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Abstract

Objectives: Extracellular vesicles (EVs) are lipid bound vesicles secreted by cells into

the extracellular environment. Studies have implicated EVs in cell proliferation, epithelial-
mesenchymal transition, metastasis, angiogenesis and mediating the interaction of tumor cells
and microenvironment. A systematic characterization of EVs from pancreatic cancer cells and
cancer-associated fibroblasts (CAFs) would be valuable for studying the roles of EV proteins in
pancreatic tumorigenesis.

Methods: Proteomic and functional analyses were applied to characterize the proteomes of EVs
released from five pancreatic cancer lines, two CAF cell lines and a normal pancreatic epithelial
cell line (HPDE).

Results: More than 1400 non-redundant proteins were identified in each EV derived from

the cell lines. The majority of the proteins identified in the EVs from the cancer cells, CAFs

and HPDE were detected in all three groups, highly enriched in the biological processes of
vesicle-mediated transport and exocytosis. Protein networks relevant to pancreatic tumorigenesis,
including EMT, complement and coagulation components, were significantly enriched in the EVs
from cancer cells or CAFs.
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Conclusions: These findings support the roles of EVs as a potential mediator in transmitting
EMT signals and complement response in the tumor microenvironment and possibly contributing
to coagulation defects related to cancer development.
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Introduction

Extracellular vesicles (EVs) broadly represent lipid bound vesicles secreted by cells into the
extracellular milieu, playing various roles in cell communication. While apoptotic bodies
are known to be released by damaged cells, all cells release EVs to maintain cellular
homeostasis. These EVs include exosomes (30-100 nm in diameter) released from the
intracellular compartment and ectosomes (100-1000 nm in diameter) directly shed from the
plasma membrane via outward budding. Depending on their cell of origin, EVs can contain
various cell constituents, including DNA, RNA, proteins, lipids and cellular metabolites.
Recent studies support a mechanism-driven functional role of EVs in mediating intercellular
communication both locally and distantly.1~8 Such cell-cell communication mediated by
EVs may induce a biological response of recipient cells to stimulate complex intracellular
signaling that can significantly affect cellular functions. Due to their clinical relevance, EVs
have become an area of great interest in biomedical research. They can be detected in cancer
cell lines, tumor tissues and many biofluids including plasma or serum, making these small
vesicles an attractive target for diagnostic and therapeutic applications.

In pancreatic cancer, EVs are involved in cell proliferation, epithelial-mesenchymal
transition (EMT), metastasis, angiogenesis and mediating the interaction of tumor cells and
tumor microenvironment.®-25 Mutations of common proto-oncogenes and tumor suppressor
genes, such as mutant KRAS and TP53, have been detected in circulating EVs from
patients with pancreatic ductal adenocarcinoma (PDAC),26-29 even in the early stages of
the disease.30 Studies have also found that EVs play roles in immunosuppression and
chemoresistance of PDAC.13:20.31-36 proteins are a major constituent in EVs and play
important roles in EV delivery and interactions with recipient cells, which may be involved
in pancreatic cancer promotion and metastasis. Studies11:12.15.16,21,27.37-53 haye syggested
the potential role of EV proteins in diagnosing PDAC®#-8 and in understanding tumor
biology and therapeutic treatment of PDAC. However, the mechanism of how the EV protein
cargo participates in communication with the tumor microenvironment and contributes to
carcinogenesis of PDAC remains poorly understood.

A recent study reported a comprehensive proteomic analysis of EVs derived from tumor
tissue explants and bodily fluids from multiple cancers, and identified a pan-cancer EV
marker panel to distinguish tumor from normal tissues.>® Several other proteomic studies
have emphasized the characterization of circulating EVs (eg, exosomes) from PDAC patients
for biomarker discovery.69-62 However, EVs derived from bodily fluid or tumor tissue could
be a mixture of various cell types. To focus on pancreatic cancer cells, two recent studies
investigated the proteome of exosomes derived from several pancreatic cancer cell lines
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and, and identified cancer related signal pathways enriched in the exosomes from pancreatic
cancer cell lines, in comparison to normal pancreatic ductal cells.53:64 Interestingly, about
35% of cellular proteins were sorted into exosomes, and these EV proteins presented
significant enrichment of pathways relevant to PDAC, including pathways regulating cell
death and survival, cellular movement, and cell-to-cell signaling and interaction, as well

as inflammatory response and FXR/RXR activation in biosynthetic pathways.®3 Due to the
heterogeneity of PDAC, an essential understanding of the proteomes of EVs derived from
PDAC cells from different patients would be important to facilitate the studies in EVs for
translational and clinical applications. Furthermore, a systematic characterization of the EV
proteomes from pancreatic cancer-associated fibroblast (CAF) has not been reported.

