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Introduction

Chronic Myelogenous Leukemia

Chronic myelogenous leukemia (CML) is a clonal nopetliferative disorder of the

hematopoietic stem cell (HSC). CML makes up apprately 15% to 20% of all cases
of leukemia, with an incidence of 1 to 1.5 cases I¥#,000 population per year (1).
Similar to other myeloproliferative disorders, CMk usually triphasic, having a
chronic, an accelerated, and a blast phaselr{2he initial chronic phase, myeloid
progenitors and mature cells accumulate in the dlaoed extramedullary tissues; in
half of the patients the disease progresses dir&otin the chronic to the blastic phase
characterized by a maturation arrest in the myetoithmphoid lineagg3). The main

functional changes that occur with progression dLCare marked changes in
proliferation, differentation, apoptosis and adbesi4). CML is characterized by
deregulated proliferation of cells of the myeloidelge,in which leukemic blasts

display a distinctive shortened chromosome, thelaBéiphia (ph) chromosome

generated from a reciprocal t(9:22) (q34:qttapslocation (5)(Fig. 1).
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Fig. 1: Reciprocal t(9:22) translocation in Chronic myeloid leukemia generate Philadelphia
chromosome



This translocation results in the head-to-tail dusiof the breakpoint cluster region
(BCR) gene on chromosome 22 with the ABL proto-gee® on chromosome 9 (6).
The encoded chimeric bcr-abl oncoprotein exhibiigstitutively active tyrosine kinase
activity as a result of oligomerization of the eailcoil region of p21%~*8- (7) and
deletion of the inhibitory SH3 domain of ABL (8)hiE results in the activation of a
number of downstream signaling cascadesT(9¢. targets for bcr—abl include members

of the Ras, phosphotidylinositol-3 kinase (PI3Kkt, and JakStat signaling pathways,

which regulate cell proliferation and apoptosisr-Bbl abrogates cell dependence on
external growth factors by upregulating interleuRirproduction and alters the cell
adhesion properties by modulating expression atidation of focal adhesion kinase
and associated proteind0,11). The features of chronic phase CML, exjnand
premature circulation of the malignant myeloid plagon can therefore be explained
by activation of mutagenic pathways, antiapoptptithways and abnormal cytoskeletal

function (Fig. 2).
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Fig. 2: Schematic representation of some signal tnsduction pathways activated by BCR-ABL



These same characteristics, increased mutageracity decreased susceptibility to
apoptosis ay also be responsible for disease msigre (12). Moreover, leukemic
progenitors can acquire secondary aberrationsnitzte them able to overcome cell
cycle checkpoints and acquire an advantage in graompared to normal cells and

make them resistant to drug therapies.

Therapy for Chronic Myelogenous Leukemia

Since the description of BCR—ABL oncogene, a mynatteatment options have been
explored in CML, including arsenic trioxide, spleenirradiation, busulphan,
hydroxycarbamide. These compounds could only cbritre proliferation of white
blood cells and enlargment of the spleen, but diduabdid the disease progression to
accelerated phase and blast crisis. Most relevastilts were obtained with the
introduction of therapy with recombinant Interfefo (rIFN-a), which compared to
conventional chemotherapy, is more effective, asfigan patients with early chronic
phase (13,14)The introduction of rIFNa induced cytogenetic remission and increased
survival (15). The exact mechanisms of action BNrb have not been identified, but it
is widely believed that they involve immune respon® tumor cells, abnormal
expression of adhesion molecules, and inductidnrobr cell death (16)n spite of the
effectiveness of rIFNx treatment, however, there are limitations, fronorppatient
compliance to development of anti—rIFlN-antibody. The only curative approars
stem cell transplantation, however, as the aveeggeof onset is >50 yrs of age, this
factor, combined with the inability to identify $albly matched donors in all cases,
limits this option to a minority of patients (17)he most exciting breakthrough in the
treatment of CML has been the development of IntatMesylate (IM) a selective

kinase inhibitor, able to inhibit the activity obmstitutive tyrosine kinase activity of



Bcer-Abl protein (18). Imatinib acts as a compegtiwnhibitor of ATP, it binds to the
ATP binding site located on ABL and block the actiof the tyrosine kinase in an
irreversible way. The inhibition of kinase activiof bcr-abl inhibit neoplastic clone
proliferation and has a significant effect on hatiioggical and cytogenetics level.
However, some patients with an advanced diseasaajevesistance to Imatiniue to
secondary point mutations in the bcr-abl tyrosiimeage domain or due to BCR-ABL
gene amplification (19). It has been proposed thatinteraction between leukemic
cells and the bone marrow microenvironment may @ayimportant role in CML
pathogenesis (20). A better understanding of theham@sms involved in the disease

progression may provide information to develop meatment strategies.

Chronic Myelogenous Leukemia and Angiogenesis

Angiogenesis is the formation of new blood ves$am an existiting vasculature. It
involves degradation of extracellular matrix progeiand activation, proliferation and
migration of endothelial cells and pericytes in altistep process (21). Angiogenesis is
mediated by a balance of various positive [eg Vascaendothelial growth factor
(VEGF), fibroblast growth factor-2 (FGF-2), hepattec growth factor (HGF),
interleukin-8 (IL-8), transforming growth factors TGF-a, TGF{3), matrix
metalloproteinases (MMPs)] and negative [eg platisetor-4 (PF-4) tissue inhibitors
of metalloproteinases (TIMPs)] angiogenic molecukdsased by tumor cells (22,23).
Tumor angiogenesis is linked to a switch in thitabee, and mainly depends on the
release by neoplastic cells of growth factors dmetor endothelial cells and able to
stimulate the growth of the host’s blood vessel).(Zhis complex pathomechanism
may comprise a direct stimulation of endotheliallsc§paracrine loop) resulting in

proliferation, sprouting and release of growth dastand on the other hand, an



autocrine stimulation by inhibition of apoptosisdapromotion of growth (Fig. 3),

finally leading to an expansion of the neoplasélt clone (25,26).
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Fig. 3: Dynamics of angiogenesis in hematological neoplasiaangiogenic factors secreted |
neoplastic cells promote cell growth and inhibit apptosis (autocrine stimulation). On thi
other side, these angiogenic mediators can also stimulagéedothelial cell proliferation and
enhance the production and release of hematopoietigrowth factors (paracrine
stimulation).

Recently, there are evidence that implicates amgiegis in the growth and progression
of CML (27). Lundberg LG et al., have found increasedm&tevels of VEGF as well
as other angiogenic factors such as FGF-2 and H@Rrereased marrow vascularity
in patients with CML (28). Bcr-Abl has also beernvalved in VEGF-mediated
angiogenesis in CML and evidence indicates thatdhmation of new vessels plays an
important role in the development and progressio@ML. It has been proposed that
the interaction between leukemic cells and the bm@erow microenvironment may
play an important role in CML pathogenesis (20). iAmportant aspect in the study of
CML is the cross-talk between leukemic cells andébmarrow microenvironment. This

microenvironment may facilitate tumor progressigrthe pertubation of CXCR4-SDF1



axis. Kalinkovich et al, have shown that microvksicisolated from patients with
leukaemia contain CXCR4, and these vesicles CXC&té+more abundant in leukemic
patients compared to healthy individuals (29). CMEFDF1 leads the increase of
cytokines as IL8. IL8 stimulates the expressioVBIGF, SDF-1 and IL6 in endothelial
cells resulting in promoting angiogenesis. Manydes have shown over-expression of
IL8 by tumor cells, often induced in response t@mbtherapeutic interventions or
environmental stresses such as hypoxia. The iredesgnthesis and secretion of IL8
from tumor cells activate many signalling pathw#ysough the binding of IL8 to two
cell-surface G-protein-coupled receptors, CXCR1 @xCR2 (30,31) in cancer cells,
endothelial cells and neutrophils/tumor associateacrophages. Activation of IL8
signalling pathways, through Akt, PKC and MAPK, balween detected in multiple
forms of cancer and its role in modulating celivéual, angiogenesis and cell migration
have estabilished this kinases as an importangpleetic target in cancer (32). As a
consequence of the activation of these signalleiwways, IL8 may affect different cell
types within tumor microenvironment. For exampletivation of IL8 receptors on
endothelial cells is known to promote an angiogeegponse, inducing proliferation,
survival and migration of vascular endothelial €€B3). IL8 secretion from cancer cells
can enhance the proliferation and survival of camedls throug autocrine signalling
pathway. In addition, tumor-derived IL8 will actieaendothelial cells in the tumor
vasculature to promote angiogenesis and inducematactic infiltration of neutrophils
into tumor site. It is reported also that cell aslba molecules play an important role in
angiogenesis. Adhesion is in part mediatedpiyintegrins (VLA4 and VLAS5) and
CD44 expressed on leukemia cells, and the fibromesntd vascular cell adhesion
molecule-1 (VCAML1), expressed on the stromal lag@f). During new capillary

development, coordinated signals from both integramd growth factor receptors



regulate the survival, proliferation and invasidrendothelial cells.

Exosomes Formation

Exosomes are small, 40-100 nm, membrane vesicleendbcytic origin that are
secreted by a variety of cell types like B-cell§)(3T-cells (37), mast cells (37), DCs
(38), platelets (39), neurons (40) and epithel&lsc(41) into the extracellular space.
They were first described as microvesicles comaijri-nucleotidase activity secreted
by neoplastic cell lines (42). Few years later hapgroup reported secretion of small
vesicles of endocytic origin by cultured reticultey, and these small vesicles contained
the transferrin receptor. Using electron microsc(fiy) they observed these vesicles in
late endosomes, and the fusion of these late enteswith the cell membrane resulted
in the release of the vesicles extracellularly 443, In addition to cultured cells,
exosomes have today further been isolated fronmzbeu of body fluids such as plasma
(45), urine (46), synovial fluid (47), malignanfuions (48), epididymal fluid (49) and
from seminal plasma, in which the vesicles areveerifrom prostate cells and called
prostasomes (50). Exosomes correspond to the untmaal vesicles (ILVs) of late
endosomal compartments called multivesicular bodM¥Bs). These intraluminal
vesicles are formed by inward budding of the lingtiendosomal membrane and
contain cytosol from the cell. MVBs are involved tnansporting proteins for
degradation in lysosomes. Alternatively, the MVB& duse with the plasma membrane
leading to the release of the intraluminal vesi@rsacellularly which are then called
exosomes (35),(44). Proteins and lipids are sodedhe limiting membrane of
endosomes during the formation of the intralumwedicles and as a consequence the
released exosomes will contain molecules reflectivegr origin from late endosomes

(51). The mechanisms leading to exosome releaseuak@own. However, the



transmembrane protein TSAP6 has been suggestece tmvolved in regulating
exosome production (52). Furthermore, Rabl11, a reermbthe small GTPase family,
together with calcium were shown to be importamttfi@ docking and fusion of MVBs

with the plasma membrane (53, 54, 55) (fig. 4).
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Fig. 4: Mechanism of exosomes release

Lyscsome

A machinery responsible for sorting proteins itratuminal vesicles has recently been
identified and called ESCRT (Endosomal Sorting ClexpRequired for Transport)
(56). The ESCRT-0, -l and -1l complexes recogniad sequester ubiquitinated proteins
in the endosomal membrane, whereas the ESCRTHitptex seems to be responsible
for membrane budding (57). The ESCRT proteins arpiired for the targeting of
membrane for lysosomal degradation while the famctf the ESCRT machinary in the
formation of ILVs that are further secreted as exass is not clear. Proteomic analysis
of purified exosomes from different sources shoveanchment of ESCRT components
and ubiquitinated proteins (58, 59). The expressibmhe Nedd4 family interacting-
proteinl, that is associated with elevated levélprotein ubiquitination in exosomes

(60), and Alix, a protein associated with ESCRT hnaary, is required for the sorting
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of the transferrin receptor into exosomes (61)sTeads to the hypothesis that ESCRT
could be required for exosomal cargo. Lipid rafis hlso been suggested to be involved
in protein sorting into intraluminal vesicles (6&2)d typical raft components has been
identified on exosomes such as glycolipids, Srodiyre kinases and cholesterol (62,63).
How MVBs discriminate between proteins that aretided for exosomal secretion or
lysosomal degradation remains to be determined.ARC, MHC class Il are
accumulated in MVBs which are called MIICs. ThesdQ48 are the major site for
peptide loading, and subsequently exosomes from B&& peptide-loaded MHC on

their surface.

Exosome composition

Physical properties and purification of exosomes

The common procedure to purify exosomes from adliuce supernatants involves a
series of centrifugations to remove cells and debris. Filtration of the cell-culture
supernatant through 0.22n filters, followed by direct high-speed ultracdinigation
(64), reduces the contamination of exosome prapasatvith larger vesicles that are
shed from the plasma membrane. In addition, becaxesomes are present in serum it
is crucial to avoid contamination with bovine exoss from the fetal calf serum (FCS)
that is used to culture the exosome-producing qélly. For this reason, serum for
culture medium can be depleted from serum exosobye®vernight high speed
ultracentrifugation (65,36). To be sure that thiated vesicles are exosomes must be
used other criteria to identify exosomes. Exosofloed on sucrose gradients, and their
density ranges from 1.13 g Tio 1.19 g mf (66). Contaminating material, such as
protein aggregates or nucleosomal fragments tlereleased by apoptotic cells, are

separated from exosomes by flotation on sucrosgiegra(64). Electron microscopy is
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also used to recognized exosomes by revealing tieacteristic “cup-shaped”
morphology, a flattened sphere limited by a lipydldyer (67). These characteristics are
consistent with the observed size and morphologyntefnal vesicles in multivesicular
endosomes (68).

