UNIVERSITA POLITECNICA DELLE MARCHE
FACOLTA DI MEDICINA E CHIRURGIA

Dottorato di Ricerca XXX| CICLO
in
SALUTE DELLO6UOMO

ExosomeDelivered MiR-126 as potential
therapy for Malignant Pleural Mesothelioma:
a cancer stroma model to evaluate the
anticance effect of exosomal MIR126

Relatore: Chiar.mo Dottoranda;

Prof.ssa Lory Santarelli Dr.ssad-bteraco

Correlatore:

Dott. Marco Tomasetti

Anno Accademico 2012018



INDEX

AB ST R A CT 4.
ABBREVIATIONS ... em e 6
1. INTRODUCTION ..o e 11
1.1 Malignant pleural mesothelioma.............ccooiiiiiiiiiieee e 13
1.1.1  General fEAtUIES.........oooi it ee et r e e e e e e e aaeeean 13
1.1.2 Asbestos and malignant pleural mesothelioma.................cceeeeeeie 16
1.1.3 Therapeutic approaches to MPM..........ccccoiiiiiiiiii e eeeen 19
1.1.4 Metabolc reprogramming and stromal functions...........cccccceevviiiiccceeeenn. 23

1.2 IMIRNAS ot e e e e e anrr e e 29
1.2.1 MiRNAs and cancer: role in tumour formation and progressian............. 29
1.2.2 MiIRNAS in diagnosis and therapy..........cccoeeeiiiiiiiiccce e 33
1.2.3  MIRNAS in liquid DIOPSY......ccceeiiiiieeeeeeeme s 34
1.2.4 MiRNADbased canCetherapy...........ccceeeeiiiiiieiiiieee e 34
1.2.5 MiR-126 as potential TargomiR...............ooorriiiiiimer e 38
1.2.6 MiR-126 and anQIiOgENESIS.........ccevvvrrrririiiiimmmeeeeeeeeerinna s e e e e s ememrannan s 45

R T 0 1T 0 1 1 SRR 49
1.3.1 Biogenesis and COMPOSIION. .......ccuueiiiiiiiiiiiice e e 50
1.3.2 Exosomes mediate cédi-cell communication...............c.eevvieeiiieeecivvinnnnnnne. 52
1.3.3  EXOSOMES QN CANCEL.......evviuiiriniiieeseeeeeeiinnas e s e e e e e e e e e e anensaasaaaaeeeeaeeeeees 54
1.3.4 Exosomes as efficient nanocarriers in cancer therapy..............ccccvvveeenns 56
1.3.5 Exosomes and CaBCtherapy.........cccoeeeiiiiiiiiiiiiieee e eeeeeeeeeeev e e 57

2. PURPOSE OF THE THESIS.......c.coo e 64
3. MATERIALS AND METHODS ..., 65
I A Y (1 [0 | VAo == o | o PP P PP PP 65
3.2 Cell cultures and treatMeNntS..........cccovviiiiiiiiiiiireee e e e ee e eeeeeeannnnes 66
3.3 ECtopic MIR-126 €XPreSSION......ccoiiiiiiiiiiiitiieees s eeeenensseeeeeeeeeeeed 67
3.4 Cell proliferation @SSAY ..........couuiiiiiiiiiiiiceeee e 68
3.5 ColoNy fOrMING @SSAY.....uuuiiiiiiiiiiie e e et e et e e e e e enmr e e e e e eaaaa e 638



3.6 Exosome isolation and quantification................c.uuuuiiiirieeeiiiii e 68
3.7 PKHG7 labelling Of EXOSOMES.......cccoviiiiiiiiiiiii e 69
3.8 HUVEC-derived eX0SOmMeS UPLAKE...........covvuriruuuuiimmeeeeeeiiriiiisa s e e e e e e ememrnnnns 69
3.9 Quantitative RT-PCR (QRT-PCR) analyses............ccccevviivviiiiimemee e, 70
3.10 Tri CO-CUltUre MOAEL......cccciiiiiiiiiiiiiiicceeiiiiiiee e erree e e e e e e e e e e e e e e e L
3.11 Angiogenetic activity aSSESSMENL...........ccevvvvrriuuiimreeeeerriiiisee e e e e e eeemnnn e L 2
3.12 Western Blot @nalySiS........cooooiiiiiiiiiiiiiicmce e 73
3.13 Ki-67 Proliferation @SS@AY.........uuuurieiiiiiiiiiieeieameieieeeae e e e e e e e e e e e e srmmme e e e e e 73
3.14 StatistiCal @NalYSIS.......uuuiiiiiiie e s 74
4., RESULTS....ce e e (5
4.1 MiR-126 level in MM stroma cells and cellular response to miR26 treatment..
....................................................................................................................... 75

4.2 Exosome uptake and miR126 level in stromacell components....................... 76
4.3 Stroma model: exosome uptake and exmiR-126 distribution across cells.....80
4.4 Exo-miR-126 modulated angiogenesis itti co-culture model.......................... 84
4.5 Exo-miR-126 modulated cell growth in tri ceculture model.............ccccoc........ 86
5. DISCUSSION. ... 89
6. CONCLUSION ... nmme 93
7. REFERENCES.........o e, 94



ABSTRACT

Introduction: Changes in microRNA expression patterns are associated to disease states and
cancer pogression. One of these is miR6, which was found downregulated in numerous
types of cancersncluding malignant mesothelioma (MM)Restoration of miRL26 is
associated with the loss of malignancy, due to the regulation of several metabolic patierns
theinhibition of cell proliferationmetastasigndangiogenesisThe levels of miRNAs can be
restored by various ways. One of the most studied methods is the administration of miRNAs
through exosomes, endocytic vesicles naturally produced bywaith play an important role

in cell-to-cell communication modulating and reprogramming recipient e miR126 is

highly expressed in endothelial cells, exosomes derived from endothelial cells have been used

to deliver and restore miR26 in MM cells.

Methods: To evaluate the effect of mik26 on malignant mesothelioma cells, H28 and MM
B1 were transfected with miR26 mimic and evaluated for cell proliferation and colony
forming assay. Since tlwmancer stromalay an important in the tumour microeraiiment
supporting tumour formation and progression, we analyzed the effect of Hide&ed
exosomes on several cellular components of the tumour streaiient stroma cells such as
endothelial cellfHUVEC), fibroblasts (IMR90), normalignant mesothial cells (Met5A),
and malignant mesothelioma cells (H28 and MBlY) were treated wittHUVEC-derived
exosomes(T1) and HUVEGderived exosomesiR-126-enriched (T2),and the exosome
uptake andhe expression level of miR26 in recipient cells and in theeleaseeexosomes
were evaluated. Nexa,stroma model was performedlturing fibroblasts and endothelial cells

with MM cells, and miR126 level and its biodistribution were evaluated after treatments.



Finally, the tumowsuppressive functions of miR26deliveredby exosomesn cell signaling

modulation, cell proliferation, and angiogenesere evaluated.

Resuls: MiR-126inhibited cell growth in H28ells(miR-126 responsive cells), while no effect
was observed in MMB1 cells (miR126 nonresponsive dis). Recipient stroma cells
efficiently taken up HUVE@lerived exosomes a dose and timedependent manneand
released exosomesiridhed in miR126 into the microenvironmeitfiter exosome treatments
(T1 and T2) Based on the environment considerdte miR126 delivered by exosomes
differently distributed across the cetltais affectingniR-126 targeexpression with consequent
modulation of angiogenesis and gabliferation.In the miR126 responsive MM environment
the miR126 introduced by treatemtsincreased level of miR26 n MM cellsandendothelial
cells associated with a reduction of iR6 in fibroblasts. Conversely, in miRL26 non
responsive MM environment the miR26 introduced by the treatments was sequestered by
fibroblasts, thus reding the miR126 level in MMB1 and HUVEC cellsin the miR126
responsive MM environmenexosomal miR126 inhibits angiogenesis by targeting EGFL7
and VEGFwhile the shift of miR126 content from endothelial cells to fibroblasts induced tube
formationby increasingexpression of VEGF and EGFL7 in IMBO and HUVEC irthe miR-

126 nonresponsiveMM environment.Finally, inhibition of IRS1 pathway with consequent
arrest of cell growth was observed afteto treatmers in the miR126 responsive MM

environment.

Conclusion: MiR-126 delivered by HUVE&xosomes promotes antitumour responses in MM

cells, suggesting thatxe-miR treatmentrepresent a prorsingcancer therapy strategy
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1. | NTRODUCTI ON

The development of therapeutic resistance to anticancer therapies remains a significant clinical
problem, with intratumoral heterogeneity and stroma environment playing a key role
(Khamisipour et al., 2016; Wood, 2015). In this conténd out new moladar targets and
improving targeted delivery of therapeutics in cancer is a promising approach (Rosenblum et
al., 2018). Scientific and technology advances have led to the development of therapeutically
active molecules such miRNAs packaged in nanocar(l(s) or localized delivery of
therapeutics to the diseased tissdaticancer agents in NCs offer therapeutic advantages over
free drug formulations, such as improved stability, solubility and uptake, resulting in the

i mproving of p a tclieasingt tlte drugocoricentoatioa in thg targentissue to
enhance therapeutic efficacy, and simultaneously reducing theichitteg adverse effects

associated with these dru@atel et al., 2013; Jeong et al., 2016)

Technology has enabled the productad high-grade synthetic lipibr polymerbased carriers,
liposomes or lipid nanopatrticles (LPwhere a bilayer membrane encloses an aqueous core
carrying the drugéLopes et al., 2014).iposomes that can target multiple tumour cell subtypes
may furthe improve the therapeutic efficacy by facilitating drug delivery to a broader
population of tumour cells making up the heterogeneous tumour tissue. Despite promising
preclinical results demonsthnat) improved targeting and atntmour effects of ligandlirected
liposomes, the clinic impact has been relatively modest (Belfiore et al., 2018). Potential lipid
toxicity is described, in addition, nespecific activation of inflammatory cytokines and

interferon responses are consistently observed (Svenson2éxi#l),

In order to overcome immune systegaction natural carrier systns such as bacteria, viruses

have been employed to improve synthetic carriers (Yoo et al., 2011). Among the natural
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systems, extracellularehicles(EVs) have recently gained muchearest due to their role in
physiological as well as pathological processes. EVs aredeelled membrane vesicles
characterized by phosphbpid bilayer structure, and can specifically transfer their content,
which consists of complex biological molees) from cell to another even over long distances.
This endows EVs with immense potential for drug delivery and regenerative medicine
applicationgVader et al., 2016ylalda et al., 2016). Exosomes are the smallest type of EVSs,
with diameters between 500 nm. By virtue of their defined size and natural function,
exosomes, appear ideal candidates for drug delivery purposes (Kooijmans et al., 2012; van
Dommelen et al., 2012). Exosorhased drug delivery system may provide unique advantage
over other systemsncluding the ability to circulate without detection by the immune system,
high stability in the blood (Clayton et al., 2003), efficient delivery of cargo in target cells.
Despite these advantages, there are still some concerns and challenges to ovefomme
endogenous exosomes may be used in clinical setting. Natural exosomes are complex structures
which are difficult to characterize pharmacologically. Moreover, they have different role in
health and disease, which is still poorly understood (Isalk,&017). Here we provide insights

into the potential use of exosomes as mMiIRNA delivery in malignant pleural mesothelioma

(MPM) a cancer without any option of treatment.
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1.1 Malignant pleural mesothelioma

1.1.1 General features

Malignantpleuralmesothelioma isn aggresive, treatmentesistantumaur that arise from

the neoplastic transformation of the pleural mesothelium, the thin membrane that covers and
protects théungs Robinson et al., 2005 addition topleural mesotheliomayther forms of
mesothdbma, rarer, originate from other serousmembranes coated with mesothelium
Depending onthe body district wherehey originate, mesotheliomas are subdivided into:
pleural mesothelioma (mosbmmon type, accounts for abd@% of mesothelioma cases),
peritoneal mesothelioma (infrequent, accounts for almost the remainingOB4sothelioma
case} pericardial mesothelioma and mesothelioma of the vaginal tunic (both extrenagly ra
(Marinaccio et al., 2010; Bridda et al., 200H)stologically, there arehtee different types of
malignant pleural mesotheliontiffering for cell morphologyandprognosig(lsmailKhan et

al., 2006;Allen, 2005. The three histotypes are:

1. Epithelioid: is associated with less severe prognass characterized by the prese of

only cells with epithelioid morphology and is the most comnype (60-70%of MPM cases).

2. Sarcomatoid: associated with a more severe prognosis than the previous one; it is
characterized bthe presence of only cells wifarcomatoid morphology dnepesents 10 to

20% of MPM cases.

3. Mixed: it is the most aggressive of the three histotypes; it is characterized by the simultaneous

presence of both cell typeadiaccounts for 30 to 40% of MPbdAses

Mean age at diagnosis for malignam¢sotheliomas 60years and this disease is predominant
in males (sexatio 4:1) (Marinaccio et al., 2010¥JPM diagnosis requires -Xay, computed

tomography (CT) scans, magnetic resonance imaging (MRI), PET and histochemical analysis

13



of biopsy sample (Bianco et al., 2018)sually, malignant mesothelioma is diagnosed at
advanced stages asdtasymptomatiat early stagesss the cancer progressaatients usually
present chest pain (6%),dyspnoed50-70%),cough (2630%) (Fuhrer and Lazarus, 2011)
and pleural effusio (Muruganandan et al., 2018jowever, he diagnosis is compléecause
MPM symptoms are nespecific andmay mimicother respiratory diseasesausing a late
diagnosis and poor survivalKim andVo, 2016;Perrotteet al., 201%. For this reason, se\adr
research groups have atteeypto identify a biomarkerin blood or pleural fluidhat could be
usedfor the early detection of MPMPromising tumour biomarkers have been identified
including, osteopontin(Roe et al., 2008;Sun et al., 2017) soluble mesthelinrelated
protein(SMRP) Robinson et al., 2005; Roe et al., 2008) andlin-3 (Kirschneret al., 2015;
Peiet al., 2017)Although initial results appeared promising, most of these biomalikees
proved to be ineffectivior early diagnosisHowever theycanbe used to monitor the evolution
of the disease and to predict prognoBise prognosifor this tumour is very poorith a median
survival d 6 to 12months(Ceresoliet al., 2001Aziz et al., 2002 Patel and Dowell, 2016
Several clinical factors influence MPM prognosis including gender hesfetype and tume
staging(Mineo and Ambrogi, 2012 MPMs are classified according to TNM (tumgunodes
and metastas) staging systerfPass et al., 2016; Nowak et al., 2016; Rice et al., 2016; Rusch

et al., 2016Lim et al., 2013 (Figure 1).
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Stage | Tumour extenslon
T Ipsilateral parietal or visceral pleural invalvernent.

Ipsilateral parietal or visceral pleural involvernent with invasion of either underlying lung
or diaphragmatic muscle,

Locally acvanced, potentially resectable tumour. Involvernent of ipsilateral parietal or visceral
T3 pleura with invasion of at least one of the following structures: endotharacic fascia, mediastinal
fat, focal resectable soft tissue of chest wall, or nontransmural invasion of the pericardium.,

Locally advanced, unresectable tumaour. Involvement of ipsilateral parietal or visceral pleura

with invasion of at least one of the following structures: internal surface of the pericardium

T4 {with or without effusion), peritoneurn, mediastinal structures (such as oesophagus, trachea,

and great vessels), contralateral pleura, spine (including vertebrae, neuroforamen, spinal cord,

and brachial plexus), or diffuse, unresectable invasion of the chest wall (with or without rib destruction).

NO Mo regional lymph node metastasis.

T2

Ipsilateral intrathoracic lymph node metastasis (such as bronchopulmonary, subcarinal, hilar,
N1 paratracheal, paranesophageal, acrtopulmonary, peridiaphragmatic, pericardial, intercostals,
ar intarnal mammary nodes).

