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Abstract Exosomes (Exos) are secreted nanovesicles that
contain membrane proteins and genetic material, which
can be transferred between cells and contribute to their
communication in the body. We show that Exos, obtained
from mature human dendritic cells (DCs), are incorporated
by tumour cells, which after Exos treatment, acquire the
expression of HLA-class I, HLA-class II, CD86, CDllc,
CD54 and CD18. This incorporation reaches its peak eight
hours after treatment, can be observed in different cell
tumour lines (SK-BR-3, U87 and K562) and could be a
means to transform non-immunogenic into immunogenic
tumour Interestingly, tetraspanins, which are
expressed by the tumour cells, have their surface level
decreased after Exo treatment. Furthermore, the intensity
of Exo incorporation by the different tumour cell lines was
proportional to their CD9 expression levels and pre-
treatment of Exos with anti-CD9 decreased their
incorporation (by SK-BR-3 cells). This modification of
tumour cells by DC-derived Exos may allow their use in
immunotherapeutic = approaches  to
Furthermore, by showing the involvement of CD9 in this

cells.

new cancer.
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incorporation, we provide a possible selection criterion for
tumours to be addressed by this strategy.
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1. Introduction

Tumour evasion mechanisms to the immune system
contribute significantly to the development of neoplasia
[1-4]. Among these mechanisms, those affecting tumour
antigen presentation, like the effects of the tumour
microenvironment upon dendritic cells (DCs) [5], are of
major relevance. DCs bridge the innate and adaptive
immune responses, being, when properly activated, the
only cells able to stimulate naive T lymphocytes [6-7].
Thus, the inhibition of their maturation within the
tumour microenvironment can be seen as a major tumour
escape mechanism in its confrontation with the immune
system. On the other hand, direct antigen presentation by
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the tumour cells, which lack the ability to deliver the
required co-stimulatory signals to T lymphocytes, may
have a similar consequence, that is, the induction of
tolerance to the tumour antigens they present [8].

Therefore, immunotherapeutic approaches to cancer that
attempt to modify or correct this biased tumour antigen
presentation are needed. Many studies explore the
potential of in vitro generated DCs to overcome the
tumour-induced tolerance, with varying degrees of
success [9-13]. Another approach that has been studied is
the use of exosomes (Exos) derived from tumour antigen-
loaded DCs as immunizing agents in experimental
models of cancer [14-17]. Exosomes are nanovesicles of
30-100nm of diameter that are released from cells as
result from the fusion of multivesicular bodies (MVB)
with the plasma membrane [18] and which are involved
in intercellular communication in the body [19-21]. When
originated from DCs, Exos contain many of the molecules
involved in antigen presentation, are able to induce direct
and indirect lymphocyte responses and can transfer
MHC/peptides complex to other DCs [16-17, 22-23].

In this paper we investigated if this transferring of
antigen presentation-associated molecules carried by
Exos could be observed also when tumour cells are used
as “acceptors” of the transfer instead of immune cells.
That being the case, DC-derived Exos could be used as a
means to turn tolerogenic tumour cells into immunogenic
cells, thus contributing to the effectiveness of
immunotherapeutic strategies for cancer.

2. Material and Methods
2.1 Sample collection

Peripheral blood mononuclear cells (PBMCs) were
obtained from healthy donor by leukapheresis at the
Hospital Alemao Oswaldo Cruz, Sao Paulo, Brazil. The
study was approved by the Institutional Ethics
Committee of the ICB-USP (819/CEP). Samples were
collected only after informed consent of donors.