We herein report proteomic analysis to characterize the protein composition of EVs enriched
from five pancreatic cancer lines, including MIA PaCa-2, PANC-1, BxPC-3, AsPC-1

and CFPAC-1. Three of these cell lines, MIA PaCa-2, PANC-1, and BxPC-3 originated
from primary tumors.%° The other two cell lines, AsPC-1 and CFPAC-1, originated

from metastasis. These PDAC cell lines originated from different patients and their
genomic mutations and related tumorigenic and metastatic properties have been previously
characterized (ATCC.org). Two human primary pancreatic CAF cell lines (CAF11-50066
and WR76) were also included in our study, as CAF exosomes may regulate survival and
proliferation of pancreatic cancer cells.5” A normal pancreatic epithelial cell line (HPDE)68
was used as the normal control for the comparison. The data obtained in this study provides
an in-depth description of EV proteomes from pancreatic CAF cell lines and in comparison
to five PDAC cell lines and normal pancreatic ductal cells.

MATERIAL AND METHODS

Cell Lines

MIA PaCa-2, PANC-1, and BxPC-3 cell lines were obtained from ATCC (Manassas, Va).
AsPC-1 and CFPAC-1 cell lines were obtained from Dr. Tatjana Crnogorac-Jurcevic (Cancer
Research UK Barts Centre, London, UK). The human pancreatic ductal epithelium (HPDE)
cell line was obtained from Dr. Ming-Sound Tsao (University of Toronto, Toronto, Canada).
CAF11-500 (UM27) cells were obtained from Dr. Diane Simeone (NYU, New York, NY)
and WR76 cells were a gift from Dr. David Dawson (UCLA, Los Angeles, Calif). Cells
were grown in DMEM or RPMI supplemented with 10% fetal bovine serum and penicillin/
streptomycin and maintained in a humidified 37°C incubator with 5% CO,.

EV Enrichment

Cells were grown to 50-60% confluence and switched to serum free media for 48 hours. 40
ml of conditioned media was filtered using a 0.22 um Steriflip vacuum filter (Millipore
#SCGP00525, Burlington, Mass) and concentrated 20-fold using Amicon Ultra-15 3K
centrifugal filters (Millipore #UFC900308) as per manufacturer’s instructions and multiple
consecutive spins. The filtrate was transferred to a new tube. Twenty percent volume of
ExoQuick TC (System Biosciences #EXOTC10A-1, Palo Alto, Calif) was added to each
filtrate per manufacturer’s instruction and previous studies.5-"1 Samples were mixed by
inversion and stored at 4°C overnight. ExoQuick/media mixtures were centrifuged for 30
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minutes at 1500 x g at 4°C. The supernatant was aspirated. Tubes were spun for an
additional 5 minutes at 1500 x g and residual ExoQuick-TC solution was removed. The
EV pellet was resuspended in RIPA buffer plus protease inhibitors. Pellets were incubated
on ice for 10 minutes and tubes were spun for 15 min at 13,000 x g at 4°C. Supernatant
was transferred to a new tube and protein concentration measured with bicinchoninic acid
assay (BCA assay). Protein yields for these cell lines varied, and ranged from 0.13 to 15.91
mg/ml. Enriched EV samples were visualized by transmission electron microscopy (TEM)
to confirm the size of EVs. In brief, following ExoQuick-TC precipitation, EV pellets were
fixed overnight in half strength Karnovsky’s fixative containing 2.5% glutaraldehyde and
2% paraformaldehyde in 0.1 M phosphate buffer at 4°C and incubated on mesh grids and
embedded in 2% methylcellulose. Extracellular vesicles samples were visualized with a FEI
Tecnai Spirit BioTwin TEM using AMT software at 80 kV with magnifications of 49,000
and 68,000x (AMT V602.580.06 by AMT Imaging Systems, Woburn, Mass). Images were
analyzed for EV size using ImageJ (version 1.53e, National Institutes of Health, Bethesda,
Md).