N2 Contralateral intrathoracic lymph node metastasis or metastasis to ipsilateral
or contralateral supraclavicular lymph nodes.

MO Mo distant metastasis

M1 Distant (extrathoracic, haematogenous, or non-regional lymph node) metastasis present.

stage |IATINOMO
981 1B 123 MO MO
Stage Il | T2 NTMO

IA: T3 N1 MO
Stagelll | 674 No-2 MO

Stage IV | Any T4 Any N M1

Figure 1: TNM classification for malignant pleural mesothelio(8& edition)

The prognosis of MPM isery poor(Figure 2). Patients'survivalat differentMPM stages
(Figure 2B), the 2Year Survival Rate and theYeear Survival Rate decrease progressively as

the stage increaséBigure 2B).
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Figure 2: Overall survival(A) and he impact of tumour statg in the 2 and 5Year Survival
Ratein MPM (B)

Otherfactors influencing prognosis are chromosomal alterations, gene mutatnoRBIA and
gene expression profile and DNA methylation stalliséo and Ambrogi2012). For example,
downregulation of miRL7 and miR30c in sarcomatoid MPM and upregulation of R28C in
epithelioid-type MPM are significantly associated with better survival (Christensen et al.,
2009). On the contrary low level of circulating miR6 in MPM patients is associated with

poor prognosis (Tomasetti et al., 2012).

1.1.2 Asbestos and malignant pleural mesothelioma

The primarycause of MPMs asbestogYarborough 2007;Carbone et al., 20)1Asbestos
exposure is responsibler 80% of mesotheliomaasesbut fortunatefl, only 5% ofasbestos
exposedsubjects develop malignamhesothelioma(lARC, 2012) The term fiasbestas
indicates a groupf crystalline silicategjuite common in nature, with a very heasistant

fibrous structureandfor its propertiesasbestos haseen extensively used the past until its
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carcinogenicity has not been demonstrated at the end of the A88@stos has been classified
as a Group | human carcinogen by the International Agency for Research on Cancer
(IARC) (IARC, 1987; IARC, 2012)Asbestodibers in fact, keing very smallcan be easily
inhded and by reachng various districtsof the respiratorysystemmay causenot only the
development of MPMbut also oflung (Gilham et al., 2015; Ngamwong et al., 20Hs)d
laryngealcancer(Liddell, 1990; Roh et al., 2016Yloreover,recentevidencesiemonstratés
assoa@tion with other forms of cancseuch as ovarigrstomach andoloncancer(Camargo et
al., 2011; Fortunato and Rushton, 2015; Paris et al., 2Bl&jdiion, asbestos may cause also
seriousnortneopladt diseases, including asbestogigques and pleural effusidereillier
andAstoul, 2008; Jamrozik et al., 2011) has been estimated that, worldwide, 107000
people die from asbestaléseass every year(Stayner et al., 2013lJsually, aconsiderable
latency period elapsdsetween the first exposure &sbestos and the onsetnoésohelioma
symptomsrangingbetweer0 to 50 year?eopleexposed to asbesthave the highest risk of
developing mesotheliomar other asbestoselated disease&xposure can happen directly,
such as at a jobsiter indiredly. About 25% of all MPM caseshave been attributed to
occupational exposure, 25% to familial exposure and 50% to envircalimexposure
(Goswami et al., 2013ylensi et al., 2015)The risk ofdevelopingmesotheliomaand other
cancer typegnhances witlincreasingasbestos exposuretensity and duratio(Kang et al.,
2013; however, a threshold limit for mesothelioma risk i$ definable andcases have also
been reported even after short expogHiklerdal, 1999;Magnani et al.2000. The association
between exposure to asbestosefb and the development of mesothelioma dearly
demonstratedoth in vitro than in vivo Toyokuni, 2009;Donaldson et al.2010; Singh et al.,
2017). It hasbeen demonstrated that longdib( | on ger tnmpanot bé dnpletaty)

engulfed by cells oimmune systen{Davis et al., 1986Donaldson et al., 2010pver time,
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frustrated phagocytosis generates an oxidative stress and a cimitemiemation which
contributes to the developmenttbé diseaséDonaldson et al., 201Qrigure 3); macrophages
undergo frustrated phagocytosis release many cytokines and growth facioiding tumaour
necrosis factet) (TNF-U), interleukin6 (IL-6), interleukin8 (IL-8), transforming growth
factorb (TGF-b), vascular endothelial growth fact¢#EGF) and plateletderived growth
factor (PDGH, which promoteoncogenictransformation $hukla et al., 2009Miller and
Shukla, 2012. Indeed, chronic inflammation induces genomic instability, promotes
angiogenes, altersthe genomicepigenetic state, and increasedl proliferation Miller and

Shukla, 201p
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Figure 3: Mechanisms o&sbestosnduced carcinogenesis

Moreover,in mesothelial cellsthe internalizationof asbeste fibers via integrinsor other
receptors causethe activation of downstreamsignalng cas@des conducing tccell
transfomation, cancer cell survivgbroliferation, angiogenesis and invasiore(Rdetti et al.,

2015) Figure 4). Finally, asbestos exposure inducesriacrophages and mesothelial cétis
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production ofreactive oxygen speci¢ROS) andreactivenitrogenspeciegRNS), which are

responsible of DNA damag®NA mutationsand genome instability_{u et al., 2000.
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Figure 4: Cell signalingactivation by asbestos

1.1.3 Therapeutic approachée MPM
Conventional therapeutic approaches td®N¥l are surgical treatment, radiotherapy and
chemotherapyFigure 5). Several factors influence the choice of the best therapeutic strategy

including tumour stag histological differentiatiomndthep at i ent 6 s st at us

9 Surgical approach: two surgical procgures are used in MPM treatment
Pleurectomy/decortication (P/D) that involvibe radical removal of all visible disease of
the pleura, both thinner and outer lung liningxtrapleural pneumonectomy (EPP), a type

of more radical surgical option whichngs to eradicate all macroscopic tumsvia the
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removal of the areas surrounding(Butchart et al., 1976). Howevesgveral studies
demonstrate that surgery can bring benefits only in the early stages of the disease (Cao et
al., 2014; Wald and Sugarbak@016). In fact, onlyn stage | and Ithe tumour can be
completely removed ensuring a favorable prognosis and a high survivasmag-Khan

et al., 2006).0n the contrarysurgery alone has proved ineffective in the treatment of
advanced stagmalignant mesothelioma becausdoes not improve survival rates fact,
surgical procedureprovidein thesepatientsonly a temporary reliefeducing pain and
controllingpleural effusiongBibby et al., 2016).

Radiotherapythis approaclalone, offer oty symptom palliation becausedoes not affect
tumour progressioflng et al., 2006).

Chemotherapy:ni the pastthis approaclnas been the only therapeutic approasadfor

the treatment of MPM in advanced statesNpwak, 2012 Chemotherapy alone is
recommended for patients who are not operable (stage 1V) and/or show sarcomatoid
histology(Mott, 2012).All chemotherapeutic agents have been tested both in vitro than in
vivo against MPM(Janne2003; Tomek et al., 2004yhe most commonly usettugsfor

MPM are cisplatin, pemetrexed, methotrexageemcitabine, carboplatin, mitomycin,
doxorubicin, epirubicin, vincristine, vinblastine cyclophosphamide, nintedanib, ifosfamide,
ranpirnase and vinorelbirfismailKhan et al., 20065obhani et al., 2017 Thesedrugs can

be used alone or combined with each other increasnigumor effect For example,
Vogelzang and colleagues demonstrated that pemetrexed/cisplatin combination is more
effective in MPM than cisplatin alor{f&ogelzang et al2003; in fact, in hisphase llitrial
pemetrexedn combination with cisplatin compared to cisplatin monotheragyease

medi an survival from 9 to 12 months in adv

2003). Other chemothepy combinatiors have been testeid treatMPM; however,the
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combination between platin compound and a folate antagomegpresentshe standard
approach for advanced MPM the last 15 year@Bonelli et al., 201Y. In conclusion
chemotherapynay alleviate symptoms, improve quality of life anelpng survival in
advanced stage MPM patients but is no curdieby et al.,2016 Rossini et al., 2018)

1 Multimodality therapy (TMT): represents a more effective strategy amhsists in
combiningtwo or more different methods of treatment, suchuagesy, radiation therapy,
and chemotherapy (Baas et al., 2015; Rossini et al.,)2Bb8 examplea recent study
demonstrates that a trimodal approach, such as EPP with chemotherapy and radiotherapy,
increase median surviveld 1824 monthgKishimoto etal., 2016) However, this approach

can be applied only in patients with an operable tumour and a good performance status.

STANDARD
THERAPY

,‘" TARGETED §
IMMUNO | EXPERIMENTAL

\\/J THERAPY

Figure 5: Therapeutic strategies to malignant mesothelioma

Conventional treatments for mesothelioma are ineffeetnggatient prgnosis remains very
poor.The failureof standardherapiepushedesearchert develgppmentalternative therapies

which can be used alone or in combination wiahwentional treatmentgigure 5):
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Immunotheray: it is a new therapeutic approadiased orthe administration of drugs and
therapeutic agents able to stimulate the immune system to target cancer cells promoting an
antiumourimmune effect (Farkona et al., 2018his strategy cabe used to treat many
cancer types includingMPM (Bograd et al.,2011; Voena andChiarle 2016).
Immunotherapy represengspromising strategfor MPM treatmentbecause it has been
shown that lymphocyte infiltration to the tunrccorrelated with better prognosis inAMI
patients(LeighandWebster, 1982; Grégoire, 201@ntitumour immunotherapycan be
performed in two ways: passive immunotherapy and active irotharapy. Active
immunotherapyonsistan administeringone or several antigens through vaccinatibte

to activate the immune systeagainst cancer cellpassive immunotherapy relies o
effectors isolated and activated in vitad then reinjected (Grégoire, 2010)This last
approach is used when the immune system is comprdnhkenerous clinical trials of
immunotherapy againdPM have been performed. For exampulgtokines, monocloal
antibodies, and activated T lymphocytes have been used to stimulate the inystene s
against canceeells Astoul et al., 1998; Grégoire, 2010; Wong et al., J0Mbreover,n
otherclinical trials have been used cell vaccines contain dendriticlcatled with tumour
associated antigens to stimulate immune system adafidtcells Hegmans et al., 2010
However, hough immunotherapy gives excellent results in treating numerous cancer types,
most clinical trials eporting negative results for R.

Target therapyconsists in the targeting of pathways alse&idown to be dysregulated in
MPM, such asepidermal growth factor receptQE GFR pathway, vascular endothelial
growth  factoreceptor (VEGFR) pahway, phosphatidylinositeB  kinase
(P13K)/proteinkinase B(AKT)/mammalian target of rapamycimTOR) pahway and

Notch pathwayusing smalimolecules with inhibitory activity (Sobhani et al., 201F9r
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example, promisingesults have been obtained targeting Notch pathway (Rossini et al.,
2018). In otherclinical trials VEGFR or EGFR inhibitors have been tested alone or in
combination with chemotherapy in MPM patients, but with poor results (Guazzelli et al.,
2017).In a phase Il triah specific antibody antmesothelin (MORal®09) has been used

in combhnation with pemetrexed and cisplatin in patients with advahti; preliminary
results show a tumour regression in patients after treatment (Hassan et al., Zaigot

therapyrepresents a promising strategyiPM therapy, buturtherstudies are redred.

1.1.4 Metabolic reprogrammmg and stromal functions

During malignant transformationells modify their metabolism to support enhanced cell
growth and proliferation(cell plasticity) the metabolic reprogrammingnétabolicswitch)
sustainshigh energetic ad metabolic demandand confersthese cells aelective growth
advantage and/or resistance to apoptdxwlpva and Thompson, 201Gentric et al., 2017
Many metabolic changesoccur in cancer ce#f including increase of glycolysis and
glutaminolytic fux, upregulationof amino acid and lipid metabolism, enhancement of
mitochondrial biogenesis, induction of pentose phosphate pathway and macromolecule
biosynthess (Hanahan and Weinberg, 2011; Ward and Thompson,)3Eigure 6). During
metabolic switchhe mostchange is the increased of glycolysis, the main source of ATP for
cancer cells Gentric et al., 2017 in fact, cancer cellsise glycolysis over mitochondrial
oxidative phosphorylation (OXPHOS)o produce most of their ATRven under aerobic
conditons (Warburg effect{Warburg 1956;Gogvadze et al., 201Xu et al., 201p Cancer
cells are characterideby an increased glucose uptakahigh glycolytic flux andan
impairedmitochondrial respirationGogvadze et al., 2010; Gentric et al., 201Xerobic

glycolysis helps cancer cells to sustain high energetic dempratiucing ATP in greater
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quantities and at a faster ratempared with OXPHO$Guppy et al., 1993)n cancer cells

most ofpyruvate (about 90%¥ converted in lactate Hgctatedehydrgenase (LDH)It has

been shown that lactate production contribute tumour formation and progression; for
example, gruvate conversionn lactatehelps to regenerate NADH accelerating glycolysis
(DeBerardinis et al., 2008moreover,secreted lactate maact as fuel to ther cancer cells
(Semenza, 20Q8Finally, lactate lowers the pH of extracellular microenvironment promoting
cell invasion and metastagiBonuccelli et al., 2010; Martine@utschoorn et al., 2011Jhe

high rate of glycolysis and supgsed gluconeogenesis help to maintain a low level of
intracellular glucose, creating a gradient favouring the flux of glucose into the cell and create
microenvironmental acidosis, compelling the evolution of phenotypes with stress resistance and
metastaticcapacity(Tomasetti et al., 20)4However cancer cells exert the ability to switch
from oxidative phosphorylation to aerobic glycolysis & versa(Tomasetti et al., 2014
Gentric et al., 2017 In fact, cancer cells exert increased metabolic giagtihat allows them

to continuously adapt to changes in the tumour environnhéorteover, many nonglucose
nutrients, such as amino acids, lactate, acetate, and macromolecules, can be used as alternative
fuels for cancer cellsonfirming metabolic hetegeneitywithin tumour(Keenan et al., 2015
Gentric et al., 2017 For example, mitochondrial fatty acid oxidation (FAO) provides an
alternative pathway to support cancer cell survival in glutioséng conditions by producing
acetyl-CoA (Tomasetti et al 2014) Moreover glycolysis in addition to producing ATP
providescancer cell;mecessary precursors for biosynthesis: for example, ghepbesphate

is often consumed by pentose phosphate pathway to synthesize nucleotides and(SA&®PH
2006); similarly, cancer cellaitilize 3-fosfoglicerate (3PG) for de novo synthesis of amino
acids and fatty acids (Jones and Thompson, 2@¥)eral factors promotgycolytic switch

including oxidative stress, OXPHOS reductiattered miRNAexpressionprofile, tumour
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suppressodowrnregulation (such as p58and oncogenesverexpression(such as évyc)
(Gogvadze et al., 2010ilsson et al.2012;BensingerandChristofk,2012).Glutamine plays

a key role in cancer cells supportiegergetiademandgGriffiths and Keast, 199@CIluntun et

al., 2017. It has beershownthat he rapid conversion of glutamine to lactate (glutaminolysis)
produce sufficient NADPH to support fatty acid synthesis (DeBerardinis et al., 2007).
Moreover,in cancer cellsglutamine assurethe maintenance dhetricarboxylic acid(TCA)

cycle function restoringoxaloacetate (anaplerosis) (DeBerardinis et al., 200V)fact,
glutamate derived from glutamine cae converted tbtketoglutarat€ -KG) in mitochondria
then,UKG entesin TCA cycleto restore oxaloacate(OAA) (Dang, 2010)Finally, gutamine
serves as an important source of reduced nitrogen for biosynthetic reactions, as afsource o
carbon to produce glutathioaed as a precursor to nucleotides and lipid synthesis via reductive
carboxylation (Cluntun et al., 2017 In cancer cells, TCA is primarily involved in the
production of precursors for macromolecule biosynthesis (Jones and Thorap88ix for,
example dratecan beexported to the cytosol to be converted into ae€tyh and OAA by the

ATP citrate lyas€ACL) enzyme (DeBerardinis et al., 2008hen,acetytfCoA may be used

for de novo synthesis of lipids (fatty acids, cholesterol, sphingomyelin, ismgsgand for

proteinacetylation (Jones and Thompson, 2009).
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Figure 6: Metabolic reprogramming in cancer cells

Several oncogenes such as Myc, RRBK/AKT and hypoxiainducible factor 1(HIF-1)
promote cancer reprogramming upregulatirenzymes of glyolysis, pentose phosphate
pathway andynthesis of lipid, proteins and nucleic acigBeBerardinis et al., 20Q0®han et
al., 2014. Moreover,oncogenes increaggucose and glutamine uptake promotsymthesis

and translocation dheir respectivérangorters(Phan et al., 2014).
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Metabolic changes have been observed also in MBNhg neoplastic transformatioBome
studies showhatthe activation of PI3KAKT pathway byinsulin receptor substrate(lRS1)
protein in MPM cells plays a key role in neopléc transformation promoting metabolic
reprogramming, cell pliferation and angiogenesighou et al., 2014 moreorer, MPM cells
are characterized by high levels of enzyhaesate dehydrogena@eDH) and ACL areduced
gluconeogenesis, high glucoseptake ancan increase®C (Mullen et al., 2011 Tomasetti et

al., 2016).

