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Summary

The tumor microenvironment plays an integral part in the biology of cancer, participating in tumor
initiation, progression, and response to therapy. Factors released by tumor cells themselves
contribute in creating an environment mostly favorable but sometimes detrimental to the tumor.
Survivin, one of the key members of the inhibitor of apoptosis (IAP) family of proteins, has been
shown in the cytoplasm, mitochondria, nucleus, and most recently in the extracellular space,
transported via small membrane bound vesicles called exosomes. Exosomes are secreted from
hematopoietic, non-hematopoietic, tumor, and nontumor cells, shuttling essential molecules such
as proteins, RNAs, and microRNAs, all believed to be important for cell-cell and cell-extracellular
communication. In this review, we discuss exosomal Survivin and its role in modifying the tumor
microenvironment.
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Introduction

Tumor growth requires the presence of a vascular network that supplies both oxygen and
nutrients to the tumor cells as well as an avenue to dispose of waste. A tumor is composed of
a mass of cancer cells, surrounded by fibroblasts, immune cells, and endothelial cells, which
are constantly releasing factors that directly or indirectly modify the tumor
microenvironment (TME). The composition and characteristics of the TME vary widely
(Dvorak et al., 2011). The study of the TME, its cellular and molecular components and how
they affect tumor initiation, progression, and advancement has become an imminent concern
in cancer research. Importantly, events and molecules implicated in this cross talk within the
TME have emerged as attractive targets in anticancer intervention (Swartz et al., 2012).
Therefore, understanding and control of the TME is becoming as important as the
understanding and control of the cancer cells themselves.

Various changes occur in the TME, some of which may affect the release of extracellular
membrane vesicles called exosomes. Exosomes are 30-150 nm vesicles which have been
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shown to transport many types of proteins, RNAs, viruses, breakdown products, and most
recently, miRNAs (Azmi et al., 2013). Extensive research over the last three decades has
begun to reveal the role of exosomes in disease progression. In particular, human and mouse
tumor cells secrete tumor cell-derived exosomes (TEX) with proven TME modulation
capability (Wang et al., 2014b). Environmental changes such as stress, induced by
chemotherapy and radiation, can also modulate TEX release and the biome they contain
(Kucharzewska and Belting, 2013). Survivin, an important member of the inhibitor of
apoptosis (IAP) protein family, and a known stress-activated protein, was found in
exosomes and shown to increase after stress (Khan et al., 2009, 2011a). It is conceivable that
like other stress proteins (heat shock proteins), Survivin becomes available to neighboring
cells through its exosomal packaging and thus influences the TME. We have shown that
Survivin protein can be released by cancer cells and taken up by surrounding cells,
producing a field effect that confers a general stress-survival phenotype (Khan et al., 2009).
Consistent with Survivin’s association with unfavorable clinicopathological parameters,
extracellular trafficking of Survivin throughout the TME could be responsible for
augmenting the aggressive status of a tumor while prohibiting or minimizing therapeutic
results. In this review we will discuss: 1) exosomes in the tumor microenvironment; and 2)
exosomal Survivin and its role in modulating the tumor microenvironment.

Exosomes in the tumor microenvironment (TME)