Proteomics Sample Preparation

Fifty pg of EV preparations were transferred to new tubes and brought to 100 pl volume
with 1X phosphate buffered saline. Invertase glycoprotein (Sigma 10408, St. Louis, Mo)
was added to 0.5% from 2 mg/ml stock solution. Dithiothreitol was added to 10 mM final
concentration and tubes incubated at 50°C for 1 hour. lodoacetamide was added to 25

mM final concentration and tubes incubated at RT in the dark for 30 min. For acetone
precipitation, 5X volume of cold acetone (-20°C) was added to each tube. Tubes were
vortexed briefly and incubated at —20°C for 1 hour. Then tubes were centrifuged at 13,000
x gfor 10 min at 4°C. The supernatant was carefully removed, and tubes were incubated at
room temperature uncapped for 5 minutes to allow residual acetone to evaporate. Pellets
were then gently resuspended in 50 mM ammonium bicarbonate buffer. The samples

were digested with sequencing-grade trypsin (Promega #V5111, Madison, Wis) using 1:50
enzyme to protein weight ratio in a two-step process. In the first step, half of the trypsin
was added, and the sample was incubated for 2 h at 37°C and vortexed every 30 min. Then,
the remaining trypsin was added, and the mixture was incubated for an additional 16 h at
37°C. Trypsinized samples were purified with C18 columns (Nest Group, Ipswich, Mass),
resuspended to 1 pg/ul in 0.1% formic acid for mass spectrometric analysis.

Liquid Chromatography Tandem Mass Spectrometry Analysis

The samples were analyzed by liquid chromatography (LC) tandem mass spectrometry
(MS/MS) using an Orbitrap Fusion™ Tribrid™ mass spectrometer (Thermo Fisher
Scientific, Waltham, Mass) interfaced with a nanoACQUITY UPLC system (Waters,
Milford, Mass). Buffer A and buffer B for the HPLC were water and acetonitrile with 0.1 %
formic acid, respectively. One microgram of each sample was loaded from the autosampler
onto a Integrafrit trap column (100 um ID, NewObijective, Littleton, Mass) packed with
Reprosil-Pur C18-AQ 120 A 5 um material (Dr. Maisch, Ammerbuch-Entringen, Germany)
to a bed length of 3 cm. After loading and desalting for 10 min with 2% buffer B at a flow
rate of 2 uL/min, the sample was brought in-line with a fused-silica capillary column (75
um ID) with a pulled tip packed with 25 cm of Reprosil-Pur C18-AQ 120 A 5 um (Dr.
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Maisch). Peptides were then resolved with a 90-minute gradient of 5 to 30% B followed by
flushing at 80% B for 10 minutes and column equilibration with 2% B for 20 minutes. The
analytical flow rate was 0.3 pL/min and entire data acquisition lasted for 120 minutes. The
peptides were analyzed using the data-dependent acquisition (DDA) mode. The survey scan
was performed with 120K resolution at 400 /m/z from 400 to 1600 77z with AGC (automatic
gain control) target of 4e® and max injection time of 50 msec. The DDA cycle was limited to
3 seconds. Precursors exhibiting a charge state from 2 to 4 of greater than 5e3 intensity were
then selected for further fragmentation within a dynamic exclusion range of 30 seconds.
Fragmentation priority was given to the most intense ions. Monoisotopic precursor selection
was enabled. Precursor ions were isolated using the quadrupole with an isolation window

of 1.6 m/z. Higher-energy collisional dissociation (HCD) was applied with a normalized
collision energy of 28% and resulting fragments were detected using the rapid scan rate in
the ion trap. The AGC (automatic gain control) target for MS/MS was set to 1e# and the
maximum injection time was limited to 50 msec.

Data Processing and Analysis

The MS raw data files were converted to mzML open format and searched against

the UniProt Homo sapiens database for peptide/protein identification using the Comet
algorithm”2 embedded in the Trans-Proteomic Pipeline.” The database search was restricted
with the following parameters: trypsin was set as the enzyme with maximum missed
cleavages set to 2; the precursor ion tolerance was set to 20 ppm, and the fragment

ion tolerance to 1.0 Da. Variable modifications were set to methionine oxidation, and
carbamidomethylation on cysteine was set as a static modification. The peptide assignment
was validated with PeptideProphet,”4 and a probability score in correspondence with an
error rate of 1% was applied to filter the peptides. The Skyline software’ (version 4.2.0,
University of Washington, Seattle, Wash) was used for quantitative analysis of the DDA
data. The composite spectral library was built using all of the DDA data collected from

the samples analyzed with a PeptideProphet threshold score corresponding to 1% error rate.
Quantification was made at MS1 level using the sum of the first 3 monoisotopic peaks. The
abundance of each peptide was normalized to total ion current (TIC) and presented as ion
per million (IPM) using the following formula: Normalized IPM = Peptide Intensity / TIC *
1,000,000. Protein quantification was achieved by summation of the normalized intensities
of the corresponding peptides.

