1 MESENCHYMAL STEM CELL PARTICLES FIELD The present invention relates to the fields of
development, cell biology, molecular  biology and genetics. More particularly, the invention relates
to a method of deriving 5 mesenchymal stem cells from embryonic stem cells. BACKGROUND

Stem cells, unlike differentiated cells, have the capacity to divide and either self-renew or differentiate
into phenotypically and functionally different daughtey cells (Keller, Genes Dev. 2005;19:1129-1155;
Wobus and Boheler, Physiol Rev. 2005;85:635-678; 10 Wiles, Methods in Enzymology. 1993;
225:900-918; Choi et al, Methagip Mot Med N APSSTANV TEIGS PAR TIMESESChymal stem cells (MSCs)
are multipotent stem cells that have documented evidence of therapeutic efficacy in treating
musculoskelgtalpnjuries, improving cardiac function in cardiovascular disease and ameliorating the
severity of GVHD (Le Blanc and 15Pittenger, 2005). Being lineage restricted, they have limited but
robust potential to Gif¢ereasaaténvrotipeselatasymtlccbildspdsler e aninsobyaels bivleatrowirssland
osteocytes, B BayRGHEeNiS o Ralae (RETAARoHRSLIBMY G LaisaaT Ol gpsplanted

MSCs is routinely circumvented through autologous or allogeneic transplantation. MSCs can be
isolated frorm e fama whetis selbs firerueiimy sore ssareNs(BM), adipose tissues 20 (ad), cord blood
and expanded ex vivo. Mesenchymal stem cells have been used in clinical and preclinical
applicationsBAGKERQUNR e range of diseases” 2 including musculoskeletal tissue bioengineering3' 4
and heart diseases,.6. The therapeutic capacity of MSCs tq treat a wide spectrum of disegses in
Cimicat and precineM e bRe LR I e A SRS SR S Sy
musculoskeletahtissddtbiortiginetoipdiBydthdndintarndiseale {icrb] Hdascheerattriliider to their
potential o gifIereRIats fH ATy SR N SRAAIN IRl YPBR:o AIPWBET YA of tissues

for their isolation remains limiting and requires risky invasive pr ures, and’ex vivo expansion of
MSCsl@hileVeitgsifibtntoit nohetnelels iinitd AV 9ttt €ffiviendly Hetfmds giaritétdMSCs to
differentiatezi(?*)ﬁg_%ﬁg%i_%gﬂ reparative cells in the injured tissues or organs, and in therapeutically
relevant numbers have never been adequately documented or demonstrated. 2 Recent reports have
suggested that sofvEesshithoseatspanatilts €Medts)mmynbdtimedizted by giy dorine facierssenrsted by the
MSCs7. Th oS ar | tQ RIO rteri i 1] nismss,
cupport the S e B oot
and limb tis§uecinjunyiGirgisvansotuagdidenasainatdiarthelneatipgidsist? cotippbfi Yot atieBémmendkaryocyte
and prasplatglets, .. - 8§, 1 for.an, wit-the:shalf; - dherapeutic option, at
affordable coﬁé, eirt‘n Igg?tgr qéua%tyﬁg%%eroelggrfcje%ﬁg tegwt(/:%/. Th%ali) Qﬂr%ﬁlﬁgfg%oﬁ t%m?gsensitive
protection adifprsminitryrgocheasncdyerilisidhtimeycig pdienysonitherdneciis A0l SEIMMARY

According tq,g 154 85REAL R 1 PESELIMERANUG RIGYIRARRIIGIR.AERIRE.RY Argsenchymal

stem cell and comprisingat least one biological property of a mesenchymal stem cell. The

biological pMﬁ@my&ﬁqyi@@mwrg_@ramtbmmm@bfgauﬁes_@H@gwﬂh_l @@@ﬁplﬁst@éqmd‘ﬂa(ﬁsmed
medium (MM hie: RIBIRAIGA ACHYIY MaYeSPRRIEE S ARG NRIpRLIG R Ay be

capable of reducing infarct size. Reduction of infarct may be assayed in'a mouse or pig model of
myocaWial [eéhetnid blogdepdiupimdddjaryiThe particle may be capable of reducing oxidative stress.

The reduction of 2Q.axidafive eSS TaY R BtRa%eRdd ﬁ%i&%@&ﬁ%ﬁ&?@c%%‘# o

(H202)-induced cell death."The partlcle1 comprise a vesicle. The particle may comprise an exosome.
The particletieiy? coreiAnge|ebdiseases of protedingimasewesehial inarstinsegnesingtiosed medium

(MSC-CM). 1hg H{%@We%&%@ﬁ{ﬁdc&@%g@#MQr&%a@ RI-@hRYiReQene products

of the genes shown in Table D2. The part may comprise a complex of molecular weight >100

kDa. The comipiest andivrséuligelveifitatiandk bephiayide mpasebiitedpes 6AL 180 kexa Ciéldarticle
may comprisg 3 PARIEN AiISfeC A NGIRER AN PR3 ThA somRig alraclaasak yygight > 100 kDa
may comprise proteins of < 300 kDa. 30The particle may comprise a complex of molecular weight >
1000 kDa.Theen attributed to their potential to differentiate into many different reparative cell types.
However, availability of tissues for their isolation remains limiting and requires
risky invasive procedures, and ex vivo expansion of MSCs while significant, is
nonetheless finite. However, the efficiency of transplanted MSCs to differentiate into

30  functional reparative cells in the injured tissues or organs, and in therapeutically relevant

numbers have never been adequately documented or demonstrated.



particle may have a size of between 2 nm and 200 nm The particle may have a size of 3 between
50um and 150 nm The particle may have a size of between between 50 nm and 100 nm The size
of the particle may be determined by filtration against a 0.2M filter and concentration against a
membrane with a molecular weight cut-off of 10 kDa. The size of 5 the particle may be determined by
electron microscopy. The particle may comprise a hydrodynamic radius of below 100 nm It may
comprise a hydrodynamic radius of between about 30 nm and about 70 nm It may be between about

40 nm and about 6988t FSHIARRRINALRAROHA SR ANULRBoUERRRM Fhewasetehymal stem cell

particle may comprise a hydrodynamic radius of about 50 nm 10 The hydrodynamic radius may be

determined Byq44ed BIPARSIHOFARRTARRETRIA% REdEMNSS - Thete BSHIEIRTHRICHAIPTNS a lipid
selected fropadh@rauRriegasistinarelighhnsptialivide snesahstidybperinge pRasphatisyinogitol,
phosphatidyl chaoling, shingomyelin, ceramides, glycolipid, cerebyoside, steroids, cholesterol. The
cholesterol- 1SS pREAISH P& Thisgsairéanal tharl®y acardithol/dish PR ISt Fay comprise a
lipid rafs.  subpRlaricieamaNesRpbIeis Nempicsieiatpenis pieferablyclitandsk80. The particle
may be such that pyoteins of the molecular weights specified substantially remain in the complexes of
the moleculBI¥{§LGhts specified, when the particle is treated with a 20non-ionic detergent. The
particle may be semsitieadarcyaiasexisn foareferalilyndne eyiglodexkinthEhparticgisianoe such that
treatment with cyclodextrin causes substantial dissolution of the complexes specified. . The particle
may compridd HHBGARTE At RAYR) THHEpaoRHR! AN cRaUS ER 35 MBS dPar ey M d I i 1260:280
nm). The pagieieivegy cosiprisgdiiuitaes an0tbas cplasiebirajuthengsatmeonsistivgoMED9, CD 109
and thy-1. There is provided, according to a 2nd aspect of the present invention, a method of
produding aSpamvcAeaccording to any preceding claim, the method comprising isolating the particle
from a mesenchymal stem cell conditioned medium (MSC-CM). 30The method may comprise
separating the parttdecfigRgdeel carmprmdrits PasatdRvsisieBurs wWelgre spatisieaissrdetiposition or
biological a%tMéXenf}hymaTQ%M%@h&ﬁﬁ%&%&ﬁlfg%%@_e&rs@%hﬁ‘ﬁi&@ﬁ%&lsﬁ a4y gbgve. The _s_ize may be
selected from the sizes set out above. The composition may be selected from the compositions set out
above. The BsWtieEmat6(At) sty be selected from the biological activities set out above. 5We
provide, accordingfReahR5fh & ReRioIem PRV AR MEheN B Broduecied & pakicieRecording
as described above. The metho mg{i/écomise obtaining a mesenchymal stem cell conditioned

mediuk? (MSElemslitiorsslpedtiprisMSontdhtrdtsintosd asENNRINEATPEIFE onditioned medium.

The mesenehymarstenn&elTeendiiRned iastiap maydre-Lansaaird Qyeultrafiltration over a >1000
kDa membrane. The method 10 may comprise subjecting the concentrated mesenchymal stem cell

conditioned mediuRFBIEioR ekdniiehenrSmattiethiy2 RSk ok dedrlphnaiRsRidialx 40 mm or a

TSK gel 1114000 2\WilrefeBrisRAPimRycolumn may be employed. The method may comprise
selecting UV absorbant fractions, for example, at 220 nm, that exhibit dynamic light scattering. The

dynamic light scattbhngatiserBaydtecrpatls of qedainprrdaior deetterling F9YEYRLSS detector. The
methoghmay, GAHIRSR-CQIREHNG: HaGHRASHGH eiieanith SrBIaRsian [ee:aid 18 Jninuiesdsuch as
12 minutes. _ We provide, according to a 4th aspect of the present invention, a pharmaceutical
compositiorFE]cl)ﬁ]ﬁ?Fi]%ing a particle as described together with a pharmaceutically acceptable excipient,

diluent or carrier. 2PfsSparfeuEtborsiest 1R IerasRfdnuastion: LalsriscRievidREmeICh a particle or

such a pharmaceutical composition for use in a method of treating a disease. We provide, according to

a 5th aspect of the ieRRRICHVBAYIGAN L AR O D AFRIRIGEN the prapssasiomel fpRssHaceutical

compositior:ipidtherse a0 MAStisease THeH RILERNhIVBO R cIBdaB arPeatsiyaYides use of
such agarticle in a method 250f treatment of a disease in an individual. The disease may be

selectéd fronf MeldtupsRs g Brodurtial tmeroch s arbabid¥ase, skin disease, burns and
degenerative diseasespaughlamaialetpsisd iz beimensdlisrase Rarknses sodixEASTROCHARR!. The

disease may be selected from the ﬁsa}roup consisting. of: myocardijal infarction, a 30 cutaneous wound, a

dermatologit! dRaFaelravEs i aid RSbIdas I FomBHRSRER S HSohlasl QOddhty TwmBaTisiF Y
hemangiomeykplaid ahimprRRCETMRIEPItdevaaiits 3BeRIRL diBeasmptbtaTimgraemalgus-disease,

cutaneous T cell lymphoma, ulceration, a patholo%al 5 condition characterised by initial injury
inducing infidMHR AR S RARGRE UGLr8 LTt 8 #%ding to chronic tissue remodeling including
fibrosigeand loss ofifwngtiariéend) sehpmic dnjunpley Sinitleesiar sivlgitis apoorRivatisher an
orthopaedic disease. The particle may be used to aid wound healing, scar reduction, bone
formation, aP8"HERGRARASE B FE)‘O(F%%éB’Pa?ﬂgt‘r’ﬁrq P oRALEAs. may Rave a size of



The particle may be used (i) in the regulation of a pathway selected from any one or more of the
following: cytoskeletal regulation by Rho GTPase, cell cycle, integrin signalling pathway, Inflammation
mediated by chemokine & cytokine signaling pathway, FGF signaling pathway, EGF receptor signaling
pathway, angiogenesis, plasminogen 10activating cascade, blood coagulation, glycolysis, ubiquitin
proteasome pathway, de novo purine biosynthesis, RCA cycle, phenylalanine biosynthesis, heme
biosynthesis; (ii) in the regulation of processes including any one or more of the following: cell
structure angbmetiityoRell Saucsuremcahepmmuniaalionyealkotlitetcrlbrgbesien sentRentpsis,
mitosis, exocytosis, cytokinesis, cell cycle, immunity and defense, cytokine/chemokine 15 mediated
immunity, m 8phage-mediated immunity, granulocyte-mediated immunity, ligand-mediated
signaling, cytokineapdghespalding madialgdysigealingraathya:signalbiareducsion grtageilular
matrix protein-mediated signaling, growth factor homeostasis, receptor protein tyrosine kinase
signaling patPigapireEimaisiba-medhieag sighalinglesalas gt eéaptor Hediated kigieg of
transdugtiony, JAKRTATGarcaderAriidation8Riees2gpgdical removal, homeostasis, stress
response, blood clotting, developmental processes, mesoderm development, skeletal development,
angiogenesis, muskle aailsgreromidtte dodtebiomipredin afdtalontidAP ama Msuification,
proteolysis, RIGSIHGoRRER. SARISH BESRLR b AMIAAFIhAGHYaLoD AL AGEll e protein

traffic, other protein targeting and localization, amino acid metabolism, protein biosynthesis, protein

disulfide- 2318brserRo AR Hom apd iy dhtenmieidbetiBaivgRicepsist amasE -8 pRa#tEshunt, other
polysaccharige metaRalisHi %M&Wﬁ%@&%ﬁ%{@&ﬂwwﬁwﬂe@ﬁ%@cmﬁ%QJﬁmoyﬂt%%. -
metabolism, amino acid biosynthesis, pre-mRNA processing, translational regulation, mRNA splicing;
or (iii) 19 thelhsgprgrefimstisnadie tumg afstenunsdivlasst tHERstamiagdEgrErdiERolecule,
chemokine, rawth factor, cytokine, interleukin, other 30cytokine, extracellular matrix, extracellular
matrix structural protein, other extracellular matrix, extracellular matrix glycoprotein, protease,
metalloprotease, ofher3Fédasesy protetseamsiesicrieddnop te e mrmRistingahe protease

inhibitor, oxjlRigisiRae pHR SREMAIgERASS RRPRXIIRIENSIRNEFRABS IERRRE PRI ISP 70 family

chaperone, other chaperones, synthetase, synthase and synthetase, select calcium binding protein,
aminoacy-tRNE P a&eé?‘wgé lépége‘?

S . .

&, Buif coRhErSidSniETedds: Alrplesifitasbe npaletisse!-
transamina?;%@ﬂﬂ%ﬁi}{é%@ﬁ@%ﬁy 80ZYMEFeMaIoLoSelRCs TRAIIAIALY FRRIBRUE PESRpRdiRding
cytoskeletal protein, cytoskeletal protein, non-motor actin binding protein, actin and actin related
protein, anndith'#fbulin, cell adhesion molecule, actin binding motor protein, intermediate filament,

ribonucleoprotein, iREBRMBIRIRANE KL HaMBIBIAR fRAEnRIABTFIAY; iRdénghBF atgtan gtemerigalmodulin
related protein, vesicle coat protein. In a 7th aspect of the present invention, there is provided a

delivery sysPaFHStIBYBAVERRGNAPARIEIRS RbHp Y Haotirteh brpartidR patrrialiadispenser
operable to geliveiotigipaiiclate mirraghs we%%%ﬁ&%@i,aﬂ'm asRRstobthapieseRidnyention, we
provide use of such a delivery system in a method of delivering a particle to a target. The practice of
the préfentM0esiéndfiR eshbloy, unless otherwise indicated, 15conventional techniques of chemistry,
molecular biology, TicfRbiRIRAMayascOBRIRAR (0 M RAEKITM BRaiGay e\ Wik dhe ¢apabilities
of a person of ardinary skill in the art. Such techniques are explained in the literature, See, for
example, J.P8EAlSBYR, e sEckihatheamertt WitheiGlodestdn kiyree shsepsinhgissolutionratdhs Manual,
Second EditgmpReekspbufiépld Spring Harbor Laboratory Press; Ausubel, F. M. et al. (1995 and 20
periodic supplements; Current Protocols in Molecular Biology, ch. 9, 13, and 16, John Wiley & Sons,

New York, N.Y.); BLIRd@rticle papy empHse AlbRARHC Fosed JiBeEATHAlS By BNEIRY: Essential

Technguesap@fibaédaxtd SO Qout2Rolak amdJames Qildy Meianesel09R{liaangeteotide
Synthesis: A Practjcal A;f)ﬁ)roach, Irl Press; D. M. J. Lin:Iy and J. E. Dahlberg, 1992, Methods of

le
Enzymology <SR! Sipiififeskoum fonsirhitesls GRd -8 BRY4rd IS dysis of DNA Methods in
Enzymology, Acadereie Rrpssititeingévrtibndies 2 daleeratone Maoeial infatahle RalasobNO. | by
Edward Harlow, David Lane, Ed Harlow (1999, Cold. Spring Harbor Laboratory Press, ISBN
0-87969-54R YU RREHIAEL [0SR ARMANTSP P EC e Bt [Rshted CBRRAG IR A (Etheor) (1988,
Cold SpringtirgsheiclehonatonyeRseds HaBieir8¢068ndidordd 18&hnand1stb Refy. A Handbook of 30
Recipgé, Reagents, and Othqe_FgReference Tools fqr Uﬁg at the %ench, dited Jane Roskams and Linda
Rodgets, 2002, ColdSBANg HAR ST AN IR ToRT 18BNt 875 19Cd B B P BIARIS & dfitexts is
herein incorpoelatathby ¢l enas shapiRibfES6RIPTiIKN I abbthtdy / GURES Figure 1. Myocardial
Infarct Size. Representative pictures of Evans blue (blue) and TTC (red) staining on hearts of pigs
treated with non-CM (A), CM (B) or saline (C). Myocardial infarct size quantifications as a percentage
of the left ventricle (LV) and the 5 area at risk (AAR) are shown in Figures D and E, respectively.
Non-CM, n=9; CM, n=9; saline, n=8. Figure 2. Local and Global systolic function. Local systolic
wall thickening as assessed with echocardiography of the infarct area in pigs treated with Non-CM, CM
or saline (A). Global systolic function, echocardiographic fractional area shortening (FAS) is 10 shown

in Figure B. Non-CM, n=9; CM, n=9; saline, n=8. * p < 0.05 vs. Non-CM and saline. Figure 3.
Ovidative <|tracec V/iabhilitvv of CEM celle in either CM or NNaon-C M and treated with H20?2 (*n< O A)