2.2 DCs culture

Mononuclear cells were separated over a Ficoll-Paque
gradient (d=1.076) (Amersham Pharmacia Biotech,
Uppsala, Sweden), resuspended and seeded in six-well
plates in serum-free AIM-V® medium (GIBCO®, Grand
Island, NY, USA). After two hours of incubation at 37° C,
non-adherent cells were removed and the adherent cells
(mostly monocytes) were cultured in the presence of GM-
CSF and IL-4 (50ng/ml; PeproTech, Rocky Hill, NJ, USA) to
obtain immature dendritic cells (iDCs). On the fifth culture
day, TNF-a (50ng/ml; PeproTech, Rocky Hill, NJ, USA)
was added for DC activation. After two further days in
culture, mature DCs (mDCs) were harvested and analysed.
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2.3 Cell lines

The human breast adenocarcinoma cell line SK-BR-3,
human leukaemia cell line K562 and human glioblastoma
cell line U87 (all free of mycoplasma contamination),
were expanded in R10 medium supplemented with 1% of
solution (100U/mL  penicillin,
100pg/mL streptomycin and 25pg/mL amphotericin B,
GIBCO®, Grand Island, NY, USA).

antibiotic/antimycotic

2.4 Exosomes purification

Cell culture supernatants were cleared from cells and
submitted to ultracentrifugation for the isolation of
nanovesicles. Briefly, supernatant was harvested on day
seven of DC cultures and submitted to a series of
centrifugations at 4°C: 300g (five minutes), 1,200g (20
minutes) and 10,000¢ (30 minutes). After that, the cell and
debris-free supernatant was
ultracentrifugation at 100,000g for two hours. The pellet,
containing nanovesicles Exos, was
resuspended in phosphate-buffered saline (PBS) and
ultracentrifuged again at 100,000 for two hours. The
pellet was resuspended and filter-sterilized (0.22pm). The
protein content in this Exo-enriched nanovesicle
preparation was assessed by the BCA™ Protein Assay Kit
(Pierce, Rockford, IL, USA). After quantification, the
material was aliquoted and stored at -80°C. Electron

submitted to

enriched in

microscopic analysis showed that the pellets contained a
nanovesicle-rich material, with particles up to 200nm,
which we call, exosomes (Exo).

2.5 Flow cytometry
2.5.1 Monocytes, Dendritic Cells and Tumour Cells

Cell preparations (2.5x10° cells/condition) were labelled
with each of the various specific fluorescent antibodies
(CD1a, CDY, CD11c, CD14, CD18, CD40, CD54, CD80,
CD81, CD83, CD86, CD123 and HLA-DR) (BD
Biosciences) and analysed in a FACSCanto II cytometer
(Becton Dickinson, San Jose, CA, USA) using the Flow]Jo
software ver. 7.2.4 (Three Star). At least 30,000 events
were acquired per antibody analysed.

2.5.2 Exosomes

Exo preparations were complexed with paramagnetic
beads of 4.5um (Dynabeads® HLA Cell PrepTM I or II,
Invitrogen Dynal AS, Oslo, Norway), similarly to
previously described [24]. Exo-bead complexes were
incubated in a final volume of 30uL, containing 0.5%
albumin Bovine Serum Albumin (BSA) and 3uL of PE-
conjugated antibody. After 30 minutes of incubation at
4°C, beads were washed and analysed on a FACS Calibur
cytometer (Becton Dickinson, San Jose, CA, USA) using
the Flow]Jo software ver. 7.2.4 (Three Star).
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2.6 Electron microscopy

Exo preparations were analysed by transmission electron
microscopy. For this, after ultracentrifugation at 100,000g
(two hours), the pellet was fixed with 2% PBS-
glutaraldehyde and washed with PBS by ultracentrifugation.
The pellet was included in araldite resin, cut at a thickness of
80nm and post-fixed in osmium by analysis in a JEOL JEM-
1010 transmission electron microscope.

2.7 Uptake of Exo by Tumour Cells

Cells from the SK-BR-3 cell line were incubated at
different concentrations and for different amounts of time
with Exo at 37°C under tension of 5% COa. After
incubation, tumour cells were treated with the same

Monocytes

antibodies used for DCs phenotyping and cell labelling
was compared to the non-treated group. Analyses were
performed in a FACSCanto II cytometer or in a
FACSCalibur cytometer (Becton Dickinson, San Jose, CA,
USA).