According to these notionmetabolic reprogrammirgaysa key role in tumour formation and

progressiontargetingcancer cell metabolismight be an effective strategy for cancesrtpy.

Moreover, cancer cells during malignant transformatiecruit from the local host stroma,
several normal cell typesincluding vascular endothelial cells, pericytes, adipocytes,
fibroblasts, and bommarrow mesenchymal stromal celt® become pa of the tumour
microenvironment\(Verb and Lu, 2015)Tumaur-associated stromal cellSASCS9 play a key
role in tumour development and progression supporting tugrowth, angiogenesigjvasion,
metastasi@ndtherapy resistanc@Bussard et al., 20)6In fact, these stromal cells surround
the tumour to form a distinct microenvironment acting as a barrier which protect and sustain
tumour. For example, cancerassociated fibroblasts CAFS) maintain an optimal
microenvironment for cancer cell survival apdbliferation Cirri et al., 2012Marshet al.,
2013) activated endothelial cellgovern tumourneoangiogenesis and promote cancer
inflammation and metastasiBranses et al., 20);3activatedimmune cellsinhibit antitumor
immune responses, induce chio inflammation in the tumoumicroenvironment promote
angiogenesis, and cancer cell survival and prolifergiamarron and Chen, 201Moreover,
during stromal cell activatigncancer cells induce a metabolic reprogrammingtiomal

componentdo suwstain tumour energetic and metabolic demaf@isi and Chiarugi, 2011,

27



MartinezOutschoorn et al., 20)4For instance it has been shown that cancer cells increase
aerobic glycolysis (Warburg effect) oancerassociated fibroblastsesulting in the stmal
production of energyich metabolites (such as-lactate, pyruvate, ketone bodies) and
precursordor biosynthesis ofmacromoleculegsuch as aminacids nucleotides and fatty
acid9 (Balaraman, 2017Moreover, TASCs ollectively adapt, in a dynamimanner, their

metabolism to covaheneeds of cancer celftopesCoelho et al., 2018).

These evidences suggest that targeting stromal components represent a promising strategy
against canceiAll these metabolic pathways are regulated by smaltaoaiing microRNAs
(miRNAS). It has been demonstrated that miRNAs play a key role in malignant transformation
sustain metabolic reprogramming, proliferation, invasemgiogenesis and commigation

among stromal componenffomasetti et al., 201&Butnam andrang, 2012; Gu et al., 20)7

(Figure 7).
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1.2 MiRNAs

MiRNAs are short singkstrand norcoding RNAs of approximately 284 nucleotides,
processed from precursors with a characteristic secondarytuséruthat regulated gene
expression at transcriptional or pastnscriptional level (Ambros, 2004). MiRNAs regulate

the expression of large numbers of genes involved in crucial biological processes, including
development, cell proliferation, differentian, apoptosis and maintenance of cellular
homeostasisAlvarezGarciaand Miska 2005; Kloostermanet al., 2006). However, most
MIiRNAs act at the podtanscriptional level by blocking the translatioh target mRNAs

(Ambros, 2004).

1.2.1 MiRNAs and cancer: le in tumour formation and progression

Alterations in miRNA regulation lead to the development of genetic, metabolic and
degenerative diseases, including cancer. Several studies demonstrate that miRNAs are involved
in metabolic reprogramming of the transfed cells (Warcand Thompson2012)ard in the
regulation of the tumowstroma crosgalk (Wang et al., 2017Rupaimoole et al, 2016
MiRNAs can function as tumour promoters or tumour suppressors by targeting-czlatent

genes involved immportant pocesses of cancer progression, including inflammatory response,
angiogenesis, cell survival, proliferation, nagon and invasion (Calin and Cro@®06;Bhatti

et al., 2009; Liu et al., 2018).

The Aoncomirso promote t umo uting tumeur suppregsore n t b
genes and/or genes that control cell differentiation or apoptosis. Oncomirs are significantly
overexpressed in various tumours becausgeole amplification, epigenetic mechanisms or
transcriptional dysregulationZllang et al 2007. For example,miR-17-92 cluster is

overxpressed in many neoplastic diseases including breast, colon, lung, pancreas, stomach and
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prostate canceMatsubareet al., 2007 Sylvestre et al., 2007n humans, this cluster encodes
six mMiRNAs (miR17, miR 1&, miR19a, miR20a, miR19b-1 and miR92-1), is located at
chromosome 13931 and promotes angiogenesis, tugrouth and progression (Ota et al.,
2004. Other miRNAs frequently ovekpressed in cancer are miR5, miR21, miR221,
miR-222, miR93 and manythers (Kim et al., 2013; Baumhoer ét 2012, Lu et al., 2012;
Ganci et al., 2016 For example, increased expression of i3, miR21 and miR107 has
been found in primary pancreatic tumours (Roldo et al., 2006; Asangani et al., 2008). Also,
miR-155acts as awmncogene through its action aimtour protein 53nduced nuclear protein
1 (TP53INP1) (Gironella et al., 2007). Furthermore, it and miR200c, members of the
MiRNA-200 family, act as mcogenes by targeting armbwrregulating zinc-finger Ebox
binding homeobox 1 (ZEB1), a crucial inducer of epithet@senchymal transition in various
human tumours. High expression levels ofdgt miR181b, and miRR0O0Oc have been found

in colon @ancer (Nakajima et al., 2006).

Currently, many miRNAs act asncasuppressors. Taour suppressor miRNAs are RINAS
significantly dowmegulatedin cancer diseases. Tumosuppressor miRNAs inhibit tumour
development and progression by positively regulating tumour suppressor genes and inhibiting
genes that promote pifaration, cell survival, migration, invasion and angiogenesis (Reddy et
al., 2015; LynarrLennon et al., 2009). For example, the ectopic restorationR4340 inhibits
migration, invasion, and metastasis of breast cancer cells by targeting Wnt pathway
(MohammadiYeganeh et al., 2016). Other knoencasuppressor miRNAare let7 and miR

34. Both miRNAs are frequently lost in cancer and negatively regulate multiple celt cycle
related oncogenes, such as Ras and Myc (Johnson et al., 2005; Sampson et.dh¢cR2e35ing
evidences show that other miRNAs frequenityviregulatedn cancer are miR45 and miR

126. It was reported that miR45 acts as tumour suppressor in humerous human cancers,
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includingoral squamous cell carcinoma (OSCC) (Shao et al., 2048)pharyngeal carcinoma
(Wu et al., 2015), nesmall cell lung cancer (Ye et al., 2015), bladder cancer (Kou et al., 2014)
and MPM (Cioice et al., 2014; De Santi et al., 2017). NI loss was reported to have pro
tumourigenic effects in MPM cells modulag clonogenicity, cell migration and resistance to
drugs (Cioice et al., 2014). MiR26 restoration produces a loss of malignanaypany cancer
types including MPM, targetingascular endothelial growth factor WEGFA) (Chen et al.,
2015),ADAM metallopeptidase amain 9(ADAM9) (Wang et al., 201§ sex determining
region Y-box 2(Sox2 (Zhao et al., 2015 RK, IRS1 Tomasetti et al., 2014; Tomasetti et al.,
2016)andphosphatidylinositol Xinase regulatory subunit beRRIBKR2) (Du et al., 2014; Liu

et al., 2014).

All stages of tumour progression, from neoplastic transformation to tumour growth and
metastasis formationare due to the concomitant dowgulation of the wocosuppressor
mMiRNAs and ovezxpresson of the oncomirs (Calin and Crgc2006; Xing et al., 2015).
Evidencesshowthat altered miRNAexpressiomprofile promotes metabolic reprogramming,
including OXRHOS inhibition, lipid droplet (D) accumulation, glycolytic shift and altered
mitochondrial metabolism, during neoplastic transformatidfard and Thompson 2012;

Tomasetti et al., 2016).

The tumour microenvironmenME) or stroma is the cellular environment in which the
tumour exists, and it is composed of blood vessels, extracellular matrix (ECM) and diverse
types of noAmalignantcells, including cancederived fibroblasts (CABE) and immune cells
(such as lymphocytes, macrophages, dendritic cells and mast\d&ligdgide 2008; Catalano

et al., 2013). TME is esseatifor tumour growthand progression. It has been found that TME
promotes cell proliferation, migration and invasion, supports extracellular remodelling and

contributes to treatmentresistance though production of various growth factonemokines
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and cytokines (Bussard et al., 202dpng et al., 201p Recent studies hawhown that
mMiRNAs actas mediators between cancer cells and the TME (Kohlhapp et al., 2015; Chou et
al., 2013; Wang et al., 2017). In fact, in tumour, neoplastic cells communicate with each other
and with the other components of the stroma through thaseelef extracellular vesicles (such

as exosomesgontainingalso miRNAs(Hu et al., 2015; Paggetti et al., 2015). Moreover,
MIiRNAs in cancer associateéxtracellular vesicles support metastasis ibducing pre
metastatic nichéormation Psailaet al., 2009).Cancer cells promote stroma formation by
recruitment and reprogramming of somatic cells (such as normal fibroblasts and endothelial
cells). Previous studies have shown that cancer cells modulate steltsaby changing their
mMiRNA expression profile. For example, Mitra and colleagues have found that ovarian cancer
cells contibute to normal fibroblas€AF transition by alteringniRNA prdfile (Mitra et al.,

2012). Moreover, through manipulation of the miRNA expression of endothelial cells, cancer

cells can reprogram these cells to enhance their angiogenic potential (Png et al., 2012).

We can conclude that miRNdysfunctioncontributes tdumour progression and development.
An alteredmiRNA expression profildas been observed also in mesothelioma cells (Santarelli
et al., 2011; De Santi et al., 201This alteration confirms the involvement of miRNAs also in
MPM carcinogenesis. Among miFR¥ which araupregulatedn MPM cells, there are the miR
17-92 cluster, miR625-3p and miR34bk; while the most important miRNAs which act as
oncasuppressors are Mi&L, miR221, miR222, miR126, miR1 and miR15 and miR145

(Xu et al., 2013; Bonci et al2008; Muraoka et al., 2013; Tomasetti et 2012; De Santi et

al., 2017).
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1.2.2 MiRNAs in diagnosis and therapy

The miRNA profiles are surprisingly informative and can be used in the diagnosis of cancer.
Many studiesshowthat miRNA expression profile caaccuratelydifferentiate tumour from
benign tissue (Lu et al., 2008pn Brandensteiet al, 2012, distinguish cancer histological
types (Calura et al, 2013) amtiagnose the tissue source of metastatic cafRmsgnfeld et al.,
2008; Gilad et al., 2008moreover, miRNA profildy reflectingcancer stagesan be usetb
diagnose cancer at the eadtages (Pal et al., 2015). RINAs have also been reported as
prognostic markers formultitude of neoplastic diseasesludingovarian (Eitan et al., 2009),
pancreatic (Roldo et al., 2006), lung (Yu et al., 2008) and bcaaser(Lowery et al., 2009)

and as predictive biomarkers to evaluate the efficacy of treadifiznetussi et al, 2016).

Major factorcontributing to the poor prognosis that MPM is deteted at advanced stage.
Research is focused in finding miRNAs that can distinguish MPM at early stages (Santarelli et
al., 2011; Micolucci et al., 2016It was reported thahiRNA profiles can distinguish MPM

from nonneoplastic diseasgsuch as reactivanesothelial proliferaon (RMP) @Andersen et

al., 2012), and from other lung neoplastic diseamech as lung cancer adenocarcinoma
(Andersen et al., 2014). Furthermore, Busacca et al., discovered that the expression of miR
17-5p, miR21, miR29a, miR30c, miR-30e5p, miR106a, and miRL43 was significantly
associated with the histopathological subtypes of MfPlgl;authors shown that itp@ssible to
establish exactly the subtype of MPM by measuring the levels of these miRNAs in the biopsy
samples Busaca et al., 2010)Indeed, miRNAprofiles can also be used as prognostic and
predictive biomarkers in MPM. For example, patients dvarexpressetisamir-29c and miR

31 show a favourable prognosis after surgieaéction (Pass et al., 2010).
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1.2.3 MiRNAs n liquid biopsy

MiRNAs can be detected iniological fluids, primarily blood (plasma or seryrbut also in

saliva, cerebrospinal fluid, urine, and milk (Weber et al, 2010; Mitchell et al, 2aBBYugh

the current gold standard of cancer diagnosis is reptredby tissue biopsyit is spreading the
possibility to use the MfGirculgting ntiRNBS carpbe gagily ( L ar r
detectedand can be used for cancer diagnosis at the early stages and to valuate efficacy of

cancer therapies (Levy at, 2016; JungndKirchner, 2018).