Figure 4. TGF-13 Signaling and Apoptosis. Western blot for phosphorylated SMAD 20 2 (A, B) and
active caspase 3 (C, D) in pigs treated with non-CM, CM or saline. Betatubulin was assessed as a
loading control, and no differences were found in beta-tubulin expression between the groups (E).
Non-CM, n=9; CM, n=9; saline, n=8. Figure 5. Cardioprotective Properties of CM Fractions.
Myocardial infarct size quantification in mice treated yvith saline, <1000 kD fraction of CM or
unfractionated CM. 25Unfractionated conditioned medium significantly reduces myocardial infarct size

compared to salinerifeaigdraninalse J& cddRhKBR RN ANENEHHOTHSkdneigasing that the

cardioprotective factor(s) is/are larger than 1000 kDa. Saline, n=10; <1000 kD, n=8; unfractionated,
n=12. * p < EElEIGE fEoypribe I%‘E?rée%."Eﬂ?@&‘f&aﬁ;'?‘?j%(ﬂﬁ@asﬁféaiH’r‘i"V&fﬂ%ﬁ{?GFFé]deh@SC-MSC
HUESS.E1 celigpdifonthvas daysowaTiibereth hicatahiaif) 22 RbEek dthe epnditiensdigggivm (CM)
was concentrated 25 times by filtering through a membrane with a 10 kD MW cut-off The concentrated
CM was thett Qi FSEetRIGh a membrane with either a 100 kD or a 300 8 kD MW cut-off

resulting in a 4:1 (wekvys0ilieate derastientaies ratigpddie i aetipnatade-afibnfilraiaad retentate
samples were lpaded in the volume ratio of 5:4;1 Figure 7. Identity of components in the filtrate

after filtratiof AHHSIRIAPATERB ASRRIRE 28 HerRBEMRNG-Ohea et IO BPE5:aR B Bnents in
filtrate vs pref@ienalserapaeantslindadifiencaaneiiangivediv. (NEM) coiapdiionsddestiug (CM), the
filtrate after CM was filtered through membrane with.a 100 kD MW cut-off (100 kD filtrate) and NCM
was separafBt BRSaeBRIP AR PHe it ifiaredmrdiyichhsimeseednalisEeBrerlinondHinsd) cMm was

filtered throughiiauhQRae B\ eutrafé s minkantriaiprasiiee a retenipie iR fibiale VDhdmediasip of 4:1.
The The retentate, filtrate,and the 10 different protein supplements in the che,micalfy defined medium,

namel} insURAt SASIBHE SERIRUMS IO R pYr S PSR BB R ABTETE Sl SHFIEBEPAGE
The retentatg-ardditisaie sMasnaasgesbinyan aSRE Rl @idiin SWRDUExS (Refatite Si3gs e biological
materials and ﬁare sizes in membranes. Reprint from Spectrumé,c) Lab%ré%ory. 15Figure 9. Relative
AAR in mic&'2HEY REHEMidrehe il IBhC RBEAPRAPIFRrRIRNT W S5HAEORY BiMetO el ary artery
(LCA) occlusitntyedutuepdigationtfasthdnfotitaanane sepedfusiomwashilliatsddyicaiphval of suture.
Five minutes before reperfusion, mice were treated with tail vejn injection qf 20 pl unfractionated
MSC-CM (15259561 Rin) SRTABTIS ) SPL 60 R REA5HE R Pl S0 K5 Mo Bl Lilfe. 24
hours 1ater, (QELRY) irastsowdre: excibed nBgfosenpisisiolicthia AfeatdhRiski(AAR)ewashdetermined by
religating the LCA and thep pe %usin Evans blue ?‘hrough the aorta. AAR was defined as the area not
stained by tﬁeéeﬁffg%ﬁﬁlﬁv%glgi[) Qﬂﬂeﬁssﬁcﬁear% R Pthe left ventricular wall area. Figure 10.
Effects of condition®d predidepine frddiionaiet capetitioned mesiatanvbriativelinfareicsidealn mice after
ischemia/reperfusion. After excision of thF heart, in[%rift sizeEwas. ?%sse sed 24 hours later using TTC
and expressQU'BSY BB CERPAEE 8 RRR 1 aﬁﬁ?ﬁ% PEERAY B AR BPBStE&R 5 0-100nm in

diameter wexke ghskelkvectijsing didatnoomigrascopy. Figure 12. Size fractionation of CM after treatment
with Tgbon X-100, CM \?:?SE) treatec&iﬁi;th a final 0.5 or 1.0% %v/v Trviﬂt)grg(-lglg for?tollzninutes and then
fractionate by filtra St B AR S BYaRS SWRth R LR S8BT DAt REF & élé PR A4t Ate retentate
volume ratigwafihd hh&macdugetecdhpbsaieintofauwpditomeMSdM SteadlysisdRaisare common to
exosomes from different cell types44. Figure 14, Cardioprotective Properties . of CM Fractions.
iyocarcil infarct B CHRMSIUR T e neohet) SR LIS LG TR hechum,
unfractionatettsc RESGHE Whepavhfilie reith withr MM Oc off dpkiiaio8 00rkbatr&ithkiafantstBQ0 kDa or
CM concentrated 5Q times against tmembra with NWC% of 100 FDaﬁraction gof .CM or tan actionated
CM. Figure 15. m {Jeﬁ(e)%rlenéfﬁl A00n"EM it %ﬁo%?gélpﬁ%é{se%owﬁﬁcar?tpﬁﬂ Or o8 gG as
negati¥® confrotaftheninoffudspascipitaténdnddiabernatant were analysed by 10 western blot
hybridization usin ngﬁﬁod against CD9, Alix, Tsp-1, pyruvate.kinase.and SO Figure 16.
Utracentrifugation SFCHT AT E OB aATS BILS F3 el bt b it
MWCO of 50@rkdya diskhasee tdmiatseaged thensiafilt ekedEMtive i selisac emth fargdid ket 00,0009 for 2 hour.
The supern%% tele%{lléjr,tshgi eeallgt vere gé‘%%’i%%agg 2:1LI15aNestern blotting for the presence of CD9. Lane
1-3: different protein concentratioh of > TRRE 208 Fhe pellet (P) and supernatant (S) after

ultracentrifugation theidfitese dn@ivhd she 61 Retaritat gaiiprehiteratignodf G d dimbabin anctemprane with

MWC Oof SQQa%DauSLaggn%%: (il’tllr% zﬁ%ﬁ%{ﬁé and supernatani | Slgaeiltl:eeri uIt?cent%Iugatiorrilaof retentate.
Lane 9: Filtratd after afer ﬁll’tera%on 0 rough’a membrarte wit O'of 500 kDa. %Figure 17.

Fractionatiorpodydoomn seguaaliéatcdepsitya Aslocdo sieid emsity, gitagie memwas ipse Paledthlyskagering 14
sucrose solyions of cenfenialions from 22,8:8006 (i) in A SEQT L Septiiuge fube wity the most
concentrated Solution at the bottom of the U racen(;l;i?uge%ﬁwe. e sampfe wadioaded on top of the
gradient and ultracentrifuged for 16.5 hours at 200,000X g, 4C in a SW60Ti rotor (Beckman Coulter
Inc.). 13 fractions 25 were collected from top to the bottom of the sucrose gradient. The density of
each fraction was calculated by weighing a fixed volume of each fraction. The fractions were then
analysed by western blot analysis and probed for pyruvate kinase, CD9, CD81 and SODL1. Protein

standard molecular weight markers were fractionated on a similar gradient and the distribution of the
markerc in the different fractinne nof the <iricroce aradient were denoted R0 at the hottom of the fidrnire



10 Figure 18. Trypsinization of CM. CM was digested with trypsin for 0, 0.5, 2, 10 and 20 mins.
The partially digested CM was analysed for the presence of CD9 and SOD1. Figure 19. Analysis of
RNA in the CM. (a, b) RNA was extracted from MSCs and MSC-CM. The purified RNA was denatured
and separated on a glyoxal agarose gel and 5 urea-PAGE, respectively. (c) Equal volume of CM was
treated with PBS, cyclodextrin, lysis buffer or phosphplipase A2. The untreated and treated CM were
extracted for RNA. The RNA was separated on urea-PAGE. (d) RNA from CM was treated with RNAse

Il and the tigai@d RRANAaWRESSREFH AR PRiaYahwi itieRigmh RIIAHA tieadyEffiNodn the
gels was visualized by staining with ethidium bromide. 10Figure 20. Density of RNA in the CM. After

fractionation 8 BRILOCRT PHSHESHS T AROARIEIS et inh dperess pivl essidristinm o strlrssBegifisity

gradient equiipru ey sentifHgaemasweseaibadiin teureokhepebditagiiemnwas extracted for RNA. a) the
relative RNA yield for each fraction in each sample was plotted against fraction number. The relative

concentration was HSTRHRESITGNRS Hi§AderENOEBd deptingichahredisighadras: PEeHen das

arbitrary set,ggcl@a%obhdenRi¥overtagRdiioo aash fastianayvas separated on a urea-PAGE.
Figure 21. RNA was not in CD81+ exosomes. CD81 immunoprecipitation which also precipitated CD9

was performed as JRSEABLASAY & ¥ifd s pretiphignciad aray s reeth i qrardng:aiscted for

RNA and thgrexdia@s the rel kepiai ted R deti Brdtiabn 3Y0R2 Iwakizesth e pihidit@pArpmide
staining. Figure 22. Microarray analysis of miRNA in the CM. RNA samples from MSC and the CM

were hybrid &t RaBarAYy oiipaRgHen Mg BibRY ¢BFRKRAS ROk TS RN PURGS miRBase

Release 10HAGTFRehbidizatieayvBes Peseimadi¢ailthiyahiolggicalivpplicsie prEacbBNA samples.
a) 149 miRNA were detected in MSC and 63 25 were detected in the CM. Of t%%se 47 were

expredfed ACUAIAR IBEA PISG SRSELHIRT 1RE BN S LRAHE W% BrALasaF RAIRYEtI Vel in CM
but not in M&fzisewhils dihoserardetesiad whbhSlakhiut nadipninesisMeRetativehestprassianbevel of
guide miRNA to, its anti-guide miRNA based on hybridization signal on the microarray chip. Figure 23.
HPLC fractiBTRtitPBrOE RIS RIS AT RN RIS &%?%ﬁ&%@kfﬁﬂ%&r% BioSep
S4000, 7.8 metiktp(cemsaalstnts, ddieceatipanaisnint € MmotiNGMeNeighelisadenddt 2OsRM phosphate
buffer with 150 mM of NaC1 at pH 7.2..The ?Iuti n mode was igogcratic and the %zq%imc%was 40
minutes. ThEEIENEYOSY GhitS TS MEL WHA sh T RO AR Qe af ¥08 AR PP Srea under
each psak waslintepraiaddfigimiha dpayisiblaltdedaciom iy Adtdn D RS GRIPEEDNnhbgigresent
invention is based on.the demonstration that human ESC-derived mesepchymal stem cells (MSCs)
meciate carthaBI AT SRR B o S AL SO S RS oY U BN A cRfler. Such
complexes aapatiiclies reaydheretoreieiupesidor therapiignkan srinett dirgofdiceasdiegpsiefection, in
place of the cells themselves. . The Examples describe proteomic analysis of these. complexes,
revealing thiSFRSARE S ORI A RS RHE BN, G LB EBAMSTH it A AR S - 10
immunopresiptate, raoehafrmedibrahd anad eyiedaditop Jie S haT exbiadethdatsidendis endifive
protealysis consistent with-membrane-bound and memprane-encapsulajed proteins respectively.
e o B H D A DB S BT T o S AT b EOTEGE e Sow that
proteins of shedoariiclesetspenempleixesthiaks, ddpniede papierhddsadimdaiddiehogensitjesuetlt.016-
1.215 g/m1 thatt revert to W-dfeg%&ient d%nsitig upon trea%m?ntwith a mgm‘ebrane Igtsis buffer. The
secretion alS3'éSstRs A%IP nte) M ehsiEs é:rollgﬁcﬂrﬁpei' VEGAEETHPY EMadtionation and
dynamic ligktsgdtte nswgratigjesiurtheidaditcateothah tixe dhijdeteeiabteffiartiches pnofeensecretion within
hydrodynamic radius (rh) range .of 1-1000 nm, had a rh of 45-55 nm 20These observations together
it the prebERG B LIRE T MBIy TS S BhATSBSH B NS0 RR TSR CH e
demoadstratéstiadrtise cacdioproieotivedcampleabslimih gl gednatiopare expsospes oslaatretaerlipid
vesicles. ﬁhs%sc%hné‘relﬁgrr}?eW[Xf;%?[ﬁ'sﬁ»}eW}r‘%%' B"é‘%k?é%%@c‘%én BXes of pricspAd &MY pe ysed for a
variety of pl?rp Ses, such as treatment or prevention for cardiac or AridiSeases such as
25ischaemiajteardiaciaflammatiamonbedrtdayhthesikhpye- mdNaisorbeessseg] fomsdqpaoniollowing
perfusion injury. PARTI We describe a particle whigh is.derivable from a mesenchymal stem
Coll (MeC). RO ERRETG e S R L S PR R T SR RRAE 50 by
secretion, bthddividpendispensdifppmotbenM SBerok mxapgnpletht e foas tigtekmay ibeer k2 lprodteed, exuded,
emittegyor shadyrom (e, MRGs hers e MSf s fn el culture, ihe pariclemay be sgergfed into the
cell culture medium: “The pa%c e ay in parﬁcfﬁar comprise aVesicle “The parﬁc?e may comprise
an exosomendihe, patticiebullesodbed digrepmégicgmpeise anytaheporteass cotichprprapesties of Sthe

exosomes dp%g?erallgg 9nﬁ%§é?, metalloprotease inhibitor, serine protease inhibitor, oxidoreductase,




The particle may comprise vesicles or a flattened sphere limited by a lipid bilayer. The particles may
comprise diameters of 40-100 nm The particles may be formed by inward budding of the endosomal
membrane. The particles may have a density of -1.13 - 1.19 g/ml and may float on sucrose gradients.
The particles may be enriched in cholesterol 10 and sphingomyelin, and lipid raft markers such as GM
1, GM3, flotillin and the src protein kinase Lyn. The particles may comprise one or more proteins
present in mesenchymal stem cells or mesenchymal stem cell conditioned medium (MSC-CM), such
asa proteind@hyaa@g@fiﬁ& PErRREINC tndPedS CipMSinCNp Tel MY SRRWRORE B, for example
miRNA. 15We provide a particle which comprises one or more genes or gene products found in MSCs
or medium mﬁewl%ﬁa&%ﬁ@aewymaaﬁM@é@.taﬁﬁesslgma%%@9 BASEHSHlecules secreted by
the MSC. ShghmRtiHe 2eeheamRiainrsiohasm e hadnriaauiescamprisathibersidi-naeding in
particular proteins or polypeptides, may be used to supplement the activity of, or in place of, the MSCs
or medium EORFHIMAE LY RRE VST S BRF TN B iRBEL S TEICEASHIR AR BIRECHI D ASYEnting a disease.
The padiclepiaihgBEiss Rt eselic Rretain daupeoieisy tRskaletonaetth buulin, petimack@ctin-binding
proteins, intracellular membrane fusions and transport e ?@ annexins and rap proteins, signal

transductiod M GRS LAY KARRSE L, 19yl Y Ad SRRl E S ASTEIARINHREIBBIRY enzymes

e.g. peroxidasgsnpiiteyaielang fiRisdinasrsieapd RNQIAEsdrafIh bR id My Qhtiet asRanins e.g.
CD9, CD63, CD81 and CD82. In particular, the particle may comprise one or more tetraspanins. The

particles ma& RS RPHED RGPS HSTeRSRA AN G e i hPfi BN A X ELG SRS T Bument may be

taken to mean a digcrere i offiReReicle Mashersemarihing dhitets dsiatablesfkeemadnesenchymal
stem cell 30 (MSC) or mesenchymal stem cell condjtioned medium (MSC-CM). The particle may be

responSible Jo A 1B& RS TR B A SASEUE MEPLERAC 1IRSPSHIEIE AT s pa e or, and
carry out, subsitantiplypanegtes alteféne functions of the MSC or 13 MSC-CM. For example, the
particle may be a substityte (or big|pgical supstitute) for the MSC or MSC-CM. The particle may
be used for any of &% Pﬁé&ﬁ‘i’c%uﬁ‘?ﬁ?%g %%@W@%VSPR%CY@MWW geeRftierlide. sThe

particle prefggablyyhasahleastastaiepei el amesanichyroal ates. cell. The particle may have a
biological property,ﬂs]uch as a bjFoIogicaI act%i}té. The particle may have of the hjologjcal activities

of an MSC. The parlEIBAHSFS BePhpieth Ig%}% SRR BY- r s e G ﬂﬁ‘agl?f{MSC. The
Exampkes stawdhabmedichatnpdiionesthysis Gn (stithr asotogsentitiybial sigmetoadieanditioned
media or MSC-CM, as descrjbed below) comprise biological activities of MSC and are capable of
Substtating T 1SS HURReR O TS BRSO BROBAHF 5P bioBEIEAI AP Of SHIMGE may
therefore catrespoBdctotachitlpgicateoprite dirmdivitienfiar. rResabebymmabistansaaibeasditioned
medium. A dingly, th rticle ma ise ane Qr more biplggical properties gQr activities of a
mesenchyr;%cl)ﬁs% csﬁﬁ‘éﬁl&ﬁ%%%!(?%%g%%c@ﬂéé’%%%‘m#é‘é%%&ﬁ%ﬁé%@%’%%ﬁ% ditioned
Medium (MEQittoh)Bookd he conrditSpnag ¢&ittauw iuabomesty Preuch asibe Esdnciyahgl S1eanCell
Condijgned Medium (MSC-CM) may be obtained. b lturin esenc | stem cell (MSC), a
descel Qo HATEST B REGF ARG Urc o R FheSlcin And a0 fdtlihg the ool
culture mediWiteylReSnmrsbieohyimk, evn)cBll Ruay e proeced by akpiacels® 6 pmiddiagaabiaining a
cell by dispersing a embryonic ste cell colo he cgll, or a dent thereof, be
propagatedcfr'%czrr)%qa eéqglr?é o] S(:ecl)q-tégl?lt;l?rcé%)lnﬁ ”%%rfrﬁ%?gél%ééjiu?ﬁlscg?nﬁgr?gﬂﬁ%g%wgs@r%ymal
Stem Cell PisitiGke 2BP0e Rasuale iraydbSpradsiced dvigolediéd ppracuknibePressydyMSudhiléeynethod

may comprise 302130, he parbile (PMATSsenchYel SR Sl MBC) Sush e method

ay
comprise is%?aing the parti om an mesenc al stern cell conditioned medium M).
The paficleRhaydoé AzalateddbbDaxaMeleody indingsepamated dademnoPress ddiated 86eakieponents

based on a roperty of the particle. Forexample, the particle e isolated based.on molecular
weight,sive R R B R Ty G R T T R Ty be iterea

or concentrétedosy OistHOd GivhdySpriog tdaobsubdsgatny ersesp &N A- FHOHexa e, Antiayds filtered
through a m rane, for example ith a size or molecylar weight cut-Qff It e.subject to
tangential f(ﬁ(’%gﬁ A ?o ﬁé’f"‘&ﬂ%ﬂ?ﬂr%ﬁ%\g réﬁ%@é(ﬁ%%@,aﬁhgrgf%lﬁ ﬁ%tg%%gr‘aér?é?%sa B'{lfitable
molecular wig¢ightok shoeatutpfiras, dBBAiDRT 90 el ASyay8 5Dy dvd ledu Re Ve ighh dsewhére in this
documgnt, pay be tsed.. Ihesandiiensd merium. sptionally fiiercd.or.ganesntrajed or foth, may
be subject to fokRer separation means, SUch as column chronia ography.” For example, ﬁlgﬁlio
performancernilidd@hRodzicgPA0By (bl [Spiingt Hl adwio lis mohimmsIFRY Desiigedk6506 cBhemnE may be
size eXCIUSiH'L]es%Ol%rrprllgl ?erxkgir}gli}rllec}ecglyrgnsbrat é)glerg more properties or biological activities of the
particle may be USed to track its achwg/ ring ractionation of the mesenchymal stem cell conditioned

medium (MSC-CM). As an example, light scattering, refractive index, dynamic light scattering or UV-



15visible detectors may be used to follow the particles. For example, a therapeutic activity such as
cardioprotective activity may be used to track the activity during fractionation. The following
paragraphs provide a specific example of how a mesenchymal stem cell particle such as an exosome
may be obtained. A mesenchymal stem cell particle may be produced by culturing mesenchymal 20
stem cells in a medium to condition it. The mesenchymal stem cells may comprise HUES9.E1 cells.
The medium may comprise DMEM. The DMEM may be such that it does not comprise phenol red. The
medium mag e SpeREened yithdpsutirEgnsferrin, or selenoprotein (ITS), or any combination
thereof It may comprise FGF2. It may comprise PDGF AB. The concentration of FGF2 may be about 5
ng/ml FGF2. The 25guade Mratmandif] PGt ABanBypbeseisoty Smefimts PhEvyaesihine thayeremdprise

glutaminepenjcillin:str inar b- : h r ipat r he cells may
be cultured o o] T D ) S L oaioned
medium maylipecatstainiadabyt sepativigitat awsliks frarerchetrge ditife Pievendittiored aetiiben may be
centrifuged, j PNGED filtratiqn. it 1 rane. The
memblrjgne %%%/%:goﬁr?%prdi%ég gi%(%%%%?%n%%i%ﬁme. Th%’ai%%é)%g)r% g% ﬁ%%%ﬁ??n%% b@eﬁ{%%?e’ntrated
about 50 tinseknss mdre. 15 The (_:onditioned medium may b(_a subject to liquid ch_romatogre_lphy
such as HPLC. Theigapdiioned merlyimmay s Saacalit PYSIZe suflsian scsins sxclusion

matrix such as Sepharose may be used. As an example, a TSK Guard column SWXL, 6 x 40 mm or a

