cells and they have demonstrated to be diagnostic
and prognostic in prior studies.(21, 22) Tenascin C is a large ECM glycoprotein that binds to
other members of ECM proteins and cell surface receptors and is crucial in tissue
remodeling.(23, 24) Tenascin C has been implicated in PDAC cell growth and migration,
increased in expression from PanIN-1 lesions to PDAC, and correlates with vascular and
lymph node invasion as well as liver metastasis.(23-25) It was suggested that factors
released from pancreas tumor stimulated pancreatic stellate cells to produce tenascin C,
revealing the importance of communication and contribution by both tumor and stromal
cells in the microenvironment.(23) This cross-talk between tumor and stromal cells have
shown to be vital in inducing transcriptional and metabolic changes modulating PDAC
progression.(26) Interestingly, while tenascin C positivity was limited to stroma by
immunohistochemistry in our study, whereas CEACAM 1/5 expression was limited to tumor
epithelia, suggesting that both tumor and stroma contributed to the exosomal
microenvironment.

Although CEACAM1/5 and tenascin C appeared to be among the most discriminating
proteins between patients with PDAC and patients with IPMN and other benign diagnoses,
patients with chronic pancreatitis may cause false positive result. CEACAM 1 was detected
in pancreatic duct fluid exosomes of a patient with chronic pancreatitis and tenascin C was
found in an another patient with chronic pancreatitis. However, the expressions of CEACAM
1 and tenascin C were 2-fold and 4-fold lower, respectively, in patients with chronic
pancreatitis than in patients with PDAC. Thus, it is important to evaluate both presence and
expression level of these exosomal proteins.

In addition to tenascin C, other highly abundant ECM proteins in patients with PDAC
included matrix metalloproteinases 7, laminin B3 and laminin y2. Matrix metalloproteinases
7, a member of zinc-dependent endopeptidases, has also been implicated in PDAC
progression and associated with metastatic disease and worse survival.(27-29) Laminin 3
and laminin y2 are two chains of laminin-5, which are components of basement membrane
and are involved in cell adhesion, differentiation, migration, angiogenesis, and metastasis.
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(30, 31) In PDAC, laminin 3 and laminin C2 have been implicated in nerve invasion, and
its strong membraneous overexpression occurred as early as high grade PanIN lesions and in
the majority of PDAC.(31, 32) The addition of laminin C2 to CA 19-9 has been shown to
improve the diagnostic performance of detecting early stage PDAC.(30)

Identification and analysis of exosomal proteins from pancreatic duct fluid is a novel tool to
study PDAC biology. Although pancreatic fluid was obtained intraoperatively in this study, it
could also be obtained preoperatively by endoscopic retrograde cholangio-pancreatography.
(14,33)A limitation of this study is having small sample size, as mass spectrometry can be
expensive and time consuming to perform(17). Mass spectrometry based proteomic analysis
can quantify the expression of hundreds of proteins in each sample, but it also has its
inherent limitations.(17,33) For example, absence of protein may be due to identification of
peptides below the detection level, not because the protein was truly absent.(17, 35)
Although mass spectrometry based proteomic analysis is complex, the potential biomarker
identified in the pancreatic duct fluid exosomes can be validated in the peripheral blood
using available antibodies.(9, 34, 36, 37) In addition, pancreatic duct fluid may have high
concentration of PDAC-specific proteins given its proximity to the primary tumor, whereas
potential biomarkers in the systemic circulation might be diluted and masked by other
abundant proteins.(38) The only routinely use PDAC biomarker from the systemic
circulation is CA 19-9, but its high false positive rate in patients with chronic pancreatitis
limits its use in preoperative decision making.(9) Another limitation of our study is that
although our samples include exosomes given visual confirmation on transmission electronic
microscopy and identification of the characteristic exosomal surface markers, the average
size of nanovesicles isolated was slightly larger than typical exosomes (50-150nm) although
the most frequent size was characteristic of exosome size.(1, 4) We utilized serial
ultracentrifugation protocol for this study, and although it is likely optimal for pancreatic
duct fluid in general, the more mucinous or viscous fluid found in patients with IPMN
represents a technical challenge. Optimization may however not be possible given the
variable viscosities encountered and thus the same isolation protocol was utilized to
minimize experimental variability. However, we are continuing to experiment with different
protocols to optimize exosome isolation, such as using a sucrose gradient to further purify
exosomes from other larger nanovesicles but the use of sucrose also has its own limitations
as well.(39)

