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Abstract Exosomes are endosomal-derived nanovesicles re-
leased by normal and tumor cells which have been shown to
transfer functionally active protein, lipids, mRNAs and
miRNAs between cells. Varying in molecular profiles, biolog-
ical roles, functional roles and protein contents, exosomes
have been described as Bmulti-purpose carriers^ playing a role
in supporting the survival and growth of tumor cells. The IAP
Survivin has been found to be present in tumor exosomes.
However, the existence of other IAPs in tumor exosomes is
still unknown. Survivin, cIAP1, cIAP2 and XIAP mRNA and
protein are differently expressed in a panel of tumor cell lines:
DLCL2, HeLa, MCF-7, Panc-1, and PC3. Exosomes were
isolated from conditioned media collected from the cells from
which RNA and protein were extracted. Our results provide
evidence that like Survivin, XIAP, cIAP1 and cIAP2 proteins
are found in tumor exosomes. The mRNA expression, how-
ever, is differentially expressed across the tumor cell lines.
The presence of these bioactive molecules in exosomes may
not only serve as warning signals, but also play a role in
providing protection to the cancer cells against changes that
are constantly occurring in the tumor microenvironment.
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Introduction

Exosomes are small membrane vesicles, ranging from 40 to
150 nm in diameter, that are shed from various cell types such
as B- and T-lymphocytes, neurons, intestinal epithelial cells,
dendritic cells and tumor cells [1–3]. Tumor exosomes, which
are constitutively released into the extracellular space, have
different molecular profiles, biological roles and molecular
contents, giving an indication of the cell of origin, as well as
their functional role [4–6]. This has also been shown in vivo,
where membrane vesicles isolated from cancer patients’ plas-
ma and neoplastic effusions are characterized by the expres-
sion of tumor- specific markers reflecting tumor origin [7–10].
Tumor exosomes have a role in supporting the tumor cells’
survival and growth [11]. The specific roles include evasion of
host immunity [12], tissue invasion [13] and neoangiogenesis
[14, 15]. Not only do tumor exosomes contain proteins and
tumor antigens, but functional mRNA has also been shown to
be contained within these microvesicles [7].

The inhibitor of apoptosis (IAP) family of proteins are
known to be endogenous caspase inhibitors, where cIAP1,
cIAP2 and XIAP directly bind to activated caspase-3, −7
and −9 using their baculorvirus IAP repeat (BIR) domains
[16–19]. Survivin, a unique member of the IAP family, con-
tains a BIR domain, but has a multifunctional role in various
cellular activities, including regulating mitosis, inhibiting cells
from undergoing apoptosis and adapting to stressful environ-
ments [20–22]. Survivin’s multifunctional role depends on its
subcellular location, where it is found to be localized in the
nucleus, mitochondria and cytoplasm [23]. We have shown
that an extracellular pool of Survivin also exists, released from
cancer cells in exosomes [24]. Upon release and resorption by
neighboring cancer cells, these cells become resistant to ther-
apy, rapidly proliferate and acquire an increased invasive po-
tential [25]. In addition to Survivin, we have also recently
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shown that cIAP1, cIAP2 and XIAP are found in exosomes
collected from Panc-1 conditioned media [26].

Here, we evaluate across a panel of cell lines representing
five different cancer types and one non-cancer, whether like
Survivin, cIAP1, cIAP2 and XIAP are released into the extra-
cellular space via exosomes. We show that though cell type
dependent, cIAP1, cIAP2, XIAP and Survivin protein and
mRNA are released by exosomes.

Results

Intracellular IAP mRNA and Protein is Differently
Expressed in Cancer Cell Lines

IAPs play an important role in the cancer cell’s ability to resist
apoptosis [27]. In this study, we used five different cancer cell
lines from various cancer types and one cell line representative

of a normal phenotype. All cell lines, including the non- can-
cer cell line HEK293 displayed a range of IAP protein expres-
sion (Fig. 1a). In comparison to the HEK293 cells, which had
low levels of Survivin and cIAP1, DLCL2 and Panc-1 cells
expressed all four IAPs represented in this study. HeLa, MCF-
7 and PC3 cell lines expressed near similar levels of Survivin,
cIAP1 and XIAP but did not express cIAP2. In comparison to
protein expression, IAP mRNA is equally expressed in all the
tumor cell lines. HEK293 cells highly expressed XIAP
mRNA and showed low Survivin mRNA expression levels.
In contrast, cIAP1 and cIAP2 expression levels were deficient
in HEK293 cells (Fig. 1b).