1.2.4 MiRNA-basedcancer therapy

By playinga centralrole in cancer initiation, progression anmgktastasismiRNAs might be
potentialtherapeutic targetd herefore, MRNA-based therapy is one of the challenges in the
future (Shah and Calin2014) The therapy consists in the restoration of normal levels of
miRNAs involved in carcinogenesis; for this purpose, there are two strategies of therapy:
tumour suppressomiRNAs are replaced using synthetic miRMKke molecules (minas);
oncogenic miRNAsfrequently overexpressed in cancers, can be silenced to restore the normal
expression of their target tumour suppressor gitesgrdwaj et al., 2010; Gambari et al., 2016)
(Figure 11). Oncogenic miRNAs can bénhibited by using antense oligonucleotides,
antagomirs, sponges or locked nucleic acid (LNA) const{@szon et al., 2009; Ma et al.,
2010. Oncogenic miRNA inhibition can occur through tways: antagomirs, antisense
oligonucleotids or LNA constructscomplementary to thearget miRNAs and able to silence

its activity (Krutzfeldt et al., 2005)nsteaj fisponged constructs are s
strong promters, containing multiplbinding siteghat compete with the endogenous miRNA
targets for miRNA bindingEbertet al., 2007). The inhibition of oncogenic miRNAs seems to

be apromising strategyo cancer treatment (Song and Rp26i13; Garzon et al., 200For
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example, in mice antagommiR-10b, reducing miRLOb leveldn cancer cells, inhibits
metastasis to ligs (MeloandKalluri, 2012).i Mi mi ¢ s 0 ar e -Hkg mdlebuées,i ¢ mi
which canreplace dowregulatedniRNAs. MiIRNA mimetics are small, chemically modified
singlestranded RNA molecules designed to mimic endogenous mature mikIAamet al.,

2012). Numerous studieBave demonstrated the efficaafymiRNA replacement therapizor

example miR-16 restoration affectgroliferation and increases drug sensitivity in MPM cells

(Reid et al., 2013)Furthermore, Le¥ restoration inhibits the growth of lungyer and

pancreatic cancer celf$akamizawa et al., 2004; Judon et al., 2005).

small molecule miRNA
inhibitors  Masks/target
protectors miRNA mimic

Antl-miRoligos
(AMOSs)
miRNA
Spongas Genetherapy
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CANCER

Progression
Metastasis
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Figure 11: MiRNA-based theragutic strategies against cancer

van Zandwijk and colleagues at tAsbestos Diseases Research Institute (ADRI), Australia
(van Zandwijk et b, 2017) first performeda phase | trialaimed to evaluatsafety and
biological activity of miR16 in patients with recurrent MPMRatients(26) were given
TargomiRs via 20 min intravenous infusion either once or twice a week in a traditional 3+3
doseescalation design in five dose cohorts. The desealation steps planned were 5%10

7x10, and 9x18, The authors found an infusisalated inflammatory symptoms and coronary
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ischaemia in two patients. A patient showed anaphylaxis and cardiomyopatheeened

5x10( TargomiRs once weekly, which was stablished as the maximum tolerated dose. In
addition, TargomiR infusions were accompanied by transient lymphopeniaemporal
hypophosphataemidn spite ofthe low toxicity,the proportion of patients whachieved an
objective response was only 5%, and the duration of the objective response in that patient was
32 weeks. Median overall survival was 200 days (95% €3%8). During the trial, 21 deaths
occurred, of which 20 were related to tumour progresanohone was due to bowel perforation
(Figure 12). A major hurdle in interpreting the data of the phase | study is related to the rapid
disappearance of TargomiRs from the circulation after infusion. Moreover, immune reactions
may occur shortly after thenfusion of TargomiRsand provide an explanation rfadhe
antiumour activity observed. The authors concluded that the unmet need of mesothelioma
patients is very high. On the basigloése preclinical data combination therapy seems a logical
next step inTargomiR development. Carefully planned trials with a smart/clean design and
sufficient attention for future (predictive) biomarkers are obviously the way forward. As
indicated earlier, optimal attention for the pharmacology of TargomiRs witlaratepost
treatment biopsies is needed to maximally explain the mechanism of action of this novel

treatment approach, for mesothelioma as well as for other oncology indécation
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TargomiR (miR-16) delivered by EDV™ a nanocell from genetically modified bacterium

Panel: Study dosing cohorts

Cohort1 n=6

Patientswith low interleukin-6 concentrations (<5 pa/mL): 5 x 10° TargomiRs weekly for
8weeks

Patientswith high interleukin- 6 concentrations (=5 pg/mL), adapted regimen:

1% 10" TargomiRs weekly (week 1); 2x 10" TargomiRs weekly (week 2); 5x 10° TargomiRs
weekly (weeks 3-8)

Cohort2 p=4

Patientswith low interleukin-6 concentrations (<5 pg/mL): 5x 10 TargomiRs twice weekly :

Patientswith high interleukin-6 concentrations (25 pg/mL), adapted regimen:
1% 10" TargomiRs twice weekly (week 1); 2 10° TargomiRs twice weekly (week 2);
5x10" TargomiRs twice weekly (weeks 3-8)

Cohort3 p=g

All patients, adapted regimen: 1x10° TargomiRs weekly (week 1); 210" TargomiRs weekly
(week 2); 5% 10" TargomiRs weekly (weeks 3-8), plus electrocardiogram (ECG) monitering
(echocardiograms and technetium-99m [™TC | sestamibi myocardial perfusion scans at
baseline and if electrocardiographic changes were noted)

Cohort 4 n=2

All patients, adapted regimen: 2.5x 10° TargomiRs twice weekly, plus ECG monitoring
(echocardiograms and technetium-98m [*"TC] sestamibi myocardial perfusion scans at
baseline and if electrocardiographic changes were noted)

Cohort § n=8

All patients, adapted regimen: 1x 10" TargomiRs weekly (week 1); 2x 10 TargomiRs weekly
{week 2); 5« 10" TargomiRs weekly (weeks 3-8), plus electrocardiographic monitoring
(echocardiograms and technetium-99m [™TC] sestamibi myocardial perfusion scans at
baseline and if electrocardiographic changes were noted). Prophylactic dexamethasone
tapering as follows: 4 mg dexamethasone (weeks 1-4); 2 mg dexamethasone (weeks 5-6);
1mg dexamethasone (weeks 7-8).
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Figure 12 MiRNA replacement for MPM in phadedose escalation study
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1.2.5 MiR-126as potential TargomiR

Recently, by screening MPM tissues and their-maignant adjacent coterparts for 384

mMiRNAs a miRNAspanel was identified able to detect the asbestaed malignancies
including MPM and noysmall cells lung cancer (NSCLC) from astms exposure (Santarelli
et al., 2018). Among deregulated miRNAs in MPM, riiF6 was found significantly

dowrexpressd in malignant tissues respecthtmn-malignant counterpartgigure 13).

Up-fold p-value  Down-fold  p-vahe

miR-100 0.022 mR-126  0.0022
miR-221 0.030 mR-145  0.038
miR-222 0.025 mR-223  0.019
miR-34a 0.050 mR-34b  0.050
miR-198 0.040 mR-211  0.040

— hsa-miR-338-3p

iR-27a-5p
hsa-miRk-23a-5p

hsa-miR-126-3p

[ hsa-miR-126-5p

I—EE hsa-miR-211-3p
hsa-miR-511-5p

b _nsill_3Th O

Magnitude of gene expression

min avg max

Santarelli etal., Cancer Epidemicl Biomarkers Prev.
2018 Sep 26

Figure 13: MiRNA profile in malignant pleural mesothelioma
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Low levels of miR126 were foundalso in many other neoplastic diseasasluding gastric
cancer (Feng et al., 2010), breast cancer (Zhu et al., 2011), renal cell carcinomakdaailzer (

et al., 201}, pancreatic cancer (Jun et al., 2012),-sorall cell lng carcinoma (NSCLC)
(Yanaihara et al., 2006), colon cancer (Gou et al., 2008), squamous cell oral carcinoma (OSCC)
(Sasahireet al., 2012)esophageal squamous cell carcinoma (Li et al., 2014), glioma (Luan et
al., 2015), melanoma (Felli et al., 20133temsarcoma (Jiang et al., 2014) dtaldder cancer

(Jia et al., 2014)GiventhatmiR-126 wasdowrregulated in manynalignanciesighlights its

role astumour sippressor. In cancer cells domegulation of miR126 occurs via several
mechanisms. In many tgp of cancer, including MPM, downregulatioimiR-126wasdue to
promoter hypermethylation of its host gesgdermal growth factelike protein7 (Egfl7) by

DNA methyltransferase (DNMT1) (Andersen et al. 2015; Saito et al., 2009; Zhang et al.,
2013), vhich was aberrantly upregulated in these cells. IntrigujngijfR-126 restoration
suppresse®NMT1, indicating the existence of a regulatory feedback circuit (Andersen et al.
2015). Furthermore, even the production of mitochondrial ROSHN Iells wouldappear to

be responsible of mi@26 dowmegulation (Tomasetti et al., 2014).

Some studies have shown that RIS inhibits tumour progression by negatively contngfli
cellular processes and sidging pathwaysMiR-126 targets including proteins involveddell

cycle control (as PIKER2), in angiogenesis (as VE&GFin cell migration (as MERTK), in
proliferation and development; furthermore, riiR6 also regulates the expression of some
oncasuppressogenes such as p53 andsopharyngeal carcinoraasociadd gene NGX6).

The transcription factor p53 is the master tumour suppressor; it bindsr¢atiman 400 sites

in the genome and regulates the expression of more than 500 genes (Simabuco et al.,

2018). This transcription factor regulates genes involiredlmost all hallmarks of cancer. It
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has been demonstrated that ectopic+h#® increase@53 proteinexpressionEbrahimi et &,

2015).

MiR-126 inhibits cancer progression via negative control tumour cell proliferation, migration,
invasion and survivaboth in vitro than in vivo(Zhou et al., 2013; Yuan et al., 2016
Overexpressionf miR-126 inhibits proliferation in many caar types including colon cancer
(Zhou et al., 2013; Yuan et al., 2Q16steosarcomaliang et al., 204 small cell lung cancer
(Miko et al., 2011; Jia et al., 2018), breast can@drafg et al., 2013 pancreatic cancer
(Hamada et al., 20)2chronic nyeloid leukaemia (Taverna et al., 2014), prostate cakte (

et al., 2018and malignant mesothelioma (Tomasetti et al., 2014) via different mechanisms.
For example, in lung cancer andPM cells, miR126 affectsproliferation by targeting the
PI3K/AKT/Snal signaling pathway (Jia et al., 2018; Tomasetti et al., 2014). Elevatedl@6R
levels al® impair cellular migration and invasion in these previous studi@gthermorein

vivo experimentsectopic miR126 significantlyreduceshe volume of tumoyrmicro-vessel
densityand metastasigi{a et al., 2018Hu et al., 2015 Png and colleagues, discovered that
miR-126 suppress breast cancer metastasis to lung and bone. The authors found that this
mMiRNA inhibits metastatic endothelial recruitment, mea#ist angiogenesis and metastatic
colonization targeting insulinlike growth factor binding protein 2 (IGFBP2,
phosph#dylinositol transfer proteinytoplasmic (PITPNCI) andtyrosineprotein kinase mr
(MERTK), both in vivoandin vitro. IGFBP2secreed by metastatic cells recruiemndothelia

cells (EG) by modulating IGFAmediated activation of the IGF typeeceptor oreCs; whereas
MERTK receptor cleaved from metastatic cells promotes endothelial recruitment by
competitively antagaming the bindingpf its ligandgrowth arresspecific protein GAS6)to
endothelial MERTK receptors (Png et al., 2011). Moreover,-t#R inhibits breast cancer

metastasis to lung by suppriesgthe recruitment of mesenchymal stem cells and inflammatory
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monocytes into thtumour stroma, both in vitendin vivo (Zhang et al., 2013). Tomasetti and
colleagues demonstrated tretopic mR-126 inhibitstumorigenic properties of PM cells
reducing cell proliferation and the ability of the cells to form colonies in vitro @Batti et al.,
2014). Moreover, ectopic miR26 inhibits tumour formation and progression also in vitre
tumour formed by injection afalignantmesothelioma cell§H28) in mice was completely

inhibited by miR126 (H28miR126)through a mechanism thaiviolvesangiogenesigFigure

14).
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Figure 14: Ectopic miR126 affects tumor progression and angiogenesis

MiR-126 acts as a tumour suppressor by taxgeVEGF, Sox2, IR$ and ADM9 in several
cancer types (Liu et al., 2009; Ebrahimi et al., 2014; Tortiastetl., 2014; Ryu et al., 2011;

Zhu et al., 2011). It was reported that VE&Fbut not VEGFB/C, is a target of miR26 and
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dowrregulationof miR-126 induces angiogenesis and lymphangiogenesis by activation of

VEGF-A (Sasahira et al., 2012).

MiR-126 has been proposed to modulate the PI3K/AKT/mT&)halng pathway targeting

p85b of PI3K (Guo et al., 2008) amgkgatively regulating the IRS@hang et al., 2008
Activation of the PIBK/AT/mTOR pathways one of the most common events in cancer (Chen

et d., 2014) and it has been shown to promotes angiogenesis (Zhu et al., 2011), proliferation
(Adlung et al., 2017)migration (Xu et al., 2018), invasion (Xu et al., 2018) and metabalic re
programming Elstrom et al., 2004VNard et al., 201R It has been fand that miR126 targeting

IRS1 inhibits AT pathway activation and produces a loss of malignancy iMMells
(Tomasetti et al., 2014). Moreover, in lung cancer 18 targeting TG#bla inhibits
PI3K/AKT/Snail signahg and blocksepithelialto-mesenchymal transitio(EMT) a crucial

event in cancer development and progression (Jia et al., 2018).

ADAM9 was identified as a key target of miR6 (elli et al., 2013; Jiang et al., 2014n
esophageal squamous calfcinoma and in osteosarconitehas been demonstrated that miR

126 restoration reduced cell proliferation, migration and invasion by inhibitirfgRESKT

signding pathway(Jiang et al., 2014, Liu et al., 2015); miR6 targéngADA M9 36 UTR
inhibits EGFR phosphorylation and activatiohDAM9 cleaves the prdveparinbinding EGF

like growth factor (preHB-EGF) and releases soluble HESF that binds to EGFR. In this

way, the downstream EGFRynalingcascade is activated, suahthe AT pathway. Blockage

of ADAM9 by miR-126inhibits EGFR AKT activation (an important pathway for cell growth

and migration) (Liu et al., 2015).

Metabolic reprogramming of cancer cells is essential for their adaptation to tumour

microenvironment anfr maintenance of tumour growth (Cairns et al., 2011). {8 has
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been reported to suppress progressioseveral cancer types including MPM by affecting
cellular metabolism (Tomasetti et al., 2014;mMasetti et al., 2016)Fgure 15). MiR-126,
targetng IRS1, inhibits insulirsignding pathway and suppressglucose uptake. Energy
depletion promoteAMPK-dependent phosphorylation of ULK1 and the subsequent lysosomal
autophagy (Tomase et al., 2016). Moreover, miR26 targeting IRSlinduces nuclear
translocation of(forkhead lox Ol FoxO1 in MPM cells via the inhibition of IRS1/KT
pathway. In these cells, FoxO1 represses cell cycle and promotes the transcription of genes
involved in glucose metabolism, in mitochondriah€tion and in gluconeogenessjch as
glucose6-phosphataséG6PQ and phosphoenolpyruvateadboxykinase YPCK1) Zhang et

al., 2011; Dong et al., 200&urthermore, FoxO1 induces the expression of CAT and MnSOD
genes with a reduction of mitochondrial ROS (Kops et al., 2@®)aned ROS production in
cancer drives the onset of aerobic glycolysis, with lactate and ketone production promoting
mitochondrial biogenesis and anabolic growth of tumour cells. Alleviation of mitochondrial
oxidative stress via enhanced expression of antmtidnzymes targeted to mitochondria was
found to be sufficient to lower tumour sever{{§otgia et al., 2011)in addition, miR126
reduces the ACL activity with accumulation of citrate, which becomes part of the TCA cycle
as pyruvate. Citrate restoratidnlocks de novo synthesis of lipids and the reductive
carboxylation (RC) of glutamine (Tomasetti et al., 2014); the RC of glutamine is activated by
low citrate level in MPM cells and represents the most carbon source. FurthermotE6niR
stimulates lipiddroples accumulatiorin a HIF1U-dependent manner (Tomasetti et al., 2016).

