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Abstract: A large variety of vesicles is actively secreted into the extracellular space by most type of
cells. The smallest nanoparticles (30-120 nm), called exosomes, are known to transport their cargo (nu-
cleic acids, proteins and lipids) between diverse locations in the body. Specific content of exosomes and
their influence on recipient cells depends primarily on the type of the secretory (donor) cell, yet several
studies highlight the importance of environmental stress on which the donor cells are exposed. lonizing
radiation, which induces damage to DNA and other structures of a target cell, is one of well-recognized
stress conditions influencing behavior of affected cells. A few recent studies have evidenced radiation-
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induced changes in composition of exosomes released from irradiated cells and their involvement in radiation-related com-
munication between cells. Inducible pathways of exosome secretion activated in irradiated cells are regulated by TSAP6 pro-
tein (the transmembrane protein tumor suppressor-activated pathway 6), which is transcriptionally regulated by p53, hence
cellular status of this major DNA damage response factor affects composition and secretion rate of exosomes released from
target cells. Moreover, exosomes released from irradiated cells have been shown to mediate the radiation-induced bystander
effect. Understanding radiation-related mechanisms involved in exosome formation and “makeup” of their cargo would shed
light on the role of exosomes in systemic response of cells, tissues and organisms to ionizing radiation which may open new
perspectives in translational medicine and anticancer-treatment.
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1. INTRODUCTION

Cells release three major types of vesicles into the ex-
tracellular microenvironment: exosomes, microvesicles and
apoptotic bodies [1]. The largest attention is recently dedi-
cated to exosomes, mainly due to their involvement in cell-
to-cell communication [2], but also in immunological re-
sponses [3] and in rescue from apoptosis [4]. Exosomes are
nanometer-sized (30-120 nm) membrane vesicle structures
actively secreted by various types of normal and cancer cells
[5]. Their content and their influence on recipient cells pri-
marily depends on the cell type they are derived from. How-
ever, recent studies highlight the importance of stress condi-
tions on mechanisms involved in exosome-mediated inter-
cellular communication. Among the major environmental
factors, ionizing radiation (IR) was proven to significantly
influence cell to cell communication through different signal
transduction systems. Radiation-induced signals may be
passed between normal cells or between tumor cells as well
as from tumor to normal cells or vice versa. This
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phenomenon is called Radiation-Induced Bystander Effect
(RIBE) and leads to observation of radiation-related effects
in cells that were not exposed to radiation themselves. Cur-
rently, there is growing evidence showing exosomes as key
players in RIBE which will be discussed in more details in
the related section [6-8]. The most evident influence of IR on
exosome release is connected with radiation-induced DNA
damage and activation of p53-related additional pathway of
exosome formation and secretion which leads to evident in-
crease of exosome release [9]. Similar upregulation of
exosome secretion due to p53 activation by targeting DNA is
induced by treating the host cells with chemotherapeutic
agents such as cisplatin or doxorubicin [10]. However, other
cellular stress-related agents may also act on different levels
of the process of exosome formation and with different out-
comes. Decrese of exosome release may be induced by in-
fluencing endo-lysosomal stability after targeting microtu-
bules with taxol or vinca alkaloids, or by targeting ubiqui-
tous proton pumps with their inhibitors [11]. Exosome com-
posion was reported to be modulated by influencing protein
sorting after targeting multivesicular bodies with curcumin.
Since exosomes are reported to be influenced by various
types of stress agents it will not be possible to cover in de-
tails the influence of all of them. Here, we review the current
knowledge on the influence of ionizing radiation on exosome
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composition and pathways involved in their formation, se-
cretion, and interactions with the recipient cells.

2. EXOSOME BIOGENESIS AND SECRETION

Exosomes originate from the intraluminal vesicles
(ILVs), which are formed inside the early multivesicular
bodies, also called endosomes, by inward budding from the
limiting membrane (Fig. 1). Formation of ILVs usually in-
volves the ESCRT (Endosomal Sorting Complex Required
for Transport) machinery [12], but there is also some evi-
dence of ESCRT-independent pathways during ILVs forma-
tion, depending on the cargo that is sorted within a given cell
[13]. Most of the late endosomes fuse with lysosomes where
their content is degraded. However, MVBs containing vesi-
cles marked with tetraspanins (CD9, CD63 or CD81) or
lysosomal-associated membrane proteins (LAMP1 and
LAMP2) may also fuse with the plasma membrane and re-
lease their content outside the cell in a controlled manner.
The released vesicles are then called exosomes.

