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Abstract. Cancer development is a highly complicat-
ed process in which tumour growth depends on the
development of its vascularization system. To sup-
port their own growth, tumour cells significantly
modify their microenvironment. One of such modifi-
cations inflicted by tumours is stimulation of en-
dothelial cell migration and proliferation. There is
accumulating evidence that extracellular vesicles
(EVs) secreted by tumour cells (tumour-derived EVs,
TEVs) may be regarded as “messengers” with the
potential for affecting the biological activities of tar-
get cells. Interaction of TEVs with different cell types
occurs in an auto- and paracrine manner and may
lead to changes in the function of the latter, e.g., pro-
moting motility, proliferation, etc. This study ana-
lysed the proangiogenic activity of EVs derived from
human pancreatic adenocarcinoma cell line (HPC-4,
TEV,, ) in vitro and their effect in vivo on Matrigel
matrix vascularization in severe combined immuno-
deficient (SCID) mice. TEV . enhanced prolifera-
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tion of HPC-4 cells and induced their motility.
Moreover, TEV . stimulated human umbilical vein
endothelial cell (HUVEC) proliferation and migra-
tion in vitro. Additionally, TEV . influenced secre-
tion of proangiogenic factors (IL-8, VEGF) by
HUVEC cells and supported Matrigel matrix hae-
moglobinization in vivo. These data show that TEVs
may support tumour propagation in an autocrine
manner and may support vascularization of the tu-
mour. The presented data are in line with the theory
that tumour cells themselves are able to modulate
the microenvironment via TEVs to maximize their
growth potential.

Introduction

Extracellular vesicles (EVs) are membrane fragments
released by different cell types including platelets, en-
dothelial, or tumour cells. EVs are divided into small
(previously called exosomes) and medium/large size
vesicles (previously known as microvesicles) released
during the life span of the cells (Théry et al., 2018). It
has been reported that EVs of different origin may im-
pact progression of tumours (Mezouar et al., 2014; Ren
et al., 2016; Whiteside, 2018). Among them, platelet-
derived EVs (PEVs) play an important role in tumour
progression/metastasis and angiogenesis induction in
experimental lung tumours (in vitro and in vivo models).
PEVs stimulated mRNA expression of proangiogenic
factors such as metalloproteinase 9 (MMP-9), vascular
endothelial growth factor (VEGF), interleukin 8 (IL-8)
and hepatocyte growth factor (HGF) in the A549 cancer
cell line (Janowska-Wieczorek et al., 2005). Moreover,
PEVs promoted proliferation, migration and tube for-
mation of human umbilical vein endothelial cells
(HUVEC) (Kim et al., 2004; Sun et al., 2019).

It was also reported that endothelial derived EVs and
tumour-derived vesicles (TEVs) may promote basement
membrane invasion by carrying metalloproteinases
(Dolo et al., 1998; Taraboletti et al., 2002). TEVs are
constitutively released by tumour cells and serve as a
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vehicle for several tumour determinants such as CD44v,
carcinoembryonic antigen (CEA), and extracellular ma-
trix metalloproteinase inducer, CD147 (EMMPRIN)
(Baj-Krzyworzeka et al., 2006). They can also transport
mRNA for, e.g., proangiogenic IL-8 or VEGF (Baj-
Krzyworzeka et al., 2006). It was shown that TEVs de-
rived from lung cancer activate and chemoattract stro-
mal fibroblasts and endothelial cells (Wysoczynski et
al., 2009). Others reported that TEVs may exert proan-
giogenic effects (promoting cell migration, invasion and
tube formation) via sphingomyelin-induced neovascu-
larization (Kim et al., 2002).

TEVs present in the tumour bed may interact with tu-
mour and endothelial cells as well as with tumour-infil-
trating leukocytes (Maia et al., 2018). Here, we focus on
TEV interactions with tumour and endothelial cells as a
model of interactions in the tumour bed. The present
study determined the proangiogenic effect of TEVs de-
rived from a human pancreatic adenocarcinoma cell line
(HPC-4) and presented evidence to support the theory
about the autocrine loop in tumour growth.