2.8 CD9 blocking

Exo preparations (130pg/mL) were either pre-incubated
or not with purified anti-Human CD9 (5ug/mL; BD-
Pharmingen) under horizontal agitation for 40 minutes.
After this period the material was placed in contact with
tumour cells for a period of eight hours. Exo-
incorporation by tumour cells was determined by
labelling of cells with anti-HLA-DR (BD-Pharmingen)
followed by flow cytometry.

mDCs
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Figure 1. Phenotype of monocytes and mDCs. DCs from healthy donor were generated from monocytes treated with GM-CSF and IL-4
for seven days. At the 5% day of culture TNF-o was added for DC maturation. Dot plots show the analysis gate, based on the size (FSC)
and the granularity (SSC) of the cells. Histograms represent the phenotype observed in the monocytes (open histogram) and mDCs
(closed histogram). Surface molecules analysed are identified in each histogram. One representative experiment out of eight.
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2.9 Fluorescence Microscopy

Exos were labelled with fluorescent wheat germ
agglutinin  (WGA, Alexa Fluor 633-conjugated,
Invitrogen, Carlsbad, CA) and co-incubated for eight
hours with tumour SK-BR-3 cells, on glass coverslips in
six-well culture dishes. After incubation, the coverslips
were thoroughly washed with phosphate-buffered saline
and the cells counterstained with DAPI (10mg/mL) for 30
minutes at room temperature. After washing, the cells
were fixed with 4% paraformaldehyde for ten minutes at
4 °C, further washed and the coverslips were mounted
with glycerol-PBS 1:1 on a microscope slide, sealed with
nail polish. The slides were kept in the dark at 4 °C, until
reading of a single section on a LSM510 Confocal Zeiss
Microscope.

2.10 Statistical analysis

Immunophenotyping of exosomes was tested for
homogeneity of variances (F test) followed by t test
analysis, if homoscedastic, or the nonparametric
Mann-Whitney test, if not. Incorporation assays were
tested by a paired t test and the correlation between
CD9 expression and Exo incorporation by different cell
lines was analysed by the Pearson’s correlation
method.

3. Results

3.1 Generation and phenotyping of mature DCs
and characterization of exosomes

mDCs were differentiated from healthy donors” blood
monocytes by culture, for seven days, in the presence of
GM-CSF, IL-4 and, in the last two days, TNF-a. The cells
thus generated expressed the expected phenotype of
mDCs (Figure 1) with decreased levels of CD14 and
increased expression of the co-stimulatory molecules
CD80, CD86, CD40. We also analysed the expression of
the tetraspanins CD81 and CD9 and the cell adhesion
molecule ICAM-1/CD54, which were present and
increased in mDCs in comparison to monocytes. On the
other hand, the level of the CD18 integrin was slightly
decreased in mDCs.

After isolation of Exos by ultracentrifugation of DC
culture supernatants, the precipitate was quantified. The
protein content originating from 1x10°® mDCs was 104pg
(£ 72 pg). The ultracentrifuged material was analysed by
transmission electron microscopy. As we can see in
Figure 2, the pellet contained lipid bilayer vesicles of
different sizes. Most vesicles had morphology similar to
that of endosomal compartment vesicles, with a size
range from 30 to 200nm. This includes the expected size
for exosomes (30-100nm).

Figure 2. Electron micrograph of nanovesicles obtained in the supernatant of mDCs. The pellet obtained by ultracentrifugation of
supernatant from mature DCs was processed and analysed by transmission electron microscopy. The vesicles have a size range 30 to
200nm. (A) 24,000X, scale bar, 1um; (B) 39,000X, scale bar, 500nm; (C) and (D) 93,000X, scale bar, 200nm.
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Figure 3. Presence of molecules involved in lymphocyte activation and cell adhesion in Exos from mDCs. Exos were coupled with
paramagnetic beads labelled with anti-MHC-I or anti-MHCII, as described in Materials and Methods. After coupling, Exos were
incubated for 30 minutes (4°C in the dark) with monoclonal antibodies for the specific molecules. Representative histograms of surface

markers found in Exos, where open histograms represent relevant Ab-labelled beads and closed histogram represent fluorescence of
beads stained with isotype controls. Surface molecules analysed are identified in each histogram.

