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Abstract

Emerging evidence suggests that mesenchymal stem cells (MSCs) are often recruited to tumor
sites but their functional significance in tumor growth and disease progression remains elusive.
Herein we report that prostate cancer (PC) cell microenvironment subverts PC patient adipose-
derived stem cells (pASCs) to undergo neoplastic transformation. Unlike normal ASCs, the
pASCs primed with PC cell conditioned media (CM) formed prostate-like neoplastic lesions in
vivo and reproduced aggressive tumors in secondary recipients. The pASC tumors acquired
cytogenetic aberrations and mesenchymal-to-epithelial transition (MET) and expressed epithelial,
neoplastic, and vasculogenic markers reminiscent of molecular features of PC tumor xenografts.
Our mechanistic studies revealed that PC cell-derived exosomes are sufficient to recapitulate
formation of prostate tumorigenic mimicry generated by CM-primed pASCs in vivo. In addition to
down-regulation of the large tumor suppressor homolog?2 (Lats2) and the programmed cell death
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protein 4 (PDCD4), a neoplastic transformation inhibitor, the tumorigenic reprogramming of
pASCs was associated with trafficking by PC cell-derived exosomes of oncogenic factors,
including H-ras and K-ras transcripts, oncomiRNAs miR-125b, miR-130b, and miR-155 as well
as the Ras superfamily of GTPases Rabla, Rablb, and Rabl1la. Our findings implicate a new role
for PC cell-derived exosomes in clonal expansion of tumors through neoplastic reprogramming of
tumor tropic ASCs in cancer patients.

Keywords

Prostate cancer; patient ASCs; tumor mimicry; exosomes; oncomiRNAS

INTRODUCTION

Androgen-deprivation therapy has been the mainstay for treatment of metastatic PC.
Although initially effective, molecular mechanisms underlying progression to castration-
resistant PC (CRPC) remain elusive [1]. However, there appears to be a crucial link between
adiposity and PC progression; Body Mass Index (BMI)>28 kg/cm? is linked to risk of
progression to CRPC, metastasis and death [2]. The adipose-tissue derived stem cells
(ASCs) dwell within the perivascular niche of fat tissue and can be isolated from a
heterogeneous cell population by differential adhesion of collagenase-digested stromal
vascular fraction (SVF). The ASCs have been shown to exhibit stable growth and
proliferation kinetics and are amenable in their differentiation repertoire into multiple cell
lineages [3]. We have previously demonstrated that these traits make them attractive in
regenerative and reparative medicine [4]; however, their safe clinical utility still remains a
matter of conjecture [5]. This may be attributed to their potential tumor promoting ability [5]
and speculation that epithelial cancers may originate from tissue-specific stem cells or
recruitment of cells of non-epithelial origin [6].

Emerging evidence demonstrates that the mean frequencies of blood circulating progenitor
cells are significantly higher in obese (BMI =30kg/m?) than lean cancer patients or obese
controls [7], suggesting that their trafficking from white adipose tissue may represent one of
the mechanistic links between adiposity and cancer progression. Indeed, there is mounting
realization that MSCs migrate to tumor sites [8] and upon their recruitment may either
inhibit or promote tumor growth, primarily through regulated exchange of exosomes,
microRNAs, or induction of neovascularization [9]. However, promotion of tumor growth
and disease progression through neoplastic transformation of MSCs has not been explored.

Exosomes, small (30-100 nm) extracellular membrane-enclosed vesicles, originate from the
endosomal compartment of virtually all cells under normal and disease conditions [10].
Exosome production is tightly controlled by several cytosolic regulatory mechanisms,
including elements of the endosomal sorting complex required for transport (ESCRT) and
Rab proteins. Besides retaining their distinctive structural features, exosomes express an
array of surface markers and harbor contents indicative of their cellular source derivation
[11]. A number of the pleiotropic effects of exosomes have been implicated in cell
communications and modulation of cell biology [12], primarily due to trafficking of
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genomic and proteomic materials into target recipient cells [13]. Although cancer cell-
associated exosomes are implicated in tumor growth [11] and metastasis [14], their potential
role in neoplastic transformation of tumor tropic MSCs cells has not been elucidated.

MicroRNAs are a class of evolutionarily conserved noncoding single-stranded RNAs that
regulate gene expression at the post-transcriptional level through translation inhibition and
chromatin-induced silencing mechanisms [15]. The miRNA signatures of exosomes parallel
profiles of the originating tumor cells [16]. Recent evidence indicates that dysregulated
miRNAs play a central role in tumor initiation, progression, and metastasis by promoting
aberrant transcription of oncogenes [17] or tumor suppressors [18]. However, the underlying
mechanisms that govern delivery of oncomiRNAs to recipient cells in the tumor
microenvironment, especially to the recruited MSCs, are unknown.

In this study we demonstrate, for the first time, that tumor-tropic patient derived ASCs
primed with PC cell-derived CM or exosomes undergo genetic instability, mesenchymal-to-
epithelial transition (MET), oncogenic transformation, and develop prostate tumors in vivo.
The oncogenic transformation is associated with down-regulation of the tumor suppressors,
Lats2 and PDCD4, upon delivery into pASCs by PC-derived exosomes of oncogenic ras
transcripts (H-rasand K-ras), Rab proteins (Rabla, Rablb, Rabl1a), and oncogenic
miRNAs (miR-125b, miR-130b, and miR-155).

MATERIALS AND METHODS

Study Population and Fat Tissue Procurement

Based on approved institutional review board (IRB) protocol, intra-abdominal adipose tissue
was procured from the space of Retzius near the dome of the bladder from PC patients
undergoing radical prostatectomy at Tulane University Hospital and Clinics, New Orleans,
LA. Fat tissue was collected from at least sixteen PC patients with a mean preoperative
prostate specific antigen (PSA) of 10.5 ng/ml, an average age of 59.5 years, an average
Gleason score of 7.2 and an average BMI of 32.4 (Supporting information Table S1).
Normal adipose tissue derived stem cells (nASCs) were generously provided by Dr. Jeffery
M. Gimble (Pennington Biomedical Research Center, Baton Rouge, LA).

