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Cells are constantly subjected to various types of endogenous and exogenous stressful stimuli, which can

cause serious and even permanent damage. The ability of a cell to sense and adapt to environmental

alterations is thus vital to maintain tissue homeostasis during development and adult life. Here, we review

some of the major phenotypic characteristics of the hostile tumour microenvironment and the emerging roles

of extracellular vesicles in these events.
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I
t has become widely accepted that aberrant cellular

stress responses may underlie a variety of pathologi-

cal conditions, including cancer (1,2). To overcome

the harsh microenvironmental barriers, tumour cells

activate stress response mechanisms, which in concert

with resistance mechanisms to programmed cell death

confer them growth advantage and drive tumour pro-

gression. In this context, extracellular vesicles (EVs)

are of particular interest as they may constitute a novel,

adaptive mechanism against stressful conditions of the

tumour microenvironment (3,4). We will initially describe

the complexity of the tumour microenvironment, and

then discuss the potential role of EVs as mediators

of tumour progression through adaptive effects to

counteract microenvironmental stressors.

The tumour microenvironment
It is well-established that cancer cells do not exist in

isolation but rather within a complex milieu, known as

the tumour microenvironment. This intricate niche con-

sists of multiple cell types immersed in an extracellular

matrix (ECM), and it plays a fundamental role in tumour

progression, as originally proposed by Paget’s ‘‘seed and

soil’’ hypothesis (5,6) (Fig. 1). During the course of

tumour development, neoplastic cells actively recruit

normal cells into their neighbourhood, which support

malignant progression in multiple ways. In this context,

endothelial cells and pericytes are of great importance

being responsible for the formation and function of the

tumour vasculature (7); fibroblasts that deposit an

ECM and secrete both matrix-degrading enzymes and

soluble growth factors (8); and cells of the immune

system, which may provide an immunosuppressive and

growth-promoting compartment (9). The three dimen-

sional organisation and architecture of a tumour mass

are provided by the ECM, which in contrast to normal

matrix, is typically enriched in several proteins, such as

type I collagen and heavily glycosylated glycoproteins, for

example, proteoglycans. In addition, the tumour stroma

regulates cellular signalling and acts as a reservoir of

growth factors (10). The successful expansion of malig-

nant tumours requires an active collaboration between

malignant and stromal cells via heterotypic cellular

interactions. Accordingly, malignant cells and subsidiary

stromal cells communicate and exchange information by

direct cell-to-cell contacts as well as the release of

signalling molecules, such as soluble growth factors,

ECM proteins (11) and the only recently appreciated

EVs (3).

The driving forces of tumour microenvironmental

evolution are genetic instability of malignant cells and

environmental selection forces, which include endogen-

ous, tumour-growth-induced stress stimuli, such as hy-

poxia, acidosis, starvation, oxidative stress, biomechanical

stress and immunoediting as well as exogenous stresses,

for example, therapeutic interventions (12). Together,

these factors select for tumour cells that acquire intrinsic

and extrinsic properties to overcome microenvironmental
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threats and progress (13�23). Interestingly, graded and

local distribution of microenvironmental stresses in the

tumour mass contributes to another feature of cancer,

that is, intra-tumoral heterogeneity, which represents a

major hurdle for successful large-scale tumour molecular

profiling and treatment of cancer patients (24).

EVs in cancer
EVs provide a relatively new route of communication

between cancer cells and various stromal cells infiltrat-

ing the tumour interstitium. Recently, numerous studies

have shown that EVs affect several stages of tumour

progression, including angiogenesis, escape from immune

surveillance, ECM degradation and metastasis. As com-

prehensive reviews of EV contribution to tumour devel-

opment are provided elsewhere (3,25,26), a brief overview

is given below.

The primary association of EVs with cancer was

noticed already in the late 1970s (27). Since then, multiple

studies have shown that the number of circulating EVs is
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Fig. 1. Heterotypic cellular interactions in the tumour microenvironment.