The constitutive intracellular vesicular trafficking is con-
trolled by the RAB family of small GTPase proteins. How-
ever there is no clear evidence whether the particular com-
ponents of this family act at different steps of exosome se-
cretion or are used differently by distinct cell types, because
different molecules have been described in different cells.
RABI1 is responsible for Ca*-induced exosome secretion
by the erythroleukemia cell line [14], Rab35 is involved in
secretion of PLP-enriched exosomes by oligodendroglial
cells [15], whereas RAB27A and RAB27B possess comple-
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mentary functions in spontaneous secretion of MHC class 1I-
bearing exosomes by HeLa-CIITA cells [16]. The last step of
exosome secretion involves fusion of MVB with the plasma
membrane. This process requires a specific combination of
soluble N-ethylmaleimide-sensitive factor attachment protein
receptors (SNAREs): vesicular SNAREs localized on MVBs
and target SNARESs localized on the intracellular side of the
plasma membrane. Their interaction results in a membrane-
bridging SNARE complex, which is responsible for mem-
brane fusion [17]. Regulation of exosome secretion was also
shown to involve lipids, particularly phosphatidic acid, pro-
duced by phospholipase D2 or diacylglycerol kinase [18-
20].

3. EXOSOME COMPOSITION

Exosomes, beyond specific size range, may also be iden-
tified on the basis of their molecular composition. It was
confirmed by numerous studies that they contain specific
molecular components in contrast to plasma membrane-
derived extracellular vesicles containing a random set of cell
debris components. Composition of exosomes released from
different sources is currently being systematized in the data-
base ExoCarta 2012 listing exosomal proteins, lipids, and
RNA [21].

Because of the endosomal origin, exosomes carry protein
families associated with multivesicular bodies (MVB) for-
mation (e.g., Alix and tumor susceptibility gene 101), mem-
brane transport and fusion (e.g., Rab GTPases, annexins, and
flotillins), and protein families mostly associated with lipid
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Figure 1. Schematic representation of exosome formation, secretion and uptake by recipient cells. Exosomes are formed and secreted
via a constitutive pathway involving the Golgi Network and an inducible pathway, which can be activated by ionizing radiation. Exosomes
are released by a donor cell and accepted by a recipient cell through phagocytosis or membrane fusion leading to activation of specific proc-
esses. Processes upregulated in the target cell due to uptake of “radiation-activated” exosomes are marked in bold.
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microdomains, such as integrins and tetraspanins (e.g.,
CD63, CD9, CD81, and CD82). Other proteins identified in
almost all exosomes independent of their origin (“conserved”
proteins) are heat shock proteins (e.g. HSC70), cytoskeleton
proteins (B-actin, myosin, cofilin and tubulins), metabolic
proteins (e.g., GADPH and ENO1), and major histocompati-
bility complex (MHC) class I and II molecules. Apart from
conserved proteins, exosomes contain a wide range of pro-
teins that are cell-type specific and depend on physiological
or pathophysiological conditions, such as exposure to envi-
ronmental stress.

The presence of micro RNAs (miRNA) in exosomes was
initially described in human and murine mast cells. Some of
the miRNA species were present at higher levels in
exosomes than in cells, implying that some miRNAs may be
uniquely packed into exosomes [22]. Indeed, the loading of
miRNA into exosomes seems to be a tightly regulated proc-
ess in the endo-lysosomal compartment [23]. After secretion
and uptake of the exosomes by the target cell, the secretory
miRNAs can act as a master silencer of gene expression, as
reported for their cellular counterparts [24]. Since exosomal
miRNAs shuttle between tumor cells and also between nor-
mal and tumor cells [25] and vice versa [26]; exosomal
miRNA can influence not only tumor cell functions but also
modify their niche and host reaction.

In terms of lipid species, exosomes usually have more
cholesterol, phosphatidylinositol (PI), ceramide, sphingo-
myelin (SM), and monosialoganglioside (GM3) than the
donor cells [27]. On the other hand, the amounts of phos-
phatydilcholine (PC) and lysobisphosphatidic acid (LBPA)
are lower [28].

