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Abstract

Exosome secretion is a notable feature of malignancy owing to the roles of these nanoparticles in cancer growth,
immune suppression, tumor angiogenesis and therapeutic resistance. Exosomes are 30–100 nm membrane vesicles
released by many cells types during normal physiological processes. Tumors aberrantly secrete large quantities of
exosomes that transport oncoproteins and immune suppressive molecules to support tumor growth and
metastasis. The role of exosomes in intercellular signaling is exemplified by human epidermal growth factor
receptor type 2 (HER2) over-expressing breast cancer, where exosomes with the HER2 oncoprotein stimulate tumor
growth and interfere with the activity of the therapeutic antibody HerceptinW. Since numerous observations from
experimental model systems point toward an important clinical impact of exosomes in cancer, several
pharmacological strategies have been proposed for targeting their malignant activities. We also propose a novel
device strategy involving extracorporeal hemofiltration of exosomes from the entire circulatory system using an
affinity plasmapheresis platform known as the Aethlon ADAPT™ (adaptive dialysis-like affinity platform technology)
system, which would overcome the risks of toxicity and drug interactions posed by pharmacological approaches.
This technology allows affinity agents, including exosome-binding lectins and antibodies, to be immobilized in the
outer-capillary space of plasma filtration membranes that integrate into existing kidney dialysis systems. Device
therapies that evolve from this platform allow rapid extracorporeal capture and selective retention of target
particles< 200 nm from the entire circulatory system. This strategy is supported by clinical experience in hepatitis C
virus-infected patients using an ADAPT™ device, the HemopurifierW, to reduce the systemic load of virions having
similar sizes and glycosylated surfaces as cancer exosomes. This review discusses the possible therapeutic
approaches for targeting immune suppressive exosomes in cancer patients, and the anticipated significance of
these strategies for reversing immune dysfunction and improving responses to standard of care treatments.
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Tumor-derived exosomes as biologic messengers
in cancer
A large body of literature has documented the relation-
ship between suppressed immune status and cancer pro-
gression resulting from tumor-mediated mechanisms as
well as from immune ablation caused by the therapeutic
agents themselves [1]. Although clinical trials have tested
a plethora of vaccination approaches against cancer,
tumor regression has been difficult to achieve and rever-
sal of the immune dysfunction in cancer patients
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remains an important therapeutic goal. The possibility of
utilizing immune “de-repressive” approaches to augment
the efficacy of existing therapies is enticing; therefore,
there is a need to identify the appropriate targets and
develop avenues for interfering with their activity.
Numerous studies have shown that exosomes secreted

by tumor cells serve as vehicles for immune suppression
and other pro-cancer activities. Exosomes are one of a
heterogeneous group of microvesicles, distinguished by
their small size (30–100 nm) and cup shaped morph-
ology, that are secreted by a variety of cell types under
physiological and pathological conditions [2]. Exosome
biogenesis begins with endosomes that form in clathrin-
coated vesicles at the plasma membrane, which are
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enriched for integral membrane proteins [3]. The mole-
cules that are present in endosomes can either be recycle
back to the plasma membrane or become incorporated
into intralumenal vesicles (ILV). These vesicles accumulate
in maturing endosomes by inward budding of the endoso-
mal membrane, thereby transforming endosomes into
multivesicular bodies (MVB). The sorting of cargo into ILV
is mediated by a protein complex known as the ESCRT
(endosomal sorting complexes required for transport) ma-
chinery that recognizes ubiquitinated proteins and facili-
tates their inclusion into ILV of MVB [4]. Subsequently,
MVB either fuse with lysosomes where their contents are
degraded or they fuse with the plasma membrane and
expel their internal vesicles, known as exosomes, into the
extracellular space through outward budding from the
membrane [5]. Tumor-derived exosomes are released lo-
cally and into the circulation to interact with a variety of
target cells, including other tumor cells, endothelial cells
and immune cells, which occurs via uptake of the exo-
somes by endocytosis, direct plasma membrane fusion, or
receptor-mediated adhesion to target cells [6]. The vacu-
olar H+-ATPase transmembrane pumps that maintain the
low pH of the tumor microenvironment are essential for
fusion of tumor-derived exosomes with target cells, which
is believed to be related to higher rigidity of exosomal
membranes at a lower pH [7]. Interestingly, one study
revealed that exosome secretion is induced by detachment
of breast cancer cells from substrata, and these exosomes
subsequently accumulate in lipid raft domains on the cell
surface for adhesion and spreading of tumor cells [8].
The ability of exosomes to serve as purveyors of long

distance signals between cells is facilitated by their
double-layer membrane enriched in cholesterol,
sphingomyelin, and ganglioside GM3 as well as by pro-
tective proteins against complement, thereby allowing
for a stable conformation and superior biodistribution of
their protein repertoire in comparison to free-floating
proteins [5]. All exosomes, irrespective of their cell type
of origin, contain a conserved set of proteins involved in
cell adhesion, cell structure, membrane fusion, metabol-
ism, and signal transduction [9]. Since exosomes also
contain cell-type specific proteins and genetic material
from their parental cells, the enrichment of tumor-
secreted exosomes for factors that promote malignancy
is being explored as a prognostic indicator of advancing
malignancy in several types of cancer [9]. In samples of
body fluids from cancer patients, including blood from
breast cancer [10], ovarian cancer [11], and glioblastoma
patients [12], and in urine samples from patients with
prostate cancer [13,14], cancer-specific proteins and
microRNA signatures in exosomes were found to serve
as biomarkers of tumor type and stage. Patients with
melanoma, lung cancer and gynecological cancers have
higher levels of circulating exosomes compared to
healthy subjects, and the concentrations of exosomes
correlate with the malignant behavior of the cancer [15–
18]. In a study of ovarian and endometrial cancer, micro-
vesicles from patients with advanced cancer were found
to contain matrix metalloproteinases and FasL, which
have roles in cancer cell invasion and killing of immune
cells, respectively, whereas these microvesicles were not
detected in sera from healthy control subjects or
patients with benign disease [17].

Exosomes as mediators of tolerance induction
Immunological functions of exosomes were first identified
in B cells through studies demonstrating that these cells
contain a late endocytic compartment, called MIIC [major
histocompatibility complex (MHC) class II-enriched com-
partment], that harbors newly synthesized MHC class II
molecules in transit to the plasma membrane [19]. It was
demonstrated that the MIIC compartment fuses with the
plasma membrane, leading to the release of vesicles that
display MHC class II molecules and are capable of stimu-
lating antigen-specific T cell responses in vitro as well as
in vivo [20]. These vesicles were termed “exosomes” in
reference to the original work on reticulocytes [21]. A
plethora of immune stimulatory roles for exosomes have
been uncovered, including exosome-mediated promotion
of T cell-mediated autoimmunity [22] and induction of
immune responses directed against intracellular pathogens
[23–25]. Moreover, exosomes derived from tumor
antigen-loaded dendritic cells (DC) could be exploited as
cell-free cancer vaccines, owing to their display of MHC/
peptide complexes and their capacity to stimulate NK
cell- and T cell responses in experimental animals and
cancer patients [26–29].
The discovery that exosomal cargo mirrors that of

their originating cell types has lead to the understanding
that exosomes can be either immune stimulatory or tol-
erogenic depending on the originating cell’s activation
state and the cellular cargo that is packaged into the
vesicles. DC are key orchestrators in whether immune
activation or immune tolerance occurs as a result of
their interactions with T cells. It has been reported that
immature DC promote induction of tolerance [30], and
that administration of these “tolerogenic DC” can sup-
press autoimmunity in vivo [31]. Given observations that
exosomes derived from mature DC are immune stimula-
tory [32,33], the theory was tested that exosomes
secreted by tolerogenic dendritic cells could serve as
vehicles for suppressing inflammatory responses. Indeed,
Ruffner et al. showed that dendritic cells treated with IL-
10 to block their maturation secrete exosomes that in-
hibit delayed-type hypersensitivity reactions in an
antigen-specific manner, an effect requiring CD80 and
CD86 co-stimulatory molecules on exosomes, possibly
for direct interactions with T cells [34]. Similarly, Yang
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et al. used donor-strain derived exosomes from imma-
ture DC to enhance intestinal allograft survival in a rat
transplantation model [35]. This group demonstrated
that as little as 20 μg of donor- (but not recipient-)
derived exosomes were capable of significantly prolong-
ing graft survival. Prolongation of graft survival with
exosomes from immature DC was also observed in a
cardiac allograft model [36]. Kim et al. demonstrated
that the exosomes produced by tolerogenic DC were on
average 75 nm in size and mediated their suppressive
effects on T cells through their display of Fas ligand [37].
Although exosome production by tolerogenic DC propa-
gated in vitro could be considered artefactual, there are
also many naturally occurring examples of exosomes as
mediators of immune tolerance.
Pregnancy represents an in vivo example where exo-