Molecular composition of exosomes

The molecular composition of exosomes dependinghencell from which they are
secreted and their endosomal origin. Immuno-Eleckiicroscopy localization studies,
Western blot analysis and peptide mass mappinga$anal proteins from Dendritic
Cells (DCs) (64,65), B lymphocytes (68,69), inteatiepithelial cells (41), and other
cell types revealed the presence of common as agetlell-type-specific proteins. For
example, exosomes from DCs, mast cells and B aefisnriched in MHC class | and
MHC class Il and express co-stimulatory moleclilkes CD54 (also called ICAM-1),
CD80 and CD86 (66,69), exosomes from T cells 16228 (36) and exosomes from
cytotoxic T cell contain perforin and granzymes )(7€xosomes from reticulocytes
contain the transferrin receptor (71). In additioncell-specific molecules, exosomes

also contain common components (Fig. 5)
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Fig. 5: Common molecular components of exosomes.
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They are enriched in a family of proteins calletraspanin which are cell-surface
proteins that span the membrane four times (69ja3panin proteins are found on the
surface of many cell types but also in endosomahpatments. Tetraspanins form
complexes by interacting between themselves as a®liwith a large variety of

transmembrane and cytosolic proteins (72). Thasasgganin complexes are located in
microdomains, termed TEM domains (tetraspanin-eedcmembrane domains) (73).
TEM domains are different from rafts and clathroated pits, but share with these
structures a specific capacity to facilitate vekicufusion and/or fission (74,75).

Tetraspanins act as ‘molecular facilitators’, whioodulate, stabilize or prevent
activities of associated molecules (76). They primrgpreading, migration and cable
formation by adjusting integrin compartmentalizatianternalization, recycling and

signalling (77). By regulating protein traffic, tespanins become involved in cell
adhesion (78), and by modulating biosynthesis sbeated molecules, such as MMPs
(matrixmetalloproteinases), they may influence givaness (79). The main functions
are cellular motility, invasion and fusion (80). &mwples of tetraspanin proteins found
on exosomes are CD9, CD63 and CD81. Exosomes Hawebaen demonstrated to
contain heat shock proteins (Hsps) like Hsp70, Bsé¥sc73 and Hsp90 (81,65). Heat
shock proteins are a family of proteins which acthaperones to facilitate the folding
of protein intracellularly. Hsps can also be semeand have extracellular functions
such as immuno-regulatory activities. Hsps candif bonstitutively expressed and be
induced by cellular stress. Heat stressed cellse Haen shown to increase the
expression of Hsps on their released exosomes (8Ese ubiquitous proteins are
involved in antigen presentation, as they can laintigenic peptides and patrticipate in
loading peptides onto MHC molecules (82). MHC clas®olecules are also present in

exosomes from most cell types. Moreover, exosornatam cytoskeleton proteins like
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actin, tubulin and moesin, ESCRT proteins like Tsgand alix and proteins involved in
intracellular membrane fusions and transports asobh like Rab proteins and annexins
(64,83). They also include molecules that are wmedlin signal transduction (such as
protein kinases, 14-3-3 and heterotrimeric G pnseand various metabolic enzymes
(such as peroxidases, pyruvate and lipid kinasesl a@nolase-1). Furthermore,
exosomes express CD55 and CD59 which have beennshmwprotect them from
complement lysis (84) suggesting them to be stableivo. Exosomes also contain
proteins that are involved in specific cell funcso Exosomes from antigen-presenting
cells (APCs) have been analysed in most detail. MH&Ss 1l molecules are very
abundant in exosomes from all cells that expres<CMithss 1. Exosomes from DCs
also contain CD86, which is an important co-stirtaria molecule for T cells. T-cell
receptors are also specifically enriched on T-delived exosomes. Exosomes contain a
series of cell-specific transmembrane proteinsuihicg o- and -chains of integrins
(such asaM on DCs, B2 on DCs and T cells, and4B1l on reticulocytes),
immunoglobulin-family members (such as intercellatthesion molecule 1
(ICAM1)/CD54 on B cells, A33 antigen on enterocytexl P-selectin on platelets) or
cell-surface peptidases (such as dipeptidylpepidAdCD26 on enterocytes and
aminopeptidase N/CD13on mastocytes).

Milk-fat-globule EGF-factor VIII(MFGES8)/lactadheri(85), a milk-fat-globule protein
that is expressed by DCs and some tumour-cell \limes found very abundant in
exosomes that are produced by these cells (65)selpeoteins probably ‘address’

exosomes to target cells.

Exosome function

Exosomes have been suggested to participate irerehff physiological and/or

14



pathological processes within the extracellularcepand in biological fluids (e.g. urine,
serum,) (86,87,88). Exosomes functionality seemsbeo determined by cell-type
specific proteins that reflect the specialized fiorc of their original cells. When
exosomes were initially discovered from reticul@sytthey were shown to function as a
way of removing unnecessary proteins such as twesferrin receptor during the
maturation process of reticulocytes into erythresyt(89). Another function of
exosomes that was later described is as cell fregsemgers, which can be released
from one cell and have an effect on another onées dmmunication with other cells
may occur either in the microenvironment, or oveistance (90). Since exosomes have
been found in blood plasma (45), they may be trameg between organs via the
systemic circulation. How this interaction occurstvieen exosomes and cells is not
fully known. However, several mechanisms descrilth@ginteractions of exosomes and
cells have been hypothesized. Exosomes can bincelte through receptor-ligand
interactions, similar to cell to cell communicatjomediating for example antigen
presentation (35,91). Clayton et al. showed thateB exosomes express functional
integrins, which are capable of mediating adhestoaxtracellular matrix components
and activated fibroblasts. This adhesion was strand resulted in an increase in
intracellular calcium concentration (92). Alternally, exosomes can attach to or fuse
with the target cell membrane, thus delivering exaal surface proteins and perhaps
cytoplasm to the recipient cell (93). MHCII posdiexosomes have been shown to be
attached to follicular DCs. These cells do not egpr MHCII themselves, and the
exosomes provide them with new properties (93).aljin exosomes may be
internalized by the recipient cells due to mechasisuch as endocytosis. Immature
DCs have been shown to internalize and processomess for antigen presentation to

CD4+ T cells (94). Later this was also shown fag thtegrina4pl which was down
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regulated from the red blood cell surface and adtiund on the surface of released
exosomes, and in addition this made the exosomlestalbind to fibrinonectin (95).

Through their ability to bind target cells, theyedikely to modulate selected cellular
activities such as vascular homeostasis, and [paté&c in the signaling events
contributing to antigen presentation to T cells)(3Bd the development of tolerance

(96).

Exosomes in Cancer

Cancer cells begin to mould their stromal environtr&arting at early phases of the
neoplastic process mainly by pathways involvind-ttetell contact and the release of
soluble factors, as TNF TGH3, VEGF, that are able to influence the recruitmeint

different cell types (e.g. myeloid cells, hemat@pioi progenitors cells). Recently, an
alternative novel mechanism involves the activeasé by tumor cells of exosomes.
Tumor exosomes, seem to have dual functions withpbetely opposite effects, either

they can activate or suppress immune responsesigaincer.

Protumorigenic role of tumor-derived exosomes

Tumor-derived exosomes have been implicated inlittang tumor invasion and
metastasis. By stimulating angiogenesis, modulataatprs released by stromal cells,
and remodelling extracellular matrix, tumor-derivedosomes have been found to
contribute to the establishment of a premetastaithe, generating a suitable
microenvironment in distant metastatic sites (EXosomes can increase extracellular
matrix degradation and augment tumor invasion itite stroma (98,99). It was
suggested that CD44 is required for the assemblya odoluble matrix that, in

cooperation with exosomes, promotes leukocytepsr@and endothelial cell activation
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in the (pre)metastatic organ. Tumor-derived exosommay also transport apoptosis
inhibitory proteins, induced under stress condgjoto promote tumor survivakor
example, survivin, a member of the inhibitor of piwsis protein family, can be
absorbed by cancer cells from extracellular mediahibit their apoptosis following
genotoxic stress as well as increase their repleaand metastatic ability (100).
Another pronounced effect of tumor-derived exosomeseir ability to modulate the
function of stromal cells such as fibroblasts. &sarecently shown that exosomes shed
by prostate, colorectal and breast cancer celeslcontain TG on their surface in
association with betaglycan and can trigger SMAPpetelent signaling. Exosomal
delivery of TGF# is capable of driving the differentiation of fibdakts into
myofibroblasts, whose enrichment in solid tumorrespnts an altered stroma that
supports tumor growth, vascularization, and mesist€101). These observations
suggest a protumorigenic role of tumor-exosomal PGk addition to their
immunosuppressive functions. However, it was atsieah that TGF? is not universally
present on exosomes derived from all cancer cé&llsnor-derived exosomes were
shown to directly suppress the activity of effecfocells. Exosomes from melanoma
and colorectal cancer cells express death ligadd as FasL and TRAIL, both of which
can trigger the apoptotic death of activated Tsc€ll02,103). Furthermore, ovarian
tumor derived exosomes are able to down-modulat8-Céhain expression and impair
TCR signaling (103,104), suggesting that tumorwdl exosomes can also
downregulate T cell function in addition to direkilling. In addition, NKG2D
dependent cytotoxicity of NK cells and CD8+ T cellas inhibited by NKG2D ligand-
containing exosomes derived from human breast caso@ mesothelioma cell lines
(105,106). Similarly, murine mammary carcinoma exoss were shown to promote

tumor growthin vivo by suppressing NK cell function (107). These obsgons
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suggest that tumor-derived exosomes can negatikegylate immune system, in

particular T cells and NK cells. In addition, turderived exosomes can also support
the function of regulatory T (Treg) cells. Mesothala and prostate-derived exosomes
were found to selectively impair the IL-2 resporisecytotoxic effector cells while

supporting Treg cell activities through a T@Eflependent mechanism (108). Exosomes
from sera of patients with head and neck cancee &0 reported to induce, expand,
and upregulate the suppressor functions of humag Tells as well as enhance their

resistance to apoptosis via a T@Fand IL-10-dependent mechanism (1(HY. 6)
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Fig. 6: The protumorigenic role of tumor-derived exosomes

Another mechanism that have a role in cell-cell samicationwithin the tumor
microenvironment is théntercellular exchange of proteins and genetic ma&evia
exosomes (110). In particular, transport of mMRNAG microRNAs, from tumor cells to

neighboring cells could have significant effectstamorigenesislt has been suggested
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that the ability of exosomes to deliver nucleiadadio distal cells also makes them ideal

candidates for gene therapy (111).

Antitumorigenic role of tumor-derived exosomes

Immune responses can be triggered by tumor-deresesomes that contain tumor-
specific antigens and peptide-MHC complexes. Amggihat are commonly present in
tumour-derived exosomes include melan-A (112), inagmbryonic antigen (CEA)
(113), and mesothelin (108). Immunization of micghwbDendritic cells (DCs) pulsed
with cancer cell-derived exosomes demonstrateithsitpossible to induce protective
antitumour immune responses using cancer-derivedcames as a source of antigens
(114). Similarly, in anex vivo human model system, exosomes taken from malignant
effusions proved an effective source of tumourgants for cross-presentation to GD8
cytotoxic T cells by DCs (112). Expression of h&labck proteins (such as Hsp70) at the
exosome surface is important, not only as a cofaito efficient receptor-mediated
uptake, but also for “danger” signals that trig&® maturation and that subsequently
enhance immunologic activation. Thus, exposing eacells to stress may render their
exosomes significantly more immunogenic (115). Dx@éhan active role in processing
and cross-presenting exosomally delivered antigemisthis immune function depends
from cancer exosomes phenotype and the influentteeahicroenvironment. Exosomes
are able to activate also monocytes to secretanfisnmatory cytokines (116) and
activate B cells through CD40L, thereby bypasshegrieed for CD4+ T cell help (117).
Recently, ligands for NK cell-activating receptars exosomes derived from immature
human DCs were shown to promote NK cell activationitro. This occured through
UL16 binding protein 1, MHC class | polypeptideateld sequence A (MICA) and

MICB (which are ligands for NKG2D) on exosomes séed by DCs from healthy
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volunteers or patients with melanoma (118). Thditglaf these exosomes to activate
NK cells was apparently due to the simultaneousepree of the IL-15 receptarchain
(I-15Ra) on the DC-derived exosomes, which could bind xogenous Il-15 and
thereby promote NK cell proliferation (119).

In addition to the potential immunostimularoty effe a proapoptotic function of
tumor-derived exosomes directly on tumor cells \abs® reported. Exosomes from
human pancreatic tumor cells were reported to asxeBax and decrease Bcl-2

expression, inducing tumor cells toward apoptosthway (120).

Exosomes and Angiogenesis

It has been showed that exosomes are able to ralt#oenvironment through their
protein content. Tumor derived exosomes can cart&ito establish an oncogenic niche
via delivery of protein, mMRNA and miRNA that suppangiogenesis, cell proliferation

and cell survival (Fig. 7).
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Fig. 7: Exosomes alter microenvironment and recipiat cells. Exosomes help to establish a
metastatic niche to aid tumor growth and tumor metatatis.