Tumors are comprised of both stroma and malignant cells (Zalatnai, 2006). Within the
stroma, there are nutrient providing blood vessels that the tumor cells need to grow. This
blood vasculature allows immune or inflammatory cells to gain access into the tumor and
increases the tumor’s complexity (Swartz et al., 2012). Also, stroma contains the structural
components comprised of proteins and strands of fibers that form the extracellular matrix
(ECM). The TME also contains chemokines and cytokines, as well as oxygen and other
chemicals that can change the acidity or the alkalinity of the tissue. In addition to these TME
elements, cross-talk between the tumor cells and the surrounding cells can favor the process
of tumor progression (Mueller and Fusenig, 2002). Transition from normal to benign, benign
to malignant, and malignant to metastatic is primed not only by intracellular changes in the
tumor cell itself but also by extracellular changes (Gould and Courtneidge, 2014; Tadeo et
al., 2014; Zhang et al., 2014). Intracellular, intercellular, and distant cell interactions are
maintained by constant trafficking of biological materials across nuclear and plasma
membranes. However, one of the emerging mechanisms of tumor cell communication within
the TME are the exosomes, which are recognized as active entities involved in regulating a
variety of extracellular signals. Exosomes are extracellular membrane vesicles that are
increasingly recognized in a variety of both normal and pathological cellular processes.
These lipid bound vesicles are derived from late endosomes in multivesicular bodies, and
are instrumental in cell-cell and cell-extracellular communication. Exosomes are
heterogeneous in terms of size, protein content, RNA content, and origin. The presence of
specific proteins within and on the vesicle suggests the existence of a protein sorting
mechanism that may speak to their functional roles of communication (Khan et al., 2011b,
Villarroya-Beltri et al., 2014). They may also provide a mechanism whereby tumor cells,
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quietly developing within the host, may be detected at an earlier time, allowing for a more
effective therapy to be initiated.

Changes in the TME have an effect on the release of exosomes. Accumulating evidence
suggests that their bioactivity may be clinically applicable in cancer therapeutics. Regardless
of their cell type of origin these membrane bound vesicles provide a protected and
controlled internal microenvironment outside the cell for metabolic objectives of the host
cell to be carried out at a distance by the recipient cell (Anderson et al., 2010). In one
instance, exosomal release of matrix metalloproteinases and heat shock protein 90a from
metastatic cancer cells is believed to control invasive cellular behavior by inducing changes
in the extracellular matrix (ECM) and through modification of growth factor responses
(Hendrix et al., 2010). Likewise, procoagulant exosomes from healthy host cells may
facilitate tumor initiation, invasion, and dissemination by activating the clotting cascade
extracellularly and coagulation-dependent growth signaling intracellularly (Milsom et al.,
2007). These intricate interactions between tumor cells and their environment complicate
therapeutic strategies for effectively treating the tumor. In addition, the complicated milieu
of extracellular signals is increased by the sheer number of cells generating exosomes which
reside in the TME.

B- and T-lymphocytes, dendritic cells, neurons, intestinal epithelial cells, and tumor cells all
release exosomes (Denzer et al., 2000; Keller et al., 2006; Simpson et al., 2009). In
particular, it has been shown that human tumor cells release TEX constitutively (Wolfers et
al., 2001). Additionally, specific protein content found both on and within TEX gives an
indication of not only their functional and biological roles, but also of their cell of origin,
making TEX and their contents excellent biomarkers (Zitvogel et al., 1998; Andre et al.,
2002; Wieckowski and Whiteside, 2006) or tools to detect malignant conditions. Serum
taken from cancer patients has an increased level of TEX (Ginestra et al., 1998, 1999), and
has a positive correlation with the progression of the tumor (Khan et al., 2012). TEX
contents secreted from different cancer cells express diverse tumor antigens. In vitro studies
show that TEX released from breast cancer cells contain HER2, carcinoembryonic antigen
(CEA) from colon cancer cells, and MelanA/Mart-1 and gp100 from melanoma cells (Andre
et al., 2002; Andreola et al., 2002). Exosomes obtained from plasma taken from cancer
patients also showed similar characteristics of expressing tumor antigens of the tumor origin
(Hegmans et al., 2004; Mears et al., 2004). The relative amounts of exosomal Survivin in
prostate cancer (PCa) plasma was significantly higher than in those with pre-inflammatory
BPH and control plasma. This differential expression of exosomal Survivin was seen with
both newly diagnosed and advanced PCa subjects with high or low-grade cancers. Analysis
of plasma exosomal Survivin levels may offer a convenient tool for diagnosing or
monitoring PCa and may, as it is elevated in low as well as high Gleason scored samples, be
used for early detection (Khan et al., 2012). Furthermore, exosome analysis may provide
novel biomarkers to diagnose and/or monitor the treatment effectiveness in PCa and other
cancers. Exosomes derived from breast cancer patients’ serum showed a differential
expression of Survivin as well as its splice variants Survivin 2B and Survivin AEx3 (Khan et
al., 2014). Differential expression of Survivin and its splice variants may serve as a
diagnostic or prognostic marker in not only breast cancer but in cancer in general, something
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that we are referring to as a “liquid biopsy” (Khan et al., 2014). Progress has shown that
tumor-derived exosomes play multiple roles in tumor growth and metastasis and may
produce these functions via immune escape, tumor invasion and angiogenesis.