The tumour microenvironment is a complex scaffold of an extracellular matrix (ECM) and various cell types. In addition to malignant

cells, vascular cells, stromal cells and immune cells are common cellular residents of the tumour niche. Tumour cells mould this

environment for their own needs via intercellular communication pathways, such as direct cell-to-cell contacts and the release of growth

factors, matrix metalloproteases, ECM proteins and extracellular vesicles (EVs). Tumour cell-mediated stromal modifications include:

suppression of anti-tumoural immune responses, deposition and degradation of ECM components, induction of vascular network

formation and recruitment of stromal cells and tumour-promoting immune cells. In turn, heterogeneous tumour microenvironmental

components create a favourable environment for tumour growth and dissemination. Various tumour microenvironmental stressors are

inherent features of solid tumours that profoundly modify the tumour milieu and accelerate tumour progression towards malignancy.
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increased in patients with cancer and may correlate with

poor prognosis (28,29). Tumours are characterised by

the secretion of various forms of EVs, which based on

the mechanism of formation can be divided into exo-

somes and shed microvesicles (SMVs) (25). Exosomes are

vesicles of size ranging from 30 to 100 nm in diameter,

and are generated intracellularly as the so-called intra-

luminal vesicles (ILVs) within multivesicular bodies

(MVBs) (30). The secretion of exosomes into the extra-

cellular compartment results from membrane fusion

of MVBs with the plasma membrane, which can be

spontaneous or induced, for example, due to cell surface

receptor activation (30�32). The mechanisms of assembly

and sorting of exosomes are still ill-defined, but several

key molecules have been shown to regulate this process,

such as Rab11, Rab27, Rab35, p53, ceramide-neutral

sphingomyelinase and syndecan-syntenin-Alix (33�38).

Interestingly, vesicles enriched in classical markers of

exosomes (CD63, CD81) have also been shown to bud

from exosomal- and endosomal-protein-enriched subdo-

mains of the plasma membrane of T- and erythroleuke-

mia cell lines, providing further complexity to exosome

biogenesis (39�41). SMVs comprise a heterogeneous

population of vesicles larger than exosomes (�100 nm

in diameter) that are generated by direct budding off

from the plasma membrane (30). The release process

seems to be controlled by calcium influx and localised

cytoskeleton dynamics, and results from the outward

budding of small, cytoplasmic, membrane-covered pro-

trusions followed by detachment from the cell surface

dependent on the action of ARF6 (42). Conversely to

exosomes, the rate of steady state release of SMVs is

generally low, except for cancer cells that seem to release

them constitutively. Regulated release of SMVs is effi-

ciently induced upon activation of cell surface receptors

with biological agonists (32).

EVs are molecularly complex entities carrying lipids,

soluble and transmembrane proteins, various RNA species

and DNA sequences of retrotransposons (25,32,43). In

addition, both exosomes and SMVs have been shown to

enclose mitochondrial DNA (44,45). However, this con-

cept still remains controversial. The actual molecular

composition of EVs varies depending on the mechanism

of formation as well as the type and functional state of

the cell of origin, for example, exosomes isolated from

malignant effusions of cancer patients contain tumour

specific antigens, including Her2/Neu from ovarian cancer

ascites, and Mart1 from patients with melanoma (46).

By carrying bioactive molecules, and facilitating their cell-

to-cell transfer, tumour-associated EVs can regulate a

variety of cellular events in recipient cells that significantly

impact tumour progression (47�51). So far, several me-

chanisms of transfer of EV-associated cargo have been

described. Upon release from their cell of origin, many

vesicles undergo membrane rupture, leading to pericellular

release of their cargo (52). Alternatively, EVs can interact

with plasma membrane receptors (47,53�56), or may reach

the interior of target cells by plasma membrane fusion

or through endocytosis. In these instances, the cargo

molecules are released inside target cells, and thereby

may interact with their signalling machinery (48�51).

Interestingly, some vesicles may migrate significant dis-

tances by diffusion, and ultimately enter biological fluids,

such as cerebrospinal fluid, blood, saliva and urine (26).

This enables long-range exchange of EV-mediated infor-

mation, which is relevant in the context of pre-metastatic

niche formation (57). In addition, the abundance of tumour

EVs in biological fluids offers an interesting possibility to

use them as non-invasive biomarkers in the management of

cancer patients (26,28,29).