4. BIOLOGICAL FUNCTIONS OF EXOSOMES

First attempts to understand the biological functions of
exosome were undertaken when studying the expulsion of
proteins during the process of reticulocytes maturing into
erythrocytes. The authors concluded that exosomes provided
the major route for removal of obsolete plasma membrane
proteins during the cell maturation process [29]. This obser-
vation was confirmed later, yet initially only for exosomes
released from similar type of cells. Exosomal release of un-
necessary proteins and RNA instead of their lysosomal proc-
essing is beneficial to cells that do not have efficient degra-
dation capability or are located toward a drainage system,
such as the tubules of the kidney or the gut [30].

Additional analyses of exosomes released from different
types of cells revealed more functions. Importantly,
exosomes are secreted not only by normal cells, but also
from cells in pathological conditions such as tumor.
Exosomes are currently most recognized for their involve-
ment in the intercellular communication both in physiologi-
cal and pathological conditions. Traditionally, cell commu-
nication was classified as contact-dependent (juxtacrine),
paracrine, endocrine, exocrine or synaptic. In all these types
of communication, cells secrete signaling molecules that are
incorporated via a specific receptor-mediated uptake or can
passively diffuse into recipient cells due to their small size.
Discovery of exosome involvement in cell-to-cell communi-
cation provided new insights about cell signaling. Exosomes
may transfer more complex information (signals for apopto-
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sis, survival, division, growth, differentiation, etc.) targeting
multiple and specific distant cells [31]. At the moment three
main mechanisms are proposed for exosome-mediated inter-
cellular communication. The first one involves juxtacrine
signaling and relies on interaction of exosome membrane
proteins with corresponding target cell receptors activating
intracellular signaling. This mechanism was observed for
exosomes derived from mature dendritic cells (DC), where
the intercellular adhesion molecule 1 (ICAMI1) located on
the exosome surface bound to the lymphocyte function-
associated antigen 1 receptor located on the surface of acti-
vated T-cells [32] or antigen-presenting cells (APCs) [33].
The second mechanism of interaction between exosome and
target cell involves soluble ligands — proteins cleaved from
the exosome membrane, which was observed in case of tu-
mor necrosis factor receptor 1 (TNFR1) in vascular endothe-
lial cells [34] or CD46 receptor in ovarian adenocarcinoma
cell lines [35]. The third and most commonly observed
mechanism of exosome-mediated signaling is its internaliza-
tion by a recipient cell. Exosome fusion with a recipient cell
and transfer of its content into a target was reported on the
genome [22], proteome [36], and lipidome levels [37]. Al-
though this paracrine diffusion of exosomes is limited to
acidic pH, as cell and exosome membrane exhibit the same
fluidity at pH 5, there is profound evidence that microenvi-
ronment of cancer is characterized by lower pH favoring this
type of communication [36]. The other way of exosome in-
ternalization is phagocytosis, where the exosome content, as
well as its membrane, is immersed in a target cell inside an
additional vesicle known as phagosome [38].

Beyond the communication-related functions, exosomes
secreted from normal cells have been associated with initia-
tion of an immunomodulatory activity. Promotion of im-
mune responses usually takes place through T-cell activation
and exosome-derived MHC-peptide complexes binding to
their cognate T-cell receptor, leading to activation of primed
CD4+/CD8+ T lymphocytes [32, 39]. Their ability to acti-
vate immune response is related to the fact that exosomes
carry their membrane antigens to APCs and that they bear
signals that may promote the transformation of the acceptor
cells into immunogenic APCs [40]. Additionally, the
strength of the activating effect seems to depend on the
physiological state of the cell, since mature DC were proven
to release exosomes more efficient at inducing T-cell activa-
tion than those from immature DCs [41]. On the other hand,
exosome vesicles secreted by certain tumors may also carry
immunosuppressive peptide complexes on their membranes.
It was already shown that they are able to slow down prolif-
eration of natural killer (NK) cells [42] or CD4+/CD8+ T-
cells [43] and to promote differentiation of myeloid cells
[44] and regulatory T-cells [45], which are regarded as im-
munosuppressive cells. Exosomes inducing antigen-specific
tolerance are also called “tolerosomes”. In normal cells they
were shown to participate in increasing the tolerance to food
antigens in intestines [46], and in enhancing an immune tol-
erance during pregnancy [47].