In addition to serum, TEX have been isolated from other fluids, such as urine, ascites
(Adams et al., 2005), and pleural effusions (Andre et al., 2002). Malignant ascitic fluid
derived exosomes contained higher levels of CD24 and epithelial cell adhesion molecule
(EpCAM) indicating cellular progression to invasiveness (Runz et al., 2007). Urinary
exosomes can be used as biomarkers for a variety of diseases including cancer (Pisitkun et
al., 2004). Exosomes isolated from pleural effusions in mesothelioma and other cancer
patients were useful to study the proteomic of different cancer types involving the pleura
(Bard et al., 2004). MicroRNAs (miRNAs) identified in saliva and serum are primarily
exosomal (Gallo et al., 2012). Therefore, using an exosomal fraction increases the sensitivity
of detection of miRNA in order to improve the accuracy of diagnosis, predict prognosis and
to monitor disease progression and responses to therapy.

Exosomes possess a capacity for immunostimulation. Dendritic cell (DC)-derived exosomes,
also known as dexosomes (DEX), have been considered for use in cancer immunotherapy
(Andre et al., 2004). Exosomes from mature DC and antigen presenting cells (APCs) carry
co-stimulatory molecules such as MHC class 11 that are able to stimulate cognate T cells.
However, exosomes can also have inhibiting effects on the immune system and promote
tumor immunoevasion. A recent study on lymphoblastoid cell lines found exosomes
carrying both MHCII and FasL, a death inducing ligand. These constitutively expressed
exosomes had the capacity to cause autologous T cells to undergo apoptosis, and may be a
means of immunosuppression (Klinker et al., 2014). The complex interaction of exosomes
with immune cells have been recently reviewed by several groups (Altevogt et al., 2014;
Gehrmann et al., 2014; Robbins and Morelli, 2014). Recent work suggests that the use of
exosomes in immunotherapy may stimulate the immune system to recognize and kill cancer
cells and thus could form an attainable basis for the development of novel cancer vaccines
(Kovar et al., 2006; Tan et al., 2010; Wang et al., 2014a).

