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Abstract: Small extracellular vesicles (sEVs) mediate the interaction between tumor and tumor-associated mac-
rophages (TAMs). This study aims to demonstrate that the pancreatic ductal adenocarcinoma (PDAC)-derived sEV 
Ezrin (sEV-EZR) could modulate macrophage polarization and promote PDAC metastasis. We isolated PDAC-derived 
sEVs and plasma sEVs from PDAC patients. Human blood mononuclear cell (PBMC)-derived macrophages were 
treated with PDAC-derived sEVs or the counterpart depleted Ezrin (EZR) with shRNA-mediated knockdown. We used 
enzyme-linked immunosorbent assays and flow cytometry to monitor macrophages polarization. NOD/SCID/IL2Rγnull 
mice were treated with sEVs to study PDAC liver metastasis. The plasma sEV-EZR levels of 165 PDAC patients and 
151 high-risk controls were analyzed. The EZR levels are higher in sEVs derived from PDAC cells and PDAC-patient 
plasma than that of the normal controls. PDAC-derived sEVs modulate the polarization of macrophages to M2 
phenotype, while PDAC-shEZR-derived sEVs polarize macrophages into M1 phenotype. We found an increase in M1 
TAMs and a decrease in M2 TAMs in orthotropic tumors treated with PDAC-shEZR-derived sEVs. The amount of liver 
metastasis in PDAC-shEZR-derived sEVs-treated mice was observed to be smaller than that of controls. The mean 
plasma sEV-EZR levels from PDAC patients were significantly higher than those from the controls (32.43±20.78 vs. 
21.88±11.43 pg/ml; P<0.0001). The overall survival in the high-plasma sEV-EZR patients was significantly shorter 
than that in the low-EZR group (6.94±15.25 vs. 9.63±15.11 months; P=0.0418). sEV-EZR could modulate macro-
phage polarization and promote metastasis in PDAC. Targeting sEV-EZR can be considered a promising therapeutic 
strategy to inhibit PDAC metastasis.
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Introduction

The tumor microenvironment (TME) of pancre-
atic ductal adenocarcinoma (PDAC), which 
comprises extracellular matrix, fibroblasts, 
endothelial cells and immune cells together 
with a minority of malignant cells, characterizes 
prominent desmoplastic change and plays a 
vital role in cancer development and chemore-
sistance [1]. Therapeutic failures of chemother-
apy, targeted therapy, and immunotherapy 
have all been attributed to the PDAC microenvi-
ronment [2, 3]. Macrophages are one of the 
major components of the TME involving tumor 
progression [4, 5]. Tumor-associated macro-
phages (TAMs) are observed to secrete cyto-

kines and inflammatory mediators that provide 
a favorable milieu for cancer cell [6, 7]. 
According to their polarization states, macro-
phages are categorized into two types: classi-
cally activated type 1 (M1 macrophages), and 
alternatively activated type 2 (M2 macro-
phages) [8]. M1 macrophages, characterized by 
the expression of the inducible-type nitric oxide 
synthase (iNOS), are pro-inflammatory and 
develop in response to lipopolysaccharides 
(LPS) or interferon-γ (IFN-γ) [9]. M2 macro-
phages, or anti-inflammatory macrophages, 
develop in response to interleukin (IL)-4, IL-13 
or glucocorticoids, and are characterized by the 
secretion of anti-inflammatory mediators, 
including transforming growth factor-β1 (TGF-
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β1) and IL-10 to promote extracellular matrix 
remodeling and angiogenesis [10, 11]. M2 
TAMs are related to pro-tumor features, where-
as M1 macrophages exert anti-tumor functions 
[12]. Abundant M2-related markers (e.g., CD- 
163 and CD206) in tumor tissues correlate 
negatively with the survival of cancer patients, 
including those with PDAC [5, 13].

Extracellular vesicles (EVs) constitute a hetero-
geneous family of cell-released fluid-filled sacs 
bounded by a phospholipid bilayer without 
functional nucleus [14]. Small EVs (sEVs; less 
than 200 nm) or exosomes are the principal 
families of EVs with multiple biological func-
tions participating in physiological and patho-
logical processes from aging to cancer, inflam-
mation, immune signaling, infectious disease 
and obesity [15, 16]. sEVs originating from 
tumor cells contain substantial proteomic and 
genetic information for disease diagnostics 
and for monitoring cancer progression, metas-
tasis and drug efficacy [17]. In addition, sEVs 
are present in diverse biofluids such as plasma 
[18, 19], breast milk [19], urine [20] and asci-
tes [21]. Also, sEVs have been shown to regu-
late interaction between tumor and immune 
cells, including the regulation of TAMs, contrib-
uting to the pro- or anti-tumor responses [22]. 

EZR, a member of the Ezrin-radixin-moesin 
(ERM) family, regulates cell proliferation, mor-
phogenesis, migration and adhesion, and mod-
ulates plasma membrane signaling transduc-
tion [23]. EZR is preferentially produced in epi-
thelial cells, to whose apical surface it localiz- 
es [24]. EZR expression was up-regulated in 
PDAC and was associated with tumor progres-
sion [25, 26]. Little is known about the role of 
small extracellular vesical Ezrin (sEV-EZR) 
involved in TAM regulation in PDAC. This study 
aims to demonstrate that the PDAC-derived 
sEV-EZR could regulate the macrophage polar-
ization and promote PDAC metastasis, and that 
sEV-EZR is significantly associated with PDAC 
patient survival.

Materials and methods

Culture of cell lines

Human pancreatic duct epithelial cell (HPDE) 
was cultured in keratinocyte serum-free (KSF) 
medium supplemented by epidermal growth 
factor and bovine pituitary extract (Life Tech- 

nologies, Inc., Grand Island, NY). PANC-1 cells 
were cultured in DMEM and BXPC-3, PDAC 
patient-derived xenograft PC080, and PC084 
cells were cultured in RPMI1640 (Gibco, Grand 
Island, NY, USA) supplemented with 10% exo-
some-depleted fetal bovine serum (FBS) (Gibco, 
Grand Island, NY, USA), 1 mM sodium pyurvate 
and 1% non-essential amino acids (Gibco, 
Grand Island, NY, USA). THP-1 and U937 cells, a 
pro-monocytic cell line, were cultured in RPMI 
1640 supplemented with 10% fetal bovine 
serum. All cells were cultured at 37°C in a 5% 
CO2 atmosphere and maintained within 3 
months of resuscitation from the frozen ali-
quots, with less than 20 passages for each 
experiment.

Patient samples and tissue collection

Between January 2005 and December 2017, 
peripheral blood and surgical tissues were col-
lected at the National Taiwan University Hos- 
pital from 165 patients with cytologically and/
or pathologically confirmed PDAC after their 
written informed consents were obtained. All 
the patients’ demographic data, including age, 
sex, serological study results, image study 
results, survival data, and clinical manifesta-
tions were collected. Peripheral blood was col-
lected from 151 controls at high risk for PDAC 
(high-risk controls; HRCs) who had a family his-
tory of PDAC and participated in the pancreatic 
cancer screening program at the National 
Taiwan University Hospital between January 
2005 and December 2015 [27]. All control sub-
jects underwent a detailed history assessment 
and physical examination, family history collec-
tion, personal and family health history collec-
tion, magnetic resonance imaging/magnetic 
resonance cholangiopancreatography (MRI/
MRCP) examination and blood testing. All con-
trols were followed up for more than 2 years 
and were free of pancreatic malignancy. The 
study was reviewed and approved by the 
Institutional Review Board of the National 
Taiwan University Hospital. 