In conclusion, this is the first study to show that exosome isolation is feasible from
pancreatic duct fluid. The exosomal protein composition reflects contribution from both
tumor epithelia and stroma, as we have demonstrated in this study with CEACAMSs and
ECM proteins. The study of pancreatic duct fluid proteins has the potential to enhance our
understanding of the crosstalk between cancer cell and their microenvironment, while also
identifying potential biomarkers of patients with different pancreatic diagnoses.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Synopsis:

Pancreas cancer specific exosomes can be isolated from pancreatic duct fluid. High
abundance of exosomal proteins, including extracellular matrix proteins and
carcinoembryonic antigen-related cell adhesion molecules, distinguished pancreatic
cancer from benign and pre-neoplastic diseases.
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IPMNCca IPMN

n=4, 1236 unique proteins n=4, 693 unique proteins
585 (471-1020) total proteins 366 (210-469) total proteins

PDAC Benign

n=13, 1785 unique proteins n=5, 1186 unique proteins
538 (310-1337) total proteins 654 (220-978) total proteins
Fig. 1.

Representative exosome as visualized on transmission electronic microscopy (Fig. 1A).
Exosomal proteins profiled using liquid chromatography - mass spectrometry (Fig. 1B).
Total proteins are expressed as median (range).
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PDAC

Page 14

CEACAM 1/5 Tenascin

IPMN

Fig. 2.
A representative PDAC with CEACAM 1/5 staining that is strong and diffuse in the tumor

epithelial cells (A), whereas tenascin C staining that is strong and diffuse in the stroma (B).
A representative IPMN with CEACAM 1/5 staining that is strong and diffuse in the tumor
epithelial cells (C), whereas tenascin C staining that is moderate and focal in the stroma (D).
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Table 1.
Study patients.
Exosome Quantification Cohort | Immunohistochemistry Cohort
PDAC (n=13) | IPMNca (n=4) | IPMN (n=4) | Benign (n=5) | PDAC (n=27) | IPMN (n=12)
Age | 66 (54-86) | 67 (54-76) | 77 (61-81) | 76 (57-92) | 66 (45-87) | 71 (50-81)
Male | 9 (69%) | 2 (50%) | 1.(25%) | 2 (40%) | 17 (63%) | 7 (58%)
CA 19-9, unit/mL | 176 (16-921) | 14 (13-42) | 19 | 29 (16-69) | 251 (21-9337) | 45 (4-89)
Biliary stent | 5 (38%) | 1.(25%) | 0 (0%) | 1(20%) | 14 (52%) | 0 (0%)
Whipple | 12 (92%) | 4 (100%) | 2 (50%) | 4 (80%) | 27 (100%) | 12 (100%)
Pathologic diagnosis 13 (100%) 1(25%) BD 1(25%) BD 3 (60%) 27 (100%) PDAC 3(25%) BD
PDAC 3(75%) MD | 3 (75%) MD pancreatitis 9 (75%) MD
1 (20%) adenoma
1 (20%) cyst
TNM stage --

IA 2 (15%) 2 (50%) - - 0 (0%)

1A 3 (23%) 1 (25%) 7 (26%)

1B 8 (62%) 1 (25%) 20 (74%)

Tumor size, cm 2.5 (0.6-4) 0.8 (0.3-4) 2.6 (1.3-3.2) - 2.4 (1.3-5) 1.9 (1.2-3.5)
Differentiation/dysplasia

Moderate/intermediate 5 (38%) 1 (25%) 3 (75%) - 13 (48%) 3 (25%)

Poor/high 8 (62%) 3 (75%) 1 (25%) - 13 (48%) 6 (50%)
PanIN

1-2 2 (15%) 1 (25%) 2 (50%) 4 (80%) 6 (22%) 3 (25%)

