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Abstract This study was designed to determine the
characteristics of tumour cell-derived microvesicles
(TMV) and their interactions with human monocytes.
TMV were shed spontaneously by three different human
cancer cell lines but their release was significantly in-
creased upon activation of the cells with phorbol 12-
myristate 13-acetate (PMA). TMV showed the presence
of several surface determinants of tumour cells, e.g.
HLA class I, CD29, CD44v7/8, CD51, chemokine
receptors (CCR6, CX3CR1), extracellular matrix me-
talloproteinase inducer (EMMPRIN), epithelial cell
adhesion molecule (EpCAM), but their level of expres-
sion differed from that on cells they originated from.
TMV also carried mRNA for growth factors: vascular
endothelial growth factor (VEGF), hepatocyte growth
factor (HGF), interleukin-8 (IL-8) and surface determi-
nants (CD44H). TMV were localized at the monocytes
surface following their short exposure to TMV, while at

later times intracellularly. TMV transferred CCR6 and
CD44v7/8 to monocytes, exerted antiapoptotic effect on
monocytes and activated AKT kinase (Protein Kinase
B). Thus, TMV interact with monocytes, alter their
immunophenotype and biological activity. This impli-
cates the novel mechanism by which tumour infiltrating
macrophages may be affected by tumour cells not only
by a direct cell to cell contact, soluble factors but also by
TMV.
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Introduction

Many cell types including leukocytes, platelets, and
endothelial cells during growth, activation or apoptosis
are shedding small circular membrane fragments called
microparticles or microvesicles [15, 23, 24, 32, 33]. The
increased level of microvesicles (MV) in plasma is ob-
served in different disease states, like unstable angina,
diabetes, sepsis, thromboembolic complications and
cancer [14, 19, 28]. The biological activity of MV is
associated with the contents of poorly characterized
membrane proteins and lipids, especially sphingolipids
[18]. MV are also shed by tumour cells in vitro and
in vivo and these tumour-derived MV (TMV) from
melanoma, breast, lung and pancreatic tumour cell
lines express several surface molecules: CD44, CD63,
CD95L, CD147 (extracellular matrix metalloproteinase
inducer, EMMPRIN), b1, a3, a5 integrins, HLA class I
[2, 9, 10, 12, 23, 36, 37]. They also contain cytoplasm
and actin cytoskeleton [23]. It is still unclear whether
MV derived from normal and malignant cells posses
similar biological activities. However, tumour cell lines
with highly metastatic potential release a greater
amount of TMV than cells with low metastatic ability
[1, 6].

In the local tumour microenviroment tumour infil-
trating macrophages (TIM) interact both with cancer,
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stromal cells and extracellular matrix. These interactions
result in the production by TIM both protumour and
antitumour mediators [21, 29]. In the tumour bed freshly
arriving monocytes, giving rise to TIM, may also be
exposed to MV released by tumour cells, platelets,
endothelial cells, which modulate cellular interactions
[11, 16, 31]. Platelet-derived MV (PMV) can transfer
tissue factor to monocytes, which results in thrombotic
events [33]. However, to our knowledge no information
is available on the interactions of TMV with human
monocytes/macrophages.

The present study was designed to characterize
immunophenotype of TMV obtained from different
human cancer cell lines and to determine whether TMV
may transfer some of tumour cell determinants and/or
mRNA to monocytes. This paper shows that TMV carry
several surface determinants expressed by tumour cells
and deliver them to monocytes. TMV protect monocytes
from spontaneous apoptosis in vitro and activate sig-
naling pathways, like AKT-PI3K (AKT kinase-phos-
phatidylinositide 3¢-OH kinase). This suggests that TMV
may be one of the players in the macrophage–tumour
cell interactions.