Tumor derived exosomes contain several cytokingsgraowth factors such as tumor
necrosis factor TN, IL-13, and TGFB as well as functional receptors like TNFR1

and TfR2 and through these molecules enhance teani of hematopoietic and
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endothelial precursor cells to enhance neoangicieme the tumor (121). Proteomic
analysis of mesothelioma cell-derived exosomesatiet the presence of angiogenic
factors that can increase vascular developmeninmot microenvironment (122). Hood
et al, showed that melanoma-derived exosomes stieull endothelial signalling
important for tissue matrix remodelling and endb#heangiogenesis (123). Recent
studies showed that pancreatic tumour-derived @®reso increase matrix
metalloproteinase (MMP) secretion and VEGF expogssn target cells through the
expression of proangiogenic molecules, such as reendj the Tetraspanin family, thus
promoting neo-angiogenesis even at tumour disited €124). Tetraspanins, which are
constitutively enriched in exosomes, have been dotm contribute to exosome-
mediated angiogenesis. It was reported that exosa®eved from a pancreatic tumor
line over-expressing D6.1A, strongly induced ehdbal cell branchingn vitro and
angiogenesi vivo in a rat model (124). Tumor derived D6.1A stimudatiee secretion
of matrix metalloproteinase and urokinase-type mplasgen activator, enhances the
expression of vascular endothelial growth factompresgsion in fibroblasts, and
upregulates the expression of endothelial growtttofareceptor. Exosomal Tspan8
(D6.1A) was found to contribute to the selectivero@ément of proteins and mRNA into
exosomes, including CD106 and CD49d, both of whiehe implicated in the binding
and internalization of exosomes by endothelialscéiiduction of several angiogenesis-
related genes, including von Willebrand factor, arigp, chemokines CXCL5 (C-X-C
motif chemokine 5), MIF (macrophage migration intoby factor), chemokine receptor
CCR1, together with enhanced endothelial cell feation, migration sprouting and
maturation of endothelial cell progenitors, werersaipon exosome internalisation
(125). Circulating exosomes obtained from plasmglioima patients were positive for

the mutant/variant mRNA of epidermal growth facteceptor (EGFRvIII), which

21



defines a clinical subtype of glioma. Interestinglthese exosomes display
proangiogenic properties, indicating that gliomaivk exosomes play a role in
initiating angiogenesis (126). Skog et al, showsat these exosomes mediate transfer
of MRNA. Transfer of mMRNA can modify the translatb profile of these cells and
promote acquisition of the angiogenic phenotypevedtheless, those particles also
contain growth factors and proteases and have sie@fn to stimulate tubule formation
in endothelial cells (126)Recently, it has been shown that Delta-like ligahda
transmembrane ligand for the Notch family of reocemtis incorporated in exosomes.
Notch signaling is a cell-cell signaling pathwayattthave a role in several biologic
processes, such as cell fate determination aneéreiffiation (127), and also it is
implicated in vascular development and angiogen€$28). Delta-like 4 (Dll4)
expression is particularly critical for angiogersegi29),and its expression is restricted
to the endothelium of developing vessels and reguthe vessel sprouting and
branching (128)Exosomes that have DIl4 can transfer this prot@mfone cell type to
another and incorporate it into the plasma membiangitro and in vivo. DIl4-
containing exosomes increases capillary-like stmectormationin vitro andin vivo by

a mechanism that implicates the transfer of Dél4 into the endothelium. This
suggests that Delta like/Notch pathway does notiireqdirect cell-cell contact to
expand its signaling potential on angiogenesis X1B&raboletti et al, have shown that
matrix metalloproteinases contained in exosomesaseld from endothelial cells are
functionally active and lead to endothelial celvVasion and capillary-like formation
(131).Owing to the multifunctional protein repertoirerisported by tumour exosomes,
it could be hypothesized that they may also coutebto the process of stromal
remodelling, thus widening the role of these miesgles in tumour progression and

metastasis formation. Exosomes are critical for esgrathological disease processes,
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then find a strategy of targeting the formation/andelease of exosomes in specific cell

types, would represent a novel route of therapeuitérvention.

Exosomes as biomarkers

Exosomes have been shown in physiological and f[mgival fluids such as
bronchoalveolar lavage (132), human plasma (45)jgmant and pleural effusions
(48,133), urine (46), breast milk (134), humatvaa(135), synovial fluid (136) and
malignant ovarian ascites. The presence of thesactive vesicles in plasma and
malignant effusions of patients with cancer (48)gmsts that exosomes may lead to
potential diagnostic biomarkers of disease conadtiand play an important role in
cancer diagnosiddost cancers, such as ovarian cancer, are diagrmbsat/anced stage
and prospects for significant improvement in sua/reside in early diagnosis théns
necessary to find non-invasive cancer biomarkerdetect cancer in its early stages.
Currently, effective screening protocols are notilable, because the classical
biomarkers, for example CA125 for ovarian caneerthought to be robust only in
following the response or progression of the disedmut not as a diagnostic or
prognostic marker (137). Thus, it is important ¢entify additional diagnostic and
prognostic markers for this disease. The increéseals of plasma-exosome in patients
with advanced disease [e.g., mean 2.85 mg/mL exesorfor lung cancer
adenocarcinoma patients compared with 0.77 mg/nols@xes in the blood of normal
volunteers (138)] and the discovery of cancer miRptafiles in circulating plasma-
derived exosome, giving exosomes an attractive &rker candidate. Because
exosomes transport molecules involved in cancegrpssion they can be used as
markers, for example in exosomes may be presentecassociated antigens not

available as soluble molecules within biologicalids, such as the oncofetal
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glycoprotein-5T4; which is over expressed by epigheancers but not shed from the
cell surface (139). In a recent study, prostateeahiomarkers, PCA-3 and TMPRSSZ2;
ERG, were detected in exosomes isolated from thee wf prostate cancer patients
(140), and they have been proposed as a possibteesof multiple biomarkers of
renal disease (46,141) and urological cancer. @xres are also an attractive biomarker
candidate for bladder cancer. The differentiallyressed proteins include psoriasin,
kertain-14, galectin-7, epidermal fatty acid birgliprotein (E-FABP), migration
inhibitor factor-related protein (MRP8) and striatjfwhich may be useful markers for
the diagnosis of bladder cancer (46).

In the past years, the importance of mIRNA in eancells has been recognized.
MicroRNAs, small (22-25 nucleotides in length) noding RNAS, suppress the
translation of target mMRNAs by binding to theirudtranslated region (142,143). Post-
transcriptional silencing of target genes by midd@Rcan occur either by cleavage of
homologous mRNA or by specific inhibition of pratesynthesis. A correct control of
MiRNA expression is essential for cellular processsuch as proliferation,
differentation, development and cell death. Vaktdal. reported the presence of mMRNA
and miRNA in exosomes from mouse and human maklimes. Exosomes are able to
transport biologically mRNA and miRNA to neighbagioells that confer new functions
to the recipient cells (111). These studies higftlipe potential of exosomal microRNA
profiles for use as diagnostic biomarkers of disg&sough a non invasive blood test.
The expressions of individual microRNAs and speanficroRNA signatures have now
been linked to the diagnosis and prognosis of nirumgan cancer#\ possible obstacle
in body fluid based exosome analysis is the presesfccontaminating exosomes
secreted by normal cells (e.g., normal ovarianscal compared to ovarian cancer

cells). To discriminate two population of exosonoasm be used specific purification
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strategy, as a magnetic bead immune capture taghnigas employed to isolate

circulating epithelial cell adhesion molecule-positexosomes from the plasma of

ovarian cancer and lung cancer (Fig. ).
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Fig. 8: Circulating exosomes can be a rich sourceoff identifying potential biomarkers. Patient
plasma contains exosomes that are released by diseacells (e.g., colorectal cancer cells), normal
counterpart (e.g., normal colon cells) and other nanal cells (e.qg., liver). Exosomal tissue signatuse
can be used to isolate disease cell-derived exosarfar proteomic and transcriptomic profiling.

Currently, a major goal is to identify disease baokers in biological fluids, in a non-
invasive manner, that can be measured relativadypensively for early diagnosis of
disease and treatment success.

Exosomes in Immunotherapy

The first antitumor effects of exosomes was dematedt by Zitvogel et al, they
showed that exosomes from DCs pulsed with tumetiges could prime a specific
cytotoxic T lymphocyte (CTLsn vivo and suppress growth of established tumors when
injected into mice (38,144). Particularly in comdiion with TLR 3 and 9 ligands,

exosomes efficiently induced anti-tumor responsesnice (145). These promising
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results in mice led to the development of techrsgioe the clinical testing of tumor
antigen loaded DC exosomes in human advanced cpatients (66).

When dendritic cells are pulsed with cancer ansgentumor peptides (38) dendritic
cell-derived exosomes (DEX) has been shown toteditbnger immune responses
toward cancer cells (146) with up-regulation of@fe antibody release and cytokine
production (147). Furthermore, it has also beemntep that DEX trigger NK cells in
the immune response toward cancer cells via NKG@peddent NK cell activation and
IL-15Ra-dependent cell proliferation (119).

Some clinical trials have been performed in humaite advanced staged melanoma
and non small cell lung cancer. Patients were d@teatith tumor peptide loaded DC
exosomes and the outcome was promising. The treatwes well tolerated and some

patients showed long term stability of the disgd4&,149) (Fig. 9).
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Fig. 9: Clinical grade exosomes in immunotherapy. fie process of how DEX can be derived,
purified, and utilized in cancer treatment. Creative Commons. Reproduced with permission from
Escudier B, Dorval T, Chaput N, et al. Vaccinatiorof metastatic melanoma patients with autologous
dendritic cell (DC) derived-exosomes: results of # first phase | clinical trial. J Trand Med.
2005;3(1):10.

Although it has been established from the resalidinical trials that exosomes can be
safely administered, it is necessary to increassr thotency to elicit appropriate

immune A phase Il clinical trial is planned to fmAl-up the initial positive results (150).
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responses to kill cancer celBifferent strategies have been applied to incrahse
immunogenicity of exosomes, for example the additad adjuvant such as double
stranded RNA or CpG (150). Another strategy that been tested is the modulation of
the exosome composition. Exosomes from mature D¢ leeen shown to be more
immunogenic than those from immature DC (151). Reegidence suggests that a new
strategy is represented by artificially coating asmbineering exosomes (152) with
tumor antigens to make it more recognizable to ithewune system. It has been
experimentally demonstrated that using nanoteclyyplEexosomes can be engineered to
bear an optimal number of MHC | and ligands thatldactivate T cells, and thein
vivo activity can be traced by encapsulating superpagaetic iron oxide nanoparticles
(153). Exosomes can also carry cytokines, DNA, REdjuvants, labels, costimulatory
signals, and gene therapy vectors, which makekedlito develop new immunotherapy

strategies.
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Immune system and tumor

The immune system is essential in tumor progressiodulation and elimination of
cancer cells. Immune cells, from both the innai@ asaptive immune systems, are able
to recognize, attack, and kill tumor cells in vasovaysThey collaborate and stimulate
each other (e.g. with IFN) to induce a potent immune response against thertaells.
However, cancer still occurs. Tumor cells are aolefight back or hide from the
immune system. The interaction between tumor anaume system consist of three
phases and is known as cancer immunoediting (154jing the first phase (the
elimination or cancer immunosurveillance phase)itm@une system is able to protect
the host from a developing tumor. However, somasfiamed cells may escape the
immunological pressure, thereby entering the seqamase (the equilibrium phase).
During this period of immune-mediated latency, thmor persists and acquires new
mutations. This may allow the tumor to enter thiedtiphase (tumor escape) during
which established tumors become clinically mani{&sb).

The innate immune system provides the first linenminediate defense and includes
natural killer (NK) cellsyd T cells, monocytes, macrophages, neutrophils amdritic
cells. NK cells are able to discriminate betweelf @ed non-self. The first activating
signal for NK cells is a loss of MHC class | molesion the surface of cancer cells
(156). MHC class | molecules act as an inhibitagnal for NK cells, thus making
MHC class | lacking tumor cells a target for NKlseNK cells use their large repertoire
of inhibitory and activating receptors to deteat thansformed-self. Many tumor cells
express activating NK ligands (like MICA and MICB)cognized by NKG2D and are
thus efficiently eliminated by NK cells an@d T cells (157). Tumors express antigens
that are recognized as foreign by the immune sysikthe tumor-bearing hosthe

immunogenicity of tumors implies that tumor celigeess antigens that are recognized
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as foreign by the adaptive immune system. Thesertwantigens, presented on the
surface of antigen presenting cell (APCs), aregezed by T lymphocytes cells and
leading to a tumor specific reaction. To mount @apive immune response, two
signals are mandatory. The first signal is provibgdhe presentation of an antigen in
the groove of an MHC molecule to the T cell recedibCR).The second signal is
provided by the ligation of co-stimulatory moleclghe most important being CD28
on T cells interacting with CD80 and CD86 on theG&P(158). These two signals
activate the adaptive system to recognize and tlithor cells. After successful
recognition of the tumor cell by innate and adaptieffector cells, cytotoxic T
lymphocytesyd T cells and NK cells both utilise a pore-formingt&in, perforin, and a
battery of serine proteases (granzymes) that detsaspases, leading to apoptosis. The
apoptotic program can also be activated after hopdof TRAIL or Fas-ligand,
expressed on the cell surface of the effector telone of its cognate receptors. These
lymphocytes are able to kill tumor cells via cytods, such as IR\ TNFa and TNEB.
Tumor cells have developed numerous strategiedange their phenotype and mislead
the immune system. Tumor cells can change thelrsteface phenotype to prevent
recognition and binding by immune effector celleeTmost wellknown example of this
strategy is the downregulation of MHC class | males (or molecules involved in
antigen processing by MHC class | molecules) rexyih defective binding to the TCR
of cytotoxic CD8+ T cells (159,160). However, doegulation of MHC class | renders
cells susceptible for NK cell mediated killing. Gaguently, tumor cells have also
developed mechanisms to escape from NK surveilldocexample upregulation of the
NK inhibitory HLA-G3 (161). Other strategies areethdown-modulation of co-
stimulatory molecules or upregulation of pro-apdiptonolecules like FAS-ligand on

their cell surface to induce apoptosis of effeatells (162). Another strategy is to
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prevent the pro-apoptotic signals after effectieeognition and binding of immune
cells. An example of this evasion of immune mediakdling is to downregulate
proapoptotic death receptors or to upregulate aaptotic or decoy receptors (for
example TRAIL-R3). Over-expression of anti-apomtqiroteins, like XIAP (X-linked
inhibitor of apoptosis) (163,164) or molecules thédck the granzyme B/perforin
pathway like (pl-9)(165) are other examples. Thiedthway, is to produce immune
suppressive factors that inhibit T cell functiorddead to a local state of tolerance and
anergy. Examples of this strategy are the prodaatictransforming growth factor beta
(TGF{3)(166), or indoleamine 2,3-dioxygenase (IDO)(167)Le10.