pASCs Isolation and Culture

The ASCs were isolated from PC patients (pASCs) as we previously described [4]. Briefly,
fresh fat tissue (~ 1 gm) was collected, washed three times in phosphate buffered saline
(PBS), minced on ice into ~ 1 mm? pieces. The minced tissue was suspended in 2 mg/ml of
collagenase type-1 (GIBCO, Invitrogen, Carlsbad, CA) dissolved in PBS containing 5 mM
calcium chloride and subsequently incubated at 37°C in a shaking water bath for 2 hr. To
remove tissue debris, the cell suspension was successively filtered through 70 and 40 pm
cell strainers (BD Biosciences, MD). Mature adipocytes were removed by centrifugation
(1,500g for 10 min). To remove red blood cells (RBCs), the resulting stromal vascular
fraction (SVF) pellet was resuspended and incubated for 2 min in lysis solution (0.15 M
ammonium chloride, 10mM potassium bicarbonate and 0.1 mM EDTA). Stem cells were
washed in 2 ml 1% bovine serum albumin (BSA) (Sigma-Aldrich, St. Louis, MO),
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resuspended in DMEM/F12 medium (1:1; v/v) supplemented with 10% FBS and 1%
antibiotics-antimycotic solution (penicillin G, streptomycin and amphotericin B)
(Mediatech, Herndon, VA (http://www.cellgro.com)) and maintained at 37°C in an air
incubator supplied with 5% CO».

Flow Cytometry

The purity of isolated nNASCs and pASCs was verified by FACS analysis as previously
described [4]. Briefly, cells (2 x10%) were aliquoted, resuspended in 1 ml of PBS and
incubated in the dark for 20 min at room temperature with one of the following antibodies:
CD44-allophycocyanin (APC) and CD29-phycoerythrin-Cy5 (PE-Cy5) (BD Biosciences,
San Jose, CA), CD90-PE-Cy5, CD105-PE, CD34-PE, CD45-PE-Cy7, CD79a-PE-Cy5,
CD11b-PE-Cy5 (Beckman Coulter, Inc., Brea, CA) and CD326-PE (eBioscience, Inc., San
Diego, CA). One cell aliquot was used as an isotype control IlgG1/lgG2a and another was
unstained. To assess MET, PC cells and single cell suspension of pASC tumor cells,
generated in vivo by PC cell-derived CM or exosomes, were double stained for either CD44
or pan-cytokeratin. Briefly, cells were initially stained with CD44-APC antibody (BD
Bioscience, San Jose, CA) for 15 min. After washing in PBS, the cells were permeabilized
by Intraprep-permeabilization reagent according to the manufacturer’s instructions
(Beckman Coulter, Inc., Brea, CA). After washing, cells were stained with pan-cytokeratin-
PE (C1l)antibody (Cell Signaling Technology Inc., Danvers, MA) for 15 min. All cells were
washed three times in PBS and resuspended in 0.5 ml PBS, vortexed, and analyzed by a
Beckman-Coulter Galios 2 Laser, 8 channel flow cytometer running Galios software for
acquisition (Center for Stem Cell Research and Regenerative Medicine, Tulane University,
New Orleans, LA).

Enrichment of Tumor-Tropic ASCs

Normal ASCs (nASCs) and pASCs populations with high tropism towards bone metastatic
PC cells (C4-2B and PC-3) were enriched using an in vitro trans-endothelial migration
(TEM) system. The human bone marrow endothelial cell (hnBMEC-1) barrier (kindly
provided by Dr. Graga D. Almeida-Porada, University of Nevada, Reno, NV) was cultured
onto Matrigel™- coated membrane inserts (8 um pore size) in 12-well plates to generate a
confluent hRBMEC-1 barrier on the upper chamber. The permeability of the microvessel
barrier was checked with Evans blue dye by colorimetric assays. The CM of the PC cells
was added to the lower chamber. ASCs (1 x 10°) were added onto the microvessel barrier
and allowed to migrate towards the CM in the lower chamber for 48 h. Only ASC isolates
with tropism towards PC CM were propagated (passage <3), stored, and used in subsequent
experiments.

Migration and Cell Surface Marker Expression

Tumor tropic NASCs and pASCs were transduced with a lentivirus construct (Lentifect™)
expressing a cytomegalovirus (CMV)-driven green fluorescent protein (pLV-eGFP)
according to the manufacturer’s protocol (GeneCopoeia, Rockville, MD (http://
www.genecopoeia.com)). Using a trans- endothelial migration system, the differential
migration of pASCs and nASCs towards CM of PC and normal prostate epithelial
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(RWPE-1) cells was investigated for 24 h as described [19]. All experiments were
performed in cells cultured in quadruplicates. The eGFP fluorescence was measured at
485/520 nm, respectively, by a fluorescence microplate reader (BIO-TEK Instruments,
Winooski, VT (http://www.biotek.com)). In another set of experiments, differences in
expression of 89 cell surface marker genes associated with adhesion and invasion ability
between migrating and non-migrating pASCs was examined in triplicate by RT2 Profiler
custom PCR array according to the manufacturer’s recommendation (SA Biosciences,
Valencia, CA (http://www.sabiosciences.com)). The results are expressed as Mean + SEM
of three independent experiments.

Animal Studies

Six-week-old athymic nude (nu/nu) male mice (NCI, Frederick, MD) were housed in a
pathogen-free facility with free access to commercial rodent chow and water the guidelines
of the Institutional Animal Care and Use Committee (IACUC) of Tulane University in
compliance with all NIH guidelines. The ability of ASCs to form neoplastic lesions was
examined in vivo. Briefly, the enriched nASCs or pASCs (1 x 10%; passage #<5) were
primed for 72 h with either CM (1:1; v/v) (n=15), physiologic concentrations (5-10 ug/mL)
of exosomes (n=10) derived from PC-3, C4-2B, or the normal prostate epithelial RWPE-1
cells. The cells were suspended in 50 pL of serum-free DMEM medium and an equal
volume of Matrigel™ (BD Bioscience, San Jose, CA) and subsequently transplanted s.c. by
a syringe fitted with a 27-gauge needle into the right and left flanks of each mouse. For
negative and positive controls, mice were injected with control medium-treated nASCs,
pASCs, or C4-2B into the opposite flanks. Tumor formation was monitored for up to 10
weeks. In another set of experiments, the malignant nature of pASCs nodules was validated
in secondary nude mice recipients. Briefly, primary pASC tumor cells (1 x 106; passage 3)
in Matrigel™ were transplanted s.c. in nude mice and tumor formation was monitored for 4
weeks. The mice body weights and tumor sizes were measured at different time points. The
tumors were excised, weighed, and stained by H&E, IHC, and immunofluorescence (IF)
analysis for detection of neoplastic, vasculogenic, MET, and prostate cancer-related
markers.