In these cells the storagefatty acids FAS) in LDs and energy depletion increases autophagy
flux that prevents cell proliferation and tumour growth both in vitro that in vivon@setti et

al., 2014; Tomasetti et al., 201®)Jloreover, it has been demstrated that miR26 affects

mitochondrial metabolism inhibiting OXPHOS inA¥ cells (Tomasetti et al., 2014).
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Figure 15 MiR-126 affctscellular metabolism in FAM

In MPM cells,miR-126 alters cellular metabolistyy regulating theexpression of different
targetgenes Chakraborty et al., 20)6Main events induced by miB26 are: repression of
OXPHOS, block oflipid de novo swthesis, glycolytic shift, ovexpression of CAT and
MnSOD genesand inductionof gluconeogenesis and promotion of TCPomasetti et al.,
2014; Tomasetti et al., 2016All these events have been associated with the reduction of

malignancy in MPM cells (Tomasetti et al., 2014; Tomasetti et al., 2016).
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1.2.6 MiR-126 and angiogenesis
MiR-126 gene is locateavithin intron 7 ofthe Egfl-7 gene on chromosome 9 locus 34.3q

(Wang et al., 2008)Higure 16).
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Figure 16: Localization of niR-126 gene within chromosome 9

MiR-126 is a miRNA known tobe specifically expressl in endothelial cell lineage,
hematopoietic progenitor cells and endothelial cell lines, such as HCAEC (Human Coronary
Artery Endothelial cells) and HUVEC (Human Umbilical Vein Endothelial CéRs)iseno et

al., 2006;McCall et al., 2011 In addition, this mRNA is highly expressed in highly
vascularized tissues, such as heart, liver and lung. Hencel ri8 i s c¢ | asmiiRd ed
for its involvement in regulating angiogenesis and vascular integrity through the expression in
endohelial cells (Wag et al., 2008; Fish et al., 2008)liR-126 regulates many aspects of
endothelial cell biology, including cell migration and proliferation, organization of the
cytoskeleton, and capillary network stability/¢ et al., 2009)In vivo, the knockdown of miR

126 in zebrafish (FisandSrivastava2009) and mie (Kuhnert et al., 2008) ressilh vascular
leakage haemorrhaging, and embryonic lethality. Moreover, it also has been shown that miR
126 dowrregulation impairs endothelial cell migration during vessdbrmation and
compromises endothelial tube organizati@dikolic et al., 2010) MiR-126 promotes
angiogenesis positively regulating the response of endothelial cells to VEGF. In endothelial
cells, miR126 represses negative regulators of the VEGF pathwalyding sprouty-related

EVH1 domaincontaining protein ISPREDJ) and PI3BKR2Sasahira et al., 2012; Zhu et al.,

2011); miR126 targeting SPRED1 and PIK3R2 promotes the activatidh3/AKT and
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RAF1/extracellular signategulated kinaséERK) pathwayswhich positivdy regulate genes
involved in endothelial celproliferation and migratiorand vessel formation (Sasahira et al.,

2012; Zhu et al., 2011 )gure 17).

Figure 17: MiR-126 promotes ajiogenesis in endothelial cells

MiR-126 is considered aaster regulator of physiologicahgiogenesisegulatingembryonic
angiogenesis, adult vascular homeostasis and vascular repaiigkiv et al., 2016). During
embryonic development miR26 promotes angiogenesis: EGFL7 and +h#® are ce
expressed from the common EGFL7 promoter and both sugif@rentiation of embryonic
stem cells teendothelial progenitor cellEPCs) and endothial cells (ECs) ECsmaturation
and newessel formationl(e Bras et al., 2010; Nikolic et al., 2Q18iowever, in mature vessels,
this miRNA plays an oppositeole; in fact, in mature E€and EPCsmiR-126 inhibits

angiogenesis targeting EGFL7 (Sun et2010) and VEGFA (Ge et al., 2015)Rigure 18).
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Figure 18: MiR-126, key regulator of angiogenesis

FurthermoremiR-126 maintains the quiescent endothelial phenotype associated by inhibiting
proliferation and motility. Instead in mature vessels miR6 exhibits vasculoprotective and
atheroprotective properties and seems to be invoivelde response of the cardiovascular
system to injury and stress. In fact, in a case of vessel injury dngoxig miR-126 activates
EPGs and EG and contributeso vascular healing and nesssel formation. Several studies
supportthe potential therapeutic use of miR6 to treat vascularigkases and to improve

neovascularization after ischanfVan Solingen et al., 2009).

Huang anctolleaguedave been shown that the creak between tumour cells and CA
the cawer stroma induces mi26 dowmegulation in endothelial cells causingiacrease of

tube formation. They found that @omedullin (ADM) is a preangiogenic target of miR
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126 and that the concomitance presence of ADM and VE@fluces angiogenesis (Huang

and Chu, 2014; De Giorgio et al., 201&)gure 19).
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Figure 19: Carcer cell CAF crosstalk induces dowregulation of miR126 in ECs

In conclusion, miRL26 acts as proor antrangiogenic factor and its role in angiogenesis
depends on cell types, developmental stage, microenvironment and external Zinoule{

al., 2016 Chistiakov et al., 2016).
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1.3 Exosomes

MiRNAs are involvedin crosstalk betweenthe stromalpopulations.Mature miRNAs are
released from most cells, often within extracellular vesicles (EVs) and disseminate through the

extracellular fluid to reach remotarget cells, including tumor cells.

Cell releasesin the surrounding environment membrarelosed EVs with different
intracellular origins, compositions, sizes, structures, functions and modes of formation (Raposo
and Stoorvogel, 2013; Colombo et al12) EVs consists of a lipid bilayer membrane that
encase a small organefi@e cytosol andomplex biological molecules, such as lipids, proteins
and nucleic acids, derived from the cell of origiiV.s mediate celto-cell communication and

thus, once réeased, modulate the response of their recipient @ellphysiological and
pathological conditions (Samuelson and ViBalig,2018; Gradilla et al., 2018Exosomes are

one subtype of secreted vesicleBhree main types of EVs have been described basétko
biogenesis pathways, sizeargoandfunctiont exosomes, microvesicles and apoptotic bodies

(Borrelli et al., 2018; Crescitelli et al., 201 Bidure 20).

Exosomes | Micovesicles

Size: 100-1000 nm

Size: 40-100 nm

Content: Proteins/nucleic acids | Content: Proteins/nucleic acids

Function: Intercellular communication

Function: Intercellular communication

Origin: Membrane
budding

Size: 500-2000 nm  § ’
; . < Origin: Membrane blebbing
Content: Nuclear fragments — \__~A_ during apoptosis
and organelles ™

Function: Phagocytosis and recylcing

Figure 20: Major extracellular vesie subtypes
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The last two groups of vesicles are released directly from the plasma meifftivhraad have

a size ranging from 100 to 1000 and from 500 to 2000, respecfRalyet al., 1985; Edgar,
2016). Apoptotic bodies are membrane vesicles generated during apoptosis that present their
content to macrophages resulting in cell engulfation (Schiller €2G08; Gregory et Pound,

2010). Microvesicles, also referred to as ectosomes, shedding vesicles or microparticles, are
formed though the outward budding and fission from the PM to deliver their cargo to designed

recipient cels (Liu andWilliams, 2012).

Exosomes are best defined as small extracellular vesicles0(B®&m of diameter) with an

endocytic origin; they are released from cells upon fusion of an intermediate endocytic
compartment, the multivesicular body (MVB), with the plasma membrane (Pan £9&b;

Edgar, 2016). Momver, these vesicles have otkemmon characteristics includingnsity of

1.131.21 g/ml on a sucrose gradient, typical-slygaped morphology in transmission electron
microscopy and in circulation they are likely to exist asesighl structure (Sokolova et al.,
2011).Currently, because of the difficulty of establishing the exact origin of EVs secreted by
cells, the term fexos ore0snth ofdianite) orlandtrecovered y s ma

after 100000 g ultracentrifug#on (Gould and Raposo, 2013).

1.3.1 Biogenesig&nd composition

Exosomes are EVs with an endocytic origin (Dohartg McMahon2009). The process that
leads to production and secretion of exosomes can be dividédem steps: formation of
endocytic vesiclegealy endosome)from PM, the inward budding of endosomal vesicle
membrane to fornate endosomes onultivesicular bodiesMVBs) and, transport anfiision

of MVBs with the PM (QuiandXu, 2014).During exosomdormation, their lumen is filled

with a subsetfobioacive molecules, including DN#& proteins, coding and necoding RNAs
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(ncRNAs) and lipidsable to regulate cellular processn recipient cell{Fatimaand Nawaz,
2017) However, these molecules are nohdamly loaded into exosorsg but several
medanisms control their sorting (Statello et al., 20I8)e macromoleculacomposition of
exosomeseflects type and physiological/pathological staftelonorcells (Thery et al., 2002

Villarroya-Beltri et al., 2014).

Exosome protein cargo is representgdubiquitous proteins, conserved among species, and
cell specific proteins. The most abundant ubiquitous proteins are that involved in exosome
biogenesis, such as Rab proteiR&\B11), tetraspanins (CD9, CD63, CD81, CD82, Tspan8),
member of theESCRT compx (TSG101 and Alixandheatshock proteins (HSP60, HSP70

and HSP90§Mathivanan et al., 201@®Rashed et al., 20).71n addition, exosomes contain cell
specific proteins such as histocompatibility complex (MHC) elas®l clasdl, integrins and

immunogbbulin family members (ICAM1, A33 d?-selectin) (Thery et al., 2002Figure 21).

Lipid compositionof exosomal membraneompared tahat of the parental cells show an
enrichment in phospholipids and neutlipids likes sphingomyelin (SMphosphatidylerine

(P9, phosphatidylcholineC), phosphatidylinosito(PIl) and cholesterdICHOL) (Laulagnier

et al., 2004; Llorente et al., 201RBecord et al., 2014). The high amounts of desaturated PC and
phosphatidylethanolamin@PE), and the enrichment in SM @nCHOL contribute to the
membrane rigidity of exosome. This accounts for the dasting presence of exosomes in
biological fluids, and the lack of attack by ligtt enzymes in the circulatiofuketic et al.,

2007)(Figure 21).

Exosomegontain manytypes ofnucleic acidsncludingDNAs (Kahlertet al. 2014)mRNAs
(Ratajczak et al., 2006MiRNAs (Valadi et al., 2007) and other nonding RNAs (Wahlgren

et al.,, 2012; Bullock et al., 2015Encapsulation of nucleic acids in exosomes confers
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protectionfrom enzymatic degradation allowing the delivery of functional nucleic acids to

recipientcells (Lee et al., 200ZFigure 21).
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Figure 21: Overall composition of exosome

1.3.2 Exosomes mediate cédl-cell communication

Exosomes play a key role in intetiular communicatiormodulating responses necipient

cells (SalidoGuadarrama et al., 201L4Secreteeexosomescan act a short distance, in an
autocrine and paracrine manner, or even a long distance in an endocrine manner (Valadi et al.,
2007; Cortez eal., 2011) Figure 22); in fact,the small size of the exosomes confers them a
high mobility through the extracellular matrix and in circulating-thieds, which favours

exosane-mediated longlistance signang (Ludwig andGiebel, 2012)
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The transfer bexosomal cargo to target cells occurs lmeé different mechanismsgigure

23):

1 Cell surface membrane fusion: the direct contact of the two membranes leads to the release
of the exosomal cargo into the recipient€@lthernomordik and Kozlov, 2008).

1 Ligandreceptor interaction: the bindingthie ligands presenin the exosomal surface with
their corresponding receptors on the PM of target cells indusamal
transductiorpathwayswvhich modulate intracellulanvironmen{Taylor et al., 2003).

1 Endocybsis: exosomes are usually taken up into recipient cells via endocytosis (Morelli et
al., 2004; Tian et al., 2010); the interaction between surface molecules of exosomes and of
recipient cells promotes PM invagination and the subsequent internalizatienvasicles

(Mulcahy et al., 2014).
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Figure 23: Mechanisms of exosomeptake

Exosomes modulate target cell phenotype not only transferring functional proteins and
translatable mMRNAs (Skog et al., 2008; Lobb et al. 2017), but also carrying miRNAs and oth
small RNAs which can modulate gene expression in recipient cells (Milane et al. 2015;
Hannafon and Ding 2013; PefBbpza et al., 2017). Exosomes modulate many biological
processs including cell differentiation (Huang et al., 2016), developm&mtGough and

Vincent, 2016), inflammation (Gao et al., 2016), immune response (Théry et al., 2002) and

angiogenesis (Ribeiro et al., 2013).

1.3.3 Exo®mes and cancer

Cancer celdelivered exosomes act in an autocrine and paracringreayoting proliferation

(Kim et al., 2014), angiogenesis (Webber et al., 2014; Grange et al., 2011), stromal remodelling
(Wang et al., 2014) and invasion (Mu et al., 20ll3ga et al., 2013), and in an endocrine
manner promoting metastatic nicfmation (Chen et al., 2012; Luga et al., 2013; Azmi et al.,

2013)andimmune evasion (Yang et al., 2013; Reiners et al., 2FFGure 24).

54


https://www.ncbi.nlm.nih.gov/pubmed/?term=McGough%20IJ%5BAuthor%5D&cauthor=true&cauthor_uid=27436038

Local environment | Systemic environment

Tumor cells Lung

Fibroblast Recruitement/ @

Activation of
@ fibroblasts @

Bone-marrow derived
hematopoetic cells

o X

Tumor vessels T cell Dendritic cell

Figure 24: Cancerderived exosomes alter local and systemic environmet

Tumourderived exosomes contribute tioamour formation and progression thought several

mechanisms:

1 Tumourderived exosomes induce tumour growth: exosomes ségreaincer cells contain
oncogenic proteins, ardipopbtic proteins (such as surviyin cytokines and other
molecules involved inumour growth (Khan et al., 2009).

9 Tumourderived exosomes modulate cellular reprogramming in stromal components:
exosomes releasby cancer cells contain oncogenic molecules that contribute to the
recruitment, activation and metabolic reprogramming of-matignant cells, including
mesenchymal stem cells, fibroblesind endothelial cells, to become part of the tumour

stroma (Valadi et al., 2007; Tomasetti et al., 2016).
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1 Tumourderived exosomes enhararggiogenesis: hypoxic tumour releaxosomes which
promote vessdbrmation modulating endothelial cells functidi@kog et al., 2008; Mineo
et al., 2011)

1 Tumourderived exosomes suppress immune responses inducing apoptosis in cytotoxic T
cells (Whiteside et al., 2013), reducing proliteya and activabn of natural Kler (NK)
cells (Liu et al., 2006) and inhibiting dendritic cell differentiation (Yu et al., 2007).

1 Tumourderived exosomes induce metastasis formation promoting tumour cell migration
and invasion, establishment of preetastatic niches dnextracellular matrix remodelling
(Psaila and Lyden, 200You et al., 2015)

1 Tumourderived exosomes confarresistance phenotype to recipient cafter chemo and

radio therapy{Azmi et al., 2013; Zhang et al., 2018).

1.3.4 Exosomes asfficient nanocarmrs in cancer therapy

The continuous failures of anéincer therapies due to therapy resistance, poor selectivity
between healthy and tumocells and difficulty reaching cancer cellspur researchers to
develop alternative strategies in cancer ther@pyariety of synthetinanocarriers (NCd)ave
been developedor the delivery of anticancer agentdanaarriers are submicrossized
particles (3200 nm), devices, or systems that can be made using a vafrietganic and
inorganic materials includingolymers (polymeric nanoparticles, micelles, or dendrimers),
lipids (liposomes lipid nanoparticles and even organomelial compound (Couvraur
andVauthier,2006 Choet al., 2008 Theadvantages of using nanocarsidéor drug delivery
include enhanced solubilitystability ard cellular uptake,improved pharmacokinetics and
biodistribution controlled release and sigpecific delivery of therapeutic agentand

simultaneouslyeducel non-specifictoxicity and side effect§Chen, 2010Din et al., 201Y.
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Despite promising neclinical resultsin clinical practice thesdelivery systems did not give

the desired resultsMoreover, several sideeffects were observed after nanocarrier
administrationincluding toxicity, genotoxic activity, inflammation and immune system
modulation(Sainz et al., 2015Wolfram et al., 2015%. For this reason, other carrier systems
have been evaluated in the last few years. Among the natural systems, extracellular vesicles
(EVs), specially exosomes, have recently gained much interest due to theipiojsiotogical

as well as pathological processes. Exosomes intrinsically possess many attributes which make
them suitable for use as delivery vehicliestact, compared to other deliyesystems such as
liposomes or LNB, exosomes afgiocompatibles andibdegradables (Luan et al., 2017), non
immunogenic (Zhu et al., 2017) and for their small size have an excellent biodistribution (Vader
et al., 2016); in addition, exosomes for their slight negative zeta potential (Malhotra et al., 2016;
Rupert et al., 202) and for their capacity to elude immune system (Clayton et al., 2003) show

a greater circulation halife. Moreover, exosomes havdaav toxicity (Zhu et al., 2017and

are taken up to target tissumore efficiently MomenHeravi et al., 2014). For er®le,
exosomes capacity to target cancer cells is greater (10x) than liposomes of equivalent size
(Smyth et al., 2014). In fact, exosomes, for their natural hallmarks, represent excellent natural

nanocarriers for cancer theraBafrakova and Kim2015).