Various stresses can induce exosome release from tumor cells and stromal cells alike; a
phenomenon which may induce the surrounding tissues to adapt to changes taking place in
the microenvironment (Thery et al., 2009). Tumor cells that have undergone radiation or
chemotherapy treatment have been shown to increase their release of TEX (Yu et al., 2006;
Lehmann et al., 2008). Interestingly, when treated with chemotherapeutic agents, there is a
significantly enhanced membrane vesicle secretion in chemoresistant cells compared to
chemosensitive cells. This activity may be a factor leading to drug resistance (Shedden et al.,
2003; Safaei et al., 2005). Radiation and chemotherapy treatments lead to DNA-damaging
conditions. In this state, the p53 pathway is activated, leading to an induced expression of
the transmembrane protein tumor suppressor activated pathway 6 (TSAP6) among various
other physiological changes (Lespagnol et al., 2008; Yu et al., 2009). TSAP6 is an important
cellular component because it regulates the secretion of protein via the non-classical
pathway or the endoplasmic reticulum (ER)/Golgi-independent protein secretion pathway
which is necessary for the enhanced release of exosomes (Nickel, 2003; Yu et al., 2006;
Lespagnol et al., 2008).
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Exosome-mediated release of various factors including tetraspanins, chemoattractants,
adhesion molecules and proteases from cancer cells, platelets, and other cellular sources
contributes to metastatic regulation in several experimental models (Janowska-Wieczorek et
al., 2005; Jung et al., 2009). Exosomes may also act as important reservoirs of cytokines and
mediators of inflammatory and immune responses (Bianco et al., 2009; Thery et al., 2009).
For example, melanoma cells can be induced by Wnt5A to release exosomes containing
IL-6, VEGF and MMP2 (Ekstrom et al., 2014). Proteomic analysis of exosomes has
provided evidence of enrichment with heat shock protein family members (lero et al., 2008).
Mass spectrometry-based proteomic tools coupled with advanced purification methods for
exosomes has allowed more in depth proteome analysis of molecular composition of
exosomes. Exosomes carry an array of proteins that reflect the cells’ origin. Identification of
a conserved set of common proteins that are essential for vesicle biogenesis, structure, and
trafficking mechanisms can be determined. We can also detect cell-specific composition and
abundance of proteins such as Survivin in exosomes that may be useful to reveal different
cellular behaviors. Exosomes from various cancer cells express Fas ligand which induces T-
cell apoptosis and abolishes the function of adaptive immune cells (Andreola et al., 2002;
Huber et al., 2005). Alternatively, platelet-derived exosomes were shown to transfer
integrins to breast and lung cancer cells (Janowska-Wieczorek et al., 2005). Thus, cancer
cells can fuse with non-cancer cell-derived exosomes, thereby receiving specific proteins
which may help them to escape immune surveillance and metastasize. Therefore, proteomic
approaches show a great potential for future applications in diagnosis and prognosis.

survivin

Recent work accomplished in our laboratory revealed the presence of Survivin in the
extracellular space with further evidence of exosomal localization (Khan et al., 2009,
2011a). Survivin is an important member of the inhibitor of apoptosis (IAP) protein family
because its tumor specific expression is unique out of all of the human gene products (Reed,
2001). Survivin expression is evident during embryonic and fetal development but not in
terminally differentiated tissue (Li et al., 1998). It is expressed in virtually all types of
human cancers, making Survivin an alluring protein in the study of carcinogenesis
(Andersen et al., 2007). Survivin also has been shown to control diverse cellular functions,
including surveillance checkpoints, suppression of cell death, the regulation of mitosis, and
adaptation to unfavorable environments (Altieri, 2003, 2006), leading to it being intensely
scrutinized in cancers. Protein compartmentalization is very important. Survivin has been
localized in mitochondria, where it abolishes tumor cell apoptosis similar to the Bcl-2 family
(Dohi et al., 2004) and previous work in our lab showed that stress can initialize a shift in
Survivin localization to the mitochondria (Asumen et al., 2010). Its localization to the
nucleus and cytosol confers roles in mitosis regulation and apoptosis inhibition, respectively
(Fortugno et al., 2002). Unlike other IAP proteins which are predominantly cytosolic and
have roles in caspase binding and inhibition, Survivin only indirectly inhibits caspases, is
not restricted to the cytosol or nucleus (Fortugno et al., 2002), and has been recently found
extracellularly (Khan et al., 2009) compartmentalized in the exosome (Khan et al., 2011a).
While its mitochondrial role involves tumor growth in immunocompromised animals, and
abolished tumor cell apoptosis in vivo (Dohi et al., 2004), its extracellular form has the
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ability to reenter cancer cells inducing increased proliferation, apoptosis resistance and
invasion (Khan et al., 2009).