Another function of exosomes released from tumor cells
is spread of oncogenes. In particular, the oncogenic mutant
epidermal growth factor receptor type III (EGFRVIII) ex-
pressed by a subset of glioma cells is associated with cancer
aggressiveness and transferred in vesicles to another tumor
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cells missing this mutant receptor [48]. This transfer resulted
in lunching of downstream anti-apoptotic and angiogenic
mediators such as vascular endothelial growth factor (VEGF)
in the recipient cells, leading to morphological transforma-
tion, and increasing the anchorage-independent growth ca-
pacity of cells. Additional studies have also proven the angi-
ogenic potential of cancer-derived exosomes by carrying
angiogenic mRNA, which was translated into proteins in
recipient cells [49,50].

Exosomes are also suggested to play an important role in
spreading pathogens like viruses or prions between cells.
Hijacking of exosome pathways was shown in case of
miRNA released from cells infected by Epstein Barr virus
and transported by exosomes to cells uninfected by virus
[51]. Selected types of cells, such as lymphocytes, mono-
cytes, macrophages, and dendritic cells, infected with HIV-1
can release both virions and exosomes that are difficult to
distinguish [52]. Additionally, HIV-1 was demonstrated to
exploit the exosome antigen-dissemination pathway intrinsic
to mature DCs [53].

5. INFLUENCE OF IONIZING RADIATION ON
EXOSOME SECRETION

Growing evidence supports the observation of ionizing
radiation-induced increased exosome release in both dose
and time dependent manners. This phenomenon occurs due
to activation of additional stress-inducible pathways of
exosome secretion (Fig. 1). One pathway requires increased
expression of TSAP6 (transmembrane protein tumor sup-
pressor-activated pathway 6), which is stimulated by DNA
damage-activated p53 transcription factor; this was first
noted in human epithelial lung H460 cell line exposed to
ionizing radiation [9]. Increased rate of exosome secretion
following irradiation of p53-competent cells was confirmed
in aneuploid immortal keratinocyte HaCaT [54], human
breast adenocarcinoma MCF7 [8], and human prostate can-
cer cell lines [55], where this effect was additionally related
to senescence. This data emphasize the importance of the
p53 status in cells used as exosome models, as p53 overex-
pression typical for cancer cells results in abnormally high
rate of radiation-induced exosome release. This relationship
was shown in human glioblastoma cell lines [7], where a
higher relative increase in exosome release following irradia-
tion was observed in p53-mutated/overexpressed cell lines
(LN18 and U251) in comparison to U87 cell line with wild-

type p53.

6. INFLUENCE OF IONIZING RADIATION ON
EXOSOME COMPOSITION

The content of an exosome primarily depends on the type
and the state of a donor cell, but it may also be influenced by
stress conditions on which the cell is exposed. One of the
major environmental factors inducing cellular stress is ioniz-
ing radiation. Radiation, next to drug therapy, is currently the
main therapeutic tool for various types of diseases, especially
cancer. Radiation-induced ionizations may act directly on the
cellular component molecules or indirectly on water mole-
cules, causing water-derived radicals. Radicals react with
adjacent molecules in a very short time, which results in
breakage of chemical bonds or oxidation of the affected
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molecules. Although the most critical effect in cells is dam-
age of DNA, other cellular effects are also observed, such as
increased levels of reactive oxygen species (ROS), nitric
oxide (NO), cytokines, and disturbed calcium transport.

Literature data regarding radiation-induced changes in
exosome composition is very limited and refer mainly to its
proteome (Table 1). First reports came from irradiated pros-
tate cancer cells producing in vitro exosomes with elevated
levels of B7-H3 (CD276), which was later identified as di-
agnostic marker of prostate cancer [55]. Importantly, authors
of this report pointed out that radiation-induced changes in
exosome composition and release were accompanied by in-
duction of senescence in these cells. The same cancer model
was also studied by another group using serum samples and
showing radiotherapy-related increased levels of Hsp72,
which generally protects cells from cellular stress [56].
Exosomes from exposed glioblastoma cells had abnormally
elevated connective tissue growth factor (CTGF) mRNA and
insulin-like growth factor binding protein 2 (IGFBP2) pro-
tein level, which are responsible for migration and invasion
of different cancer types [7]. Interestingly, when considering
a 1.33-fold change cutoff many mRNA levels changed (Crt-
derived vs IR-derived exosomes) 24 h (1308 mRNAs) and
48 h (209 mRNAs) after IR. In contrast to mRNA, levels of
only a few miRNAs were changed. Additionally, the com-
bined mRNA and protein array data were analyzed using
functional networks showing cellular movement as a top
associated network function as well as the top molecular and
cellular function. This observation further confirmed the
influence of IR-derived exosomes on recipient cell migra-
tion. A recent study on a head and neck cancer cell model
revealed that exosomes from irradiated cells had substan-
tially increased levels of proteins involved in transcription,
translation, cell division, and cell signaling as well as de-
creased levels of apolipoproteins and immunoglobulins [57].
A long list of transcription/translation (e.g. EIFs, PSMs,
RPLs and RPSs) proteins present exclusively in IR-treated
samples may evidence an intense adaptation mechanisms to
radiation stress by for example removing redundant compo-
nents in the form of exosomes. The number of such compo-
nents increase in cells affected by IR due to cell cycle arrest,
which blocks transcription and consequently translation and
cell division. For more detailed information about identified
proteins in this study please see the supplementary file of the
paper [57]. Although the data regarding the influence of ion-
izing radiation on the released exosome composition are
based on different cellular models and modes of exposure to
ionizing radiation, they collectively point out that exosomal
cargo indeed reflects specific changes induced by ionizing
radiation.