We also analysed the precipitated material by flow
cytometry. Exo from mDCs (n = 9) consistently carried the
molecules involved in antigen presentation and
lymphocyte activation, HLA-ABC (p = 0.02) and CD86
(p =0.005) and, in some preparations, also HLA-DR. Exos
also presented molecules involved in cell adhesion, such
as integrins and tetraspanins CD11c (p = 0.008), CD18
(p=0.007), CD81 (p =0, 003) and CD9 (p = 0.03).

3.2 Exo obtained from mDCs change the phenotype of tumour cells

It is known that DCs are able to capture Exos originating
from other DCs and present molecules from these
nanovesicles on their surface. Here, we decided to
analyse if Exos that originated from mDCs would be
incorporated by tumour cells and cause a similar
phenotypic modification. To evaluate this, we stained
mDC-originated Exo with fluorescent-wheat germ
agglutinin (WGA) and treated cells of three different
cell lines (the SK-BR-3 breast
adenocarcinoma, the K562 leukaemia and the U87
glioblastoma) for eight hours with WGA-labelled Exos or
with non-labelled Exos. After this period, the
incorporation of WGA-labelled Exos by the tumour cells
was determined by flow cytometry (Figure 4). As shown,
cells from the three cell lines incorporated WGA-labelled
Exos. This incorporation was also confirmed by
fluorescence microscopy (Figure 5).

human tumour

www.intechopen.com

Finally, we determined if antigen presentation-associated
molecules, present in the Exos would be incorporated by
tumour cells and what the kinetics would be in this
incorporation. For this, we treated 1x10° cells of the
human breast adenocarcinoma cell line, SK-BR-3, with
65ug of Exos for different times. Exo-treatment caused
time-depended tumour cell-labelling for HLA-DR and
CD86, both molecules that were absent from untreated
cells (Figure 6).

Interestingly, when we evaluated the levels of the
tetraspanins, CD9 and CD81 on Exo-treated SK-BR-3 cells,
we noticed that the levels of these molecules were decreased
in comparison to untreated cells (significantly for CD9 and
marginally significant for CD81), a phenomenon that was
not noticed in the expression of CD54, another molecule also
expressed by the untreated tumour cells (Figure 7A and B).
This decrease was consistently observed in different
experiments, as shown in Figure 7C. Furthermore, we noted
that the intensity of Exo incorporation by the three different
tumour cell lines was proportional to the levels of CD9
expression by these (Figure 7D).

3.3 Involvement of CD9 tetraspanin in incorporation
of Exo by tumour cells

Tetraspanins are involved with cellular adhesion and the

level of Exo incorporation by tumour cells was
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proportional to the level of CD9 expressed by them. In
addition, CD9 and CD81 expression were decreased after
Exo-treatment of the tumour cells. These data suggested
that these molecules in the
incorporation of Exo by the tumour cells. In order to
confirm the participation of CD9 in the phenomenon, we
blocked CD9 during the incubation of Exo with tumour
cells and evaluated its effects upon the incorporation of
Exo by the tumour cells. For this, 1x10° tumour cells were
treated with 130pg of Exo from mDCs, which were pre-