Statistical and Gene Set Enrichment Analysis

The protein network analysis and Gene Ontology (GO) annotation were conducted using
STRING.”6 The STRING implements well-known classification systems such as GO and
KEGG (Kyoto Encyclopedia of Genes and Genomes), as well as new classification systems
based on high-throughput text-mining and clustering of the association network itself.”® The
relative abundance data was log2 transformed to stabilize the variance. To avoid the issue of
log2 zero, we manually added one to the value before the data transformation. The data was
further subject to median standardization and the mean of each protein within each sample
was calculated. We used the normal control group (HPDE) as the reference and log2 fold
change of each protein was calculated. Gene Set Enrichment Analysis (GSEA) pre-ranked

analysis was performed and the annotated gene sets of “hallmark”, “gene ontology” and
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“KEGG” were used in this study. Adjusted Pvalue less than 0.05 was considered to be
statistically significant.

EV Characterization

The morphology and sizing of the enriched EVs were examined by TEM. As presented

in Figure 1A, the size of vesicles ranged between 50 nm to 350 nm, with an average

size of 118 (standard deviation [SD], 56) nm. A recent published MISEV2018 guidelines’’
recommended using at least three positive protein markers of EVSs, including at least one
transmembrane/lipid-bound protein and one cytosolic protein in all bulk EV preparations to
demonstrate the presence of EVs. Based on the mass spectrometric data, multiple common
EV markers were detected in the enriched EV preparations from all the cell lines (Fig. 1C).

EV Protein Profiles in PDAC Cells, CAFs, and HPDE

The investigation of EV proteomes from five PDAC cell lines, two pancreatic cancer
associated CAF cell lines, as well as a normal pancreas epithelial cell line, HPDE, yielded
more than 1400 unique proteins in the EV proteome from each cell line using stringent
criteria for peptide and protein identification (1% error rate) (Fig. 2A). In a comparison of
the EV proteomes identified in cancer cells, CAFs and HPDE, more proteins were identified
in the EVs derived from cancer cells, while a majority of the proteins (75%) were found in
all three groups (Fig. 2B). The comparison of the two CAF lines indicates that about 86%
of EV proteins identified from each CAF line overlapped with each other (Fig. 2C). Similar
observations were made in the comparison of the EV proteomes for the five PDAC cell
lines (Fig. 2D). Although each PDAC cell line demonstrated some differences and overlap
with others, likely due to inter-tumoral heterogeneity, the majority of the EV proteins were
commonly identified among the PDAC cells.

Composition of EV Proteomes

Among the EVs derived from all eight cell lines (5 PDAC, 2 CAF, and HPDE), 948 proteins
were commonly identified. Protein network analysis indicated that these EV proteins
represented a highly interactive and complex functional network (Fig. 3A). The composition
of these proteins included 30% and 85% of extracellular proteins and intracellular proteins,
respectively (a small portion of the proteins presented as located in both the extracellular
and intracellular compartments). The extracellular proteins included the proteins that were
present in the cell membrane, secretory vesicles, and extracellular matrix (Fig. 3B).

The intracellular proteins were comprised of proteins derived from various intracellular
components, such as the cytosol, secretory granules, nucleolus, endoplasmic reticulum,
Golgi apparatus, and mitochondrion (Fig. 3C).

Protein Functions and Pathways Commonly Enriched in the EV Proteomes

The functional clustering and interaction analysis indicated that the common EV proteins
identified in all eight cell lines were highly enriched in the biological processes of vesicle-
mediated transport and regulated exocytosis (Fig. 4A), and molecular functions of bindings,
structural molecule and hydrolase activity (Fig. 4B). The top enriched KEGG pathway was
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focal adhesion, with 55 EV proteins participating in the pathway (false discovery rate [FDR]
= 1.55E-21) (Fig. 4C). Other enriched pathways include pathogenic infection and glycolysis.
For protein-protein interaction, the most significantly enriched reactome was metabolism,
involving 286 EV proteins (FDR = 7.99E-68) (Fig. 4D). Other top enriched reactomes also
included the axon guidance and immune system.