Materials and methods

TMV isolation

TMV were obtained from the following human cell lines:
HPC-4 (pancreatic adenocarcinoma, TMVHPC), DeTa
(colorectal adenocarcinoma, TMVDeTa) and A549 (lung
carcinoma, TMVA549) previously described [26, 27].
Cells were cultured by bi-weekly passages in RPMI 1640
(Sigma, St Louis, MO, USA) with 5% FCS (foetal calf
serum, Biochrom, Berlin, Germany) centrifuged at
50,000g. Cell lines were regularly tested for Mycoplasma
sp. contamination by using PCR-ELISA kit according
to the manufacturer’s procedure (Roche, Mannheim,
Germany). Supernatants from well-grown cell cultures
were collected, centrifuged at 2,000g for 20 min to re-
move cell debris and centrifuged again at 50,000g
(RC28S, Sorvall, Newton, CT, USA) for 1 h at 4�C.
Pellets were washed several times to remove FCS and
finally resuspended in serum-free medium. Quantifica-
tion of TMV proteins was evaluated by the Bradford
method (BioRad, Hercules, CA, USA). TMV were tes-
ted for endotoxin contamination by the Limulus test
according to the manufacturer’s instruction (Charles
River Laboratories, Inc., Wilmington, MA, USA) and
stored at �20�C.

Determination of size and number of TMV by flow
cytometry and transmission electron microscopy

The size of TMV was determined by flow cytometry
(FACS Canto, BD Biosciences Immunocytometry

Systems, San Jose, CA, USA). The instrument was
rinsed with particle-free FACS Rinse Solution (BD
Bioscience, San Diego, CA, USA) for 15 min to elimi-
nate the background. The beads of different size: 1, 2.5
or 6 lm (Molecular Probes, Eugene, OR, USA) were
used as the size markers and analysis was performed
using a log scale for FSC and SSC parameters. Tumour
cells were cultured for 4 h in serum-free medium alone
or in the presence of phorbol 12-myristate 13-acetate
(PMA, 100 ng/ml, Sigma), supernatants were collected,
spun at 2,000g for 20 min and the number of TMV was
analysed by flow cytometry during 20 s of acquisition in
a medium flow option. In addition, HPC-4 cells stimu-
lated with PMA were used for transmission electron
microscopy to confirm TMV size and shape. Briefly,
cells were pre-fixed in 2% glutaraldehyde in phosphate
buffer at pH 7,3 and post-fixed in 1% buffered osmium
tetroxide. After dehydration in graded series of ethanol,
the samples were embedded in low viscosity medium,
thin sectioned and stained with 2% uranyl acetate and
lead citrate. The micrographs were taken with a Philips
EM 300 electron microscope (Philips, Eindhoven, The
Netherlands) operating at 80 KV.

Isolation of monocytes

Human peripheral blood mononuclear cells were iso-
lated from EDTA-blood of healthy donors by the
standard Ficoll/Isopaque (Pharmacia, Uppsala, Swe-
den) density gradient centrifugation. Monocytes were
separated from mononuclear cells by counter-flow cen-
trifugal elutriation with a JE-5.0 elutriation system
equipped with a 5 ml Sanderson separation chamber
(Beckman, Palo Alto, CA, USA) as previously described
[26]. Monocytes were suspended in RPMI 1640 culture
medium supplemented with L-glutamine (Sigma) with
gentamycin (25 lg/ml).

Immunophenotyping of TMV

The following monoclonal antibodies (mAbs) were used:
FITC-labelled anti: HLA class I, CD29, CD44H, (BD
Biosciences Pharmingen, San Diego, CA, USA), CD51,
CD58 (Immunotech, Marseille, France), CD44v6,
CD44v7/8 (Bender Medsystem, Vienna, Austria),
TNFR1, TNFR2 (R&D Systems Minneapolis, MN,
USA) EMMPRIN (CD147 clone 8D6, Santa Cruz
Biotechnology, Santa Cruz, CA, USA), EpCAM (epi-
thelial cell adhesion molecule, clone Ber-EP4, Dako
Cytomation, Glostrup, Denmark), and PE-labelled anti:
CCR3, CXCR1, CXCR2, CXCR4 (R&D Systems),
CX3CR1 (MBL, Nagoya Japan), CCR6, CD95 (BD
Biosciences Pharmingen), with appropriate isotype
controls. Tumour cells or TMV were incubated with
mAbs for 30 min at 4�C, washed (TMV were not wa-
shed) and then analysed in FACSCalibur flow cytometer
(BD Biosciences Immunocytometry Systems).
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Transfer of TMV to monocytes