Material and Methods
TEV isolation

TEVs were obtained from the HPC-4 (human pancre-
atic adenocarcinoma, TEV ) cell line as previously
described (Baj-Krzyworzeka et al., 2006). Cells were
cultured by bi-weekly passages in RPMI 1640 (Sigma,
St. Louis, MO) with 5% foetal bovine serum (FBS, PAA
Laboratories, Pasching, Germany) centrifuged at 50,000
x g for 1 hat 4 °C. The cell line was regularly tested for
Mycoplasma sp. contamination by using a PCR-ELISA
kit according to the manufacturer’s procedure (Roche,
Mannheim, Germany). Supernatants from well-grown
cell cultures were collected (app. 400 ml), centrifuged at
2,000 x g for 20 min to remove the cell debris and cen-
trifuged again at 50,000 x g (RC28S, Sorvall, Newton,
CT) for 1 h at4 °C. Pellets were washed with serum-free
RPMI 1640 medium and then spun down at 50,000 x g.
This step was repeated for the total of four times, after
which the pellets were finally resuspended in serum-
free medium (100 pl). Quantification of TEV protein
content was evaluated by the Bradford method (BioRad,
Hercules, CA). TEVs were tested for endotoxin (LPS)
contamination by the Limulus test according to the man-
ufacturer’s instructions (Charles River Laboratories,
Inc., Wilmington, MA) and stored at —20 °C.

Isolation of HUVEC cells

Human umbilical vein endothelial cells (HUVEC)
were isolated from fresh umbilical cords as previously
described (Gimbrone et al., 1974). Cells were suspended
in medium X Vivo10 (BioWhittaker, Cambrex, Baltimo-
re, MD) supplemented with 10% FBS, 1 mg/ml bovine
brain extract, 1 ng/ml human epithelial growth factor,
1 mg/ml hydrocortisone, 10 U/ml heparin (BioWhitta-
ker) and seeded in plastic Petri dishes (Costar Corning,

Cambridge, MA) covered with 0.1% gelatin (BioRad,
Hercules, CA).

Effect of TEVs on the proliferation of HUVEC
and HPC-4 cells in vitro

Proliferation of HUVEC and HPC-4 cells was deter-
mined by the CellTiter 96 Aqueous One Solution Cell
Proliferation Assay performed according to the manu-
facturer’s description (MTS, Promega, Madison, WI).
Briefly, cells were suspended in serum-free RPMI 1640
or endothelial cell medium (EGM, BioWhittaker) at the
concentration of 1 x 103 cells/ml and cultured in 96-well
microplates (BD Falcon, Bedford, MA) with or without
TEV . (30 pg/ml). After 48 h, 20 pl of CellTiter 96
Aqueous One Solution reagent was added, after which
the plates were incubated for 2-4 h at 37 °C, 5% CO,
and then absorbance at 490 nm was measured in the
EL _800NB microplate reader (Bio-tek Instruments, Inc.,
Winooski, VT).

Chemotactic assay

The chemotactic assay was performed using BD
Falcon cell culture inserts with 8-pum size pore filter
(translucent polyester (PET) membrane) placed over
24-well plates (BD Falcon). HUVEC or HPC-4 cells
were resuspended in RPMI 1640 medium supplemented
with 0.5% bovine serum albumin (BSA, Sigma) at the
concentration of 1 x 10° cells/ml. Pre-warmed serum-free
medium alone or supplemented with TEV . (30 pg/ml)
was added to the lower chambers of the transwell plate
(in triplicates). Cell suspension (HUVEC or HPC-4, re-
spectively) was added to the upper chambers and incu-
bated overnight at 37 °C, 5% CO,, 95 % humidity. Next,
cells from the upper chambers were carefully removed
and those present on the lower (reverse) part of the mem-
brane were stained with haematoxylin/eosin (Merck,
Darmstadt, Germany) for 10 min. The cells present in
five randomly selected fields at 400x magnification
were counted under a light microscope (BX 40, Olympus,
Tokyo, Japan). Mean values calculated as the number of
cells crossing the membrane were presented.

Determination of VEGF and IL-8 mRNA
expression in HUVEC and HPC-4 cells after

TEV,,. stimulation

Total RNA was extracted from control or stimulated
with TEV . (30 pg/ml, for 2 h at 37 °C) HUVEC or
HPC-4 cells by a single-step isolation method using
TRI-ZOL reagent (Gibco-BRL, Grand Island, NY) ac-
cording to the manufacturer’s protocol. The first strand
c¢DNA was obtained from the total RNA samples (2 pg)
with Moloney murine leukaemia virus (M-MLV) re-
verse transcriptase (Sigma) and oligo-dT (Gibco) prim-
er as specified by the manufacturer’s protocol. The
quantitative polymerase chain reactions (PCR) for vas-
cular endothelial growth factor (VEGF) and IL-8 were
performed using the LightCycler system (Roche Diag-
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nostics, Mannheim, Germany) as described before (Baj-
Krzyworzeka et al., 2006). B-Actin was used as an inter-
nal control of each LightCycler PCR run to control
equivalency of cDNA in each sample. The fluorescent
signals generated during the informative log-linear phase
were used to calculate the relative amount of mRNA us-
ing the 224 method. Melting curve analysis was perfor-
med to verify the specificity of the amplified products.

