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Abstract. Micro(nano)vesicles (MV) are regarded as impor-
tant messengers in cell‑to‑cell communication. There is also 
evidence for their pivotal role in cancer progression. Circulating 
MV are of different body cells origin, including tumor 
cell‑derived MV (TMV) in cancer patients. Determination of 
circulating TMV is of importance because of their potential 
diagnostic and therapeutic applications. In the present study, 
an analysis of circulating MV in colorectal cancer (CRC) 
patients was undertaken. Plasma from healthy donors was 
used as the control. In order to define MV characteristics, 
two plasma fractions: obtained by sequential centrifugation 
at 15,000 x g (MV15) and 50,000 x g (MV50) were used for 
analysis. The two fractions possessed a large range of sizes: 
70(80)-1,300(1,400)  nm and the most common particles 
with sizes 70-90 nm, both in patients and controls. Atomic 
force microscopy images of MV50 revealed a heterogeneous 
population of particles with different shapes and sizes. MV15 
contained an increased level of CD41+ and CD61+ particles, 
suggesting their platelet origin. No difference between patients 
and controls was observed. A more precise analysis of MV50 
showed the increased level of particles expressing EGFR 
(HER-1/Erb B1), HER-2/neu and Mucin1 (MUC1), suggesting 
their tumor origin. The total level of MV50‑expressing EGFR, 
HER-2/neu and MUC1 was enhanced in CRC patients. MV50 
both of patients and controls attached to a colon cancer cell 
line (SW480) and to isolated blood monocytes at 2 h and were 
engulfed at 24 h. This uptake showed the lack of specificity. 
Thus, apart from the direct delivery of MV to the tumor site by 

plasma, monocytes carrying MV may also be involved in their 
transportation. Taken together, the presented data indicate that 
MV15 contain mainly platelet‑derived particles, while MV50 
from CRC patients are enriched in TMV. Interaction of MV 
with cancer cells may pin-point their role in communication 
between tumor cells, resulting in molecular cargo exchange 
between them.

Introduction

Micro(nano)particles, also known as micro(nano)vesicles 
(MV), have been the subject of extensive studies as they play 
an important role in cell-to-cell communication. In the present 
study, this traditional nomenclature was used, although in 
fact, MV are differently classified, usually according to size 
[exosomes, ectosomes, nanovesicles, micro(nano)particles, and 
extracellular vesicles], or function (oncosomes, argosomes, 
and tolerosomes)  (1,2). The name ‘vesicles’ seems to be a 
misnomer as MV have different shapes and may be spherical, 
discoidal, elongated and cylindrical (3,4). MV are released by 
various cells and are present in body fluids, including blood, 
urine, pleural and cerebrospinal fluids, and ascites (1,3,4). The 
MV of tumor cells origin are classified as tumor-derived MV 
(TMV) (5).

The increased number of circulating MV of poorly 
defined origin was observed in patients with colorectal cancer 
(CRC) (6,7), gastric (8), ovarian (9), and breast (10) cancer, 
and some were indicated as possible predictors of progression. 
However, no evidence has been provided concerning whether 
TMV are also involved. We have previously found elevated 
numbers of HER-2/neu‑positive MV in the platelet‑free 
plasma of gastric cancer patients that were associated with 
advancement of the tumor, suggesting that some of these MV 
are TMV (3). Detection of TMV, among other MV, in blood 
may be of importance as they are regarded as biomarkers of 
cancer progression and may offer new diagnostic and thera-
peutic opportunities (1).

The present study was conducted to isolate MV from the 
plasma of CRC patients, known to demonstrate an enhanced 
level of MV (6) and healthy donors (control) to define their 
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properties. Large plasma pools obtained from individual 
subjects were stepwise centrifuged at 15,000 x g and 50,000 x g 
and size, structure, immunophenotype, including some tumor 
markers, of MV obtained at each step were performed. 
Interactions of MV with cancer cells and monocytes were also 
studied. This study has shown that the circulating MV of CRC 
patients are heterogeneous in all these aspects. As some MV 
expressed tumor markers it seems to suggest that among them, 
TMV are also present.

Materials and methods

Patients. Circulating MV were studied in 98 patients with CRC 
(Duke's stages A-2, B-42, C-28, D-24 patients) and in control 
healthy volunteers (n=89). Blood was obtained from patients 
before any treatment and from control subjects by venous 
puncture and collected to EDTA-containing tubes (Vacutainer 
system; BD Biosciences, Franklin Lakes, NY, USA). To omit 
individual variations, large pools of plasma were formed by 
mixing 1 ml of plasma from individual subjects and were 
treated as representative for patients and control populations 
and used for the isolation of MV. These studies were approved 
by the Ethics Committee of the Jagiellonian University 
Medical College.