TMV were incubated for 5 min with red PKH26 dye
(Sigma) according to the manufacturer’s instruction.
After that TMV were washed with 1% bovine serum
albumin (BSA) and several times in serum-free RPMI
1640 medium. Monocytes (1·106 /ml) were incubated
with PKH26-labelled TMV (30 lg/ml) for 30 min to
24 h at 37�C in serum-free medium. Binding of PKH26-
labelled TMV to monocytes was determined by flow
cytometry analysis of red fluorescence intensity and the
percentage of positive cells. Vital dye crystal violet was
used for quenching extracellular fluorescence [38].
Transfer of CCR6, CD44v7/8 to monocytes was analy-
sed after incubation for 15 min to 3 h with TMV by
staining the cells with appropriate mAbs. In parallel,
confocal microscopy analysis was performed to visualize
localization of TMV in monocytes. Monocytes incu-
bated with PKH26-labelled TMV (30 min, 1 h, 24 h)
were seated on Super Frost Plus microscopy slides
(Menzel-Glaser, Germany), fixed with 4% paraformal-
dehyde, washed and covered with fluorescent mounting
medium (Dako Cytomation). Analysis was performed
with the use of DM RXA2 TCS SL confocal laser-
scanning microscope using 63x/1.4–0.6 (HCX PL APO)
oil objective and confocal software (Leica, Microsys-
tems). The PKH26 fluorescence was excited with He/Ne
laser emitting line at 543 nm. The exposure settings and
gain were identical for each image. The background
noise of each confocal image was reduced by average
two scans/line and four frames/image.

Determination of chemotaxis

Chemotactic assay was performed in Costar Transwell
24-well plates with 8 lm pore filter (Costar Corning,
Cambridge, MA, USA) as described before [4]. Mono-
cytes were incubated in the medium supplemented with
0,5% BSA alone or with TMVHPC(30 lg/ml) for 1 h.
After that monocytes (1·106 /ml) were washed and dis-
tributed to the upper chamber of transwell. As TMVHPC

carry CCR6, macrophage inflammatory protein-3a
(MIP-3a, 100 ng/ml, PeproTech, Inc. Rocky Hill, NJ,
USA) was used as a chemoatractant. After 4 h cells from
lower chamber of transwell were scored using FAC-
SCalibur. The cells were gated according to their FSC/
SSC parameters and counted during a 20 s acqusition at
a high-flow rate. Data are expressed as the percentage of
the cells input corrected by the percentage of cells, which
migrated spontaneously to the medium alone.

Determination of IL-8-, VEGF-, HGF-, CD44-and b-
actin mRNA expression by real time PCR

The total RNA was extracted from TMV or tumour cell
lines by the single-step isolation method using TRI-ZOL
reagent (Gibco-BRL, Grand Island, NY, USA)

according to the manufacturer’s protocol. The first
strand cDNA was obtained from the total RNA samples
(2 lg) with Moloney Murine Leukemia Virus (M-MLV)
reverse transcriptase (Sigma) and oligo-dT (Sigma) pri-
mer as specified by the manufacturer’s protocol. The
quantitative polymerase chain reactions (PCR) for
interleukin-8 (IL-8), vascular endothelial growth factor
(VEGF), hepatocyte growth factor (HGF), CD44H and
b-actin were performed using the LightCycler system
(Roche Diagnostics, Mannheim, Germany) with the
following primer pairs: IL-8: 3¢TTA GCA CTC CTT
GGC AAA ACT G 5¢CTG GCC GTG GCT CTC TTG
VEGF: 3¢GGT CTC GAT TGG ATG GCA GTA G
5¢CAC CCA TGG CAG AAG GAG GA HGF: 3¢TCC
TTG ACC TTG GAT GCA TTC 5¢CTC ACA CCC
GCT GGG AGT AC CD44H: 3¢TTA TCA ATA CCA
TTA ACC AGG 5¢GTG TCC ATC TGA TTC AGS
TCC b-actin: 3¢CGA TCC ACA CGG ATG ATC TG
5¢GGA TGC AGA AGG AGA TCA CTG

The thermal profile for IL-8, VEGF, HGF, and b-
actin was the following: initial denaturation at 95�C for
10 min, and then 45 cycles of 95�C for 10 s, and 60�C for
30 s. For CD44H the initial denaturation was the same,
and then 45 cycles of 95�C for 0 s, 55�C for 10 s and
72�C for 15 s. The melting curve analysis was performed
to verify the specificity of the amplified products.