7. INFLUENCE OF IONIZING RADIATION ON
EXOSOME-MEDIATED INTERCELLULAR COM-
MUNICATION

The most recognizable effect indicating radiation-related
intercellular communication is the Radiation-Induced By-
stander Effect. This phenomenon arises in cells that were not
exposed to radiation themselves. Among major factors
transmitting the RIBE are cytokines: IL-8 [58], TGF-B [59],
and TNF-a [60]. However, there are also reports pointing at
calcium fluxes, NO [61], ROS [62], and plasma membrane-
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Table 1. Exosomal components significantly changed after donor cell exposure to ionizing radiation.
Biological source of Dose of ionizing Time from IR to Changed components in exosomes released from treated cells Refs.
exosomes radiation exosome isolation
Human epithelial 4 Gy 96 h Increased level of B7-H3 (CD276) [55]
prostate cell carci-
noma (22Rvl)
Human serum Radiotherapy No information Increased level of HSP72 protein [56]
treatment
Human glioblastoma 4 Gy 24-48 h Abnormally increased levels of CTGF mRNA and IGFBP2 protein [71
multiforme
(U8TMG)
Human head and 2 Gy 18h Increased levels of proteins involved in transcription/translation (EIFs, [57]
neck squamous cell PSMs, RPLs and RPSs), cell cycle/division (chaperones, ubiquitination-
carcinoma (FaDu) related factors and proteasome components) and cell signaling (ARFs,
RABs and RASs proteins);
Decreased levels of apolipoproteins and immunoglobulins
Table2. Examples of RIBEs perpetuated by exosomes in recipient cells.
Donor cells Recipi- Dose of ionizing Time from IR to Bystander effects in recipient cells Refs.
ent cells radiation exosome isolation
Human breast cancer MCF-7 2 Gy 4h DNA (comet assay) and chromosomal (metaphases [6]
cell line (MCF-7) analysis) damage after 24 h of incubation
Human keratinocyte HaCaT 0.005 Gy; 0.05 Gy ; 1h Cell death (the alamarBlue® assay) after 72 h of [54]
cells (HaCaT) 0.5 Gy incubation
Human breast cancer MCF-7 2 Gy 4h DNA (comet assay) and chromosomal (metaphases [8]
cell line (MCF-7) analysis damage) after 24 h of incubation up to 20
cell-doublings

bound lipid rafts [63]. The major postulated mechanism of
RIBE assumes an involvement of either gap junction inter-
cellular communication (GJIC), where signaling molecules
are flowing between neighboring cells through connecting
channels, or paracrine activity of molecules released by ex-
posed cells into the extracellular matrix and then endocyto-
sed by unexposed recipient cells.