Separation and characterization of sEVs 

Separation of sEVs from cells: For separation of 
sEVs from HPDE, BXPC-3, PANC-1, PC080 and 
PC084 cell-conditioned medium, 160 ml of 
medium after incubation with each cell line was 
harvested, and the cells were removed from 
the conditioned media by centrifugation at 500 



sEV-EZR promotes PDAC metastasis

14	 Am J Cancer Res 2020;10(1):12-37

× g for 10 min. The supernatants were succes-
sively centrifuged at 2000 × g for 20 min, fil-
tered through a 0.22-um filter, and ultra-centri-
fuged at 100,000 × g for 1.5 hours (Beckman 
70Ti rotor). Pellets were resuspended in 20 mM 
4-(2-hydroxyethyl)-1-piperazineethanesulfonic 
acid (HEPES) and loaded on top of sucrose gra-
dients with the indicated compositions (from 
bottom to top, 1.2 ml of 2 M, 2 ml of 1.3 M,  
2 ml of 1.16 M, 1.8 ml of 0.8 M, 1.8 ml of 0.5 
M, and 1.2 ml of 0.25 M with 20 mM Tris, pH 
7.4). Ultra-centrifugation was performed at 
100,000 × g for 16 hours (Beckman SW41 
rotor), and 0.5 ml from each fraction was col-
lected. The isolated EVs were washed 3 times 
with PBS through Amicon-0.5 ml centrifugal fil-
ters with a cut-off of 100 kD (Millipore, Billerica, 
MA, USA) for further analysis.

Separation of sEVs from human plasma sam-
ples: Ten ml of peripheral venous blood was col-
lected into a plasma separator tube (Plastic 
K2EDTA tube 10 ml with Lavender Hemogard 
Closure, BD Vacutainer Systems, Franklin 
Lakes, NJ, USA) from each patient and control 
under fasting conditions, and then the plasma 
was immediately separated by centrifugation at 
3000 × g for 10 min in a refrigerated centri-
fuge. The plasma was stored at -80°C for fur-
ther analysis. Size-exclusion chromatography 
(SEC) was performed to isolate sEVs from plas-
ma. In brief, 20 ml of Sepharose CL-4B (Sigma 
Aldrich, St. Louis, MO, USA) was stacked in a 27 
ml syringe (BD PlasticpakcTM, San Jose, CA), 
washed and equilibrated with PBS. Then, 1.2 
ml of plasma was diluted 1:1 with PBS, filtered 
through a 0.22-µm filter and centrifuged at 
13,000 × g for 15 min. Finally, 2 ml of superna-
tant was loaded onto the column, followed 
immediately by fraction collection (0.5 ml per 
fraction and a total of 20 fractions were col-
lected) using PBS as the elution buffer and EV 
concentration (30-kDa MWCO Amicon Ultra 0.5 
ml, Millipore, Billicera, MA, USA). 

sEV size analysis: Size distribution and concen-
tration of isolated vesicles were measured 
using the NanoSight NS300 instrument (Mal- 
vern Instruments Ltd, Malvern, UK) equipped 
with a 488 nm laser and a CCD camera (model 
NS-300). Data were analyzed using the Na- 
noparticle Tracking Analysis (NTA) software 
(versions 3.1 build 3.1.46). Samples processed 
by SEC were diluted 90-100 times using sterile 
and filtered phosphate buffered saline (PBS) to 

reduce the number of particles in the field of 
view below 100/frame. Readings were taken in 
a single capture during 60 s at 30 frames per 
second (fps), with the camera level set to 15 
and manual monitoring of temperature.

Immunoblot analysis of sEV proteins 

Cells or sEVs were lysed in RIPA lysis buffer 
(containing 50 mM Tris-HCl, 1% NP-40, 150 
mM NaCl, 0.1% SDS, 1 mM PMSF, 1 mM 
Na3VO4) with complete protease and protease 
inhibitor cocktail (1:1000) (Sigma-Aldrich, Inc.). 
Protein concentrations were then determined 
using the BCA assay kit (Thermo, USA) in accor-
dance with the manufacturer’s instructions. 
Then, 5 μg of protein lysates from cells and 0.5 
μg of protein lysates from sEVs were loaded 
onto 10% SDS polyacrylamide gels and subject-
ed to electrophoresis, followed by transferring 
the proteins to poly-vinylidene fluoride mem-
branes (Pall Life Sciences, Glen Cove, NY). The 
membranes were then probed with antibodies 
specific for sEV-enriched markers, Alix (ab18- 
6429), Flotillin-1 (ab133497), TSG101 (ab12- 
5011), and CD9 (ab92726) (Abcam, Cambridge, 
UK); CD81 (se-166029) (Santa Cruz, Dallas, 
TX); antibody against Calnexin (#22595) (Cell 
Signaling, Danvers, Massachusetts, USA); anti-
bodies against Annexin A11 (ab137424); anti-
bodies against Ezrin (ab41672) (Abcam, Cam- 
bridge, UK); antibodies against Moesin (GTX- 
101708) and antibodies against GPRC5A (GT- 
X108135) (GeneTex, Irvine, CA, USA). Signals 
from HRP-coupled secondary antibodies were 
visualized using the enhanced chemilumines-
cence (ECL) detection system (PerkinElmer, 
Waltham, MA). The membrane was exposed 
using enhanced chemiluminescence reagents 
and analyzed using the BioSpectrum 810 
Imaging Systems (UVP, Upland, CA).

Transmission electron microscope: Formvar/
carbon-coated copper grids (Ted Pella, Inc., Re- 
dding, CA, USA) were glow-discharged before 
the purified sEV samples (0.1 μg) were loaded. 
The grids and samples were incubated for 1 
min and were contrasted in 1% uranyl acetate. 
The preparations were examined using a trans-
mission electron microscope (TEM) (Tecnai G2 
F20 X-TWIN, FEI, USA).

shRNA-mediated downregulation of sEV-EZR

For gene knockdown experiments, shRNA cl- 
ones for EZR and their control pLKO.1-scramble 
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(ASN0000000004) were obtained from the 
National RNAi Core Facility (Academia Sinica, 
Taiwan). The pcDNA3.1-EZR plasmid was gen-
erated by inserting full-length cDNA (Ezrin: 
NM_003379) into the pcDNA3.1+ vector. For 
transfection of the other plasmids, cells were 
transiently transfected with 5 μg of plasmids 
using Lipofectamine 3000 from Invitrogen (CA, 
USA) according to the manufacturer’s protocol.