Recently, mounting evidence is indeed pointing tosemes as major participants in
immune evasion with several mechanisms. Among tidiest reports there is a
description of melanoma-derived exosomes that Weteal to T cells (102). These
cancer cells naturally express Fas ligand, and mgyel by the multivesicular
endosomal route at least a proportion of this mdéeen exosomes. FaslL—-bearing
exosomes, upon encountering activated (Fas-positiveells, can essentially crosslink
T cell Fas and trigger apoptotic death (102). Oth#uences of exosomally expressed
members of the tumour necrosis factor superfamigyy nmclude downmodulation by
ovarian cancer exosomes of the CD&ain. This molecule is an integral component of
the TCR complex, which is essential for competémalling after TCR—-MHC—peptide
interactions (168). Melanoma exosomes expressing-d ay also affect the CD3—
TCR complex in a reactive oxygen species—mediatediner (169). Thus, cancer
exosomes can exert drastic effects on T-cell fonstiand may constitute an important
mechanism by which tumours eliminate activated lsabdat may recognize and Kkill
them (102)Other death-independent effects of cancer exosoméise immune system

have been reported. Liet al., for example, pretreated mice with breast cancer
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exosomes before implanting tumours and documemteelerated tumour growth (170).
This accelerated growth was result of the negaifreence of cancer exosomes on NK
cell functions, inhibiting NK cell proliferation @nimpairing cytotoxic functions. Other
studies showed that exosomes from cervical canadroh NKG2D ligand such as
MICA*008 or ULBP3 proteins, which suppress Natufdler cell toxicity (171).

Thus, tumor exosomes bearing NKG2D ligands canoacteffector cells to down
regulate NKG2D, impairing part of the immune resgm106). In addition to NKG2D
ligands, it was shown that tumor exosomes carry exptess growth factors such as
TGH31. Membrane-bound TGH on these vesicles displays the same function as
NKG2D ligands i.e. the down regulation of surfade®2D expression by NK cells and
CD8+T cells following a direct interaction betweexosomes and cells. Tumor-derived
exosomes promote other immune escape mechanistrigdpring myeloid suppressive
cells proliferation (MDSC). These cells are foundarge number in lymphoid organs,
blood and tumor tissues in cancer patients andnareature myeloid cells. These cells
express myeloid marker stimulatory molecules (Cbhd CD11b) and are devoid of
co-stimulatory molecules (HLA DR, CD80, CD86). Theyontaneously secret TGF
and have suppressive activity on activated T lynegtes since they are able to inhibit T
cells proliferation and cytolytic functions (172} was shown that melanoma and
colorectal carcinoma derived exosomes altered tlmmoeyte differentiation into
dendritic cells, leading to the generation of migklsuppressive cells (172).
Furthermore, it was demonstrated that MDSC-mediptethotion of tumor progression
was dependent on TEF{present on exosomes, but also depended upon ptikc li
mediator prostaglandin E2 (PGE2) transported byotuexosomes (173) (Fig. 10).
These pleiotropic effects lead to hypothesize thigrfering with exosome release by

tumour cells may perhaps represent a novel strategyimultaneously recovering
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multiple immune functions in cancer patients, tltbe knowledge on the immune
evasion mechanism exosomes-mediated could helgefegloping a successful, multi-

level and multi-target anti-cancer therapy.
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Fig. 10: Inhibitory functions of exosomes derivedrbm tumor cells. Inhibition of T cell activation,
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of monocyte differentiation into DCs and promotion of monocyte differentiation into myeloid-
derived suppressor cells (MDSCs), T cell killing tltough ligation of CD95 by CD95 ligand (CD95L)

Yo T cells

yo T cells are innate effector cells able to actiesline defense against tumors and
infections, but also to enhance antigen-specifianime responses mediated by
conventional T cells and antibodies. They accoan6+10% of CD3+ peripheral blood
T cells but constitute a dominant T-cell fractianogher anatomical sites such as the
intestinal epitheliayd T cells differ from conventionad3 T cells in several aspects

T cells are “conventional” T cells with a T cellceptor (TCR) composed of the higly
variablea and3 chains. They comprise two subpopulations CD4+ @b&+ T cells

and their activation depends on the interactioh wibfessional APCs, such as dendritic
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cells.yd T cells are “unconventional” T cells that exprasECR composed of thieand
ychains. Mostyd T cells lack CD4 or CD8 antigens and hence dis@aldouble-
negative" phenotype, although a sizeable fractipresses CD8 (174). The absence of
CD4 or CD8 expression on the majority of circulgtyd T cells is well in line with the
lack of MHC restriction in antigen recognition big T-cell subsetydT cells often show
tissue specific localization of oligoclonal subptgiions sharing the same TCR chains
(175). For instance, murine skiyd T cells, so-called dendritic epidermal T cells
(DETCs), are largely ¥5/V51+ while in the human peripheral blood, the mayooit yd

T cells express a TCR composed gB\and the B2 chains (\W9/Vé2 T cells). Similar
to a3 T cells, WOVd2 T lymphocytes comprise distinct populations digtiishable on
the basis of surface markers, effector functiors taafficking properties. Naive (five
CD45RA+CD27+) and central memory 4, CD45RA-CD27+) cells home to
secondary lymphoid organs and lack immediate effefiinctions, whereas the so-
called effector-memory @, CD45RA-CD27-) and terminally differentiatedg(ka,
CD45RA+CD27-) cells home to sites of inflammatiohene they display immediate
effector functions such as cytokine production agtbtoxicity (176,177). YO/Vé62 T
cells recognize through their TCR a set of nonddepsmall molecular compounds in
an MHC-independent manner. This interaction isicieffit for their activation and does
not require interaction with professional AP TCR enables them to recognize
families of unprocessed nonpeptide compounds offfeecular weight (100-600 Da)
with conserved patterns, comprising natural phosgtess derived from mycobacteria
and other pathogens, referred to as phosphoantigensto a lesser extent several
ubiquitous metabolites such as alkylamines frommtpkxtracts, xylosyl-or ribosyl-1-
phosphate, 2,3-diphosphoglycerate and several eynthaminobisphosphonates

(NBPs)(178,179,180,181). The most poten®Ws2 T cell ligand, E)-4-hydroxy-3-
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methyl-but-2-enyl pyrophosphate (HMB-PP) is an rimediate metabolite of the
microbial non-mevalonate pathway (MEP) of isoprendiiosynthesis (182,183).
Through this particular specificity for microbialatecules, W9/Vé2 T cells display an
anti-microbial immune response (184). After thestivaation, \WW9/Vé2 T cells expand
rapidly and secrete different proinflammatory cytals. These cytokines mediate the
activity of other immune cells to eliminate the molge, such as interferon{IFN-y)
increasing the microbial degradation in macrophdgessomes. Activated W9/Vé2 T
cells also recognize infected cells and inducer tbeil death through the secretion of
apoptosis-inducing factors such as perforin, grameyand tumour necrosis factor-
related apoptosis-inducing ligand (TRAIL). Fas-tigaexpressed ony@/Vé2 T cell
membrane can also directly interact with its recetas on target cells and induce
apoptosis.yd T cells also recognize metabolites of the mevdwmmathway of the
isoprenoid biosynthesis, present in all eukaryoglls. Isopentenylpyrophosphate (IPP)
is one prototype of these phosphorylated nonpepligands. Overproduction of these
metabolites may allowd T cells to target cells with deranged metaboliivay of the
mevalonate pathway (185). Notably, an increased resgpn of hydroxy-
methylglutaryl-CoA reductase (HMGR), the rate limgt enzyme of the mevalonate
pathway, has been reported in hematological matigea and mammary carcinoma
cells (186). Accumulated IPP in tumour cells isgegjed to bind the }9/Vé2 TCR,
thus acting as an activation signal, although thelenof recognition of this ligand
remains unclear. When activated they release glasimatory chemokines (e.g. MIP-
1, RANTES) and T-helper cell type 1 (Thl) cytokin@sg. IFNy and TNFx), and
proliferate in the presence of IL-2. Some hemojpoiaimor cell lines, such as the
Daudi Burkitt's lymphoma and the RPMI 8226 myeloii@ae are spontaneously

recognized and lysed byy9/Vé2 T cells in vitro (187,188). The molecular basfs o
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such a spontaneous tumor cell recognition has eenh Hully elucidated yet. One
possibility is that tumor cells express induced $ighnds like stress-inducible MHC
class I-related MICA/MICB molecules, heat shocktpnes (HSP), and/or other ligands
that are recognized through the9Ws2 TCR or through coreceptors like the NK
receptor member D of the lectin-like receptor faniNlKG2D)(189). Most tumour cells

express ligands for the NKG2D receptor such asMhk class | chain-related genes
(MIC) A/B, and proteins of the UL16-binding prote(LBP) family (190). These

molecules bind to the NKG2D receptor expressed @\W62 T cells, acting also as an

activation signal (Fig. 11).
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Fig. 11: Tumour cell killing capacity of activated Vy9/Vé2 T cells. W9/Vé2 T cells recognize via
their TCR isoprenoid metabolites such as IPP that my accumulate in tumour cells. They also
recognize via NKG2D stress-induced ligands that areften expressed on tumour cells. Stimulation
of either or both receptors activates ¥9/Vé2 T cells and leads to tumour cell lysis.

After recognition of these moleculeg T-cells become activated to produce cytokines
and eliminate a target cell. Killing is performeta the perforin / granzyme pathway
and death-receptor-dependent pathways (1&@on activation of a cytotoxic
lymphocyte, granules containing perforin and graney are released in the synaptic
cleft between the killer and target cell. Perfonmkes pores in endosomes and

granzymes enter in the cytoplasm of the targetscatid activate apoptosis-pathway
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(180). There are different death-receptor-depenpatitways involved in the killing of
tumor cells (181). The most important death ligaads FasL, TRAIL and TNF. These
death domain-containing adaptor molecules startpifaéeolytic caspase cascade by
activating caspase-8 and -3 in the tumor cell,iteatb apoptosis. Recently, it has been
shown that activated ¥9/Vé2 T cells are a novel type of professional APC §191
similarly to DCs, macrophages and B cells. APCsgme MHC molecules linked to a
endogenous or exogenous peptide on the cell suailadeanteract with thep TCR of
CD8+ T cells and CD4+ T cells. Activated¥Vas2 T cells have been shown to present
all these functions, these cells efficiently premesand displayed antigens and provide
costimulatory signals sufficient for strong indwctiof naivea3 T cell proliferation and
differentiation (192). Thus, ¥0/Vé62 T cells have the ability to bridge innate and
adaptive immune responses.

Vy9/V62 T cells are important contributors to innate ad@dptive immune responses
against tumor cells and pathogens, titeis possible to develop a novel strategy for

treatment of solid and haematological cancer utigjzhe mode of action gd T cells.

Bisphosphonates angd T cells

Bisphosphonates (BPs) are synthetic drugs thatptéxone resorption and are used for
the treatment of Paget's disease, tumour-associadee@ diseases and osteoporosis.
Based on their chemical structure, BPs are traditlp divided into two
pharmacological classes with distinct molecular ma@isms of action: nitrogen-
containing (N-) and non-nitrogen containing (noned)gs. Bisphosphonates that lack a
nitrogen atom are metabolized into non-hydrolyzgbilgapoptotic ATP analogues that
accumulate in the cytosol of osteoclasts (193)e resulting accumulation of non-

hydrolysable analogues of ATP induces osteoclagptagis and inhibits bone resorption

36



(194). By contrast, N-BPs interfere with a specédizyme in the mevalonate pathway,
farnesyl pyrophosphate synthase (FPPS), thereldgtadepthe osteoclasts of isoprenoid
lipids (195,196).More specifically, FPPS inhibition by N-BPs blockse covalent
attachment of isoprenyl chains to small GTPaseg, (Ras, Rac, Rho), which is crucial
for their intracellular localization and functioims osteoclasts. In addition to the effects
on the function of small GTPases, the disruptiothef mevalonate pathway by N-BPs
results in the accumulation of isopentenyl pyropiage (IPP), which is then converted
to a cytotoxic adenosine triphosphate analogue Bpphat can directly induce
osteoclast apoptosis (197,198). Thus, N-BPs mast éxar pharmacological effects on
osteoclasts through the formation of Apppl or Via tnhibition of protein prenylation,
particularly of small GTPaseMoreover, N-BPs have been tested for a wide rarige o
solid and haematopoietic cancels.vitro studies show that N-BPs have cytostatic
activity against tumor cells, induce apoptosis als inhibit cell adhesion. Zoledronic
acid (ZA) is a newer N-BP with a tertiary amino gpoincluded within a ring structure.
It can be considered the most potent and widelyl usigavenous BP that prevent the
delayed onset of skeletal related event (SRE) fiep& with bone metastases from any
type of tumour and also for the treatment of hypkemia of malignancy (199,200).
ZA is approved for the treatment of patients witné metastasis from breast cancer,
hormone refractory prostate cancer, as well ag aibled tumors and multiple myeloma
(201). A very interesting property of N-BPs in &mthor immune responses is the
ability to activate WOVo2 T cells Through inhibition of FPPS of the mevalonate
pathway, N-BPs trigger the intracellular accumalatof IPP and exerting strong
activation of W9Va2 T cells. Furthermore, zoledronate induces funetichanges in
Vy9Ve2 T cell subsets (202)n vivo, it promotes the differentiation ofy@Vvoé2 T cells

toward CD45RA-CD27+6 T cells, which produce interferonand exert cytotoxicity,
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while decreasing CD45RA+ CD27+ naive and CD45RA-Zb2Znemoryyd T cells
(202). This effect is specific toy@Vé2 T cells. Neither humayd T cells expressing the
VY9Vl TCR, nor humanf T cells, monocytes, NK or B cells are responso/dliBPs
(202,203).

Previous studies have demonstrated that zoledraesisitizes chemotherapy-resistant
tumor target cells (prostate,breast and lung caneny9Vvo2 T cell cytotoxicity,
rendering these cancer cell lines highly susceptibl\49Vd2 T cell-mediated killing
(204). Recently, interest has emerged on the usmlefironate in CML, because this
drug synergistically augments the anti-Ph+ leukaeaaitivity of imatinib both in vitro
and in vivo (205,206), and inhibits proliferatiomdainduces apoptosis of imatinib-
resistant CML cells (207). D’Asaro et al. showeédttpre-treatment of sensitive and
resistant CML cells with zoledronate alone or imbtination with imatinib significantly
increased killing by YOVé62 T lymphocytes (208). They showed also tha®Wo2 T
cells kill cells freshly isolated from patients Wi€CML, at time of diagnosis and before
therapy, but exclusively when cells were pretreatgth zoledronate alone or in
combination with imatinib (208).