Evaluation of VEGF and IL-8 secretion by
HUVEC and HPC-4 cells after TEV, .
stimulation

HUVEC or HPC-4 cells were cultured for 18 h in 96-
well microplates (1 x 10° cells/well) at 37 °C, 5% CO,
in humidified atmosphere in the presence of TEV .
(30 pg/ml). Supernatants were collected and the concen-
tration of VEGF and IL-8 was measured by the Cytokine
Bead Array (CBA) method using the Flex Set system
(BD Biosciences, San Diego, CA) and FACSCanto cy-
tometer (BD Bioscience, Immunocytometry Systems,
San Jose, CA). The specified beads were discriminated
in the FL-4 and FL-5 channels, while the concentration
of individual chemokines was determined by the inten-
sity of FL-2 fluorescence. The amount of chemokines
was computed using the respective standard reference
curve and FCAP Array software (BD Biosciences). The
detection level was 10 pg/ml.

Matrigel implants in SCID mice

The angiogenesis assay was carried out by injecting
6—8-week old SCID mice (CB-17/IcrCrl) in the abdomi-
nal midline with 100 ul of TEV .. (30 pg/ml) or HPC-4
cells (1 x 10%) mixed with 400 pul of precooled Matrigel
matrix (BD Falcon, Bedford, MA). HPC-4 cells were
also preincubated in vitro with TEV . for 2 h, mixed
with Matrigel matrix and injected into SCID mice. Five
mice per group were used in each experiment. Matrigel
alone was used as a background control. After six days,
mice were euthanized, Matrigel implants were harvest-
ed and suspended in 500 pl of the BD Recovery Solution
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0.5 A1

0.0

HPC-4 HPC-4 + TEVypc

Fig. 1. Proliferation of HPC-4 (A) and HUVEC cells (B) in the presence of TEV

(BD Falcon) to enable recovery of haemoglobinized
cells. For the next seven days, Matrigel plugs were kept
in a refrigerator and vortexed every day. After that, the
Matrigel plugs were spun down and the supernatants
were mixed with the Drabkin’s reagent (Sigma) (Pas-
saniti et al., 1992; Janowska-Wieczorek et al., 2002;
Gong et al., 2017). One-hundred pl of this mixture was
placed into a 96-well plate. The haemoglobin content
was measured by the colorimetric assay (absorbance
measurement at 540 nm in a U-1800 spectrophotometer
(Hitachi, Tokyo, Japan). Animal experiments were ap-
proved by the Local Ethics Committee (Krakow, Poland)
by decision number 5/0OP/2005.

Statistical analysis

Statistical analysis was performed by the paired
Student’s #-test in all experiments except for mouse ex-
periments where nonparametric Mann-Whitney and one
way analysis of variance (ANOVA) tests were used. Dif-
ferences were considered significant at P values < 0.05.

Results

TEV . enhance proliferation of HPC-4 and

HUVEC cells
TEV, .. obtained from the HPC-4 cell line signifi-

cantly stitpiinulated proliferation of HPC-4 and HUVEC
cells in vitro (Fig. 1A and 1B, P < 0.05). TEV . in the
dose of 30 pug/ml induced migration of HPC-4 and
HUVEC cells (Fig. 2A and 2B); however, the increase
in the number of migrating cells was not statistically

significant.
Effect of TEV . on mRNA expression and

production of proangiogenic factors by HUVEC
and HPC-4 cells

Experiments undertaken to determine the impact of
TEV . on the secretion of IL-8 and VEGF by HUVEC
and HPC-4 cells showed an increase in the secretion of

-
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wpe- Proliferation was determined by MTS

in 48 h culture alone or with TEV .. Data represent mean + SD of six independent experiments. *P < 0.05
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Fig. 2. Migration of HPC-4 (A) and HUVEC (B) cells to TEV .. (30 pg/ml). Migration was analysed after an overnight
incubation by staining the membrane of the inserts with haematoxylin/eosin. Results are presented as the number of mi-
grating cells found in five fields at 400 x magnification under the light microscope.
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Fig. 3. Secretion of IL-8 (A) and VEGF (B) by HUVEC stimulated with TEV
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for 18 h. Cells were incubated for 18 h

HPC

(30 pg/ml) and IL-8 and VEGF levels were determined in culture supernatants by the FlexSet method. Data

represent mean = SD of six independent experiments. *P < 0.05

IL-8 by HUVEC (Fig. 3A, P < 0.05) and HPC-4 (not
significant, not shown) cells. These results correlated
with IL-8 mRNA expression in HUVEC and HPC-4
cells stimulated with TEV . (5- and 3-fold increase, re-
spectively). VEGF production was observed when
HUVEC cells were stimulated with TEV . (Fig. 3B,
not significant). Untreated HPC-4 cancer cells secreted
quite a high level of VEGF (620 pg/ml), which was not
affected by the TEV . stimulation (not shown). The
protein secretion level results were in concordance with
the VEGF mRNA expression, where exposure to TEV .
caused a 10-fold increase in HUVEC but not in HPC-4
cells.