Alterations of EV Proteomes in PDAC Cells and CAFs

Based on the protein intensity, quantitative assessments were further performed to identify
the significant functional networks that were altered in PDAC cells and CAFs in comparison
to the normal HPDE cell line. Using GO as the gene sets database, 58 and 56 dysregulated
gene sets were identified in cancer group and CAF group, respectively (Supplemental Figs.
1A, B, note that only the top 50 sets were plotted). Using hallmark gene sets as the database,
nine gene sets were identified with significant difference in the cancer group, including

four gene sets that were highly up-regulated in the EVs from cancer cell lines (Fig. 5A).
The GSEA plots of epithelial-mesenchymal transition (EMT), complement components and
coagulation were illustrated in Figures 6A—C. For the CAFs, three gene sets were enriched
in CAF group with statistical significance (Fig. 5B), including EMT, coagulation, and
angiogenesis (Figs. 6D-F).

Assessment of PDAC Associated Proteins in EV Proteome

In addition to the network analysis, we examined the individual EV proteins that may be
associated with pancreatic cancer. Using 50 IPM as an intensity threshold, we focused on
proteins that were relatively abundant (=50 IPM) in the EVs derived from all the PDAC cell
lines with >1.5-fold increase in expression compared to HPDE cells. Among the 36 proteins
identified, a set of eight proteins (alpha-2-HS-glycoprotein (AHSG),’8 apolipoprotein E
(APOE),”:80 fibulin-1 (FBLN1),81 aminopeptidase N (ANPEP or CD13),82 plasminogen
(PLG)83, gelsolin (GSN),84 S100-A4 (S100A4),79 and pigment epithelium-derived factor
(SERPINF1),84 that were previously found to be associated with PDAC, are shown in Figure
7. Except for ANPEP (CD13), the remaining proteins showed increased expression in the
EVs secreted from PDAC and CAF cell lines relative to HPDE. ANPEP (CD13) had an
increased expression in the EVs from all PDAC cell lines, but not the two CAF cell lines. It
is also notable that proteins from 14-3-3 protein family, which are implicated in pancreatic
carcinogenesis and chemoresistance, were found significantly decreased in the EVs from

all PDAC cell lines and CAF cell lines, including 14-3-3 protein epsilon, gamma, eta, zeta/
delta.

DISCUSSION

In this study, we characterized the EV proteomes enriched from eight cell lines, including
PDAC cells, CAFs, and normal ductal epithelial cells. As expected, most of the commonly
used EV markers were detected in our cell line datasets, including alix, Tsg101, CD81,
CD63, CD9, flotillin, integrins, and annexin V. Some EV markers, such as alix, CD81, and
integrins, were present across all eight cell lines analyzed, and could thus be considered as
pan-EV markers for these cell lines. In addition to these common EV markers, our study
identified nearly 1000 proteins that were detected in all eight cell lines, which could be
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considered as common EV proteins. It is not surprising that 85% of these common EV
proteins have been annotated as intracellular proteins, and they were highly enriched in the
biological processes related to vesicle-mediated transport and regulated exocytosis.

In the comparison of the cancer cells, CAFs and HPDE, several interesting observations
emerged. First, there were more hallmark gene sets enriched in the EVs from cancer cells
than the non-cancer cells. Among these, EMT was the most significantly enriched gene
set in cancer cells and surprisingly, also in mesenchymal CAFs. EMT is a process that
epithelial cancer cells gain migratory and invasive mesenchymal-like properties, which
drives cell stemness, invasiveness, and metastases. EVs could thus act as mediators to
orchestrate intercellular communication between tumor cells, CAFs, and tumor-associated
macrophages. In fact, EMT signals could be transferred between cancer cells and
neighboring cells, such as CAFs and immune cells.85:88 Qur findings of an enriched EMT
gene set in the EVs of cancer cells and CAFs support and reinforce the role of EVs as a
mediator in transmitting EMT signals in the tumor microenvironment.