1.3.5 Exosomes and cancer therapy
Two mainstrategies involving the use of exosomes as nanocarriers have been developed in

anticancer therapy:

1 Exosomeshased immunotherapy: this mechanism is based on capacity of exosomes to
modulate the immune system (Natashal 2014). For example, canederived exosomes

could be engineered to deliver a potent immunogen able to produce an effective immune
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response, representing a novel type of-tre tumour vaccineGho et al., 2006
Moreover, exosomes derived frdWiKs, macrophages, B cells and dendritic cD€s)can

be used as immunotherapeutic anticancer agents for their ability to stimulate immune
responseRatima and Nawaz, 201.5~or example, dendritiderived exosomes have been
engineered tgromote their modulain of immune cells, restoring anticancer immune
responsegPitt et al., 2014).

1 Exosomeshbased anticancer therapy: exosomes can be used as carriers for various
anticancer agents includimigugs, nucleic acids (such as miRNAs or siRNAs), proteins and
othersmall molecules with anticancer properties (van der Pol et al., 2012; You et al., 2018).
For example dendric ceflerived exosomes have been used as nanocarriers to deliver
doxorubicin to cancer cells; in this way the chemotherapeutic agenefficienty taken
up in target cells (Tian et al., 2014). Moreover, marrow stromaldeeied exosomes
enriched with miRL46b inhibit glioma growth (Katakowski et al., 2013). Similarly,
exosomes have been used to deliver RAD&Ad RAD52siRNA to induce gene

knockdownand decrease fibrosarcoma aatlbility and prolferation (Shtam et al., 2013).

Promising results were obtaineding exosomes as vehicles for anticancer adpath in vivo
and in vitro.Moreover, during the last years some clinical trials have dstrated the potential
use of exosomes in cancer therapy. A list of exosdmssd clinical trialss shown at

www.clinicaltrials.gov.

Three main aspects must be siolered to develop an efficieexosomebased therapy system:

1 Isolation methods: typically, exosomes are purified using differential ultracentrifugation,
standard or with sucrose gradient, but other alternative strategies including size exclusion

chromatogaphy, filtration, precipitation, immunoaffinity isolation, and commercial kits
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exist (Tang et al., 2017). Ultracentrifugatibased techniques have some advantages
including large sample capacitpwer cost, homogeneous size distribution, higher purity
and yields large amounts of exosoméd® tlisadvantages dong run time, high equipment

cost and loss reproducibility duewscosity ofsolutions, rotor type, centrifugal radius and

g force (Li et al., 2017). Mreoverhigh speed centrifugation may dageaexosomes
affecting their biological activity (Jeppesen et al., 2014). Exosomes obtained with standard
ultracentrifugation may contain protein aggregates which could be eliminated
ultracentrifugating the samples presence of sucrose gradient (Campowlet 2016).
However,it has been recently reported that contaminants with the same density, such as
high-density lipoproteins (HDLs), could be recosdrusing ultracentrifugation with
sucrose gradient (Yuana et al., 2014). Size exclusioontatography matains exosome
integrity compared to ultracentrifugation (Boing et al., 20Efjtation with membranes

with appropriate pores is also an alternative but does not guarantee removal of several small
contaminants with the same size of exosomes and tharkig risk of loss of exosomes

by binding to membranes (Tayland Shah 2015). The immunoaffinity purification may
isolate specific exosome subtypes using microbeads coated with a specific antibody; this
method maintains integrity of exosomes cargo ¢¥ar et al., 2015Taylor and Shah,

2015. Moreover, these techniques do not allow to recover a sufficient amount of exosomes
starting from small biological samples. On the contrary, precipitation Eeamitigh
recovery of exosomes from small biologicahgples but contaminants, such as lipoproteins

or other molecules, may be present (Deregibus et al., 20C6mpared to
ultracentrifugatiorbased techniquescommercial kits are less time consuming, less
technigue sensitive, more compatible with limitedwoés of biological samples, and do

not require special equipment (Helwa et al., 20HBWwever, exosomes isolated with these
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kits show a high risk to contain protein aggregations and/or other EVs (Helwa et al.,
2017).In conclusion, each method has advgataand disadvantages and the choice of the
optimal system depends on the origin of the starting material (i.e. culture medium, serum,
saliva, etc.) and on the subsequent use of isolated exosomes (i.e. content analysis,
therapeutic use, biomarker use, etc.

Cell donor typesa variety of cell types have been used experimentally as donor cells, such
as HelLa and HER93 Shtam et al., 2013)mmatureDCs (Yin et al., 2013), endothelial

cells (Bovy et al., 20159nd mesenchymal stem cells (M§CXin et al.,2012; Munoz et

al., 2013. However, the choice of donor cetlepends onarget cell type and on the type

of moleculego be conveye@Figure 25). For example, MS&lerived exosomes are usually
used in regenerative medicine because they naturally conéaipeutic factors that inhibit
apoptosis, stimulate proliferation and promote vascularization of affesses (Ratajczak

et al., 2012).

Cell types Effect
affected of exosomes

I:>Immunosuppression

Macrophages and T cells
f

ol |:‘1>Angiogenesis

‘. ’
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Fibroblasts $ \l/ Fibrosis

e |

[——— Cardioprotection

Cardiomyocytes

Figure 25: Effect of exosomes depends d@onor cell type

Cargp-loading methodstwo major strategies have been described for loading therapeutic
agents in exosomes; in fadt is possible to engineer the donor cells to secrete modified

exosomes or to manipulate exosome content after secrBoorelli et al., 2018) Figure
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26). Preloading systems are based on incubation of donor cells with therapeutic agents
(Tang et al.2012) or on genetically modification of parental cells to express therapeutic
proteins or RNAsRuiss et al., 2011For example, mesenchymal stromal cells incubated
with a low dose of paclitaxel package chemotherapeutic agent into exosomes, which can be
used against pancreatic cancer cells (Pascucci et al., 2014). However, with this strategy only
small hydrophobic molecules are efficiently incorporated into cellsanather study
HUVEC were transfected with pmaiR-503 and then, mif$03-loaded exosomesere

used to treat breast cancer cells increaslmgmotherapy sensitivity (Bovy et al., 2015).
Finally, another approach consigtsmodifying growth condition®f donor cellsto alter
exosomal content. For example, oxidative stress or glucose deprivatiease miRL26

content in endotheliaderivedexosomes (Tomasetti et al., 2018) which have been used to
induceantitumour response.

Postloading methods include passive cargo loadiagn(et al., 2010Q'Loughlin et al.,

2017), electroporation \(Vahlgrenet al., 2012, freezethaw cycles laney et al., 2005
sonication Lamichhane et al., 201&)ypotonic dialysis (Fuhrmann et al., 2015), extrusion
(Haney et al., 20305 saponininduced pore formation (Fuhrmann et al., 2015), and the use

of transfection ragents $htamet al., 2013 Several studies have demonstrated that passive
incubation is an efficient loading method for hydrophobic drugs, but not for hydrophilic
drugs (Fuhrmann et al., 2015). For example, lymphderaved exosomes incorporate
curcumin by passive loading, enhancirantiinflammatory activity(Sun et al., 2010).

Electroporation is an efficiently strategy to incorporate small hydrophobic molecules,
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siRNAs or miRNAs into exosomeS\ahlgren et al., 20)2However, this technique may

cause RIA aggregation and exosome instability (Luan et al., 2017).
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Figure 26: Common methods for loadirtgerapeutic agents in exosomes

Exosomeloading methods can affect exosome properties, contrarily ttoading systems.

For example, exosomal micro viscgsdecreases after sonicatioKirq et al., 2016, while
extrusion alters zeta potential of exosomal membif&ubirmann et al., 2015)moreover,
freezethaw cycles (Haney et al., 2015) and electroporatimmnseret al., 2016) can cause
exosomeaggregationwhereas, extrusiofFuhrmann et al., 2015and chemical methods
(Podolak et al., 2030 such as saponin and cationic transfection reagents, can cause
cytotoxicity. Several aspects influence the choice of the most appropriate leadiregm
including moleclar type (protein, siRNA, miRNA, drug), size and polarity (hydrophilic,
hydrophobic.amphipathi§. Preoverexpression of candidate proteins or RNAs in donor cells
is considered as the bestyw® generate proteirand RNAloaded exosomes (Munoz et al.,
2013); in fact, genetic engineering method can provide a simple and continuous production of

anticancer ageribaded &osomes without altered exosostability and properties.
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Furthermore, it is also possible to modify the exosome surface to facilitateethrgeake by
tumour cells leaving out healthy cell&illigan and Dwyer, 2017). For example, HEK293
derived exosomes were engineered to express the GE11 peptide on their surface; in this way
exosomes are efficiently taken up by cancer cells of epitteigih binding EGFR in target

cells membrane (Ohno et al., 2012).

Studies demonstrated that exosomes as nanosdraee a great potential in cancer therapy;
however,to use exosomes clinically, further studies are needed to resolve several issues. For
example,it would be necessary to realize standardized protocolsx@someisolation and
purification to obtain vesiclegeproduciblyand with high purity Petersen et al., 2014
Moreover, other aspés need to be clarify iheding, longterm safety, in Wwo trafficking,
biological fate and impact on the organism (Johnsen et al.,, 2014). Fimadlgpmes are

complex structures often difficult to characterize.
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2. PURPOSE OF THE THESI S

Malignant pleural mesothelioma is a malignancy without any option ofrtezf thus showing

a very poor prognosis. Tumors irrespective of their origin are heterogeneous cellular entities
whose growth and progression greatly depend on reciprocal interactions between genetically
altered (neoplastic) cells and their rAo®oplastic microenvironment. Thus,
microenvironmental factors promote many steps in carcinogenesis, e.g. proliferation, invasion,
angiogenesis, metastgsed chemoresistance. Drug resistance, either intrinsic or acquired,
essentially limits the efficacy of chemetlapy in many cancer patients. Stromal
communication with cancer cells can influence treatment response. Given that stromal cells
orchestrate an intricate cras¢k with cancer cells by utilizing exosomes, exossthemselves

can be used as a physiolodicarrier for drug delivery. MiRNAs are packed within exoseme
which are naturally protect from degradation and are efficiently delivered to target cells

overcoming the stroma barrier.

Based on these notions, we postulated that exascareying miR126 @n be efficiently
delivered in cancer stroma, which by exerting its oncosuppressor effect may be proposed as an
efficient therapeutic approach to treat malignant mesothelioma. In this context, thdsthesis
focusedon evaluaion of the effect of miR126 usng exosomes as carrier on the stroma
microenvironment. Since miR26 is highly expressed in endothelial cells, exosomes derived
from endothelial cells have been used to deliver and restorel@8Rn MM cells. A stroma

model was performed and the biolcaji effect of exosonsscarrying miR126 was evaluated.
Stromal exosomes mediated @utocrine signaling in cancer cells: the exosomes are taken up
by the cancer cells by endocytosis, and +h# then within the exosomes is redistributed in

all the cell cormponents of the stroma thus modulating angiogenesis and cell proliferation.
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3. MATERI ALS AND METHODS

3.1 Study design

As natural carrier of miRL 2 6 , endot hel i al cells (ECs) hav
exosomeslin order to evaluate the efficacy of miR6 in the tumar suppressionHUVEC-

derived exosomes and miR26-enriched exosomes obtained by transfecting HUVEC cells with
miR-126 mimic were used for treatments. Recipient stroma cells such as ECs (HUVEC),
fibroblasts (IMR90), nonmalignant mesothelial dsl(Met5A), and malignant mesothelioma

cells (H28 and MMB1) were treated witlUVEC-Exo (T1) andHUVEC-Exo miR-126 (T2)

and the exsomeuptake,exosomalmiR-126 turnover andts distribution within the stroma
environment evaluated. The tuomsuppressaactivity of miR-126 delivered by exosomes was
evaluated asell signalingmodulation cell proliferation,andangiogenesis ia cell co-culture

system(Figure 27).
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Figure 27: Study design

3.2 Cell cultures and treatments

Norrmalignant (NM) mesothelial (MédA), sarcomatoid malignant mesothelioma (H28) cell

lines obtained from American Type Culture Collection (ATCC; Rockville, USA) and the
biphasic malignant mesothelioma cell line (MBA) described by Pass et al., 199&re grown
in RPMI-1640 with 10% of feal bovine serum (FBS), 1% of penicillin and 10% of streptomycin
(all Life Technologies)Human foetal lung fibroblas{§VMIR-90) wereobtained from the ATTC
and grown in Dul beccodBMEM)osdppldniecd with 1% @fl fetab s
bovine serum (BS), 1% of penicilin and 10% of streptomycin (alife Technologies). Human

Umbilical Vein EndothelialCells (HUVEC) obtained from GIBCO (Life Technologies) were
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grown in Medium 200 (Life Technologies) with the large vessel endothelial supplement
(LVES; Life Technologies).All cell lines were identified morphologically by a phenotypic
analysis. All cells were cultured in a humidified incubator at 37°C and in presence @t CO
5%. The cells were cultured for not more than six passages withonth afteresuscitation

and periodically checked for the absence of mycoplasma contamination using the PCR

Mycoplasma Test.

Exosome treatmesitcell lines (Met5A, H28, MM-B1, IMR-90 or HUVEC) were treated with
HUVEC-derived exosomeHUVEC-Exo0) or miR-126-enrichedHUVEC-derived exosomes
(HUVEC-Exo miR-126) for 24 or 48 h in exosonrtepleted serum culture medium obtained

by centrifuging serum at 10I)0g for 4 h at 4°C.

3.3 Ectopic miR-126 expression

H28 and MM-B1 cells were transntly transfected withmiR-126 mnimic (MISSION®
microRNA Mimic, Sigma). Cells were seeded in av@él plate (7x168 cells/well) or in a 12
well plate (5x18cells/well), and allowed to attach overnight. The dafger, cells were
transfected with miRL26 mimic (100 nM) using High Perfect Transteon reagent (Qiagen)

according to the manufacturer's instructions.

Endothelial exosomes enriched in iR6 HUVEC-Exo miR-126) were obtained by
transiently transfecting HUVE® T75 flasks (1x18cells/T75) with miR126 nimic (100 nM;
MISSION® microRNA Mimic, Sigma) using High Perfect Transfection reagent (Qiagen)
according to the manufacturer's instructions. After 72 h of incubation, exosomes released into

exosomedepleted seruraulture medium were collected.
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3.4 Cell proliferation assay

Cell proliferationwas assessed by MTT assay. H28 and-BiMcells and theimiR-126 mimic
transfected counterparts (7x¥klls/well in 96well plate) were incubated over tini@24-48

and 72 hjand cell viability evaluated. 10 pl of MTT ¢Bg/ml in PBS; Sigma) was added to
each well and after B incubation, the crystals produced were dissolved in isopropanol.

Absorbance was read at 550 nm in an ELISA plate readari¢8uTecan, Mannedorf, Swiss).

3.5 Colony forming assay

Colony formation was evaluatein H28 and MMB1 cells and in their miR-126 mimic
transfected counterparts (5¥k@lls/well ina12-well plate).After 10 days incubation formed
colonies were fixed with formalin (4.0% v/v), stained with crystal violet (0.5% w/v) and

counted using a stereomicroscope.