somes promote immune tolerance to the “fetal allograft”.
During pregnancy, local and systemic immune deviation
occurs [38] and the failure to induce this “natural immune
modulation” is associated with recurrent spontaneous
abortions [39,40]. Interestingly, exosome production has a
role in directing the maternal immune system to accom-
modate the allogeneic fetus. Frängsmyr et al. reported that
freshly isolated fetal syncytiotrophoblast cells store Fas lig-
and (fasL) in cytoplasmic granules that are released as
exosomes, likely for the purpose of inducing apoptosis of
fetus-sensitized effector T cells expressing fas [41]. As dis-
cussed in the context of dendritic cell-derived exosomes,
FasL on these microvesicles is associated maintaining a
state of immune privilege or tolerance. It is also plausible
that exosomes bearing antigen/MHC complexes transmit
death signals that cause specific killing of the T cell clones
that pose a threat to the exosome-producing cell. This
functional association was explored by Dr. Douglas Tay-
lor’s group who observed that pre-term deliveries are
associated with higher degrees of maternal anti-fetal im-
munity, as measured by TCR-zeta chain activity, and
lower concentrations of FasL+ exosomes [42].
Pregnancy-associated exosomes possess multiple

means for modulating T cell responses. For example, the
inhibitory molecule PD-1 ligand is found on pregnancy-
derived exosomes in circulation, and can inhibit both
CD4+ and CD8+ T cells [43]. Exosomes released by the
syncytiotrophoblast of the human placenta are potently
inhibitory toward maternal NK cells, CD8+ T cells, and
gamma delta T cells through their expression of MHC
class I chain-related proteins A and B (MICA/B), and
UL-16 binding proteins (UL-BP), which are a family of
ligands that bind to the natural killer activating receptor
NKG2D [44,45]. Interestingly, pregnant women exhibit
substantially lower expression of NKG2D on their lym-
phocytes as compared to non-pregnant women [45].
Culture of peripheral blood mononuclear cells from
non-pregnant women with exosomes from pregnant
women resulted in downregulation of NKG2D expres-
sion and suppressed NK cell activity. The immune toler-
ance that occurs during pregnancy has been associated
with remission of autoimmunity in clinical cases of
rheumatoid arthritis [46] and multiple sclerosis [47], a
phenomenon that has been suggested to involve
pregnancy-associated exosomes that suppress T cell
responses systemically [48].
Another physiological example of exosome-mediated

immune tolerance is the antigen-specific immune modu-
lation that can be elicited in response to oral antigen ad-
ministration. Induction of oral tolerance is associated
with the generation of T regulatory (Treg)/Th3 cells
with specificity for food-borne antigens [49]. Clinical
trials of oral tolerance in rheumatoid arthritis [50], and
multiple sclerosis [51,52], have shown some promising
results, although the efficacy of these treatments has not
met the bar for clinical approval. It was demonstrated
that subsequent to feeding with a nominal antigen,
plasma-circulating exosomes containing MHC II and the
specific antigen could be isolated [53]. These exosomes,
termed “tolerosomes”, originate from intestinal epithelial
cells and engage in MHC-restricted interactions with
CD4+ T cells that suppress immunological effector
responses in response to the fed antigen [54]. In a mur-
ine allergy model, protection from allergy could be
transferred via exosomes collected from mice that had
been fed the allergen orally [55]. These data suggest that
tolerance induction may occur through the generation
of exosomes, as also observed for pregnancy- and
cancer-associated exosomes.

Tolerogenic functions of cancer exosomes
contribute to immune evasion
Many of the tolerogenic effects of exosomes secreted by
healthy cells are also imparted by tumor-derived exo-
somes, as represented in Figure 1 and described below.
The interactions between tumor-derived exosomes and
immune cells are mediated through direct signaling inter-
actions via surface-expressed molecules or by transfer of
exosomes and/or their cargo to immune cells (Figure. 1).
Exosomes also transport mRNAs and microRNAs to tar-
get cells, allowing for the direct exchange of genetic ma-
terial originating from tumor cells [56]. Many of the
signals delivered to immune cells via cancer exosomes are
involved in directing the immune system to specifically ig-
nore cancer cells. At the level of T cell immunity, exo-
somes possess enzymatic activity that causes hydrolysis of
ATP into adenosine in the tumor microenvironment,
which negatively regulates T cell activation [57]. Surface
display of FasL and TRAIL on microvesicles directly
engages the corresponding receptors on CD8+ T cells to
induce apoptosis [58–62]. Clinical consequences of FasL
on exosomes are suggested by observations that the ability



Figure 1 Mechanisms of immune tolerance mediated by tumor-derived exosomes. Exosomes evoke numerous immune suppressive
pathways during their interactions with immune cells. Depicted are examples of immune suppressive interactions between tumor-derived
exosomes and immune cells and their downstream effects on specific immune functions. Examples of direct adhesion and signaling interactions
between surface-expressed proteins on immune cells are depicted, whereby exosomes elicit apoptosis signaling, induction of immune
suppressive activity, and blockade of receptors/ligands required for anti-cancer immunity. Alternatively, exosomes and/or their contents, including
proteins (PRO) and genetic material (mRNA and microRNA), are delivered directly into target cells via exosomal fusion with the target cell
membrane or endocytosis. Cells that reportedly take up exosomes include immune cells (example shown) and tumor cells, which are endowed
with the ability to evade immune responses through the horizontal transfer of exosomal cargo.
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of purified MAGE3/6+ (tumor antigen) FasL+microvesi-
cles to induce T cell apoptosis in vitro correlates with dis-
ease activity and lymph node metastasis in head and neck
cancer patients [63]. FasL on the surfaces of tumor-
derived exosomes mediates cleavage of the TCR-zeta
chain, a crucial T cell signaling molecule that is required
for activation [64,65]. Low expression levels of TCR-zeta
chain correlate with impaired immune responses and are
predictive of poor prognosis of patients with several types
of cancer [66–71].
Tumor-derived exosomes also promote antigen non-

specific immune suppression through their effects on
myeloid-derived suppressor cells (MDSC), a population of
immature myeloid cells that are among the major inhibi-
tors of T cell activation in cancer [72]. Accordingly,
increased frequencies of MDSC are often detectable in the
circulation of cancer patients [73,74]. Tumor-derived exo-
somes direct the differentiation of bone marrow myeloid
progenitors to MDSC through their expression of an array
of bioactive molecules, including PGE2 and TGF-β [75].
Interestingly, there is also a correlation between cancer
progression and increased packaging of PGE2 and TGF-β
into exosomes, which could contribute to the increased
immune suppressive properties of growing tumors [75].
Cancer exosomes expressing Hsp72 also stimulate toll-like
receptor 2 (TLR2) on MDSC, causing increased MDSC-
mediated immune suppressive activity against T cells
in vitro [76]. Collectively, these lines of evidence suggest
that cancer exosomes increase the numbers and activity of
immune suppressive cell populations.
The effects of cancer exosomes on the myeloid lineage

also extend to maintaining immaturity of DC, which is
associated with cancer progression in tumor-bearing
hosts [77]. A study of ovarian cancer exosomes har-
vested from ascites fluid demonstrated their ability to in-
duce apoptosis of DC through a Fas ligand-dependent
mechanism [61]. Exosomes from human breast cancer
cells inhibit the differentiation of monocytes into DC
in vitro [78]. Similarly, microvesicles from the plasma of
advanced melanoma patients, but not from healthy
donors, promote the differentiation of monocytes with
TGF-β-secreting activity that suppressed T cell activa-
tion and cytolytic activity [79]. Aberrantly elevated levels
of TGF-β in cancer serve to increase the activity of Treg
cells that promote immune suppression [80]. Addition-
ally, tumor-derived exosomes also display TGF-β on
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their surfaces, which maintain the numbers and immune
suppressive effects of Treg cells in vitro [81]. Whiteside’s
group reported that tumor-derived microvesicles induce
the expansion of CD4+ CD25+ FoxP3+ cells while indu-
cing apoptosis of tumor-reactive CD8+ T cells [82,83].
NK cells play a critical role in tumor immune surveil-

lance, as exemplified by a study that showed a higher inci-
dence of spontaneous tumors in mice deficient in NKG2D
[84], an activating immune receptor that is expressed by
cytotoxic cells, including NK cells and CD8+ T cells [85].
Ligands for NKG2D are generally only expressed during
cellular stress such as the DNA damage response that is
initiated in response to oncogene expression [86,87]. In
addition to expressing NKGD ligands, tumors also shed
soluble ligands that cause downregulation of the corre-
sponding receptor on immune cells, thereby impairing
their recognition of neoplastic cells [88]. Tumor-derived
exosomes display NKG2D ligands, including MICA/B,
ULBP1 and ULBP2, which mask NKG2D and mediate
downregulation of this receptor on NK cells and CD8+ T
cells [89–92]. TGF-β1 expression by exosomes [90] also
contributes to NKG2D downregulation and impaired NK
cell function in cancer patients [93]. Notably, the exoso-
mal form of NKG2D is more effective at suppressing im-
mune cells than the soluble form since the former allows
for proper orientation and biodistribution of NKG2D
ligands in a stable conformational arrangement [94].