Cancer cells. The SW480 colon cancer cell line (courtesy 
of Professor Caroline Dive, Paterson Institute for Cancer 
Research, University of Manchester, UK) was used as the 
TMV source and their target. The cells were cultured in 
Dulbecco's modified Eagle's medium (DMEM) with high 
glucose content (PAA Laboratories GmbH, Pasching, Austria) 
supplemented with 10% of fetal bovine serum (FBS; Biowest, 
Nuaille, France), previously centrifuged at 50,000 x g for 
1 h to remove bovine MV, at 37˚C, in a 5% CO2 atmosphere 
and regularly tested for Mycoplasma sp. contamination using 
a PCR-ELISA kit (Roche, Mannheim, Germany) and for 
endotoxin contamination by the Limulus test (Charles River 
Laboratories, Wilmington, MA, USA) according to the manu-
facturer's instructions.

Isolation of MV. The MV were obtained by stepwise ultracen-
trifugation. Blood samples were centrifuged at 3,000 x g for 
10 min to remove the cells. To omit individual variations, the 
obtained plasma (~1 ml each sample) were pooled and centri-
fuged at 15,000 x g for 15 min to obtain platelet-free plasma. 
Following the separation, the plasma contained ~2% while the 
pellet ~91% of CD61+ particles (3). The pellets obtained (called 
MV15) were suspended in serum‑free medium and washed three 
times at 15,000 x g. The supernatants were then ultracentri
fuged at 50,000 x g for 2 h. The MV pellets obtained (known 
as MV50) were resuspended in serum-free medium, washed 
three times at 50,000 x g and then resuspended in 0.15% NaCl 
solution (measurements of electrokinetic potential) or in the 
medium (other tests). The final suspensions were ~40 times 
concentrated. In some experiments, the supernatants from the 
SW480 cell line, were collected at confluency and TMVSW480 
(prepared in the same manner), were used.

Determination of MV size distribution. The size of MV 
was determined in Zetasizer Nano ZS apparatus (Malvern 

Instruments Ltd., Malvern, UK) equipped with a laser of 
λ=633 nm, using the dynamic light scattering method (DLS), 
with a nominal measuring range of 0.6-6,000 nm. Fluctuations 
of light intensity due to Brownian's particle motions allowed 
determination of their average speed, which in turn was 
recalculated into effective particle size. The obtained values 
represented the radius of spherical particles, which moved in 
viscous media with the same velocity as the studied particles.

The ζ potential determination. Particle ζ potential was 
measured with the same Zetasizer Nano ZS apparatus (Malvern 
Instruments) for samples diluted 10 times in distilled water. 
Charged objects moving due to applied electric field altered the 
frequency of scattered light (Doppler effect), allowing determi-
nation of their electrophoretic mobility, which was recalculated 
to the ζ potential using the Smoluchowski equation.

Atomic force microscopy. Samples for atomic force micros-
copy (AFM) were prepared from isolated MV50 by adsorbing 
onto modified mica bases. The measurements were performed 
using an Ntegra Vita microscope (NT-MDT Co., Zelenograd, 
Russia). The AFM images were recorded using commercial 
silicon tip working in a tapping mode at a resonance frequency 
within a range of 140-240 kHz with a polysilicon cantilever 
(NT-MDT Co., Tempe, AZ, USA) of spring constants 
k=3.4 N/m or k=5.8 N/m.

Immunophenotyping of MV. To characterise the MV 
phenotype the following murine monoclonal antibodies 
(mAbs) were used: f luorescein isothiocyanate (FITC)-
conjugated anti‑CD44, -CD61, phycoerythrin (PE)-labelled 
anti‑CD41, -CCR6 (chemokine receptor 6), -EGFR (epidermal 
growth factor receptor) (all from BD Pharmingen, San Diego, 
CA, USA) and FITC anti-CD44v6 (Bender MedSystems, 
Vienna, Austria), PE anti-MUC1 (Mucin1) (Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA, USA) and anti-HER-2/neu 
Alexa Fluor 488-conjugated (BioLegend, San Diego, CA, 
USA). In parallel, staining with appropriate isotype‑matched 
mouse IgG (BD  Pharmingen, Bender MedSystems, Santa 
Cruz Biotechnology, Inc. or Biolegend) were used as negative 
controls. MV samples were incubated with mAbs for 30 min 
at 4˚C, resuspended in 0.3 ml of PBS containing 0.1% sodium 
azide and analyzed by flow cytometry (FACS Canto), using 
FACS DiVa v. 5.1 software. After gating on FSC and SSC log 
scale, 50,000 events were acquired and statistical analysis 
was performed according to FITC, PE and Alexa Fluor 488 
fluorescence of MV stained with isotype controls.