Given that different aspects of tumour progression

are driven by stress-mediated adaptive mechanisms,

it is tempting to postulate that tumours employ the

EV machinery to cope with stressful conditions and to

ultimately progress (Fig. 2). Below, we summarise and

highlight recent findings related to this idea.

EVs in stress-induced tumour progression

Stress-mediated secretion and trafficking of EVs
Several reports have documented that cells vesiculate in

response to different types of stresses, such as hypoxia

(58�60), acidosis (61), oxidative stress (62�64), thermal

stress (63,65,66), radiation (58), shear stress (67) and

cytotoxic drugs (68). In a study by Levine and colleagues,

a p53-regulated gene product, TSAP6, was shown to

trigger exosome production in lung cancer cells under-

going g-radiation (36). These in vitro data were lately

corroborated in TSAP6 knockout mice exhibiting an

impaired DNA damage-induced, p53-dependent exosome

secretory pathway (69). Given that various stressors

activate different signalling pathways, the existence of

alternative, p53-independent mechanisms involved in

stress-mediated exosome release may be anticipated.

In support of this idea, a study by Trajkovic et al. showed

that ceramide regulates the biogenesis and dynamics of

ILVs destined for secretion as exosomes (37). Ceramide

accumulation and a ceramide-mediated stress response

occur as a reaction to various factors, such as lipo-

polysaccharide, interleukin 1b, tumour necrosis factor

(TNF)-a, serum deprivation, irradiation and various

cytotoxic drugs (70). Hence, it is tempting to speculate

that cellular accumulation of ceramide triggers increased

production and secretion of exosomes as an adaptation

to stressful conditions. Further studies are needed to test

this possibility. Interestingly, p53 has been shown to

modulate intracellular ceramide levels through genera-

tion of O2
� in glioma cells (71), indicating that the p53

signalling pathway may additionally stimulate exosome

release in a ceramide-dependent manner.
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Emerging findings suggest that oncogenes, such as

epidermal growth factor receptor (EGFR) or its mutant,

EGFR variant III (EGFRvIII), hypoxia-inducible factor

(HIF)-1a and K-ras may trigger the release of EVs from

cancer cells (49,60,72,73). While HIF-1a has been shown

to mediate hypoxia-dependent secretion of exosomes in

breast cancer cells (60), the contribution of EGFR and

K-ras to stress-mediated cellular vesiculation is un-

known. A recent report by Wang and colleagues showing

that hypoxia activates EGFR through HIF-dependent

formation of caveolae, provides a potential mechanism

for HIF-mediated vesiculation in response to hypoxia

(74). Further studies are required to verify whether a

CAV1/EGFR signalling axis and/or other components of

the HIF signalling pathway regulate EV secretion.

The tumour-promoting activities of EVs are highly

dependent on efficient transfer to recipient cells, as

described earlier in this review. Based on recent findings,

stressful conditions of the tumour milieu may modulate

some of the transfer mechanisms, for example, vascular

endothelial growth factor (VEGF), interleukin 1b and

FasL were shown to reside inside vesicles, and to evoke

tumour-promoting activities only when liberated upon

disruption of vesicle membrane integrity (52,75,76). How

vesicle membrane disruption occurs in vivo is still ill-

defined; however, Taraboletti et al. recently provided

in vitro data showing that acidosis triggers the rupture

of tumour-derived SMVs, resulting in VEGF release and

enhanced endothelial cell migration (52). In addition to

releasing soluble content of EVs, low pH may activate

EV-associated cargo. In support of this notion, a study by

Giusti et al. suggested that ovarian cancer cells release

SMVs containing inactive proenzyme cathepsin B, that is,

a cysteine proteinase that facilitates tumour invasion

via ECM degradation (77). The tumour-promoting

activities of SMV-associated cathepsin B may occur

specifically in acidic compartments of the tumour milieu,

as it becomes activated at low pH (77). Acidosis was

further suggested to increase the uptake of tumour-

derived exosomes through fusion with the plasma mem-

brane of recipient cells. High rigidity and sphingomyelin/

ganglioside GM3 content in exosomes released at low pH
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Fig. 2. Extracellular vesicles (EVs) are potential conveyors of stress-mediated tumour progression.