Cancer exosomes spread tumor growth signals
that counteract the activity of therapeutic agents
Exosomes have emerged as major players in transporting
soluble proteins involved in cancer growth, including
members of the human epidermal receptor (HER) fam-
ily, which are constitutively active in many cancers as a
result of gene amplification, protein over-expression,
and/or mutations of their tyrosine kinase domains [95].
The HER family of tyrosine kinase receptors includes
four members: HER1/epidermal growth factor receptor
(EGFR), HER2, HER3 and HER4 that are expressed on
tumor cell surfaces to mediate cellular growth and sur-
vival signals [96] during interactions with their ligands
in the tumor microenvironment [97,98]. Exosomes
secreted by HER-over-expressing cancers, including
breast [99–101], pancreatic [102], brain [103,104], and
gastric cancer [105], have been shown to display HER
proteins from their native tumors. For example, in HER2
over-expressing breast cancer, an aggressive form of dis-
ease that accounts for 25 % of all breast cancers [106],
exosomes display the HER2 oncoprotein on their sur-
faces [99–101]. Cancers that exhibit HER-dependent
growth have also been reported to release exosomes that
display EGFR ligands, including amphiregulin [107],
TGF-α [107], heparin-binding EGF-like growth factor
(HB-EGF)[107], EGFR [108] and the truncated and con-
stitutively active form of EGFR, variant III (EGFRvIII),
which causes unregulated growth of cancer cells [104].
Display of HER family members and their ligands on
exosomes facilitates the spread of growth-stimulating
and metastatic signals to several types of target cells. In
a study by Al-Nedawi et al. [104], microvesicles derived
from glioma cells transferred EGFRvIII to receptor-null
glioma cells to promote mitogenesis, pro-survival signal-
ing, and expression of VEGF [104]. EGFR from tumor-
derived microvesicles can also be transferred to endothe-
lial cells, eliciting VEGF upregulation and tumor angio-
genesis [108]. In another study, exosomes from breast
cancer and colorectal tumors displayed amphiregulin on
their surfaces, which engaged with HER1/EGFR on
tumor cells to increase their invasiveness [107]. Signifi-
cantly, exosomal amphiregulin was found to be 5 times
more efficient at increasing tumor invasiveness com-
pared to the same concentration of soluble recombinant
amphiregulin [107]. These data point toward tumor-
derived exosomes as being major purveyors of oncogenic
signals between cells.
An important pro-cancer effect of cancer exosomes is

in mediating resistance to immunotherapeutic agents.
The humanized monoclonal antibody HerceptinW (tras-
tuzumab; Genentech Inc., San Francisco, CA), which
binds to the extracellular domain of HER2, is the stand-
ard of care for breast cancers with HER2 amplification.
HerceptinW binds to HER2 with high affinity and evokes
a broad range of anti-tumor effects including direct in-
hibition of HER signaling, induction of antibody-
dependent cell cytotoxicity (ADCC) by NK cells and pos-
sibly through downregulation (internalization) of HER
proteins [109]. HER2 displayed on the surfaces of breast
cancer exosomes has been shown to bind and sequester
the therapeutic monoclonal antibody HerceptinW, thereby
allowing continued tumor cell proliferation [101]. This
decoy effect of breast cancer exosomes also shields target
cells from ADCC mediated by NK cells [100]. The obser-
vation that advancing cancer is associated with increased
exosome secretion by tumors as well as increased exo-
some binding to HerceptinW suggests that exosomes per-
mit cancer progression and metastasis by limiting drug
availability [101]. Indeed, exosome secretion in HER2
over-expressing breast cancer could be a contributing fac-
tor to the fact that the overwhelming majority of breast
tumors become refractory to treatments directed at HER2
[110–113]. The schematic in Figure 2 depicts the roles of
cancer exosomes in resistance to monoclonal antibody
therapy, illustrating exosomes in HER2 over-expressing
cancer as an example.
A second example of exosome-mediated resistance to

monoclonal antibody therapy is observed in B cell
lymphoma. CD20-bearing tumor exosomes have been
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Figure 2 Proposed effects of exosome depletion on the activity of therapeutic antibodies in cancer. (A) Tumor-secreted exosomes display
oncoproteins from their originating tumor cell. This example depicts HER2 over-expressing tumor cells releasing HER2+ exosomes that promote
tumor growth and immune suppression, as described in [99–101]. (B) Monoclonal antibodies administered for immunotherapy can be
sequestered by tumor-derived exosomes, owing to the display of oncogenic proteins on the exosomal surfaces [99–101,114]. In this example,
HER2+ exosomes bind to anti-HER2 antibodies (for example, HerceptinW) and limit the bioavailability of antibodies. Consequently, continued
tumor growth is permitted via interactions between HER proteins on the surfaces of tumor cells (consisting of dimers of HER2 with another HER
family member), and growth factors/EGFR ligands in the tumor microenvironment. (C) A strategy for therapeutic filtration of exosomes from the
circulation (shown here) or pharmacological methods of targeting exosome release by cancer cells could enhance the efficacy of
immunotherapy. Conceptually, removal of exosomes from the bloodstream would allow therapeutic anti-HER2 antibodies to block HER-related
signaling on tumor cells, thereby also alleviating exosome-mediated immune suppression and other pro-cancer activities.

Marleau et al. Journal of Translational Medicine 2012, 10:134 Page 6 of 12
http://www.translational-medicine.com/content/10/1/134
demonstrated to bind to and intercept anti-CD20 anti-
bodies (i.e. the therapeutic antibody rituximab) and also
consume complement, thereby impairing ADCC and
complement-dependent cytolysis against tumors [114].
Strikingly, in patients undergoing treatment for B cell
lymphoma, approximately one third to one half of the
plasma rituximab is bound to exosomes three hours fol-
lowing administration of the therapeutic antibody [114].
Removal of exosomes from plasma samples resulted in
significant improvements in the cytolytic activity of rituxi-
mab against tumor cell lines and against autologous tumor
cells in vitro. These data suggest that a strategy for target-
ing exosomes could be beneficial for unmasking the effi-
cacy of therapeutic antibodies.
In addition to interfering with the activity of immu-

notherapeutic agents, tumor-derived exosomes also par-
ticipate in the resistance of tumors to certain
chemotherapy drugs. A role of exosomes in drug export
from tumor cells was suggested by observations that
cisplatin-resistant ovarian cancer cells displayed reduced
lysosomal content of platinum and increased secretion of
exosomes containing platinum as compared to cisplatin-
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sensitive cells [115]. Similarly, cisplatin removal by melan-
oma cells occurs via secretion of intracellular organelles
called melanosomes, thereby impairing the drug’s
localization to the nucleus [116]. In a study by Shedden
et al. [117], the chemosensitivity profiles of NCI’s panel of
60 cancer cell lines were inversely correlated with expres-
sion of genes related to vesicle secretion. Accordingly,
intra-vesicular accumulation of the therapeutic agent
doxorubicin was associated with high rates of vesicle
shedding by chemoresistant cells [117]. Based on these
observations, the idea has been raised that drugs that
interfere with microtubule stability, such as taxanes and
vinca alkaloids, could serve as inhibitors of exosome se-
cretion [118]. Although these drugs are already used for
treating specific cancers, the cytotoxicity of these agents
would hinder their applicability as additive therapies for
ameliorating tumor-derived exosomes in cancer patients.
Accordingly, other means for modulating exosomes are
being explored, such as methods for altering the compos-
ition of exosomal proteins that promote malignancy [118].
For example, the dietary polyphenol curcumin reduces the
immune suppressive activities of breast cancer exosomes
against NK cells, which is believed to occur due to altera-
tions in ubiquitination of proteins during sorting of cargo
into ILV [119].
A promising alternative for inhibiting exosome secre-

tion involves targeting vacuolar H+-ATPase-driven efflux
pumps using proton pump inhibitors (PPIs), which are
widely prescribed for suppressing gastric acid [120]. Since
the activity of PPIs depends on acidic conditions, these
agents should exhibit a degree of selectivity for tumors
without introducing toxicity [1]. Vacuolar H+-ATPases are
overactive in tumors, pumping high concentrations of
protons across the plasma membrane to generate highly
acidic extracellular microenvironments [120,122]. PPIs
disrupt these pH gradients, leading to intracellular acidifi-
cation and death of cancer cells [121]. Significantly, PPIs
have been demonstrated to impair the release of acidic
vesicles by cancer cells, thereby increasing the cytoplasmic
retention of cytotoxic drugs and sensitizing tumors to che-
motherapeutic agents [120]. In one study of three mouse
tumor models, inhibition of exosome secretion using di-
methyl amiloride, an inhibitor of H+/Na+ and Na+/Ca2+

channels, was effective for mitigating the immune sup-
pressive effects of exosomes and restoring the responsive-
ness of cancer-bearing hosts to the chemotherapeutic
agent cyclophosphamide [76]. The DMA analog amiloride,
which also inhibits exosome release, was shown to decrease
the immune suppressive activity of serum from 11 patients
with colorectal cancer who were receiving this agent for
hypertension [76]. Another possible option for targeting
exosome secretion involves using sphingomyelinase inhibi-
tors. Indeed, exosomes are enriched for ceramide, which is
generated through the activity of sphingomyelinases and is
involved in sorting of endosomal proteins into MVB [123].
Hence, the diverse pharmacological approaches for inhibit-
ing exosome secretion should be investigated further and
compared for their in vivo efficacy at unmasking immune
function and therapeutic responses in cancer.