To test whether stress may induce increased release of Survivin along with exosomes, Hela
cells treated with sublethal doses of proton irradiation, showed a marked accumulation of
Survivin in the exosomal fraction taken from the conditioned medium of these cells (Khan et
al., 2011a). We also identified exosomes as mediators of basal and stress-induced Survivin
secretion from HelLa cells (Khan et al., 2011a). Exosomes were purified and validated by
acetylcholinesterase assays, an enzyme specific to exosome membranes (Johnstone, 2006),
which showed significantly more activity in conditioned medium taken from Survivin-
releasing cells compared to non-conditioned medium. The vesicular nature of these isolates
was further confirmed by electron microscopy. Survivin has been shown to interact directly
with intracellular Hsp60 (Ghosh et al., 2008), Hsp90 (Fortugno et al., 2003) and Hsp70
(unpublished data from our lab). The presence of exosomal Survivin and Hsp70 and their
colocalization was confirmed using immunoelectron microscopy (Khan et al., 2011a). Signal
sequences mediate classical protein secretion, and software programs are now being
employed to more easily and accurately determine signal sequence existence (Bendtsen et
al., 2004). Neither Survivin nor Hsp70 proteins can be predicted by these criteria to be
secreted proteins. They are exported via exosomes (Khan et al., 2011a). Survivin’s
interaction both intraand extracellularly with HSPs emphasizes the link between cellular
stress responses, apoptosis, and cell proliferation occurring in the TME. Survivin-protein
overexpression was found in conditioned medium from pancreatic and prostate cancer cell
lines and not from the nontumor-derived cells, which indicates that Survivin’s localization in
cancer cell line exosomes is a general finding for tumor cell-derived exosomes. Blocking of
exosome release with cytochalasin D, which inhibits actin polymerization, blocked both
exosome and Survivin release, clearly showing the intimate association of Survivin release
with exosomes (Khan et al., 2011a).

survivin in tumor microenvironment

Our recent discovery of exosomal Survivin in cancer cell lines demonstrates plausible
oncogenic field effects in the TME. Clinically, serum/plasma-derived Survivin has been
detected in many cancers (Tas et al., 2004; Guney et al., 2006; Goksel et al., 2007; Derin et
al., 2008; Naumnik et al., 2009; Fawzy et al., 2012; Yahya et al., 2012), including breast and
prostate cancers (Khan et al., 2012, 2014). In the last decade, serum/plasma levels of
Survivin were detected in many cancers (Table 1) using commercially available enzyme
linked immunosorbent assay (ELISA) kits. Tas et al, showed no significant difference in
prognostic parameters to serum Survivin levels in forty-four melanoma patients. However,
there was a significant increased Survivin level in ten patients who were treated with
chemotherapy (Tas et al., 2004). This observation supports our in vitro study where we
showed proton treated cancer cells increased the level of Survivin in the exosomes (Khan et
al., 2011a). Guney et al, showed no significant changes in the level of Survivin in forty-three
breast cancer patients’ sera or urine, however, they suggested that the serum level of
Survivin can be used as a nodal metastasis marker in those patients (Guney et al., 2006). In
another study, Goksel et al, found no differences in Survivin/Her2 level in early breast
cancer patients compared to healthy controls (Goksel et al., 2007). This suggests that
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Survivin level may depend upon distant metastasis or tumor burden and the method applied
for detection. We have recently shown that exosomal Survivin may be a useful tool for early
detection, diagnosis, and even monitoring of prostate cancer progression. We also postulate
that it could be used to monitor anticancer therapeutic effectiveness. Newly diagnosed and
advanced prostate cancer patients with high or low-grade cancer had significantly higher
levels of exosomal Survivin compared to control subjects or patients with pre-inflammatory
benign prostatic hyperplasia (BPH) (Khan et al., 2012). In the breast cancer patients’ sera,
Survivin was exosomally packaged (Khan et al., 2014). This observation corresponds with
all of the breast cancer tissue expression patterns of the Survivin proteins evaluated in this
study.