Flow cytometry: macrophage differentiation 
and polarization 

Mononuclear cells were isolated from human 
whole blood by standard density gradient cen-
trifugation with lymphoprep (StemCell Tech- 
nologies Inc., Vancouver, Canada). CD14+ cells 
were subsequently purified from peripheral 
mononuclear cells by high-gradient magnetic 
sorting using anti-CD14 microbeads (EasySep™ 
Human CD14 Positive Selection Kit II, StemCell 
Technologies Inc., Vancouver, Canada). To pre-
pare human blood mononuclear cell (PBMC)-
derived macrophages, CD14+ cells were cul-
tured in RPMI media containing 10% FBS and 
50 ng/ml GM-CSF or M-CSF (R&D, Minneapolis, 
MN, USA) for 6 days. Then, M0 cells were polar-
ized into M1 using 20 ng/ml IFN-γ (R&D, 
Minneapolis, MN, USA) and 100 ng/ml LPS 
(Sigma-Aldrich, USA) or polarized into M2 using 
IL-4 and IL13 (50 ng/ml, R&D, Minneapolis, 
MN, USA), both co-incubated with 5 μg/ml cell-
derived sEVs for 72 h. The cells were harvest-
ed, washed twice with PBS, fixed in 1% parafor-
maldehyde (PFA) overnight at 4°C, washed 
again, and resuspended in flow cytometry buf-
fer (1 × PBS buffer containing 1% FSA). To 
determine M1 or M2 phenotypes, these cells 
were labeled with the surface fluorchrome-con-
jugated antibodies: CD80 and CD86 for M1, 
and CD163 and CD206 for M2 (BD Biosciences, 
Franklin Lakes, NJ) for 60 min on ice in the 
dark. The stained cells were analyzed in a BD 
FACSCantor™ system (BD Biosciences, Franklin 
Lakes, NJ) using the CELLQuest Analysis soft-
ware (BD Biosciences, Franklin Lakes, NJ). 

Enzyme-linked immunosorbent assay (ELISA)

Prior to ELISA, 2X RIPA lysis buffer was added 
to sEVs, followed by 10-min sonication to 
release proteins and 10-min centrifugation at 
13000 × g to remove debris. Plasma sEV-EZR 
was assayed via a quantitative sandwich ELISA 
according to the manufacturer’s (elabscience, 

Selangor, Malaysia) protocol. Following treat-
ment of PBMC CD14+ macrophages with sEVs 
only, with sEVs and LPS+INF-γ, or with sEVs and 
IL-4+IL-13 (R&D Systems, Inc., Minneapolis, 
MN, USA), cell supernatants were collected and 
processed using R&D Duoset ELISA kits (R&D 
Systems, Inc, Minneapolis, MN, USA) according 
to the manufacturer’s instructions in detection 
of cell secretion of IL-10 (cat# DY217B, CCL-18 
(cat# DY394), TNF-α (cat# DY210), and IL-1β 
(cat# DY201). 

Animal studies 

All animals were monitored for abnormal tissue 
growth or ill effects according to AAALAS guide-
lines and euthanized if excessive deterioration 
of animal health was observed. No statistical 
method was employed to pre-determine sam-
ple size. No method of randomization was 
adopted to allocate animals into experimental 
groups. The investigators were not blinded to 
allocation during experiments and outcome 
assessment. Mice that died before the prede-
termined end of the experiment were excluded 
from the analysis. To study liver metastasis and 
tumor size, 6-week NOD/SCID/IL2Rγnull (NSG) 
male mice (kindly provided by the Dr. Michael 
Hsiao, Genomic Research Center, Academia 
Sinica, Taipei) were retro-orbitally injected with 
sEVs (corresponding to a total protein content 
of 5 µg) for 1 week. Then, 1 × 106 luciferase-
positive PC080 cancer cells, which were resus-
pended in 25 µl matrigel (Corning), were inject-
ed orthotopically into pancreas. After cancer 
cell injection, the mice were injected with sEVs 
(corresponding to a total protein content of 5 
µg) every other day for 1 week. After 21 days, 
tumors at pancreas of each mouse were ana-
lyzed by weight and size, and metastases of 
liver were measured using bioluminescence 
IVIS imaging (PerkinElmer, Waltham, MA, USA). 

Immunohistochemical (IHC) staining: Formalin-
fixed paraffin-embedded primary tumor tissue 
sections were used for IHC. For heat-induced 
antigen retrieval, slides were soaked in citric 
acid buffer (pH 6.0) and heated till 121°C for 
30 min. After quenching endogenous peroxi-
dase activity with 3% H2O2, sections were 
blocked. Mouse tissues were then incubated 
with anti-CD206 antibody (Ab64693, 1:100) 
and anti-iNOS antibody (Ab15323, 1:50) 
(Abcam, Cambridge, MA), while human tissues 
were incubated with anti-CD68 antibody 
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(M0814, 1:3000) (DakoCytomation, CA, USA) 
and anti-CD206 antibody (#91992, 1:200) 
(Cell Signaling, Danvers, Massachusetts, USA) 
at 4°C overnight. Specific signals were then 
developed with LSAB+ kit (DakoCytomation, 
CA, USA) using diaminobenzidine (Biocare) as 
chromogen. Sections were then counterstained 
with hematoxylin and observed under light 
microscope. Slides were scanned using Leica 
Aperio AT2 (Aperio, Leica Microsystems, Vista, 
CA) with 40 × magnification. Immunohistoch- 
emical expression was quantified in immuno-
histochemistry digital slides with Leica Aperio 
positive pixel count algorithm using whole slide 
analysis (Aperio ImageScope v12.3). 

Statistical analysis

The plasma sEV-EZR level was summarized as 
the mean and standard deviations, and was 
then compared across patient subgroups on 
the basis of tumor stages using the Mann-
Whitney-Wilcoxon test. Survival curves were 
plotted using the Kaplan-Meier method and 
then compared with the log-rank test. Receiver 
operating characteristic (ROC) curves and 
areas under the ROC curves (AUCs) were estab-
lished for discriminating PDAC patients from 
controls. The cutoff values for plasma sEV-EZR 
levels were determined from the ROC curves by 
calculating the Youden index. The sensitivity 
(SN) and specificity (SP) were calculated for sig-
nificant variables using the optimal cutoff as 
determined by the ROC analysis. The data of 
macrophage polarization experiment were 
expressed as the mean ± standard deviation 
(SD) from at least three independent experi-
ments. Differences of various treatment groups 
were assessed using the Student’s t test or 
ANOVA when appropriate. Differences were 
considered significant at P<0.05. Data analy-
ses were performed using GraphPad Prism Ver. 
5.02 (San Diego, CA) and MedCalc v.5 software 
(Mariakerke, Belgium).

Results

PDAC-derived sEVs regulate the polarization of 
PBMC and THP-1/U937-derived macrophages 
to M2 phenotype

We have applied the ultracentrifugation (UC) 
followed with sucrose density gradient (SDG) to 
purify sEVs from the culture medium. Purified 
sEV (exosomes) have been characterized by 
Western Blot (exosome-enriched markers 

including Alix, TSG 101, Flotillin-1, and CD81) 
(Figure 1A); NTA (particle-size confirmation) 
(Figure 1C); TEM (morphological detection) 
(Figure 1D). 