EVs are shed from various cellular components of the tumour milieu to mediate exchange of signalling proteins and genetic material,

which altogether may support tumour growth and progression. Diverse tumour microenvironmental stress conditions augment tumour-

promoting activities of EVs by modulating their secretion and trafficking in the extracellular space, as well as altering their molecular

content and functional activity. Upon release, EVs may also enter the circulation and mediate long-range exchange of EV-associated

cargo that may support the process of pre-metastatic niche formation. In addition, circulating EVs carrying multifaceted, molecular

stress signatures may offer unique, non-invasive biomarkers that can be used in the management of cancer patients.
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were likely responsible for the increased fusion efficiency

(61). Collectively, these studies indicate that acidosis,

which is a hallmark of the tumour microenvironment,

plays a key role in modulating tumour-promoting

activities of EVs by altering their activity and trafficking.

The specificity of vesicular cross-talk may also be pro-

vided by stress-mediated modulation of receptor�ligand

interactions. In support of this idea, hypoxic cancer

cells were shown to release tissue factor (TF)/VIIa-

bearing SMVs that stimulated protease-activated recep-

tors type 2 (PAR-2) induced by hypoxia on target cells.

EV-dependent PAR-2 activation resulted in increased

secretion of the pro-angiogenic heparin-binding EGF-

like growth factor (HB-EGF) from hypoxic endothelial

cells (47).

Microenvironmental stressors modulate the
molecular composition of EVs
Extensive analyses by various techniques have partially

decoded the molecular composition of EVs derived from

various types of cells, including tumour cells (51,78�81).

Any phenotypic changes imposed by stressful conditions

on a parental cell may affect the content and function

of shed EVs. Accordingly, thermal- and oxidative stress

imposed on leukaemia/lymphoma T and B cells were

shown to induce the release of exosomes enriched in

Natural Killer Group 2, member D (NKGD2) ligands,

such as MICA/B and ULBP1 and 2, which provided them

with immunosuppressive properties (63). Further, expo-

sure of aggressive B-cell lymphoma cells to the anti-CD20

chimeric antibody rituximab resulted in the secretion of

CD20-positive exosomes, which in turn protected lympho-

ma cells from antibody and complement-dependent cyto-

lysis (82). Finally, treatment of cancer cells with cytotoxic

drugs, radiation and hypoxia caused the release of EVs

enriched in heat shock proteins (HSPs) (68), anti-apoptotic

survivin (83) and pro-coagulant TF (47), respectively.

Along with the use of robust proteomic approaches, it

has become evident that stress-mediated modifications

of EV content are more profound than primarily an-

ticipated. In accordance with this, hypoxic epidermoid

carcinoma cells were shown to secrete numerous proteins

that have the potential to modulate the tumour micro-

environment, and that partly were enriched in exosomes

(84). However, the significance of exosomes in mediating

hypoxia-dependent angiogenesis and tumour develop-

ment remains to be determined. Profound differences in

the EV-associated protein cargo were observed between

EVs derived from primary (SW480) and metastatic

(SW620) colorectal cancer cells. Accordingly, SW480-

derived EVs contained proteins involved in cell adhesion,

whereas SW620 EV-enriched proteins were associated

with cancer progression, invasion, metastasis and multi-

drug resistance (79). Since highly metastatic cell pheno-

types result from cumulative effects of various stress

conditions imposed on tumour cells, these data pro-

vide indirect proof that cellular stress modulates EV-

associated cargo and potentially EV function. Although

it was not pursued whether EVs from primary and

metastatic cancer cells serve different functional goals

in the metastatic process, the data provide important

information for future studies addressing these questions.

Lipids constitute yet another type of EV-associated

cargo that may undergo changes in response to cellular

stress responses. Membrane biophysical analyses provided

in a study by Parolini et al. showed that exosomes from

melanoma cells cultured under acidic conditions were

characterised by increased membrane rigidity as compared

to vesicles from control cells (61). These changes were

related to altered lipid composition, as acidic exosomes

were enriched in ganglioside GM3 and sphingomyelin. As

a consequence of these lipid modifications, acidic exo-

somes fused more efficiently with the plasma membrane of

recipient cells, resulting in enhanced transfer of various

signalling molecules (61).