Induction of (neo)angiogenesis in vivo by TEVs
Since TEV_ . stimulated proliferation of HUVEC

HPC
cells in vitro, we asked ourselves whether they were ca-

pable of inducing angiogenesis in vivo as assessed by

vascularization of Matrigel matrix implants in SCID
mice. TEV,, . alone induced vascularization of Matrigel
matrix (Fig. 4). Cancer cells (HPC-4) also induced
Matrigel matrix vascularization, which was significant-
ly increased after their exposure to TEV . (Fig. 4, P <
0.003, 1-way ANOVA P < 0.001).

HPC

Discussion

The present study demonstrates that TEVs may be in-
volved in angiogenesis, as they seem to exert an angio-
genic effect on endothelial and autologous tumour cells
both in vitro and in vivo. It was shown that TEVs in-
duced HUVEC cell proliferation and migration. These
observations are in concordance with data of others,
which also suggested that TEVs (of different origin such
as prostate, ovarian, glioblastoma cell lines) stimulated
migration (Kim et al., 2002) and proliferation (Millimaggi
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Fig. 4. Vascularization of Matrigel implanted in SCID
mice. Left bar represents administration of Matrigel with
TEV,,. (30 pg/ml) alone, middle bar with HPC-4 cells
(1 x 10%mouse) alone, right bar with HPC-4 cells preincu-
bated with TEV .. (30 ug/ml). Data represent mean + SD
of three independent experiments. *P < 0.003, 1-way
ANOVA P < 0.001

et al., 2007; Monteforte et al., 2017) of endothelial cells.
It was shown in the current study that TEV . increased
secretion of proangiogenic IL-8 by HUVEC cells. The
biological activity of TEVs was confirmed by in vivo
experiments where TEV . implanted into SCID mice
alone enhanced Matrigel matrix vascularization.
Tumour-induced angiogenesis was also enhanced by au-
tologous TEVs. HPC-4 cells induced strong vasculari-
zation of Matrigel matrix, which was further increased
by preincubation of tumour cells with TEV,, .. The
mechanism of the observed synergism is not clear; how-
ever, the role of biological factors (e.g., IL-8, TGF, am-
phiregulin, miRNAs) transferred by TEVs as well as
proliferation of tumour cells induced by TEVs may play
a role (Ratajczak et al., 2006; Taraboletti et al., 2006;
Baj-Krzyworzeka et al., 2011; Higginbotham et al.,
2011; Shang et al., 2020). Our results obtained in the
simple chamber chemotaxis assay indicated a slight
chemoattractant activity of TEVs. This is in concurrence
with the study by Szatanek et al. (2020), who have
shown, by using a more sophisticated cell movement
tracking analysis, that tumour cells migrate towards
their increasing auto-TEV gradient in vitro (the tumour
cell movement was more orderly and faster in the pres-
ence of TEVs).

In the current study, it was presented that TEVs sig-
nificantly enhanced proliferation of a pancreatic cancer
cell line (in an autocrine manner). Contrary to our re-
sults, Ristorcelli et al. (2008) reported that nanoparticles
derived from pancreatic tumour cell lines induced apop-
tosis in tumour cells. These authors defined nanoparti-
cles as structures in the size range of 20-75 nm.
Currently, such small structures are called exomers or
small exosomes (Zhang et al., 2018). Exomers are char-
acterized by distinct proteomic content and cellular

functions other than exosome subpopulations, which
may cause the observed differences. Ristorcelli et al.
(2009) reported that poorly differentiated carcinoma
cell line MiaPaCa-2 was much less sensitive to nanopar-
ticle-induced apoptosis than the differentiated cell lines.
This correlates with our observation, as HPC-4 cells
strongly proliferate and form tumours in SCID mice
composed of undifferentiated cells (Siedlar et al., 1995).

Ristorcelli et al. (2009) concluded that nanoparticles
derived from tumour cells exert pleiotropic effects on
cells, as they may activate the phosphatidylinositol 3-ki-
nase/ protein kinase B (PI3K/Akt) survival pathway or
induce phosphatase and tensin homolog deleted on
chromosome ten (PTEN) and glycogen synthase kinase
3 (GSK-3) activities leading cells towards apoptosis.
We fully agree with such statements, as an autocrine
loop in tumour growth is still unclear and further studies
focusing on the role of TEVs in this process are neces-
sary (Szatanek et al., 2020).