The unique ability of bisposphonates to render tumnaells susceptible toy@vd2 T
cell attack makes these drugs particularly intemgstandidates for use wy T cell

therapy.
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AIMS

The overall aims of this project were to assessréfease of exosomes by LAMA84
CML cell lines and to elucidate their role in anggomesis. To evaluate this, | tested if the
addition of those exosomes to human vascular eetiathcells (HUVEC) affects
several step of in vitraangiogenesis including motility, cytokine productiocell
adhesion and cell signalling, as well as stimutatid angiogenesis in a nude mouse
assay. To confirnthe data obtained with exosomes derived from LAMA8Hs, | used
exosomes isolated from blood of CML patients toarsthnd better how CML cells can
induce an angiogenic phenotype. Another field ofestigation was the study of the
effects of exosomes onfd T cells. These lymphocytesxhibit a potent MHC-
unrestricted lytic activity against several tumeill€ and are able to kill CML cells
pretreated with zoledronic acid. Zoledronic aci@ isyntethic aminobiphosphonate that
is able to activatgd T cells,augments the anti-Plieukemia activity of imatinib botm
vitro andin vivo and inhibits proliferation and induces apoptodisntatinib-resistant
CML cells. | started to analyze if exosomes from IC&&ll lines have an activatory or
inhibitory effects on these lymphocytes and if dotaic acid affect the release or the
effects of exosomed he understanding of the mechanism of communicaietween
leukemic cells and the microenvironment and theharism by which tumor cells can
escape immune system could promote the developaiemw therapies to overcome
drug resistance observed sometimes in the treatofi€NIL.

The more specific aims were to investigate:
» Detect and characterize microvesicles released @b cell lines (western
blot and enzymatic assays)
» Evaluate the effects of exosomes on endothelid denotility, wound healing,

adhesion assays)
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Evaluate the effects of exosomes imrvivo angiogenesis assay
Evaluate the effects of exosomes ynT cells functions (cytokines release,
NKG2D, CD69 and CD25 expression)

Evaluate the effect of zoledronic acid on the rsdeand effects of exosomes
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Materials and Methods

Cell culture

LAMA84 and K562 chronic myelogenous cells, were tuidd in RPMI 1640
(Euroclone UK) supplemented with 10% FBS (Eurocldgi€), 2mM L-glutamine
(Euroclone UK), 100 U/ml penicillin and 10@g/ml streptomycin. Human umbilical
vein endothelial cells (HUVEC, Lonza, Clonetics,rwers, Belgium) were grown in
endothelial growth medium (EGM) supplemented witydrocortisone, hFGF-B, 2 mi;
VEGF, 0.5 ml; R3-IGF-1, 0.5 ml; Ascorbic Acid, On8l; Heparin, 0.5 ml; FBS, 10 ml;
hEGF, 0.5 ml; GA-1000, 0.5 ml. LAMA84 and K562 celivere maintained at
concentration of 0,3xffml to grown, and were expanded at 1340 to recover
exosomes. For treatment with Zoledronic acid (@din Novartis Pharma, Milan Italy),
5 uM/ml of the drug was added when K562 cells werededefor exosomes at
concentration of at 1x®0ml. HUVEC cells were cultured in Petri dish, wéw@rvested
using trypsin-PBS 1:1 and seeded for the experim@uitures are placed in a

humidified 95% air and 5% CO2 atmosphere at 37° C.

PBMC isolation

Human blood samples were obtained from healthy donafter written informed
consent was obtained, in accordance with the Degaber of Helsinki guidelines and
University of Palermo Ethics committee. Human peeial blood mononuclear cells
(PBMC) were isolated using the Ficoll-Paque (GEth=re-Bio Science, Uppsala,
Sweden) separation technique. Whole blood wasedilut RPMI, layered over Ficoll-
Paque and centrifuged at 140@ %or 20 min. The mononuclear cells (interphasepye

were collected, washed twice in complete mediumMRE640 medium, 10% FBS, 1%

41



penicillin-streptomycin) and finally resuspended damplete medium. PBMC were

cultured at concentration of 1%l to recover exosomes.

yo T cell isolation

For yd T cells isolation, whole blood were taken from Ibh®a donors at Cardiff
University, according to the local ethical guidesnon experimentation with human
samples. Blood was layered on Lymphoprep (AxisH48hi@and centrifuged at 1700 rpm
for 20 min. PBMC were recovered and washed twidd WIACS buffer (5mM EDTA,;
2%FBS; PBS 1X) and centrifuged at 1500 rpm for 1fi and 1000 rpm for 10 min.
Pellet was resuspended in 1ml of MACS buffer and a@dded a blocking IgG antibody
(1:100) for 10 min on ice. The cells were staimmth Vy9 PE-Cy5 (1:400) for 15 min
on ice. Cells were washed in MACS buffer at 130 fjor 8 min and resuspended in
400 pl MACS buffer plus anti-PE microbeads (Milteny) fb% min in the fridge. Cells
were resuspended in 2 ml of MACS buffer and plamei LS column. After 3 washes
with MACS buffer, yd T cells were recovered a 15ml falcon tugd.T cells was
counted and seeded for all experiment at 50008/egll at 37 °C in 5% CO2. Cultures
were incubated in 96 well plate overnight in thegemce of 10 nM HMB-PP to activate

Vy9/Ve2 T cells, and 20 U/mL interleukin-2 (IL-2) (Prolen, Chiron).

Exosome isolation

Exosomes produced by LAMA84, K562 treated with 24l &562 cells during a 24 hr
culture period, were isolated from conditioned ardtmedium supplemented with 10%
FBS (previously ultracentrifuged) by differentiaéntrifugation. Conditioned medium
(CM) was recovered after 24h. CM were centrifuge@® g x 5’, 3000 g x 10’, 10000

g x 20". CM was filtered (0,22m filter) and was ultracentrifuged in “Ultra CleQueck
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Seal” tubes at 100000 g x1h30'. Pellet was washedl@en resuspended in PBS.

30%sucrose/D20 cushion

To further verify the identity of vesicles as exoms, vesicles were isolated on a 30%
sucrose/D20 cushion (density of 1.13-1.19 g/mLyescribed by Lamparski et al (66)
Exosomes from differential centrifugation methodreveesuspended in 25 ml of PBS.
4ml of 30%sucrose/D20 was loaded on the bottomhef ultracentrifuge tube and
diluited exosomes were layered above the sucroskiau gently without disturbing
the interface. Samples were ultracentrifuged atOQ0Rg, 4°C for 75 min in SW 28
rotor. The cushion, which now contains exosomess vecovered with a 5ml syringe
from the side of the tube. The cushion was transfieio a fresh ultracentrifuge tube and
were added 40 ml of PBS. Samples were ultraceggifat 100000xg 70 min in 70 Ti
rotor. Pellet was resuspended in PBS. Exosomeiprotaitent was determined by the
Bradford method. On average, the amount of exosamb¢ained was 10Ag/40 ml
from LAMA84 and K562 conditioned medium and /40 ml from K562 treated with

ZA.

Scanning Electron Microscopy

Exosomes were next examined by scanning electreanosuopy analysis. They were
fixed with 2% glutaraldehyde in PBS for 10 min,aatied onto stubs, coated with gold
in a sputterer (Sputter Coater 150A, Edwards, Uk abserved using a field emission
scanning electron microscope (FEGESEM QUANTA 200) B’ working voltage 30

KV.
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Patients

Blood samples were obtained from two newly diagdo&ML patients. Informed

consent was obtained from patients, according éoltaclaration of Helsinki and with

hospital Ethics Committee approval. Whole blood slas were treated with red blood
cell lysing buffer (Sigma, St. Louis, MO) for 2 miat room temperature, then
centrifuged at 350g for 7 min to recover and diddgsed red cells. The interphase
layer containing CML cells was collected, resusmehioh PBS and lysated for controls.
Exosomes released in fresh patient’s plasma wexeaped with the same protocol of

CML cell lines.

Western blot and immunoprecipitation assay

CML cells and exosomes were lysed in lysis buf@@0(mM NaCl, 50 mM Tris HCI pH
7.6, 0.1% Triton, 1 mM PMSF, 10 mg/ml leupeptin,m@/ml aprotinin, 4 mM EDTA,

2 mM sodium orthovanadate, 10mMNaPPI, 100mMNaFicerfor 1h. The cell lysates
were clarified at high speed centrifugation forrih and an aliquot of the supernatant
was assayed to determine protein concentratiohdBtadford method.

Total cell or exosome lysates were subjected to -BBSE electrophoresis and
immunoblot. Antibodies used in the experiments wét8C70, CD63 and VCAM-1
(Santa Cruz Biotechnology, Santa Cruz, CA), addAPK and phosphoMAPK (Cell
Signaling Technology, Beverly, MA). Five million HEEC were incubated with 50
pg/ml of LAMA 84 exosomes for 6 hr or with 10 ng/mNF a for 2 hr (positive
control) or with low serum medium for 6 hr (negaticontrol) and processed for
immunoprecipitation experiments using precleareshtigs. Samples were resolved in

8% SDSPAGE followed by immunoblotting with anti-VGEA. Aliquots of the
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precleared cell lysates were resolved independéntl®% SDS-PAGE and examined

for actin quantity as a surrogate of IP input (ndrase starting material or St) .

Acetylcholinesterase assay

A total of 10 g of exosomes in 100l of PBS and 1Qug of total cell lysate were
resuspended in a solution of 1.25 mM acetylthiomland 0.1 mM 5,5-dithiobis (2-
nitrobenzoic acid) in a final volume of 1 rihe incubation was carried out in cuvettes
at 37 °C, and the change in absorbance at 412 reriodawed at different time points

(from O to 180 min).

Flow cytometry for VCAM1

Expression of HUVEC cell surface VCAM-1 was detered by flow cytometry
analysis. HUVEC were treated with or without jg@/ml of LAMA 84-exosomes in low
serum medium (EGM:RPMI, 1:9). 500,000 cells wereshe in PBS and incubated
with 0.5 Ig VCAM-1-FITC (Santa Cruz Biotechnolgdgyanta Cruz, CA) for 15 min at
4°C. Viable cells were gated by forward and sidetec and the analysis was performed
on 100,000 acquired events for each sample. Samglesanalyzed on a FACS Calibur

with the use of the CellQuest software (BD Biosces).

Flow cytometry of VCAM-1 expression on the surfaceof latex bead-coupled

exosomes

Exosomes are too small for FACScan analysis, aactbre were bound to surfactant-
free white aldehyde/sulfate latex beads, 4 um dian{iterfacial, Dynamics, Portland,
OR). Beads were incubated with 30 pg of exosome&3anin and then for 2h at room

temperature in a final volume of 1 ml PBS. Glyc{@®€0 mM) in PBS was added to the
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beads at room temperature to saturate the remabimdjng sites. Beads were then
washed in PBS/0,5% BSA and resuspended in 0,5 mPBfS/0,5% BSA . 10 pl of
coated beads were incubated with 50 pul VCAM-1 amajbdiluted in PBS/0,5% BSA
for 30 min, washed twice with PBS/0,5% BSA and gmed with a FACScan and

CellQuest software (241).

Flow cytometry for NKG2D, CD69, CD25, IFNy and TNFa

yo T cells after overnight incubation with 1,5,1@/ml of exosomes from K562 and
K562 zol were stimulated with 1ag/ml Brefeldin A (Sigma) for 4 hours. The plate
was centrifuged at 1300 rpm for 2 min and washett WBS. Cell pellet was stained
with Live/Dead aqua (1:10) (Invitrogen) at room f@mrature for 15 min. Cells were
washed with PBS, spinned down at 1300 rpm for 2 amd resuspend with 1gG
blocking antibody (1:100) in 50l of FACS buffer (PBS containing 2% bovine serum
albumin and 0.02% sodium azide). Cells were inadbdbr 15 min in dark on ice and
washed on FACS. Cells were staining with surfadeggans: CD69 FITC (Pharmigen);
CD25 PE-Cy7(BD biosciences); CD3 APCH7 (BD biosces); W9 PE-Cy5 (Coulter);
NKG2D PE (Pharmigen). At the same time was prepated a control Isotype for
surface antigens with: IgG1 FITC)¥ PE-Cy5; CD3 APCHY7; IgG1 PE-Cy7; IgG1 PE.
Cells were staining for 20 min on ice and washeiddavin PBS. Were added 30 of
Fixation buffer to fix surface staining, for 15 mnoom temperature in dark. To
eliminate all fixation buffer, cells were washeddsin PBS and washed with %0 of
Permeabilization buffer. At this point cells wetaised for intracellular cytokines with
IFNy Pacific Blue (eBiosciences) and TMWRPC (BD Biosciences), and were stained

also with control Isotype: 1gG1 Pacific blue andslg APC. Cells were incubated 15
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min room temperature in dark and washed with FAG&Heh Stained cells were
analysed by eight-colour flow cytometry on a FACANJO Il (Becton Dickinson)

using FlowJo software (Tree Star).