Amount of Exosome Released Depends on Cell Line

Tumor cells have been shown to constitutively release tumor
exosomes (TEX) into the extracellular space [4]. To determine
if all cells within our study released exosomes and then

Fig. 1 Western Blot Analysis of Survivin, cIAP1, cIAP2, XIAP and
β-actin taken from non-cancer cell line and nontreated cancer cell lines:
Human embryonic kidney cell line (HEK293), Diffuse Large Cell
Cleaved (DLCL), cervical (HeLa), breast (MCF-7), pancreatic (Panc-1),
and prostate (PC3). a. Antibodies for Survivin, cIAP1, cIAP2, XIAP and

β-actin were used for Western blotting cell line-purified protein. b.
mRNA was also acquired from the same nontreated non-cancer and
cancer cell lines and the varying IAP targets were amplified using PCR.
Both Western blots as well as PCR are representative of 2–4 independent
experiments
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further, whether the type of cancer influences the amount of
exosomes released, we collected conditioned media from dif-
ferent cancer cell lines. The presence and amount of purified
exosomes in vesicle number per mL, were determined by
NanoSight showing a diverse difference between the cell lines
investigated. Among the cancer cell lines, HeLa, MCF-7 and
PC3 released the least amount into the media (Fig. 2). To
verify that the vesicles collected were indeed exosomes, the
vesicles’ mode average sizes were analyzed using
NanoSight’s nanoparticle tracking analysis software. Al-
though a range of vesicle sizes were detected, the majority
of the collected vesicles lie within the 100–150 nm size range
of exosomes (Fig. 3).

IAPs are Present in Exosomes

We have previously shown that Survivin, cIAP1, cIAP2
and XIAP are trafficked into the extracellular space via
exosomes [24, 26]. We therefore hypothesized that IAPs
would also be exported out of a variety of tumor cells
in the same manner. We evaluated the presence of
Survivin, cIAP1, cIAP2 and XIAP from isolated
exosomes collected from conditioned media by Western
blot to determine if these IAPs would be present in
exosomes. Across all cell lines, Survivin, along with
cIAP1, cIAP2 and XIAP were found in the exosomes
of the cell lines evaluated (Fig. 4a).

Fig. 1 (continued)
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IAP mRNA are Released into the Extracellular Space
by Exosomes

Exosomes serve as vesicles for protein and genetic materials
[7]. In addition to verifying the presence of IAP protein in the
exosomes, the presence of exosomal IAP mRNA was also
investigated in our chosen panel of cell lines. mRNA was
extracted from isolated exosomes and PCR was performed.
Not all of the cancer cells showed representative abundance of
all four IAPs with DLCL2, Panc-1 and PC3 having the
greatest variety. HeLa andMCF-7 cells appear to only express
survivin mRNA and HEK293 cells do not express any in our
hands. Survivin mRNA was found more abundantly than all
other IAPs in the cell lines evaluated and PC3 cellular

exosomes appear to hold representation from all IAPs
investigated (Fig. 4b).

Discussion

The IAP family regulates cell survival and members of this
family are often deregulated in cancer, which may be a factor
for chemoresistance and treatment failure [28]. Inmost normal
adult tissues, Survivin expression is very low or undetectable
[21, 29, 30]. The high levels of Survivin expression in cancer
cells have been associated with grim prognosis, disease pro-
gression, metastatic dissemination, therapy resistance and an
overall dismal disease outcome [21, 29]. The biological char-
acteristics of the tumor, as well as the way the host responds to
the tumor also plays a major role on the growth and spread of
cancer [25]. Here we show that though there is a consistent
cellular expression of IAP mRNA and protein in all cell lines
evaluated, there are distinct cell-to-cell differences in the spe-
cific expression levels of IAP proteins and mRNAs (Fig. 1).
IAP protein expression varies, perhaps reflecting the cell line’s
level of therapy resistance and aggressiveness, or at what
phase in the cell cycle the cells are in at the time of harvest
and purification.

Cancer cells communicate with each other with heterotypic
interactions going on between them, the mesenchymal cells
that they recruit, and the stromal cells that surround them in
the tumor microenvironment. Communication between these
components by secretion of various proteins, such as growth
factors, ECM-degrading proteinases and chemokines is cru-
cial for the progression, development and maintenance of the
tumor [31]. Small membrane vesicles are known to be secret-
ed from tumors [32] and increasing interest and studies to
define their role are underway to elucidate the role these ves-
icles play in cancer development and progression. TEX have
been described as Bmulti-purpose carriers^ having vital roles
in the communication, protection, progression as well as ge-
netic information exchange with neighboring cells in the tu-
mor microenvironment [33]. Various bioactive molecules
have been found packaged within as well as on the TEX,
strongly influencing the surrounding environment [34–37]
through direct interaction or through trafficking of these mol-
ecules into a recipient cell(s). Survivin has a multifunctional
role in various cellular activities depending on its subcellular
location. We have recently established that Survivin is also
found in the extracellular space [25] and exported out of the
cancer cells via exosomes [24]. The work described here was
to establish whether other IAPs were also exported from can-
cer cells in a similar fashion. This was accomplished in order
to determine the level of similarity or redundancy tumor cells
express to overcome the changes or differences in cellular
makeup as it relates to intracellular communication.