Immunofluorescence

Tumors were resected from anesthetized mice after heart perfusion with PBS and parts were
snap-frozen or paraffin-embedded for further analysis. The frozen sections were fixed in
cold acetone/methanol (1/1 v/v) solution, washed thrice with PBS, blocked with 10% of goat
serum for 1 h after washing twice with 0.2% Triton X-100 in PBS, then incubated (4°C, 12—
16 h) with primary antibodies (goat anti-androgen receptor (AR), 1:100), rabbit anti-PSA
(1:50), anti-rabbit a-methylacyl-CoA racemase (AMACR) (1:200), anti-rabbit anti SRD5A1
(1:100), mouse anti—cytokeratin 5/18 (CK5/18) (1:200), rabbit anti-cytokeratin 8 (CK8)
(1:200), rabbit anti-Ki67 (1:200) (all from NOVUS Biologicals, Littleton, CO (http://
www.novushio.com)) as well as rabbit anti-Von Willebrand factor (1:200) (abcam,
Cambridge, MA) and mouse a-smooth muscle actin (1:500 dilution) (Sigma-Aldrich, St.
Louis, MO). The sections were then incubated for 1 h at room temperature in PBS/0.05%
Tween-20 solution containing secondary antibodies (1:500 dilution), including donkey anti-
mouse, rabbit, and goat Alex Flour 488, 594, or 647-conjugated 1gGs; (Molecular Probes,
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Invitrogen, Carlsbad, CA). The nuclei were stained with a 4',6-diamidino-2-phenyllindole
(DAPI) mounting medium (Vectashield, Burlingame, CA). Images were acquired by
confocal Leica TCS SP5 microscope/LAS AF software or Olympus IX70 inverted
fluorescence microscope/MagnaFire software as previously described [4].

Immunohistochemistry

Cytogenetic

Tissue staining was performed as previously described [20]. After blocking non-specific
sites, tissues were incubated with mouse monoclonal anti-RAS (abcam, Cambridge, MA) or
anti-p53 antibodies (1:50 dilution) (Biocare Medical, Concord, CA (http://
www.hiocare.net)) for 30 min. The antigen-antibody complex was revealed using secondary
and tertiary horseradish peroxidase (HRP)-conjugated antibodies (10 min each) and
visualized by beta-3,3’-diaminobenzidine (DAB) substrate-chromagen solution for 1 min.
The slide sections were then counterstained by hematoxylin and bluing solution and dried up
for mounting. For negative controls, the entire IHC method was performed on sections in the
absence of primary antibody.

Analysis

Parental pASCs, pASC tumor cells, and C4-2B cells were cultured for 48 h (50-70%
confluent). Twenty microliters of colcemid (5 pg/mL) was added to the cultured cells for 1.5
h at 37°C. Cells were then harvested in a hypotonic solution (0.75 M KCI and 0.8% Na-
citrate; 1:1, v/v) and fixed in methanol/glacial acidic acid (3:1, v/v) according to standard
cytogenetic techniques. The resulting metaphase cells were evaluated by Giemsa banding
pattern using trypsin with Wright stain according to the standard protocols. For each sample,
at least 10 metaphases were analyzed for structural rearrangements and general ploidy level.
Metaphases were captured and karyotypes were prepared using the CytoVision software
program (Version 3.92 Build 7) (Applied Imaging, Grand Rapids, M1 (http://
www.appliedimaging.com)).

Isolation and Labeling of Exosomes

Exosomes from CM of RWPE-1, PC-3 and C4-2B cells were purified by differential
centrifugation as described before with some modifications [13]. Briefly, contaminating
cells were removed by centrifugation at 300 x g for 10 min, and supernatants were
centrifuged at 1,200g for 20 min followed by 10,000 x g for 30 min. After filtration (0.22
um filters), exosomes were pelleted by ultracentrifugation (Beckman ultracentrifuge,
Beckman Coulter, Inc., Brea, CA) at 120,000 x g for 1 h. The pelleted exosomes were
washed twice in PBS, resuspended in PBS, and stored at —80°C until used. The purity of the
pelleted exosomes was verified by the expression of selective markers CD9, CD36, CD81,
PDCD61P, and the epithelial cell marker epithelial cell adhesion molecule (EpCAM) by
PCR analysis using a specific primer sets (Supporting information Table S2). The
supernatant of the pelleted exosomes was used as a control in the PCR analysis. For cellular
uptake analysis, the purified exosomes from various cells were labeled with PKH67 green
fluorescent labeling kit (Sigma-Aldrich, St. Louis, MO) as reported [21]. The labeled
exosomes were incubated with RWPE-1, C4-2B or pASCs in culture (5 ug per 50,000 cells)
and allowed to bind for 20 min at 4°C. The cells were then washed and incubated at 37°C
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and photographed after 2 h by fluorescence microscope (Nikon Instruments, Melville, NY
(http://www.nikoninstruments.com)).

Cryo-Transmission Electron Microscopy (Cryo-TEM)

The purity of isolated exosomes was corroborated by Cryo-TEM as shown previously [22].
Fresh exosome pellets from RWPE-1 and C4-2B cells were suspended in PBS and
subsequently loaded on a holy carbon Cryo-TEM grid. A thin film of exosomes was
established into the holes on the grid after removing excess solution by blotting filter papers.
The grids were plunged into liquid ethane and transferred into Cryo-TEM (JEOL2010
model) (JEOL, Ltd., Japan (http://www.jeol.co.jp)) at the Coordinated Instrumentation
Facility, Tulane University, New Orleans, USA. Images were taken in zero-loss bright field
mode with an acceleration voltage of 80 kV.

Western Blot Analysis

Immunoblot analysis was performed as previously described [23]. Briefly, cell lysates were
prepared from pASCs stimulated for 72 h with CM of PC cells using RIPA lysis buffer
(Santa Cruz Biotechnology, Dallas, TX). Immunoblotting was performed using primary
antibodies (Novus Biologicals, Littleton, CO) against AR and PSA. Secondary antibody was
applied and the signal was developed by Amersham ECL™ (GE Healthcare Bio-Sciences,
Pittsburgh, PA.

gRT-PCR Analysis and miRNA Mimics

The expression profiles of RNA in PC cells, pASCs and their transformed clones was
analyzed by gRT-PCR using selective miRNAs and mRNAs primer sets (Supporting
information Table S2). The miScript 11 kit for cDNA synthesis and SYBR Green PCR kit
were purchased from Qiagen (Qiagen, Valencia, CA). The miScript Mimics were designed
and used for ectopic expression of miR-125b, miR-130b or miR-155 in pASCs according a
standard protocol (Qiagen, Valencia, CA). Briefly, about 70% confluent pASCs were
transfected with 10 pM miR-mimics using HiPerFect transfection reagent for 24-72 h and
the efficiency of transfection was evaluated by AllStars negative control SiRNA AF 488
reagent at 20 uM concentration (Qiagen, Valencia, CA). Untransfected cells and cells
transfected with non-targeting miR mimics were used as controls. The results were
normalized to housekeeping genes (GAPDH for mRNA and RNUG6 for miRNA) and
expressed as fold change + SEM from at least three independent experiments.