Effect of TMV on survival of monocytes

Survival of monocytes was determined using CellTiter
96 Aqueous One Solution Cell Proliferation Assay
(MTS) performed according to the manufacturer’s
description (Promega, Madison, WI, USA). Briefly,
monocytes suspended (1·105/100 ll) in serum-free
RPMI 1640 medium with or without TMV (30 lg/ml)
were cultured for 48 h in 96 well microplates. At the end
of culture 20 ll of CellTiter 96 Aqueous One Solution
reagent was added, microplates were incubated for 1 h
at 37�C and then absorbance at 490 nm was measured
using the microplate reader ELx800NB (Bio-tek Instru-
ments, Inc., Winooski, VT, USA). Apoptosis was
determined by flow cytometry using mAb against the
active form of caspase-3 according to the manufacturer’s
protocol (BD Pharmingen). The expression of caspase-3
in monocytes cultured in serum free medium alone or
with TMV for 3 and 24 h was compared. For determi-
nation of annexin V binding monocytes were incubated
alone or with TMV for 3 or 24 h in serum free medium
in low attachment tubes. Annexin V binding was per-
formed according to the manufacturer’s protocol (BD
Pharmingen).

Western Blotting

Monocytes were stimulated with TMV (30 lg/ml) for
15–60 min at 37�C and then lysed in M-Per lysing buffer
containing protease and phosphatase inhibitors (Sigma).
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The extracted proteins were loaded on 4% loading gel,
separated in 12% SDS gel and transferred to the
polyvinylidene fluoride membrane (Immune-blot PVDF,
2 lm, BioRad, Hercules, CA, USA). Phosphorylation of
AKT (Ser 473) and p44/42 MAPK (Mitogen Activated
Protein Kinase Thr202/Tyr204) protein were detected
using rabbit polyclonal anti-phospho-AKT antibody
(clone#9106) or mouse anti phospho-p44/42 MAPK
mAb (clone# 9271) (Cell Signaling, Beverly, MA, USA)
with horseradish peroxidase-conjugated goat anti-mouse
IgG or goat anti-rabbit IgG as a secondary Abs (Santa
Cruz Biotech, Santa Cruz, CA, USA). The equivalence
of loading was evaluated by treating the blots with
stripping buffer (Restore Western Blot Stripping Buffer,
Pierce, Rockford, IL, USA) and incubated with appro-
priate polyclonal Abs: anti p44/42 MAPK and anti
AKT (all from Cell Signaling). The membranes were
developed with the SuperSignal West Pico Chemilumi-
nescent Substrate (Pierce), dried and subsequently ex-
posed to HyperFilm (Amersham Life Science, Little
Chalfont, UK).

Statistical analysis

Statistical analysis was performed by paired Student’s-t
test using Excell software. Differences were considered
significant at p < 0.05.

Results

Determination of size and number of TMV released by
tumour cells

TMV size was determined by flow cytometry and
electron microscopy. In FACS analysis using 1, 2.5 and
6 lm beads as a size internal standards, the major part
of TMV were observed below FSC signal correspond-

ing to 1 lm beads (Fig. 1a), suggesting £ 1 lm size of
TMV. In transmission electron microscopy TMV were
visible as circular or villi like structures with the size
below 1 lm (Fig. 1b), and were located closely to the
cell surface. A slightly bigger size of TMV as deter-
mined by FACS may be related to heterogeneity in
shape of TMV as well as different three-dimentional
orientation of these particles in the flow chamber dur-
ing analysis. The number of events recorded in the
supernatants during 20 s of acquisition in FACS
analysis was 23,485±1,541 for PMA-stimulated and
7,577±793 for unstimulated tumour cell cultures indi-
cating significantly higher release of TMV by activated
cells.