As for lipids, few studies have addressed stress-

mediated changes in RNA content of tumour-associated

EVs. So far, it has been shown that breast cancer cells

exposed to hypoxia secrete exosomes with increased

levels of miR-210, pointing at the potential for qualitative

differences between normoxic and hypoxic exosomes (60).

Further, more robust miRNA analysis performed in a

study by Hergenreider et al. demonstrated that endothe-

lial cells treated with shear stress secrete exosomes

enriched in miR-143 and miR-145. Interestingly, these

changes in miRNA contents provided exosomes with

atheroprotective properties (85). Since the discovery of

mRNAs as molecular cargo of EVs (80) there has, to our

knowledge, been no comprehensive analysis to elucidate

how stress conditions modulate mRNA content of

tumour-associated EVs. However, some indirect conclu-

sions can be drawn from studies investigating molecular

composition of EVs derived from non-malignant cells.

Accordingly, oxidative stress in mast cells was shown to

induce massive changes in the exosome-associated mRNA

content (62). Similarly, endothelial cells secreted exosomes

enriched in mRNAs and proteins specific for stress

conditions imposed on donor cells (86). Overall, these

results suggest that environmental stress conditions evoke

alterations in the protein, lipid and RNA content of EVs.

Consequently, tumour-associated vesicles acquire new

biological functions in the tumour microenvironment;

whether these changes promote tumour development

remains to be conclusively shown.

Given that stress conditions of the tumour milieu

mediate tumour progression, EV-associated molecular

stress signatures may offer a great opportunity for the

development of prognostic and predictive biomarkers in

the management of cancer patients. In support of this

concept, an increasing number of studies suggest that
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circulating EVs are constantly released from the tumour

to reflect the dynamic nature of cancer and are accessible

for repeated isolation from body fluids (28,29,51,87�89).

EVs as conveyors of stress-mediated tumour
progression
According to general wisdom, hypoxic tumour cells secrete

a plethora of soluble factors, for example, VEGF-A, into

the extracellular space, which collectively activate endothe-

lial cells, and thus induce hypoxia-driven tumour angio-

genesis. We recently showed that hypoxic glioma cells

release TF/VIIa-bearing EVs that specifically trigger up-

regulated PAR-2 on hypoxic vascular endothelial cells

(47). Similarly, hypoxia-mediated induction of TF-bearing

SMVs was observed in ovarian cancer cells, indicating that

tumour EVs are vehicles of TF-dependent tumour pro-

gression through clotting-dependent and independent

mechanisms in the hypoxic tumour niche (90,91). As

described above, hypoxic breast cancer cells were shown

to secrete exosomes enriched in miR-210 (60). Given that

miR-210 is a well-established target of HIF signalling and

plays important roles in the regulation of cell growth,

angiogenesis and apoptosis, exosome-mediated transfer

of miR-210 within the tumour milieu may contribute to

hypoxia-driven tumour progression (92).

Stromal cells similarly to cancer cells may respond

to stress-related conditions within the tumour microen-

vironment by secretion of EVs, that is, mesenchymal stem

cells stimulated by hypoxia were shown to release

microvesicles with angiogenic effects (59). Further, both

biomechanical forces and oxidative stress were shown to

trigger the secretion of pro-coagulant SMVs from plate-

lets (67,93). Cancer-associated hypercoagulability and

its tumour-promoting activities may thus be triggered

by EVs secreted from cancer cells as well as auxiliary

cells in response to phenotypic characteristics of the

tumour microenvironment. Finally, oxidative stress seems

to significantly enhance the release of exosome-associated

HSP70 from arterial endothelial cells, which in turn

activates monocyte adhesion to the endothelium. Hence,

it may be speculated that stress-induced secretion of

HSP70-bearing exosomes from tumour-associated en-

dothelial cells could stimulate monocyte recruitment

to tumours (64).