TSK gel ;1ms@wﬁ@%s&@@mmﬁ%ﬁ@ér&n@ﬂ@miMQSémédeuiﬂﬂeNmﬁ%@%ﬁ@e any
physiological, medism SHHaS slingul-may SaBPiEtehmi RRosRAG LR JaoeMof NaCl

at pH 7.2. The chromatography system may be equilibrated at a flow rate of 0.5 ml/min The elution
mode Hay ibasaomticswi/Badsordabara? 20BN nnTnagline. wsed T trak e grogredd afélution.
Fractions may;he examined for dynamic light scattering (DLS) using a quasi-elastic light scattering
(QELS) detector. 10Fractions which are found to exhibit dynamic light scattering may be retained. For

example, a fractior iBH?éH’i@ﬁéd_@l@t‘é@@ﬁh‘é’@bﬂ@a{frﬁ&%_@ﬁa@ @e@&?ﬁéé@é_@b@@,faﬁmﬁfbh elutes
with a retengion 4me @f ol 3 #)edies; Y0 @RitpRINETulR froRdioexdibidveamindghiscattering.
The rh of particles in this peak is about 45-55 nm Such fractions comprise mesenchymal stem cell
particles subli Be@xdsoffeess DFIBART RUEE PROPERTFIESIEASsEopertiont Bighdsairchyital stem cell
may 095"P”ﬂ%@-@ﬁ@QB‘SEYC%%@S'F&P%Qﬁﬁ@(@}t@%ds@’n@d‘@@ﬁ@!@ﬁﬁ@?é semcediecaCM). Methods

of producing such a mesenchymal stem cell conditioned medium are described elsewhere in this

document afre eV SR urnfEi@alkiampieS EXdA{p ROt hetdwc RO e Brspradyah?d@Ptomprise a
biological prapefiyi i a5 R PIRIpRical iagtiviy. EXampIss Al Dielooical Asbiliesinclddss. Non-
cardioprotection, reduction of oxidative stress and reduction of infarct size. CARDIOPROTECTION
The particleYhyR3ve ™M propert)ieg.me8enchymal stem cells and/or mesenchymal 25 stem cell
conditioned mediUméMeQ'@’f(ﬁ@-B%BQﬁ@aﬁﬁ@W%gmém% WQEPMW%W%

restoration or maintenance of cardiac function during ischemia and/or reperfusion. Assay for
Cardidfrotedtidn B) and actiygiesinesclioh iy o gsdsaise wehaearat UsMpamlisaeBstdnore of the
30methods @eafiRes, I EXABRIES Radheld AR 2hd 6 GHRAILY e RERST BaPabeIm may have

a property of mesenchymal stem cells and/or mesenchymal stem cell conditioned medium (MSC-CM)
comprising BYETSBIIRY RS PReRIE DS GoRv e B D 6MbyioPi Stdétisn): SA88a)T8r Oxidative Stress

The rc_aduction of Q%Fé’%.f(tfe@ﬁﬁ)ﬁ?@b&%@ﬁ%@ﬁ&eo@@@ﬁq&ﬁiﬂg &M&ig@ﬁ_ﬁﬁytgfz!gydrpgen
peroxide (H202)-induced cell death. In summary, hydrogen peroxide (H202)-mediated oxidative stress

is induced iYRMHAFH UKENTRCE ERAEE IV Bt ket VbR TsHRB Y Trynaisiaaatsdicon.
Humapsleukeptia GEM:cg e iR dLinglddatarstirRaRlis ee s itigRRE Iadim Qs esenchymal stem

cell (with saline as a control) and treated with 50 pM H202 to induce oxidative stress. Cell viability is
assessed uSRBPRFSHAN Bl Exaladippineiss Tha <38 UheDeestirn i yondase afthdpgicatingrne

reduction Oftl%i%iyﬁ&%ﬁﬁﬁmefﬂiéﬂﬁ@@sﬁa%%%@ﬂ%ﬁml@Odﬂcﬂy.Osﬁﬁﬁ@)/@fl@M@GQ@P”- In vivo
oxidative stress may also be assaﬁed as follows. Pa.{!gs are treated 15with the particle, conditioned
1

medium or MiesetRriardhicdl (Wit asaliBentrol). Tissue sections of pig heart are obtained.
Nuclear oxidative stiese 6 t3ueGestigasefl thealrchan dnteaied pigsdsMuantified oy BLHIG

immunaostaining for oxidized DNA. The tissue sections are assayed for intense nuclear staining

indicatille of NS a%tBHRShlcssdhtvhirdb <2 21 |IgE AREgorditoned madingh(tidyb ®ay have a
property of RRseRGHWNal HE: ¢S e RRIMKEANE MeRB &R B8R qondiivnet mediumiMSC-CM)

comprising the ability to reduce infarct size. Assay for Infarct Size . |
concentrated CM was then centrifuged through a membrane with either a 100 kD or a 300




Infarct size may for example be assayed using any one or more of the methods 25described in
Examples 6 and 13. PARTICLE MOLECULAR WEIGHT The particle may have a molecular
weight of greater than 100 kDa. It may have a molecular weight of greater than 500 kDa. For example,
it may have a molecular weight of greater than 1000 kDa. 30The molecular weight may be determined
by various means. In principle, the molecular weight gnay be determined by size fractionation and
filtration through a 17 membrane with the relevant molecular weight cut-off The particle size may then

be determingd Mwiragkio®g 2RareLatioR Al GQBIRVNERTRICIR) RS Wt Sty PAfe hfrlyichhigdogical
assay. Assay of Molecular Weight by SDS-PAGE 5The particle may have a molecular weight of

greater tha Lt epd sst5 sapwisartiele ioadedandhery sl rmBsembtets of the particle with
less than 100 kDa ppalectlanweight searpoatadip dhemeatarihomdNtkRasngles wirmyright

retentate fraction, when subject to filtration. Similarly, when subjected to filtration with a membrane

with a 500 RIS YR ALPLFSiths BF RRRAI ORI EECHEROBEB K B L BrER oI BIRS veight may
segregate inthipengreateitbanhothkRnealeediam g yetenaieflacieaidhisdmlcates that the

particle may_have a molecular weight of more than 500 kDa. Assa%é)f Molecular Weight by Biological

Activity ThelBHRI RIS Maves dilsorddhrer alermbranordithard AbkE ROY. @bl AP 15 the particle

may be suckitfatydemaubiecidedpiratidnwiis D SapAGR e Wil & 49 eleridamigitgutoff of 1000
kDa, the relevant biological activity substantially or predominantl)éremains in the retentate fraction.

Alternatively SPAZRAGST: BiordsibhAdavrs s o digsahe il e srLofbremabi8gical
activity maypeepeiseanytab heibioleoiealastivitiesiof g pattitedasetdh etkelsawbere in this
document. 20Assay of Molecular Weight by Infarct Size For example, the biological activity may
compride re‘éi‘éf?ﬁ%%/Bf(?Fﬁg}éPgP}g”ﬁgtﬁé’%BVé AN EdE 105 AR Ehemia and
reperfusion fRjutermofetxapRIRIthE G 0GR At MINGM ABLRcAs Sayad:t il armoSBS-PNTIE Mmaeel, such
as described in the Ex les. 25In summary, myocardial ischemia is induced by 30 minutes left
coronary arf&%ﬁ@&?@rggﬁ%@qﬁg‘%ﬁﬁgﬁi@é(ﬁgﬁ%f&t?gﬁfr tsion is initiated by removal of suture.
Mice are treated Witlpligu$d Reltatsisigeher pastisies (suabrassundacioRaiad Mbdénbivhediltrate (such as
<100 or 1,000 IcD ractiémg, rete t?%el? such as >1000 IcD retentate) or saline intravenously via the tail
vein, 5 minuteR YT SREHTSRR. 39 later, the hearts are 30 excised. Before excision, the Area
At RiskJAAR) is detigirie® sytieligasiRgiheit At anddineni peshesing dnvamgobltaithiatghihe aorta.
18 AAR is defiped gs the area not staine he dye.and is expressed as a percentage of the left
ventriclr WA S L8 SRR D NS IaaP R s IR iy e Samere the
relative infaneidsigecisisignificaniitisesllbe dein @ninodlsutieat €l withinnes eeehyrastanovaethaanditioned
medium (MSC-CM) and the retentate (such as a.5>1000 kD) fractio 0 red to_salipe, this
incicates (3T ARIB RS & FAGERHIR SR HEI TS FRAFGE N e EAD SRS e
membrane (¢.¢.] gheate00ekL6atHdh ). R ARTIOMEKDI Zitchiae: paditied iy Huave latsizehof greater
than 2. nm The particle ma e a size of 10 greater than 5.nm, 10 nm, 20 nm, 30, nm, 40 nm or 50
i TR e R AV e B PSR th T T AT R A B AgS AL . The particle
may have arslzentiigtisiantialhd 2Déhper s gredtens blud le@aitiche aoparfcdds waayldtavelagange of
sizes, such t%s betweetn 2.nrHE)o 0 Qimé 2 r(‘lm to 50 nm, 2 nm to 100tnm, gtﬂmltg 150tnm or 2 nmto
200 nm The p)eaarfﬁ:aien %rsi np?ar NS rr?éyaﬁlavvéag QPEBENWEEH OO 50 i, © Vﬁrr%r{%ul%o nm, 20
nm to 150 nwalbazd.nm to 200 nm The particle or particles may have a size between 50 nm to 100nm,
50um to 150 nm or,50 nm to 200 nm_The particle or particles may haye a size between 100 nm to 150
o1 100 nm t0 2B ek BAHERL 67 FERE AU b e ab H 8200 nm 207The
size nidy beadetermirted ty2¢ari onic eraan ssdincprimciple;f ke si Zeftrayk beide tef thinechibyisfzect
fractionation .and filtration th h a membrane with the relevant size cut-off The particle size may then
e cltormint A By AT S B B o e P R R SIS e 5 Eilogicm
assay. The size maygatsa bePligtecahicrediby @l betvaremtiord80Gomyinad deser bede o srarahlesidg21.
The size m@{ecgmgr@grgspé/drodynamic radius. The hydrodynamic radius of the particle may be below
100 nm It maycbe elweer about 30 nm and about 70 nm The hydrodynamic radius may be between
about 40 nm and dhgutss2nMzes icktas bsiweé 0 lsbalitrdbeamandvaboutit®b Xal Gh&M/dradynamic
;?J?'t';s e%‘ %ia%g%?e%%hﬁ% PP NG MYPrOdPRNG BB AL RIS MRV P& FelgEmned Yy any
ﬁltre’ltion through a membrane with MW cut-off of 100 kD to generate a filtrate:retentate

volume ratio of 4:1.



for example, laser diffraction or dynamic light scattering. An example of a dynamic light scattering
method to determine hydrodynamic radius is set out in Example 33 below. 19 COMPOSITION

The particle may comprise one or more proteins secreted by a mesenchymal stem cell. The particle
may comprise one or more proteins present in mesenchymal stem cell conditioned medium
(MSC-CM). 5For example, the particle may comprise 10% or more, 20% or more, 30% or more, 40%
or more, 50% or more, 60% or more or 70% or more of these proteins. The particle may comprise
substantially aboutr{ae aBtheseRrOLsInS. fThe MSISItSmaysRaideinrecomnisieienesstnslist of
proteins or gene products of a list,of genes. Proteins 10The proteins may be selected from those set
out in Tabl ﬁ?ﬁﬂf&ﬁﬁﬁéﬁlétW%omprises the following proteins numbered 1 to 250, as well as the
"proteins with unideptified JunGt@RBTotBcinR: PREPEFABNSHENOWiactiohs I FOQRdi 143 & AEtiBealpha
skeletal muscle; 2, IP100414057 Actin alpha 1 skeletal muscle protein; 3. IP100008603 Actin, aortic
smooth muSHIRA A1 P2 ISA i sptBisiddhiic 3 sondiisisd soetumtin issiarekidiac; 6.
IP10002 144k Sctioneytonl Bisisddyifh I H00252 ) AL 308D & SsaathomnkDe 8 8.
IP100479925 agrin; 9. IP100015102 CD166 antigen precursor; 10. IP100007423 Acidic leucine-rich
nuclear phoSPhEBRGEEIH4Es! AP Thamabest Brembrips Gy ¥BYE Seokn A prBrefractiomph ik 95577 34
kDa proteinjdfadRHAHIEHN633 kDa protein; 14. IP100418169 20 Hypothetical protein
DKFZp686P03159; 15. 1P100003 815 Rho GDP-dissociation inhibitor 1; 16. IP100004656
Beta-2-microgIobuﬁthP‘ééérggﬁnﬁPﬂ%@‘ﬁgﬁHEgbﬂm@WﬁﬁlﬁW@@f%‘Sﬁg%&%ogenetic
protein 1 pra@irsorgGasRdA0002WehdPriie itaatonspRMbilak ahBonematphoaeetisipiaian 1
precursor; 19. 1IP100014021, Splice Isaform BMP1-1 of Bone mOfphgigenetic protein 1 precuysor; 20.
IP10024 8048°& 819N OIAIAAE RIS E AT BERE NSRS ehdtic Brotah 1 BYE&Hf184¢ 9100006980
Protein C1l4e0m4g6; 22. IP100296165 Complement Clr subcomponent precursor; 23. 1IP100152540
OTTHUMPO00000016748:; 24. IP100305064 Splice Isoform CD44 of CD44 antigen precursor; 25.
IP100297160 HypbtgBteAP ptOtEfcBKiFEs SRR 6. S IARTere SRy X%tfgb%%%%fﬁfmg
Cadherin-11hpsaghrsaieAbrdil GBI Splicedsabarmht eftsherdhalitd drpneadtsoNABere
IP100386476 Cadherin 11, ty isoform 1 preproprotein; 29. IP100024046 Cadherin- recursor;
20 30, IP106S5H6RE NEEHALLAHUNA Srb i, T TAO0025: 48 SH e ok T &8 B ement
factor H§ pregugssar BttiRg GOOh2tds&xebilvt, ODR:-Muscle Isdidfsrend ProR1DOOMEArdaisyhtavin 1
isoform 2; 34. 1P100 39 Splice Isoform B of Collagen alpha-1(XI) chain precursor; 35

10047 7350 BT G BE AN 1S SEPTB O ASLAS BHEETSLHTA DG LY CEiFEaM:
alpha-1(Xll)chais: Reeutsr a8 ARA0022 38K FplivgHsoiasmbitierivahGalagencalpekIix!l) chain
precursor; 38. IP100400935 C en alpha-1(XV)]).chain precursor; 39. IP100297646 Collagen
Biha-10) oI e EHPEE: T EATEE PR P Al CORAUEA SFERUFEGR . 19360504062
Collagen alptia-2¢hfibaiftarétieiadomnie CMUBCARA A3Bcchitagew @iy b I80haDprecursor; 43.
TP10Q167087 COL3AL protein; 44. 1P10002 1034 Collagen alpha-,1(1V) chain precursor; 45.
1P100430324 alpn B 50b 13 RGN B PR R A T EIO BbeA D9 N AR chain
precursor; 4vaslprtpa3ady 13/ &ollnde suatpbasb(i) @izaif @resinsatipds fildtd QQ4766%1(434) kiba protein,;
49. 1P1002 OL5AR protein; 50. |IP100018279 Collagen alpha-3(V) chain precursor; Si.
1P100291130 TG AR R0 T R B NP5 b AaHE SIS e 2Ca o

Collagen alplhea2{hti) ftlgaituleThesampl. wik10022Da&1 & H plickel gafdrmt 262 Al ohceotlafyendfpha-2(VI)

chain precursoy; 54. IP 0 alpha 3 t oll ispform ecyrsar; 55. IP100072918
il shga Lot el iy S Ao G e e s MR B
alpha-&{VI) shairc@itecetsirimb TopRd @R0F@8I efphasddype MiadRoollAhe ddssitgron Sghidcarson; 58.
IP100021828 Cystatin B: 59. IP100007778.Di-N- acetvichitobiase cursar: 60. TP100295741
Cathenain B8 B3y o R S B ROkt | ol g o 16TE 11900 42 KDa
protein; 63. 4RAPEIBR v sEimildotaidbdisatod pfobytd kinesisipaatéindse; GDIRI0ON 28833 Bimilar to
Dedicator of.cytokinesi otein 9; 65. IP100000875 Elongation factor 1-gamma; 66. 251P100465248
e ot SRR DER g e ket L e ReR R Rl ST BB i e o 2
IP10021880BssdligeisofchemBadfersbulihelddifecuntstoacdOnd PL 8328652 SplitentsetoerdeGooéd-ibulin-1

precursor; 71. 1P100328 113 Eibrillin-1 Rrecursor: 72. IP1000 39 fiprillin,2 ursaQr; £3.
P00 306t B e B R P I S Bt s e
Isoform 5 obEfbrobkast Iogtowttcthotothresepiee 2rpdemirsor; 75. 110216604 Splice Isoform 8 of
Fibroblast growth



factor receptor 2 precursor; 76. IP100034099 Hypothetical protein FLJ21918; 77. TP100333541
Filamin-A; 78. IP100302592 Filamin A, alpha; 79. IP100339227 21 Hypothetical protein
DKFZp68601166; 80. IP100414283 Fibronectin precursor (FN) (Cold-insoluble globulin) (CIG). Splice
isoform 3; 81. IP100339225 Splice Isoform 5 of Fibronectin precursor; 82. 1P1003393 19 Splice
Isoform 11 of Fibronectin precursor; 83. IP100556633 Splice Isoform 12 of Fibronectin precursor; 84.
1P10041 1462 Hypothetical 5protein DKFZp686B18150; 85. IP100029723 Follistatin-related protein 1

precursor; 86. IP100@e4Q1 RohweptdenNrBCelY ORlaciRaniviRiafeiasm 3084, 0F3160249025
Glutaredoxin-1; 88. 1P100 171411 Golgi phosphoprotein 2; 89. 1P1000263 14 Gelsolin precursor; 90.

IP10021973 7 GHltRNoNS Rpsirdws s b Mprssosssd 9 tbroyeralss 16 RuaRGSOD1.

ribonucleoprotein @ifike: 199AnRINOOREEL HNRRAVPI@IAINRIBA WG A28 i oaderferm 1 of
Neurotrimin_precursor; 94. IP100003865 Splice Isoform_ 1 of Heat shock cognate 71 kDa protein; 95.

IP1000370 70 ¥pficddiddronisiet R4 S deriyrrtantiskpiaaid @i 880l aeroesed #t%kpa heat
shock grotejesnitaciiondsie @ liPLOM0RA2 841 BasOMEM MaMREAAEWREPRS hapasaskswate
proteoglycan core protein 15P%re,cursor; 98. 1IP100297284 Insulin-like growth factor hinding protein 2

precursor; 9YSIPABEI 7 PERSARMPRRRE grdNe PitsRedirRAdEE pistENMss saiedder 100029236

Insulin-like gngveNfacias bipeing PoetaieHrerrredr RI ARKA00RR 236 dnsulinHikrgrawthfactor
binding protein 5 precursar; 102. IP100029235 Insulin-like growth factor binding protein 6 precursor;

103. IP100629358 HralfthRNA gyewirPriiet Bimarayhrstiiasaisib R Ao FoR R Ot

Insulin-like granglxéaciarsRiRdiNGRI BiektampEeUBthkiml BARAE6915 Insulin-like growth factor
bindinﬁ; rotein 7 precursor; 106. 1P100328 163 K- ALPHA-1 protein; 107. 1P10002 1396 Vascular
I

endothlial growth FEHET TRcBEISHS BradursBRos Mpaiss §8549 LR Rh GYmmA- R e brecursor:
109. IP1002}9% I3 s blgesindd RN0A IRI0QE3GYE Galeaitioldirding pratedatp@auisaimlll. 1P10002
1405 25Splice Isqform A of Lamijp-A/C; 112. 1P1002 16953 Splice Isoform ADeltalQ of Lamin- A/C;
113. IP100f§6T7?§39§@51 %Eﬁﬁﬁaﬁf%%}rﬁé‘p%ﬁ%g‘?ﬁ%}’i‘ﬁ% PR ‘iral?th]‘ﬁ*ﬁéfgfc‘%ﬁ‘."’similar to
FKSG30; 11V PHABIA# I nARCEICThE: 16 bnihpl d aviroprimyd sia st Ge tl 6l A0mbér 3th PREDICTED:
similar to PPIA protein; 117. 1P100402104 PREDICTED: similar to peptidylprolyl isomerase A isoform
T eyclophiliF 36 GO E, e BT oS 15 S R Eb AR BT noclear
ribonurfeopiditin €alikebtdB4502 454, 00L9. BPTRORIA 22 (RREe DtohEdchiffilaloio wadd separated
PhosphatidylethanoI%\r/]%i(g -binding protein; 120. IP100454852 PREDICTED: similar to
TeratocarcinBih4ad: %rowth factor 1;  121.1P100002802 Protein-lysine 6-oxidase precursor;
122. 1P100410152Hatert 2amsfosringrorawhDactoshatarein dimig praieionbjsedtpatioiBlhids; 123.
IP100220249 5Latent.tra ing growth factor beta-binding protein, isoform 1L.precursqr; 124.

1P 1002202450 &S VARSI S BT TSP B8 BTG B Cre SO IRt B 4 5
IP1004101 52 patentktransforring gofvtiRisstanbetie bindictg weodaieparisedarinaluF8PPAGH 26d
IPlOO§§0986 L %?Eépr cyrsor; 127. |P1t0.0291006 Malate dehydrogenase, mitochondrial precursor;
128. | OOOVG%%]; rS%f’w Y8 DioRNds SUBYEEeptor 2 precursor; 129. IP100020501 Myosin-11; 130.