Immunofluorescence and cell cytoskeleton analysis

HUVEC monolayers were grown to confluence on cdiggscoated with type |
collagen (Calbiochem, Darmstadt, Germany) and wreed with increasing doses of
CML exosomes or low serum medium for 6 hr to stM@ycadherinf3-catenin protein
distribution and expression level. Aftecubation with exosomes or BSA control, cells
were fixed in3.7% paraformaldehyde for 10 min followed by perhkzation with
0.1% Triton X-100 for 3 min. Antibodies used in tagperiments were: VE cadherin
and b-catenin (1:100; Santa Cruz Biotechnology,t&&&ruz CA). Incubation with
antibodies was performed in PBS with 1% BSA ovdrhigt 4° C. Cells were stained
with Texas Red-conjugated secondary antimouse athéb (1:100; Molecular Probe,
Eugene, OR) and analyzed by confocal microscopynipus 1x70 with Melles Griot
laser system). Analyses of the actin cytoskeletenewperformed as described (ref20)
The semi-quantitative analysis of fluorescencensity was performed using IMAGE-J

software (http://rsbweb.nih.gov/ij/).(242)

RNA extraction and Real-Time PCR

HUVEC cells were grown to confluence in 6-well platand incubated for different
times with the indicated stimuli. IL-8, VCAM-1, I(W-1 transcript levels were
measured by reverse transcription (RT) and Taghahktime quantitative polymerase

chain reaction (RT-PCR) and analyzed as descrip48)(The following primers were

47



used: IL-8, HS00174103_m1; VCAM-1, HS 00174239 M@AM-1, HS 00277001_m1
and, GAPDH, Hs99999905 m1 (Applied Biosystems, Fostdy,GIA). GAPDH was

used as the internal control.

Motility assays

Migration assays were performed following two stad protocols, Transwell
chemotaxis chambers (NeuroProbe, Cabin John, MDQJ) wound repair assay.
LAMA84 cells (2 x 16/ml) were suspended in serum-free RPMI 1640 medium
supplemented with 0.1% BSA in transwell chemotati®ve 8um pore filters and
exposed to chemoattractants with increased amdustasomes (10-20-5ag/ml), 10
ng/ml of recombinant IL8 (Sigma, St. Louis, MO),rmutralizing antibodies anti IL8 (5
pug/ml) (R&D system, MinneapoljsMN) as indicated. Filters were removed after 6 hr,
fixed in ethanol and stained with Diff-Quick (Medid®iagnostics GmbH, Du"dingen,
Switzerland). Each test group was tested in thmdependent experiments; the number
of migrating cells in five high-power fields per Mewere counted at 400x
magnification. For the wound healing assay, a wowuasd created by manually scraping
the confluent endothelial cell monolayer with a @a@ipette tip. After washing with
PBS, cells were incubated for 3 hr with medium aonhg exosomes or control
medium without exosomes. Images of cell-free spaa¥e taken with a digital camera
at the indicated times and measured manually wike 1MAGE-J software

(http://rsbweb.nih.gov/i)/ (242). The data are reported as the percentateedlistance

migrated relative to the control cultures for eagperiment.
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Adhesion assay

For Adhesion assays HUVEC monolayer was incubate® thr with 10, 20, 5@g/ml
of LAMA84 exosomes, 5Qg/ml of LAMA84 exosomes plus anti-actin antibody (5
pug/ml), 10 ng/ml of recombinant IL8, 50g/ml of CML patients exosomes, EGM as
positive control, 5Qug/ml of exosomes plus neutralizing antibody an&-i(5 ug/ml),
50 pug/ml of PBMC exosomes and low serum medium as negatontrol. After
treatment, cells were washed with PBS and 0.5M4L cells were added for 1 hr at

37°C. Adherent cells were stained with hematoxgtisin, each test group was assayed

in triplicate; five high power (400X) fields wereunted for each condition.

ELISA

HUVEC conditioned medium (CM) was collected fronisstimulated for 6 hr with 20
and 50ug/ml of PBMC exosomes, 10,20,5@/ml of LAMA84 exosomes. CM aliquots
were centrifuged to remove cellular debris and Ilp#®tein concentrations were
quantified using an ELISA kit (R&D Systems, Minne#p), according to the
manufacturer’s protocol. IL8 was also measured ctliyein LAMA84 exosomes

(10,20,50ug/ml)

HUVEC tube formation on Matrigel

Matrigel was used to test the effects of exosonmem witro vascular tube formation as
described (ref22). HUVEC were plated on Matriget@tcentration of 70000 cells/well

in endothelial basal medium containing 0.2% of FB8d 50ug/ml of LAMA84

exosomes, 50g/ml of LAMA84 exosomes plus anti-actin antibodyu@'ml), 10 ng/mi
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of recombinant IL8, 5Qug/ml of CML patients exosomes, EGM as positive cain60
pg/ml of exosomes plus neutralizing antibody an8-i5 pg/ml), 50 pg/ml of PBMC

exosomes and low serum medium as negative cont@ added to wells. Cells were

incubated for 6 hr and then evaluated by phaserastitnicroscopy and photographed.

Matrigel plug assay

All animal experiments were conducted in full cormpte with University of Palermo
and Italian Legislation for Animal Care. Four weeki BALB/c nude mice (Charles
River Laboratorie International, Wilmington, MA) weeinjected subcutaneously with
400 pl Matrigel (BD Biosciences Pharmingen, San Dieg@) Containing 100ug

LAMAB84-derived exosomes with or without 10 lg/mlmgpecific anti-actin antibody
or anti-IL-8 neutralizing antibody or PBS (negativeontrol). The degree of
vascularization was evaluated by determination emdglobin content using the

Drabkin method (Drabkin’s reagent kit, Sigma Saiotis, Missouri) (244)

Statistics

Data were expressed as means + SEMs of the indicatenber of experiments.
Statistical analysis was performed by using a uepabstudent’s t test. Differences were

considered to be significant when p values wer8%0.
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Results and Discussion

Characterization of the vesicles released from LAM84, K562 and K562 treated

with zoledronic acid CML cell lines

| examined the ability of LAMA84, K562 and K562 ated with 5uM zoledronic acid
(ZA) cells to release exosomes into the cultureiomadduring a 24 hr period. Before
the recover of the medium | performed an acridirerzge/BrEt to check the vitality of
the cells. The percentage of apoptotic cells wese than 3%Hig. 12), this result allow

to exclude the presence of apoptotic bodies irp#llet after the ultra centrifugation.

Fig. 12: Cultured LAMA84 (a) and K562 (b) CML cells (1¢/ml) for 24h revealed a small
percentage of apoptotic cells (<3%)

Vesicles secreted by LAMA84 CML cells were alsoified on a sucrose gradient and
analysed by scanning electron microscope (Fig. 18a& Western blotting using
antibodies specific for HSC 70 and CD63. Thesegmmstwere detected in cell lysates
and found more expressed in exosome fractions (E&h). Acetylcholinesterase
activity, a characteristic enzyme localized in exuss, was found associated with the
exosome fraction while negligible amounts were fbimconditioned medium deprived

of exosomes (Fig. 13c).
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Fig. 13: (a) Exosomes released by LAMA84 cells olyged by scanning electron microscopy. (b)
Detection of Hsc 70 and CD63 in 3@ug of exosomes purified after ultracentrifugation on30%
sucrose/D20 gradient (lane 1) and 3fg of cell lysate (lane 2). (c) Acetylcholinesterasessay. The
activity of acetylcholinesterase, an exosome-specifprotein marker, was determined in exosomes
(10 pg) (=), total cell lysates (10pg) (¢), exosome-deprived Fbs &) and exosome-deprived
conditioned medium (CM) () as negative control

Exosomes purified from whole blood of 2 patientshwdhronic myelogenous leukemia

displayed same properties of vesicles isolated & A84 cells (fig.14).

Ex Cells Ex Czlls

CD6&3

Patient 1 Patient 2

Fig. 14: Characterization of exosomes from CML pagnts. Exosomes are enriched in HSC70 and
CD63

| also characterized exosomes from K562 and K5éatéd with zoledronic acid for
HSC70, CD63 and Acetylcholinesterase enzyme (fjg.15
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Fig. 15: (a) Detection of Hsc 70 and CD63 in 30 wf exosomes from K562 and K562zol purified
after ultracentrifugation on 30% sucrose/D20 gradiet (lane 2 and lane 4) and 3(ug of cell lysate
(lane 1 and lane 3). (b,c) Acetylcholinesterase ass The activity of acetylcholinesterase, an
exosome-specific protein marker, was determined iexosomes (1Qug) (pink lane), total cell lysates
(10 ng) (green lane), exosome-deprived Fbs (blue lanap negative control.

It is important to underline that the treatmentha/fi uM of ZA affect the release of
exosomes from K562 cells. On average, | obtainddpb0of exosomes/40 ml of K562
conditioned medium, while after the treatment with the amount recovered is pg

of exosomes/40 ml.
Scanning electron microscope, Hsc70, CD63 and labetynesterase confirmed that
the vesicles released from LAMA 84, K562, K562 teelawith zoledronic acid CML

cell lines were exosomes.
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Exosomes treatment of HUVECSs induces cell-cell adB®n molecules

To evaluate if exosomes shed by LAMA84 are ableati@ct cell-cell adhesion
molecules mMRNA expression, | treated HUVECs witifiedent amount of exosomes for
different times (6h, 12h, 24h).
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Fig. 16: ICAM1 (a) and VCAM1 (b) mRNA expression increasedn a time- and dose-dependent
(10, 20, 50 Ig/ml) manner after addition of exosonseto endothelial cell monolayer. Exosome-
deprived conditioned medium (CM-Ex) and low-serum nedium were used as negative controls.

As shown in figure 16 a and bgdition of increasing doses of exosomes to endiaihel
monolayer caused a dose- and time-dependent iechea¥ CAM-1 (13 fold increase)
and ICAM-1 (6 fold increase) mMRNA expressiors(p.01).

Figure 17a shows that incubation of HUVEC with LAB#A exosomes or TNE used
as positive control, induced an increase of VCAMbt@n levels. FACS analysis
confirmed that incubation of HUVEC with LAMA84 exasies resulted in the detection

of VCAM-1 on the surface of HUVEC (Fig. 17b).
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Fig. 17: a) Immunoprecipitation assay with anti-VCAV1 antibody. HUVEC were incubated for 6
hr with low-serum medium (lane 1); 50 Ig/ml LAMA84 exosomes (lane 2) or 10 ng/ml TNF (lane
3); results indicate an increased amount of VCAM-1in exosome-treated cells. b) Representative
overlay histogram showing an increase of surface pression of VCAM 1 on HUVEC treated with
50 Ig/ml of LAMAB84 exosomes (solid line) comparednireated HUVEC, as control (dot line)

Immunoprecipitation and western blotting assays welib that VCAM-1 was
undetectable in LAMA84 exosomes and flow cytometnglysis of latex bead-coupled

exosomes confirmed the absence of VCAM-1 on mengbpanticles (fig 18).
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Fig. 18: Representative overlay histogram showingQl pl of latex beads coupled with 3Qug of
LAMAB84 exosomes (black line) or BSA (grey line) teed for surface expression of VCAM-1. No
shift in fluorescence was observed when exosomesavstained with VCAM-1 antibody.

Cell—cell interaction mediated through cell-adhesiolecules occurs after endothelial
activation in angiogenesis. In leukaemia, the aidinesolecules have been thought to
play an important role in various processes, indgdelease of blast cells from bone

marrow to the circulation, homing of blast cellsvarious organs and interaction of
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blast cells with each other (209). These data sHatlvat the amount of ICAM1 and
VCAML1 was significantly higher in cells treated Wwitncreasing doses of LAMA84
exosomes. To support this statement VCAM1 was tedein exosomes-treated and
untreated HUVEC cells. FACS analysis shows an asmein surface expression of
VCAM1 in HUVEC cells after treatment with exosomesmpared to untreated
HUVEC cells. VCAM1 was tested also on exosomeegailly, and the absence of
surface expression confirm that this protein wasdpced by HUVEC and not
transferred by adding LAMA84 exosomes. Then exosooan be have a role on the
interaction between CML cells and endothelium. dhfét is described that leukemic
cells interact with endothelium through adhesionlendles and cell adhesion is
necessary to trigger the survival signals on leukesells. The increased expression of
cell-cell adhesion molecules on endothelial celésyrhe associated with an augmented
dissemination of leukemia blast cells to extranlady sites (210), because ICAM1
and VCAM1 mediated the adhesion of myeloblaststivated endothelium (211).

| also tested also the expression of IL8, IL6, VE&3K TG genes that are involved in
tumor growth and angiogenesis. HUVECs treated vetosomes from LAMAS84

induced a dose dependent increase in IL8 mMRNALGIg.

g 1zh z4n

Fig. 19: IL8 mRNA expression increased in a dose-gendent (10, 20, 50 Ig/ml) manner after
addition of exosomes to endothelial cell monolayeExosome-deprived conditioned medium (CM-
Ex) and low-serum medium were used as negative cools.
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Increased IL8 mMRNA production was statisticallyngiigant and reached approximately
a 20-fold induction after 6 hr of stimulation oktlendothelial monolayevith 50 pug/ml

of vesicles. No effect was observed on IL-6, VEGH GF{3 (data not shown). The use
of IL-8 neutralizing antibody inhibited exosoménstlated increase of ICAM-1,

VCAM-1 adhesion molecules and IL8 as shown in fgR0.
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Fig. 20: VCAM1, ICAM1 and IL8 mRNA expression in HUVEC treated for 12 h with low
serummedium (Ctrl), Ctrl plus 10 Ig/ml of a neutralizing anti-IL8 antibody, 50 Ig/ml exosomes or 50
Ig/ml exosomes plus 10 Ig/ml of a neutralizing artiL8 antibody.

| evaluated also the release of IL8 into HUVEC dtoded medium and the data
confirmed that there is an increase in the synshes§ilL8 in endothelial cells after
treatment with exosomes. A small amount of IL8 ¥easd in LAMA84 exosomesNo

significant induction of IL-8 release was observdten HUVEC were stimulated with

exosomes purified from PBMC (fig. 21).