Extracorporeal Hemofiltration of Circulating
Factors as a Therapeutic Strategy in Cancer
Another promising cancer treatment strategy involves
extracorporeal hemofiltration of immune suppressive
factors including exosomes from the circulation. In a
pioneering study by Dr. Rigdon Lentz, continuous whole
blood ultrapheresis was used to remove low molecular
weight proteins (<120, 000 daltons molecular weight)
from the blood of 16 cancer patients of which 6 patients
presented with a minimal 50 % reduction in the sizes of
their tumors [124]. The primary targets were considered
to be serum cytokine receptors that impede anti-
neoplastic immune responses [125] since exosomes and
their roles in cancer were not appreciated at that time.
Clinical approval was also granted for application of the
Prosorba Column, known as “Protein-A Immunoadsorp-
tion Therapy”. This plasma filtering device consists of
highly purified protein A from Staphylococcus aureus
covalently linked to a silica matrix to capture circulating
immunoglobulin G (IgG) and immune complexes con-
taining IgG, which was FDA-approved for rheumatoid
arthritis and idiopathic thrombocytopenic purpura as a
complementary therapy for clearing pathogenic auto-
antibodies. In a study examining the efficacy of the Pro-
sorba column in cancer, there was a measurable
reduction in tumor burden in 22 of 104 patients and
increased immune system activity reportedly occurred in
the hours following treatment [126,127]. However, in a
Phase II trial of metastatic breast cancer, circulating im-
mune complexes were not detected in the majority of
patients and treatment with the Prosorba column did
not confer clinical benefits [128].
Given the recent appreciation for the roles of exosomes

as malignancy-associated factors, an extracorporeal strategy
for specifically targeting exosomes is an attractive thera-
peutic option for cancer. Aethlon Medical has devised a
therapeutic hemofiltration approach, termed the Aethlon
ADAPT™(adaptive dialysis-like affinity platform technology)
system. This technology consists of immobilized affinity
agents in the outer-capillary space of hollow-fiber plasma
separator cartridges that integrate into standard dialysis
units or continuous renal replacement therapy (CRRT)
machines. As the patient’s blood passes through device,
plasma components< 200 nm in size travel through the
porous fibers and interact with the immobilized affinity
agent(s) to which target molecules are selectively adsorbed
while blood cells and non-bound serum components pass
through the device (Figure 3). This device strategy is
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Figure 3 Schematic of Aethlon’s ADAPT™ device platform. This
technology consists of plasmapheresis cartridges that allows blood
cells to pass through the hollow fibers while serum
components< 200 nm in size fit through the hollow fiber pores to
interact with the affinity matrix. The matrices can be customized
with one or more affinity substrates comprising monoclonal
antibodies, lectins, aptamers or other affinity agents to specifically
capture and remove tumor-derived exosomes and other soluble
oncoproteins from the bloodstream using kidney dialysis or CRRT
units.
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versatile, owing to the fact that innumerable antibodies and
other affinity reagents, such as aptamers and protein
ligands, can be incorporated into the cartridges for captur-
ing single or multiple targets. Although ADAPT™ therapies
require that patients undergo a surgical procedure for vas-
cular access, this subtractive strategy for addressing cancer
exosomes would not introduce drug toxicity or interactions
risks, thereby offering an advantage over pharmacological
approaches. Hence, this device strategy offers an approach
for targeting exosomes that should be examined for its util-
ity as an adjunct therapeutic candidate to standard of care
cancer treatments.
There is a clinical precedent that supports the safety

and efficacy of affinity hemodialysis using ADAPT™
devices. The first ADAPT™ device, the HemopurifierW,
consists of a plasmapheresis cartridge to which the lectin
Galanthus nivalis agglutinin (GNA) is covalently coupled
to capture viruses on the basis of the high mannose glyco-
proteins on viral envelopes [129]. Aethlon has conducted
clinical studies of patients infected with hepatitis C virus
(HCV) that were treated with the HemopurifierW inserted
into standard dialysis extracorporeal circuits for up to 3
times weekly for 4–6 hours/treatment. Of the approxi-
mately 100 treatment experiences with the HemopurifierW

thus far, this therapy was well tolerated and the frequen-
cies of device-related adverse events were within the range
of those occurring during routine dialysis (data not
shown). HemopurifierW therapy reduced the viral load in
HCV-infected patients who were not concurrently receiv-
ing anti-viral drugs, and had a remarkable impact in im-
proving patient responses to ribarvirin and pegylated
interferon therapy ([129] and data not shown).
Tumor-derived exosomes are enriched for high man-
nose structures on their surface glycoproteins [130] and
have been demonstrated to bind to lectins, including
GNA ([131] and our unpublished observations). Given the
similarity in size and surface topology between virions and
cancer exosomes [132], the HemopurifierW is currently
being evaluated for its efficacy for capturing exosomes
secreted by tumor cell lines and present in biologic fluids
from cancer patients. Since ADAPT™ devices implement-
ing antibodies as affinity substrates have been constructed
for other indications [133,134], an antibody-based ap-
proach could similarly be utilized for recognizing tumor-
specific proteins on exosomal surfaces in order to capture
cancer exosomes while sparing exosomes produced by
non-malignant cells. For example, in HER2 over-
expressing breast cancer, anti-HER2 antibodies could be
utilized to remove HER2 expressing exosomes as well as
soluble HER2, which is proteolytically cleaved from the
cancer cell surface and also neutralizes the activity of Her-
ceptinW [135]. Several studies reveal that high levels of
shed HER2 are associated with high-grade tumors, lymph
node metastasis, and higher mortality of breast cancer
patients [136–138]. Thus, the capability for simultan-
eously removing both soluble and exosome associated
oncoproteins using the ADAPT™ system could offer a
unique strategy for improving the therapeutic outcomes
for cancer patients.
In a therapeutic context, the fact that the ADAPT™ sys-

tem can access soluble factors in the circulation but not
those within the tumor or regional lymph nodes makes
this device strategy suitable for metastatic cancers. Indeed,
tumor-derived exosomes have been demonstrated to
transport molecular signals involved in angiogenesis and
stroma remodeling for tumor cell adhesion and growth
during priming of the pre-metastatic niche [139,140].
Moreover, since exosome production is determined by
tumor size and growth rate [16,17], the duration and fre-
quency of ADAPT™ therapy would require optimizing in
order to achieve a clinically beneficial level of exosome de-
pletion from the circulation. The device strategy could
also be tailored for different types/stages of cancer and
using devices incorporating different affinity agent(s). Cur-
rently, although a spectrum of biologic effects of cancer
exosomes have been identified in vitro and in experimen-
tal animals, the impact of diminishing exosomes thera-
peutically must still be studied in terms of the potential
efficacy in promoting immune recovery and hindering
tumor growth in a clinical setting.

Conclusions
Exosomes have emerged as being important vehicles for
intercellular communication and for modulating immune
responses, owing to their content of proteins and genetic
material that mirror their cells of origin. Whereas exosomes
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from activated lymphocytes can possess immune stimula-
tory functions, there are many physiologic examples of exo-
somes exerting tolerogenic functions during dampening of
immune responses, oral tolerance and pregnancy. In cancer,
the tolerogenic activities of exosomes represent pathological
responses whereby tumor cells secrete vast amounts of im-
mune inhibitory exosomes that hinder anti-cancer immune
responses. Tumor-derived exosomes are involved in the
fundamental aspects of cancer pathogenesis including
growth, metastasis, angiogenesis, and immune suppression.
Therefore, to address the unmet need for a strategy to tar-
get tumor-secreted exosomes, one possible option involves
a therapeutic hemofiltration approach, the Aethlon
ADAPT™ system, which is designed to selectively capture
and remove target particles such as exosomes from the en-
tire circulatory system. This technology consists of hollow
fiber plasma filtration cartridges constructed with affinity
agents that are fitted for existing dialysis machines. The
ADAPT™ system has the potential to address a variety of
types and stages of cancer since it can incorporate diverse
affinity agents for capturing cancer-specific exosomes on
the basis of their display of surface proteins (using anti-
bodies) and/or glycoproteins (using lectin affinity agents).
The emerging evidence that tumor-secreted exosomes are
involved in mediating resistance to therapies provides an
impetus for exploration novel therapeutic options for
addressing the immune inhibitory and tumor growth-
promoting effects of cancer exosomes.

Abbreviations
ADAPT: (adaptive dialysis-like affinity platform); ADCC: (antibody dependent
cell cytotoxicity); CRRT: (Continuous renal replacement therapy);
DC: (Dendritic cells); DMA: (Dimethyl amiloride); EGFR: (Epidermal growth
factor receptor); GNA: (Galanthus nivalis agglutinin); HCV: (Hepatitis C virus);
HER: (Human epidermal receptor); ILV: (Intralumenal vesicles); MICA/B: (MHC
class I chain-related proteins A and B); MIIC: (Major histocompatibility
complex class II-enriched compartment); MDSC: (Myeloid-derived suppressor
cells); MVB: (Multivesicular bodies); PPIs: (Proton pump inhibitors); Treg: (T
regulatory); UL-BP: (UL-16 binding proteins).

Competing interests
JAJ, RHT and AMM are employees and/or shareholders of Aethlon Medical.
CSC has no competing interests.

Authors’ contributions
JAJ and RHT conceived of the ADAPT™ technology described in this
manuscript. AMM drafted the manuscript with the participation of CSC, JAJ,
and RHT. All authors read and approved the final manuscript.

Author details
1Aethlon Medical Inc, 8910 University Center Lane, Suite 660, San Diego, CA
92122, USA. 2Division of Hematology/Oncology, Loma Linda University
School of Medicine, 11175 Campus Street, Chan Shun Pavilion, 11015, Loma
Linda, CA 92354, USA.