were involved also

incubated or not with purified anti-CD9 (5ug/mL). After
the incubation, tumour cells were labelled with anti-HLA-
DR to evaluate Exo incorporation. As shown in Figure 8,
addition of CD9 to Exos did not completely inhibit the
incorporation of HLA-DR by the tumour cells, but resulted
in a decrease in the percentage of labelled cells (from 35%
to 21%) and in the intensity of labelling (from 547 to 350 in
MFI). The treatment with isotype antibody controls also
caused a decrease in Exo incorporation, but this was not as
significant (data not shown).
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Figure 4. Incorporation of Exo by SK-BR-3, K562 and U87 cell lines. Exo from DCs were stained with WGA (Wheat Germ Agglutinin
Conjugates - InvitrogenTM (Alexa Fluor 633). After this, tumour cells were treated for eight hours with Exos or Exo/WGA. After the
incubation, the cells were evaluated by flow cytometry. On the left, Dot plots showing the main gate analysis based on the size (FSC) and
the granularity (S5C), for each tumour cell line; on the right, histograms showing the Exo/WGA incorporation; open histograms represent
tumour cells treated with Exos stained with WGA and the closed histograms represent tumour cells treated with non-labelled Exos.
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Figure 5. Incorporation of Exo by tumour cells of the human breast adenocarcinoma cell line, SK-BR-3. Tumour cells were treated for 8
hours with Exo from mDCs, which were previously labelled with Wheat Germ Agglutinin Conjugates - InvitrogenTM (Alexa Fluor
633). After incubation, the cells were processed for analysis by fluorescence microscopy. (A) and (C) represent two fields of control
staining with DAPI of cells treated with non-labelled Exos. (B) and (D) represent two fields of cells treated with red fluorescence

labelled Exo. Objective 63X in oil immersion.
4. Discussion

Our data show that exosomes from mature DCs are able
to modify the phenotype of tumour cells, which, after
exposure to these nanovesicles, present at their
membrane, Exo-carried molecules associated with
antigen presentation. Exos are nanovesicles of endosomal
source that contribute to the membrane traffic between
different cell types [20, 25]. In the immune system Exos
were shown to transfer information and function from
the cell that produced the Exos to those incorporating
them [21-22]. Therefore, the actual incorporation of Exos
from DCs by tumour cells, as shown here, opens new
possibilities for immunotherapy, based on the use of such
Exo-treated tumour cells as antigen-presenting cells of
their own tumour antigens.

www.intechopen.com

Nanovesicles were obtained from DCs that were
differentiated from blood monocytes obtained from
healthy donors by the usual methods [26]. After DC
activation, supernatants were collected, cleared from cells
and submitted to ultracentrifugation for the isolation of
nanovesicles. The products of these preparations were
examined by transmission electron microscopy and
showed, in fact, the presence of vesicles of 30 to 200nm,
with lipid bilayer membranes and morphology is
compatible with an endosomal origin. Contamination of
our preparations by apoptotic bodies and shedding
microvesicles cannot be excluded, but their frequency
should not be high. Cell viability, which was above 90%,
the lack of highly electrondense material, a characteristic
of apoptotic bodies [27] and the absence of CD40, which
has been shown to be characteristic of shedding
microvesicles [28], suggest that these types of vesicles
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were not predominant in our preparations. On the other
hand, Exos have been described as vesicles with less than
100 nm [28] and though larger particles were also present
in our preparations, the cytometry data,
demonstrating the presence of molecules typically

flow

described in Exos derived from DCs, such as HLA-ABC,
HLA-DR, CD86, CD11¢c, CD54, CD18 and also CD81 and
CD9, tetraspanins hallmarks of Exo [14, 17, 24; 27, 29-30],
together with the morphology of the vesicles lead us to
consider the preparations as Exo preparations.
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Figure 6. Kinetics of HLA-DR and CD86 incorporation by SK-BR-3 cells after treatment with DC-originated Exos, where Exo-1, Exo-2
and Exo-3 represent three different preparations. Relative increases in MFI for the molecules (A) HLA-DR and (B) CD86 are shown in
the upper graphs in (A) and (B), while the histograms below show the basal level of expression of the marker by untreated cells (grey
histograms) and treated cells (empty histograms) of a representative experiment out of three; * at eight hours, n was increased to six
and, for this time point, the differences in expression of HLA-DR and CD86, by Exo-treated and non-treated cells had a p=0.02.
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represent cells labelled with specific antibodies and closed histograms represent cells stained with isotype controls). (B) Representative
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cells) and Exo incorporation by the cells. (Pearson’ r = 0.89; p = 0.001).