Fig. 2 Histogram representing concentration of vesicles per ml to
quantify exosome numbers. Exosomal contents in conditioned medium
from HEK293, DLCL2, HeLa, MCF7, Panc-1, and PC3 cell lines. Data
are the mean±SD of 3 independent experiments in triplicate

Fig. 3 Mode average size of exosomes isolated using ExoQuick TC™.
While there was a range of sizes of vesicles isolated, the mode average
size of vesicles falls in the size range of exosomes
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Exosomes were isolated from conditioned media collected
from the panel of cell lines. These samples were analyzed
using the NanoSight to determine the presence and amount
of purified exosomes (Figs. 2 and 3). Release of TEX can be
affected by various changes taking place in the microenviron-
ment, such as chemo-, and radiation stress, as well as the
biome they contain [38–40]. Interestingly, chemoresistant
cells that have been treated with chemotherapeutic agents
show a significant increased secretion of vesicles compared
to chemo-sensitive cells [41, 42]. The difference in the amount
of exosomes and what resides on their surfaces and in their
lumens could be the result of stress, or their response to it or
the genetic makeup in the host cell of origin.

Here we show that Survivin, along with cIAP1, cIAP2 and
XIAP, are secreted from tumor and non-tumor cells into the
extracellular space via exosomes (Fig. 4a). Secretion of IAPs
through exosomes and their subsequent uptake by neighbor-
ing cells of the tumor microenvironment can serve as a pro-
tective strategy from cell death. It could also be a mechanism
for these IAPs and other exosomal biomolecules to travel long

distances within the body, affecting, stabilizing or manipulat-
ing environments far from the primary tumor in order to aid
secondary tumor growth and resistance. We have shown that
Survivin, when released to the extracellular milieu has the
ability to stimulate cellular proliferation, increase resistance
and invasive potential [25], and modulate T cells [43]. It
may be that the tumor microenvironmental presence of
exosome containing biomolecules could play a bigger role in
antitumor protections than the cellular modulation of these
IAPs, having significant reach beyond that possible for circu-
lating tumor cells.

Genetic material, found in vesicles, has been implicated in
furthering tumor growth [7]. Our lab has recently shown that
IAP mRNA was found in exosomes isolated from Panc-1
conditioned media [26]. We therefore hypothesized that IAP
mRNA is also found in exosomes collected from different
tumor cell lines. While Survivin mRNAs were secreted by
all the cell lines investigated in this study, cIAP2 and XIAP
mRNA are more selectively found in the exosomes from the
cell lines observed (Fig. 4b). Interestingly, there appeared

Fig. 4 Western Blot Analysis of Survivin, cIAP1, cIAP2, XIAP and
Lamp-1 taken from the conditioned medium off of nontreated non-
cancer and cancer cell lines: Human embryonic kidney cell line
(HEK293), Diffuse Large Cell Cleaved (DLCL), cervical (HeLa), breast
(MCF-7), pancreatic (Panc-1), and prostate (PC3). a. Antibodies for

Survivin, cIAP1, cIAP2, XIAP and Lamp-1 were used for Western
blotting exosome-purified protein. b. mRNAwas also acquired from the
same nontreated non-cancer and cancer cell lines and the varying IAP
targets were amplified using PCR. Both Western blots as well as PCR are
representative of 2–4 independent experiments
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from experiment to experiment some variation in the mRNAs
found in these exosomes which was not the case with protein.
We hypothesize that this variance may be the result of the type
of RNA product and its status at the time of capture by the
exosome. It may be possible that exosomes package truncated
mRNAs as their RNA transcripts undergo a widespread post-
transcriptional cleavage. As a result these truncated RNAs
provide a more small RNA, regulatory role like a miRNA
[44, 45]. Full length IAP mRNA transcripts were also found
to be present in exosomes, which may be translated into func-
tional proteins upon reabsorption into recipient cells, as shown
by Skog et al. [7]. In addition, the release of these bioactive
molecules may not only serve as warning signals to the neigh-
boring cells, but also provide protection against the constant
environmental changes in the tumor microenvironment. We
propose, like we have with Survivin, that exosomal IAPs may

play important biomarker roles in early diagnosis but also in
monitoring treatment effects of subjects with cancer.