Accumulating data suggest a link between stress condi-

tions of the tumour milieu and immunological tolerance

of tumours (94). However, the mechanisms underlying

this process are still ill-defined. Cancer cells may employ

vesiculation as a strategy to efficiently blunt immune

surveillance mechanisms, and survive in this hostile

environment (32). Interestingly, a recent study by Hedlund

et al. suggests that oxidative stress imposed on tumour cells

triggers the release of NKG2DL-expressing tumour exo-

somes, which mediate tumour escape from cytotoxic

immune attack (63). Moreover, tumour cells may evade

complement-induced lysis by SMV-mediated shedding of

terminal components of complement from the plasma

membrane (95). This mechanism, called ‘‘complement

resistance’’, may provide protection of tumour cells from

antibody-mediated immune attack. Exosomes from var-

ious cancer cells were shown to expose Fas ligand (FasL,

CD95L) of the death receptor Fas (CD95), which induces

T-cell apoptosis and attenuates the function of adaptive

immune cells (96,97). Tumour-associated EVs may also

promote the function of regulatory T (TReg) cells (98,99),

impair natural cytotoxic responses mediated by natural

killer cells (63,100), down-regulate dendritic cell differ-

entiation from monocytes (101) and instead turn these cells

into myeloid immunosuppressive cells (101,102). Finally,

cancer cells can fuse with EVs derived from non-cancer

cells, for example, platelets, thereby receiving lipids and

transmembrane proteins allowing escape from immune

system attack (103).

Another interesting area of research is related to the

potential role of EVs in tumour resistance to various

anti-cancer therapies, such as chemotherapy, immu-

notherapy and radiation. Recent findings suggest that

chemoresistance may result from expulsion of therapeutic

drugs from tumour cells through EVs. In support of

this concept, cancer cells treated with doxyrubicin

accumulated the drug in and released it through SMVs

(104). Convincing evidence comes from a study by Safaei

and colleagues, showing that exosomes released from

cisplatin-resistant cells contained 2.6-fold more platinum

than exosomes released from cisplatin-sensitive cells

(105). Exosomes may also function to neutralise anti-

body-based drugs; HER2-overexpressing breast carcino-

ma cell lines were shown to secrete exosomes enriched in

full-length HER2 protein, resulting in sequestration of

the HER2 antibody Trastuzumab. As a result, the anti-

proliferative activity of Trastuzumab in cancer cells was

abolished (106). A similar evasion mechanism was

observed for B-cell lymphoma cells treated with CD20

antibody Rituximab (82). EVs may also provide tumour

cells with radiation resistance; Khan et al. showed that

cervical carcinoma cells subjected to a sublethal dose

of proton irradiation secreted exosomes enriched in the

anti-apoptotic protein surviving (83). These data are in

support of the concept that the EV pathway is involved in

cancer cell self-protection under stressful conditions.

Intercellular communication of stress via EVs
It is now well established that directly irradiated cells

elicit a plethora of biological effects in neighbouring cells.

This so-called radiation-induced bystander effect (RIBE)

manifests in various ways, including genomic instability,

a variety of damage-inducible stress responses and apop-

tosis (107). Interestingly, this cross-talk may be protec-

tive and non-irradiated cells can acquire properties that

prepare them for possible future stresses. In support of
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this concept, it has been shown that human glioblastoma

cells with a functional TP53 gene exhibited increased

radioresistance when co-incubated with irradiated cells of

the same line transfected with mutated TP53 gene, or

incubated with the conditioned medium from irradiated

cells. The protective effects in bystander cells exposed to

the subsequent challenge were explained by nitric oxide-

mediated accumulation of HSP72 and p53 protein (108).

Based on a recent article by Dickey et al. the cellular

machinery required to induce the RIBE might also be

used to transmit signals to neighbouring cells following

exposure to other forms of stress, both exogenous and

endogenous (109). So far, mechanisms eliciting transfer

of bystander signals involve direct cell-to-cell contact

mediated by gap junctions, and indirect communication

by means of soluble factors released to the extracellular

space (110). In this context, EVs harbouring stress-

derived molecular cargo may provide a new route of

intercellular communication involved in stress-mediated

bystander effect. In support of this concept, a recent study

by Wang et al. demonstrated that treatment of platelets

with oxidised low-density lipoproteins resulted in secre-

tion of microvesicles, which amplified oxidative stress in

recipient platelets and evoked pro-coagulant effects (93).