Exosome miRNA Array and Proteomic Analyses

Comparative analysis of miRNA signature in exosomes derived from PC cells and RWPE-1
cells and protein contents of parental pASCs, exosome-treated pASCs and pASC tumor cells
are described in Supporting Information.

Statistical Analysis

All data are expressed as mean + SEM. Differences between controls and experimental
groups were analyzed by One Way ANOVA or Student t-test using GraphPad Prism 5
(GraphPad Software, Inc., La Jolla, CA). P values <0.05 were considered significant.
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PC Cell-CM Confers Transendothelial Migration of pASCs in vitro

The clinicopathological characteristics of PC patients (n=16) whose fat tissue was used for
ASCs isolation are described in Supporting information Table S1. The transduction
efficiency of pASCs with pLV-eGFP construct is almost 100%. Compared with normal
untransduced cells (Fig. 1A), the transduced pASCs cells retained normal morphological and
growth characteristics (Figs. 1B and 1C). The purity of ASCs was verified with selective
expression of mesenchymal cell surface markers CD90, CD44, CD105, and CD29 and lack
of hematopoietic lineage markers CD79a, CD34, CD11b, and CD45 by FACS analysis
compared with their isotype controls (Fig. 1D). The purity of pASC populations from
contaminating PC cells was further confirmed by expression of the epithelial marker
EpCAM by FACS analysis. Similar to nASCs, the pASCs expressed CD90, but not
EpCAM, in comparison with PC-3 cells (Fig. 1E). Additionally, we verified pASCs are
MSCs by examining their ability to exhibit adipogenic, osteogenic and chondrogenic
differentiation in vitro (Supporting information Fig. S1). The transendothelial cell migration
of pLV-eGFP-transduced pASCs derived from PC patients was measured in a trans-well
culture system. Although no difference was observed in the migration ability of nASCs
towards the CM of PC or normal RWPE-1 cells, four pASC isolates had higher TEM
towards CM of LNCaP cells (Fig. 1F) and C4-2B cells (Fig. 1G) in comparison with CM of
RWPE-1 cells, suggesting that pASCs have higher tumor tropism than nASCs.

The RT2 Profiler custom PCR array analysis revealed selective expression of cell surface
markers in the migrating pASCs compared with non-migratory cell populations. These
included cell adhesion molecules (cadherinl, type 1; Cadherin 6, type 2; and integrin-a7),
extracellular matrix degrading proteins (stromelysin 2 and 3 subtypes), growth factors
(hepatocyte growth factor and insulin-like growth factor-1), chemokines (chemokine ligend
7) and activation receptors (tumor necrosis factor receptor-10 and fibroblast growth factor
receptor-4) (Supporting information Fig. S2).

pPASCs Primed with PC Cell-CM Form Prostate-Like Neoplastic Lesions and Undergo MET

in vivo

Because of their plasticity and high tumor homing potential, we sought to examine whether
pASCs exposed to CM of PC cells will transdifferentiate and form tumors in vivo. The
tumor-tropic pASCs or nASCs were exposed to CM of C4-2B, PC-3, or RWPE-1 cells for
72 h invitro and then transplanted s.c. into the opposite flanks of athymic nude mice. Other
transplanted controls included RWPE-1 cells and control medium-treated pASCs.
Subcutaneous nodular formation developed within 8 to 10 weeks by pASCs treated PC cell-
derived CM (left flank), but not by CM of RWPE-1 cells (right flank) in 11 out of 15 mice
(Fig. 2A). Consistent with C4-2B tumors (left panel), the pASC nodules (right panel)
revealed neoplastic histopathological features suggestive of PC mimicry marked with large
nucleoli and capillary formation (Fig. 2B) and expression of AR and PSA, as evidenced by
immunoblotting (Fig. 2C) and IHC (Fig. 2D) analyses. Marked expression of PC related
markers, including CK8 (Fig. 2E) and CK5/18 (Fig. 2F) and the PC-specific marker,
AMACR, (Fig. 3A) was also discernible in pASC tumors, and further corroborate these
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findings. Importantly, large aggressive tumors developed within 4 weeks in secondary
recipients following serial transplantation of pASC tumor cells (Fig. 2G), further attesting to
the neoplastic nature of these cells. The poorly differentiated pASC tumors are marked with
large nucleoli and neovasculature (right panels), similar to PC cell (PC-3 or C4-2B) tumors
from which they were originally derived (left panels) (Fig. 2H). Noteworthy, not only the
morphology of pASC tumor cells changed from their spindle-like (Fig. 21) to flattened
rounded cells (Fig. 2J), but also their in vitro proliferative capacities were significantly
higher than their parental pASC cells (Fig. 2K). Based on flow cytometry results, only 8.7%
and 5.7% of cell population expressed pan-cytokeratin (pan-CK™) and CD44", respectively,
whereas the majority (84.3%) pASC tumor cells had a CD44"/pan-CK™ expression
phenotype (Fig. 2L). This was in stark contrast to the phenotype of the parental pASCs,
primarily CD44%*/pan-CK™, or the C4-2B cells (CD44 /pan-CK™), suggesting acquisition of
MET by pASC tumor cells. The MET of pASC tumor cells (passage 3) was further
corroborated by intense pan-CK expression (red fluorescence, middle panel) in comparison
to C4-2B cells (upper panel) and the parental pASCs (lower panel) (Fig. 2M).

The neoplastic nature of the pASC-derived nodules was further validated by the expression
of tumorigenic markers, Ki67, p53, and Ras reminiscent of the molecular features of C4-2B
tumors (Figs. 3B-D) and the vaculogenic markers, Willebrand Factor and a-smooth muscle
actin, selective markers for blood vessel endothelium (Fig. 3E). Similar to PC cells
(Supporting information, Fig. S3C), karyotype analysis demonstrates an array of cytogenetic
aberrations suggestive of genetic instability (tetraploidy, chromosomal abnormalities,
polymorphism, and extended p arm) in pASC tumor cells (Supporting information Fig. S3B,
Table S3). This was in stark contrast to the normal karyotype of the isogenic parental
pASCs, further attesting to the neoplastic genotypic alteration of pASCs (Supporting
information, Fig. S3A).