Our study further highlighted the coagulation pathway as the second most significantly
enriched gene set in the EVs from pancreatic cancer cells. For pancreatic cancer,

studies have shown that EVs released from pancreatic cancer cells can promote thrombin
generation.87:88 Interestingly, our data indicated that the EV's from CAFs were also enriched
in the coagulation gene set. This confirms the notion that CAFs are critically involved

in orchestrating the diverse crosstalk between pancreatic cancer cells and immune cells;
together these cells contribute to a prominent PDAC tumor microenvironment that promotes
cancer proliferation, metastasis, coagulation defects, and drug resistance.

GPC1 was previously explored as an exosome biomarker for pancreatic cancer
detection.>#:55:57.89 However, several recent studies have reported discrepant results on

its accuracy in early detection of PDAC.8%-92 |n this study, while GPC1 was identified

in the EVs from all cell lines, it showed an increased expression in the EVs from

BxPC-3 and PANC-1 cancer cell lines and the two CAF cell lines (WR76, CAF11-500)
relative to HPDE, but not in the EVs from the other three PDAC cell lines (AsPC-1,
CFPAC-1, and MIA PaCa-2). More efforts may be needed to further evaluate exosomal
GPC1 for its clinical value in pancreatic cancer detection. In summary, while a significant
overlap was observed between EV proteomes of PDAC cells, CAFs and HPDE cells,

there were notable differences between the malignant cells and normal cells. Protein
networks relevant to pancreatic tumorigenesis, including EMT, complement response and
coagulation processes, were significantly enriched in the EVs from cancer cells or CAFs.
These findings support the roles of EVs as a potential mediator in transmitting malignant
signals in tumor microenvironment and possibly contributing to coagulation defects related
to cancer development. Further study is warranted to investigate potential functional changes
or biological relevance of the EVs in relation to the protein abundance changes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

EV Extracellular vesicles

EMT epithelial-mesenchymal transition

CAF cancer-associated fibroblasts

HPDE pancreatic epithelial cell line

PDAC pancreatic ductal adenocarcinoma

GSEA Gene Set Enrichment Analysis

GO Gene Ontology

KEGG Kyoto Encyclopedia of Genes and Genomes
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analysis of images taken with electron microscopy (n = 150). B, Representative image from
electron microscopy of EV enriched sample. The bar indicates 100 nm. C, Expression of
common EV markers in the enriched EV samples based on proteomic data. The number

presented in the table were the normalized intensity of the protein (IPM).
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FIGURE 2.
Summary of EV proteins identified from the eight cell lines, including 5 PDAC cell lines,

2 CAF cell lines, and HPDE. A, The number of proteins identified in each of the cell lines
with 1% false discovery rate (FDR). B, Overlap of protein identification between the PDAC
cell group, CAF group and HPDE. C, Overlap of protein identification between the two CAF
cell lines. D) Overlap of protein identification among the five PDAC cell lines.
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Protein network analysis of common EV proteins. A, The protein network of the common

948 EV proteins which were present in all eight cell lines. The yellow and blue nodes
represent the extracellular and intracellular proteins, respectively. The nodes with two
colors represent proteins may present in both extracellular and intracellular regions. B,
The distributions of the extracellular proteins in the different extracellular regions. C, The
distributions of the intracellular proteins among the intracellular components.
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STRING analysis of common EV proteins. The common 948 EV proteins which were
present in all eight cell lines were imported to STRING for enrichment analysis based on
biological process (A), molecular function (B), KEGG (Kyoto Encyclopedia of Genes and
Genomes) pathway (C), and reactome (D). Only the top ten enrichment terms based on false
discovery rate were presented.
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Enrichment analysis of differential proteins using GSEA (Gene Set Enrichment Analysis)
with hallmark gene sets. A, PDAC cells versus HPDE. B), CAF cells versus HPDE.
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FIGURE 6.
The GSEA (Gene Set Enrichment Analysis) plots of the top 3 up-regulated hallmark gene

sets based on the p-value. A-C, PDAC cells versus HPDE. D-F, CAF cells versus HPDE.
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The abundance (represented by normalized intensity in log2 scale) of selected proteins in
the EVs secreted from PDAC cells (red dots), CAFs (orange dots), and HPDE (blue dot). A,
AHSG, (B) APOE, (C) FBLNL1, (D) ANPEP (CD13), (E) PLG, (F) GSN, (G) S100A4, (H)

SERPINF1.
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