Materials and Methods

Cell Lines and Cultures

Cervical carcinoma (HeLa), prostate carcinoma (PC3), breast
carcinoma (MCF-7), pancreatic carcinoma (Panc-1) and hu-
man embryonic kidney (HEK293) cell lines were purchased
from the American Type Culture Collection (ATCC; Manas-
sas, VA). The non-Hodgkin’s lymphoma cell line (DLCL2)
was a kind gift from Dr. Ayad Al-Katib (Wayne State Univer-
sity, Detroit, MI). The cells were maintained in DMEM,

Fig. 4 (continued)
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McCoy’s or RPMI (ATCC, CellGro; Manassas, VA) supple-
mented with 100U penicillin, 100 μg/ml streptomycin, 10 %
fetal bovine serum (FBS: CellGro; Manassas, VA). The cells
were grown in a humidified atmosphere at 37 °C of 95 % O2

and 5 % CO2 until 60 % confluent and the medium was
changed. The conditioned media was collected after 24 h.

Exosome Isolation

The method for exosome isolation was performed using
ExoQuick TC™ (Mountain View, CA). Briefly, CM was col-
lected from the treated cells and centrifuged at 3,000 x g for
15 min. 1 ml of ExoQuick TC™ was mixed with 5 ml of CM
and incubated at 4 °C for 12 h. Following incubation, the CM
was centrifuged at 1,500 x g for 30 min to pellet exosomes.
The pellet was resuspended in the appropriate buffer to isolate
RNA or protein to be used for PCR or Western blot analysis.
Exosome pellets resuspended in PBS were used for
NanoSight analysis.

Verification of Exosome Presence and Exosome
Quantification

The instrument NanoSight NS300 (Malvern Instruments Inc.,
Ranch Cucamonga, CA, USA) was used to confirm the size of
the particles present in the exosome isolation fraction. Briefly,
the exosomal fraction was diluted 1:1000 with 1X PBS at
23 C and the size dispersion was measured. A video of 30 to
60 s duration was taken with a frame rate of 30 frames/s, and
particle movement was analyzed by NTA software (version
2.2, NanoSight). The NTA software is optimized to first iden-
tify and then track each particle on a frame-by-frame basis,
and its Brownian movement is tracked and measured from
frame to frame. The velocity of particle movement is used to
calculate particle size by applying the two-dimensional
Stokes-Einstein equation. The range of sizes that can be ana-
lyzed by NTA depends on the particle type. Exosomes and
microvesicles have a low refractive index, and the smallest
detectable size using the NTA system is approximately
50 nm. NTA post acquisition settings were optimized and kept
constant between samples, and each video was then analyzed
to give the mean, mode, and median vesicle size together with
an estimate of the concentration.

Western Blots

For total cell Western blot analysis, the cells were harvested
and lysed in cell lysis buffer (0.5 % Triton X-100, 300 mM
NaCl, 50 mM Tris/HCl, 1 mM PMSF) with sonication. The
lysates were centrifuged at 10,000 rpm at 4 °C for 20 min to
remove cell debris. For exosomes Western blot analysis,
exosomes were solubilized in lysis buffer. Protein concentra-
tion was determined using the Micro BCA protein assay

(Pierce Chemical; Rockford, IL). A total of 50 μg cellular
protein or 30 μg exosome protein was separated using a 10–
12 % SDS polyacrylamide gels and transferred onto nitrocel-
lulose membrane (BioRad; Hercules, CA). Blots were immu-
nostained with antibodies against Survivin ((1:500–2000),
NOVUS Biologicals, Littleton, CO), cIAP1, cIAP2 and XIAP
((1:500–1000), Cell Signaling, Danvers, MA). β-actin
((1:1000), Cell Signaling) was used as control for cell samples
and Lamp-1 ((1:500, BioLegend, San Diego, CA) was used as
a loading control for exosome samples. Goat anti-rabbit anti-
bodies (LI-COR Biosciences, Lincoln, NE) were used as sec-
ondary antibody. The immunoreactive bands were visualized
using the Odyssey imaging system (LI-COR Biosciences).

PCR

Harvested cells and isolated exosomes were resuspended in
TRI Reagent® (Molecular Research Center, Cincinnati, OH)
and stored at −80 °C until needed. RNAwas extracted per the
manufacturer’s directions. RNA quantification was performed
using NanoDrop 2000c (Thermo Fisher Scientific, Waltham,
MA). Reverse transcription of RNAwas performed using the
First Strand cDNA Synthesis kit (Syd Labs, Inc, Malden,
MA). Genomic DNA is eliminated prior to reverse transcrip-
tion of RNA into cDNA. A total concentration of 100 ng/μl
cDNAwas utilized to perform PCR reactions using Phusion®
Flash High-Fidelity PCR Master Mix (Finnzymes, Thermo
Scientific; Pittsburgh, PA). The forward and reverse primers
(IDT, San Diego, CA) were designed to detect Survivin,
cIAP1, cIAP2 and XIAP genes.
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