3 9 (69%) 0 (0%) 0 (0%) 0 (0%) 17 (63%) 0 (0%)
Lymphovascular 11 (85%) 0 (0%) -- - 20 (74%) -
invasion
Perineural invasion 12 (92%) 0 (0%) - -- 24 (89%) -

PDAC, pancreatic ductal adenocarcinoma; IPMN, intraductal papillary mucinous neoplasm; IPMNca, IPMN with microinvasive cancer; BD,
branch duct IPMN; MD, main duct IPMN; TNM, tumor node metastasis; PanIN, pancreatic intraepithelial neoplasia

Categorical variables are expressed as frequency (percentage) and continuous variables are expressed as median (range).
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Multiple extracellular matrix (ECM) proteins and carcinoembryonic antigen-related cell adhesion molecules
(CEACAMS) were identified among the top 35 most abundant exosomal proteins from patients with PDAC
compared to IPMN without microinvasive cancer and other benign diseases.

Proteins Genes PDAC | IPMNca | IPMN | Benign - PDAC IPMNca IPMN Benign
(n=13) (n=4) (n=4) (n=5) value (LFQ*) (LFQ*) (LFQ*) (LFQ*)

Carcinoembryonic CEACAM1
antigen-related cell
adhesion molecule 1 12 0 0 1 <0.001 28.7 0 0 27.2
Tenascin C TNC 11 1 0 1 0.002 28.9 29.9 0 26.5
Matrix MMP7
metalloproteinase-7 9 0 0 0 0.002 28.2 0 0 0
Laminin subunit LAMB3
beta-3 8 1 0 0 0.006 285 26.9 0 0
Laminin subunit LAMC2
gamma-2 8 1 0 0 0.006 29.6 285 0 0
Carcinoembryonic CEACAMS5
antigen-related cell
adhesion molecule 5 9 1 1 0 0.012 28.8 27.9 27.9 0

PDAC, pancreatic ductal adenocarcinoma; IPMN, intraductal papillary mucinous neoplasm; IPMNca, IPMN with microinvasive cancer; LFQ,

label-free quantification

*
median LFQ was reported only for those present in patients of each cohort.

HPB (Oxford). Author manuscript; available in PMC 2019 October 07.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Zheng et al.

CEACAM 1/5 and tenascin C staining intensity and pattern differentiates patients with PDAC from IPMN

without microinvasive cancer.

Table 3.

PDAC (n=27) IPMN (n=12) p-value
CEACAM 1/5 staining on tumor epithelial cells
Staining intensity
Weak (1) 0 (0%) 0 (0%) 0.401
Moderate (2) 7 (26%) 2 (17%)
Strong (3) 20 (74%) 10 (83%)
Staining pattern
Membranous + luminal 23 (0 focal, 23 diffuse) | 6 (1 focal, 5 diffuse) 0.026
Membranous only 1 (1 focal, O diffuse) 0 (0 focal, 0 diffuse)
Luminal only 3 (2 focal, 1 diffuse) 6 (4 focal, 2 diffuse)
Total score on membranous part of epithelial tumor cells
<4 4 (15%) 6 (50%) 0.020
24 23 (85%) 6 (50%)
Tenascin C staining on stroma
Staining intensity
Weak (1) 0 (0%) 4 (33%) 0.002
Moderate (2) 10 (37%) 6 (50%)
Strong (3) 17 (63%) 2 (17%)
Staining pattern
Focal (1) 13 (48%) 12 (100%) 0.002
Diffuse (2) 14 (52%) 0 (0%)
Total score
<4 8 (30%) 10 (83%) 0.002
24 19 (70%) 2 (17%)

PDAC, pancreatic ductal adenocarcinoma; IPMN, intraductal papillary mucinous neoplasm The staining pattern was scored as negative (0), focal
(1), and diffuse (2), while staining intensity was scored as weak (1), moderate (2), or strong (3). The expression for CEACAM 1/5 and tenascin C

was accepted as positive if a total score of > 4 was obtained from combined staining intensity and pattern.
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