Western blotting. MV were lysed in M-PER lysing buffer 
(Pierce, Rockford, IL, USA) containing protease inhibitor 
cocktail (Roche). Isolated protein (20 µm) was mixed with 
NuPAGE LDS Sample Buffer (4X concentration)  and 
NuPAGE Sample Reducing Agent (10X concentration) (both 
from Life Technologies, Carlsbad, CA, USA). Samples were 
heated (70˚C, 10 min) and electrophoresed in 14% polyacryl-
amide gel containing SDS. The samples were then transferred 
onto polyvinylidene fluoride membranes (Bio-Rad, Hercules, 
CA, USA). After blocking for 1 h at room temperature in 
Tris-buffered saline (TBS) with 0.1% Tween-20 and 1% 
bovine serum albumin (BSA) (both from Sigma‑Aldrich, 
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St. Louis, MO, USA) the membranes were incubated over-
night at 4˚C with murine mAbs against: EGFR (clone R-1), 
HER-2/neu (clone F-11), and rabbit anti-MUC1 (clone H-295) 
(all from Santa Cruz Biotechnology, Inc.) diluted 1:1,000. As 
a loading control, mouse anti-actin (clone C-2; Santa Cruz 
Biotechnology, Inc.) was used. After incubation, membranes 
were washed in TBS supplemented with BSA and Tween-20 
and incubated for 1 h at room temperature with secondary 
goat anti-rabbit and anti-mouse antibodies (dilution at 
1:4,000) conjugated with horseradish peroxidase (Santa Cruz 
Biotechnology, Inc.). The protein bands were visualized with 
the SuperSignal West Pico Chemiluminescence Substrate 
kit (Pierce) according to the manufacturer's instructions and 
analyzed with Kodak Gel Logic 1500 Digital Imaging system 
(Kodak, Rochester, NY, USA).

Binding and engulfment of TMV. To test the ability of TMV 
to bind to cancer cells and monocytes, TMV50 were stained 
with red PKH26 fluorescent dye (Sigma-Aldrich) for 5 min, 
according to the manufacturer's instructions and then incu-
bated with SW480 cells and blood monocytes, isolated as 
previously described (11) (~2 TMV particles/cell, previously 
titrated as detectable by FACS), for 2 and 24 h. To discriminate 
between the cells which already engulfed TMV (intracel-
lular localization) from those with TMV only attached to 
their surface (extracellular) a quenching assay with crystal 
violet (1 mg/ml final concentration; Sigma-Aldrich), added 
to the cell suspension (12), was introduced. In this assay the 
extracellular fluorescence was quenched by crystal violet (5). 
The samples were then analyzed by FACS. Gate P1 was set 
according to the autofluorescence of cells incubated in the 
medium without TMV.

Elimination of TMV from circulation. Severe combined 
immunodeficient (NOD SCID; Charles River Laboratories, 
Sulzfeld, Germany) mice (2/group) were injected intrave-

nously into retroorbital veins with PKH26-labelled TMVSW480 
(5x107 in 100 µl PBS/mouse). Handling and all the procedures 
were conductaed under laminar flow conditions. Blood was 
drawn from tail vein into EDTA‑containing tubes at 5, 15, 30, 
60 and 120 min after injection and then the mice were eutha-
nized. Spleen, liver, lung and kidney were removed for further 
examination. Blood was centrifuged at 3,000 x g for 10 min 
and plasma and cells from the bottom were removed sepa-
rately. Cells from the pellet were washed. Plasma was further 
centrifuged at 50,000 x g for 1 h and the pellet and plasma were 
analyzed for the presence of PKH26-labelled TMV by FACS. 
Organ samples were sectioned using Leica CM1850 cryostat 
(Leica Microsystems Nussloch GmbH, Nussloch, Germany). 
The presence of TMVSW480 was examined under the Olympus 
BX60 fluorescent microscope (Olympus Corp., Tokyo, Japan).