The following cytokines were measured by 
ELISA to assess macrophage phenotypes: 
TNF-α/IL-1β for M1 and IL-10/CCL18 for M2. 
The surface markers were detected by flow 
cytometry to characterize macrophage pheno-
types: CD80/CD86 for M1 and CD163/CD206 
for M2. Freshly isolated CD14+ PBMCs-derived 
macrophages were incubated with sEVs for 72 
hr. The amount of M1 cytokines IL-1β and TNF-α 
treated with PDAC cell (PC080 and PC084)-
derived sEVs is found to be less than HPDE cell-
derived sEVs (Figure 2A). A significant increase 
was found in M2 cytokines CCL18 and IL-10 
treated with PDAC cell-derived sEVs, compared 
with HPDE cell-derived sEVs (Figure 2A). Flow 
cytometry showed the increased macrophages 
with M2 markers (CD163 and CD206) and 
reduced macrophages with M1 markers (CD80 
and CD86) in CD14+ PBMCs-derived macro-
phages treated with PDAC cell-derived sEVs, 
compared with the macrophages treated with 
HPDE cell-derived sEVs (Figure 2B). Also, the 
role of PDAC sEVs in macrophage polarization 
was further explored. 

In earlier research, lipopolysaccharides (LPS) 
and interferon-γ (IFN-γ) can polarize macro-
phages into M1 macrophages [9], while inter-
leukin (IL)-4 and IL-13 can polarize macro-
phages into M2 macrophages [11, 28, 29]. The 
amount of M1 cytokines IL-1β and TNF-α in 
CD14+ PBMCs-derived macrophages treated 
with LPS, IFN-γ, and PDAC cell-derived sEVs is 
found to be smaller than that in CD14+ PBMCs-
derived macrophages treated with LPS, IFN-γ, 
and HPDE cell-derived sEVs (Figure 2C). A sig-
nificant increase of M2 cytokines CCL18 and 
IL-10 in CD14+ PBMCs-derived macrophage 
treated with IL-4, IL-13, and PDAC cell-derived 
sEVs is observed in contrast to CD14+ PBMCs-
derived macrophage treated with IL-4 and 
IL-13, and HPDE cell-derived sEVs (Figure 2C). 
Similarly, flow cytometry showed the increased 
macrophages with M2 markers (CD163 and 
CD206) in CD14+ PBMCs-derived macrophages 
treated with IL-4, IL-13, and PDAC cell-derived 
sEVs, compared with the macrophages treated 
with IL-4, IL-13 and HPDE cell-derived sEVs. 
Macrophages with M1 markers (CD80 and 
CD86) were reduced in CD14+ PBMCs-derived 
macrophages treated with LPS, IFN-γ, and 
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PDAC cell-derived sEVs, compared with the 
macrophages treated with LPS, IFN-γ, and 
HPDE cell-derived sEVs (Figure 2D).

Similar patterns in terms of sEV-induced mac-
rophage polarization can be found in human 
THP-1 and U937 cell lines (Figure 3). M2 TAMs 
have been reported to be associated with rapid 
progression of PDAC [5, 13, 30]. We also 
observed the increased staining of M2 marker 
CD206 as well as CD68 by immunohistochem-
istry in PDAC tissues, and that the increase in 
both markers was correlated with the cancer 
stages (Figure 2E).

EZR level higher in sEVs derived from PDAC 
cells and PDAC-patient plasma 

To investigate the content of sEVs for this bio-
logical function, we purified sEVs from human 
PDAC cell lines (PANC-1, BXPC-3, and PC080) 
and HPDE cells (control cell line) analyzed by a 
liquid chromatography (LC)-tandem mass spec-

trometry (MS/MS) analysis. Four polypeptides, 
Annexin A11 (ANXA11), Ezrin (EZR), Moesin 
(MSN), and Retinoic acid-induced protein 
(GPRC5A), were identified with 1.5 fold high 
level in sEVs derived from BXPC-3, PANC-1, and 
pc080 cell sEVs, compared with those from 
HPDE (Figure 4A). Western blotting showed 
that the EZR level appears to be consistently 
higher in sEVs derived from PDAC cell lines than 
in those from HPDE cells (Figure 4B). We used 
size-exclusion chromatography (SEC) to purify 
sEVs from 1 ml aliquots of plasma from patients 
with PDAC and controls (Figure 5A). Purified 
sEVs from plasma have also been character-
ized by NTA (particle-size confirmation) (Figure 
5B); NanoDrop spectrophotometer (protein and 
RNA concentrations within fractions of 6 to 8) 
(Figure 5C); Western Blotting (exosome-
enriched markers including Alix, Flotillin-1, CD9, 
CD63, and CD81) (Figure 5D); TEM (morpho-
logical detection) (Figure 5E). Western blotting 
also showed that the EZR level appears to be 

Figure 1. Separation and Characterization of sEVs from conditioned medium via ultracentrifugation (UC) and a 
sucrose density gradient (SDG). A. Western blots of sEV-enriched markers. Abundant Flotillin-1, Alix, TSG101, and 
CD81 are detected in sEVs isolated from conditioned medium in fraction 7-10 by UC-SDG. B. RNA, protein (up 
panel), and EVs concentrations (down panel) in fraction 7-10. C. Nanoparticle tracking analysis by NasoSight 300 of 
purified EVs in fraction 7-9. D. PDAC cell-derived sEVs were observed by TEM. Scale bars are 50 nm. 
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Figure 2. PDAC cell-derived sEVs promote M2 polarization in CD14+ PBMC-derived macrophages. A. ELISA analysis 
of M1 cytokines (TNF-α and IL-1-β, left panel) and M2 cytokines (CCL18 and IL10, right panel) in CD14+ PBMCs-
derived macrophages incubated with PDAC cells (PC080 and PC084)-derived sEVs or HPDE cell-derived sEVs for 
72 hrs. B. Flow cytometry analysis of M1 cell surface markers (CD80 and CD86 left panel) and M2 (CD163 and 
CD206, right panel) cell surface markers on CD14+ PBMCs-derived macrophages incubated with PDAC cells (PC080 
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and PC084)-derived sEVs or HPDE cell-derived sEVs for 72 hrs. C. ELISA analysis of M1 and M2 cytokines in CD14+ 
PBMCs-derived macrophages treated with LPS+INF-γ (M1 induction cytokine, left panel) or IL-4+IL-13 (M2 induction 
cytokine, right panel) in combination with sEVs (derived from either PDAC cell or HPDE cells) for 72 hrs. D. Flow cy-
tometry analysis of M1 and M2 cytokines in CD14+ PBMCs-derived macrophages treated with LPS+INF-γ (M1 induc-
tion cytokine, left panel) or IL-4+IL-13 (M2 induction cytokine, right panel) in combination with sEVs (derived from 
either PDAC cell or HPDE cells) for 72 hrs. Above data represented means ± SD from 4 independent experiments. 
E. Representative images of CD68 and CD206 (M2 macrophage marker) staining by immunohistochemistry (IHC) 
in human PDAC tissues (upper panel). The bar chart showed the percentages of CD68+ macrophage and CD206+ 
macrophage of total cells in IHC images. Each dot represented the datum from one patient. Scale bar, 100 μm. 
40 × magnification. Level of significance was determined using Student’s t-test. *P<.05, **P<.005, ***P<0.001.
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consistently higher in sEVs derived from PDAC-
patient plasma than in those from non-cancer 
controls (Figure 4C).