B Low serum medivm

B CM HUVEC treated with Ex PBMC 20 w/ml
B (M HUVEC treated with Ex PBMC 50 w/ml
0 Ex LANMA 84 10 szml
O Ex LANA 84 20 sg'ml

B Ex LAMA 84 50 vgiml

L8 ngiml

B CM HUVEL treated with Ex 10 uz/ml

& M HUVEL treated with Ex 20 uz/ml

B M HUVEC treated with Ex 50 vg/ml

Fig. 31: Elisa Assay. Treatment with exosomes indaan increase in the release of IL8 by HUVEC.
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| demonstrated increased mMRNA and protein expressianterleukin-8 in exosomes-
stimulated HUVEC cells. IL-8, a member of the CX&nily of chemokines, is best
known for its leukocyte chemotactic properties asdociated role in inflammatory and
infectious diseases (212). IL8 has other biologictactions in addition to its well-
recognized role in regulating inflammatory respen&l3), it has been shown that IL8
is a potent proangiogenic factor (214). It was dest@ted that IL8 has the ability to
exert a strong effect on tumor microenvironmé&i. example, secretion of IL-8 from
cancer cells can enhance the proliferation andiglref cancer cells through autocrine
signaling pathways. In addition, tumor-derived Ilw8l activate endothelial cells in the
tumor vasculature to promote angiogenesis and saguchemotactic infiltration of
neutrophils into the tumor site (215). It was destoated that IL8 plasma protein levels
and IL8 mRNA expression by leukemic blasts wer@eissed with a worse outcome in
ALL (216) and CLL (217) patients, and it was désed that IL8 plasma concentration
are significantly increased in patients with CMIL8. These data shows that IL8 were
able to enhance the ability of endothelial cellstpport adhesion of CML cells, and
exert its pro-adhesion effect by stimulating VCAMahd ICAM-1 expression on
HUVEC. Involvement of IL8 in exosome-mediated irage of ICAM1 and VCAM1

was also demonstrated by using recombinant IL8lles8Ineutralizing antibodies.

Exosomes stimulate binding of CML cells to HUVEC mnoolayer

A hallmark feature of leukemia progression is tbbesion of cancer cells to endothelial
cells for extramedullary infiltration. Thentdsted the ability of leukemia cells to adhere
to an endothelial monolayer to investigate funaiaeffects of the observed increase of
ICAM-1 and VCAM-1 expression in exosome-treated HEDA. Figure 22a shows a
dose-dependent increase in leukemia cell adhesiddUVEC after 6 h treatments.

Figure 22b shows the increase in adhesion of LAMA&®fls (arrows) to HUVEC
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monolayer after a 6 hr treatment with f@/ml of exosomes. Figure 22c shows that
addition of recombinant IL-8 to endothelial cellauses an increase of CML cells
adhesion to HUVEC monolayer similar to that prodlby LAMA84 or CML patient
exosomes. The addition of exosomes from CML patieéntendothelial monolayer is
similar to that produced by LAMA84 exosomes, whihe treatment with exosomes
from PBMC or with exosomes plus IL8 neutralizingtibady didn’'t increase the

adhesion of leukemic cells to endothelial cells.
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Fig. 22: a) Adhesion of LAMA84 cells to endotheliatell monolayer treated for 6 hr with different
amount of LAMA84 exosomes or with EGM, used as pasie control; b) Adhesion of LAMA84 cells
to endothelial cell monolayer treated for 6 hr withLAMA84 exosomes observed at contrast phase
microscopy; ¢) Adhesion of LAMA84 cells to HUVEC teated with 50 pg/ml of LAMA84 exosomes,
50 pg/ml of exosomes plus antibodies anti actin (fg/ml), 10 ng/ml of recombinant IL8, 50ug/ml of
CML patients exosomes, EGM (as positive control), & pg/ml of exosomes plus neutralizing
antibodies anti IL8 (5 pg/ml), 50 pg/ml of PBMCexosomes in low serum medium and low sen
medium (as negative control). Values are the mean &D of 5 fields in three independent
experiments CTRL: control. *p< 0.05; **p<0.01.
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These data confirmed that CML cells exhibited iased adhesion to HUVEC
monolayer when LAMA84 exosomes were added. Interglyt the same effects was
observed with exosomes from CML patients. The eftédL8 neutralizing antibody,

that didn’t increase the adhesion of leukemia dellslUVEC monolayer, suggest that

this chemokine may provide a supportive effectsdbtL cells in this angiogenic step.

CML exosomes promote migration of endothelial cells

In the angiogenic process one important step isitheease of the motility of the
endothelial cells. Confluent, scrape-wounded eral@h cell monolayers were
incubated with various concentrations of CML vess¢land the percentage of closure
was observed after 3 hr. Figure 23a shows that thalial cell migration was

significantly increased in exosome-treated cultimatsnot in the control medium.
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Fig. 23: (a) Confluent, scrape-wounded endothelialcell monolayer incubated with low

serummedium (negative control), 50 pg/ml of LAMA84exosomes, and EGM medium (positive
control), for 3 hr. b) Percentage of closure of thevounded area measured after addition of different
amount of exosomes; c)Effects of exosomes on endstal cell migration as measured by Boyden
chamber assay. Addition of exosomes (10, 20, 50 m¢)/ for 6 hr to the bottom wells of the chamber

induced a dose-dependent increase of HUVEC migratio Values are the mean 6 SD of 3 fields in
three independent experiments * 0.05; **p< 0.01.
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As positive control, EGM-treated cells migrated ointhe denuded area, almost
completely covering the exposed surface after 3Measurement of wounded area
evidenced, compared to control, a 55% percentagdosiire when endothelial cells
were treated with the dose of p@/ml of exosomes (Fig.23b). | further analyzed the
effects of exosomes on cell migration by Boydemuaber assay. Figure 15¢ shows that
addition of a range of concentrations of vesiclE3-60ug) to the bottom wells of the
chamber caused, after 6 hr, a dose-dependent sgcoddCML cell migration. A similar,
statistically significant, effect in the stimulatioof endothelial cell migration was
obtained when recombinant IL-8 or CML patients exnes were added as
chemoattractant in the Boyden assay (Fig.23c)hercontrary the presence of anti IL-8
neutralizing antibodies or PBMC exosomes in thetdmotwells of boyden chamber

didn’t increase the motility of leukemia cells (F24).
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Fig. 24: 50 pg/ml of LAMA84 exosomes, 50 pg/ml ofAMA84 exosomes plus antibodies anti actin
(5 pg/ml), 10 ng/ml of recombinant IL8, 50 pg/ml ofCML patients exosomes, EGM (as positive
control), 50 pg/ml of LAMA84 exosomes plus neutrating antibodies anti IL8 (5pg/ml), 50 pg/ml of

PBMC-exosomes in low serum medium and low serum magn (as negative control) were added as
chemoattractants to the bottom wells.

Exosomes released from leukemia cells in closeigiox of endothelial cells may also
contribute in the exacerbation of endothelium atton and increase migration of

endothelialcells during angiogenesis.
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This data demonstrate that the chemotactic effactsndothelial cells were potentiated
by LAMA84 and CML patients exosomes in a dose-ddpaeh manner both in Boyden
chamber and in a wound healing ass#tywas described that chemokines have been
implicated in the migration and tissue infiltratioh leukaemic cells (219), and here it
has been demonstrated that the addition of IL-8trakzing antibodies to CML
exosomes in both assays inhibited the processlisfroetility thus reinforcing the role

of IL-8 in exosomes-induced cells migration.

Exosome treatment alters VE-cadherin ang3-catenin localization

To investigate if alteration of cell junctional cponents could be responsible for the
increase in cell motility, | evaluated the effects exosomes on expression of VE-
cadherin andB-catenin. VE-cadherin is an endothelial-specifidieglon molecules
which under normal condition, is located at adhgenemctions and is essential for the
mainteinance and control of endothelial cell cot#220,221), and the association with
B-catenin is required for junction stabilization.eTéxtracellular domain of VE-cadherin
mediates initial cell adhesion,whereas the cytosalil is required for interaction with
the cytoskeleton and junctional strength, mediatlecbugh B-catenin (222). The
functional role of VE-cadherin changes during eahgpses of angiogenesis. Endothelial
cells treated with exosomes from LAMAS84 cell linsesow a delocalization of this
molecule. VE-cadherin staining decreased in intensity andabmec patchy at the
membrane concomitant with the appearance of a @marmytoplasmic staining in
HUVEC treated with 50 pg/ml of exosomes, comparedcontrol cells that had
continuous peripheral VE-cadherin staining (Figb23 evaluated also the effect of
exosomes orf-catenin, a protein that interact with VE-cadhesimd is involved in

signal transduction. HUVEC treated with exosomeswsla reduction of membrane
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immunostaining compared to control cells after he treatment with exosomes
caused a translocation from the plasma membratieetoytoplasm and nucleus (fig.25
¢ and d). Furthermorstaining of actin filaments with rhodamine-conjweghphalloidin

confirmed the alteration of endothelial integrithen exosomes are added to HUVEC

monolayer (fig.25a).
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Fig. 25: (a) modification of cytoskeletal structurs as observed with actin localization in HUVEC
monolayer treated with 50 pg/ml of exosomes compateto control cells b) Analysis at confocal
microscopy of VE Cadherin localization in HUVEC cels treated with LAMA84 exosomes revealed
a decrease of immunostaining compared to untreatedcells (control). (c) Decrease of
immunostaining for B catenin in cell membranes was revealed after 6 hincubation of HUVEC
with 50 pg/ml of LAMA84 exosomes compared to conticcells (d) figure shows the translocation of
b catenin in the cytoplasm and nucleus compared twontrol

Treatment of HUVECs with LAMA84 exosomes inducedy#oskeletal reorganization
with a concomitant translocation of VE-cadherin didatenin from cell surface to
cytoplasm and nuclei. Overall, these results indiddkat addition of exosomes to
endothelial cells reduced intercellular adhesiaaadiological consequence of loss of
zonulae adherens components, VE-cadherin [&edtenin. Thesdoosen endothelial

cell-to-cell contacts, is indicative of weakened-cell adhesion mechanism amaday

be responsible for increased maotility (223).
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In vitro Angiogenesis Assay

To evaluate the effects of exosomesioritro models of angiogenesisperformed an
angiogenesis assay on Matrigel; as shown in figgBe a treatment for 6h with

exosomes from LAMAS84 induce in HUVECs an endotHelgtwork formation in a

Fig. 26: Phase contrast micrographs showing that esomes induce an endothelial network
formation on matrigel. No tube formation is observel when HUVEC are plated in low-serum
medium or in the presence of 50 pg/ml of exosomekip neutralizing antibody against IL8 or with
exosomes from PBMC; the addition to HUVEC cells 050ug/ml of LAMA84 exosomes or 50 pg/mi
of exosomes plus a nonspecific antibody against acbr exosomes from CML patients caused the
formation of capillary-like structures

dose-dependent manner. | obtained the same resitiitshe addition of recombinant
IL8 or with exosomes from CML patients, while threatment with exosomes from
PBMC had no effectThe anti-IL8 neutralizing antibody inhibited exose#mduced

tube formation while treatment of cells with aniattin antibody had no effect.
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I'n vivo Angiogenesis Assay

The angiogenic potential of LAMA84 exosomes wasthgsayedh vivo by examining

the recruitment of vasculature into subcutaneounsptanted Matrigel plugs containing
exosomes. Figure 27 shows that the plugs contaihiAlA84 exosomes and
LAMA84 exosomes plus a non specific antibody (autin antibody), became more
vascularized than implants with PBS control or wgkosomes plus an anti-IL8
neutralizing antibody. This suggests that IL-8 ngia@al for vascular recruitment and
organization in this model. This is supported by tincreased haemoglobin

concentration in the exosomes-containing Matrigab(e 1).

Fig. 27: Matrigel plug containing LAMA84 exosomesstimulate angiogenesis in nude mice. Ctrl:
Negative control (Matrigel plus PBS), Ex + Ab nIL8:LAMA84 exosomes (100 pg) plus 10 pg/ml of
an antibody neutralizing anti-IL8, Ex + Ab Actin: L AMA84 exosomes (100 pg) plus 10 pg/ml of a
non specific antibody against actin, Ex LAMA84: LAMA84 exosomes (100 pg).

Table 1. Haemoglobin concentration in the exosomes-containing

Matrigel
ABS
Ctrl 0.040
EX+Ab niL8 0.070
Ex+ Ab actin 0.247
Ex LAMABS 0.378

An important aspect of tumor progression is tumascularization, and tube formation
of endothelial cells is one of the key steps ofiagenesis. Increased vascularization is

seen in AML (224), ALL (225) and also CML (226) paitts show an increase in the
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number of blood vessels but little is know abougiagenesis and angiogenesis-related
molecules in leukemia, while there are many dataathe effect of exosomes on solid
tumor angiogenesisSkog et al. have showed that glioblastoma tumols aellease
different types of microvesicles including exosontiest contain mRNA, miRNA and
proteins that may stimulate endothelial cells tquai@ an angiogenic phenotype (126).
It has been demonstrated that exosomes of humar8@W&lon carcinoma cells are
enriched in cell cycle-related mMRNAs that promoteliferation of endothelial cells,
suggesting that microvesicles from cancer cells lmannvolved in tumor growth and
metastasis by facilitating angiogenesis-relatedgsses (227) he role of exosomes in
metastasis has been also demonstrated in melanelsairc a study by Hood and
collaborators. They found that exosomes modulaték &dngiogenic and immunological
cytokine signalling, thus serving as paracrine ganders that might prepare distal sites
for the arrest of metastatic cells (123).

Here, bothin vitro andin vivo assays demonstrated that LAMA84 and CML patients
exosomes stimulates endothelial cell proliferatimnd capillary-tube organization,
which can be blocked by neutralizing anti-IL-8 Absinforcing the role of IL-8 in
exosomes-induced vascularization and angiogen&hisse data support the role of
exosomes in leukemic microenvironment as importaediators of tumor growth,

progression and angiogenesis.