Results

Size distribution. The size of isolated MV15 and MV50, as 
defined by DLS, revealed heterogeneity and relatively small 
differences between them (Fig. 1). Broad distribution of sizes 
and rather high SD indicated polydispersity of samples. The 
size ranges were 70(80)-1,300(1,400) nm in MV15 and MV50 
and no differences were observed between patients and 
controls. The most frequent number of particles had sizes 
105 nm in MV15 and 70-90 nm in MV50, both in patients and 
control samples (differences were not significant). The negative 
ζ potential of MV15 from patients (-17.6±1.52 mV) and controls 
(-15.8±1.76 mV) did not differ, while the MV50 of patients had 
a significantly higher (P≥0.05) ζ potential (-16.8±0.90 mV) 
than that from the controls (-10.7±1.64 mV). AFM was used to 
investigate the structure of MV. It was not possible to analyze 
MV15 because of the presence of large homogenous clusters, 
which disturb the measurements. The MV50 isolated from the 
plasma of patients showed highly heterogeneous MV differing 
both in shapes and sizes (Fig. 2A and B). A comparison of 

Figure 1. Size distribution (left panel) of: MV15 (left panels) and MV50 (right panels) from patients (upper panels) and control (lower panels). Number indicates 
the sizes of the frequency of the most common particles. MV, micro(nano)vesicles.
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Figure 2. AFM images of MV50 obtained from CRC patients' plasma deposited onto modified mica. 2D image on the left corresponds to a 10x10 µm scan area 
for which the 3D presentation is given on the right. The scale of x and y-axis is in µm range whereas the numbers on the z-axis are in nm units. MV, micro(nano)
vesicles; AFM, atomic force microscopy; CRC, colorectal cancer.

Figure 3. Expression of some CD determinants and tumor markers on MV isolated from plasma of patients (MV15 and MV50) and controls (MV15 and MV50). 
MV, micro(nano)vesicles.
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sizes obtained from AFM and DLS showed their high compat-
ibility. Immunophenotype was determined by flow cytometry 
and western blotting.

Expression of determinants and tumor markers. Among 
several determinants tested on MV by FACS, we concentrated 

on these of platelet origin (CD41, CD61), those involved in 
cancer cell interactions with other cells (CD44v6, CCR6) and 
tumor‑associated (HER-2/neu, EGFR and MUC1). Expression 
of platelet markers (CD41, CD61) was significantly higher on 
MV15 than MV50, for patients and donors (Fig. 3) among which 
there was no difference. HER-2/neu‑positive particles were 
more apparent in patients than donors, and in the former their 
proportion was higher in MV50 than MV15. Expression of MUC1 
on MV15 was higher in patients but no difference between them 
was observed on MV50 protein content. The proportion of 
CD44v6 and CCR6 was higher on MV50 than MV15 but patients 
and controls showed no differences in their expression in MV15 
and MV50. Western blot analysis of MV50 from the patients 
showed stronger bands of EGFR (HER-1/Erb B1), HER-2/neu 
and MUC1 as compared to the controls (Fig. 4).

Binding and ingestion by SW480 cells and monocytes of MV. 
Since MV are present at the tumor site (1), it was of interest 
to determine whether MV circulating in plasma are able 
to interact with cancer cells, i.e., whether MV are taken up 

Figure 4. Expression of tumor markers on MV isolated from the plasma of 
gastric cancer patients (lane 1) and healthy donors (lane 2) as determined by 
western blot analysis. MV, micro(nano)vesicles.

Figure 5. Binding and ingestion by SW480 cells of MV50 isolated from the plasma of CRC patients and donors or TMVSW480. FACS analysis of SW480 cells 
after incubation without (medium) or with TMV (patients, control). SW480 cells were pretreated with PKH-26-labelled TMV (2:1 particles/cell ratio) for 
2 and 24 h as described in ‘Materials and methods’. Fluorescence of SW480 cells treated with crystal violet after 2 and 24 h. Gate P1 was set according to the 
autofluorescence of SW480 cells incubated in the medium without TMV. The percentage of positive cells is shown. MV, micro(nano)vesicles; CRC, colorectal 
cancer; TMV, tumor cell‑derived MV.
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by the cells. For this purpose, the cells from a colon cancer 
cell line (SW480) were exposed to PKH26-labelled MV50 
(as enriched in MV of tumor cells origin) isolated from the 
plasma of patients and controls and TMVSW480 (‘pure’ TMV) 
for 2 and 24 h, followed by FACS analysis. After incubation 
for 2 h only a small proportion of MV50 was seen mostly 
extracellularly as judged by almost total quenching with 
crystal violet (Fig. 5). No difference was observed for MV50 