In addition, it has been shown that mast cells exposed to

oxidative stress may release exosomes with the capacity to

communicate a protective signal and to induce tolerance

to oxidative stress in recipient cells (62). Hence, various

types of stressors may induce EV-mediated precondition-

ing that prepares various cells of the tumour milieu to

survive and recover from the subsequent severe, otherwise

lethal circumstances. This EV-mediated preconditioning

effect may play important roles in tumour progression by

providing resistance to various forms of stress.

Conclusions and future directions
EVs provide an attractive signalling organelle for the

demonstration of impressive functional effects in various

biological systems; however, due to the complexity and

heterogeneity of EV composition, deciphering the exact

mechanisms behind functional data poses a great chal-

lenge. Future research is clearly warranted to understand

how hypoxia and other microenvironmental stressors

affect EV trafficking in the tumour microenvironment

and how stress-mediated changes of recipient cells mod-

ulate their responsiveness to EVs. Such studies should

significantly advance our general understanding of

tumour biology and provide novel therapeutic strategies

in the fight against cancer.

Conflict of interest and funding
The work has been supported by grants from the Swedish

Cancer Fund; the Swedish Research Council; the Swedish

Society of Medicine; the Physiographic Society, Lund;

the Gunnar Nilsson and Kamprad Foundations; the

Lund University Hospital donation funds; and the

Governmental funding of clinical research within the

national health services (ALF).

References
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Spada M, et al. High levels of exosomes expressing CD63

and caveolin-1 in plasma of melanoma patients. PLoS One.

2009;4:e5219. doi: 10.1371/journal.pone.0005219.

88. Shao H, Chung J, Balaj L, Charest A, Bigner DD, Carter

BS, et al. Protein typing of circulating microvesicles allows

real-time monitoring of glioblastoma therapy. Nat Med.

2012;18:1835�40.

89. Bryant RJ, Pawlowski T, Catto JW, Marsden G, Vessella RL,

Rhees B, et al. Changes in circulating microRNA levels

associated with prostate cancer. Br J Cancer. 2012;106:

768�74.

Extracellular vesicles in tumour stress response

Citation: Journal of Extracellular Vesicles 2013, 2: 20304 - http://dx.doi.org/10.3402/jev.v2i0.20304 9
(page number not for citation purpose)

http://dx.doi.org/10.3402/jev.v1i0.18704
http://dx.doi.org/10.3402/jev.v1i0.18704
http://dx.doi.org/10.3402/jev.v1i0.18396
http://dx.doi.org/10.3402/jev.v1i0.18396
http://journalofextracellularvesicles.net/index.php/jev/article/view/20304
http://dx.doi.org/10.3402/jev.v2i0.20304


90. Yokota N, Koizume S, Miyagi E, Hirahara F, Nakamura Y,

Kikuchi K, et al. Self-production of tissue factor-coagulation

factor VII complex by ovarian cancer cells. Br J Cancer.

2009;101:2023�9.

91. van den Berg YW, Osanto S, Reitsma PH, Versteeg HH. The

relationship between tissue factor and cancer progression:

insights from bench and bedside. Blood. 2012;119:924�32.

92. McCormick R, Buffa FM, Ragoussis J, Harris AL. The role

of hypoxia regulated microRNAs in cancer. Curr Top

Microbiol Immunol. 2010;345:47�70.

93. Wang H, Wang ZH, Kong J, Yang MY, Jiang GH, Wang XP,

et al. Oxidized low-density lipoprotein-dependent platelet-

derived microvesicles trigger procoagulant effects and amplify

oxidative stress. Mol Med. 2012;18:159�66.

94. Facciabene A, Peng X, Hagemann IS, Balint K, Barchetti A,

Wang LP, et al. Tumour hypoxia promotes tolerance

and angiogenesis via CCL28 and T(reg) cells. Nature.

2011;475:226�30.

95. Whitlow MB, Klein LM. Response of SCC-12F, a human

squamous cell carcinoma cell line, to complement attack. J

Invest Dermatol. 1997;109:39�45.