IP100019502 Myosigife 231MRIQ(EEAG2DyBINOILBIRNIS Zn R4 QD22RK40sSipides IBofanmSTof
Nucleophosmip; 13 Plgqlz 19446 P(r)losghatldg}/le anola |ne-b|ndlggsg.rotelr#'T\Jr 4. IP10.0%99738

Procollagena -eﬂﬁ%ope&le as k’erﬁ‘lillg?l%ér pfg?:ﬂrr%'ocr; b ke lom =k lolcALSYS! &td) ;1) ateleHSBY growth

factor receplictedraxcsusger hdBBHRd BOR 4691 1 Pidid iy hiid 4t A MO &G B@ IS khiagphoglycerate
kinase 1; 138. |P10Q219568 Phospho erate kinase, festi cific; 139. |P100 80
Ureionace- ol e A R e O e el R M S 1. 11
IP100235942:Bplice dedfarnh @ @V P et tirede, 14 2v¢R16G04488 atSplidar sofaknmIbofiNEStin dndl43.

IP10039877 in 1 isoform 8; 144. IP100398776 plectin,1 isoform 7: . IP100186711 plectin 1
otorm 6 146 U3 1SBEomse s eSERE oRs o e s VSRt  ag.
IP1003987 tktpleetimIMSETo tmt 10} 1xtthel PMO3IBEORplextiressicnione] af Ebide | RIRNALRGES
Peptidyl-prolyl cis-trans. rase A; 151. IP100472718 peptidylprolyl isomerase A isoform 2; 152.
P 100000 P B e S B A Dara s B iR arocuraor: 154
251P100375306 pdirxireddxHhPh Oréautisnntisofol NG ;ah8 5N (RLOONL 250 B CMlieels dfartvBagd mu-0 of
Proactjvator pol ide.pregursor; IR1003741.79 proteaso activator subunit.lisoform 2; 157.
P 00001 B S s B s Y e
kinase 7 isoNev o pre elntsdrivith 9.0 BTN phbSplkit B Erprotie S 6/ rosIng Na@ket pisdfdrfiha precursor;

160. IP100003590 iescin .06, 30isof a: 161. IP10QQ15916 Bane-derived growth. factor
(Proameng TP oR Sy SR o e hatdb R S SRS A e B

Reticulon-4; 164. 1P10002 1766 Splice Isoform 1 of Reticulon-4; 165. IP100013895 Calgizzarin; 166.



23 1P100010402 Hypothetical protein; 167. IP100218733 Superoxide dismutase; 168. [P100014572
SPARC precursor; 169. IP100005614 Splice Isoform Long of Spectrin beta chain, brain 1; 170.
IP100008780 Stanniocalcin-2 precursor; 171. IP100301288 SEL-OB protein; 172. 1IP100216138
Transgelin; 173. IP100018219 Transforming growth factor- 5beta-induced protein ig-h3 precursor; 174.
IP100304865 transforming growth factor, beta recepter Il *; 175. IP100296099 Thrombospondin-1
precursor; 176. IP100032292 Metalloproteinase inhibitor 1 precursor; 177. 1P100027 166
Metalloprotein@se invbiiibieRIGeMISNstlaf 82 PAA02RO82 8Ty AuRsiEh bR Rk W49 inkEpkARE80240
thymosin-like 3; 180. 1P100299633 OTTHUMP00000031270 (Fragment); 181. 1P100465028 10
Triosephospiteiedmérds®le gais5it (Fragment); 182. 1P10045 1401 Splice Isoform 2 of

Triosephosphate isomerase; 183. IP100010779 Tropomyosin 4; 184. IP100216975 Splice Isoform 2 of
Tropomyosﬁ?%é#%ﬁﬁ%‘%ﬁﬁf&?—“fmomsoms Tubulin alpha-3 chain; 186. 1P1002 18343 Tubulin

alpha-6 chain; 187:4P1002 16298 Teredoxin 188 R0 TRA 1B CRNAMEA6672, ig: clone
TRACH3009008, highly similar to Thioredoxin reductase; 15189. IP100450472 Ubiquitin-conjugating
enzyme Ezmeﬁgmhmbﬁimlwfhiﬁﬁh BafR PRt AR HT S Ak s Sorapale sse@ﬂ.lﬂva®_001ozo7
Ubiquiin-fold i Psel a2 1R1902608P01IBRII0% IRIRANIROBUARE IRl
zeta/delta; 194. 1100642991 Hypothetical protein DKFZp686F10164; 195. 1P1004709 19 Hypothetical
protein DKH2pEBEXTS e Mcpns, Irelobrg dosesrtdpariactippely plagsid therebaidsmsadves.20
IP100654685 Similgyde SRARE RUREHSHF AIRilRAIREAIIGRCOlBIRI MRe X R L 199.
IP100645849 Extracellular matrix protein 1; 200. IP100554786 Thioredoxin reductase 1; 201.
|P1006450m®¢a§ﬁm§@§9m&i@%&a@%m@@§zc&.qﬁﬁéo@%@ﬁam%ﬂﬁﬂ@-qf _
metallpproteinase dr203 R LARBARIHAGHE drvieplaSIIc Ao 2R ARIQOTHAZIASIAL to Annexin A2
205. IP100647915 Transgelin 2; 206. IP100552815 Collagen, type V, 25 alpha 1; 207. IP100552981
CDNA P5EESOIFEFRI GRS N FORBHN0 36 4o MSigRARREnRI0An AR FBIaReBReneNFBRIHAEY mRNA; 208.
|P10018077I§(gg11@@52@;gjg; 209. IP100552416 Filamin A, alpha;  210. IP100640698 Actin,
gamma-enteric smooth muscle; 211. IP100514530 Actin, alpha 1, skeletal muscle; 212. IP100556442
Insulin-like growth TaetErpimRiRi Wbt Aemantiaris ey REpreritss 2f shepp pat IS orans s 214.

110478731 38 kRainieio 42 JPAAAINBATAS KDRMEQLEiR: AL OrWPARRE3AG2 39 kDa protein; 217.
IP100555762 PTK7 protein tyrosine kinase 7 isoform a variant (Fragment); 218. IP100658202 97 kDa

proteind24 39gmentaiondorstieyetd10dfotbinl 226m) tedorrousM M sieBeprsiidenticspPan658096
Thymosin bgtarf424:1h 4 AR364E3 B4PauprateiNc 223 tRHIARS 68k ihtling ¥aoint(Rragment);
224.1P100514817 Similar to Lamin A/C; 225. IP100644087 Progerin; 226. 1P1006558 12
Rhabdomyd¥esisralithyipidssiets UL fsvionpsionpshdy nonamligi fs 3 tRiRgetHkies 28,
IP100444262 RNk A4mE0fhEiSntiona e BRALMRRATH thiclbr Sl tRiNLGIROI 28R 1P1004
12473 Protein; 230. 1P1004 14489 Protein; 231. 1P10041 1463 Protein; 232. IP100556415 Transgelin

variant (Fra@arﬁ'é‘ﬁﬁfhééér}gpféé?lm%ﬂbﬁﬁf‘éézﬁ 18100478156 17 kDa protein; 235.
IP1003§6621 CALMB I et 2idkbhd HRAR4 (B tACTHSA3d ofPAGRBAAC 2D iRilard Riagaiocalcin 2
precursor; 238. 1IP100641471 10Callagen-like protein; 239. IP100514669 5H3 domain binding glutamic
acid-rich préRARERE U] pRetPPeyAyehelsidtBapHERE HahibrLaadipPaYfriGg ConPlfdA00003734
Putative S1Q0iraleisiibinstinexeeiair b NdR4eO NG +e 24185 |P100029574 11 kDa protein; 243.
IP100641047 Gelsolin; 244. 1IP100647556 Gelsolin; 245. IP100654821 hypothetical protein LO054845
isoform 1; 246. 1P 10568 PPSNSIBIRBH A RIS IBRIFSE G PAMIPTEYESIEIS Shflilar to

Cytokinesispiadgn sRhoe4d sticl Q9 G tikh Shpak ta iRpdisatar ah eytatkdne s Rriein d; £49.
IP100555993 Vascular endothelial growth factor receptor 3 variant; 250. IP100552545 Dedicator of

cytokinesis PFERsHE; cardBciaihoiptiom e d ety motesbegich{iNiFRAEal protein
DKFZp686H3Qd e alheaRdiDml@ytHypothetical protein DKFZp686K08164; IP100654685 20 Similar to
SPARC precursor; IP100719778 Similar to Annexin A2; IP100552981 CDNA P5ECO266 fis, clone
NT2RP3003648510ighly similar to Homo sapiens fibulin-1D mRNA,; 1P100180776 29 kDa protein;
IP100478731 29 kDa protein; IP100396479 24 kDa protein; IP100334627 39 kDa protein;
IP100658202 97 k% gesesihe 2patsdywhicl 5 feyhy phitdinmproosrakimab s cedl (MRin A/C;
IP100644087 Progeginy RA0RES4A2425 RRIASIHRSRAISETB? ANIGEN MRS 2 Re604517
Similar to Nucleolin; 1IP100444262 CDNA FLJ45706 fis, clone FEBRA2028457, highly similar to
Nucledfin; 11 8oactionrmpisieior depoval egothedisik; Tpnooumplusemrstisls, 1100478 156 17
kDa protein; IP100386621 CALMS3 protein; IP100647001 Acidic; IP100642650 Similar to Stanniocalcin
2 precursor; IP100641471 Collagen-like protein; IP100514669 5H3 domain 30binding glutamic
acid-rich protein like 3; IP100003734 Putative S100 calcium-binding protein H NHO456N16.1;
IP100029574 11 kDa protein; IP100654821 hypothetical protein L0054845 isoform 1; IP100647572
Dickkopf related protein-3 precursor; IP100639879 25 Similar to Cytokinesis protein sepA ;
IP100657746 Similar to Dedicator of cytokinesis protein 8 ; IP100555993 Vascular endothelial growth

factor receptor 3 variant. Gene Products The proteins may be selected from the gene products of the
nanec cat niit in Tahle 5 D2 helow Table D2 compnricac the followina adenec in the naranranhe helow:



these 58 biological processes. Alcohol Metabolism Gl 16507966-S ENO2 enolase 2 (gamma,
neuronal) Gl 16507965-S ENO1 enolase 1, (alpha) Gl 22095338-S PGK1 phosphoglyeerate kinase 1
Gl 31543396-S PGK2 phosphoglyeerate kinase 2 Gl 21735620-S MDH2 malate dehydrogenase 2,
NAD (mitochondrial) GI 26024330-S TPI1 triosephosphate isomerase 1 26 Gl 11321596-S KDR
kinase insert domain receptor (a type lll receptor tyrpsine kinase) Gl 30172563-S VEGF vascular
endothelial growth factor Gl 28610153-S IL8 interleukin 8 Gl 42716312-S ANG angiogenin,

ribonucleasg;dahiage Afasailnfittel HP3RIP RO thEHS fibrohlasierows iRGIPES] Kinmineral Formation
Gl 27262662-A CDH11 cadherin 11, tyﬁ 2, OB-cadherin (osteoblast) GI 5902810-A BMP1 bone

: . €
morphogen8atiRIHIBRY Pasrasteriinged Sﬁﬂk@é@é&@%‘ﬁotein, acidic, cysteinech (osteonectin)

Blood Vessel Devotapmat @ hdd3alh6c S RRinase nsrledomaprtrRIeatay (hnesd hreceptor

tyrosine kinase) Gl 30172563-S VEGF vascular endothelial growth factor .
exosome. The particles described here may comprise any one or more of the properties of

5  the exosomes described herein.
The particle may comprise vesicles or a flattened sphere limited by a lipid bilayer.
The particles may comprise diameters of 40-100 nm. The particles may be formed by
inward budding of the endosomal membrane. The particles may have a density of ~1.13 —
1.19 g/ml and may float on sucrose gradients. The particles may be enriched in cholesterol

10 and sphingomyelin, and lipid raft markers such as GM1, GM3, flotillin and the src protein
kinase Lyn. The particles may comprise one or more proteins present in mesenchymal
stem cells or mesenchymal stem cell conditioned medium (MSC-CM), such as a protein
characteristic or specific to the MSC or MSC-CM. They may comprise RNA, for example
miRNA.

15 We provide a particle which comprises one or more genes or gene products found
in MSCs or medium which is conditioned by culture of MSCs. The particle may comprise
molecules secreted by the MSC. Such a particle, and combinations of any of the molecules
comprised therein, including in particular proteins or polypeptides, may be used to
supplement the activity of, or in place of, the MSCs or medium conditioned by the MSCs

20  for the purpose of for example treating or preventing a disease.

The particle may comprise a cytosolic protein found in cytoskeleton e.g. tubulin,
actin and actin-binding proteins, intracellular membrane fusions and transport e.g.
annexins and rab proteins, signal transduction proteins e.g. protein kinases, 14-3-3 and
heterotrimeric G proteins, metabolic enzymes e.g. peroxidases, pyruvate and lipid kinases,

25  and enolase-1 and the family of tetraspanins e.g. CD9, CD63, CD81 and CD82. In
particular, the particle may comprise one or more tetraspanins. The particles may comprise
mRNA and/or microRNA.

The term “particle” as used in this document may be taken to mean a discrete
entity. The particle may be something that is isolatable from a mesenchymal stem cell

30  (MSC) or mesenchymal stem cell conditioned medium (MSC-CM). The particle may be
responsible for at least an activity of the MSC or MSC-CM. The particle may be

responsible for, and carry out, substantially most or all of the functions of the MSC or



Gl 28610153-S IL8 interleukin 8 Gl 42716312-S ANG angiogenin, ribonuclease, RNase A family, 5 Gl
10337586-S FGF6 fibroblast growth factor 6 Blood Vessel Morphogenesis Gl 11321596-S KDR
kinase insert domain receptor (a type Il receptor tyrosine kinase) Gl 30172563-S VEGF vascular
endothelial growth factor GI 28610153-S IL8 interleukin 8 GI 42716312-S ANG angiogenin,
ribonuclease, RNase A family, 5 GI 10337586-S FGF$ fibroblast growth factor 6 Bone Remodeling Gl
27262662-A CDH11 cadherin 11, type 2, OB-cadherin (osteoblast) Gl 5902810-A BMP1 BMP 1 bone

morphogengiicuOAgiFdr Gt ARPIELIR FarRAR a P BEIEIadBate b ratilinicysignashdprieaRectn)
Carbohydrate Metabolism Gl 16507966-S ENO2 enolase 2 (gamma, neuronal) Gl 16507965-S ENO1
enolase 1, MIpha'df¥odok338-S PGK1 phosphoglycerate kinase 1 Gl 31543396-S PGK2

phosphoglycerate kinass ey 86628 oM malatedehydr pagnrse BRaNADMRIteghondrial) Gl
26024330-SME%}C%OI%%?%%S&Q%%EQmerase 1
5 The particle preferably has at least one property of a mesenchymal stem cell. The
particle may have a biological property, such as a biological activity. The particle may
have any of the biological activities of an MSC. The particle may for example have a
therapeutic or restorative activity of an MSC.
The Examples show that media conditioned by MSCs (such as mesenchymal stem
10 cell conditioned media or MSC-CM, as described below) comprise biological activities of
MSC and are capable of substituting for the MSCs themselves. The biological property or
biological activity of an MSC may therefore correspond to a biological property or activity
of an mesenchymal stem cell conditioned medium. Accordingly, the particle may

comprise one or more biological properties or activities of a mesenchymal stem cell

15  conditioned medium (MSC-CM).

Mesenchymal Stem Cell Conditioned Medium (MSC-CM)
The conditioned cell culture medium such as a Mesenchymal Stem Cell
Conditioned Medium (MSC-CM) may be obtained by culturing a mesenchymal stem cell
(MSC), a descendent thereof or a cell line derived therefrom in a cell culture medium; and
20  isolating the cell culture medium. The mesenchymal stem cell may be produced by a
process comprising obtaining a cell by dispersing a embryonic stem (ES) cell colony. The
cell, or a descendent thereof, may be propagated in the absence of co-culture in a serum

free medium comprising FGF2.

Mesenchymal Stem Cell Particle
25 The particle may be produced or isolated in a number of ways. Such a method may
comprise isolating the particle from a mesenchymal stem cell (MSC). Such a method may
comprise isolating the particle from an mesenchymal stem cell conditioned medium
(MSC-CM).
The particle may be isolated for example by being separated from non-associated
30  components based on any property of the particle. For example, the particle may be

isolated based on molecular weight, size, shape, composition or biological activity.



Catabolism Gl 16507966-S ENOZ2 enolase 2 (gamma, neuronal) Gl 16507965-S ENO1 enolase 1,
(alpha) Gl 22095338-S PGK1 phosphoglycerate kinase 1 Gl 31543396-S PGK2 phosphoglycerate
kinase 2 Gl 21735620-S MDH2 malate dehydrogenase 2, NAD (mitochondrial) GI 26024330-S TPI1
triosephosphate isomerase 1 Cellular Carbohydrate Catabolism Gl 16507966-S ENO2 enolase 2
(gamma, neuronal) GI 16507965-S ENO1 enolase 1j4alpha) 27 Gl 22095338-S PGK1
phosphoglycerate kinase 1 Gl 31543396-S PGK2 phosphoglycerate kinase 2 Gl 21735620-S MDH2

malate dehydrogenggse:eadiidadmieshpneiia beiReRAAIIm hinkkdiiesephospiirte jaemerase 1
Cellular Carbohydrate Metabolism Gl 16507966-S ENO2 enolase 2 (gamma, neuronal) Gl

16507965- SRS EH SR ArafapriEy Sx a5 §38a pERkESA [9CBFEBRIFadY 1 GI
31543396-3 ik phesafrglice@iemkiasaraveight cut-off. It may be subject to tangential force

filtration or ultrafiltration.

5 For example, filtration with a membrane of a suitable molecular weight or size
cutoff, as described in the Assays for Molecular Weight elsewhere in this document, may
be used.

The conditioned medium, optionally filtered or concentrated or both, may be
subject to further separation means, such as column chromatography. For example, high

10 performance liquid chromatography (HPLC) with various columns may be used. The
columns may be size exclusion columns or binding columns.

One or more properties or biological activities of the particle may be used to track
its activity during fractionation of the mesenchymal stem cell conditioned medium (MSC-
CM). As an example, light scattering, refractive index, dynamic light scattering or UV-

15  visible detectors may be used to follow the particles. For example, a therapeutic activity
such as cardioprotective activity may be used to track the activity during fractionation.

The following paragraphs provide a specific example of how a mesenchymal stem
cell particle such as an exosome may be obtained.

A mesenchymal stem cell particle may be produced by culturing mesenchymal

20  stem cells in a medium to condition it. The mesenchymal stem cells may comprise
HuES9.E1 cells. The medium may comprise DMEM. The DMEM may be such that it
does not comprise phenol red. The medium may be supplemented with insulin, transferrin,
or selenoprotein (ITS), or any combination thereof. It may comprise FGF2. It may
comprise PDGF AB. The concentration of FGF2 may be about 5 ng/ml FGF2. The

25  concentration of PDGF AB may be about 5 ng/ml. The medium may comprise glutamine-
penicillin-streptomycin or b-mercaptoethanol, or any combination thereof.

The cells may be cultured for about 1, 2, 3,4, 5, 6, 7, 8, 9, 10 days or more, for
example 3 days. The conditioned medium may be obtained by separating the cells from
the medium. The conditioned medium may be centrifuged, for example at 500 g. it may be

30  concentrated by filtration through a membrane. The membrane may comprise a > 1000

kDa membrame. The conditioned medium may be concentrated about 50 times or more.



Gl 21735620-S MDH2 malate dehydrogenase 2, NAD (mitochondrial) Gl 26024330-S TPI1
triosephosphate isomerase 1 Cellular Catabolism Gl 16507966-S ENO2 enolase 2 (gamma,
neuronal) Gl 16507965-S ENO1 enolase 1, (alpha) Gl 22095338-S PGK1 phosphoglycerate kinase 1
Gl 31543396-S PGK2 phosphoglycerate kinase 2 Gl 21735620-S MDH2 malate dehydrogenase 2,
NAD (mitochondrial) Gl 26024330-S TPI1 triosephosgphate isomerase 1 Cellular Macromolecule
Catabolism Gl 16507966-S ENOZ2 enolase 2 (gamma, neuronal) Gl 16507965-S ENO1 enolase 1,

(alpha) Gl 2209533@1&&@1&%@&%@8%&%@& kingsq b Ghdid3s9arSe RS phpsPheglycerate
kinase 2 Gl 21735620-S MDH2 malate dehydrogenase 2, NAD (mitochondrial) Gl 26024330-S TPI1

triosephosphase RKHtisEsmMedRHR M3taRFSenasYiod DB SHASII BSiARe MHLIZE 6 TS ISRoRpEX
chemoattra@t@mtias@ﬁa@s%mzs&cﬂﬁ&aﬁm@kms{ﬁﬁmt%lws\23(@,! B4333B0-A

CCL15 chemokine (C-C motif I| and 15
or a TSK gel G400 XL, 7.8 x 300 mm may be employed. The eluent buffer may
5 comprise any physiological medium such as saline. It may comprise 20 mM phosphate

buffer with 150 mM of NaCl at pH 7.2. The chromatography system may be equilibrated
at a flow rate of 0.5 ml/min. The elution mode may be isocratic. UV absorbance at 220 nm
may be used to track the progress of elution. Fractions may be examined for dynamic light
scattering (DLS) using a quasi-elastic light scattering (QELS) detector.