between patients and donors, but TMVSW480 attachment 
was significantly higher (53%). Incubation for 24 h resulted 
in a significantly higher proportion of positive cells with or 
without quenching, indicating that approximately half of MV50 
were localized intracellularly. This provides clear evidence 
for the attachment and engulfment of MV50 by cancer cells 
and indicated the lack of uptake specificity. The other note-
worthy issue was the interaction of MV50 with monocytes. 
Monocytes were selected as the most common cell‑infiltrating 
tumors (tumor‑infiltrating monocytes, TIM). Monocytes were 

exposed to PKH26-labelled MV50, similarly for 2 and 24 h. 
Fig. 6 shows that uptake of MV50 from patients and control by 
monocytes occurred, and the proportion of positive cells was 
similar as observed in the case of cancer cells.

As the plasma level of circulating MV is relatively constant, 
the issue was whether it was due to elimination/delivery of 
MV. As the number of MV50 from patients and controls was 
extremely low to reach their level observed in human plasma, 
TMVSW480 were used to determine the elimination rate from 
blood and specific organ localization. Trace levels of PKH26-
labelled TMVSW480 were detected in blood cells and plasma 
(~1.0% of injected) only at 5 min after intravenous injection 
into NOD SCID mice. At this time no labelled TMV in the 
liver, lung, spleen and kidney were detected. At 15 min after 
injection labelled TMVSW480 were observed in the liver and 
lung tissue sections, but not kidney and spleen. The highest 
fluorescence intensity was observed in the former. No TMV 
were detected later on in any of the examined organs. The 

Figure 6. Binding and ingestion by monocytes of MV50 isolated from the plasma of CRC patients and donors or TMVSW480. FACS analysis of monocytes after 
incubation without (medium) or with TMV (patients, control). Monocytes were pretreated with PKH-26-labelled TMV (2:1 particles - cell ratio) for 2 and 24 h 
as described in ‘Materials and methods’. Fluorescence of monocytes treated with crystal violet after 2 and 24 h. Gate P1 was set according to autofluorescence 
of SW480 cells incubated in the medium without TMV. The percentage of positive cells is shown. MV, micro(nano)vesicles; CRC, colorectal cancer; TMV, 
tumor cell‑derived MV.
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results indicated that TMV were rapidly eliminated from 
blood and that the liver was mainly responsible for their ‘trap-
ping’ and elimination.

Discussion

Many micro(nano)particles, also known as microvesicles 
(MV), are released by tumor cells (TMV). TMV play a pivotal 
role in cancer and may serve as a putative diagnostic tool and 
therapeutic target (1). However, MV are also shed by many 
cells of the body (e.g., platelets, hepatocytes, endothelium), 
including those present in tumor stroma (13). MV circulating 
in blood are of different cell origin. Their level is increased 
in many types of cancer (3,8-10). Detection of circulating 
TMV (oncosomes) in blood is limited by the fact that their 
estimated frequency among host MV is approximately 1% (1). 
Since most common platelet-derived MV (CD41+, CD61+) 
attenuate TMV, the studies were undertaken to remove them 
from the plasma of CRC patients. Our previous observation in 
gastric cancer patients indicated that plasma centrifugation at 
15,000 x g led to the substantial depletion of MV of platelet 
origin (3). In the present study, stepwise centrifugation of 
plasma at 15,000 x g and 50,000 x g was used to characterize 
more precise fractions obtained at these gravities, known 
as MV15 and MV50, respectively. Using these fractions we 
characterized MV size, electrokinetic potential, morphology, 
expression of tumor markers, and MV50 interactions in vitro 
with cancer cells and monocytes.