PC Cell-Derived Exosomes trigger Neoplastic Transformation and MET by pASCs in vivo

As a component of PC cell CM, we examined the functional significance of exosomes in the
genesis of neoplastic lesions and MET by pASC cells. Exosomes were isolated from PC and
RWPE-1 cells and their integrities and purities were verified by Cryo-TEM (Fig. 4A) and
selective expression of exosome-related markers (Fig. 4B). The PKH67-stained exosomes
were rapidly and efficiently internalized within 2 h with uniform cytoplasmic distribution in
>95% of pASCs in vitro (Fig. 4C). Compared with RWPE-1 cells or control media,
treatment with physiologic concentrations of C4-2B—derived exosomes (5 pg/mL) for 24 h
caused upregulation of AR and PSA transcripts in pASCs (Fig. 4D). Next, we examined
whether nASCs or pASCs treated with PC-3, C4-2B or RWPE-1 cell-derived exosomes, or
CM for 72 h form tumors in vivo. Like cells treated with PC cell CM (left flank), the PC-3
and C4-2B cell associated exosomes (right flank) enabled tumor formation by the same
pASC isolates in 80% (n=10) of mice studied in 10 weeks (Fig. 4E). However, neither PC-3
nor C4-2B associated exosomes were able to generate tumors in NASC injected mice.
Similarly, RWPE-1-derived exosomes were not sufficient to generate tumors by pASCs. The
histopathological features of tumors generated by exosomes were recapitulative of tumors
developed by PC cells and PC cells CM (Fig. 4F). In comparison to parental pASCs and
C4-2B cells, the pattern of expression profiles of CD44 and pan-CK in exosome derived
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pASC tumor cells was analogous to those exhibited by CM-induced pASC tumor cells (Fig.
4G), suggesting that MET is primarily driven by PC cell-associated exosomes.

Neoplastic Reprogramming is Attributed to PC Cell-Derived Exosome Trafficking of
Oncogenic Factors Into pASCs

Exosome differential miRNA array analysis unraveled selective oncogenic miRNA
signatures (miR-125b, miR-130b, and miR-155) potentially involved in induction of
neoplastic transformation and MET in pASCs by PC cell associated exosomes (Supporting
information, Fig. S4). Similar to miRNA-expression profiles in C4-2B and pASC tumor
cells, the C4-2B cell-derived exosomes were found to harbor higher endogenous levels (3-
fold) of miR-125b, miR-130b compared with RWPE-1-derived exosomes or parental pASCs
(Figs. 5A and 5B, Supporting information, Fig. S4). Compared with isogenic parental cells,
the recipient pASCs treated for up to 72 h with PC cell derived exosomes had 11-fold and
2.5-fold for 125b and 130b, respectively, which paralleled their expression profile in their
isogenic pASC-derived tumor cells (Fig. 5C and Fig. 5D). The exosome transfer of the
oncomiRNAs was coupled with upregulation of H-rasand K-ras and down-regulation of the
tumor suppressors, Lats2 and PDCD4 in exosome-treated pASCs and their derived tumor
cells as opposed to RWPE-1-derived exosomes or isogenic parental pASCs (Figs. 5E-H).

The microRNA Target Prediction and Functional Study Databases (http://mirdb.org/
miRDB) and target scans (http://www.targetscan.org) identified a number of known and
predicted miRNAs implicated in transcriptional upregulation of AR, PSA, AMACR, CK5,
angiogenesis, and MET-related genes in the PC-derived exosomes miRNA signature
(Supporting information, Table S4). The LC/MS/MS analysis revealed selective protein
signature in C4-2B cell-derived exosomes in comparison with RWPE-1-derived exosomes
(Fig. 51). The signature encompasses a wide array of proteins implicated in oncogenesis,
MET, stress response proteins, signal transduction, transcription factors, cell growth and
migration, mMRNA processing and cell transport mechanisms and survival (Supporting
information, Table S5). Importantly, most of the oncogenic proteins, including RAB1a,
RAB1b, and RAB11a which are regulators of membrane trafficking and exosome formation,
were effectively transferred to the recipient pASCs by PC cell-derived exosomes and were
equally expressed in the pASC tumor cells (Figs. 5J and 5K, Supporting information Table
S6).

Next we examined by miR-mimics strategy the functional significance of oncomiRNAs in
modulating transcription of oncogenic factors and tumor suppressors in pASCs. As shown in
Fig. 6A, upregulation of oncomiRNAs miR-125b, miR-130b, and miR-155 peaked at 24 hrs
in pASCs compared with mock-transfected cells. The expressed oncomiRNAs caused
upregulation of H-rasand K-ras (Figs. 6B and 6C) and down-regulation of the tumor
suppressors, Lats2 and PDCD4 (Figs. 6D and 6E), suggesting that their dysregulation may
be attributed to trafficking and expression of these oncomiRNAs by C4-2B cell-derived
exosomes into the recipient stem cells. These finding were corroborated by similar
expression pattern of miR-125b and miR-155 (P<0.001) (Fig. 7A), the tumor suppressor
PDCD4 (Fig. 7B) (P<0.05), H-ras and K-ras (P<0.05) (Figs. 7C and 7D) in microdissected
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human prostate tumor cells (n=18) in comparison to adjacent normal glands (Supporting
information, Table S7).