3.6 Exosome iglation and quantification

Exosomes were isolated and purified using differential centrifugations as previously described
(Grimolizzi and Monaco, 2017).i8fly, supernatants from HUVEC and miR6transfected
HUVEC were collected athsequentially centrifged at 2000 rpm for D min, at 3,00rpm for

10 min, and then at 1@)0 g for 15 min at 4°C to remove cellular debris, apoptotic bodies and
microvesicles, respectively. Next, exosomes were purified from the supernatant on a 30%
sucrose/RO cushion by ulacentrifugation (10,0009 for 40 min at 4°C). Exosomes contained

in the sucrose cushion were recovered, washpbasphatéufferedsaline (PBS), andurther
ultracentrifuged at 10000g for 70 min at 4°C. After isolation, the pellet wasstspendeth

PBS, treated with 0.1 mg/ ml RNase A (Qiager
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contaminati on, and filtered wusing a 0.22 egn
exosomes was determined by the Bradford asSagym@. All ultracentrifugation stps were

performed at 4°C in a Beckton Dickinson ultracentrifugdnwitS-55 swinging bucket rotor.

3.7 PKHG67 labdling of exosomes

Exosomes isolated from HUVE€lltured in exosomé&ee serum culture mediumere stained

with PKH67 (20 M; Si gma) , o labelpgipids tnenembsaeedsurface of exosomes,
according to the manufacturer's instructiddsefly, HUVEC-derived exosomes were diluted

with Diluent C, to permeabilize exosomes, and incubated with a staining solution containing
PKHG67 (final concentrato of 20 e M) for 4 min. The reacti ¢
volume of 1% BSA. Exosomes were recovered thought density gradient centrifugaton

30% sucrose/BD cushion(110000 g for 40 min at 4°C). Then, ldex-exosomegontained

in the sucree cushion were recovered, washed in PBSfuatiter ultracentrifuged at 10100

g for 70 min at 4°C. The pellet was resuspended in &B&Eprotein levels of the exosome

preparations were measured usingBnadford ReagentSigm3.

3.8 HUVEC-derived exosome uptake

Cell exosome uptake was evaluated by confocal microscopy and cytometry analysis.

Confocal microscopyCells (5x10 cells/well) were seeded on coverslips in avadl plate,
allowed to attach overnight and PKH8abdled exosomes (50 pg/ml) werdded to the
exosomesglepleted cell media. After 6 h of incubation, the uptake was assessed by confocal
microscopy (Leica SP5). Mitochondria were stained with Mito Tracker Red (100 nM;

Molecular Probes).
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Cytometry analysisCells (3x10 cells/well) wereseeded in a t@ell plate, allowed to attach
overnight and PKH67abelled exosomes at increased concentratior2(80-100 pg/ml)
wereadded to the exosomeégpleted culture mediunkxosome uptake wasalyzedver time
(15-30-60-120-180-240-300-360 min) by flow cytometry (FACSCalibdM) with CellQuest

software (Becton Dickinson).

3.9 Quantitative RT-PCR (qRT-PCR) analyses

Total RNA from cells was obtained using the RNeasy Mini Kit (Qiagen) according to the
manufacturer's instructions. MiR26, IRS1, VEGF, rrd EGFL7 firststrand cDNA was
synthesized using the Higbapacity cDNA Reverse Transcription Kit (Life Technologies).
Quantitative RTPCR (qRFPCR) was performed using the TagMan Fast Advanced Master
Mix (Life Technologies) with U6 as the housekeepingeggar miR, while the SYBRselect

master mix (Life Technologies) with GAPDH as the housekeeping gene for IRS1, VEGF, and
EGFL7. The gPCR assays were performed using the Mastercycler EP Realplex (Eppendorf).
The results were expressed #&#&“Xor miR, and a fold changes, calculated using the equation

2®®C Tor IRS1, VEGF, and EGFL?7.

For exosomal miRL 26 detecti on RNA was extracted fro
750 Ol-Reagént BDr(ma); the phase lock gel (5Prijn@as used to improve RNA

recovery. To allow for normalization of sampte-sample variation in the RNA isolation
procedur e, 10 ¢l of syntheiRi3®)Cdemaor malbdif tmogd
solution was added into the denaturing solution. The miRs were further ptrofietbtal RNA

using the miR isolation kit (PureLink miRNA Isolation Kit, Thermo Fisher Scientific). MiRs

were eluted in the f-126fwrdtstranddDNAwas synthesiz€dusng . Th
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the HighCapacity cDNA Reverse Transcription Kit (Lifieechnologies) and the expression
quantified by gRTPCR using the TagMan Fast Advanced Master Mix (Life Technologies). To
normalize the expression levels of target miR, the U6 small nuclear RNA was used as a control.
Both the endogenous (U6 small nuclearA3Mnd exogenous control (cel m#®) were used

for normalization and expression ds®( endog + exog) . The gPCR a:

using the Masteycler EP Realplex (Eppendorf).

3.10 Tri co-culture model

Tri co-culture was performed by layering fibroltie$IMR-90) and endothelial cells (HUVEC)
on two opposite surfaces of trawell inserts, and NM (MebA) or MM (H28 or MM-B1) cells
were cultured at the bottom of the pleBeiefly, 3-¢ m t-well insert (Costar 3452; Corning,)
were first plated with INR-90 (75x10* cells/24transwell insert or 1.5x10cells/12transwell
insert) in an inverted position. Aftert6of incubation, inserts were flipped over and placed into
a 24 or 12transwell plate, where HUVEC (7.5xf@r 1.5x10 cells/insert respectaly) were
loaded on the other side of the insert and cultured fdr. Zhis HUVEGIMR-90 precoated
transwell inserts were then placed into another @41 2transwell plate, where MebA, H28

or MM-B1 cells had been plat€&igure 28). HUVEC-derived exwsomegHUVEC-Exo) and
miR-126-enriched exosomes from HUVHEIUVEC-Exo miR126)( 20 e g/ ml ) wer e
the upper chamber of the to-culture system, and after 24 or A®f incubation cells were

collected.

71



Exo treatments

Recipient cells

Figure 28: Model of tri ceculture

3.11 Angiogendic activity assessment

Angiogenesis was evaluated using the formation of capilieey structures in a three

di mensional setting. Briefl y perwelwer trangefredc ol d
with a cold tip into a prehilled 96well plate and incubate a 37°C for 1 h to allow the Geltrex

to gel. HUVEC (7.5x1fcells/well) were plate in overlaid with Geltrex. Tube formation was
assessed by incubating (16 h) HU\W8€rived exosomes and miRR6-enriched exosomes
from HUVEC (20¢ g / with Met-5A, H28 or MM-B1 in co-culture with HUVEG or in tri
co-culturein presenceof HUVEC and IMR90 using 3¢ m t-well mserts as previously
described. After incubation, the polygonal structures, made by a network of endothelial cells
capillaries was estabhed, and the images were capturedbatmagnification using the
Axiocam MRc5 optical microscope (Zeiss). The tdbeming activity was estimated by
counting the number of complete capillaries connecting individual points of the polygonal

structures. Threfields in the central area were chosen randomly in avelty
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3.12 Western Blot analysis

Cellsorexosomesl(0 € g protein or 2)wer®lysedid RIRAbufero ma |
containing the N&/O4 (1mM) and protease inhibitors (1pg/ml). Protein concentration was
assessed W the Bradford assay. Theell lysate proteing20 pg protein) and the exosome
lysateproteinswere separated usingl2% SDSPAGE (Life Technologies) and transferred

onto nitrocellulose membranes (Protran). After blocking with 5%fabmilk in PBSTween

(0.1%), the membranes were incubated overnight at 4°C with primary antibodies H&ihs
(Bethyl), phosphgp38 MAPK, p38MAPK, phospheAKT and AKT (all Cell Signaling). Anti

CD81 (generously provided by Prof. Fabio Malavasi, University of Torino, Italy) was used for
exo s 0 me b lacin (Cell Bignalingh was used as a loading control. After incubation with

an HRRconjugated secondary IgG (Cell Signaling), the blots were developed using ECL
(Pierce, Rockford, I L, U S A)-actin.PTheolince intemsitieso a d i n ¢
were visualized and quantified with Chemidoc using the Quantity <ofievare (BioRad

Laboratories).

3.13 Ki-67 proliferation assay

Met-5A, H28 or MMB1 cells were seeded on cove@rslin a 24well plate in trico-culture and
were treated with HYEC-derived exosomes or milR26-enriched exosomes from HUVEC
(20e g/ ml ) . Thenrcelltvwgre fixed with formalin 4% for 30 min at 4°C and incubated
with the permeabilizing solution containingd8% saponin and 2% FBS in PBS for 30 min at
4°C. Next,the cells were incubated overnight at 4°C, wpitimary antibody again¥i-67
(1:200; DAKO) diluted in the permeabilizing solutiokiter 3 washesgells were incubated at

room temperature with the FIT€njugated secondary Ig&:200;Sigma)diluted in PBSwith
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2% FBS Hnally, the Ki67-positive cells were assessed fhyorescence microscopy (Zeiss;
Axiocam MRc5, magnification 60. The proliferation index was expressed as a percentage of

Ki-67-positive cells.

3.14 Statistical analysis

Data are presented asanes N st andard deviation (SD). Cc
groups of data wer e dtest and omsvalyeadalysis i varganceSt u d e |
(ANOVA), with Tukey posthoc analysis, respectively. Aypal ue O 0. 05 was

significant. All statisical analyses were germed using the SPSS software.
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4. RESULTS

4.1 MiR-126 level in MM stroma cells and cellular response to miR26
treatment

Cell components of MM stroma including nramalignant mesothelial Md&A cells,
sarcomatoid H28 cells, biphasic MBI cells, fibroblasts (IMR90) and endothelial HUVEC
cells were evaluated for their level of miR6. Among the evaluated cells, HUVEC showed
the highest miRL26 conént both at cellular and exosomadmpartments Kigure 29A).
HUVEC transfected with miR26 mimic further increased mi®26 content in exosomes

(Figure 29A, insert).

Next we evaluated the effect of mIR26 on MM cells, therefore H28 and MBI were treated
with miR-126 mimic and cell proliferation and colony forming assay evaluated. As reported i
Figure 29B,C miR-126 inhibited cell growth in H28 (miR26 responsive cells), while no

effect was observed in M1 cells (miR126 nonresponsive cells).
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Figure 29: A) MIiR-126 levels at cellular and exosomal compartments inmalignant
mesothelial ells (Met5A), sarcomatoid MM cells (H28), biphasic MM cells (MBL),

endothelial cells (HUVEC) and fibroblasts (IM#0). The insert shows the levels of riR6
in exosomes released by miR6 mimic transfected HUVEC. Cell proliferatidd)(@nd colony
forming assayQ) of H28 and MMBL1 cells before andfter miR126 mimic treatment.

4.2 Exosome uptake andniR-126 level in stroma cell components

Given that HUVEC released exosomendogenously rich in mi226, and that miRL26
transfection significantly incread its content in exosomes, weedsexosomes from HUVEC
(HUVEC-Ex0) or miR-126 mimic transfected HUVEQHUVEC-Exo miR-126) as carrier of

miR-126 for further treatments, namely T1 and T2 respectively.
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The exosomal uptake was evaluated in all cell compsn&ngtroma. Thé&igure 30 depicts
the uptake ofliorophorelabelledexosomes in MebA, H28, MM-B1, HUVEC and IMR9O0.

All cells were able to internalize the exosomsssisualized by punctuate green fluorescence.

Met-5A H28 MM-B1

Labelled-exosomes

HUVEC IMR-90

50 pm

Figure 30: Representative fluorescentrage of uptakef exosomes derived from HUVEC
by stroma cells. The cells, cultured in exosesepleted serum, were incubatsdh PKH67-
labellede x o s omes (20 ¢ g fomd h) andf theio interrtdlidatidh @isualized by
fluorescent microscope (Zeiss, Axiocam MRc5; magnificatio®@q).

To evaluate the kinetics of uptake of HUVi@rived exosonmeby MM stroma cells, a
quantitative flow cytomgic assay was performed. Fluorop&dabelled exosomesvere
administered at increasing concentration, and exosomal uptake by stroma recipient cells was
evaluated over time. As shownhigure 31, uptake of exosomes was linear for up to 360 min
and 1M®df egogome proteinSubsequent transport studies were carried out using the
incubation time of 360 min. Stroma celtsok up labelled exosomes in a timand
concentratiordependent mannefFigure 31, insert). As shown by the kinetic analysis, the

uptale was rapid in MMB1 and HUVEC cellsKigure 31 down-right image).
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Figure 31: Temporal and dosdependent kinetics of exosome uptake in stroma cells%Met

H28, MM-B1, IMR-90, and HUVEC), and the dosesponse curve at 360 min (insert). The
rates of emsome uptake for each cell are shown at the -dghin panel. Egsomes were
isolated from HUVEQrown in the medium supplemented with exosdmree serum. Isolated
exosomes were sted with the lipophilic dye PKBI7 and extensively washed with two
subsequerultracentrifugation spins. Nextells wee incubated over time with PKad-labelled
exosomes at different concentrations0-20-50-100 € g/ ml ) . Cel | s wer e
trypsinized and their fluorescence analyzed by flow cytometry, and the uptake wassedpre

as mean fluorescence intensity (MFI).
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Next, we evaluated the transfereXfosomamiR-126 (Exo-miR-126)in cels and released into
medium. Cells were treated with HUVEEXo (T1) or HUVEC-Exo miR-126 (T2) and miR
126 content was detected in cells andheir exosomes released into medium. Accumulation
of miR-126 was found in H28 cells, while a decrement of +hi® level was observed in
HUVEC following treatmentsKigure 32A). Although the exosome release was lowerethby

treatmentsKigure 32C), exo®mes were enriched in miR26 Figure 32B).
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Figure 32: MiR-126 exosomal transfer and released by exosome. StellegMet5A, H28,

MM-B1, IMR-90, and HUVEC) were treated witHUVEC-Exo (T1) or HUVEC-Exo miR-

126 (T2) and after 24 h incubation the legémiR-126 was evaluated in the ce\)(andin
exosomegB). C) The exosomeeleased wee quantified by proteinsing Bradford assagnd

CD81 western blot analyseSomparison amonggeatments was performed B]NOVA with

Tukey posthoc analysisThe symio | 60*06 denotes statistically ¢
cells (TO) ancexot r eat ed cell s (T1 and T2), p < 0.065.
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4.3 Stroma model: exosome uptake an@éxo-miR-126 distribution across
cells

These findingndicated thaeach stromal cell component takep exosomal miRL26 Eexo
miR-126) that modulate cellular responsand thensorted and released via exosomes.
Exosomes enriched in mi26 can be taken up by cells themselves (autosigreding), by
other cell components of eéhstroma faracrine signaidg), or can translocate to other
compartments to modulate the downstream intereglRignding mediators. To investigate the
interactions between cancer cells and caassociated cells within thetumor
mi croenvironment a stroma 6in vitrod model
(ECs, HUVEC) and fibroblasts (FBs, IM80)on upper and down surfaceanfinsert, and MM
cells on the bottom of the well whereetmsert was positionedrigure 33 right-image), three

microenvironments were obtained:

1- Non-malignant (NM) environment: fibroblasts (IM80) and endothelial cells
(HUVEC) co-cultured with normalignant mesothelial cells (M&®A).

2- MiR-126 responsive MM environment: fibroblasts (IMR) and endothelial cells
(HUVEC) co-cultured with MM cells (H28).

3- MiR-126 nonresponsive MM environment: fibroblasts (IMI®) and endotheliaells

(HUVEC) co-cultured with MM cells (MMB1).