10 Fractions which are found to exhibit dynamic light scattering may be retained. For
example, a fraction which is produced by the general method as described above, and
which elutes with a retention time of 11-13 minutes, such as 12 minutes, is found to

exhibit dynamic light scattering. The r, of particles in this peak is about 45-55 nm. Such

fractions comprise mesenchymal stem cell particles such as exosomes.

15 PARTICLE PROPERTIES

The property of a mesenchymal stem cell may comprise a property of a medium
conditioned by a mesenchymal stem cell (MSC-CM). Methods of producing such a
mesenchymal stem cell conditioned medium are described elsewhere in this document and
are illustrated in for example Example 1 below.
20 The property may comprise a biological property such as a biological activity.
Examples of biological activities include cardioprotection, reduction of oxidative stress

and reduction of infarct size.

CARDIOPROTECTION

The particle may have a property of mesenchymal stem cells and/or mesenchymal
25  stem cell conditioned medium (MSC-CM) comprising cardioprotection The
cardioprotection may comprise restoration or maintenance of cardiac function during

ischemia and/or reperfusion.

Assay for Cardioprotection
Cardioprotection may for example be assayed using any one or more of the

30  methods described in Examples 5, 10, 14 and 20.



Gl 403169224 CXCL12 chemokine (C-X-C maotif') ligand 12 (stromal cell-derived factor 1) Gl
41872613-S CXCL5 chemokine (C-X-C motif') ligand 5 Gl 22538812-S CCL2 chemokine (C-C motif)
ligand 2 GI 4504098-S CXCR3 chemokine (C-X-C motif) receptor 3 Gl 22538399-S CCL11 chemokine
(C-C motif) ligand 11 GI 5453576-S CXCL13 chemokine (C-X-C motif) ligand 13 (B-cell
chemoattractant) Gl 22538815-S CCL8 chemokine (g-C motif) ligand 8 Gl 34222286-S CYR61
cysteine-rich, angiogenic inducer, 61 Gl 4506832-S CCL1 chemokine (C-C maoitif) ligand 1 Gl
28610153-Pkiph i ieskitrSsGl 22538800-S CCL16 chemokine (C-C motif) ligand 16 Gl 14790145-S
CXCL11 chemokine (C-X-C motif) ligand 11 Gl 22165426-S CCL24 chemokine (C-C motif) ligand 24
Gl 22538813-S CAll& pheivickimy (@€ aotifelityapitntEhd3n8sladnscdSlandhemekinehi@@ motif)

ligand 7 Gl 5862-S B I ' i ' Gl 45 .ch Ki
e S S S X e
interleukin Xtegstar cytoprotection).

5 Assay for Oxidative Stress
The reduction of oxidative stress may for example be assayed using an in vitro
assay of hydrogen peroxide (H,O;)-induced cell death. In summary, hydrogen peroxide
(H20,)-mediated oxidative stress is induced in human leukemic CEM cells and cell
viability is monitored by Trypan blue-exclusion. Human leukemic CEM cells are
10  incubated with particle, conditioned medium or mesenchymal stem cell (with saline as a
control) and treated with 50 uM H,O; to induce oxidative stress. Cell viability is assessed
using Trypan Blue exclusion at 12, 24, 36 and 48 hours after H,O, treatment.
The reduction of oxidative stress may further be assayed using an in vivo assay of
DNA oxidation. /n vivo oxidative stress may also be assayed as follows. Pigs are treated
15  with the particle, conditioned medium or mesenchymal stem cell (with saline as a control).
Tissue sections of pig heart are obtained. Nuclear oxidative stress in tissue sections of
treated and untreated pigs is quantified by 8-OHdG immunostaining for oxidized DNA.
The tissue sections are assayed for intense nuclear staining indicative of DNA oxidation

and oxidative stress.

20 INFARCT SIZE

The particle may have a property of mesenchymal stem cells and/or mesenchymal

stem cell conditioned medium (MSC-CM) comprising the ability to reduce infarct size.

Assay for Infarct Size
Infarct size may for example be assayed using any one or more of the methods

25  described in Examples 6 and 13.

PARTICLE MOLECULAR WEIGHT

The particle may have a molecular weight of greater than 100 kDa. It may have a
molecular weight of greater than 500 kDa. For example, it may have a molecular weight
of greater than 1000 kDa.

30 The molecular weight may be determined by various means. In principle, the

molecular weight may be determined by size fractionation and filtration through a



Gl 22547151-S CCL26 chemokine (C-C motif) ligand 26 Gl 4506852-S XCL1 chemokine (C motif)
ligand 1 Defense Response Gl 27894305-S IL1B interleukin 1, beta Gl 27894329-S ILIA interleukin 1,
alpha Development Gl 42716312-S ANG angiogenin, ribonuclease, RNase A family, 5 Gl 5902810-A
BMP1 bone morphogenetic protein 1 Gl 27262662-A CDH11 cadherin 11, type 2, OB-cadherin
(osteoblast) Gl 27262662-A CSF1 colony stimulatingfactor 1 (macrophage) Gl 27437029-S CSF2
colony stimulating factor 2 (granulocyte-macrophage) Gl 27437048-A CSF3 colony stimulating factor 3

(granulocyte) Galb34e?@28ahe feltRbit MTERINGr e RNGIRBENICHE AHRRNCGl A48 H0-S FBN1
fibrillin 1 (Marfan syndrome) Gl 4755135-S FBN2 fibrillin 2 (congenital contractural arachnodactyly) Gl

10337586- S HeSPENEH BB IS HRSIRS IRAEP 5 oS FORRDDL RS (RIAH TR A&l T {8 I 28610153 IL8

interleukin &{globl3? 1888-S KDR kinase insert domain receptor (a type Ill receptor tyrosine kinase) Gl
4580419-A KITLG KIT ligand
Assay of Molecular Weight by SDS-PAGE

5 The particle may have a molecular weight of greater than 100 kDa. For example,
the particle may be such that most proteins of the particle with less than 100 kDa
molecular weight segregate into the greater than 100 kDa molecular weight retentate
fraction, when subject to filtration. Similarly, when subjected to filtration with a
membrane with a 500 kDa cut off, most proteins of the particle with less than 500 kDa

10  molecular weight may segregate into the greater than 500 kDa molecular weight retentate
fraction. This indicates that the particle may have a molecular weight of more than 500

kDa.

Assay of Molecular Weight by Biological Activity
The particle may have a molecular weight of more than 1000 kDa. For example,
15  the particle may be such that when subject to filtration with a membrane with a molecular
weight cutoff of 1000 kDa, the relevant biological activity substantially or predominantly
remains in the retentate fraction. Alternatively or in addition, biological activity may be
absent in the filtrate fraction. The biological activity may comprise any of the biological

activities of the particle described elsewhere in this document.

20 Assay of Molecular Weight by Infarct Size
For example, the biological activity may comprise reduction of infarct size, as
assayed in any suitable model of myocardia ischemia and reperfusion injury. For example,
the biological activity may be assayed in a mouse or pig model, such as described in the
Examples.

25 In summary, myocardial ischemia is induced by 30 minutes left coronary artery
(LCA) occlusion by suture ligation and reperfusion is initiated by removal of suture. Mice
are treated with liquid containing the particles (such as unfractionated MSC-CM), filtrate
(such as <100 or 1,000 kD fraction), retentate (such as >1000 kD retentate) or saline
intravenously via the tail vein, 5 minutes before reperfusion. 24 hours later, the hearts are

30 excised. Before excision, the Area At Risk (AAR) is determined by religating the LCA
and then perfusing Evans blue through the aorta.



Gl 6006018-S LIF leukemia inhibitory factor (cholinergic differentiation factor) Gl 7262388-S PCOLCE
procollagen C-endopeptidase enhancer Gl 4507170-S SPARC secreted protein, acidic, cysteinech
(osteonectin) Gl 10863872-S TGFB1 transforming growth factor, beta 1 (Camurati-Engelmann
disease) Gl 4507470-S TGFBR3 transforming growth factor, beta receptor Il (betaglycan, 300kDa) Gl
40317625-S THBS1 thrombospondin 1 Gl 40805871gS THPO thrombopoietin (myeloproliferative
leukemia virus oncogene ligand, megakaryocyte growth and development factor) Gl 4507508-S TIMP1

TIMP metallopeptidasg ig B@ﬁ&%dla%gleg@&ﬁ%@ﬁéﬁ@lf asslanendothrliabgrawthlactrigEnergy
Derivation by Oxidation of Organic Compounds Gl 16507966-S ENO2 enolase 2 (gamma, neuronal)

Gl 16507968 SEB Y eHEauar 1val pisa) tafasdigenisassepek AL IGhRSEVARRERY G|

31543396-QRENT pharpbasbiepraie kinases&Eis2iddhb2ty Midtid malaiadehvdreoeia@se 2, NAD
(mitochondrial) GI 26024330-S TPI1 trlosephosphate isomerase 1 Exocytosis Gl 22538815-S CCL8

chemokine [REENsIBIMAigiHy B Gossaenetans e MRER Mindche iieRiyrdand ss tever

5 >1000 kD) fraction when compared to saline, this indicates that the particle has a
molecular weight which is higher than the relevant cutoff of the membrane (e.g., greater

than 1000 kDa).

PARTICLE SIZE

The particle may have a size of greater than 2 nm. The particle may have a size of

10 greater than 5 nm, 10 nm, 20 nm, 30 nm, 40 nm or 50 nm. The particle may have a size of
greater than 100 nm, such as greater than 150 nm. The particle may have a size of
substantially 200 nm or greater.

The particle or particles may have a range of sizes, such as between 2 nm to 20
nm, 2 nm to 50 nm, 2 nm to 100 nm, 2 nm to 150 nm or 2 nm to 200 nm. The particle or

15  particles may have a size between 20 nm to 50 nm, 20 nm to 100 nm, 20 nm to 150 nm or
20 nm to 200 nm. The particle or particles may have a size between 50 nm to 100mm,
50nm to 150 nm or 50 nm to 200 nm. The particle or particles may have a size between
100 nm to 150 nm or 100 nm to 200 nm. The particle or particles may have a size between
150 nm to 200 nm.

20 The size may be determined by various means. In principle, the size may be
determined by size fractionation and filtration through a membrane with the relevant size
cut-off. The particle size may then be determined by tracking segregation of component
proteins with SDS-PAGE or by a biological assay.

The size may also be determined by electron microscopy, as described in Example

25 21.

The size may comprise a hydrodynamic radius. The hydrodynamic radius of the
particle may be below 100 nm. It may be between about 30 nm and about 70 nm. The
hydrodynamic radius may be between about 40 nm and about 60 nm, such as between
about 45 nm and about 55 nm. The hydrodynamic radius may be about 50 nm.

30 The hydrodynamic radius of the particle may be determined by any suitable means,
for example, laser diffraction or dynamic light scattering. An example of a dynamic light

scattering method to determine hydrodynamic radius is set out in Example 33 below.



Gl 27894305-S IL1B interleukin 1, beta Gl 27894329-S ILIA interleukin 1, alpha 29 Generation of
Precursor Metabolites and Energy Gl 16507966-S ENO2 enolase 2 (gamma, neuronal) Gl
16507965-S ENO1 enolase 1, (alpha) Gl 22095338-S PGK1 phosphoglycerate kinase 1 Gl
31543396-S PGK2 phosphoglycerate kinase 2 Gl 21735620-S MDH2 malate dehydrogenase 2, NAD
(mitochondrial) Gl 26024330-S TPI1 triosephosphatggisomerase 1 Glucose Catabolism Gl
16507966-S ENOZ2 enolase 2 (gamma, neuronal) GI 16507965-S ENO1 enolase 1, (alpha) Gl
22095338-BwkKdsphesphoglycerate kinase 1 Gl 31543396-S PGK2 phosphoglycerate kinase 2 Gl
21735620-S MDH2 malate dehydrogenase 2, NAD (mitochondrial) Gl 26024330-S TPI1
triosephosphate isdheepasectt iGiycosephistabolism@Ge P65OING66c8 EAD 2aanetesehgnighsteny,

neuronal) G&}P%%%%%%@M} comprise one or more proteins present in mesenchymal stem cell
conditioned medium (MSC-CM).
5 For example, the particle may comprise 10% or more, 20% or more, 30% or more,
40% or more, 50% or more, 60% or more or 70% or more of these proteins. The particle
may comprise substantially about 75% of these proteins. The proteins may be defined by

reference to a list of proteins or gene products of a list of genes.

Proteins

10 The proteins may be selected from those set out in Table D1 below. Table D1
comprises the following proteins numbered 1 to 250, as well as the “proteins with
unidentified functions”, in the paragraphs below:

1. IP100021428 Actin, alpha skeletal muscle; 2. IP100414057 Actin alpha 1

skeletal muscle protein; 3. IPI00008603 Actin, aortic smooth muscle; 4. IP100021439

15  Actin, cytoplasmic 1; 5. [PI00023006 Actin, alpha cardiac; 6. [P100021440 Actin,
cytoplasmic 2; 7. IP100025416 Actin, gamma-enteric smooth muscle; 8. IP100479925
agrin; 9. IPI00015102 CD166 antigen precursor; 10. IPI00007423 Acidic leucine-rich
nuclear phosphoprotein 32 family member B; 11. IP100413331 36 kDa protein; 12.
IP100412577 34 kDa protein; 13. IPI00413506 33 kDa protein; 14. IP100418169

20  Hypothetical protein DKFZp686P03159; 15. IPI00003815 Rho GDP-dissociation
inhibitor 1; 16. IP1I00004656 Beta-2-microglobulin precursor; 17. IP100218042 Splice
Isoform BMP1-5 of Bone morphogenetic protein 1 precursor; 18. IPI00009054 Splice
Isoform BMP1-3 of Bone morphogenetic protein 1 precursor; 19. IP1I00014021 Splice
Isoform BMP1-1 of Bone morphogenetic protein 1 precursor; 20. [P100218040 Splice

25  Isoform BMP1-4 of Bone morphogenetic protein 1 precursor; 21. IPI00006980 Protein
Cl4orf166; 22. IP100296165 Complement C1r subcomponent precursor; 23. IP100152540
OTTHUMPO00000016748; 24. IP100305064 Splice Isoform CD44 of CD44 antigen
precursor; 25. [IP100297160 Hypothetical protein DKFZp451K1918; 26. IP100293539
Splice Isoform 2 of Cadherin-11 precursor; 27. IP100304227 Splice Isoform 1 of

30  Cadherin-11 precursor; 28. IP100386476 Cadherin 11, type 2, isoform 1 preproprotein; 29.
IP100024046 Cadherin-13 precursor;



enolase 1, (alpha) Gl 22095338-S PGK1 phosphoglycerate kinase 1 Gl 31543396-S PGK2
phosphoglycerate kinase 2 Gl 21735620-S MDH2 malate dehydrogenase 2, NAD (mitochondrial) Gl
26024330-S TPI1 triosephosphate isomerase 1 Glycolysis Gl 16507966-S ENO2 enolase 2 (gamma,
neuronal) Gl 16507965-S ENO1 enolase 1, (alpha) Gl 22095338-S PGK1 phosphoglycerate kinase 1
Gl 31543396-S PGK2 phosphoglycerate kinase 2 G}21735620-S MDH2 malate dehydrogenase 2,
NAD (mitochondrial) GI 26024330-S TPI1 triosephosphate isomerase 1 Hemopoiesis Gl 27262662-A

CSF1 colony stimuiating festond S Masrarhage)iSh4osasL s A K65 1digpne: Gorddaq26-S IL10
interleukin 10 Hemopoietic or Lymphoid Organ DeveIoPment Gl 27262662-A CSF1 colony stimulating

factor 1 (mdcPSpHagENdrA8EAS AR 1IE: KITORGAAY & Coakinppar-8usl RyiBu R 10

IPI00007257 calsyntenin 1 isoform 2; 34. IP100218539 Splice Isoform B of Collagen
alpha-1(XI) chain precursor; 35. IP100477350 Collagen, type XI, alpha 1; 36.

5 1P100329573 Splice Isoform Long of Collagen alpha-1(XII) chain precursor; 37.
IP100221384 Splice Isoform Short of Collagen alpha-1(XII) chain precursor; 38.
IP100400935 Collagen alpha-1(XVI) chain precursor; 39. [P100297646 Collagen alpha-
1(I) chain precursor; 40. IPI00164755 Prepro-alpha2(I) collagen precursor; 41.
IP100304962 Collagen alpha-2(I) chain precursor; 42. IP100021033 Collagen alpha-1(III)

10 chain precursor; 43. IP100167087 COL3A1 protein; 44. IP100021034 Collagen alpha-
1(IV) chain precursor; 45. [P100479324 alpha 2 type IV collagen preproprotein; 46.
IP100306322 Collagen alpha-2(IV) chain precursor; 47. IPI00303313 Collagen alpha-1(V)
chain precursor; 48. IP100477611 184 kDa protein; 49. IP100293881 COLSA?2 protein; 50.
IP100018279 Collagen alpha-3(V) chain precursor; 51. IP100291136 Collagen alpha-1(VI)

15  chain precursor; 52. IP100304840 Splice Isoform 2C2 of Collagen alpha-2(VI) chain
precursor; 53. IP100220613 Splice Isoform 2C2A of Collagen alpha-2(VI) chain
precursor; 54. IP100022200 alpha 3 type VI collagen isoform 1 precursor; 55.
IP100072918 alpha 3 type VI collagen isoform 4 precursor; 56. [P100220701 Splice
Isoform 2 of Collagen alpha-3(VI) chain precursor; 57. IP1I00072917 alpha 3 type VI

20  collagen isoform 3 precursor; 58. IP100021828 Cystatin B; 59. IPI00007778 Di-N-
acetylchitobiase precursor; 60. [P100295741 Cathepsin B precursor;

61. IP100299219 Protein CYR61 precursor; 62. IP100514900 42 kDa protein; 63.
IP100333770 Similar to Dedicator of cytokinesis protein 10; 64. IP100478332 Similar to
Dedicator of cytokinesis protein 9; 65. IPI00000875 Elongation factor 1-gamma; 66.