Received: 12 February 2012 Accepted: 15 June 2012
Published: 27 June 2012

References
1. Whiteside TL: Immune suppression in cancer: effects on immune cells,

mechanisms and future therapeutic intervention. Semin Cancer Biol 2006,
16:3–15.
2. Keller S, Sanderson MP, Stoeck A, Altevogt P: Exosomes: from biogenesis
and secretion to biological function. Immunol Lett 2006, 107:102–108.

3. Fevrier B, Raposo G: Exosomes: endosomal-derived vesicles shipping
extracellular messages. Curr Opin Cell Biol 2004, 16:415–421.

4. de Gassart A, Geminard C, Hoekstra D, Vidal M: Exosome secretion: the art
of reutilizing nonrecycled proteins? Traffic 2004, 5:896–903.

5. Thery C, Zitvogel L, Amigorena S: Exosomes: composition, biogenesis and
function. Nat Rev Immunol 2002, 2:569–579.

6. Stoorvogel W, Kleijmeer MJ, Geuze HJ, Raposo G: The biogenesis and
functions of exosomes. Traffic 2002, 3:321–330.

7. Parolini I, Federici C, Raggi C, Lugini L, Palleschi S, De Milito A, Coscia C, Iessi
E, Logozzi M, Molinari A, et al: Microenvironmental pH is a key factor for
exosome traffic in tumor cells. J Biol Chem 2009, 284:34211–34222.

8. Koumangoye RB, Sakwe AM, Goodwin JS, Patel T, Ochieng J: Detachment of
breast tumor cells induces rapid secretion of exosomes which subsequently
mediate cellular adhesion and spreading. PLoS One 2011, 6:e24234.

9. Simpson RJ, Lim JW, Moritz RL, Mathivanan S: Exosomes: proteomic
insights and diagnostic potential. Expert Rev Proteomics 2009, 6:267–283.

10. Toth B, Nieuwland R, Liebhardt S, Ditsch N, Steinig K, Stieber P, Rank A,
Gohring P, Thaler CJ, Friese K, Bauerfeind I: Circulating microparticles in
breast cancer patients: a comparative analysis with established
biomarkers. Anticancer Res 2008, 28:1107–1112.

11. Taylor DD, Gercel-Taylor C: MicroRNA signatures of tumor-derived
exosomes as diagnostic biomarkers of ovarian cancer. Gynecol Oncol
2008, 110:13–21.

12. Skog J, Wurdinger T, van Rijn S, Meijer DH, Gainche L, Sena-Esteves M, Curry
WT Jr, Carter BS, Krichevsky AM, Breakefield XO: Glioblastoma microvesicles
transport RNA and proteins that promote tumour growth and provide
diagnostic biomarkers. Nat Cell Biol 2008, 10:1470–1476.

13. Nilsson J, Skog J, Nordstrand A, Baranov V, Mincheva-Nilsson L, Breakefield XO,
Widmark A: Prostate cancer-derived urine exosomes: a novel approach to
biomarkers for prostate cancer. Br J Cancer 2009, 100:1603–1607.

14. Mitchell PJ, Welton J, Staffurth J, Court J, Mason MD, Tabi Z, Clayton A: Can
urinary exosomes act as treatment response markers in prostate cancer?
J Transl Med 2009, 7:4.

15. Taylor DD, Taylor CG, Jiang CG, Black PH: Characterization of plasma
membrane shedding from murine melanoma cells. Int J Cancer 1988,
41:629–635.

16. Logozzi M, De Milito A, Lugini L, Borghi M, Calabro L, Spada M, Perdicchio M,
Marino ML, Federici C, Iessi E, et al: High levels of exosomes expressing CD63
and caveolin-1 in plasma of melanoma patients. PLoS One 2009, 4:e5219.

17. Taylor DD, Lyons KS, Gercel-Taylor C: Shed membrane fragment-associated
markers for endometrial and ovarian cancers. Gynecol Oncol 2002, 84:443–448.

18. Rabinowits G, Gercel-Taylor C, Day JM, Taylor DD, Kloecker GH: Exosomal
microRNA: a diagnostic marker for lung cancer. Clin Lung Cancer 2009,
10:42–46.

19. Raposo G, Nijman HW, Stoorvogel W, Liejendekker R, Harding CV, Melief CJ,
Geuze HJ: B lymphocytes secrete antigen-presenting vesicles. J Exp Med
1996, 183:1161–1172.

20. Zitvogel L, Regnault A, Lozier A, Wolfers J, Flament C, Tenza D, Ricciardi-
Castagnoli P, Raposo G, Amigorena S: Eradication of established murine
tumors using a novel cell-free vaccine: dendritic cell-derived exosomes.
Nat Med 1998, 4:594–600.

21. Pan BT, Johnstone RM: Fate of the transferrin receptor during maturation
of sheep reticulocytes in vitro: selective externalization of the receptor.
Cell 1983, 33:967–978.

22. Sheng H, Hassanali S, Nugent C, Wen L, Hamilton-Williams E, Dias P, Dai YD:
Insulinoma-released exosomes or microparticles are immunostimulatory
and can activate autoreactive T cells spontaneously developed in
nonobese diabetic mice. J Immunol 2011, 187:1591–1600.

23. Giri PK, Schorey JS: Exosomes derived from M. Bovis BCG infected
macrophages activate antigen-specific CD4+ and CD8+ T cells in vitro
and in vivo. PLoS One 2008, 3:e2461.

24. Beauvillain C, Juste MO, Dion S, Pierre J, Dimier-Poisson I: Exosomes are
an effective vaccine against congenital toxoplasmosis in mice. Vaccine
2009, 27:1750–1757.

25. Bhatnagar S, Schorey JS: Exosomes released from infected macrophages
contain Mycobacterium avium glycopeptidolipids and are
proinflammatory. J Biol Chem 2007, 282:25779–25789.

26. Viaud S, Terme M, Flament C, Taieb J, Andre F, Novault S, Escudier B, Robert
C, Caillat-Zucman S, Tursz T, et al: Dendritic cell-derived exosomes



Marleau et al. Journal of Translational Medicine 2012, 10:134 Page 10 of 12
http://www.translational-medicine.com/content/10/1/134
promote natural killer cell activation and proliferation: a role for NKG2D
ligands and IL-15Ralpha. PLoS One 2009, 4:e4942.

27. Viaud S, Thery C, Ploix S, Tursz T, Lapierre V, Lantz O, Zitvogel L, Chaput N:
Dendritic cell-derived exosomes for cancer immunotherapy: what's next?
Cancer Res 2010, 70:1281–1285.

28. Taieb J, Chaput N, Schartz N, Roux S, Novault S, Menard C, Ghiringhelli F,
Terme M, Carpentier AF, Darrasse-Jeze G, et al: Chemoimmunotherapy of
tumors: cyclophosphamide synergizes with exosome based vaccines. J
Immunol 2006, 176:2722–2729.

29. Andre F, Schartz NE, Chaput N, Flament C, Raposo G, Amigorena S, Angevin
E, Zitvogel L: Tumor-derived exosomes: a new source of tumor rejection
antigens. Vaccine 2002, 20(Suppl 4):A28–31.

30. Ichim TE, Zhong R, Min WP: Prevention of allograft rejection by in vitro
generated tolerogenic dendritic cells. Transpl Immunol 2003, 11:295–306.

31. Popov I, Li M, Zheng X, San H, Zhang X, Ichim TE, Suzuki M, Feng B, Vladau
C, Zhong R, et al: Preventing autoimmune arthritis using antigen-specific
immature dendritic cells: a novel tolerogenic vaccine. Arthritis Res Ther
2006, 8:R141.

32. Luketic L, Delanghe J, Sobol PT, Yang P, Frotten E, Mossman KL, Gauldie J,
Bramson J, Wan Y: Antigen presentation by exosomes released from
peptide-pulsed dendritic cells is not suppressed by the presence of
active CTL. J Immunol 2007, 179:5024–5032.

33. Segura E, Amigorena S, Thery C: Mature dendritic cells secrete exosomes
with strong ability to induce antigen-specific effector immune
responses. Blood Cells Mol Dis 2005, 35:89–93.

34. Ruffner MA, Kim SH, Bianco NR, Francisco LM, Sharpe AH, Robbins PD: B7-1/2,
but not PD-L1/2 molecules, are required on IL-10-treated tolerogenic DC and
DC-derived exosomes for in vivo function. Eur J Immunol 2009, 39:3084–3090.

35. Yang X, Meng S, Jiang H, Zhu C, Wu W: Exosomes derived from immature
bone marrow dendritic cells induce tolerogenicity of intestinal
transplantation in rats. J Surg Res 2011, 171:826–832.

36. Peche H, Renaudin K, Beriou G, Merieau E, Amigorena S, Cuturi MC:
Induction of tolerance by exosomes and short-term immunosuppression
in a fully MHC-mismatched rat cardiac allograft model. Am J Transplant
2006, 6:1541–1550.

37. Kim SH, Bianco NR, Shufesky WJ, Morelli AE, Robbins PD: MHC class
II + exosomes in plasma suppress inflammation in an antigen-specific
and Fas ligand/Fas-dependent manner. J Immunol 2007, 179:2235–2241.

38. Ernerudh J, Berg G, Mjosberg J: Regulatory T helper cells in pregnancy
and their roles in systemic versus local immune tolerance. Am J Reprod
Immunol 2011, 66(Suppl 1):31–43.