Different methods are used for determination of MV size, 
e.g., electron microscopy, DLS (3) or AFM, alone or combined 
with microfluidics  (14,15). We used the DLS method and 
found an almost identical range of sizes (70-1,400 nm) among 
MV15 and MV50 fractions, both in patients and controls. From 
the size distribution of nanoparticles it appears that MV15, 
from patients and control were more heterogeneous (trimodal 
pattern) while MV50 showed a bimodal size distribution. 
The most common frequency of particle size in MV15 was 
approximately 105 nm, while in MV50 80-90 nm. This size 
suggesta that most MV are equivalent to exosomes (16). DLS 
results are in concordance with data from the AFM analysis, 
which indicated a similar mean range of sizes, and different 
shapes of MV50. There was no difference between patients 
and control samples (not shown). In comparison to MV15 the 
MV50 of CRC patients exhibited an increased expression of 
some tumor markers, mainly HER-2/neu, MUC1 as defined 
by flow cytometry and EGFR (HER-1/Erb B1), HER-2/neu 
and MUC1 as determined by western blotting. The level of 
CD44v6 and CCR6 was also higher in MV50 than MV15 but 
no differences between patients and control were identified. 
The general conclusion was that MV50 from patients contained 
more TMV, i.e., expressing tumor markers as compared to 
the controls and MV15. This finding can be extrapolated to 
suggest that in patients, tumor marker positive circulating 
MV50 are present in elevated numbers. Since the two markers 
are overexpressed in colon cancer cells (17,18), it appears to 
indicate that CRC tumors are the major source of such MV, 
i.e., TMV. The presence of HER-2/neu and MUC1 in healthy 
individuals is not noteworthy as normal colon epithelial cells 
also express at least HER-2/neu (19), while MUC1 is not a 
truly specific tumor marker (20). It is notable that EGFR on 

MV50 was detected by western blotting but not by FACS. The 
likely explanation may be that it is not expressed on the MV50 
surface, but present inside only. This is in agreement with the 
observation that SW480 cells are EGFR‑positive, while EGFR 
is not detected on TMVSW480 (unpublished observation). The 
higher ζ potential of patients' MV50, may also be associated 
with the presence of MV of tumor origin.

As MV of tumor and tumor‑infiltrating cells origin are 
observed in the tumor bed (21-23), we determined whether 
MV50 present in plasma may interact with cancer cells. 
Colon cancer cells (SW480) were used as a target for MV50 
from patients and controls. SW480 cells were exposed 
to PKH-26‑labelled MV50 from plasma and TMVSW480 as 
controls. At 2 h the MV attached to the cells, while at 24 h 
engulfment occurred. There was no significant difference in 
the magnitude of the MV uptake, thus indicating a lack of 
specificity in interactions of MV with cancer cells. Uptake 
of tumor-derived exosomes i.e., with particles sizes <100 nm 
has already been described (24,25). However, these small MV 
were isolated from supernatants of culture cell lines (24-26). 
Thus, to the best of our knowledge, the present results are 
the first to demonstrate that circulating (‘native’) MV can 
also interact with cancer cells. Although some specificity of 
tumor-derived exosomes towards cancer cells over ‘immortal-
ized’ cells was suggested, such exosomes are not preferentially 
associated with their parental cell lines (16). The lack of speci-
ficity may be due to various endocytic pathways of uptake, not 
only exosomes, but also ‘native MV’ (25,26). Uptake of plasma 
MV by cancer cells indicate that such MV, such as TMV, may 
deliver their cargo to target cells (5). Since TMV are consid-
ered a potential drug delivery means (1), the lack of specificity 
in uptake of MV50 may be advantageous as isolation of circu-
lating MV from healthy subjects is relatively simple, as shown 
in the present study. Additionally, it is unlikely that MV of 
tumor origin may deliver ‘unwanted’ cargo. Uptake of plasma 
MV by monocytes may also be involved in their delivery to 
the tumor site, as monocytes are prominent participants of the 
tumor infiltrate (27,28).

It was noteworthy to identify where TMV are accumulated 
in the body and the expeditious manner in which they are 
eliminated. These studies were undertaken in NOD SCID 
mice which were infused with ‘pure’ TMVSW480 labelled with 
fluorescent dye PKH-26 in numbers required to reach the 
level of total MV observed in the blood of patients. No pres-
ence of these TMV in blood cells was observed 5 min after 
injection, suggesting their rapid elimination. At 15-30 min, 
their accumulation was observed mostly in the liver, and 
lungs. The finding suggests that TMV are taken up by tissue 
macrophages (abundantly present in these organs), which is 
supported by observations that TMV were attached to human 
blood monocytes in vitro within 2 h and then engulfed within 
24 h (unpublished). However, we were unable to establish 
the sequence of subsequent intracellular events, as at latter 
times TMV were not identified in these organs, e.g., possible 
degradation by enzymes for which there is an abundance 
in macrophages (29). However, these findings suggest that 
continuous delivery of MV is necessary in the body because 
their continuous level was detected.

In conclusion, this study provides evidence for the hetero-
geneity in many respects of circulating MV in CRC patients, 
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some of which are likely to be of tumor origin. These MV may 
affect the tumor and may be carried by monocytes. However, 
their precise role in this type of cancer remains unclear and 
requires additional studies.
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