High plasma sEV-EZR level correlates with 
poor prognosis of PDAC patients 

To explore the potential clinic significance of 
sEV-EZR, we analyzed sEVs from plasma of 165 
PDAC patients and 151 controls. The demo-
graphic data of study subjects in this study was 
shown in Table 1. The mean EZR levels were 
significantly higher in plasma sEVs from PDAC 
patients than those from the controls (32.43± 

20.78 vs. 21.88±11.43 pg/ml; P<0.0001; 
Figure 6A). However, the EZR level in plasma 
sEVs did not correlate with the tumor stage 
(P=0.1914; Figure 7A). We observed no differ-
ences in EZR levels between PDAC plasma and 
control plasma (Figure 7B). In this study, PDAC 
patients were stratified into low-EZR (<28.89 
pg/ml) and high-EZR (≥28.89 pg/ml) groups on 
the basis of the plasma sEV-EZR level (Table 2). 
The OS in the high-EZR group was statistically 
significant shorter than that in the low-EZR 
group (6.94±15.25 vs. 9.63±15.11 months; 
P=0.0418) (Figure 6B). Multivariate analysis, 
including age, sex, tumor stage, and plasma 

Figure 3. PDAC cell-derived sEVs promotes M2 polarization in THP-1/U937 derived macrophages. A. ELISA analy-
sis of M1 cytokines (TNF-α and IL-1-β, left-panel) and M2 cytokines (CCL18 and IL10, right panel) in THP-1/U937 
derived macrophages incubated with PDAC cells (PC080 and PC084)-derived sEVs or HPDE cell-derived sEVs for 
72 hrs. B. Flow cytometry analysis of M1 cell surface markers (CD80 and CD86, left-panel) and M2 (CD163 and 
CD206, right panel) cell surface markers on THP-1/U937 derived macrophages incubated with PDAC cells (PC080 
and PC084)-derived sEVs or HPDE cell-derived sEVs for 72 hrs. C. ELISA analysis of M1 and M2 cytokines in THP-1/
U937 derived macrophages treated with LPS+INF-γ (M1 induction cytokine, left panel) or IL-4+IL-13 (M2 induction 
cytokine, right panel), co-incubated with sEVs (sEVs derived from either PDAC cell or HPDE cells) for 72 hrs. D. Flow 
cytometry analysis of M1 and M2 cytokines in THP-1/U937 derived macrophages treated with LPS+INF-γ (M1 induc-
tion cytokine, left panel) or IL-4+IL-13 (M2 induction cytokine, right panel), co-incubated with sEVs (sEVs derived 
from either PDAC cell or HPDE cells) for 72 hrs. Data represented means ± SD from 3 independent experiments. 
All results are averaged from 3 independent experiments. Data represents means ± S.D. *P<.05, **P<.005, 
***P<0.001 by Student’s t-test.
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sEV-ZER level, showed that plasma sEV-ZER 
level is an independent prognostic marker in 
PDAC patients (Table 3).

The ROC curve analysis was performed to fig-
ure out the SN and the SP of plasma sEV-EZR 
as a diagnostic biomarker for PDAC. Based on 
the Youden index calculation, the optimal cut-
off value was ascertained for the ability of plas-
ma sEV-EZR to distinguish PDAC patients from 
controls. At the cut-off value of 27.08 pg/ml, 
plasma sEV-EZR yielded an SN of 55.2%, an SP 
of 71.5%, and an AUC of 0.661 [95% confidence 
interval: 0.602-0.721] for distinguishing PDAC 
patients from controls (Figure 6C). 

Knockdown of PDAC-derived sEV-EZR polarizes 
PBMC and THP-1/U937-derived macrophages 
toward M1 phenotype

We next determined the role of PDAC-derived 
sEV-EZR in the polarization of M1/M2 pheno-
type macrophages. EZR expression in PC084 
cells was knocked down with shRNA (PC084-
shEZR). Afterward, the EZR levels in sEVs 
derived from PC084 cells transfected with EZR 
shRNA were verified by Western blotting (Figure 
8A). 

Freshly isolated CD14+ PBMCs-derived macro-
phages were incubated with the PC084-shEZR-
derived sEVs for 72 hr. The amount of M1 cyto-

Figure 4. Ezrin found in PDAC cell-derived sEVs and PDAC patient plasma-derived sEVs. A. Identification of sEV 
peptides from LC-MS/MS analysis. Venn diagram indicates the intersection of sEV peptides across three different 
PDAC cell lines (BXPC-3, PANC-1 and PC080). B. Ezrin (EZR) is overexpression in PDAC cell-derived sEVs. C. The EZR 
in sEVs from plasmas of PDAC patients. 
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Figure 5. Separation and Characterization of sEVs derived 
from PDAC-patient plasma. A. Schema for representing the 
experiment procedures of size-exclusion chromatography 
(SEC)-based purification of sEVs from human plasma. B. 
Nanoparticle tracking analysis by NasoSight 300 of puri-
fied EVs in fraction 6-8. C. RNA, protein (up panel), and EVs 
concentrations (down panel) in fraction 5-9. D. Western 
blots of sEV-enriched markers. Abundant Flotillin-1, Alix, 
CD63, CD9, and CD81 are detected in sEVs isolated from 
plasma of human in fraction 6-8 by SEC. E. Human plasma 
sEVs observed by TEM. Scale bars are 100 nm.
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kines IL-1β and TNF-α treated with PC084-
shEZR-derived sEVs is found to be higher than 
that of PC084-scramble controls (Figure 8B). A 
significant decrease was found in M2 cytokines 
CCL18 and IL-10 treated with PC084-shEZR-
derived sEVs, compared with PC084-scramble 
controls (Figure 8B). Flow cytometry showed 
the decreased macrophages with M2 markers 
(CD163 and CD206) and increased macro-
phages with M1 markers (CD80 and CD86) in 
CD14+ PBMCs-derived macrophages treated 
with PC084-shEZR-derived sEVs, compared 
with the macrophages treated with PC084-
scramble controls (Figure 8C). The amount of 
M1 cytokines IL-1β and TNF-α in CD14+ PBMCs-
derived macrophages treated with LPS, IFN-γ, 
and PC084-shEZR-derived sEVs is found to be 
greater than that in CD14+ PBMCs-derived 
macrophages treated with LPS, IFN-γ, and 
PC084-scramble controls (Figure 8D). A signifi-
cant decrease of M2 cytokines CCL18 and 
IL-10 in CD14+ PBMCs-derived macrophage 
treated with IL-4, IL-13, and PC084-shEZR-
derived sEVs is observed in contrast to CD14+ 
PBMCs-derived macrophage treated with IL-4 
and IL-13, and PC084-scramble controls 
(Figure 8E). Similarly, flow cytometry showed 
the decreased macrophages with M2 markers 
(CD163 and CD206) in CD14+ PBMCs-derived 
macrophages treated with IL-4, IL-13, and 
PC084-shEZR-derived sEVs, compared with 
the macrophages treated with IL-4, IL-13 and 
PC084-scramble controls. Macrophages with 

M1 markers (CD80 and CD86) were increased 
in CD14+ PBMCs-derived macrophages treated 
with LPS, IFN-γ, and PC084-shEZR-derived 
sEVs, compared with the macrophages treated 
with LPS, IFN-γ, and PC084-scramble controls 
(Figure 8E). Similar patterns in terms of sEV-
induced macrophage polarization can be found 
in human THP-1 and U937 cell lines (Figure 9). 