39. Lin QD, Qiu LH: Pathogenesis, diagnosis, and treatment of recurrent
spontaneous abortion with immune type. Front Med China 2010, 4:275–279.

40. Pandey MK, Rani R, Agrawal S: An update in recurrent spontaneous
abortion. Arch Gynecol Obstet 2005, 272:95–108.

41. Frangsmyr L, Baranov V, Nagaeva O, Stendahl U, Kjellberg L, Mincheva-
Nilsson L: Cytoplasmic microvesicular form of Fas ligand in human early
placenta: switching the tissue immune privilege hypothesis from cellular
to vesicular level. Mol Hum Reprod 2005, 11:35–41.

42. Taylor DD, Akyol S, Gercel-Taylor C: Pregnancy-associated exosomes and
their modulation of T cell signaling. J Immunol 2006, 176:1534–1542.

43. Sabapatha A, Gercel-Taylor C, Taylor DD: Specific isolation of placenta-
derived exosomes from the circulation of pregnant women and their
immunoregulatory consequences. Am J Reprod Immunol 2006, 56:345–355.

44. Mincheva-Nilsson L, Nagaeva O, Chen T, Stendahl U, Antsiferova J, Mogren I,
Hernestal J, Baranov V: Placenta-derived soluble MHC class I chain-related
molecules down-regulate NKG2D receptor on peripheral blood
mononuclear cells during human pregnancy: a possible novel immune
escape mechanism for fetal survival. J Immunol 2006, 176:3585–3592.

45. Hedlund M, Stenqvist AC, Nagaeva O, Kjellberg L, Wulff M, Baranov V,
Mincheva-Nilsson L: Human placenta expresses and secretes NKG2D ligands
via exosomes that down-modulate the cognate receptor expression:
evidence for immunosuppressive function. J Immunol 2009, 183:340–351.

46. Forger F, Marcoli N, Gadola S, Moller B, Villiger PM, Ostensen M: Pregnancy
induces numerical and functional changes of CD4+CD25 high regulatory T
cells in patients with rheumatoid arthritis. Ann Rheum Dis 2008, 67:984–
990835:120–131.

53. Karlsson M, Lundin S, Dahlgren U, Kahu H, Pettersson I, Telemo E:
"Tolerosomes" are produced by intestinal epithelial cells. Eur J Immunol
2001, 31:2892–2900.
54. Ostman S, Taube M, Telemo E: Tolerosome-induced oral tolerance is MHC
dependent. Immunology 2005, 116:464–476.

55. Almqvist N, Lonnqvist A, Hultkrantz S, Rask C, Telemo E: Serum-derived
exosomes from antigen-fed mice prevent allergic sensitization in a
model of allergic asthma. Immunology 2008, 125:21–27.

56. Valadi H, Ekstrom K, Bossios A, Sjostrand M, Lee JJ, Lotvall JO: Exosome-
mediated transfer of mRNAs and microRNAs is a novel mechanism of
genetic exchange between cells. Nat Cell Biol 2007, 9:654–659.

57. Clayton A, Al-Taei S, Webber J, Mason MD, Tabi Z: Cancer exosomes
express CD39 and CD73, which suppress T cells through adenosine
production. J Immunol 2011, 187:676–683.

58. Kim JW, Wieckowski E, Taylor DD, Reichert TE, Watkins S, Whiteside TL: Fas
ligand-positive membranous vesicles isolated from sera of patients with
oral cancer induce apoptosis of activated T lymphocytes. Clin Cancer Res
2005, 11:1010–1020.

59. Kim SH, Bianco N, Menon R, Lechman ER, Shufesky WJ, Morelli AE, Robbins
PD: Exosomes derived from genetically modified DC expressing FasL are
anti-inflammatory and immunosuppressive. Mol Ther 2006, 13:289–300.

60. Abusamra AJ, Zhong Z, Zheng X, Li M, Ichim TE, Chin JL, Min WP: Tumor
exosomes expressing Fas ligand mediate CD8+ T-cell apoptosis. Blood
Cells Mol Dis 2005, 35:169–173.

61. Peng P, Yan Y, Keng S: Exosomes in the ascites of ovarian cancer
patients: origin and effects on anti-tumor immunity. Oncol Rep 2011,
25:749–762.

62. Monleon I, Martinez-Lorenzo MJ, Monteagudo L, Lasierra P, Taules M,
Iturralde M, Pineiro A, Larrad L, Alava MA, Naval J, Anel A: Differential
secretion of Fas ligand- or APO2 ligand/TNF-related apoptosis-inducing
ligand-carrying microvesicles during activation-induced death of human
T cells. J Immunol 2001, 167:6736–6744.

63. Bergmann C, Strauss L, Wieckowski E, Czystowska M, Albers A, Wang Y,
Zeidler R, Lang S, Whiteside TL: Tumor-derived microvesicles in sera of
patients with head and neck cancer and their role in tumor progression.
Head Neck 2009, 31:371–380.

64. Taylor DD, Gercel-Taylor C: Tumour-derived exosomes and their role in
cancer-associated T-cell signalling defects. Br J Cancer 2005, 92:305–311.

65. Taylor DD, Gercel-Taylor C, Lyons KS, Stanson J, Whiteside TL: T-cell
apoptosis and suppression of T-cell receptor/CD3-zeta by Fas ligand-
containing membrane vesicles shed from ovarian tumors. Clin Cancer Res
2003, 9:5113–5119.

66. Cheriyan VT, Krishna SM, Kumar A, Jayaprakash PG, Balaram P: Signaling
defects and functional impairment in T-cells from cervical cancer
patients. Cancer Biother Radiopharm 2009, 24:667–673.

67. Zielinski P, Dyszkiewicz W, Piwkowski CT, Dworacki G, Gasiorowski L: Can
the condition of the cell microenvironment of mediastinal lymph nodes
help predict the risk of metastases in non-small cell lung cancer? Cancer
Epidemiol 2009, 33:387–390.

68. Kulkarni DP, Wadia PP, Pradhan TN, Pathak AK, Chiplunkar SV: Mechanisms
involved in the down-regulation of TCR zeta chain in tumor versus
peripheral blood of oral cancer patients. Int J Cancer 2009, 124:1605–1613.

69. Gruber IV, El Yousfi S, Durr-Storzer S, Wallwiener D, Solomayer EF, Fehm T:
Down-regulation of CD28, TCR-zeta (zeta) and up-regulation of FAS in
peripheral cytotoxic T-cells of primary breast cancer patients. Anticancer
Res 2008, 28:779–784.

70. Dworacki G, Meidenbauer N, Kuss I, Hoffmann TK, Gooding W, Lotze M,
Whiteside TL: Decreased zeta chain expression and apoptosis in CD3+
peripheral blood T lymphocytes of patients with melanoma. Clin Cancer
Res 2001, 7:947s–957s.

71. Whiteside TL: Signaling defects in T lymphocytes of patients with
malignancy. Cancer Immunol Immunother 1999, 48:346–352.

72. Almand B, Clark JI, Nikitina E, van Beynen J, English NR, Knight SC, Carbone
DP, Gabrilovich DI: Increased production of immature myeloid cells in
cancer patients: a mechanism of immunosuppression in cancer. J
Immunol 2001, 166:678–689.

73. Mirza N, Fishman M, Fricke I, Dunn M, Neuger AM, Frost TJ, Lush RM,
Antonia S, Gabrilovich DI: All-trans-retinoic acid improves differentiation
of myeloid cells and immune response in cancer patients. Cancer Res
2006, 66:9299–9307.

74. Diaz-Montero CM, Salem ML, Nishimura MI, Garrett-Mayer E, Cole DJ,
Montero AJ: Increased circulating myeloid-derived suppressor cells
correlate with clinical cancer stage, metastatic tumor burden, and



Marleau et al. Journal of Translational Medicine 2012, 10:134 Page 11 of 12
http://www.translational-medicine.com/content/10/1/134
doxorubicin-cyclophosphamide chemotherapy. Cancer Immunol
Immunother 2009, 58:49–59.

75. Xiang X, Poliakov A, Liu C, Liu Y, Deng ZB, Wang J, Cheng Z, Shah SV, Wang
GJ, Zhang L, et al: Induction of myeloid-derived suppressor cells by
tumor exosomes. Int J Cancer 2009, 124:2621–2633.

76. Chalmin F, Ladoire S, Mignot G, Vincent J, Bruchard M, Remy-Martin JP,
Boireau W, Rouleau A, Simon B, Lanneau D, et al: Membrane-associated
Hsp72 from tumor-derived exosomes mediates STAT3-dependent
immunosuppressive function of mouse and human myeloid-derived
suppressor cells. J Clin Invest 2010, 120:457–471.

77. Janikashvili N, Bonnotte B, Katsanis E, Larmonier N: The dendritic cell-
regulatory T lymphocyte crosstalk contributes to tumor-induced
tolerance. Clin Dev Immunol 2011, 2011:430394.

78. Yu S, Liu C, Su K, Wang J, Liu Y, Zhang L, Li C, Cong Y, Kimberly R, Grizzle
WE, et al: Tumor exosomes inhibit differentiation of bone marrow
dendritic cells. J Immunol 2007, 178:6867–6875.