DISCUSSION

Mesenchymal stem cells are multipotent, self-renewing cells that are amenable to
differentiation into specialized cells [24] encompassing osteoblasts, chondrocytes, myocytes,
and adipocytes [25]. Although tissue specific fates of MSCs under defined conditions are
well established, their ability to transform into tumor cells upon exposure to cancer cell-
derived factors has not been elucidated. We report a previously uncharacterized mechanism
related to in vivo genesis of neoplastic lesions by PC cell-CM primed pASCs that were
grossly and histologically comparable with those developed by PC cells. The malignant
nature of pASC lesions was validated by tumor development in secondary recipients,
cytogenetic aberrations, and by the expression of neoplastic, vasculogenic, and MET
markers. Conversely, the untreated pASCs had normal cytogenetic profiles and did not form
tumors in vivo when transplanted individually or treated with CM or exosomes of normal
prostate cells. Additionally, neither human primary prostate epithelial cells (hPrEC) nor
RWPE-1 cells treated with PC-derived exosomes formed tumors in vivo (Abdel-Mageed’s
unpublished observation). This suggests that the neoplastic transformation of tumor-tropic
pASCs may be triggered by unique intrinsic and cell surface properties as a consequence of
their long-term exposure to tumor-derived oncogenic factors in PC patients. Altogether, our
data suggest that, when triggered by circulating tumor cell derived factors, tumor-tropic
ASCs undergo tumor mimicry and may contribute to disease progression in cancer patients
by increasing cancer clonal expansion at localized and metastatic sites. Our results also
indicate that allogeneic adult ASCs procured from donors with otherwise undetected
malignancies may make them non-amenable for therapeutic transplantations, thus
underscoring ASC monitoring in clinical settings. Whether such effects extend to other
tumor-tropic MSCs remains to be elucidated.

Our mechanistic studies identified exosomes as the primary component of PC cell derived
factors involved in enabling neoplastic transformation and MET by pASCs. Exposure of
pASCs to physiologic concentrations of PC cell-derived exosomes was sufficient to
reproduce malignant lesions conferred by PC cell CM, with a predominant MET phenotype.
In cancer patients, the release of tumor associated exosomes in biofluids correlates with
disease progression, increasing several folds compared with healthy subjects [16, 26, 27].
Thus our study supports a novel role for circulating tumor-derived exosomes in promoting
tumor and metastatic outgrowth through induction of neoplastic transformation and MET by
pASCs in cancer patients. Therefore, our finding brings novel insights to the current concept
that disseminated or circulating tumor cells are the primary and sole culprits of metastatic
disease [28].

Our cytodifferentiation studies showed that pASC tumor cells express markers reminiscent
of MET, with the majority of cells maintaining both epithelial and mesenchymal
phenotypes. A strong association between MET and metastatic tumor development [29],
including PC [30], has been established. This association suggests that the clonal expansion
of metastatic tumors in cancer patients may be related to MET by the tumor recruited
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pASCs. Conversely, the epithelial-to-mesenchymal transition (EMT) at the tumor-stroma
interface has been implicated in enhanced invasive behavior of cancer cells of epithelial
origin [31]. Our results thus argue that EMT and MET in the metastatic niche arises solely
from metastatic tumor cells in cancer patients. Additionally, our findings of pASC tumor
mimicry may also narrow the significant gap in the current knowledge linking obesity to PC
progression.

In the tumor microenvironment, exosomes emanating from cancer cells may alter the
phenotype and biological behavior of normal or indolent cells through intercellular
trafficking of functionally translated oncogenic materials, including oncogenic DNA,
activated oncoproteins and their transcripts, and oncogenic and regulatory microRNA [32,
33]. As equally evidenced in human microdissected prostate tumors, our study shows that
exosomes derived from metastatic PC, but not RWPE-1, cells not only harbor, but also
transfer H-ras and K-ras transcripts to pASCs. Mutation of the three Ras proto-oncogenes
(H-, K-, and N-ras) is frequently detected in many human tumors, including PC [34].
Indeed, PC-3 cells and LNCaP, the isogenic parental cells of C4-2B cells, have a K-ras
mutation [35], and aberrations and activation of Ras/Raf pathways are among the most
frequently occurring genetic changes in PC. This result accounts for more than 40% of
prostate primary tumors and 90% of metastatic PC [36]. Although cellular Ras gene activity
is crucial to virally induced neoplastic transformation [37], both mutant K-rasand H-ras
have been shown to be important genetic elements in the tumorigenic transformation of
normal human epithelial and fibroblast cells [38, 39]. Represented by at least 30 different
Ras oncogene superfamily, Rab proteins facilitate vesicle identification and/or fusion with
target cells [40], suggesting their potential role in tumorigenesis. In the present study, we
identified transfer to and expression in pASCs by PC-cell derived exosomes of Rabla and
Rab1b and the endosomal recycling of Rab GTPase Rabl1a, implicated in various human
tumors [41-43]. Based on their oncogenic properties, our findings indicate that mutant K-
rasand H-ras and/or Rab proteins in tumor-derived exosome cargo may contribute to PC
progression through induction of tumorigenic transformation of pASCs.

MicroRNAs have been shown to play a direct role in many cancers as tumor suppressors or
oncogenes by targeting mRNA of tumor suppressor genes, including PC [44]. Our analysis
revealed a distinctive dysregulated oncomiRNA repertoire and a subset involved in
transcriptional upregulation of AR, PSA, angiogenesis, and epithelial markers in PC cell
derived exosomes. Overexpression of miR-130b caused tumorigenesis by targeting the
tumor suppressor RUNX3 [45], or TP53INP1 [46]. The miR-125b initiated tumors [47]
through primary or secondary events in a variety of cancers, including PC [48]. As an
oncogene, miR-155 regulated cell survival in breast cancer [49] and B-cell lymphoma
developed in miR-155 transgenic mice [50]. Thus the neoplastic transformation of pASCs
may have been a consequence of the transport by PC-derived exosomes and functional
activation of these oncomiRNAs, along with Ras related oncogenic factors

Tumor-derived exosomes may also inhibit tumor suppressors to promote tumorigenesis. Our
miRNA mimiced expression of miR-125b and miR-130b caused down-regulation of tumor
suppressors Lats2 and PDCD4 in pASCs treated with PC cell-derived exosomes. Lats2 and
PDCD4 have been shown to inhibit tumor formation [51, 52]. Although p53 is a direct target
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for miR-125b [53], miR-155 and miR-130b induce their oncogenic activities primarily
through targeted degradation of p53-induced nuclear protein 1 (TP53INP1) [54]. Thus we
speculate that the dysregulated expression of oncomiRNA repertoire caused neoplastic
transformation of pASCs through dysregulation of transcriptional networks of tumor
suppressor genes Lats2 and PDCD4.