of exosomes to deliver anti-Survivin therapy

Thus far, there are numerous strategies to target Survivin from transcript to protein levels. A
small molecule inhibitor, YM155, acts by inhibiting transcription of Survivin mRNA, while
anti-sense oligonucleotides, hammerhead ribozymes and siRNA are designed to degrade
Survivin mRNA and/or inhibit protein translation. Strategies to inhibit Survivin at the
protein level include a small molecule antagonist named Sheperdin, which prevents Hsp90/
Survivin interaction, as well as expression of two Survivin dominant negative mutants C84A
and T34A into tumor cells introduced by plasmid or viral vectors (Pennati et al., 2007;
Lladser et al., 2011). However, the therapeutic delivery was restricted to the periphery of the
solid tumor thus limiting its effectiveness. Recently, an in vitro study showed that exosomal
delivery of Survivin-T34A, resulted in the increased killing effect on pancreatic cancer cells
(Aspe et al., 2014). Given the nature of T34A’s ability as a dominant negative-Survivin to
kill its host, the one hurdle that will need to be overcome will be the method to produce
large enough amounts of therapeutic T34A for delivery. In our lab and others, future studies
are underway to exploit exosomes as shuttles in the delivery of anticancer therapeutics.

In recent years, many studies have been accomplished to determine whether downregulation
of Survivin could reverse chemotherapy and radiotherapy resistance in cancer cells. Several
groups have shown that inhibition of Survivin expression by shRNA, RNAI, and natural
compounds like emodin can sensitize varieties of cancer cells, including squamous cell
carcinoma of the tongue (Xu et al., 2010), osteosarcoma (Wang et al., 2010), breast cancer
(Yang et al., 2011), and pancreatic cancer (Liu et al., 2008; Guo et al., 2009) to cisplatin,
adriamycin, and gemcitabine. All the Survivin-based therapies mentioned previously have
shown success in decreasing Survivin expression levels and thus we hypothesize that
exosomal packaging and delivery can be utilized to inhibit further growth of malignant cells,
increasing sensitivity to chemo- and radiotherapies. Exosomes derived from cells either
engineered to produce an anti-Survivin moiety, such as T34A, or capable of packaging drugs
into exosomes after treatment may provide useful tools for therapeutic use of exosomes.
Exosomes, in addition to having low toxicity, are innately capable of fusion and uptake by
other cells and thus advantageous for targeted delivery of therapeutic agents. Although
potentially able to be produced with certain ligands or receptors for specific cell interactions,
exosomal targeted delivery is still a confounding problem.
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Conclusions

The TME is a critical component in determining the growth and metastasis of tumors.
Exosomes are one of the major modalities for transporting molecules throughout the TME
and influencing the behavior of surrounding cells (Fig. 1). Survivin is a unique inhibitor of
apoptosis with described multifunctionality. Survivin’s upregulation in most cancers, in
addition to its presence in serum exosomes, make it an important molecule both as a
diagnostic as well as prognostic biomarker. It may also be a means for early detection as it
localizes to the surface of the exosome. To validate its role, a large number of case-control
studies need to be adapted. Subsequent studies are needed to explore whether exosomal anti-
Survivin strategies can be used in cancer therapeutics.
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Fig. 1.
Schematic presentation of plausible roles of Exosomal Survivin in tumor microenvironment.
(MVB: multivesicular body; APC: antigen presenting cells).
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Table 1
Survivin levels in patient samples.
Cancer Type Samples M ethods Authors
Breast cancer Serum ELISA (TiterZzyme® EIA)  Goskel et al., (2007)

Breast cancer

Lung cancer

Lung cancer

Lung cancer

Acute lymphoblastic leukemia (ALL)
Prostate cancer

Breast cancer

Serum and urine
Serum
Serum
Serum
Serum
Plasma & serum

Serum

ELISA (TiterZyme® EIA)

ELISA

ELISA (R&D system)
ELISA (R&D system)
ELISA (R&D system)
ELISA (R&D system)
ELISA (R&D system)

Guney et al., (2006)
Derin et al., (2008)
Naumnik et al., (2009)
Fawzy et al., (2012)
Yahya et al., (2012)
Khan et al., (2012)
Khan et al., (2014)

ELISA, Enzyme linked immunosorbent assay; EIA, Enzyme immunoassay
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