To summarize, the data from the current study show
that TEVs induced proliferation of endothelial cells and
tumour cells (in an autocrine manner). TEVs enhanced
production (protein and mRNA) of proangiogenic fac-
tors such as IL-8 and VEGF by HUVEC. The observed
impact of TEVs on autologous tumour cells and en-
dothelial cells may facilitate tumour vascularization.

Acknowledgement

We thank Ms 1. Ruggiero and M. Wotoszyn for skilful
technical assistance.

References

Baj-Krzyworzeka, M., Szatanek, R., Weglarczyk, K., Baran,
J., Urbanowicz, B., Branski, P., Ratajczak, M. Z., Zembala,
M. (2006) Tumour-derived microvesicles carry several
surface determinants and mRNA of tumour cells and trans-
fer some of these determinants to monocytes. Cancer Im-
munol. Immunother. 55, 808-818.

Baj-Krzyworzeka, M., Weglarczyk, K., Mytar, B., Szatanek,
R., Baran, J., Zembala, M. (2011) Tumour-derived mi-
crovesicles contain interleukin-8 and modulate production
of chemokines by human monocytes. Anticancer Res. 31,
1329-1335.

Dolo, V., Ginestra, A., Cassara, D., Violini, S., Lucania, G.,
Torrisi, M. R., Nagase, H., Canevari, S., Pavan, A., Vittorel-
li, M. L. (1998) Selective localization of matrix metallo-
proteinase 9, B 1 integrins, and human lymphocyte antigen
class I molecules on membrane vesicles shed by 8701-BC
breast carcinoma cells. Cancer Res. 58, 4468-4474.

Gimbrone, M. A., Cotran, R. S., Folkman, J. (1974) Human
vascular endothelial cells in culture. Growth and DNA syn-
thesis. J. Cell Biol. 60, 673-684.

Gong, M., Yu, B., Wang, J., Wang, Y., Liu, M., Paul, C., Mil-
lard, R. W., Xiao, D. S., Ashraf, M., Xu, M. (2017) Mesen-
chymal stem cells release exosomes that transfer miRNAs
to endothelial cells and promote angiogenesis. Oncotarget
8,45200-45212.

Higginbotham, J. N., Demory Beckler, M., Gephart, J. D.,
Franklin, J. L., Bogatcheva, G., Kremers, G. J., Piston, D.



Vol. 66

Protumorogenic Potential of EVs

109

W., Ayers, G. D., McConnell, R. E., Tyska, M. J., Coffey.
R. J. (2011) Amphiregulin exosomes increase cancer cell
invasion. Curr. Biol. 21, 779-786.

Janowska-Wieczorek, A., Majka, M., Marquez-Curtis, L.,
Wertheim, J. A, Turner, A. R., Ratajczak, M. Z. (2002) Ber-
abl-positive cells secrete angiogenic factors including ma-
trix metalloproteinases and stimulate angiogenesis in vivo
in Matrigel implants. Leukemia 16, 1160-1166.

Janowska-Wieczorek, A., Wysoczynski, M., Kijowski, J.,
Marquez-Curtis, L., Machalinski, B., Ratajczak, J., Ratajc-
zak, M. Z. (2005) Microvesicles derived from activated
platelets induce metastasis and angiogenesis in lung can-
cer. Int. J. Cancer 113, 752-760.

Kim, C. W,, Lee, H. M., Lee, T. H., Kang, C., Kleinman, H.
K., Gho, Y. S. (2002) Extracellular membrane vesicles
from tumor cells promote angiogenesis via sphingomyelin.
Cancer Res. 62, 6312-6317.

Kim, H. K., Song, K. S., Chung, J. H, Lee, K. R., Lee, S. N.
(2004) Platelet microparticles induce angiogenesis in vitro.
Br. J. Haematol. 124, 376-384.

Maia, J., Caja, S., Strano Moraes, M. C., Couto, N., Costa-
Silva, B. (2018) Exosome-based cell-cell communication
in the tumor microenvironment. Front. Cell Dev. Biol. 20,
6-18.

Mezouar, S., Mege, D., Darbousset, R., Farge, D., Debour-
deau, P., Dignat-George, F., Panicot-Dubois, L., Dubois, C.
(2014) Involvement of platelet-derived microparticles in
tumor progression and thrombosis. Semin. Oncol. 41, 346-
358.

Millimaggi, D., Mari, M., D’Ascenzo, S., Carosa, E., Jannini,
E. A., Zucker, S., Carta, G., Pavan, A., Dolo, V. (2007) Tu-
mor vesicle-associated CD147 modulates the angiogenic
capability of endothelial cells. Neoplasia 9, 349-357.

Monteforte, A., Lam, B., Sherman, M. B., Henderson, K., Sli-
gar, A. D., Spencer, A., Tang, B., Dunn, A. K., Baker, A. B.
(2017) Glioblastoma exosomes for therapeutic angiogene-
sis in peripheral ischemia. Tissue Eng. Part A 23, 1251-
1261.