25  1P100465248 Alpha-enolase; 67. IPI00013769 Alpha-enolase, lung specific; 68.
IPI00216171 Gamma-enolase; 69. IP100218803 Splice Isoform B of Fibulin-1 precursor;
70. 1P100296537 Splice Isoform C of Fibulin-1 precursor; 71. IP100328113 Fibrillin-1
precursor; 72. IP100019439 fibrillin 2 precursor; 73. IP1I00385645 Splice Isoform 2 of
Fibroblast growth factor 17 precursor; 74. IP100216602 Splice Isoform 5 of Fibroblast

30  growth factor receptor 2 precursor; 75. IP100216604 Splice Isoform 8 of Fibroblast growth
factor receptor 2 precursor; 76. IP100034099 Hypothetical protein FLJ21918; 77.
IP100333541 Filamin-A; 78. IP100302592 Filamin A, alpha; 79. IP100339227



Hexose Catabolism Gl 16507966-S ENO2 enolase 2 (gamma, neuronal) Gl 16507965-S ENO1
enolase 1, (alpha) 30 Gl 22095338-S PGK1 phosphoglycerate kinase 1 Gl 31543396-S PGK2
phosphoglycerate kinase 2 Gl 21735620-S MDH2 malate dehydrogenase 2, NAD (mitochondrial) Gl
26024330-S TPI1 triosephosphate isomerase 1 Hexose Metabolism Gl 16507966-S ENO2 enolase 2
(gamma, neuronal) GI 16507965-S ENO1 enolase 13 {alpha) Gl 22095338-S PGK1 phosphoglycerate
kinase 1 Gl 31543396-S PGK2 phosphoglycerate kinase 2 Gl 21735620-S MDH2 malate

dehydrogeng§goth Mk frotashordrghseh2 662433500 Pl s senbasahaisdsainrgas)l Immune
RESPONSE  Coldinsotuble slobilin) (C1G). Splice teororm 3. &1, IP100339225 Spiice 1satorin 3 oF
Fibronectin precursor; 82. IP100339319 Splice Isoform 11 of Fibronectin precursor; 83.
IP100556632 Splice Isoform 12 of Fibronectin precursor; 84. IP100411462 Hypothetical
5  protein DKFZp686B18150; 85. IP100029723 Follistatin-related protein 1 precursor; 86.
IP1I00005401 Polypeptide N-acetylgalactosaminyltransferase 5; 87. [P100219025
Glutaredoxin-1; 88. IPI00171411 Golgi phosphoprotein 2; 89. IP100026314 Gelsolin
precursor;
90. IP100219757 Glutathione S-transferase P; 91. IP1I00027569 Heterogeneous
10 nuclear ribonucleoprotein C-like 1; 92. IPI00003881 HNRPF protein; 93. IP100442294
Splice Isoform 1 of Neurotrimin precursor; 94. IPI00003865 Splice Isoform 1 of Heat
shock cognate 71 kDa protein; 95. IPI00037070 Splice Isoform 2 of Heat shock cognate
71 kDa protein; 96. IP100220362 10 kDa heat shock protein, mitochondrial; 97.
IP100024284 Basement membrane-specific heparan sulfate proteoglycan core protein
15  precursor; 98. [P100297284 Insulin-like growth factor binding protein 2 precursor; 99.
IP100297284 Insulin-like growth factor binding protein 2 precursor; 100. IP100029236
Insulin-like growth factor binding protein 5 precursor; 101. IP100029236 Insulin-like
growth factor binding protein 5 precursor; 102. IP100029235 Insulin-like growth factor
binding protein 6 precursor; 103. IP100029235 Insulin-like growth factor binding protein 6
20  precursor; 104. IPI00016915 Insulin-like growth factor binding protein 7 precursor; 105.
IPI00016915 Insulin-like growth factor binding protein 7 precursor; 106. IP100328163 K-
ALPHA-1 protein; 107. IP100021396 Vascular endothelial growth factor receptor 2
precursor; 108. IP100298281 Laminin gamma-1 chain precursor; 109. IP100219219
Galectin-1; 110. IP100023673 Galectin-3 binding protein precursor; 111. IP100021405
25  Splice Isoform A of Lamin-A/C; 112. IP100216953 Splice Isoform ADeltal0 of Lamin-
A/C; 113.1P100180173 PREDICTED: similar to tropomyosin 4; 114. IP100401614
PREDICTED: similar to FKSG30; 115. IP100374397 PREDICTED: similar to
tropomyosin 4; 116. IP100374732 PREDICTED: similar to PPIA protein; 117.
IP100402104 PREDICTED: similar to peptidylprolyl isomerase A isoform 1; cyclophilin
30  A; peptidyl-pro; 118. IP100455415 PREDICTED: similar to Heterogeneous nuclear
ribonucleoprotein C-like dJ845024.4; 119. IP100454722 PREDICTED: similar to



Inflammatory Response Gl 27894305-S IL1B interleukin 1, beta Gl 27894329-S ILIA interleukin 1,
alpha Macromolecule Metabolism Gl 5902810-A BMP1 bone morphogenettc protein 1 Gl
31542249-S C1R complement component 1, r subcomponent Gl 22538429-A CTSB cathepsin B Gl
16507965-S ENO1 enolase 1, (alpha) Gl 16507966-S ENO2 enolase 2 (gamma, neuronal) Gl
33859834-S HGF hepatocyte growth factor (hepapaietin A; scatter factor) GI 21735620-S MDH2
malate dehydrogenase 2, NAD (mitochondrial) GI 13027798-S MMP1 matrix metallopeptidase 1

(interstitial qellsgRnagekmhASIRAAA MYV IO BRIz RBRREd ager I (StramelysinZh G|
13027796-S MMP13 matrix metallopeptidase 13 (collagenase 3) Gl 13027803-S MMP3 matrix

metallopeptifidloieiemaigeivad groytidaniatdy GI 4826835-S MMP9 matrix metallopep dase 9
(gelatinase B, 92k Pz g edinGsE (22K eivipes e @riagRR@PRIcursor; 122. IPI00410152 latent

transforming growth factor beta binding protein 1 isoform LTBP-1L; 123. 1P100220249
5  Latent transforming growth factor beta-binding protein, isoform 1L precursor; 124.
1P100220249 Latent transforming growth factor beta-binding protein, isoform 1L
precursor "; 125. IP1I00410152 latent transforming growth factor beta binding protein 1
isoform LTBP-1L; 126. IP100020986 Lumican precursor; 127. IP100291006 Malate
dehydrogenase, mitochondrial precursor; 128. IPI00005707 Macrophage mannose

10 receptor 2 precursor; 129. IP100020501 Myosin-11; 130. IP1I00019502 Myosin-9; 131.
IP100604620 Nucleolin; 132. IP100220740 Splice Isoform 2 of Nucleophosmin; 133.
IP100219446 Phosphatidylethanolamine-binding protein; 134. IP100299738 Procollagen
C-endopeptidase enhancer 1 precursor; 135. IPI00015902 Beta platelet-derived growth
factor receptor precursor; 136. IP100216691 Profilin-1; 137. IP100169383

15 Phosphoglycerate kinase 1; 138. IP100219568 Phosphoglycerate kinase, testis specific;
139. IP100296180 Urokinase-type plasminogen activator precursor; 140. [P100215943
Splice Isoform 3 of Plectin 1; 141. IP100215942 Splice Isoform 2 of Plectin 1; 142.
IP100014898 Splice Isoform 1 of Plectin 1; 143. IP1I00398777 plectin 1 isoform §; 144.
IP100398776 plectin 1 isoform 7; 145. IP1I00186711 plectin 1 isoform 6; 146.

20  IP1I00420096 plectin 1 isoform 3; 147. IP100398779 plectin 1 isoform 11; 148.
IP100398778 plectin 1 isoform 10; 149. IP100398002 plectin 1 isoform 1; 150.
IP100419585 Peptidyl-prolyl cis-trans isomerase A;

151. IP100472718 peptidylprolyl isomerase A isoform 2; 152. IP1I00000874
Peroxiredoxin-1; 153. IP100024915 Peroxiredoxin-5, mitochondrial precursor; 154.

25  1PI00375306 peroxiredoxin 5 precursor, isoform b; 155. IPI00012503 Splice Isoform Sap-
mu-0 of Proactivator polypeptide precursor; 156. IPI00374179 proteasome activator
subunit 1 isoform 2; 157. IPI00030154 Proteasome activator complex subunit 1; 158.
IPI00168812 PTK?7 protein tyrosine kinase 7 isoform d precursor; 159. IP100419941
PTK?7 protein tyrosine kinase 7 isoform a precursor; 160. [IPI00003590 Quiescin Q6,

30 isoform a; 161. IPI00015916 Bone-derived growth factor (Fragment); 162. IPI00015916
Bone-derived growth factor; 163. IP100298289 Splice Isoform 2 of Reticulon-4; 164.
IP100021766 Splice Isoform 1 of Reticulon-4; 165. IPI00013895 Calgizzarin; 166.



Gl 22095338-S PGK1 phosphoglycerate kinase 1 Gl 31543396-S PGK2 phosphoglycerate kinase 2 Gl
4505862-S PLAU plasminogen activator, urokinase Gl 26024330-S TPI1 triosephosphate isomerase 1
Macromolecule Catabolism Gl 16507966-S ENO2 enolase 2 (gamma, neuronal) Gl 16507965-S ENO1
enolase 1, (alpha) Gl 22095338-S PGK1 phosphoglycerate kinase 1 Gl 31543396-S PGK2
phosphoglycerate kinase 2 Gl 21735620-S MDH2 malate dehydrogenase 2, NAD (mitochondrial) Gl
26024330-S TPI1 triosephosphate isomerase 1 Main Pathways of Carbohydrate Metabolism Gl

16507966'@5@@?@&0@1&?&0@1&&@@B’i@téiﬁ#f@m.aﬁ’l@(h@%@]&@5}&1&&4%&5@9&1, (alpha) Gl
22095338-S PGK1 phosg o&lécerate kinase 1 Gl 31543396-S PGK2 phospho%lgéerat,e kinase 2 Gl

21735620-SH9A A YIFSHERESES; NS nkdéntnigsdprérssonsapSgesisi beta
triosephosphigim iseamenased. iMonosareh siide oatrhlispicalded 796 B3N D28 SEL-OB

protein; 172. IP100216138 Transgelin; 173. IPI00018219 Transforming growth factor-

5 beta-induced protein ig-h3 precursor; 174. IP100304865 transforming growth factor, beta
receptor II1 "; 175. IP100296099 Thrombospondin-1 precursor; 176. IP100032292
Metalloproteinase inhibitor 1 precursor; 177. IP100027166 Metalloproteinase inhibitor 2
precursor; 178. IP100220828 Thymosin beta-4; 179. IP100180240 thymosin-like 3;

180. IP100299633 OTTHUMP00000031270 (Fragment); 181. IP100465028

10 Triosephosphate isomerase 1 variant (Fragment); 182. IP100451401 Splice Isoform 2 of
Triosephosphate isomerase; 183. IPI00010779 Tropomyosin 4; 184. IP100216975 Splice
Isoform 2 of Tropomyosin alpha-4 chain; 185. IPI00180675 Tubulin alpha-3 chain; 186.
IP100218343 Tubulin alpha-6 chain; 187. IP100216298 Thioredoxin; 188. IP100472175
CDNA FLJ46672 tis, clone TRACH3009008, highly similar to Thioredoxin reductase;

15  189. IPI00450472 Ubiquitin-conjugating enzyme E2I; 190. IPI00018352 Ubiquitin
carboxyl-terminal hydrolase isozyme L1; 191. IP1I00010207 Ubiquitin-fold modifier 1
precursor; 192. IP100260630 URB; 193. IP100021263 14-3-3 protein zeta/delta; 194.
IP100642991 Hypothetical protein DKFZp686F10164; 195. IP100470919 Hypothetical
protein DKFZp686K08164; 196. IP1I00719088 collagen, type VI, alpha 1 precursor; 197.

20  IPI00654685 Similar to SPARC precursor; 198. IP1I00641961 Collagen, type XII, alpha 1;
199. IP100645849 Extracellular matrix protein 1; 200. IP100554786 Thioredoxin reductase
1; 201. IP100645018 Plasminogen activator, urokinase; 202. IP100552339 Tissue inhibitor
of metalloproteinase 1; 203. IPI00642997 Actin, cytoplasmic 2; 204. IPI00719778 Similar
to Annexin A2; 205. IP100647915 Transgelin 2; 206. IP100552815 Collagen, type V,

25 alpha 1; 207. IP100552981 CDNA PSEC0266 fis, clone NT2RP3003649, highly similar to
Homo sapiens fibulin-1D mRNA; 208. IPI00180776 29 kDa protein; 209. IP100552416
Filamin A, alpha;

210. IP100640698 Actin, gamma-enteric smooth muscle; 211. IPI00514530 Actin,
alpha 1, skeletal muscle; 212. IP1I00556442 Insulin-like growth factor binding protein 2

30  variant (Fragment); 213. IPI00513782 Gelsolin; 214. IP100478731 29 kDa protein; 215.
IP100396479 24 kDa protein; 216. IP100334627 39 kDa protein; 217. IPI00555762 PTK7
protein tyrosine kinase 7 isoform a variant (Fragment); 218. IP100658202 97 kDa protein;



enolase 2 (gamma, neuronal) Gl 16507965-S ENO1 enolase 1, (alpha) Gl 22095338-S PGK1
phosphoglycerate kinase 1 Gl 31543396-S PGK2 phosphoglycerate kinase 2 Gl 21735620-S MDH2
malate dehydrogenase 2, NAD (mitochondrial) GI 26024330-S TPI1 triosephosphate isomerase 1
Monosaccharide Metabolism Gl 16507966-S ENO2 enolase 2 (gamma, neuronal) Gl 16507965-S
ENO1 enolase 1, (alpha) Gl 22095338-S PGK1 phosphoglycerate kinase 1 Gl 31543396-S PGK2
phosphoglycerate kinase 2 Gl 21735620-S MDH2 malate dehydrogenase 2, NAD (mitochondrial) Gl

26024330-3 19 i Ihosesn BsORE ligpmansed. IPrgen frseionsienblatetl;264662rv58bdscolony
stimulating factor 1'(macroph$%2 Gl 27262662-A CDH11 cadherin 11 tzﬁe 2, OB-cadherin

(osteoblast) Y WesHAsart 1dH- P9I AG SkBapsaimBMPTYSREFhoRREYENL e Btein 1 GI
11321596-Sikimkitpse 40sprockmegin Keapio(adne Nleeoeptopyneainss kipase) ) Bl 72563-S

VEGF VasClIJII)éII(r)(():)6r]5d$cé)§tlh2e Ilil?lla%a%vr\rllt}bofs%%g{n% Ll%‘ggg'nol:{'/?g:%\l/ll_sS-%.U; 227. IP100604517 Similar to
5 Nucleolin; 228. IP100444262 CDNA FLJ45706 fis, clone FEBRA2028457, highly similar
to Nucleolin; 229. IP100412473 Protein; 230. IP100414489 Protein; 231. IP100411463
Protein; 232. IP100556415 Transgelin variant (Fragment); 233. IPI00718825 Calmodulin;
234. IP100478156 17 kDa protein; 235. IP100386621 CALM3 protein; 236. IPI00647001
Acidic; 237. IP100642650 Similar to Stanniocalcin 2 precursor; 238. IP100641471
10 Collagen-like protein; 239. IP100514669 SH3 domain binding glutamic acid-rich protein
like 3; 240. IP100719422 Triosephosphate isomerase (Fragment); 241. IP100003734
Putative S100 calcium-binding protein H NH0456N16.1; 242. IP100029574 11 kDa
protein; 243. IP100641047 Gelsolin; 244. IP100647556 Gelsolin; 245. IP100654821
hypothetical protein LOC54845 isoform 1; 246. IP100647572 Dickkopf related protein-3
15  precursor; 247. IP1I00639879 Similar to Cytokinesis protein sepA; 248. IP100657746
Similar to Dedicator of cytokinesis protein 8; 249. IP100555993 Vascular endothelial
growth factor receptor 3 variant; 250. IP100552545 Dedicator of cytokinesis protein 8.
Proteins with unidentified functions: IP100642991 Hypothetical protein
DKFZp686F10164; IP100470919 Hypothetical protein DKFZp686K08164; IP100654685
20  Similar to SPARC precursor; IP1I00719778 Similar to Annexin A2; IP100552981 CDNA
PSEC0266 fis, clone NT2RP3003649, highly similar to Homo sapiens fibulin-1D mRNA;
IP100180776 29 kDa protein; IP1I00478731 29 kDa protein; IP100396479 24 kDa protein;
IP100334627 39 kDa protein; IP100658202 97 kDa protein; IPI00376163 5 kDa protein;
IP1I00514817 Similar to Lamin A/C; IP100644087 Progerin; IP100655812
25  Rhabdomyosarcoma antigen MU-RMS-40.12; IP100604517 Similar to Nucleolin;
1P100444262 CDNA FLJ45706 fis, clone FEBRA2028457, highly similar to Nucleolin;
[P100412473 Protein; IP100414489 Protein; IP100411463 Protein; IP100478156 17 kDa
protein; IP100386621 CALM3 protein; IP100647001 Acidic; IP100642650 Similar to
Stanniocalcin 2 precursor; [PI00641471 Collagen-like protein; IP100514669 SH3 domain
30  binding glutamic acid-rich protein like 3; IP100003734 Putative S100 calcium-binding
protein H NHO0456N16.1; IP100029574 11 kDa protein; IPI00654821 hypothetical protein
LOC54845 isoform 1; IP100647572 Dickkopf related protein-3 precursor; IP100639879



interleukin 8 Gl 4507170-S SPARC secreted protein, acidic, cysteinech (osteonectin) Gl 42716312-S
ANG angiogenin, ribonuclease, RNase A family, 5 Gl 24430216-S IL10 interleukin 10 GI 10337586-S
FGF6 fibroblast growth factor 6 Organ Morphogenesis Gl 11321596-S KDR kinase insert domain

receptor (a type lll receptor tyrosine kinase) Gl 30172563-S VEGF vascular endothelial growth factor
Gl 28610153-S IL8 interleukin 8 GI 42716312-S AN angiogenin, ribonuclease, RNase A family, 5 Gl
10337586-S FGF6 fibroblast growth factor 6 Ossification Gl 27262662-A CDH11 cadherin 11, type 2,

OB-cadherigi(afteeblesih cha0g A EMP 1006 TP RagrACCI IR LBt fhaRinkid-S SPARC
secreted protein, acidic cq/steinech (osteonectin) Phosphate Metabolism Gl 22095338-S PGK1

phosphoglyBEYSiE Rin LR S99 Povassybuce pie s i SEpHHY e IEe kA Yt Response to Abiotic

Stimulus Gl 27262654-A IL2]6
ene Products

The proteins may be selected from the gene products of the genes set out in Table
5 D2 below. Table D2 comprises the following genes in the paragraphs below:
ACTA1; COL5A2; HSPAS; PSAP; ACTA2; COL5A3; HSPE1; PSME1; ACTB;
COLG6A1; HSPG2; PTK7; ACTC; COL6A2; IGFBP2; QSCN6; ACTG1; COL6A3;
IGFBPS5; RTN4; ACTG2; CSTB; IGFBP6; S100A11; AGRN; CTBS; IGFBP7,
SH3BGRL3; ALCAM; CTSB; K-ALPHA-1; SOD1; ANP32B; CYR61; KDR; SPARC;
10 ANXA2; DOCK10; LAMCI; SPTBN1; ARHGDIA; DOCKS8; LGALS1; STC2; B2M;
ECMI1; LGALS3BP; SVEP1; BMP1; EEF1G; LMNA; TAGLN ; Cl4o0rf166; ENO1;
LOX; TAGLN2; CIR; ENOI1B; LTBP1; TGFBI; CALM1; ENO2; LUM; TGFBR3;
CD109; FBLN1; MDH2; THBS1; CD44; FBN1; MRC2; TIMP1; CDH11; FBN2;
MYHI11; TIMP2; CDH13; FGF17; MYH9; TMSB4X; CDH2; FGFR2; NCL; TMSL3;
15 CFH/HF1; FLJ21918; NPM1; TMSL6; CFL1; FLNA; PBP; TPI1; CLSTNI; FN1;
PCOLCE; TPM4; COL11A1; FSTL1; PDGFRB; TUBA3; COL12A1; GALNTS; PFNI;
TUBAG6; COL16A1; GLRX; PGK1; TXN; COL1A1; GOLPH2; PGK2; TXNRDI;
COL1A2; GSN; PLAU; UBE2I; COL3A1; GSTPI1; PLEC1; UCHLI1; COL4A1;
HNRPCLI; PPIA; UFM1; COL4A2; HNRPF; PRDX1; URB; COL5A1; HNT; PRDXS;
20 YWHAZ.

201 Genes in 58 Biological Processes
The particle may additionally, or alternatively, comprise any of the gene products
of the 201 genes listed below in Table D3. These genes are characterised according to a
biological process the gene is involved in.
25 Accordingly, the particle may be employed to affect, control or regulate any of

these 58 biological processes.