Expression of surface determinants by tumour cells and
TMV

A flow cytometry analysis of surface determinants on
tumour cells and TMV isolated from them was per-
formed following staining with various mAbs (Table 1,
Fig. 2). More than 20% of TMVHPC-4 and A549 and more
than 5% TMVDeTa showed the expression of CD29 and
HLA class I while the expression of chemokine recep-
tors: CCR6, CX3CR1, TNF receptors (TNFR1,
TNFR2), EpCAM, EMMPRIN was lower. TMV also
showed low (below 3% of TMV) expression of CCR3,
CD58 and CD95. Surprisingly, CD51 (except
TMVA549), CXCR1, CXCR2 were not detected on TMV
although they were present on respective tumour cells.
On the other hand, TMV expressed a higher percentage
of CD44 variants (v6 and v7/8) than tumour cells.
Interestingly enough, TMV showed a lower expression
of CD44H molecule than tumour cells. These data
indicated that several, but not all, determinants ex-
pressed by tumour cells are present on TMV and their
level of expression does not always correlate with that
on tumour cells.

Fig. 1 Determination of TMVHPC size. a Flow cytometry analysis: beads (1, 2.5 and 6 lm) were used as an internal standard. b
Transmission electron microscopy of TMV released by HPC-4 cells activated by PMA
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Expression of IL-8-, VEGF-, HGF- and CD44H-
mRNA

Since surface determinants were observed on TMV, and
other evidence indicates that they may contain cytoker-
atins, fibronectins and other cytoplasic compounds [23]
we asked whether TMV may contain mRNA transcribed
from some genes of tumour cells. TMV released from all
cell lines contained IL-8 (app. 27 cycle), VEGF, HGF (28
cycles) and substantial amount of b actin-mRNA (19
cycle). The negative control was around 38th cycle
(Fig. 3). TMV also expressed CD44H-mRNA (app. 33
cycle, data not shown). Also cell lines contained mRNA
for these transcripts (amplification about 10 cycles earlier
than for TMV, data not shown). Hence TMV carry not
only surface determinants but also mRNAs.

Interaction of TMV with monocytes

Then we asked whether TMV can adhere to mono-
cytes, i.e. are present on their surface, or are also en-
gulfed, i.e. localized intracellularly. To determine
localization of TMV in monocytes confocal microscopy
analysis was employed. A strong red fluorescence in
cytoplasm was observed in monocytes incubated with
PKH26-labelled TMV for 24 h (Fig. 4a). After 30 min–
1 h PKH26-labelled TMV were localized closely to the
cell membrane, but their precise localization (intracel-
lular or extracellular) was difficult to establish. To an-
swer the latter, flow cytometry was used and the
extracellular fluorescence was quenched with crystal
violet. A strong red fluorescence was observed follow-
ing incubation of monocytes with PKH26-labelled

Fig. 2 Immunophenotypic characteristics of TMVHPC. Histograms from representative experiments showing the expression of some
studied determinants are presented. Dotted lines represent isotype control

Table 1 Expression of surface markers on tumour cell lines (HPC-4, DeTa, A549) and TMV released from them. Results summarize the
data obtained from five independent experiments and are presented as % of positive cells or TMV, as defined by FACS analysis

HPC-4 TMVHPC DeTa TMVDeTa A549 TMVA549

HLA class I +++* ++ ± + ++ +
CD29 +++ ++ + + +++ ++
CD44H +++ + ± � ++ ±
CD44v7/8 + + + ++ + +
CCR3 + ± ± � � �
CCR6 + + + + + +
CXCR1 ± � + � � �
CXCR2 + � ± � � �
CXCR4 � � ± + � �
CX3CR1 + + + + ± +
CD95 ++ ± � � +++ +
CD51 +++ � � � +++ ++
CD58 +++ ± + � ++ �
TNFR1 + + ± � ± �
TNFR2 + + + + � �

*±<3%; +<20%; ++<50%; +++>50%; �no expression
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TMV for 1 h (56±17% of positive cells, MFI 72.8)
(Fig. 4b) that was significantly decreased following
quenching (9±7%, MFI 9.15) (Fig. 4c). However,
when monocytes were cultured with PKH26 labelled
TMV for 24 h approximately 90±6% of cells showed
MFI 1160.0 (Fig. 4b) which was decreased to 57±17%
of cells and MFI 319,6 by crystal violet quenching
(Fig. 4c). This suggested that by that time most of
TMV were localized intracellularly. Hence, it was
concluded that TMV not only adhere to the surface of
monocytes but are also engulfed probably via phago-
cytosis, as at 4�C engulfment was significantly reduced
(data not shown).

Next, we determined whether monocytes may gain
some determinants from TMV. Since monocytes express
many determinants that are present on TMV, we studied
the expression of CCR6 and CD44v7/8 that are absent
on monocytes, and demonstrated that these determi-
nants were transferred from TMV onto monocytes
(Fig. 5). The transfer of CCR6 to monocytes by TMV
from all lines used was observed already after 30 min
(app. on 4% of cells), and its expression after 2 h was
detected on app. 29% of cells. Also, after 2 h of incu-
bation transfer of CD44v7/8 by TMV was observed as
app. 5% of monocytes were found to be positive. To
establish whether transferred CCR6 was biologically
active chemotaxis of monocytes preincubated with
TMVHPC to MIP-3a was studied. Control monocytes
showed no chemotaxis while cells pretreated with
TMVHPC migrated to MIP-3a (app. 6% of cells input,
Fig. 6), which was roughly in keeping with the number
of CCR6+ cells.

TMV regulate survival of monocytes in vitro and acti-
vate AKT kinase

Our previous data indicated that PMV modulate sur-
vival and proliferation of human hematopoietic cells [4].
It is also known that monocytes in vitro undergo
spontaneous apoptosis, in particular under serum free
conditions [5]. To determine the effect of TMV on via-
bility of monocytes, modified MTS reduction test was
used. TMV significantly enhanced survival of monocytes
cultured in serum free medium (Fig. 7). In keeping, the
increased binding of annexin V by control monocytes
seen at 24 h was significantly inhibited when monocytes
were incubated with TMV (Fig. 8a). Furthermore,
monocytes incubated with TMV for 24 h, but not for
3 h, showed the decreased expression of active caspase-3
as compared to unstimulated monocytes (Fig. 8b). It
correlated with the level of AKT phosphorylation,
which peak occurred at 30 min, after which a decrease
was observed (Fig. 9). Results of the representative
experiment show that all tested TMV activated AKT but
not MAPK (data not shown). Taken together it indi-
cates that TMV enhance survival of monocytes in vitro
probably through prevention of their spontaneous
apoptosis.

Discussion

The present data show that TMV: (1) are constitutively
released by tumour cells and serve as a vehicle for several
tumour determinants, (2) carry mRNA of tumour cells,

Fig. 3 Expression of b actin (1), IL-8 (2), HGF (3) and VEGF (4)-mRNA by TMVHPC detected by ‘‘real time’’ PCR. Negative control (5)
for b actin is shown (all controls were of similar range). One representative experiment of three performed is shown
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(3) adhere to and are engulfed by monocytes, (4) mod-
ulate monocyte survival, and (5) activate some signalling
pathways in monocytes that regulate their survival
in vitro.

This paper demonstrates that TMV are spontane-
ously released by three different cancer cell lines. How-
ever, PMA activation of cells led to a significantly higher
release, which is in keeping with other recent observa-

tion [36]. Electron microscopy and flow cytometry
analysis indicated that the size of TMV was around and
below 1 lm, which is similar to TMV from MCF-7 cell
line [35].

