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Role of exosomes released by chronic myelogenous leukemia cellsin the
cross-talk with endhotelial cells

INTRODUCTION

Chronic myeloid leukemia is a myeloproliferativesalider characterized by a reciprocal
translocation t(9:22) (g34:g11) that leads to threnfation of the Philadelphia (Ph) chromosome (1).
This translocation leads to the expression of cutiste tyrosine kinase Bcr-Abl that, through
downstream cascades, causes inhibition of apoptosiseased proliferationYEGF-mediated
angiogenesis and altered adhesion of leukemicsbtadbone marrow (BM) microenvironment (1).
This microenvironment is characterized by differpopulations of accessory stromal cells along
with other factors including extracellular matrimcavessels.

In the literature there are a large number of ewide that associate BM also as a source of signals
which modulate the growth, survival, tumor progr@ssand resistance to therapies (2). An
important field of investigation is represented thg study of BM microenvironment as active
participant in resistance to therapies.

Microvesiscles released by malignant cancer celhstitute a part of the tumor microenvironment,
they can transfer several messages to targetamllanay be critical to disease progression. Over
the last few years, there has been an increaskeiuniderstanding of the cross-talk that occurs
between many tumors and relative microenviromehsy/stemic, cellular and molecular level. As
shown in literature not only soluble factors ancrolbkines have been implicated in the tumor
formation, but tumor derived exosomes (TDES) alsy @ crucial role in the regulation of tumor
progression and in the metastatic mechanisms.

Exosomes are biological nanovescicles (40-100 rra) are formed by the inward budding of
multivescicular bodies (MVB), as a component of #melocytic pathway. They are released from
different cell types under both normal and pathwalgconditions. They function as cell free
messangers, playing a role in the cell-cell commation, and it was demostrated that they
transport proteins, mRNAs, lipids and miRNAs. Theescicles have pleiotropic functions in the
regulation of tumor growth and progression, prommtiimmune escape, tumor invasion,
angiogenesis and metastasis. In addition to efesatsted on the primary tumor microenvironment,
TDEs also play a role in the establishment of tleemetastatic niche.

It was recently showed that CML cell lines suchL#8VIA84 and K562 and Imatinib-resistant
LAMABS84 cells as well as patients leukemic blasedease exosomes that directly affect endothelial
cells thus modulating the process of neovasculd@izaln particular, the stimulation of HUVEC
with CML exosomes activate signal transduction palys leading to the release of IL 8 and the
induction,in vitro and in vivo, of an angiogenic phenotype (1,3). A topic of jgatar interest is that
exosomes contain miRNAs that can be shuttled getarells and modulate their behavior.



MicroRNAs are a class of noncoding small RNAs oft@125 nucleotides, generated from RNA
precursors, that regulate expression of target m&Rkést-transcriptionallybinding to partially
complementary 3’ UTR of mRNA and causing targetrddgtion or translation inhibition (4).
MIRNAs are expressed in a tissue and cell-type iBpaonanner and play essential roles in many
biological processes, including proliferation, afoss and differentiation (5). In addition, abetran
MIiRNA expression is strongly implicated in cance&ngsis and progression and accumulating
evidences indicate that some miRNAs can functioor@®genes or tumor suppressors (6).

Interestingly, exosomes contain miRNAs and haven lzssociated with cancers, including those of
the lung, ovary and glioblastoma (7). Multivesiculzodies are functionally linked to miRNA
effector complexes, perhaps indicating mechanisonsnfiRNA targeting to exosomes and the
concept of exosome-mediated directed transfer letcwsl microRNA between cells is extremely
attractive. In CML, Bcr-abl is known to upreguldtge expression of oncogenic miRNAs; for
example miR-17-92 cluster of oncomirs which faaté tumour progression (8). Simultaneously,
Bcr-abl downregulates the expression of tumour sggor miRNAs like miR-203 (9). Recent
works have demonstrated that CML cell lines (K562 £ AMA84) as well as leukemic blasts
release exosomes and that the addition of the exasdo endothelial cells (EC) stimulate an
angiogenic phenotype through a src-dependent merha(il,10). It would be interesting to
investigate the CML exosomes mediated cross-tatk emdothelial cells to further characterizing
the mechanisms by which CML-produced exosomes nateltthe angiogenic process.