The exosome uptake by the cell components was evaluated in the stroma environment
(Figure 33A). Next, miR126 was evaluated in each cell type (recipient cells) in the-tri co
culture environments aftéixo treatmentgT1 and T2, 48 h). In the NM environment, the
treatments increased the level of riR6 in IMR-90 and HUVEC, without changing miR

126 level in Met5A (Figure 33B). Whereas, increased level of miR6 in H28 and

HUVEC cells associated with a maction of miR126 in IMR-90 was found in the miR26
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responsive MM environment following treatmenfsgure 33C). Conversely, in miRL26
nonresponsive MM environment, the treatments increased thedéva@R-126in IMR-
90, which was associated with awetlon of miR126 content in both MMB1 and HUVEC

cells Figure 33D).
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Figure 33: Exosomal uptak@A) and miR126 level of cell components (recipient cells) inon
malignant environmentB), miR-126 responsive MM environmen€), and miR126 non

responsie MM environment D) following no treatment (T0),HUVEC-Exo (T1), and
HUVEC-Exo miR-126 (T2) treatmentsComparison among treatments was performed by
ANOVA with Tukey posthoc analysisThe sy mbol 0*0 denotes st
between non treateelts (TO) andeExot r eat ed cel |l s (T1 and T2), p

The distribution of miRL26 among the cells in the three environments was also evaluated
(Figure 34). Basedon exosome uptakand release into environment (tri-colture), miR126
differently distributed across theltcomponents followinde=xo treatmers. Accumulation of
mMiR-126 in fibroblasts (IMRO0) was found in NM environment after treatments. In 1Hh#8

responsive MM environment, milR26 transferred by treatments accumulated in H28 and
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HUVEC. Conversely, in miRL26 nonrresponsive MM environment the miR26 introduced
by the treatments was sequestered by fibroblast3 {36), thus reducing the miR26 level in

MM-B1 and HUVEC cells.

CJHUVEC CIHUVEC CHUVEC
BMR-90 EIMR-90 [l IMR-90
CMet-5A WH28 EMM-B1

— TO

Exo treatments

— T1
10%
- T2
Non-malignant MiR-126 responsive MIiR-126 non-responsive
{NM) environment MM environment MM environment

Figure 34: Distribution of miR126 (%) across the cells in the three enviromtstenon
malignant (NM) environment, mi226 responsive MM environment, and iR6 non
responsive MM environment following neeatment (TO)HUVEC-Exo (T1), andHUVEC-
ExomiR-126 (T2) treatments.

Given that tle micrenvironment affected mi26 distribdion among the cells, next we

evaluated the ndulation of miR126 targegenedollowing ExotreatmentsHence, three miR
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126 targets involved in angiegesis and cell growth such asulin receptor substrate 1 (IRS1),

vascular endothelial graw factor YEGF), and EGF like domain ultiple 7 (EGFL7) have

been evaluated. The treatments induced the expression of VEGF and EGFL75A kted

H28, while inducinglRS1 upegulation in MMB1 (Figure 35A). Downregulation of VEGF

and EGFL7was foundin fibroblasts(IMR-90) in miR126 responsive MMenvironment.

Conversely,the treatmentsnduced VEGF and EGFL7 gene expression in riR6 non

responsive MM environment, both in IMBO (Figure 35B) and HUVEC Figure 35C).
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{NM} environment

TO-No treatment
T1-HUVEC-Exo
T2-HUVEC-Exo miR-126

Figure 35: A) Insulin receptor substrate 1 (IR vascular endothelial growth fact(VEGF),
and EGF like domain aitiple 7 (EGFL7) gene expression in M&A (NM environment), H28

miR-126 responsive
MM environment
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(miR-126 responsive MM environment) and MB1 (miR-126 nonresponsive MM
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4.4 Exo-miR-126 modulated angiogenesi tri co-culture model

The increased expression of VEGF and EGFL7 in 48Rand HUVEC in miRL26 non
responsive MM environment followirigxo treatmentgontributed to induce angiogesis in a
stroma model wherson-malignant mesothelial cells (M&A) or MM cells (H28 and MM

B1) and fibroblasts (FBs, IMR0) were grown on the upper and down surface of the insert,
respectively and endothelial cells (ECs, HUVEC) at bottom of the welltabe formation
evaluatedFigure 36 left-image). ConverselyExotreatmenginhibited vessel formation in the
miR-126 responsive MM environment. A slight angiogenesis inhibition has been observed in
the NM environment following treatmentsSigure 36A). When the miR126 responsive (H28)

and norrespons/e (MM-B1) MM cells were growrtogether the angiogenesis was inhibited

by miR-126-enriched HUVEGderived exosomedigure 36B).

Notably, this scenario was invertadco-culture lackingfibroblasts (IMR90). Exo treatmergs
inhibited vessel formation in the mMiR6 norresponsive MM environment, while inducing
angiogenesis in the miR26 responsive environment, thus suggesting aafolibroblasts in

the modulation of angiogenegsigure 37).
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Figure 36: Exo-miR-126 regulated ragiogenesis in a stroma model. Angiogenesis was
evaluated in a tri coulture model where nemalignant mesothelial cells (M&&A) or MM

cells (H28 and MMB1) and fibroblasts (FBs, IMR0) were grown on the upper and down
surface bthe insert, respectively, and endothelial cells (ECs, HUVEC) at bottom of the well
and tube formation evaluated (l&fbage). A) Met-5A (NM environment), H28 (miRL26
responsive MM environment) and MBIL (miR-126 nonresponsive MM environment) were
treaked withexosomegT1 and T2) and tube formation visualized and quantifsddviM-B1

and H28 in the MMenvironment were treated witHUVEC-Exo miR-126 (T2) and tube
formation visualized and quantifie@omparison among treatments was performed by ANOVA
with Tukey posthoc analysisT he sy mb ol 6*06 denotes stati
treated cells (TO) anBxot r eat ed cell s (T1 and T2), p <
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Figure 37: Angiogenesis was evaluated in aadture model where nemalignant mesothelial
cells (Met5A) or MM cells (H28 and MMB1) were grown on the upper and down surface of
the insert, respectively, positionéda well with endothelial cells (ECs, HUVEC) at bottom
and tubeformation evaluated (lefimage). Met5A (NM environment), H28 (miRL26
responsive MM environment) and MBI1 (miR-126 nonresponsive MM environment) were
treated with exsomeqT1 and T2) ad tube formation visualized and quantifi€bmparison
among treatments was performed by ANOVA with Tukey &t analysisT he sy mb o | o
denotes statistically differences between non treated cells (TGpantteated cells (T1 and
T2), p < 0.05.

4.5 Exo-miR-126 modulated cell growth in tri ceculture model

The Insulin receptor substrate 1 (IRS1) is a regulator of insinlgulin-like growth factor
(IGF), and cytokine sigriang, and therefore it plays an impartarole in the proliferation,
survival, and transformation of cells, by conveying signals to the phosphatidylinekitas®
(P13K)/protein kinas B (AKT) and the mitogefactivated protein kinase (MAPK) pathway
including JNK, ERK, ang38 (RoseandVonaDavis 2012. Theefore, to evaluate the impact
of exomiR-126 in the modulation of IRS1 signaling, Roralignant Met5A and MM cells

(H28 and MMBL1) in tri coculture (stroma model) were incubated wilvVEC-Exo and
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HUVEC-Exo miR-126, and IRS1/AKT/p38 pd&iway investigated. The treatments markedly
inhibited IRS1 expression, which was associated with a reduced expression of the downstream
AKT and p38 inthe miR126 responsive MMnvironment. Conversely, the induced expression

of IRS1 observed in miR26 nonresponsive environment by ttegents did not affect the

signalng pathway Figure 38).
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Figure 38: Immunoblot evaluation of IRS4ignding. Non-malignant mesothelial cells (Met

5A) or MM cells (H28 and MMB1) in tri co-culture with fibroblasts (IMRO0) ard endothelial

cells (HUVEC) were treated withlUVEC-Exo (T1) and HUVEC-Exo miR-126 (T2) (20

eg/ ml), and after 2 days of i ncphdsgh¢éAKTo(p- eval u
AKT), AKT, phosphep38 (-p38), p38. Densitometry evaluation of the banalated to the

level of actin (rightpanel).

Cell proliferation was also evaluated in the triadture model after incubation with exoiR-
126. As showFigure 39 the percentage of Ka7-positive cells was significantly decreased in
miR-126 responsivdMM environment after treatments. No -Bv-positive cells have been

detected in MMB1 cells.
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Figure 39: Representative images of proliferative index-&i staining. Nomrmalignant
mesothelial cells (MebA) or MM cells (H28 and MMBL1) in tri co-culture with fibroblasts

(IMR-90) and endothelial cells (HUVEC) were treated wildVEC-Exo (T1) andHUVEC-
ExomiR-126 (T2) (20 ¢ g/ mmtupationavalaatedhfér koé-positRe cdlla y s o f
(%). All experiments were carried out in triplicat€omparisonamong treatments was

performed by ANOVA with Tukey pogioc analysisThe sy mbol A*0 denot ¢
differences between non treated cells (TO)Brdt r eat ed cel |l s (T1 and T
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5. DI SCUSSI ON

Malignant mesothelioma still remains an incuratémcer. The development of therapeutic
resistance to anticancer therapies remains a significant clinical problem, with intratumoral
heterogeneity and stroma environment playing a key role. In this context, rAvabedl

therapy provides an alternative artttactive method for cancer. From bench miRN#sed

therapy has been translated to bedside. A phase | study was performed to assess the maximum
tolerated dose (MTD), safety, pharmacokinetics, and clinical activity of a liposomaB4aiR

mimic, in patientsvith advanced solid tumors. The treatment was associated with acceptable
safety and showed evidence of antitumor activity in patients with refractory advanced solid

tumors Beg et al., 201)7

Recent studies show that miRNAs can circulate in the bloodffaretit biological fluids
associated with micrgesicles, exosomes, Agadntaining complexes, or HDL particles.
Specifically for exosomes, as natural adrived carriers, they are immunologically inert and
possess an intrinsic ability to cross biologicarriers. The development of specific and safe
methods for the delivery of miRNBased treatments will allow modulation of miRNAs and
would likely provide new opportunities for therapeutic intervention by exploiting physiologic
form of mMIRNA delivery. Exosome mediated celto-cell communication, including
modulating immune responses, reprogramming stromal cells, remodeling the architecture of
the extracellular matrix, or even endowing cancer cells with characteristics of drug resistance.
Selectively, loding specific oncogenic molecules into exosomes highlights exosomes as

potential therapeutic targets.

We proposed exosomes as carrier for delivering-t#R, a miRNA previously found to

suppress MM tumor formati on i noevwaiuategsheimpactst udy
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of miR-126 deliverd by exosomes on the MM céd-cell communication. Here, we used a tri
co-culture model that provides a specialized platform for the investigation efoesl|
interactions, addressing a key challenge of caitessting modelsExosomes from endothelial
cells were used as natural carrier of RliB6 (f Figure D). Therefore, exosomes delivering
endogenous and enriched rilR6 by mimic transfection were used to treat tywes ofMM

cells, which differently respaled to miR126 treatmentémiR-126 responsive H28 and miR

126 nonresponsive MMBL1 cells), within a cancer environment constituted by fibroblasts and
endothelial cells. All cells evaluated takepthe exemiR-126 in a doseand timedependent
manner, andeleased exosormeniched in miR126 into the micrenvironment, which were
then internalized by the cells themselves or by the other cell components of the envirchment (
Figure 3). In a coeculture system, the mig26 introduced by treatments distribdtamong

the cells through an autocrine and paracrine mechanisms. Therefore, by culturing fibroblasts
and endothelial cells with M&A, H28 and MMB1, three environmes were obtained, which
include nonmalignant, MM miR126 responsive and MM miR26 noRresponsive
environmers, respectively. Based on the environmeansideredthe miR-126 delivered by

exosomedlifferently distributedacrosghe cells thus affectingangiogenesis and cell growth.

For instance, th&xo treatments induced mi26 upregulatin in endothelial cells in MM
miR-126 responsive environment. Wheredsynregulationof miR-126 in endothelial cells
associated with high level of miR26 in fibroblasts was found in miR26 nonresponsive MM
environment following treatmentsf(Figure 33). In the latter, the shift of mi#®26 content
from endothelial cells to fibroblasts induced tube formation, which was inhibiteddolzoe
lacking fibroblasts, thus suggestingethrole in cancer stroma crotsk (cf Figure 3, 37).

Stromal fibroblats are involved in promoting cancer growth. Breast cancer cells admixed with
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cancer associated fibroblasts (CAFs) enhanced tumor formation by angiogenesis through

adrenomedullin (ADM) secretioBényahia et al., 2037

Likewise, it has been reported tlwaoss talk of cervical cancer cells and fibroblasts induced a
downregulation of miRL26 in HUVEC, with consequent increase of tube formation. The pro
angiogenesis ADMyas identified as a target of inhibition by riiR6 Huang and Chu, 20}4
Therefore, wecan postulate that the induced upregulation of 428 in endothelial cells
following treatments found in MM miR26 responsive cells inhibits ADM expression, thus
resulting in angiogenesis inhibitioof (Figure 33, 36). We demonstrated that the cros il

MM cancer cells with fibroblasts, modulated angiogenesis in dependence of the MM response
to miR-126 treatmerst However, in a heterogenic cell environment where the cells differently
respond to miRL26 treatment, the angiogenic inhibitory effect oMMnNIR-126 responsive

cells was predominant over the miR6 nonresponsive cells, highlighting the efficacy of the

tfreatments.

Variety of studis showed that inhibition of IRISresults in dowregulation or inhibition of
angiogenesis (Salajeghet016. Insulin receptor substrate (IRpis known to badirect target

of miR-126 (Tomasetti et al., 2014). Here we found Bhat treatments affected IRS1 signaling
modulating its downstream AKT and MAPK pathwayd Figure 3). MAPKSs include
extracellular signategulated kinase (ERK), p38, andun NH2terminal kinase (JNK). These
signaling pathways regulate a variety of cellular activities including proliferation,
differentiation, survival, and deatlKim and Choi, 201 Inhibition of IRS1 pathway with
conseqgent arrest of cell growth was observed aleo treatmens in the miR126 responsive
MM environment. Conversely, MM cells neasponsive to miR26 showed increased

expression of IRS1 associated with cell proliferaticii-{gure 38).
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Taken together, ces talk of MM cells with fibroblasts (FBs) modulates RiiR6 distribution
across cells in the stroma environment followkexp treatments. As depicted in the scheme,
reduced miRL26 content in FBs in favor of endothelial cells (ECs) resulted in the amgisige
and cell growth inhibition. Conversely, the accumulation of+h#® in the FBs and the reduced
level of miR126 in ECs induced tube formation through VEGF/EGFL7 upregulation and IRS1

mediated cell proliferatiorSchemg

Exo treatments

miR-126 responsive miR-126 non-responsive
miR-126

-] —— 1

miR-126

VEGF/EGFL7

ECs VTGFIEGFL?
=3 A= )}_@ Angiogenesis
tho )l @ Q%D *  Cell growth

Scheme Cross talk of MM ells and fibroblasts in the modulation of angiogenesis and cell
growth followingExo treatments.
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6. CONCLUSI ON

Exosomes containing miRs represent a promiaimirancetherapeutic approach because of
their important natural role in cellular processes coedbiwith high stability, tissuepecific
expression and secretion into boflyids (Nouraee and Mowla, 2015)'he haltlife of
exosomes in the circulation is greater than that of liposomes due to their endogenous origin.
Moreover, exosomes are nronmunogeic, nontoxic, and maintain the cargo stable for
delivery. Promising results have been obtained usxmsomes as vehicles of @amourmiRs

both in vitro and in vivoMoreover the potentialiseof exosomego deliverantitumourmiRs

was confirmed byeveralclinical trials (www.clinicaltrials.goy.

In this study we found thahé miR126 carried byendothelialderivedexosones (Exo-miR-
126)represents a potential therapeutic appraegdinst MM which can protect miRNA from
degradation and easily deliveniR-126 within cancer stroma, thus exerting its antitumor
activity. Our preliminaryresults suggest that endothekalosomedoaded wih miR-126 may

be used initially inanimal modek to evaluate toxicity safetyand biological effecs, and
subsequentlyn human clnical trials.Since @rculating endothelial cells (CESLcan be easily
isolated from peripheral bloodYi et al., 2000, in a clinical sethg, we can speculate a
therapeutic approach where exossiiselated from CECs dfiM patients, catbe enriched in

mMiR-126 and injected to the patients.
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