Previous reports indicated that invading melanoma
cells release significant amount of TMV expressing sur-
face receptors like CD44 and b1 integrin [12]. Moreover,
expression of a3, a5 integrin chains, HLA class I, car-

Fig. 4 Transfer of PKH26 labelled TMVHPC to monocytes. a
Confocal microscopy of monocytes exposed to TMVHPC for
30 min, 1 h and 24 h. b Flow cytometry of monocytes exposed to

TMVHPC for 1 h and 24 h in the absence and presence of crystal
violet. c Monocytes were incubated either in the medium (dotted
line) or with TMV (30 lg/ml) (bold line)
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cinoembryonic antigen (CEA), EMMPRIN and cyto-
keratins was described on various TMV [9, 10]. This
study presents phenotypic analysis of TMV released
from three different cancer cell lines and confirms the
occurrence of EMMPRIN on TMV [36]. TMV showed
the strong expression of HLA class I and CD29. How-
ever, not all surface determinants present on tumour
cells were expressed on TMV. This refers to CD51 on
TMVHPC, CXCR1 on TMVHPC and DeTa and CD58 on
TMVDeTa and A549. Moreover, lower expression of
CD44H and CCR3 on TMVHPC, CD95 on TMVHPC,

A549 than on respective cells was found. Our data are in
accordance with other observations indicating a higher

expression of folate receptors, c-erb-B2 and globo-H
antigen on breast carcinoma cell lines than on TMV
obtained from them [9]. Surprisingly, CD44v6 and v7/8
expression was higher on TMV than on tumour cells.
These results are in keeping with the suggestion that MV
play a role in ‘‘gain and loose’’ of cell surface receptor
expression [13].

To our knowledge the present paper provides the first
evidence that TMV may carry mRNA for chemokines
(IL-8), growth factors (VEGF, HGF), surface determi-
nants (CD44H) and b actin. Not surprisingly, the level
of b actin-mRNA expression was higher than for IL-8,
HGF, VEGF and CD44H, but it was significantly lower

Fig. 5 Expression of CCR6 and
CD44v7/8 by monocytes (bold
lines) following their incubation
for 2 h either in the medium or
with TMVHPC (30 lg/ml).
Dotted lines represent isotype
control. The representative
experiment of three performed
is shown

Fig. 6 Chemotaxis of
monocytes preincubated in the
medium (a) or with TMVHPC

(b) to MIP-3a (100 ng/ml).
Data are expressed as the
percentage of the cells input
corrected by the percentage of
cells, which migrated
spontaneously to the medium
alone. The representative
experiment of four performed is
shown
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than in intact cells. It is difficult to estimate whether it is
biologically meaningful because of a lack of appropriate
standards. We have no direct proof that mRNA was
transferred to monocytes but the evidence for TMV
engulfment makes it likely. It is an open question whe-
ther such mRNA may be translated in monocytes but it
should be taken under consideration that TMV may act
as transport system for proteins and nucleic acids
operating both distantly, e.g. in the circulation and lo-
cally, e.g. in the tumour bed.

The present study shows that TMV adhere to and are
engulfed by monocytes. This is based on confocal

microscopy and further confirmed with flow cytometry
analysis of monocytes incubated with PKH26-labelled
TMVHPC. Already, at 1 h incubation app. 56% of
monocytes showed PKH26 red fluorescence, which was
quenched to app. 9% by crystal violet indicating that
most of TMV were localized at the cell surface. After
overnight incubation, app. 90% of monocytes showed
fluorescence, which was only partly quenched (to app.
56%) by crystal violet suggesting that TMV were present
intracellurarly. Moreover, engulfment of TMV was sig-
nificantly reduced when incubation was performed in
4�C suggesting the role of phagocytosis.

This study also demonstrates that TMV act as vehicle
delivering to monocytes some of the molecules
(CD44v7/8, CCR6) they carry. It is likely, that enhanced
expression of CD44v7/8 on monocytes was due to their
transfer, as expression of CD44v7 did not change fol-
lowing monocytes activation [34]. Our previous obser-
vation indicated that expression of CD44v7/8 on
monocytes is enhanced following their coculture with
tumour cells [25]. Hence, the question arises whether it
may be associated with TMV transfer of these determi-
nants to monocytes. Upregulated expression of CD44v
on monocytes cultured in vitro is associated with an
increased binding of hyaluronan (HA) [20, 40]. Hence,
the transfer of CD44v to monocytes by TMV may en-
hance their ability to react with HA and other extra-