Note that overexpression EZR in PC084-derived 
sEVs showed the contrary results in terms of 
the amounts of M1/M2 cytokines and the 
amounts of macrophages with M1/M2 mark-
ers, respectively, when compared with PC084-
derived sEVs transfected with vector only 
(Figure 10).

PDAC-derived sEV-EZR promotes PDAC metas-
tasis to the liver

To test the potential roles of sEV-EZR in tumor 
metastasis, we injected 5 mg of PC084- and 
PC080-shEZR-derived sEVs into immunocom-
promised NSG mice once daily for 7 days.  
On day 8, we implanted 1 × 106 PC080 cells 
into the pancreas of each NSG mouse, which 
developed into aggressive orthotropic tumors 
that metastasized to the liver. On day 9, mice 
were treated with PC080-shEZR-derived sEVs, 
PC084-shEZR-derived sEVs, PC080-scramble 
controls, or PC084-scramble controls. Subs- 
equent injections were administered every 
other day for a total of 7 injections. The metas-

Table 1. Baseline characteristics of the study subjects
PDAC patients (n=165) Controls (n=151)

Sex (M/F) (%) 70 (42.4%)/95 (57.6%) 85 (56.3%)/66 (43.7%)
Age, mean (SD), years* 63.62 (12.49) 47.74 (14.74)
CA19-9, mean (SD), U/ml* 4330.5 (8980.90) 15.82 (21.38)
sEV-EZR, mean (SD), pg/ml* 32.43 (20.78) 21.88 (11.43)
sEV count, mean (SD), Cal. Conc. (particles/ml plasma) 2.34E+12 (2.40E+12) 2.20E+12 (2.34E+12)
sEV particle size
    Mean size, mean (SD), nm* 90.92 (18.43) 80.057 (8.25)
    Mode size, mean (SD), nm* 70.38 (10.96) 63.63 (6.98)
TNM stage (%)
    I-II 49 (29.7%)
    III-IV 116 (70.3%)
Overall survival, median (SD), months 7.96 (15.20)
    TNM stages I-II 15.75 (20.47)
    TNM stages III-IV** 5.28 (10.54)
*P<.0001 between PDAC patients and high-risk controls. **P<.0001 between stages I-II and stages III-IV PDAC patients. PDAC, 
pancreatic ductal adenocarcinoma; M, male; F, female.
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tasis burden was determined using non-inva-
sive imaging of bioluminescence (IVIS). On day 
21, all mice were euthanized, and the xenog- 
raft tumors were collected (Figure 11A). 
Whichever sEVs, PC080-shEZR-derived sEVs, 
PC084-shEZR-derived sEVs, PC080-scramble 
controls, or PC084-scramble controls, similar 
sizes and weights of the orthotropic tumors 
have been observed (Figure 11B-D). The 
amount of liver metastasis in PC080-shEZR-
derived sEVs and PC084-shEZR-derived sEVs-
treated mice was observed to be smaller than 
that of PC080-scramble controls and PC084-
scramble controls (Figure 11E). We found an 
increase in M1 TAM and a decrease in M2 TAM 
in orthotropic tumors treated with PC080-
shEZR-derived sEVs and PC084-shEZR-derived 
sEVs, compared with PC080-scramble controls 

PDAC-derived sEV-EZR regulated macrophage 
polarization into M2 phenotype and promoted 
PDAC metastasis. In addition, the plasma level 
of sEV-EZR is a prognostic marker for PDAC 
patients. We observed that the overall survival 
is shorter in the high plasma sEV-EZR PDAC 
patients than that in the low sEV-EZR patients. 
Our study proposed that PDAC cells secrete 
EZR-rich sEVs into the tumor microenviron-
ment, which in turn polarizes macrophages that 
promote tumor metastasis in PDAC (Figure 12). 
Hence, targeting the interaction between PDAC-
derived sEV-EZR and macrophages might be a 
potential therapeutic strategy for PDAC.

Cancer cells could promote tumor progression 
by evading immune check through intercellular 
interactions within the tumor microenviron-

Figure 6. A. Plasma sEV-EZR levels in PDAC patients and controls. B. 
Kaplan-Meier analysis of overall survival in PDAC patients with a low 
or high plasma sEV-EZR (left panel, P=0.0418, log-rank test). Kaplan-
Meier analysis of overall survival in patients with early-stage and ad-
vanced PDAC (right panel, P<.0001, log-rank test). C. Receiver operat-
ing characteristic (ROC) curves of sEV-EZR concentrations in plasma 
from patients with all stages of PDAC versus concentrations in controls 
patients (PDAC, n=165; controls, n=151). 

Figure 7. EZR level in plasma sEVs did not correlate with the tumor stage. 
A. sEV-EZR level in plasma from different PDAC stages (one-way ANOVA, 
P<0.0001). B. Plasma EZR levels in patients with PDAC (n=64) and controls 
(n=15).

and PC084-scramble controls 
(Figure 11F, 11G).

Discussion

sEVs or exosomes are consid-
ered as key components in 
intercellular communication in 
cancer and play an important 
role in immune modulation 
[31, 32]. It has been demon-
strated that in tumor microen-
vironment, TAMs which mostly 
express M2 markers and par-
ticipate in tumor metastasis, 
are the most effective cells for 
tumor progression [33]. In this 
study, we have shown that 
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ment. Tumor-derived sEVs are being recognized 
as essential mediators of intercellular commu-
nication between cancer and immune cells. 
They can direct immune cells toward a tumor-
promoting phenotype, and significantly contrib-
ute to different aspects of tumor progression, 
including invasion of the surrounding tissues, 
angiogenesis, formation of pre-metastatic nich-
es, and metastatic dissemination [34-36]. 
Tumor-derived sEVs elicit immune-evasion 
effects through several mechanisms. sEV miR-
NAs including miR-155, miR-125, and miR-21 
has been reported on the regulation of macro-
phage activation [37]. These results suggest 
the significant role of sEVs in the regulation of 
TAMs. TAMs are the prominent component of 
stromal cells in many solid tumors including 
PDAC [38]. TAMs can pave the way for cancer-
cell dissemination from the primary tumor site 
by producing proteolytic enzymes that digest 
the extracellular matrix, thereby contributing to 

switch to the M2-like state to participate in 
tumor progression [33]. Su et al. had report- 
ed that PDAC cell line-derived sEVs contain- 
ing miR-155 had a dose-dependent effect on 
macrophage polarization [42]. In this study,  
we have shown that PDAC-derived sEVs can 
polarize the macrophage into M2 phenotype, 
and that the M2 macrophages increased in 
advanced stages of PDAC tissues. These 
results confirm the role of sEVs on the regula-
tion of macrophage polarization in PDAC, and 
are consistent with the findings from previous 
studies. Regarding how PDAC-derived sEVs  
regulate the macrophage polarization, we fo- 
und that EZR in PDAC-derived sEVs plays an 
important role in regulation of the macrophage 
polarization into pro-tumor M2 phenotype, and 
that knockdown EZR in PDAC-derived sEVs 
attenuates the potential of polarizing macro-
phages into M2 phenotype. Previous studies 
have showed that STAT3 and STAT6 were 