AIMS

The main objective of my research project is tdher understand the role played by the CML
produced exosomes in the establishment of a paeaanosstalk between leukaemia cells and
endothelial cells studying the expression of selehRNA and the protein and miRNAs profiling

of exosomes.

The experimental strategy will be based on theafs€ML cell lines as LAMA84 or K562, on
isolation of their exosomes and study of cross-tatk endothelial cell line as HUVEC.

The project will be articulated into different igrated steps:

1 Characterization of exosomes released by LAMA84/K86lls through Western Blot and
Biophysical assays;

2 Protein and miRNA profiling and study of LAMA84/K2&Gxosomes;

3 Study of cross-talk between exosomes released WYAZ4Y/K562 cells and endothelial
cells;

AIM 1

Exosomes released by LAMA84/ K562 cells during & 24lture period, will be isolated from
conditioned culture medium supplemented with 10% E@reviously ultracentrifuged) by different
centrifugations. To further verify the identity wésicles as exosomes, will be isolated exosomes on



a 30% sucrose/D20 cushion as described by Lampanskicolleagues. Vesicles contained in the
cushion will be recovered, washed ultracentrifugioig90 min in PBS and collected for use. The
activity of acetylcholinesterase, an exosome magketein, will be determined as described by
Savina et al. Western blot analysis will be perfedmvith exosome marker proteins such as CD63,
ALIX or TSG101. The exosomes will be charactermatalso through Dynamic Light Scattering
(DLS) in collaboration with Institute of Biophysie- CNR, Palermo.

AIM 2

The proteomic analysis will be carried out on LAMA&nd K562 cell lines. In order to obtain a
proteome profile, will apply both shotgun and claggoteomic approaches, by using a high mass
accuracy Orbitrap MS and two-dimensional gel etgaioresis (2DE) coupled with mass
spectrometry (MS) analysis. For the validation e proteomic analysis, Western Blot assays for
the selected proteins will be performed.

In order to test the levels of selected transcriptsbe measured by reverse transcription (RT) and
TagMan real-time quantitative polymerase chaintread RT-PCR) and analyzed with Microsoft
Excel software. The miRNA profiling of LAMA84/K562ells and their exosomes will be carried
out with Real Time PCR approach, miRNA cards ord$arnng Technology analysis.

Loss of function and gain of function

AIM 3

In order to test the in vitro effects of TDEs ordethelial cells, will be carried out proliferation,
motility and angiogenesis assays.

Proliferation: In order to test the vitality of HUVECs treateditlw exosomes released by
LAMAB84/K562 cells will be performed MTT or BRDU amg. Methyl-thiazol-tetrazolium (MTT)
assay will be done as briefly described: cells waeged in triplicate or quadruplicate at 1.5 per
well and exposed to escalating doses of curcumirufoto different days. Means and standard
deviations generated from 3 to 4 independent exysris are reported as the percentage of growth.
Cell proliferation curves were derived from thesg¢adby using Microsoft Excel software.

Moatility: Migration assays will be performed following stiamd protocols with Transwells.
Briefly, HUVEC cells will be suspended in low serumedium in transwell chemotaxis abover@
pore filters, and exposed to chemoattractants witheased amount of exosomes released by
LAMAB84/K562 cells. Filters will be removed after gtixed in ethanol and stained with Diff-Quick
(Medion Diagnostics GmbH, Didingen, Switzerlandack cell line will be tested in three
independent experiments; the number of migratirily @@ five high-power fields per well will be
counted at 400X magnification.

Angiogenesis. Matrigel will be used to test the effects of exa®es onin vitro vascular network
formation. Exosomes will be added to HUVEC plated Matrigel in endothelial basal medium
containing 0.2% of FBS. Cells will be incubated féin and then evaluated by phase-contrast



microscopy and photographed. The length of theesablill be measured manually with the
IMAGE-J software (http://rsbweb.nih.govi/ij/).

Conclusions

Any data obtained from this project could help talerstand the biological and molecular events
that are implicated in the cross-talk between CMadoced exosomes and endothelial cells in the
angiogenic process. This study could help to iregdhe knowledge in CML progression and use it
for the development and customization of treatmétpatients with CML.
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