Fig. 8 The effect of TMVHPC

on spontaneous apoptosis of
monocytes as measured by
annexin-V binding (a) or the
presence of active form of
caspase-3 (b). Monocytes were
incubated for 3 h or 24 h in the
serum free medium (dotted line)
or with TMVHPC (bold line).
Representative experiment of
three performed is shown.
TMVHPC–treated monocytes at
24 h show less annexin V
binding and lower expression of
caspase-3

Fig. 7 The effect of TMV on monocytes survival defined by MTS
assay. Monocytes were cultured in serum free medium for 48 h in
the presence or absence of TMV (30 lg/ml). Mean (OD at 490 nm)
± SD of six independent experiments is shown. * p<0.05; **
p<0.005
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cellular matrix compounds. It has been recently shown
that CD44v7 supports survival of activated T cells by
interfering with the activation-induced cell death [22],
which is in keeping with our observation that CD44v7/
8+ TMVHPC inhibit apoptosis of monocytes. Further-
more, blocking of CD44v7 reduces production of pro-
inflammatory cytokines by B cells and interactions
between CD4 lymphocytes and monocytes [34]. A gain
of CCR6 by monocytes may result in their responsive-
ness to MIP-3a. However, it is unclear whether incor-
porated CCR6 is biologically active as little chemotaxis
of monocytes incubated with TMV to MIP-3a was ob-
served but it should be noted that only a small popula-
tion of monocytes became CCR6+. Furthermore, a
caution is needed in the interpretation of such data as
TMV rapidly activate monocytes that results in en-
hanced adherence, which decreases their mobility.

In keeping, TMV as a source of biologically active
proteins and lipids may support survival of cells, via
antiapoptotic mechanism. This is based on findings that
TMV significantly decreased spontaneous apoptosis of
monocytes in vitro as measured by the inhibition of
annexin V binding and active caspase-3 expression. It is
rather surprising finding since contact with tumour cells
leads to apoptosis of monocytes [25]. Moreover, this is in
contrast to the report indicating that TMV induce
apoptosis of lymphocytes [2]. This effect may be due to
lack of Fas–FasL interactions because TMV used in the
present studies did not expressed FasL. Hence, it may
indicate that TMV contain and deliver to the culture
microenviroment some biologically active substances
that influence monocyte survival. It may be consisted
with the other data that phagocytosis of apoptotic cells,
which release MV, by macrophages induces their cyto-
kine-independent survival [30] and that PMV enhance
hemopoietic cells survival [4].

Finally, in TMV-stimulated monocytes AKT phos-
phorylation was observed, which provides molecular
evidence that TMV may modulate the balance between
survival and apoptosis. AKT is known as a critical
regulator of cell survival, which blocks apoptosis in-
duced by UV radiation [39], matrix detachment [3], re-
moval of growth factors or DNA damage [7, 8]. The lack
of MAPK phosphorylation may not be surprising as
both p42 and p44 MAPK play a crucial role in the
regulation of cell proliferation. Moreover, it was shown
that apoptotic but not necrotic cells promote survival

and inhibit proliferation of murine macrophages via
simultaneous activation of AKT and inhibition of the
p44/42 MAPK [30].

In conclusion, the present data indicate that TMV
carry and transfer some surface determinants from tu-
mour cells to monocytes. TMV may also act as a vehicle
for transport of mRNA from tumour cells. Transfer of
TMV tomonocytes enhances their survival in vitro by the
inhibition of spontaneous apoptosis. Hence, immuno-
phenotype and some biological activities of monocytes
may be altered by cancer cells not necessarily by a direct
cell to cell contact or soluble factors but also via TMV.
The role of TMV as a vehicle for EMMPRIN involved in
tumour–stromal interaction has recently been described
[36]. Present data suggest that transfer of EMMPRIN to
monocytesmay be responsible for the induction ofMMP-
9 secretion that occurs in monocytes exposed to TMV
(Baj-Krzyworzeka et al. manuscript in preparation).
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