Table 2. Comparisons between low and high plasma sEV-EZR groups of PDAC patients   
Low-EZR 

n=82
High-EZR 

n=83
Age, mean (SD), years 62.32 (12.15) 64.90 (12.87)
Sex (M/F) 37/45 33/50
sEV count, mean (SD), Cal. Conc. (particles/ml plasma) 2.28E+12 (2.51E+12) 2.36E+12 (2.32E+12)
sEV particle size
    Mean size, mean (SD), nm 87.46 (17.13) 94.33 (18.92)
    Mode size, mean (SD), nm 68.94 (10.48) 71.80 (11.14)
Stage
    I-II 21 28
    III-IV 61 55
CA19-9, mean (SD), U/ml 4367.96 (9499.22) 4293.55 (8641.50)
sEV-EZR levels, mean (SD), pg/ml** 17.62 ( 6.45) 47.06 (19.82)
OS, median (SD), months* 9.63 (15.11) 6.94 (15.25)
*P<.05, **P<.0001 between low- and high-sEV-EZR PDAC patients.

Table 3. Multivariate analysis of overall survival in PDAC pa-
tients

HR 95% CI Multivariate 
P-value

Age 0.640 0.453-0.905 0.011*

Sex 0.759 0.539-1.070 0.115
PDAC stage (I-II vs. III-IV) 0.402 0.271-0.597 0.000*

sEV-EZR, pg/ml (cutoff ≥28.89) 0.670 0.480-0.936 0.019*

CA19-9, U/ml (cutoff ≥37.0) 0.549 0.347-0.868 0.010*

*P<.05. sEV-EZR, small extracellular vesicles-Ezrin; PDAC, pancreatic ductal 
adenocarcinoma; HR, hazard ratio; CI, confidence interval; CA19-9, carbohy-
drate antigen 19-9.

metastasis [39]. The presence of 
TAMs in many solid tumors is 
associated with poor prognosis 
[40]. Two major polarization sta- 
tes have been described for mac-
rophages phenotype: M1 and M2. 
The phenotype of macrophages 
within tumor microenvironment 
switches from anti-tumor M1 to 
pro-tumor M2 types [41]. In the 
early stage of lung cancer devel-
opment, TAMs show M1 polariza-
tion and exert their antitumor 
effects, but in the late stage TAMs 
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Figure 8. sEV-EZR regulates macrophage polarization. A. Western blot analysis of expression EZR in PC084-derived 
sEVs with knockdown EZR by shRNA (#1 and #2). B. ELISA analysis of M1 (TNF-α and IL-1-β, left-panel) and M2 cy-
tokines (CCL18 and IL10, right panel) in CD14+ PBMCs-derived macrophages incubated with PC084-shEZR-derived 
sEVs or PC084-scramble controls-derived sEVs for 72 hrs. Data represented means ± SD from 4 independent 
experiments (each experiment contains 2 technical replicates). C. Flow cytometry analysis of M1 (CD80 and CD86, 
left-panel) and M2 (CD163 and CD206, right panel) cell surface markers in CD14+ PBMCs-derived macrophages 
incubated with PC084-shEZR-derived sEVs or PC084-scramble controls-derived sEVs for 72 hrs. Data represented 
means ± SD from 4 independent experiments. D. ELISA analysis of M1 or M2 cytokines in CD14+ PBMCs-derived 
macrophages treated with LPS+INF-γ (M1 induction cytokine, left panel) or IL-4+IL-13 (M2 induction cytokine, right 
panel) co-incubated with sEVs for 72 hrs. Data represented means ± SD from 4 independent experiments. E. Flow 
cytometry analysis of M1 and M2 surface markers on CD14+ PBMCs-derived macrophages treated with LPS+INF-γ 
(M1 induction cytokine, left panel) or IL-4+IL-13 (M2 induction cytokine, right panel) co-incubated with sEVs for 72 
hrs. Data represented means ± SD from 4 independent experiments. Level of significance was determined using 
Student’s t-test. *P<.05, **P<.005, ***P<0.001.
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involved in the polarization of M1 to M2 macro-
phage phenotypes [43] and that EZR overex-
pression could regulate STAT3 activation [44]. 

The mechanisms of sEV-EZR regulating the 
macrophage polarization via STAT3 or STAT6 
remain to be elucidated.