CONCLUSION

Our proposed model implicates that transport and expression of functional oncogenic factors
in pASCs via PC cell-derived exosomes confer genetic instability, MET, and oncogenic
transformation of tumors in recruited pASCs (Fig.7E). The model demonstrates a novel role
for a potential tumor-derived exosome-pASC axis in neoplastic transformation, phenotypic
transition in tumor’s mesenchymal-to-epithelial states, and disease progression in PC
patients as well as in other types of cancers. Based on their trafficking ability, plasticity, and
tumor-homing potential, our findings propose a new phenomenon by which tumor cells may
exploit tumor recruited adult ASCs, whether tissue resident or circulating, to enhance their
clonal expansion at primary and metastatic sites through neoplastic mimicry which
consequently increases the tumor burden in PC patients. Thus our findings are invaluable for
defining new insights into the molecular perturbations that drive the transformation of adult
stem cells and further suggest that therapeutic targeting of tumor-derived exosomes or their
“cargo” may have significant diagnostic, prognostic and therapeutic implications in the
clinical management of cancer patients with localized and advanced disease.
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Figure 1. Isolation, characterization and transendothelial migration of patient-derived ASCs
towards PC cell-CM in vitro
Representative photomicrographs of methylene blue stained patient-derived ASCs (pASCs)

depicting retention of fibroblast-like phenotype (A) in comparison to parental cells stably
transduced with a lentivirus construct expressing green fluorescent protein (pLV-eGFP)
under bright field (B) and fluorescence microscope (C) (40x). (D) Purity of isolated pASCs
was verified by FACS analysis of mesenchymal surface expression markers CD90, CD44,
CD105, and CD29 (upper panel) and of hematopoietic lineage markers CD79a, CD34,
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CD11b, and CD45 (lower panel) compared with their isotype controls. (E) Representative
FACS analysis of CD90-FITC and the epithelial marker EpCAM-PE to determine purity of
pASCs (designated SVF-9901 and SVF-A122) against normal ASCs (nASC-1 and nASC-2)
and PC-3 cells (lower panel) versus control isotype (upper panel). (F, G) Transendothelial
migration of pLV-eGFP-labeled nASCs and pASCs (SVF-0157, SVF-0455, SVF-3866, and
SVF-1101) through a confluent layer of hBMEC-1/basement membrane barrier towards CM
of LNCaP, C4-2B, or RWPE-1 cells in the lower chambers. The pASCs migration was
monitored in quadruplicates after 24 h by a fluorescence plate reader, normalized to
RWPE-1 cells and expressed as a fold change in fluorescence intensity relative to nASCs by
three independent experiments. * p<0.05, **p<0.01 and *** p<0.001.
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Figure 2. pASCs primed with C4-2B cell-derived conditioned medium develop prostate
neoplastic lesionsand undergo MET in vivo

(A) Representative nude mice demonstrating tumor formation in the left flanks within 8 to
10 weeks by pASCs (SVF-0455 and SVF-0157) primed with conditioned medium (CM) of
C4-2B cells versus no tumor formation in the right flanks by the same pASCs when primed
with CM of RWPE-1 cells. Dissected tumors are shown in bottom insets. Scale bar, 50 pm.
(B) Photomicrograph of Hematoxylin/Eosin (H&E) stained tumor sections (200x) of C4-2B
cells (left panel) and pASCs treated with C4-2B cell-CM (right panel) are shown. Prominent
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nucleoli (arrowhead) and thin capillaries (arrow) are present. (C) Immunoblot analysis of
PC epithelial markers (AR and PSA) in parental pASCs (SVF0455 and SVF0157) and in
their tumor-derived sublines. (D-F) Confocal microscopic analysis depicting expression of
PC markers of AR and PSA, CK8, and CK5/18 in tumor xenografts derived from C4-2B and
C4-2B CM-treated pASCs. AR (red) and PSA, CK8 and CK5/18 (green) are shown as
individual channels and as merged channels with AR. Scale bar, 25 um. (G) Serial
transplantation of cells isolated from primary pASC tumors (SVF-0455) developed larger
and more aggressive tumors within 4 weeks in secondary recipients. Tumor size is shown in
bottom insets. (H) H&E stained tumor sections of PC-3 or C4-2B tumors (left panels) and
their respective CM- generated pASC tumors in secondary recipients (right panels) showing
poorly differentiated carcinomas with prominent nucleoli. Focal gland formation was
evident by occasional clusters of cells with signet-ring morphology (arrows). Scattered
inflammatory cells (arrowhead) and thin capillaries were also present. Scale bar, 50 um. (I,
J) Bright field photomicrographs show spindle-shaped morphology of methylene blue
stained parental pASCs and their isogenic tumor-derived pASCs (small flat-shaped),
respectively. (K) Growth rate Kinetics of parental and pASC tumor cells as measured by
WST-8 colorimetric assay. (L) Single cell suspension (passage 3) of pASC tumors,
generated by C4-2B cell CM were double-stained for CD44-APC and Pan-CK-PE and
percent expression of each marker was analyzed by flow cytometry in four separate
quadrants (B1-B4). Naive pASCs and C4-2B cells were used as controls. The percentage of
pASC tumor cells expressing CD44 (B1), pan-CK (B4), both markers (B2), and unstained
population (B3) is shown (lower panel) relative to control unstained cells (upper panel). (M)
Cells isolated from primary pASC tumors (SVF-B123) and tumor xenografts generated by
C4-2B CM (middle panel) were expanded in culture (passage 3) and subsequently stained
for Pan-CK expression (red) by immunofluorescence analysis. Parental pASCs (bottom
panel) and C4-2B (upper panel) were used as negative and positive controls, respectively.
Nuclei were stained with DAPI (blue). Scale bars denote 50 um. Cell Culture data is
expressed as fold change + SEM relative to day 1. * denotes significance at p<0.05.
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Figure 3. Expression of neoplastic, vasculogenic, and PC-specific markersin pASC tumor
xenogr afts
(A): Confocal microscopic analysis of AMACR, a PC specific marker, in

immunofluorescent stained tumor sections of C4-2B (upper panels) versus pASCs treated
with CM of C4-2B cells (middle panels). Intense cytoplasmic immunostaining of AMACR
(green) is observed in both xenografts. Lower panels depict control sections in absence of
primary antibody (scale bar; 25 pm). (B) A similar pattern of Ki-67 expression (green) was
detected in both immunofluorescent stained C4-2B (upper panels) and pASC tumor sections
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(lower panels). (scale bar; 25 pm). (C, D) Immunohistochemical analysis of neoplastic
markers p53 and Ras, respectively, in C4-2B and pASC tumor xenografts. Intense nuclear
and cytoplasmic immunostaining for p53 (arrow) and Ras (arrow) is detected in tumor cells
in both xenografts. Images shown are under low (scale bar; 50 pm) and high (scale bar; 20
um) magnification. (E) Immunofluorescence microscopic analysis of vascular cell markers,
von Willebrand factor (VWF) and a-smooth muscle actin (a-SMA), in C4-2B (upper panels)
and pASC tumor xenografts (lower panels). Confocal images depict vVWF (arrow) and a-
SMA (arrowhead) stained with green and red fluorescence, respectively, in individual
channels and merged images. DAPI stained nuclei are shown in blue. (scale bars, 20 pm).
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Figure 4. Functional analysis of PC cell-derived exosomesin oncogenic transformation of pASCs
(A): Morphologic characterization of exosomes isolated from CM of PC (C4-2B and PC-3)