Passaniti, A., Adler, S. H., Martin, G. R. (1992) New models
to define factors determining the growth and spread of hu-
man prostate cancer. Exp. Gerontol. 27, 559-566.

Ratajczak, J., Wysoczynski, M., Hayek, F., Janowska-Wiec-
zorek, A., Ratajczak, M. Z. (2006) Membrane-derived mi-
crovesicles: important and underappreciated mediators of
cell-to-cell communication. Leukemia 20, 1487-1495.

Ren, J. G., Zhang, W., Liu, B., Man, Q. W., Xiong, X. P, Li,
C.,Zhu,J. Y., Wang, W. M, Jia, J., Sun, Z. J., Zhang, W. F.,
Chen, G., Zhao, Y. F. (2016) Clinical significance and roles
in angiogenesis of circulating microparticles in oral cancer.
J. Dent. Res. 95, 860-867.

Ristorcelli, E., Beraud, E., Verrando, P., Villard, C., Lafitte,
D., Sbarra, V., Lombardo, D., Verine, A. (2008) Human tu-
mor nanoparticles induce apoptosis of pancreatic cancer
cells. FASEB J. 22, 3358-3369.

Ristorcelli, E., Beraud, E., Mathieu, S., Lombardo, D., Verine,
A. (2009) Essential role of Notch signaling in apoptosis of
human pancreatic tumoral cells mediated by exosomal na-
noparticles. Int. J. Cancer 125, 1016-1026.

Shang, D., Xie, C., Hu, J., Tan, J., Yuan, Y., Liu, Z., Yang, Z.
(2020) Pancreatic cancer cell-derived exosomal micro-

RNA-27a promotes angiogenesis of human microvascular
endothelial cells in pancreatic cancer via BTG2. J. Cell.
Mol. Med. 24, 588-604.

Siedlar, M., Stachura, J., Szczepanik, A., Popiela, T., Mattei,
M., Vendetti, S., Colizzi, V., Zembala, M. (1995) Charac-
terization of human pancreatic adenocarcinoma cell line
with high metastatic potential in SCID mice. Invasion Me-
tastasis 15, 60-69.

Sun, Y., Liu, X. L., Zhang, D., Liu, F., Cheng, Y. J., Ma, Y.,
Zhou, Y. J., Zhao, Y. X. (2019) Platelet-derived exosomes
affect the proliferation and migration of human umbilical
vein endothelial cells via miR-126. Curr. Vasc. Pharmacol.
17, 379-387.

Szatanek. R., Weglarczyk. K., Stec, M., Baran, J., Parlinska-
Wojtan, M., Siedlar, M., Baj-Krzyworzeka, M. (2020) Au-
tologous tumor-derived microvesicles influence gene ex-
pression profiles and enhance protumorigenic chemotactic
potential, signal transduction and cellular respiration in
gastric cancer cells. Int. J. Oncol. 56, 359-367.

Taraboletti, G., D’Ascenzo, S., Borsotti, P., Giavazzi, R., Pa-
van, A., Dolo, V. (2002) Shedding of the matrix metallo-
proteinases MMP-2, MMP-9, and MTI-MMP as mem-
brane vesicle-associated components by endothelial cells.
Am. J. Pathol. 160, 673-680.

Taraboletti, G., D‘Ascenzo, S., Giusti, I., Marchetti, D., Bor-
sotti, P., Millimaggi, D., Giavazzi, R., Pavan, A., Dolo, V.
(2006) Bioavailability of VEGF in tumor-shed vesicles de-
pends on vesicle burst induced by acidic pH. Neoplasia 8,
96-103.