79. Valenti R, Huber V, Filipazzi P, Pilla L, Sovena G, Villa A, Corbelli A, Fais S, Parmiani
G, Rivoltini L: Human tumor-released microvesicles promote the differentiation
of myeloid cells with transforming growth factor-beta-mediated suppressive
activity on T lymphocytes. Cancer Res 2006, 66:9290–9298.

80. Flavell RA, Sanjabi S, Wrzesinski SH, Licona-Limon P: The polarization of
immune cells in the tumour environment by TGFbeta. Nat Rev Immunol
2010, 10:554–567.

81. Wada J, Onishi H, Suzuki H, Yamasaki A, Nagai S, Morisaki T, Katano M:
Surface-bound TGF-beta1 on effusion-derived exosomes participates in
maintenance of number and suppressive function of regulatory T-cells
in malignant effusions. Anticancer Res 2010, 30:3747–3757.

82. Wieckowski EU, Visus C, Szajnik M, Szczepanski MJ, Storkus WJ, Whiteside TL:
Tumor-derived microvesicles promote regulatory T cell expansion and
induce apoptosis in tumor-reactive activated CD8+ T lymphocytes. J
Immunol 2009, 183:3720–3730.

83. Szajnik M, Czystowska M, Szczepanski MJ, Mandapathil M, Whiteside TL:
Tumor-derived microvesicles induce, expand and up-regulate
biological activities of human regulatory T cells (Treg). PLoS One 2010,
5:e11469.

84. Guerra N, Tan YX, Joncker NT, Choy A, Gallardo F, Xiong N, Knoblaugh S,
Cado D, Greenberg NM, Raulet DH: NKG2D-deficient mice are defective in
tumor surveillance in models of spontaneous malignancy. Immunity 2008,
28:571–580.

85. Raulet DH: Roles of the NKG2D immunoreceptor and its ligands. Nat Rev
Immunol 2003, 3:781–790.

86. Gasser S, Orsulic S, Brown EJ, Raulet DH: The DNA damage pathway
regulates innate immune system ligands of the NKG2D receptor. Nature
2005, 436:1186–1190.

87. Dominguez-Sola D, Ying CY, Grandori C, Ruggiero L, Chen B, Li M, Galloway
DA, Gu W, Gautier J, Dalla-Favera R: Non-transcriptional control of DNA
replication by c-Myc. Nature 2007, 448:445–451.

88. Groh V, Wu J, Yee C, Spies T: Tumour-derived soluble MIC ligands impair
expression of NKG2D and T-cell activation. Nature 2002, 419:734–738.

89. Clayton A, Tabi Z: Exosomes and the MICA-NKG2D system in cancer.
Blood Cells Mol Dis 2005, 34:206–213.

90. Clayton A, Mitchell JP, Court J, Linnane S, Mason MD, Tabi Z: Human
tumor-derived exosomes down-modulate NKG2D expression. J Immunol
2008, 180:7249–7258.

91. Ashiru O, Boutet P, Fernandez-Messina L, Aguera-Gonzalez S, Skepper JN,
Vales-Gomez M, Reyburn HT: Natural killer cell cytotoxicity is suppressed
by exposure to the human NKG2D ligand MICA*008 that is shed by
tumor cells in exosomes. Cancer Res 2010, 70:481–489.

92. Hedlund M, Nagaeva O, Kargl D, Baranov V, Mincheva-Nilsson L: Thermal-
and oxidative stress causes enhanced release of NKG2D ligand-bearing
immunosuppressive exosomes in leukemia/lymphoma T and B cells.
PLoS One 2011, 6:e16899.

93. Lee JC, Lee KM, Kim DW, Heo DS: Elevated TGF-beta1 secretion and
down-modulation of NKG2D underlies impaired NK cytotoxicity in
cancer patients. J Immunol 2004, 172:7335–7340.

94. Fernandez-Messina L, Ashiru O, Boutet P, Aguera-Gonzalez S, Skepper JN,
Reyburn HT, Vales-Gomez M: Differential mechanisms of shedding of the
glycosylphosphatidylinositol (GPI)-anchored NKG2D ligands. J Biol Chem
2010, 285:8543–8551.

95. Libermann TA, Nusbaum HR, Razon N, Kris R, Lax I, Soreq H, Whittle N,
Waterfield MD, Ullrich A, Schlessinger J: Amplification, enhanced
expression and possible rearrangement of EGF receptor gene in primary
human brain tumours of glial origin. Nature 1985, 313:144–147.

96. Normanno N, Bianco C, Strizzi L, Mancino M, Maiello MR, De Luca A,
Caponigro F, Salomon DS: The ErbB receptors and their ligands in cancer:
an overview. Curr Drug Targets 2005, 6:243–257.

97. Wang SE, Yu Y, Criswell TL, Debusk LM, Lin PC, Zent R, Johnson DH, Ren X,
Arteaga CL: Oncogenic mutations regulate tumor microenvironment
through induction of growth factors and angiogenic mediators.
Oncogene 2010, 29:3335–3348.

98. Yasumoto K, Yamada T, Kawashima A, Wang W, Li Q, Donev IS, Tacheuchi S,
Mouri H, Yamashita K, Ohtsubo K, Yano S: The EGFR ligands amphiregulin
and heparin-binding egf-like growth factor promote peritoneal
carcinomatosis in CXCR4-expressing gastric cancer. Clin Cancer Res 2011,
17:3619–3630.

99. Koga K, Matsumoto K, Akiyoshi T, Kubo M, Yamanaka N, Tasaki A, Nakashima
H, Nakamura M, Kuroki S, Tanaka M, Katano M: Purification,
characterization and biological significance of tumor-derived exosomes.
Anticancer Res 2005, 25:3703–3707.

100. Battke C, Ruiss R, Welsch U, Wimberger P, Lang S, Jochum S, Zeidler R: Tumour
exosomes inhibit binding of tumour-reactive antibodies to tumour cells
and reduce ADCC. Cancer Immunol Immunother 2011, 60:639–648.

101. Ciravolo V, Huber V, Ghedini GC, Venturelli E, Bianchi F, Campiglio M, Morelli
D, Villa A, Mina PD, Menard S, et al: Potential role of HER2-overexpressing
exosomes in countering Trastuzumab-based therapy. J Cell Physiol 2012,
227:658–667.

102. Adamczyk KA, Klein-Scory S, Tehrani MM, Warnken U, Schmiegel W,
Schnolzer M, Schwarte-Waldhoff I: Characterization of soluble and
exosomal forms of the EGFR released from pancreatic cancer cells. Life
Sci 2011, 89:304–312.

103. Graner MW, Alzate O, Dechkovskaia AM, Keene JD, Sampson JH, Mitchell
DA, Bigner DD: Proteomic and immunologic analyses of brain tumor
exosomes. FASEB J 2009, 23:1541–1557.

104. Al-Nedawi K, Meehan B, Micallef J, Lhotak V, May L, Guha A, Rak J:
Intercellular transfer of the oncogenic receptor EGFRvIII by microvesicles
derived from tumour cells. Nat Cell Biol 2008, 10:619–624.

105. Baran J, Baj-Krzyworzeka M, Weglarczyk K, Szatanek R, Zembala M, Barbasz J,
Czupryna A, Szczepanik A: Circulating tumour-derived microvesicles in
plasma of gastric cancer patients. Cancer Immunol Immunother 2010,
59:841–850.

106. Tagliabue E, Balsari A, Campiglio M, Pupa SM: HER2 as a target for breast
cancer therapy. Expert Opin Biol Ther 2010, 10:711–724.

107. Higginbotham JN, Demory Beckler M, Gephart JD, Franklin JL, Bogatcheva
G, Kremers GJ, Piston DW, Ayers GD, McConnell RE, Tyska MJ, Coffey RJ:
Amphiregulin exosomes increase cancer cell invasion. Curr Biol 2011,
21:779–786.

108. Al-Nedawi K, Meehan B, Kerbel RS, Allison AC, Rak J: Endothelial expression
of autocrine VEGF upon the uptake of tumor-derived microvesicles
containing oncogenic EGFR. Proc Natl Acad Sci U S A 2009, 106:3794–3799.

109. Nahta R, Yu D, Hung MC, Hortobagyi GN, Esteva FJ: Mechanisms of
disease: understanding resistance to HER2-targeted therapy in human
breast cancer. Nat Clin Pract Oncol 2006, 3:269–280.

110. Nahta R, Esteva FJ: HER2 therapy: molecular mechanisms of trastuzumab
resistance. Breast Cancer Res 2006, 8:215.

111. Abdel-Razeq H, Marei L: Current neoadjuvant treatment options for HER2-
positive breast cancer. Biologics 2011, 5:87–94.

112. Von Minckwitz G, Loibl S, Untch M: What is the current standard of care
for anti-HER2 neoadjuvant therapy in breast cancer? Oncology (Williston
Park) 2012, 26:20–26.

113. Niikura N, Liu J, Hayashi N, Mittendorf EA, Gong Y, Palla SL, Tokuda Y,
Gonzalez-Angulo AM, Hortobagyi GN, Ueno NT: NT: Loss of Human
Epidermal Growth Factor Receptor 2 (HER2) Expression in Metastatic
Sites of HER2-Overexpressing Primary Breast Tumors. J Clin Oncol 2011.

114. Aung T, Chapuy B, Vogel D, Wenzel D, Oppermann M, Lahmann M,
Weinhage T, Menck K, Hupfeld T, Koch R, et al: Exosomal evasion of
humoral immunotherapy in aggressive B-cell lymphoma modulated by
ATP-binding cassette transporter A3. Proc Natl Acad Sci U S A 2011,
108:15336–15341.