96. Andreola G, Rivoltini L, Castelli C, Huber V, Perego P, Deho

P, et al. Induction of lymphocyte apoptosis by tumor cell

secretion of FasL-bearing microvesicles. J Exp Med. 2002;

195:1303�16.

97. Abusamra AJ, Zhong Z, Zheng X, Li M, Ichim TE, Chin JL,

et al. Tumor exosomes expressing Fas ligand mediate CD8�
T-cell apoptosis. Blood Cells Mol Dis. 2005;35:169�73.

98. Clayton A, Mitchell JP, Court J, Mason MD, Tabi Z. Human

tumor-derived exosomes selectively impair lymphocyte re-

sponses to interleukin-2. Cancer Res. 2007;67:7458�66.

99. 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. doi: 10.1371/journal.

pone.0011469.

100. Clayton A, Tabi Z. Exosomes and the MICA-NKG2D

system in cancer. Blood Cells Mol Dis. 2005;34:206�13.

101. Valenti R, Huber V, Filipazzi P, Pilla L, Sovena G, Villa A,

et al. 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�8.

102. Chalmin F, Ladoire S, Mignot G, Vincent J, Bruchard M,

Remy-Martin JP, et al. Membrane-associated Hsp72 from

tumor-derived exosomes mediates STAT3-dependent immu-

nosuppressive function of mouse and human myeloid-derived

suppressor cells. J Clin Invest. 2010;120:457�71.

103. Janowska-Wieczorek A, Wysoczynski M, Kijowski J,

Marquez-Curtis L, Machalinski B, Ratajczak J, et al. Micro-

vesicles derived from activated platelets induce metastasis and

angiogenesis in lung cancer. Int J Cancer. 2005;113:752�60.

104. 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 pro-

files. Cancer Res. 2003;63:4331�7.

105. Safaei R, Larson BJ, Cheng TC, Gibson MA, Otani S,

Naerdemann W, et al. Abnormal lysosomal trafficking

and enhanced exosomal export of cisplatin in drug-resistant

human ovarian carcinoma cells. Mol Cancer Ther. 2005;4:

1595�604.

106. Ciravolo V, Huber V, Ghedini GC, Venturelli E, Bianchi F,

Campiglio M, et al. Potential role of HER2-overexpressing

exosomes in countering trastuzumab-based therapy. J Cell

Physiol. 2012;227:658�67.

107. Rzeszowska-Wolny J, Przybyszewski WM, Widel M. Ionizing

radiation-induced bystander effects, potential targets for

modulation of radiotherapy. Eur J Pharmacol. 2009;625:

156�64.

108. Matsumoto H, Hayashi S, Hatashita M, Ohnishi K, Shioura

H, Ohtsubo T, et al. Induction of radioresistance by a nitric

oxide-mediated bystander effect. Radiat Res. 2001;155:387�
96.

109. Dickey JS, Baird BJ, Redon CE, Sokolov MV, Sedelnikova

OA, Bonner WM. Intercellular communication of cellular

stress monitored by gamma-H2AX induction. Carcinogen-

esis. 2009;30:1686�95.

110. Hei TK, Zhou H, Chai Y, Ponnaiya B, Ivanov VN. Radiation

induced non-targeted response: mechanism and potential

clinical implications. Curr Mol Pharmacol. 2011;4:96�105.

*Paulina Kucharzewska
Section of Oncology, Department of Clinical Sciences
Lund University, Barngatan 2B
SE-221 85 Lund, Sweden
Tel: � 46 46 178527
Email: Paulina.Kucharzewska@med.lu.se

Paulina Kucharzewska and Mattias Belting

10
(page number not for citation purpose)

Citation: Journal of Extracellular Vesicles 2013, 2: 20304 - http://dx.doi.org/10.3402/jev.v2i0.20304

http://journalofextracellularvesicles.net/index.php/jev/article/view/20304
http://dx.doi.org/10.3402/jev.v2i0.20304


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /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 false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00530065007400740069006e0067007300200066006f00720020007400680065002000520061006d007000610067006500200077006f0072006b0066006c006f0077002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