and normal prostate epithelial cells (RWPE-1) by Cryo-Scanning Electron Microscope
(Cryo-TEM). Scale bar, 100 nm. (B) PCR analysis of tetraspanins (CD9, CD63, CD81, and
PDCD61P) and the epithelial marker EpCAM in exosomes procured from RWPE-1 and PC
cells. Supernatant of pelleted exosomes was used a control. (C) Cellular uptake of exosomes
stained with PKH67, a fluorescent cell membrane dye (green). Confocal microscopy images
of unstained (1) or stained exosomes derived from PC and RWPE-1 cells that were added to
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cultured RWPE-1 cells (I1), C4-2B cells (111), or to pASCs (IV) for 2 h. DAPI is shown in
red (V) and the merged microphotograph (V1) depicts exosomes uptake by representative
pASCs (400x). (D) Quantitative RT-PCR analysis of AR and PSA transcript levels in
pASCs cultured in control medium (CTR) or treated with exosomes (Exo) procured from
RWPE-1 (green bars) or C4-2B (red bars) cells. Data represent fold change in gene
expression expressed as mean = SEM of five different pASC isolates carried out in
duplicates. The $ and # denote significance (P<0.05) in gene expression in pASCs treated
with C4-2B derived Exo relative to CTR and RWPE-1 derived exosomes, respectively. (E)
Tumor formation (left panel) by the same pASC isolate pretreated with either conditioned
medium (CM) (left flank) or Exo (right flank) of C4-2B cells in nude mice. Relative tumor
sizes are shown in the right panel and the bottom inset. (F) H&E staining of tumor sections
of pASC tumors generated by Exo derived from either C4-2B cells (upper panel) and PC-3
cells (lower panel), showing prominent nucleoli, gland formation (g.f.), signet-ring
morphology (arrows), scattered inflammatory cells (arrowhead), and thin capillaries (b.c.).
Scale bar, 50 uM. (G) Single cell suspension (passage 3) of pASC tumor cells generated
with C4-2B—derived Exo were stained for CD44 (APC) and pan-cytokeratin (pan-CK) (PE)
and analyzed by flow cytometry. Néive pASCs and C4-2B cells were used as a control. The
percentage of cells expressing CD44 (B1), pan-CK (B4), both (B2), and neither (B3) is
shown in stained cells (lower panel) relative to control unstained cells (upper panel).
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Figure5. Selective expression profile of oncomiRNAs, Ras family, and tumor suppressor
transcriptsin PC cell-derived exosomes and pASC tumor cells

(A, B) Real-time PCR analysis of endogenous levels of miR-125b and miR-130b in normal
prostate cells (RWPE-1), PC cells (C4-2B) and their associated exosomes (Exo), parental
pASC (SVF-0157) and their derived ASC-tumor cells (Tu-0157). The Tu-0157 cells were
isolated from primary tumor xenografts developed in mice by SVF-0157 cells treated with
C4-2B—derived Exo. (C, D) Real-time PCR analysis of miR-125b and miR-130b transcripts,
respectively, in pASCs (SVF-0157) treated for up to 72 h with Exo derived from RWPE-1
or C4-2B cells. (E, F) Constitutive and induced over-expression of K-Ras and H-Ras,
respectively, in RWPE-1, C4-2B and their derived Exo, parental pASCs (SVF-0157),
SVF-057 treated with Exo and their derived pASC tumor cells (Tu-0157). (G, H) Relative
expression of tumor suppressors Lats2 and PDCD4, respectively, in RWPE-1, C4-2B and
their derived Exo, and in parental pASCs (SVF-0157) and their transformed pASCs
(Tu-0157). OncomiRNA expression was normalized to U6 snRNA (RNU6B), whereas K-
Ras, H-Ras, Lats2, and PDCD4 transcript levels were normalized to GAPDH. Data is
expressed as fold change relative to controls. All bars indicate SEM. P-values (<0.05) were
calculated by Student’s t test. (I-K) Summary of LC/MS/MS analyses of unique and shared
peptide signature between Exo derived from C4-2B and RWPE-1 cells, parental pASCs
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(SVF-0157) treated with Exo derived from RWPE-1 or C4-2B cells, and their derived pASC
tumor cells (Tu-0157).
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Figure 6. OncomiRNAs functional analysisin miR mimic-transfected pASCs
(A): Time course study depicting efficiency of expression ofmiR-125b, miR-130b and

miR-155 in pASCs using miR mimics strategy. The miR mimics were overexpressed in
pASCs and differential gene expression of K-Ras, H-Ras, Lats2 and PDCD4 was measured
at 24hr and 72 hr by gRT-PCR analysis. Untransfected (c) and pASCs transfected with non-
targeting miR mimics (mock) were used as controls. (B-E): Time course study to determine
relative expression of K-ras, H-ras, Lats2 and PDCDA4, respectively, in pASCs transfected
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with oncomiRNA mimics or with non-targeting miR mimics (mock). *denotes significance
at P<0.05 relative to mock transfected pASCs by student t-test.
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*denotes significance at P<0.001 in tumor cells relative to adjacent

normal glands by student t-test. (B-D): qRT-PCR analysis of PDCD4, H-Ras and K-Ras
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gene expression, respectively, in microdissected prostate tumors in comparison adjacent
normal glands. Data is presented as mean + SEM in tumor cells relative to adjacent normal
glands. *denotes significance (P<0.05) by student t-test. (E): Proposed model of mutual
interactions between tumor tropic pASCs and PC cell-derived exosomes (Exo) in mediating
tumor progression in cancer patients. The figure depicts selective recruitment of circulating
and/or tissue resident ASCs to tumor microenvironment in cancer patients. The trafficking
and functional activation of oncomiRNAs, Ras transcripts and Rab oncoproteins trigger
mesenchymal-to-epithelial transition (MET) and neoplastic reprogramming in tumor
recruited stem cells by tumor derived exosomes, which in turn promotes clonal expansion
and disease progression at primary and/or metastatic sites in cancer patients.
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