Alcohol Metabolism

GI 16507966-S ENO2 enolase 2 (gamma, neuronal)

GI 16507965-S ENO1 enolase 1, (alpha)

GI 22095338-S PGK1 phosphoglycerate kinase 1

GI 31543396-S PGK2 phosphoglycerate kinase 2

GI 21735620-S MDH?2 malate dehydrogenase 2, NAD (mitochondrial)
GI 26024330-S TPII triosephosphate isomerase 1

Angiogenesis




interleukin 16 (lymphocyte chemoattractant factor) Gl 22538807-A CCL23 chemokine (C-C motif)

ligand 23 GI 34335180-A CCL15 chemokine (C-C motif) ligand 15 Gl 403169224 CXCL12 ch

emokine

(C-X-C motif) ligand 12 (stromal cell-derived factor 1) Gl 41872613-S CXCL5 chemokine (C-X-C motif)
ligand 5 GI 22538812-S CCL2 chemokine (C-C motif) ligand 2 Gl 4504098-S CXCR3 chemokine
(C-X-C motif) receptor 3 GI 22538399-S CCL11 chergokine (C-C motif) ligand 11 Gl 5453576-S
CXCL13 chemokine (C-X-C motif) ligand 13 (B-cell chemoattractant) Gl 22538815-S CCL8 chemokine

(C-C motif)|ligameh B £96-34482286-3 anaRGd:GyginertichoARYRIRNC RIS kifak4 506832
chemokine (GrGomotisy ipwmckl Gl 286101.5345HuL81intsrrkin 8 Gl 22538800-S CCL16 chen
(C-C moitif) |ligangk 16 B 145390145 Sex&kid 8 chemokine (C-X-C motif) ligand 11 Gl 221654
CCL24 chenwakine @4 mutif) ligandingdbgstin 2H38853«E Bad2 ehiemaokine (C-C motif) ligand
13435401-$ @ CLBTisermbkire (C-G fvatiipdigandhfaGdrd505862-S PLAU plasminogen activatg

-SCCL1
1okine
P6-S

5 Gl

DI,

urokinase Gl 4504152-S CXCL1 chemok ne (C-X-C motif) 1 gand 1 (melanoma growth stimu

lating

activity, alp

Blo@In22884P0i@ || |A
GI_27262662-A CDH11

cadherin 11, type 2, OB-cadherin (osteoblast)

GI 5902810-A BMP1

bone morphogenetic protein 1

GI _4507170-S SPARC

secreted protein, acidic, cysteine-rich (osteonectin)

Blood Vessel Devolopment

GI 11321596-S KDR

kinase insert domain receptor (a type III receptor tyrosine kinase)

GI _30172563-S VEGF

vascular endothelial growth factor

GI _28610153-SIL8

interleukin 8

GI 42716312-S ANG

angiogenin, ribonuclease, RNase A family, 5

GI _10337586-S FGF6

fibroblast growth factor 6

Blood Vessel Morphogenesis

GI 11321596-S KDR

kinase insert domain receptor (a type III receptor tyrosine kinase)

GI _30172563-S VEGF

vascular endothelial growth factor

GI _28610153-SIL8

interleukin 8

GI 42716312-S ANG

angiogenin, ribonuclease, RNase A family, 5

GI _10337586-S FGF6

fibroblast growth factor 6

Bone Remodeling

Gl 27262662-A CDH11

cadherin 11, type 2, OB-cadherin (osteoblast)

GI 5902810-A BMP1
BMP1

bone morphogenetic protein 1

GI_4507170-S SPARC

secreted protein, acidic, cysteine-rich (osteonectin)

Carbohydrate Metabolism

GI _16507966-S ENO2

enolase 2 (gamma, neuronal)

GI _16507965-S ENOI

enolase 1, (alpha)

GI_22095338-S PGK1

phosphoglycerate kinase 1

GI _31543396-S PGK2

phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI1

triosephosphate isomerase 1

Catabolism

GI _16507966-S ENO2

enolase 2 (gamma, neuronal)

GI _16507965-S ENOI

enolase 1, (alpha)

GI 22095338-S PGK1

phosphoglycerate kinase 1

GI_31543396-S PGK2

phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI1

triosephosphate isomerase 1

Cellular Carbohydrate Cata

bolism

GI_16507966-S ENO2

enolase 2 (gamma, neuronal)

GI _16507965-S ENOI

enolase 1, (alpha)




interleukin 1, alpha Gl 22547151-S CCL26 chemokine (C-C maotif) ligand 26 GI 4506852-S XCL1
chemokine (C motif) ligand 1 Response to Chemical Stimulus Gl 27262654-A IL16 interleukin 16
(lymphocyte chemoattractant factor) Gl 22538807-A CCL23 chemokine (C-C motif) ligand 23 Gl
34335180-A CCL15 chemokine (C-C motif) ligand 15 GI 403169224 CXCL12 chemokine (C-X-C maotif)
ligand 12 (stromal cell-derived factor 1) Gl 41872613S CXCL5 chemokine (C-X-C motif) ligand 5 Gl
22538812-S CCL2 chemokine (C-C motif) ligand 2 Gl 4504098-S CXCR3 chemokine (C-X-C motif)

receptor 3 GER2a3838% PG L11 ¢

(C-X-C mot

Gl 3422228¢

G52CHRAA-Cyadeine-ric

hnangiegenigdnducerAblfubdb&d82-S CCL1 chemoking

motif) liganddi G428BLG1IES+S IL8 |

ntestepHoip 816 502238800-S CCL16 chemokine (C-C motif]

16 33 Gl 14790145-S CXCL11 chemokine (C-X-C motif) ligand 11

Cellular Carbohydrate Metabolism

GI _16507966-S ENO2

enolase 2 (gamma, neuronal)

GI_16507965-S ENOI

enolase 1, (alpha)

GI _22095338-S PGK1

phosphoglycerate kinase 1

GI 31543396-S PGK2

phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI1

triosephosphate isomerase 1

Cellular Catabolism

GI _16507966-S ENO2

enolase 2 (gamma, neuronal)

GI _16507965-S ENOI

enolase 1, (alpha)

GI 22095338-S PGK1

phosphoglycerate kinase 1

GI_31543396-S PGK2

phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI1

triosephosphate isomerase 1

Cellular Macromolecule Catabolism

GI_16507966-S ENO2

enolase 2 (gamma, neuronal)

GI _16507965-S ENOI

enolase 1, (alpha)

GI 22095338-S PGK1

phosphoglycerate kinase 1

GI 31543396-S PGK2

phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI1

triosephosphate isomerase 1

2. hemstone-tarGimatif) ligand 11 GI 5453576-S CXCL13 chemokine
ifgsligand 08 {Beaell chempalisrsianihekid2538815-S CCL8 chemokine (C-C motif

ligand 8
(C-C
ligand

Chemotaxis

GI 27262654-A 1L16

interleukin 16 (lymphocyte chemoattractant factor)

GI_22538807-A CCL23

chemokine (C-C motif) ligand 23

GI 34335180-A CCL15

chemokine (C-C motif) ligand 15

GI 40316922-1 CXCL12

chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)

GI 41872613-S CXCL5

chemokine (C-X-C motif) ligand 5

GI 22538812-S CCL2

chemokine (C-C motif) ligand 2

GI_4504098-S CXCR3

chemokine (C-X-C motif) receptor 3

GI 22538399-S CCL11

chemokine (C-C motif) ligand 11

GI _5453576-S CXCL13

chemokine (C-X-C motif) ligand 13 (B-cell chemoattractant)

GI 22538815-S CCL8

chemokine (C-C motif) ligand 8

GI 34222286-S CYRG61

cysteine-rich, angiogenic inducer, 61

GI_4506832-S CCL1

chemokine (C-C motif) ligand 1

GI _28610153-SIL8

interleukin 8

GI_22538800-S CCL16

chemokine (C-C motif) ligand 16

GI 14790145-S CXCL11

chemokine (C-X-C motif) ligand 11

GI 22165426-S CCL24

chemokine (C-C motif) ligand 24

GI 22538813-S CCL5

chemokine (C-C motif) ligand 5

GI 13435401-S CCL7

chemokine (C-C motif) ligand 7

GI 4505862-S PLAU

plasminogen activator, urokinase

GI 4504152-S CXCL1

chemokine (C-X-C motif) ligand 1 (melanoma growth stimulating




Gl 22165426-S CCL24 chemokine (C-C motif) ligand 24 Gl 22538813-S CCL5 chemokine (C-C maoitif)
ligand 5 GI 13435401-S CCL7 chemokine (C-C motif) ligand 7 Gl 4505862-S PLAU plasminogen
activator, urokinase Gl 4504152-S CXCL1 chemok ne (C-X-C mo tif)1 gand 1 (melanoma growth
stimulating activity, alpha) GI 27894329-S ILIA interleukin 1, alpha Gl 22547151-S CCL26 chemokine
(C-C maoitif) ligand 26 Gl 4506852-S XCL1 chemoking (C motif) ligand 1 Response to External
Stimulus Gl 27262654-A IL16 interleukin 16 (lymphocyte chemoattractant factor) Gl 22538807-A

CCL23 chemokine (C-C motif) ligarn

d23iz . BA335180-A CCL15 chemokine (C-C motif) ligang

115 Gl

403169224 CXClisd s shemokine (C

Xrx1eartif), igand 12 (stromal cell-derived factor 1) GI 418

72613-S

CXCL5 chenmokipe{G1X6 Canmtif) lig

anehbiat 226388 Arad 6l 2 chemokine (C-C maotif) liganc

12 Gl

4504098-S|@X@Rasshsmaokine (C-)

X cbeiimoRtif) (epeptarganl 22538399-S CCL11 chemokine ((

>-C motif)

ligand 11 GI 5453576-S CXCL13 chemokine (C-X-C motif) ligand 13 (B-cell chemoattractant)

Gl

22538815-5 e€hs8 Bespmmokine (C-C motif) ligand 8 Gl 34222286-S CYR61

GI 27894305-S IL1B

interleukin 1, beta

GI 27894329-SIL1A

interleukin 1, alpha

Development

GI 42716312-S ANG

angiogenin, ribonuclease, RNase A family, 5

GI 5902810-A BMPI

bone morphogenetic protein 1

GI 27262662-A CDH11

cadherin 11, type 2, OB-cadherin (osteoblast)

GI 27262662-A CSF1

colony stimulating factor 1 (macrophage)

GI_27437029-S CSF2

colony stimulating factor 2 (granulocyte-macrophage)

GI 27437048-A CSF3

colony stimulating factor 3 (granulocyte)

GI 34222286-S CYRG61

cysteine-rich, angiogenic inducer, 61

GI 24430140-S FBN1

fibrillin 1 (Marfan syndrome)

GI 4755135-S FBN2

fibrillin 2 (congenital contractural arachnodactyly)

GI _10337586-S FGF6

fibroblast growth factor 6

GI 24430216-S IL10

interleukin 10

GI _28610153-SIL8

interleukin 8

GI 11321596-S KDR

kinase insert domain receptor (a type III receptor tyrosine kinase)

GI 4580419-A KITLG

KIT ligand

GI_6006018-S LIF

leukemia inhibitory factor (cholinergic differentiation factor)

GI_7262388-S PCOLCE

procollagen C-endopeptidase enhancer

GI_4507170-S SPARC

secreted protein, acidic, cysteine-rich (osteonectin)

GI 10863872-S TGFBI1

transforming growth factor, beta 1 (Camurati-Engelmann disease)

GI 4507470-S TGFBR3

transforming growth factor, beta receptor I1I (betaglycan, 300kDa)

GI 40317625-S THBSI1

thrombospondin 1

GI_40805871-S THPO

thrombopoietin (myeloproliferative leukemia virus oncogene ligand,
megakaryocyte growth and development factor)

GI 4507508-S TIMP1

TIMP metallopeptidase inhibitor 1

GI _30172563-S VEGF

vascular endothelial growth factor

Energy Derivation by Oxida

tion of Organic Compounds

GI _16507966-S ENO2

enolase 2 (gamma, neuronal)

GI _16507965-S ENOI

enolase 1, (alpha)

GI_22095338-S PGK1

phosphoglycerate kinase 1

GI _31543396-S PGK2

phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI1

triosephosphate isomerase 1

Exocytosis

GI 22538815-S CCL8

chemokine (C-C motif) ligand 8

GI 22538813-S CCL5

chemokine (C-C motif) ligand 5

Fever

GI 27894305-S IL1B

interleukin 1, beta

GI 27894329-SIL1A

interleukin 1, alpha




cysteine-rich, angiogenic inducer, 61 Gl 4506832-S CCL1 chemokine (C-C maoitif) ligand 1 Gl

28610153-S IL8 interleukin 8 GI 22538800-S CCL16 chemokine (C-C motif) ligand 16 Gl 14790145-S
CXCL11 chemokine (C-X-C motif) ligand 11 Gl 22165426-S CCL24 chemokine (C-C motif) ligand 24
Gl 22538813-S CCL5 chemokine (C-C motif) ligand 5 GI 27894305-S IL1B interleukin 1, beta Gl
13435401-S CCL7 chemokine (C-C motif) ligand 7 G4 4505862-S PLAU plasminogen activator,
urokinase Gl 4504152-S CXCL1 chemok ne (C-X-C mo tif)1 gand 1 (melanoma growth stimulating
activity, alpha) Gl 27894329-S ILIA interleukin 1, alpha Gl 22547151-S CCL26 chemokine (C-C motif)

ligand 26 G

| 466Rk2 3 Prtbdkcharmmking tedmatifyligand 1 Response to Pest, Pathogen or

Parasite

Gl 278943(C

%51dshB setedsokin 1, |

netalf{sd 268943 28uddl)A interleukin 1, alpha Response tg

Stimulus

Gl 27262685

4A 1Idsh@orstenenakin 16

lywoipacydehahemoattractant factor) Gl 22538807-A CCL?

3

chemokine

(GEC2090tifpganicl 23 G

U3 BDEB0ACGhES

GI 31543396-S PGK2

phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI1

triosephosphate isomerase 1

Glucose Catabolism

GI _16507966-S ENO2

enolase 2 (gamma, neuronal)

GI _16507965-S ENOI

enolase 1, (alpha)

GI_22095338-S PGK1

phosphoglycerate kinase 1

GI 31543396-S PGK2

phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI1

triosephosphate isomerase 1

Glucose Metabolism

GI _16507966-S ENO2

enolase 2 (gamma, neuronal)

GI _16507965-S ENOI

enolase 1, (alpha)

GI 22095338-S PGK1

phosphoglycerate kinase 1

GI 31543396-S PGK2

phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI1

triosephosphate isomerase 1

Glycolysis

GI_16507966-S ENO2

enolase 2 (gamma, neuronal)

GI _16507965-S ENOI

enolase 1, (alpha)

GI 22095338-S PGK1

phosphoglycerate kinase 1

GI 31543396-S PGK2

phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI1

triosephosphate isomerase 1

Heat Generation

GI 27894305-S IL1B

interleukin 1, beta

GI 27894329-SIL1A

interleukin 1, alpha

Hemopoiesis

GI 27262662-A CSF1

colony stimulating factor 1 (macrophage)

GI 4580419-A KITLG

KIT ligand

GI 24430216-S IL10

interleukin 10

Hemopoietic or Lymphoid Organ Development

GI 27262662-A CSF1

colony stimulating factor 1 (macrophage)

GI 4580419-A KITLG

KIT ligand

GI 24430216-S IL10

interleukin 10

Hexose Catabolism

GI _16507966-S ENO2

enolase 2 (gamma, neuronal)

GI _16507965-S ENOI

enolase 1, (alpha)




chemokine (C-C motif) ligand 15 GI 403169224 CXCL12 chemokine (C-X-C motif) ligand 12 (stromal
cell-derived factor 1) 34 GI 41872613-S CXCL5 chemokine (C-X-C motif) ligand 5 Gl 22538812-S
CCL2 chemokine (C-C motif) ligand 2 Gl 4504098-S CXCR3 chemokine (C-X-C motif) receptor 3 Gl
22538399-S CCL11 chemokine (C-C maotif) ligand 11 Gl 5453576-S CXCL13 chemokine (C-X-C motif)
ligand 13 (B-cell chemoattractant) Gl 22538815-S C{gL8 chemokine (C-C moitif) ligand 8 Gl
34222286-S CYRG61 cysteine-rich, angiogenic inducer, 61 Gl 4506832-S CCL1 chemokine (C-C motif)

ligand 1 Gl

28610b53Sslb8unterled

kit &15412223880Q:9 CCL16 chemokine (C-C motif) ligan

d 16 Gl

14790145-9

5§ XT3 elemrkine (¢

C hobpimafibrliganesdd Gl 22165426-S CCL24 chemokine

C-C

motif) ligan

1 @4267132:25388b85 CC

Lcheragking (6-C, motiigandddB! 27894305-S IL1B i

terleukin

1, beta Gl 1

IA3AMD-CTHIY chem

akinephiGbatnvbibetigand 7 Gl 4505862-S PLAU plasmino

en

activator, urokinase Gl 4504152-S CXCL1 chemok ne (C-X-C mo tif)1 gand 1 (melanoma growth

stimulating

alitivity Miphaljs@| 27894329-S ILIA

GI _16507966-S ENO2

enolase 2 (gamma, neuronal)

GI_16507965-S ENOI

enolase 1, (alpha)

GI _22095338-S PGK1

phosphoglycerate kinase 1

GI 31543396-S PGK2

phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI1

triosephosphate isomerase 1

Immune Response

GI 27894305-S IL1B

interleukin 1, beta

GI 27894329-SIL1A

interleukin 1, alpha

Inflammatory Response

GI 27894305-S IL1B

interleukin 1, beta

GI 27894329-SIL1A

interleukin 1, alpha

Macromolecule Metabolism

GI 5902810-A BMP1

bone morphogenetic protein 1

GI 31542249-S C1R

complement component 1, r subcomponent

GI 22538429-A CTSB

cathepsin B

GI _16507965-S ENOI

enolase 1, (alpha)

GI_16507966-S ENO2

enolase 2 (gamma, neuronal)

GI 33859834-S HGF

hepatocyte growth factor (hepapoietin A; scatter factor)

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 13027798-S MMP1

matrix metallopeptidase 1 (interstitial collagenase)

GI 4505204-S MMP10

matrix metallopeptidase 10 (stromelysin 2)

GI 13027796-S MMP13

matrix metallopeptidase 13 (collagenase 3)

GI _13027803-S MMP3

matrix metallopeptidase 3 (stromelysin 1, progelatinase)

GI_4826835-S MMP9

matrix metallopeptidase 9 (gelatinase B, 92kDa gelatinase, 92kDa type
IV collagenase)

GI 22095338-S PGK1

phosphoglycerate kinase 1

GI _31543396-S PGK2

phosphoglycerate kinase 2

GI 4505862-S PLAU

plasminogen activator, urokinase

GI 26024330-S TPI1

triosephosphate isomerase 1

Macromolecule Catabolism

GI _16507966-S ENO2

enolase 2 (gamma, neuronal)

GI _16507965-S ENOI

enolase 1, (alpha)

GI_22095338-S PGK1

phosphoglycerate kinase 1

GI 31543396-S PGK2

phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI1

triosephosphate isomerase 1

Main Pathways of Carbohydrate Metabolism

GI _16507966-S ENO2

enolase 2 (gamma, neuronal)




interleukin 1, alpha Gl 22547151-S CCL26 chemokine (C-C maotif) ligand 26 GI 4506852-S XCL1
chemokine (C motif) ligand 1 Response to Stress Gl 27894305-S IL1B interleukin 1, beta Gl
4505862-S PLAU plasminogen activator, urokinase Gl 27894329-S ILIA interleukin 1, alpha
Response to Wounding GI 27894305-S IL1B interleukin 1, beta Gl 4505862-S PLAU plasminogen

activator, urokinase Gl 27894329-S ILIA interleukin 4} alpha Secretion Gl 22538815-S CCL8

chemokine (C-C motif) ligand 8 Gl 22538813-S CCL5 chemokine (C-C maotif) ligand 5 Secretory

Pathway G
motif) ligan
(osteoblast

225388165 §chi8 chel

nagkine 1 (Gighayotif) ligand 8 GI 22538813-S CCL5 chemo

kine (C-C

05 SkeletalDexelopme

Mh6sbidER6266RAsCDH11 cadherin 11, type 2, OB-cadhe

rin

Gl $802813-AcRMP1 B

MR sbhgnemexphagenetic protein 1 GI 4507170-S SPAR

Cc

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI1

triosephosphate isomerase 1

Monosaccharide Catabolism

GI_16507966-S ENO2

enolase 2 (gamma, neuronal)

GI _16507965-S ENOI

enolase 1, (alpha)

GI 22095338-S PGK1

phosphoglycerate kinase 1

GI 31543396-S PGK2

phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI1

triosephosphate isomerase 1

Monosaccharide Metabolism

GI _16507966-S ENO2

enolase 2 (gamma, neuronal)

GI _16507965-S ENOI

enolase 1, (alpha)

GI_22095338-S PGK1

phosphoglycerate kinase 1

GI 31543396-S PGK2

phosphoglycerate kinase 2

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI1

triosephosphate isomerase 1

Organ Development

GI 27262662-A CSF1

colony stimulating factor 1 (macrophage)

GI 27262662-A CDH11

cadherin 11, type 2, OB-cadherin (osteoblast)

GI 4580419-A KITLG

KIT ligand

GI 5902810-A BMP1

bone morphogenetic protein 1

GI 11321596-S KDR

kinase insert domain receptor (a type III receptor tyrosine kinase)

GI _30172563-S VEGF

vascular endothelial growth factor

GI _28610153-SIL8

interleukin 8

GI _4507170-S SPARC

secreted protein, acidic, cysteine-rich (osteonectin)

GI 42716312-S ANG

angiogenin, ribonuclease, RNase A family, 5

GI 24430216-S IL10

interleukin 10

GI _10337586-S FGF6

fibroblast growth factor 6

Organ Morphogenesis

GI 11321596-S KDR

kinase insert domain receptor (a type III receptor tyrosine kinase)

GI _30172563-S VEGF

vascular endothelial growth factor

GI _28610153-SIL8

interleukin 8

GI 42716312-S ANG

angiogenin, ribonuclease, RNase A family, 5

GI _10337586-S FGF6

fibroblast growth factor 6

Ossification

GI 27262662-A CDH11

cadherin 11, type 2, OB-cadherin (osteoblast)