Figure 9. sEV-EZR suppresses M1 polarization and induce M2 polarization in THP-1/U937 derived macrophages. A. 
ELISA analysis of M1 (TNF-α and IL-1-β, left panel) and M2 cytokines (CCL18 and IL10, right panel) in THP-1/U937 
derived macrophages which incubated with PC084-shEZR-derived sEVs or PC084-scramble-derived sEVs for 72 
hrs. Data represented means ± SD from 3 independent experiments (each experiment contains 2 technical repli-
cates). B. Flow cytometry analysis of M1 (CD80 and CD86, left panel) and M2 (CD163 and CD206, right panel) cell 
surface markers in THP-1/U937 derived macrophages which incubated with PC084-shEZR-derived sEVs or PC084-
scramble-derived sEVs for 72 hrs. Data represented means ± SD from 3 independent experiments. C. ELISA analy-
sis of M1 or M2 cytokines in THP-1/U937 derived macrophages treated with LPS+INF-γ (M1 induction cytokine, left 
panel) or IL-4+IL-13 (M2 induction cytokine, right panel), co-incubated with sEVs (sEVs derived from PC084-shEZR 
or PC084-scramble cells) for 72 hrs. Data represented means ± SD from 3 independent experiments (each experi-
ment contains two technical replicates). D. Flow cytometry analysis of M1 and M2 surface markers on THP-1/U937 
derived macrophages which treated with LPS+INF-γ (M1 induction cytokine, left panel) or IL-4+IL-13 (M2 induction 
cytokine, right panel), co-incubated with sEVs (sEVs derived from PC084-shEZR or PC084-scramble cells) for 72 
hrs. Data represented means ± SD from 3 independent experiments. Level of significance was determined using 
Student’s t-test. *P<.05, **P<.005, ***P<0.001.
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Figure 10. PC084 EZR-overexpressed sEVs induce M2 macrophage polarization in THP-1/U937 derived macrophages. A. Western blot analysis of expression of EZR 
in sEVs derived from PC084-EZR or PC084-Vector. B. ELISA analysis of M1 (TNF-α and IL-1-β, left-panel) and M2 cytokines (CCL18 and IL10, right panel) in THP-1/
U937 derived macrophages which incubated with PC084-EZR-derived sEVs, PC084-Vector-derived sEVs, or 100 pg/ml EZR recombinant protein for 72 hrs. Data 
represented means ± SD from 3 independent experiments (each experiment contains 2 technical replicates). C. Flow cytometry analysis of M1 (CD80 and CD86, 
left-panel) and M2 (CD163 and CD206, right panel) cell surface markers on THP-1/U937 derived macrophages co-incubated with PC084-EZR-derived sEVs, PC084-
Vector-derived sEVs, or 100 pg/ml EZR recombinant protein for 72 hrs. Data represented means ± SD from 3 independent experiments. D. ELISA analysis of M1 or 
M2 cytokines in THP-1/U937 derived macrophages treated with LPS+INF-γ (M1 induction cytokine, left panel) or IL-4+IL-13 (M2 induction cytokine, right panel) co-
incubated with 100 pg/ml EZR recombinant protein, sEVs derived from PC084-EZR or PC084-Vector for 72 hrs. Data represented means ± SD from 3 independent 
experiments (each experiment contains two technical replicates). E. Flow cytometry analysis of M1 and M2 surface markers on THP-1/U937 derived macrophages 
which treated with LPS+INF-γ (M1 induction cytokine, left panel) or IL-4+IL-13 (M2 induction cytokine, right panel) co-incubated with 100 pg/ml EZR recombinant 
protein or sEVs derived from PC084-EZR or PC084-Vector for 72 hrs. Data represented means ± SD from 3 independent experiments. Level of significance was 
determined using Student’s t-test. *P<.05, **P<.005, ***P<0.001.
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Figure 11. PDAC-derived sEV-EZR promotes PDAC metastasis and increases M2 macrophages in animal models. 
(A) Schematic illustration of animal study setup and time course. PDAC-derived sEVs (PC080 or PC084 scramble 
sEVs and shEZR-sEVs) were administered every day for 1 week before PC080 cells injection in NSG mice then were 
administered every other day until day 24. (B) At day 24, PC080 tumors were harvested and measured by tumor 
weight (C) and tumor volume (D). Data analyzed by using the Student t-test (E) IVIS images showed liver metastasis 
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EZR is a member of the ERM family, which regu-
lates membrane remodeling [38]. ERM proteins 
have been reported to serve as intracellular 
scaffolds, which facilitate signal transduction 
and regulate B- and T-cell activation [45, 46]. 
Previous studies have shown that EZR expres-
sion is upregulated in PDAC and lung cancer 
and is related to colon cancer progression [25, 
26, 47, 48]. In this study, we initially found that 
the EZR level is higher in sEVs derived from 
PDAC cell lines than in those from HPDE cells 
by LC-MS/MS analysis. Next, we observed that 
the EZR level appears to be higher in sEVs 
derived from PDAC-patient plasma than in 
those from non-cancer controls. Although the 
EZR level in plasma sEVs did not correlate with 
the tumor stage, the OS in the high plasma-
sEV-EZR PDAC patients was statistically signifi-
cant shorter than that in the low plasma-sEV-
EZR patients. In addition, we found an increase 
in M1 TAMs, a decrease in M2 TAMs in ortho-

tropic tumors, and a decrease in the amount of 
liver metastasis treated with PDAC-derived 
sEVs whose EZR was knocked down in the 
PDAC animal model. These results were the 
first to unveil the roles of sEV-EZR in the regula-
tion of macrophage polarization and in the 
tumor progression of PDAC.

The discovery of reliable biomarkers for the 
early detection of PDA is the ‘holy grail’ to 
improve the dismal outcomes of PDAC. 
Circulating sEVs in blood containing a reliable 
source of cancer-associated molecule have 
clinical utility in cancer diagnosis and manage-
ment. It is reported that circulating sEV-glypi-
can-1 potentially enables the detection of PDAC 
with an accuracy of 100% [49]. However, we 
were not able to confirm did not observe the 
overexpression of glypican-1 in the PDAC-
derived sEVs or in the plasma sEVs from the 
PDAC patients. Instead, we have analyzed the 

at day 24. The bioluminescence photon counts in the region of liver metastasis (n=5) measured by IVIS software. 
(F) Representative IHC images and (G) the bar chart showed the percentage of iNOS+ (M1 macrophage marker) and 
CD206+ (M2 macrophage marker) cells in mouse pancreatic cancer tissues. Each dot represents the datum from 
one mouse. Scale bar, 100 μm. 40 × magnification. Data represented means ± SD. Level of significance was deter-
mined using Student’s t-test. *P<.05, **P<.005, ***P<0.001, or using ANOVA test. *P<0.05.

Figure 12. A proposed model for PDAC cell-derived sEV-EZR in regulating macrophages polarization and promoting 
liver metastasis. Cancer cells (blue) sEV-EZR (red), macrophages (purple).
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plasma sEV-EZR as a diagnostic biomarker for 
PDAC. At the cut-off value of 27.08 pg/ml, plas-
ma sEV-EZR yielded an SN of 55.2%, an SP of 
71.5%, and an AUC of 0.661 for distinguishing 
PDAC patients from controls. As a result, the 
plasma sEV-EZR is not an ideal diagnostic bio-
marker for PDAC, but it can be a prognostic 
marker. 

There is no universally accepted approach to 
isolating and characterizing sEVs, especially 
from human blood. Various international pro-
fessional societies have developed guidelines 
for standardizing protocols for the study of EVs 
and their biomarker development [50]. Varying 
methodologies for isolating sEVs include ultra-
centrifugation, density gradient centrifugation, 
antibody affinity columns, and precipitation-
ultracentrifugation techniques. Of these meth-
ods, ultracentrifugation plus density gradient 
centrifugation appears to be one of the most 
commonly used technique worldwide but are 
both time- and labor-intensive. Density gradient 
centrifugation requires substantial biofluid vol-
ume therefore limiting point-of-care clinical 
translation. We have used simple self-made 
size-exclusion chromatography (SEC) columns 
to rapidly isolate sEVs from small input quanti-
ties of human plasma with high purity and 
reproducibility. Further efforts are needed to 
standardize the isolation and characterization 
of sEVs from human plasma for clinical uses.

In conclusion, this is the first study to show that 
sEV-EZR could regulate macrophage polariza-
tion and promote metastasis in PDAC. The sEV-
EZR polarizes macrophages into a pro-tumor, 
instead of anti-tumor, phenotype, and hence, 
has a significant impact on the survival of PDAC 
patients. Thus, targeting sEV-EZR to inhibit its 
detrimental effects on macrophages and 
manipulating sEV content to reprogram TAMs 
toward M1 phenotype can be considered a 
promising therapeutic strategy to curb PDAC 
metastasis.
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