In agreement with what has been described for other cell
types [20, 22, 25, 31], tumour SK-BR-3 cells also acquired
Exo-carried molecules, as detected by flow cytometry and
confirmed by fluorescence microscopy. The kinetics of
this incorporation was similar in repeated experiments
and indicated that the peak expression of Exo-carried
molecules was achieved eight hours after exposure of the
tumour cells to the Exos. Intriguingly however, the levels
of the tetraspanins CD9 and CD81, which were molecules
present in the tumour cell line and in the Exos, did not
increase, but decreased on the surface of Exo-treated
tumour cells.

www.intechopen.com

Actually, CD9, CD81, MHC-class I, T-cell receptors, CD54
and LFA-1 have been shown to affect the uptake of Exos
by different cell types [22, 25, 32-34]. Furthermore,
mechanisms involved in this incorporation may vary
among cell types and activation status both of target and
source cells. Endothelial cells incorporate Exo from DCs
with peaks between three and six hours through a
receptor-mediated endocytosis, showing a decrease in
Exo-derived molecules after 24 hours and dependence on
the activation status of the DCs [35], immature DCs
incorporate Exo better than mature DCs [34] and
annexins and lipid rafts affect Exo incorporation by
tumour cells [36], as well as their adhesion and spreading.
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Histograms showing the Median Fluorescence Intensity (MFI) of the HLA-DR marker in the various groups (black line, isotype control
and red line, specific marker); (B) Overlay of HLA-DR MFI: the bars represent the percentages of positive cells, the black line represents
the untreated group, the red line represents the group treated with Exo without anti-CD9 and the blue line represents the group treated
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Our data show that the incorporation of Exos by different
(SK-BR-3, K562 and U87) was
proportional to the level of CD9 expressed by the cells
before treatment, indicating that this tetraspanin may
have a significant role in this phenomenon. Tetraspanins,
like CD9 and CD81, don’t have a specific receptor, but,
rather, show a promiscuous association with other

tumour cell lines

proteins, such as integrins [37], other tetraspanins [38-39]
and MHC class I and II molecules [30, 40]. These
molecules constitute a hallmark of exosomes [30] and are
believed to facilitate the incorporation of proteins into
MVB by their ability to form aggregates with them [41].
Despite the role of tetraspanins in protein association and
incorporation by other cell types, their role in Exo
incorporation by tumour cells had not been described until
now. However, the facts that CD9 levels decreased in Exo-
treated cells and that the level of Exo incorporation by
different cell lines was proportional to their CD9
expression pointed to a relevant role for this molecule in
the interaction between Exos and the tumour cells. Indeed,
in agreement with this role, we noted that the treatment of
Exos with anti-CD9 decreased their incorporation by the
tumour cells. It must be considered, however, that the
treatment of Exo with control antibodies also caused a
decrease in Exo incorporation by the cells, as shown in the
literature [32], though not as intense.

Although we did not test directly, CD81, another typical
tetraspanin of Exos [20, 40] may also to be involved in
their incorporation by tumour cells, since, as those of
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CD9, its levels were decreased in Exo-treated cells
(though not as significantly). Furthermore, K562 cells,
which did not express CD9, incorporated Exos,
demonstrating that even if CD9 is involved in the Exo
incorporation by the cells, it is not the only molecule
involved in the phenomenon.

In conclusion, the data presented here show that
exosomes derived from mature dendritic cells are
incorporated by different tumour cell lines, transferring
to these cells a series of surface molecules associated with
antigen presentation and the consequences of this
incorporation are currently under investigation. By itself,
this observation can provide support to the development
of new immunotherapeutic strategies against cancer,
exploiting the modification of tumour
potentially more immunogenic cells. Furthermore, the
data indicate a possible role for the tetraspanins CD9 in

cells into

the incorporation of Exos by tumour cells, thus providing
a possible selection criterion for the choice of tumours to
be addressed by this strategy: the level of CD9 expression
by the tumour cells.
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