Théry, C., Witwer, K. W., Aikawa, E., Alcaraz, M. J., Ander-
son, J. D., Andriantsitohaina, R., Antoniou, A., Arab, T,
Archer, F., Atkin-Smith, G. K., Ayre, D. C., Bach, J. M.,
Bachurski, D., Baharvand, H., Balaj, L., Baldacchino, S.,
Bauer, N. N., Baxter, A. A., Bebawy, M., Beckham, C.,
Bedina Zavec, A., Benmoussa, A., Berardi, A. C., Bergese,
P., Bielska, E., Blenkiron, C., Bobis-Wozowicz, S., Boil-
ard, E., Boireau, W., Bongiovanni, A., Borras, F. E., Bosch,
S., Boulanger, C. M., Breakefield, X., Breglio, A. M.,
Brennan, M. A., Brigstock, D. R., Brisson, A., Broekman,
M. L., Bromberg, J. F., Bryl-Goérecka, P., Buch, S., Buck,
A. H., Burger, D., Busatto, S., Buschmann, D., Bussolati,
B., Buzas, E. 1., Byrd, J. B., Camussi, G., Carter, D. R.,
Caruso, S., Chamley, L. W., Chang, Y. T., Chen, C., Chen,
S., Cheng, L., Chin, A. R., Clayton, A., Clerici, S. P,
Cocks, A., Cocucci, E., Coffey, R.J., Cordeiro-da-Silva, A.,
Couch, Y., Coumans, F. A., Coyle, B., Crescitelli, R., Cria-
do, M. F., D’Souza-Schorey, C., Das, S., Datta Chaudhuri,
A., de Candia, P., De Santana, E.F,. De Wever, O., Del Por-
tillo, H. A., Demaret, T., Deville, S., Devitt, A., Dhondt, B.,
Di Vizio, D., Dieterich, L. C., Dolo, V., Dominguez Rubio,
A. P., Dominici, M., Dourado, M. R., Driedonks, T. A., Du-
arte, F. V., Duncan, H. M., Eichenberger, R. M., Ekstrom,
K., El Andaloussi, S., Elie-Caille, C., Erdbriigger, U., Fal-
con-Pérez, J. M., Fatima, F., Fish, J. E., Flores-Bellver, M.,
Forsonits, A., Frelet-Barrand, A., Fricke, F., Fuhrmann, G.,
Gabrielsson, S., Gamez-Valero, A., Gardiner, C., Gértner,
K., Gaudin, R., Gho, Y. S., Giebel, B., Gilbert, C., Gimona,
M., Giusti, I., Goberdhan, D. C., Gérgens, A., Gorski, S.
M., Greening, D. W., Gross, J. C., Gualerzi, A., Gupta, G.
N., Gustafson, D., Handberg, A., Haraszti, R. A., Harrison,
P., Hegyesi, H., Hendrix, A., Hill, A. F., Hochberg, F. H.,



110

M. Baj-Krzyworzeka et al.

Vol. 66

Hoffmann, K. F., Holder, B., Holthofer, H., Hosseinkhani,
B., Hu, G., Huang, Y., Huber, V., Hunt, S., Ibrahim, A. G.,
Ikezu, T., Inal, J. M., Isin, M., Ivanova, A., Jackson, H. K.,
Jacobsen, S., Jay, S. M., Jayachandran, M., Jenster, G., Ji-
ang, L., Johnson, S. M., Jones, J. C., Jong, A., Jovanovic-
Talisman, T., Jung, S., Kalluri, R., Kano, S. I., Kaur, S.,
Kawamura, Y., Keller, E. T., Khamari, D., Khomyakova,
E., Khvorova, A., Kierulf, P, Kim, K. P., Kislinger, T.,
Klingeborn, M., Klinke, D. J., Kornek, M., Kosanovié, M.
M., Kovics, A. F., Krimer-Albers, E. M., Krasemann, S.,
Krause, M., Kurochkin, I. V., Kusuma, G. D., Kuypers, S.,
Laitinen, S., Langevin, S. M., Languino, L. R., Lannigan,
J, Lasser, C., Laurent, L. C., Lavieu, G., Lazaro-Ibafez, E.,
Le Lay, S., Lee, M. S., Lee, Y. X F.,, Lemos, D. S., Lenassi,
M., Leszczynska, A., Li, I. T., Liao, K., Libregts, S. F.,
Ligeti, E., Lim, R., Lim, S. K., Ling, A., Linnemannstons,
K., Llorente, A., Lombard, C. A., Lorenowicz, M. J.,
Lorinez, A. M., Lotvall, J., Lovett, J., Lowry, M. C,, Loyer,
X., Lu, Q. , Lukomska, B., Lunavat, T. R., Maas, S. L.,
Malhi, H., Marcilla, A., Mariani, J., Mariscal, J., Martens-
Uzunova, E. S., Martin-Jaular, L., Martinez, M. C., Mar-
tins, V. R., Mathieu, M., Mathivanan, S., Maugeri, M.,
McGinnis, L. K., McVey, M. J., Meckes, D. G Jr., Meehan,
K. L., Mertens, I., Minciacchi, V. R., Méller, A., Mgller
Jorgensen, M., Morales-Kastresana, A., Morhayim, J.,
Mullier, F., Muraca, M., Musante, L., Mussack, V., Muth,
D. C., Myburgh, K. H., Najrana, T., Nawaz, M., Nazaren-
ko, I., Nejsum, P., Neri, C., Neri, T., Nieuwland, R., Nim-
richter, L., Nolan, J. P., Nolte-’t Hoen, E. N., Noren Hoot-
en, N., O’Driscoll, L., O’Grady, T., O’Loghlen, A., Ochiya,
T., Olivier, M., Ortiz, A., Ortiz, L. A., Osteikoetxea, X.,
Ostergaard, O., Ostrowski, M., Park, J., Pegtel, D. M., Pei-
nado, H., Perut, F., Pfaffl, M. W., Phinney, D. G., Pieters, B.
C., Pink, R. C., Pisetsky, D. S., Pogge von Strandmann, E.,
Polakovicova, 1., Poon, I. K., Powell, B. H., Prada, 1., Pul-
liam, L., Quesenberry, P., Radeghieri, A., Raffai, R. L., Rai-
mondo, S., Rak, J., Ramirez, M. I,. Raposo, G., Rayyan, M.
S., Regev-Rudzki, N., Ricklefs, F. L., Robbins, P. D., Rob-
erts, D. D., Rodrigues, S. C., Rohde, E., Rome, S.,
Rouschop, K. M., Rughetti, A., Russell, A. E., Saa, P., Sa-
hoo, S., Salas-Huenuleo, E., Sanchez, C., Saugstad, J. A,.
Saul, M. J., Schiffelers, R. M., Schneider, R., Schayen, T.
H., Scott, A., Shahaj, E., Sharma, S., Shatnyeva, O., Shek-
ari, F., Shelke, G. V., Shetty, A. K., Shiba, K., Siljander, P.