Exosomes trigger phosphorylation of MAPK p42/44

| analyzed MAPK signalling after interaction betweendothelial cells and purified
exosomes to begin to understand the molecular pgthvhrough which exosomes
affect angiogenesis. MAPK is a key signalling padlvactivated in endothelial cells

after binding of angiogenic factors (228). Crodstéletween MAPK and other
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signalling pathways can further stimulate angiogen¢229). As shown in figure 28
stimulation of HUVEC with 50 pg/ml exosomes caused a time-dependent
phosporylation of MAPK p42/44. The role of ERK aetiion in angiogenic growth
factor signaling has been well established (23®KEactivation is probably required
for the growth factor-induced secretion of angiagefactors from tumor cells (231).
The strong activation of ERK1/2 in endothelial sedarly, after the exosomes addition

suggest that these exosomes exert a specific stsnfial endothelial cell function.

e | PMAPK

Fig. 28: : Western blot analysis of pMAPK and MAPKin HUVEC treated with 50 ug of LAMA84
exosomes. HUVEC were starved for 3 hr with serum & medium and then treated with 50 pg of
LAMA 84 exosomes for 15 min (lane 3) and 30 min (fe 4), or with low serum medium alone for 15
min (lane 1) and 30 min (lane 2) as control.
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Effects of exosomes ogd T cell function

The ability of tumor cells to evade or suppressetive immune response is considered
to be a significant factor in the development amogpession of tumors. It has been
shown that cancer patients, in particular thodl wialignant effusions such as ascites,
produce enormous amounts of exosonresivo and, instead of boosted anti-cancer
immunity, they succumb to the cancer with a derdngenune system (48ncreasing
clinical and experimental evidence shows that cacedls produce exosomes which
affect cytotoxic ability of NK- and T cells and thuassist cancers in their immune
evasion. Consequently, tumor-derived exosomes migh¢ vehicles for
Immunosuppression with negative impact on the imgnsystem of cancer patients and
their effects should be taken in consideration whlesigning treatment for cancer
patients (232). It has been described that the inenascape of leukemia may be related
to inadequate NK cell function such as low NK eelmbers and impaired cytotoxicity.
In AML, microvesicles from patient’s sera supprdsK cell activity (233) and
represent a mechanism by which leukaemia escape ifomune system. Most of the
papers in literature investigated the effects absexnes on NK cells, while to our
knowledge no data exist on the possible role osertes oryd T cells function. As NK
cells,yd T cells have been know to mediated killing of adat range of tumor targets,
including leukaemia blasts. As mentionated befpdel cells are able to kill CML cells
when those cells are pretreated with ZA. Thenaihe of this second part of my thesis
is to study the effects of exosomes released fr&@®2KCML cell line onyd T cells to
better understand the interaction between canaeseemes and the immune system.
Before each experiment | checked the purityydfT cells after immunomagnetic
separation of T cells. The purity b T cells was assessed by flow cytometry. The

percentage of purifiegd T cells was 96,7% (Figure 29)

68



2 5 "
5 10 a3, live subset 10 4
A ) A 97.6% A 4#"
200 FSC-A, SSC-A subset a2
4 4

90.1%
10" -

vA cead
3

€3, Vo subset
05.7%

Comp-AmCyan

Comp-PercP.Cy5.5.A" Vigh

SsC

LIVE/DEAD
Vyo+

50K - ?
ey
s
2 AT

T T T T il E P i T
O SK 100K 18K 200K 280K o w0 w0 w0 o 10 0w
SCA Comp-Pacific Blue-A Cd3 Comp-Pocific Blue-A. Ca3

» » »
» L >

FSC CD3+ CD3+

Fig. 29: Analysis of ydT cells isolated by magnetic-activated cell sortingMACS) using CANTO II.
a) gate of lymphocytes population based on FSC arfdSC parameters; b) CD3+ live subset; c)
subset of W9+ cells

| tested the effect of exosomes shed by K562 ab@lKafter treatment with GM of
zoledronate on cytokines production, NKG2D, CD69 &D25 expression byd T
cells. Exosomes don'’t exert any effectsydralone (data not shown), but they are able
to induce a down-regulation of activation markeD89 and CD25, and NKG2D
expression whegd T cells are activated with 10 nM of HMBPP and 26nUof IL2.
Exosomes affect also the Ildnd TNFx release, suggesting that exosomes from CML

have an inhibitory effect opd T lymphocytes.

Tumor exosomes inhibit IFNy and TNFa release

yo T cells is a subset of lymphocytes able to provatkeearly source of IFNand
TNFa that are important to kill transformed cells andntcibute to the prompt
generation of adaptive immune responses w{hT lymphocytes. | investigated the
effect of exosomes on cytokine releageT cells from healthy donors were treated with
different doses of K562 and K562zol exosomes 10,Ag/ml) in presence of 10 nM of

HMBPP and 20 U/ml of IL2. After overnight incubatidymphocytes were treated with
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brefeldin for 4 hr and analyzed for Iyldnd TNF expression (gating scheme is shown

Fig. 30).
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Fig. 40: Schematic representation of the multicoloflow cytometry gating scheme used to analyze
lymphocyte IFNy and TNFa expression. a) Y9+ CD3+ cells gated; b)yd+HMBPP+IL2 used as
control shows 70% IFNy double positive cells and 53,28% TN& positive cells;
C)yo+HMBPP+IL2+10 pg/ml of K562 exosomes shows a decs: in both cytokines expression
(48,4% for IFNy and 17,9% for TNFa); d) yo+HMBPP+IL2+10 pg/ml of K562z0l exosomes shows a
decrease as K562 exosomes without treatment (56,4% IFN y and 16,43% for TNFa);

Treatment with K562 and K562zol exosomes inducesrgnairment in both IFMand
TNFa secreting cells. In figure 31, the graph showsoaeedependent decrease in
IFNy release compared to control.

Also for TNFa the treatment with exosomes induces a dose-deperdbmrease

(fig.32).
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Fig. 31: Treatment of yg+HMBPP+IL2 with 1,5,10 pg/ml of exosomes from K562nd K562 treated
with 5 pM zoledronic acid induce a dose-dependentedrease in IFN release, compared to control
(yY5+HMBPP+IL2). Data represent mean + SD of three indgendent experiments.

Interestingly, the treatment with K562zol exosonseems have a less effect on the
decrease of TN production compared to treatment with K562 exosqraspecially
with the dose of lug/ml (23,8% of TN after treatment with Jug/ml of K562

exosomes and 29,6% of TNRfter treatment with jug/ml of K562zol).
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Fig. 32: Treatment of yg+HMBPP+IL2 with 1,5,10 pg/ml of exosomes from K562nd K562 treated
with 5 uM zoledronic acid induce a dose-dependentedrease in TN release, compared to control
(Yo+HMBPP+IL2). Data represent mean + SD of three indgendent experiments.

IFNy and TNFx produced bwd T cells are critical cytokines for protective imneu
responses against tumors. The treatment with exesoimduces an inhibition on

cytokines production iryd T cells, then impair the ability of these cellspmvide an
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early source of IFMin tumor immunosurveillance, and probably on cyxatidy
activity of yd T cells. These data suggest that tumor exosomes expressicspec
molecules that mediate the inhibition gd T cell activation. The identification of these

molecules will be of importance in the future desigf successful cancer immune

therapy.

Exosomes downregulate NKG2D receptor

NKG2D receptor is an activatory receptor of NK, GDéhdyd T cells. Elevated levels
of NKG2D ligands have been documented in a rangeemthelial and other
malignancies (234), and are important in tumor imensurveillance (235). These
ligands include members of the MICA and UL16-bigliprotein (ULBP) families,
molecules that have highly restricted expressidtepss in health, but are readily up-
regulated following viral infection or genotoxicress (236).The presence of these
ligandsessentially making cancer cells as attractive tarfge NK cells (237)yd T cells
(238) and CD8+ lymphocytes (239%hrough NKG2D-mediated lymphocyte activation
via PI3K andIFNy release. Clayton et al, described that exosomes fn@state cancer
and mesothelioma express NKG2D ligands and are tabldownregulate NKG2D
receptor on NK cells (106). | investigated the effeof exosomes from K562 leukaemia
cell line on NKG2D receptor o T cells, in order to explain the decrease on agk
production.yd T cells plus 10 nM of HMBPP and 20 U/ml of IL2 wetreated with
1,5,10ug/ml of K562 exosomes and K562 zol exosomes. Adiarnight incubation,
expression of NKG2D was analyzed by multicoloumfloytometry. Tumor-exosome
treatment resulted in a significant reduction il serface NKG2D expression as shown

in figure 33. Exosomes treatment don’t change tregntage of NKG2D positive cells.
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Fig. 33: Treatment of yo+HMBPP+IL2 with 1,5,10 pg/ml of exosomes from K562nd K562 treated
with 5 uM zoledronic acid induce a dose-dependentodvnregulation of NKG2D receptor, compared
to control (yo+HMBPP+IL2). Data represent mean = SD of three indgendent experiments.

This data show that exosomes drive a down-modulatioNKG2D expression, and
this can be an important mechanism by which tunxasemes may suppress this key
tumor cell recognition and lymphocyte activatiorthpeay. It was described that K562
CML cell line express MICA, MICB, ULBP-1, and ULBPligands at the cell surface
and in CML patient’s sera was found a soluble foffMICA at high levels (240), while
such molecules are not detectable in healthy dosens. The production of NKG2D-
ligand-bearing exosomes, therefore, may be a maeehanism for tumor cell immune
evasion, and further demonstrates the complexityntéractions possible between

exosomes and the immune system.

CML exosomes downregulate CD69/CD25 expression

Purifiedyd T cells rapidly express activation antigens CDigl{-affinity IL2Ra chain)
and CD69 following stimulation with HMBPP or IPPDG9 and CD25 are involved in
lymphocytes proliferation and activaticdBD69 has a functional role in redirected lysis

mediated by activated NK and T cells. In figure 34, the graph show that thatiment
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with exosomes induce a dose-dependent decreas® ih cells expressing both

activation marker.
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Fig. 34: Treatment of yg+HMBPP+IL2 with 1,5,10 pg/ml of exosomes from K562nd K562 treated
with 5 uM zoledronic acid induce a dose-dependentogvnregulation of CD69/CD25 positive cells,
compared to control (@+HMBPP+IL2). Data represent mean * SD of three indgendent
experiments.

It was described that downregulation of NKG2D daffect the expression of CD69,
responsible also for NK cells activation, infact NK cells, treatment with
mesothelioma exosomes induces upregulation of CQ6%). Here, treatment with
K562 exosomes induces a downregulation of this eraskd maybe responsible of the
lack of yd T cells activation. Normally, IL2 induces the egpsion of CD25, that is
important for lymphocytes proliferation, and in theesence of tumor exosomes, this
CD25 induction is inhibited, suggesting that exossrare able to impair activation of

yo T cells.
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Conclusion

The data obtained in this thesis have touched woome issues in exosomes biology,
particularly on the role of exosomes released ff@iL cell lines on angiogenesis and
yd T cell function. Angiogenesis plays an importaoterin the development and
progression of CML. The bone marrow of patientshwi€ML exhibit marked
neovascularization and increased number of endattoalls; but little is known about
how CML cells induce the angiogenic phenotype. Régeexosomes are described as
new components that modulate the tumor microenument, promoting angiogenesis
and tumor progression. This thesis provides insighto the role of exosomes in
angiogenesis process. The data obtained indicatectivonic myeloid leukemia cells
lines, release exosomes characterized by the pmesef HSC70, CD63 and
acetylcholinesterase LAMA84 exosomes affect several steps of angiogenesi
expression of angiogenic factors, chemoinvasion agfitesion. The data showed that
treatment of HUVEC cells with increasing doses #&MA84 exosomes and CML
patients exosomes induce an increase in cell-aath@solecules ICAM1 and VCAM1,
increase in production of IL8, a cytoskeletal remigation with a concomitant
translocation of VE-cadherin arggicatenin from cell surface to cytoplasm and nuclei,
that can contribute to angiogenic process. Interglst here was found that IL8 play an
important role in CML exosomes-mediated angiogenekli was demonstrated an
increased MRNA and protein expression of interledki in exosomes-stimulated
HUVEC cells. An ELISA assay evaluated the releast® into HUVEC conditioned
medium and the data confirmed that there is aneasws in the release of IL8 from
endothelial cells after treatment with exosomes3 las found also in LAMA84

exosomes. To evaluate the angiogenic potential A¥1A84 exosomes it has been
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performed ann vitro andin vivo angiogenesis assays. LAMA84, CML patients and
rIL8 exosomes, induced tubular differentiation ofUVECs and stimulated
vascularization of Matrigel plugs implanted intodeumice. The addition of IL-8
neutralizing antibodies to CML exosomes in bothagssinhibited the process of
angiogenesis thus reinforcing the role of IL-8 xogomes-induced vascularization. The
results here described contribute to understanetdnost interaction in CML, with a
prominent role of IL8 in angiogenic phenotype. Foe first time, exosomes released
from CML cells have been involved as important comgnts leading to endothelium

activation and angiogenesis.

On the other hand, the initial study on the effeftg T cell shows that exosomes from
K562, and exosomes from K562 after treatment wdtedronate, are able to inhibit
someyd T cells function. For the first time it was demtated that exosomes from
CML cell lines are able to downregulate NKG2D rdoepCD69/CD25 activation
marker and the production of IljNind TNFx, suggesting a role of these exosomes in
immunosuppression. These data provide few butasterg informations about the
potential role of exosomes on leukemia immune escapechanism. To better
understand how exosomes are able to perform thibition will be usefulassess the
presence of FASL, MICA and MICB or other ligands on exosomes surface and
evaluate the effects of exosomes on yd T cells proliferation. In order to confirm that
exosomes impair activaction marker and cytokine release, will be very interesting to
evaluate the cytotoxic activity of yd lymphocytes against CML cells targets following
exosomes treatment. Another important observation is the effects dedoonic acid on

the release of exosomes from K562 cell line. Afteatment with EM of this drug, the

amount of exosomes is reduced about 50% comparexbsnmes from cells untreated,
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but the effects ogd T cells function is the same.

These initial findings on the role of CML exosonmsyd T cell shed new light on the
immune-escape mechanism exosomes-mediated. Focilie anechanism of action of
zoledronate in the release of exosomes and if &iéatment there are change in the

quality of exosomes could be important to find soreeapproaches for CML therapy.
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