Recent interesting reports on exosome involvement in
initiation of RIBE resulted from a few in vitro human studies
(comparison in Table 2) on breast adenocarcinoma [6,8] and
aneuploid immortal keratinocyte cell lines [54]. The sug-
gested key transmitting factors are exosome protein and
RNA molecules. In case of proteins, cytokines were shown
to be present in exosomes released from fibroblast cells [64]
inducing inflammation in receiving cells. Another report
showed that exosomes released from Caco-2 epithelial colo-
rectal adenocarcinoma cells carried HMGBI, which is also a
cytokine-like proinflammatory protein [65]. Regarding
RNAs it was suggested that miRNA play an indirect function
in RIBE [66] initiating the so-called delayed Bystander Ef-
fect through epigenetic changes [67] and apoptosis [68]. Re-
cent work performed on MCF7 cells [8] confirmed that RNA
or protein components of exosomes are able to initiate RIBE

demonstrating the synergistic effect of both RNA and protein
signals in inducing RIBE. Additionally, this research showed
that delayed responses, such as GI and inflammation, are
caused not only by exosomes released by directly irradiated
cells, but also by exosomes secreted from bystander cells, as
well as by the progeny of directly irradiated and bystander
cells (Figure 2). This observation suggests a strong influence
of even a single exposed cell in a microenvironment through
exosomes from its progeny and from the progeny of by-
stander cells. Therefore, further studies should be carried out
to test the longevity of this effect and key factors involved.

Another interesting manifestation of the influence of ion-
izing radiation on the intercellular communication via
exosomes is the enhancement of recipient cells migration. In
a glioblastoma cell line model, radiation-derived exosomes
enhance the migration of recipient cells [7]. These exosomes
contained more CTGF mRNA and IGFBP2 protein, which
are involved in the migration/invasion of cancer cell through
activation of TrkA and FAK signaling.

Ionizing radiation not only impacts the intercellular
communication through exosomes released from exposed
donor cells, but also influences the exosome uptake by the
exposed recipient cells. Exposure of MSC human bone mar-
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Figure 2. Schematic representation of possible exosome-mediated delayed radiation-induced bystander effect. Effect of ionizing radia-
tion mediated by exosomes involves bystander cells and additionally cells that uptake exosomes from progeny of irradiated cells as well as

progeny of bystander cells (based on data presented by [8]).

row-derived cells to ionizing radiation was shown to increase
the cellular uptake of exosomes through CD29/CDS81 com-
plex formation, however it was independent from ROS gen-
eration, and p38 MAPK-dependent endocytosis and pinocy-
tosis [69].

CONCLUSION

Exosomes are nano-sized vesicles that may deliver bioac-
tive cargos including lipids, growth factors and their recep-
tors, proteases, signaling molecules, mRNA, and non-coding
RNA, released from one cell (origin) to recipient cells. Can-
cer derived exosomes are important players in the formation
of the tumor microenvironment by (a) enabling the escape of
tumor cells from immunity check and enhancing inflamma-
tory response, (b) affecting differentiation of fibroblasts and
mesenchymal cells into myofibroblasts, (c) triggering the
angiogenic process, and (d) enhancing the metastatic evolu-
tion of the tumor by promoting epithelial-to-mesenchymal
transformation and by preparing the tumor niche in the new
anatomical location. Hence, understanding exosome-
mediated signaling between tumor and their microenviron-
ment, and identifying factors affecting such communication
seems critical for better diagnosis and treatment of human
malignancies. Unfortunately, the role of ionizing radiation as a
modulating factor of exosome secretion is poorly understood
yet. The effects of radiation on exosome-mediated signaling
have been studied in very few in vitro models. Nevertheless,
available reports evidenced that radiation affected composition
and secretion rate of exosomes released from donor cells, as
well as functions of recipient cell receiving exosomes from irra-
diated cells. Hence, these early observations clearly indicated
importance of described phenomena for mechanisms involved
in response of cancer cells to ionizing radiation, also in the con-
text of cancer radiotherapy.
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Connective Tissue Growth Factor
Dendritic Cells

Epidermal Growth Factor Receptor Type
1

Endosomal Sorting Complex Required
for Transport

Gap Junction Intercellular Communica-
tion

Monosialoganglioside
Intercellular Adhesion Molecule 1

Insulin-like Growth Factor Binding Pro-
tein 2

Intraluminal Vesicle

Lysosomal-Associated Membrane Pro-
tein

Lysobisphosphatidic Acid

Major Histocompatibility Complex
Multivesicular Bodies

Natural Killer

Nitric Oxide

Phosphatydilcholine
Phosphatidylinositol
Radiation-Induced Bystander Effect
Reactive Oxygen Species
Sphingomyelin

Soluble N-ethylmaleimide-sensitive Fac-
tor Attachment Protein Receptors

Tumor Necrosis Factor Receptor 1
Tumor Suppressor-Activated Pathway 6
Vascular Endothelial Growth Factor
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