R., Silva, A. M., Skowronek, A., Snyder, O. L., 2nd, Soares,
R. P, Sodar, B. W., Soekmadji, C., Sotillo, J., Stahl, P. D.,
Stoorvogel, W., Stott, S. L., Strasser, E. F., Swift, S., Ta-
hara, H., Tewari, M., Timms, K., Tiwari, S., Tixeira, R.,
Tkach, M., Toh, W. S., Tomasini, R., Torrecilhas, A. C.,
Tosar, J. P., Toxavidis, V., Urbanelli, L., Vader, P., van
Balkom, B. W., van der Grein, S. G., Van Deun, J., van
Herwijnen, M. J., Van Keuren-Jensen, K., van Niel, G., van
Royen, M. E., van Wijnen, A. J., Vasconcelos, M. H., Ve-
chetti, I J., Jr, Veit, T. D., Vella, L. J., Velot, E., Verweij, F.
J., Vestad, B., Viiias, J. L., Visnovitz, T., Vukman, K. V.,
Wahlgren, J., Watson, D. C., Wauben, M. H., Weaver, A.,
Webber, J. P.,, Weber, V., Wehman, A. M., Weiss, D. J.,
Welsh, J. A., Wendt, S., Wheelock, A. M., Wiener, Z.,
Witte, L., Wolfram, J., Xagorari, A., Xander, P., Xu, J., Yan,
X., Yafiez-Mo6, M., Yin, H., Yuana, Y., Zappulli, V., Zarubo-
va, ., Zékas, V., Zhang,J. Y., Zhao, Z., Zheng, L., Zheutlin,
A. R., Zickler, A. M., Zimmermann, P., Zivkovic, A. M.,
Zocco, D., Zuba-Surma, E. K. (2018) Minimal information
for studies of extracellular vesicles 2018 (MISEV2018): a
position statement of the International Society for Extra-
cellular Vesicles and update of the MISEV2014 guidelines.
J. Extracell. Vesicles 7, 1535750.

Whiteside, T. L. (2018) Exosome and mesenchymal stem cell

cross-talk in the tumor microenvironment. Semin. Immu-
nol. 35, 69-79.

Wysoczynski, M., Ratajczak, M. Z. (2009) Lung cancer se-

creted microvesicles: underappreciated modulators of mi-
croenvironment in expanding tumors. Int. J. Cancer 125,
1595-1603.

Zhang, H., Freitas, D., Kim, H. S., Fabijanic, K., Li, Z., Chen,

H., Mark, M. T., Molina, H., Martin, A. B., Bojmar, L.,
Fang, J., Rampersaud, S., Hoshino, A., Matei, 1., Kenific,
C. M., Nakajima, M., Mutvei, A. P., Sansone P., Buehring,
W., Wang, H., Jimenez, J. P., Cohen-Gould, L., Paknejad,
N., Brendel, M., Manova-Todorova, K., Magalhaes, A.,
Ferreira, J. A., Osorio, H., Silva, A. M., Massey, A., Vubil-
los-Ruiz, J. R., Galletti, G., Giannakakou, P., Cuervo, A.
M., Blenis, J., Schwartz, R., Brady, M. S., Peinado, H.,
Bromberg, J., Matsui, H., Reis, C. R., Lyden, D. (2018)
Identification of distinct nanoparticles and subsets of extra-
cellular vesicles by asymmetric flow field-flow fractiona-
tion. Nat. Cell Biol. 20, 332-343.