115. Safaei R, Larson BJ, Cheng TC, Gibson MA, Otani S, Naerdemann W, Howell
SB: Abnormal lysosomal trafficking and enhanced exosomal export of
cisplatin in drug-resistant human ovarian carcinoma cells. Mol Cancer
Ther 2005, 4:1595–1604.



Marleau et al. Journal of Translational Medicine 2012, 10:134 Page 12 of 12
http://www.translational-medicine.com/content/10/1/134
116. Chen KG, Valencia JC, Lai B, Zhang G, Paterson JK, Rouzaud F, Berens W,
Wincovitch SM, Garfield SH, Leapman RD, et al: Melanosomal sequestration
of cytotoxic drugs contributes to the intractability of malignant
melanomas. Proc Natl Acad Sci U S A 2006, 103:9903–9907.

117. Shedden K, Xie XT, Chandaroy P, Chang YT, Rosania GR: Expulsion of small
molecules in vesicles shed by cancer cells: association with gene
expression and chemosensitivity profiles. Cancer Res 2003, 63:4331–4337.

118. Iero M, Valenti R, Huber V, Filipazzi P, Parmiani G, Fais S, Rivoltini L: Tumour-
released exosomes and their implications in cancer immunity. Cell Death
Differ 2008, 15:80–88.

119. Zhang HG, Kim H, Liu C, Yu S, Wang J, Grizzle WE, Kimberly RP, Barnes S:
Curcumin reverses breast tumor exosomes mediated immune
suppression of NK cell tumor cytotoxicity. Biochim Biophys Acta 2007,
1773:1116–1123.

120. Luciani F, Spada M, De Milito A, Molinari A, Rivoltini L, Montinaro A, Marra
M, Lugini L, Logozzi M, Lozupone F, et al: Effect of proton pump inhibitor
pretreatment on resistance of solid tumors to cytotoxic drugs. J Natl
Cancer Inst 2004, 96:1702–1713.

121. De Milito A, Canese R, Marino ML, Borghi M, Iero M, Villa A, Venturi G,
Lozupone F, Iessi E, Logozzi M, et al: pH-dependent antitumor activity of
proton pump inhibitors against human melanoma is mediated by
inhibition of tumor acidity. Int J Cancer 2010, 127:207–219.

122. Spugnini EP, Citro G, Fais S: Proton pump inhibitors as anti vacuolar-ATPases
drugs: a novel anticancer strategy. J Exp Clin Cancer Res 2010, 29:44.

123. Trajkovic K, Hsu C, Chiantia S, Rajendran L, Wenzel D, Wieland F, Schwille P,
Brugger B, Simons M: Ceramide triggers budding of exosome vesicles
into multivesicular endosomes. Science 2008, 319:1244–1247.

124. Lentz MR: Continuous whole blood UltraPheresis procedure in patients
with metastatic cancer. J Biol Response Mod 1989, 8:511–527.

125. Lentz MR: The role of therapeutic apheresis in the treatment of cancer: a
review. Ther Apher 1999, 3:40–49.

126. Snyder HW Jr, Henry DH, Messerschmidt GL, Mittelman A, Bertram J,
Ambinder E, Kiprov D, Balint JP Jr, MacKintosh FR, Hamburger M, et al:
Minimal toxicity during protein A immunoadsorption treatment of
malignant disease: an outpatient therapy. J Clin Apher 1991, 6:1–10.

127. Snyder HW Jr, Balint JP Jr, Jones FR: Modulation of immunity in patients with
autoimmune disease and cancer treated by extracorporeal
immunoadsorption with PROSORBA columns. Semin Hematol 1989, 26:31–41.

128. Fennelly DW, Norton L, Sznol M, Hakes TB: A phase II trial of
extracorporeal plasma immunoadsorption of patient plasma with
PROSORBA columns for treating metastatic breast cancer. Cancer 1995,
75:2099–2102.

129. Tullis RH, Duffin RP, Handley HH, Sodhi P, Menon J, Joyce JA, Kher V:
Reduction of hepatitis C virus using lectin affinity plasmapheresis in
dialysis patients. Blood Purif 2009, 27:64–69.

130. Escrevente C, Keller S, Altevogt P, Costa J: Interaction and uptake of
exosomes by ovarian cancer cells. BMC Cancer 2011, 11:108.

131. Batista BS, Eng WS, Pilobello KT, Hendricks-Munoz KD, Mahal LK:
Identification of a conserved glycan signature for microvesicles. J
Proteome Res 2011, 10:4624–4633.

132. Hirabayashi J: Glycome 'fingerprints' provide definitive clues to HIV
origins. Nat Chem Biol 2009, 5:198–199.

133. Tullis RH, Duffin RP, Zech M, Ambrus JL Jr: Affinity hemodialysis for
antiviral therapy. I. Removal of HIV-1 from cell culture supernatants,
plasma, and blood. Ther Apher 2002, 6:213–220.

134. Tullis RH, Duffin RP, Zech M, Ambrus JL: Affinity hemodialysis for antiviral
therapy. II. Removal of HIV-1 viral proteins from cell culture supernatants
and whole blood. Blood Purif 2003, 21:58–63.

135. Brodowicz T, Wiltschke C, Budinsky AC, Krainer M, Steger GG, Zielinski CC:
Soluble HER-2/neu neutralizes biologic effects of anti-HER-2/neu
antibody on breast cancer cells in vitro. Int J Cancer 1997, 73:875–879.

136. Ludovini V, Gori S, Colozza M, Pistola L, Rulli E, Floriani I, Pacifico E, Tofanetti
FR, Sidoni A, Basurto C, et al: Evaluation of serum HER2 extracellular
domain in early breast cancer patients: correlation with
clinicopathological parameters and survival. Ann Oncol 2008, 19:883–890.

137. Molina R, Auge JM, Escudero JM, Filella X, Zanon G, Pahisa J, Farrus B,
Munoz M, Velasco M: Evaluation of tumor markers (HER-2/neu
oncoprotein, CEA, and CA 15.3) in patients with locoregional breast
cancer: prognostic value. Tumour Biol 2010, 31:171–180.

138. Saghatchian M, Guepratte S, Hacene K, Neumann R, Floiras JL, Pichon MF:
Serum HER-2 extracellular domain: relationship with clinicobiological
presentation and prognostic value before and after primary treatment in
701 breast cancer patients. Int J Biol Markers 2004, 19:14–22.

139. Grange C, Tapparo M, Collino F, Vitillo L, Damasco C, Deregibus MC, Tetta C,
Bussolati B, Camussi G: Microvesicles released from human renal cancer
stem cells stimulate angiogenesis and formation of lung premetastatic
niche. Cancer Res 2011, 71:5346–5356.

140. Jung T, Castellana D, Klingbeil P, Cuesta Hernandez I, Vitacolonna M, Orlicky
DJ, Roffler SR, Brodt P, Zoller M: CD44v6 dependence of premetastatic
niche preparation by exosomes. Neoplasia 2009, 11:1093–1105.

doi:10.1186/1479-5876-10-134
Cite this article as: Marleau et al.: Exosome removal as a therapeutic
adjuvant in cancer. Journal of Translational Medicine 2012 10:134.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Tumor-derived exosomes as biologic messengers in cancer
	Exosomes as mediators of tolerance induction
	Tolerogenic functions of cancer exosomes contribute to immune evasion
	link_Fig1
	Cancer exosomes spread tumor growth signals that counteract the activity of therapeutic agents
	link_Fig2
	Extracorporeal Hemofiltration of Circulating Factors as a Therapeutic Strategy in Cancer
	Conclusions
	link_Fig3
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43
	link_CR44
	link_CR45
	link_CR46
	link_CR53
	link_CR54
	link_CR55
	link_CR56
	link_CR57
	link_CR58
	link_CR59
	link_CR60
	link_CR61
	link_CR62
	link_CR63
	link_CR64
	link_CR65
	link_CR66
	link_CR67
	link_CR68
	link_CR69
	link_CR70
	link_CR71
	link_CR72
	link_CR73
	link_CR74
	link_CR75
	link_CR76
	link_CR77
	link_CR78
	link_CR79
	link_CR80
	link_CR81
	link_CR82
	link_CR83
	link_CR84
	link_CR85
	link_CR86
	link_CR87
	link_CR88
	link_CR89
	link_CR90
	link_CR91
	link_CR92
	link_CR93
	link_CR94
	link_CR95
	link_CR96
	link_CR97
	link_CR98
	link_CR99
	link_CR100
	link_CR101
	link_CR102
	link_CR103
	link_CR104
	link_CR105
	link_CR106
	link_CR107
	link_CR108
	link_CR109
	link_CR110
	link_CR111
	link_CR112
	link_CR113
	link_CR114
	link_CR115
	link_CR116
	link_CR117
	link_CR118
	link_CR119
	link_CR120
	link_CR121
	link_CR122
	link_CR123
	link_CR124
	link_CR125
	link_CR126
	link_CR127
	link_CR128
	link_CR129
	link_CR130
	link_CR131
	link_CR132
	link_CR133
	link_CR134
	link_CR135
	link_CR136
	link_CR137
	link_CR138
	link_CR139
	link_CR140


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