GI 5902810-A BMP1

bone morphogenetic protein 1

GI _4507170-S SPARC

secreted protein, acidic, cysteine-rich (osteonectin)

Phosphate Metabolism

GI 22095338-S PGK1

phosphoglycerate kinase 1

GI 31543396-S PGK2

phosphoglycerate kinase 2




secreted protein, acidic, cysteinech (osteonectin) Taxis Gl 27262654-A 1L16 interleukin 16
(lymphocyte chemoattractant factor) Gl 22538807-A CCL23 chemokine (C-C motif) ligand 23 Gl
34335180-A CCL15 chemokine (C-C motif) ligand 15 GI 403169224 CXCL12 chemokine (C-X-C maotif)
ligand 12 (stromal cell-derived factor 1) 35 Gl 41872613-S CXCL5 chemokine (C-X-C motif) ligand 5
Gl 22538812-S CCL2 chemokine (C-C motif) ligand3 Gl 4504098-S CXCR3 chemokine (C-X-C motif)
receptor 3 Gl 22538399-S CCL11 chemokine (C-C maoitif) ligand 11 Gl 5453576-S CXCL13 chemokine
(C-X-C motif) ligand 13 (B-cell chemoattractant) Gl 22538815-S CCL8 chemokine (C-C motif) ligand 8

Gl 3422228
motif) ligan
16 Gl 1479
(C-C motif)

P roRB Meysiging-rich, angiogenic inducer, 61 Gl 4506832-S CCL1 chemoking

(C-C

0 d1 G10286R01&E3KS IL8 |

npaskpukin Brixd 12638800-S CCL16 chemokine (C-C motif

ligand

DGA31HEXCE fidkchemo

kinespEoyGrimatifykigand 11 Gl 22165426-S CCL24 chem

okine

ligand 24 GI 22538813-

S CCL5 chemokine (C-C motif) ligand 5 Gl 13435401-S CCL7

Response to Abiotic Stimulu

S

GI 27262654-A 1L16

interleukin 16 (lymphocyte chemoattractant factor)

GI_22538807-A CCL23

chemokine (C-C motif) ligand 23

GI 34335180-A CCL15

chemokine (C-C motif) ligand 15

GI 40316922-1 CXCL12

chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)

GI 41872613-S CXCL5

chemokine (C-X-C motif) ligand 5

GI 22538812-S CCL2

chemokine (C-C motif) ligand 2

GI_4504098-S CXCR3

chemokine (C-X-C motif) receptor 3

GI 22538399-S CCL11

chemokine (C-C motif) ligand 11

GI _5453576-S CXCL13

chemokine (C-X-C motif) ligand 13 (B-cell chemoattractant)

GI 22538815-S CCL8

chemokine (C-C motif) ligand 8

GI 34222286-S CYRG61

cysteine-rich, angiogenic inducer, 61

GI_4506832-S CCL1

chemokine (C-C motif) ligand 1

GI _28610153-SIL8

interleukin 8

GI_22538800-S CCL16

chemokine (C-C motif) ligand 16

GI 14790145-S CXCL11

chemokine (C-X-C motif) ligand 11

GI 22165426-S CCL24

chemokine (C-C motif) ligand 24

GI_22538813-S CCL5

chemokine (C-C motif) ligand 5

GI 13435401-S CCL7

chemokine (C-C motif) ligand 7

GI 4505862-S PLAU

plasminogen activator, urokinase

GI 4504152-S CXCL1

chemokine (C-X-C motif) ligand 1 (melanoma growth stimulating
activity, alpha)

GI 27894329-SIL1A

interleukin 1, alpha

GI 22547151-S CCL26

chemokine (C-C motif) ligand 26

GI 4506852-S XCL1

chemokine (C motif) ligand 1

Response to Biotic Stimulus

GI 27894305-S IL1B

interleukin 1, beta

GI 27894329-SIL1A

interleukin 1, alpha

Response to Chemical Stimulus

GI 27262654-A 1L16

interleukin 16 (lymphocyte chemoattractant factor)

GI _22538807-A CCL23

chemokine (C-C motif) ligand 23

GI_34335180-A CCL15

chemokine (C-C motif) ligand 15

GI 40316922-1 CXCL12

chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)

GI 41872613-S CXCLS5

chemokine (C-X-C motif) ligand 5

GI 22538812-S CCL2

chemokine (C-C motif) ligand 2

GI_4504098-S CXCR3

chemokine (C-X-C motif) receptor 3

GI_22538399-S CCL11

chemokine (C-C motif) ligand 11

GI _5453576-S CXCL13

chemokine (C-X-C motif) ligand 13 (B-cell chemoattractant)

GI 22538815-S CCL8

chemokine (C-C motif) ligand 8

GI 34222286-S CYRG61

cysteine-rich, angiogenic inducer, 61

GI _4506832-S CCL1

chemokine (C-C motif) ligand 1

GI_28610153-SIL8

interleukin 8

GI_22538800-S CCL16

chemokine (C-C motif) ligand 16




chemokine (C-C maoitif) ligand 7 Gl 4505862-S PLAU plasminogen activator, urokinase Gl 4504152-S
CXCL1 chemok ne (C-X-C motif) 1 gand 1 (melanoma growth stimulating activity, alpha) Gl
27894329-S ILIA interleukin 1, alpha Gl 22547151-S CCL26 chemokine (C-C maotif) ligand 26 Gl
4506852-S XCL1 chemokine (C motif) ligand 1 Tissue Development Gl 27262662-A CDH11 cadherin
11, type 2, OB-cadherin (osteoblast) Gl 5902810-A BMP1 BMP1 bone morphogenetic protein 1 Gl
4507170-S SPARC secreted protein, acidic, cysteinech (osteonectin) Vasulogenesis Gl 30172563-S

VEGFI vas¢
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‘chemokine (C-C motif) ligand 26

GI 4506852-S XCL1

chemokine (C motif) ligand 1

Response to External Biotic

Stimulus

GI 27894305-S IL1B

interleukin 1, beta

GI 27894329-SIL1A

interleukin 1, alpha

Response to External Stimulus

GI 27262654-A 1L16

interleukin 16 (lymphocyte chemoattractant factor)

GI _22538807-A CCL23

chemokine (C-C motif) ligand 23

GI 34335180-A CCL15

chemokine (C-C motif) ligand 15

GI 40316922-1 CXCL12

chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)

GI 41872613-S CXCL5

chemokine (C-X-C motif) ligand 5

GI 22538812-S CCL2

chemokine (C-C motif) ligand 2

GI_4504098-S CXCR3

chemokine (C-X-C motif) receptor 3

GI _22538399-S CCL11

chemokine (C-C motif) ligand 11

GI_5453576-S CXCL13

chemokine (C-X-C motif) ligand 13 (B-cell chemoattractant)

GI 22538815-S CCL8

chemokine (C-C motif) ligand 8

GI 34222286-S CYRG61

cysteine-rich, angiogenic inducer, 61

GI _4506832-S CCL1

chemokine (C-C motif) ligand 1

GI _28610153-SIL8

interleukin 8

GI_22538800-S CCL16

chemokine (C-C motif) ligand 16

GI 14790145-S CXCL11

chemokine (C-X-C motif) ligand 11

GI 22165426-S CCL24

chemokine (C-C motif) ligand 24

GI 22538813-S CCL5

chemokine (C-C motif) ligand 5

GI 27894305-S IL1B

interleukin 1, beta

GI_13435401-S CCL7

chemokine (C-C motif) ligand 7

GI 4505862-S PLAU

plasminogen activator, urokinase

GI 4504152-S CXCL1

chemokine (C-X-C motif) ligand 1 (melanoma growth stimulating
activity, alpha)

GI 27894329-SIL1A

interleukin 1, alpha

GI 22547151-S CCL26

chemokine (C-C motif) ligand 26

GI 4506852-S XCL1

chemokine (C motif) ligand 1

Response to Pest, Pathogen or Parasite

GI 27894305-S IL1B

interleukin 1, beta

GI 27894329-SIL1A

interleukin 1, alpha

Response to Stimulus

GI 27262654-A 1L16

interleukin 16 (lymphocyte chemoattractant factor)

GI _22538807-A CCL23

chemokine (C-C motif) ligand 23

GI 34335180-A CCL15

chemokine (C-C motif) ligand 15

GI 40316922-1 CXCL12

chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)




36 Accordingly, the particle may be employed to affect, control or regulate any of these 30
pathways. Antigen processing and presentation - Homo sapiens (human) Gl 22538429-A CTSB
catheps n B Gl 37704380-S B2M beta-2-microglobulin GI 24234685-A HSPAS8 heat shock 70kDa
protein 8 Gl 30581139-A PSME1 proteasome (prosome, macropain) activator subunit 1 (PA28 alpha)
Apoptosis - Homo sapiens (human) GI 41281560-S44LSTN1 calsynten n 1 Gl 28416914-S IL3
interleukin 3 (colony-stimulatingfactor, multiple) GI 27894329-S ILIA interleukin 1, alpha Gl

27894305-
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Homo sapié

2108_(amand GIA743694

1 4hAnk AN Alarinm®iO ligand 13 (B-cell chemoattractant)

GI 22538815-S CCL8

chemokine (C-C motif) ligand 8

GI 34222286-S CYR61

cysteine-rich, angiogenic inducer, 61

GI_4506832-S CCL1

chemokine (C-C motif) ligand 1

GI _28610153-SIL8

interleukin 8

GI_22538800-S CCL16

chemokine (C-C motif) ligand 16

GI 14790145-S CXCL11

chemokine (C-X-C motif) ligand 11

GI 22165426-S CCL24

chemokine (C-C motif) ligand 24

GI 22538813-S CCL5

chemokine (C-C motif) ligand 5

GI 27894305-S IL1B

interleukin 1, beta

GI 13435401-S CCL7

chemokine (C-C motif) ligand 7

GI 4505862-S PLAU

plasminogen activator, urokinase

GI 4504152-S CXCL1

chemokine (C-X-C motif) ligand 1 (melanoma growth stimulating
activity, alpha)

GI 27894329-SIL1A

interleukin 1, alpha

GI 22547151-S CCL26

chemokine (C-C motif) ligand 26

GI 4506852-S XCL1

chemokine (C motif) ligand 1

Response to Stress

GI 27894305-S IL1B

interleukin 1, beta

GI 4505862-S PLAU

plasminogen activator, urokinase

GI 27894329-SIL1A

interleukin 1, alpha

Response to Wounding

GI 27894305-S IL1B

interleukin 1, beta

GI 4505862-S PLAU

plasminogen activator, urokinase

GI 27894329-SIL1A

interleukin 1, alpha

Secretion

GI 22538815-S CCL8

chemokine (C-C motif) ligand 8

GI_22538813-S CCL5

chemokine (C-C motif) ligand 5

Secretory Pathway

GI 22538815-S CCL8

chemokine (C-C motif) ligand 8

GI 22538813-S CCL5

chemokine (C-C motif) ligand 5

Skeletal Development

GI 27262662-A CDH11

cadherin 11, type 2, OB-cadherin (osteoblast)

GI 5902810-A BMP1
BMP1

bone morphogenetic protein 1

GI _4507170-S SPARC

secreted protein, acidic, cysteine-rich (osteonectin)

Taxis

GI 27262654-A 1L16

interleukin 16 (lymphocyte chemoattractant factor)

GI _22538807-A CCL23

chemokine (C-C motif) ligand 23

GI 34335180-A CCL15

chemokine (C-C motif) ligand 15

GI 40316922-1 CXCL12

chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)




Gl 5016088-S ACTBactin, beta Gl 10938011-S ACTCactin, alpha, cardiac muscle Gl 11038618-S
ACTGlactin, gamma 1 Gl 14719826-S COL1Alcollagen, type I, alpha 1 Gl 21536289-S
COL1A2collagen, type I, alpha 2 GI 15149480-S COL3Alcollagen, type lll, alpha 1 (Ehlers-Danlos
syndrome type IV, autosomal dominant) Gl 45580690-S COL4A1lcollagen, type 1V, alpha 1 Gl
17986276-S COL4AZ2collagen, type 1V, alpha 2 Gl 16554578-S COL5A1collagen, type V, alpha 1 Gl
16554580-S COL5AZ2collagen, type V, alpha 2 GI 15011912-S COL6Alcollagen, type VI, alpha 1 Gl
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[eraction -

GI_ 22538800-S CCL16

chemokine (C-C motif) l1gand 16

GI 14790145-S CXCL11

chemokine (C-X-C motif) ligand 11

GI 22165426-S CCL24

chemokine (C-C motif) ligand 24

GI 22538813-S CCL5

chemokine (C-C motif) ligand 5

GI 13435401-S CCL7

chemokine (C-C motif) ligand 7

GI 4505862-S PLAU

plasminogen activator, urokinase

GI 4504152-S CXCLI1

chemokine (C-X-C motif) ligand 1 (melanoma growth stimulating
activity, alpha)

GI 27894329-SIL1A

interleukin 1, alpha

GI 22547151-S CCL26

chemokine (C-C motif) ligand 26

GI 4506852-S XCL1

chemokine (C motif) ligand 1

Thermoregulation

GI 27894305-S IL1B

interleukin 1, beta

GI 27894329-SIL1A

interleukin 1, alpha

Tissue Development

GI 27262662-A CDH11

cadherin 11, type 2, OB-cadherin (osteoblast)

GI 5902810-A BMP1
BMP1

bone morphogenetic protein 1

GI _4507170-S SPARC

secreted protein, acidic, cysteine-rich (osteonectin)

Vasulogenesis

GI _30172563-S VEGF

vascular endothelial growth factor

Vasculature Development

GI 11321596-S KDR

kinase insert domain receptor (a type III receptor tyrosine kinase)

GI_30172563-S VEGF

vascular endothelial growth factor

GI _28610153-SIL8

interleukin 8

GI 42716312-S ANG

angiogenin, ribonuclease, RNase A family, 5

GI _10337586-S FGF6

fibroblast growth factor 6

Table D3. Listing of 201 Genes in each of the 58 Biological Processes (Genes of
Mesenchymal Stem Cell Conditioned Medium (MSC-CM))

201 Genes in 30 Pathways

The particle may additionally, or alternatively, comprise any of the gene products

of the 201 genes listed bel

ow in Table D4. These genes are characterised according to a

pathway the gene is involved in.



Gl 22538399-S CCL11 chemokine (C-C motif) ligand 11 GI 34335180-A CCL15 chemokine (C-C
motif) ligand 15 GI 22538800-S CCL16 chemokine (C-C moitif) ligand 16 Gl 22538812-S CCL2
chemokine (C-C motif) ligand 2 GI 22538807-A CCL23 chemokine (C-C maotif) ligand 23 Gl
22165426-S CCL24 chemokine (C-C motif) ligand 24 Gl 22547151-S CCL26 chemokine (C-C motif)
ligand 26 GI 22538813-S CCL5 chemokine (C-C mafy) ligand 5 Gl 13435401-S CCL7 chemokine (C-C
motif) ligand 7 Gl 22538815-S CCL8 chemokine (C-C motif) ligand 8 Gl 27262662-A CSF1 colony
stimulating factor IAGBGHABRATR) kAN 3TA20: S R EUONYCSHBMANG RGN any of
(granulocyte-macrophage) Gl 27437048-A CSF3 colony stimulating factor 3 (granulocyte) Gl
4506856-S B3P PEHERBkine (C-X3-C motif) ligand 1 GI 4504152-S CXCL1 chemokine (C-X-C
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Apoptosis - Homo sapiens (human)

GI 41281560-S CLSTNI1

calsyntenin 1

GI 28416914-S1L3

interleukin 3 (colony-stimulating factor, multiple)

GI 27894329-SIL1A

interleukin 1, alpha

GI 27894305-S IL1B

interleukin 1, beta

GI 25952110-S TNF

tumor necrosis factor (TNF superfamily, member 2)

Carbon fixation - Homo sapiens

(human)

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

GI 26024330-S TPI1

triosephosphate isomerase 1

GI 22095338-S PGK1

phosphoglycerate kinase 1

GI _31543396-S PGK2

phosphoglycerate kinase 2

Cell Communication - Homo sa

iens (human)

GI 27436944-A LMNA

lamin A/C

GI _5016088-S ACTB

actin, beta

GI _10938011-S ACTC

actin, alpha, cardiac muscle

GI _11038618-S ACTGI

actin, gamma 1

GI 14719826-S COL1Al

collagen, type I, alpha 1

GI 21536289-S COL1A2

collagen, type I, alpha 2

GI_15149480-S COL3A1

collagen, type III, alpha 1 (Ehlers-Danlos syndrome type IV, autosomal
dominant)

GI_45580690-S COL4A1

collagen, type IV, alpha 1

GI 17986276-S COL4A2

collagen, type IV, alpha 2

GI _16554578-S COL5A1

collagen, type V, alpha 1

GI_16554580-S COL5A2

collagen, type V, alpha 2

GI 15011912-S COL6AL1

collagen, type VI, alpha 1

GI 17402876-A COL6A2

collagen, type VI, alpha 2

GI 17149810-A COL6A3

collagen, type VI, alpha 3

GI 18375521-A COL11A1

collagen, type XI, alpha 1

GI 16933543-A FNI1

fibronectin 1

GI 9845497-S LAMCI

laminin, gamma 1 (formerly LAMB?2)

GI_16554581-S COL5A3

collagen, type V, alpha 3

GI 40317625-S THBSI1

thrombospondin 1

Citrate cycle (TCA cycle) - Homo sapiens (human)

GI 4504374-S CFH1/HF1

complement factor H

GI 21735620-S MDH2

malate dehydrogenase 2, NAD (mitochondrial)

Complement and coagulation cascades - Homo sapiens (human)

GI 4505862-S PLAU

plasminogen activator, urokinase

GI 4504374-S CFH1/HF1

complement factor H

GI 31542249-S C1R

complement component 1, r subcomponent

Cytokine-cytokine receptor interaction - Homo sapiens (human)

GI _4506832-S CCL1 I

chemokine (C-C motif) ligand 1




Gl 6031163-S EGF epidermal growth factor (beta-urogastrone) Gl 38455415-S FLT3LG fms-related
tyrosine kinase 3 1 gand Gl 33859834-S HGF hepatocyte growth factor (hepapoietin A; scatter factor)
Gl 10835170-S IFNG interferon, gamma Gl 24430216-S IL10 interleukin 10 GI 24497437-S IL12B
interleukin 12B (natural killer cell stimulatory factor 2, cytotoxic lymphocyte maturation factor 2, p40) Gl
26787977-S IL13 interleukin 13 Gl 27894329-S ILIAyinterleukin 1, alpha GI 27894305-S IL1B
interleukin 1, beta GI 28178860-S IL2 interleukin 2 GI 28416914-S IL3 interleukin 3

(colony-stimulatingdactsrconuitiple) Gl Q834983 S L&ifntesiaukin 6 (interferon, beta 2) GI 28610152-S
IL7 interleukin 35 B861L00LEG-S IL8 inteshsukkin (8-Gmbil3235965S KDR kinase insert domain receptor
(a type |1l r€cepiostabsiaekinase) GM@SM(AQ@WEI@W ligand GI 4557714-S LEP lep n (obesity
homolog, SN BE04048-S LIF ﬁﬁ&@ﬁ&l&i@t&l‘éﬁ&% N Gl
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GI 22538813-S CCL5

chemokine (C-C motif) ligand 5

GI 13435401-S CCL7

chemokine (C-C motif) ligand 7

GI 22538815-S CCL8

chemokine (C-C motif) ligand 8

GI 27262662-A CSF1

colony stimulating factor 1 (macrophage)

GI_27437029-S CSF2

colony stimulating factor 2 (granulocyte-macrophage)

GI 27437048-A CSF3

colony stimulating factor 3 (granulocyte)

GI_4506856-S CX3CL1

chemokine (C-X3-C motif) ligand 1

GI 4504152-S CXCL1

chemokine (C-X-C motif) ligand 1 (melanoma growth stimulating
activity, alpha)

GI 14790145-S CXCL11

chemokine (C-X-C motif) ligand 11

GI 40316922-1 CXCL12

chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)

GI _5453576-S CXCL13

chemokine (C-X-C motif) ligand 13 (B-cell chemoattractant)

GI 41872613-S CXCL5

chemokine (C-X-C motif) ligand 5

GI_4504098-S CXCR3

chemokine (C-X-C motif) receptor 3

GI _6031163-S EGF

epidermal growth factor (beta-urogastrone)

GI 38455415-SFLT3LG

fms-related tyrosine kinase 3 ligand

GI 33859834-S HGF

hepatocyte growth factor (hepapoietin A; scatter factor)

GI_10835170-S IFNG

interferon, gamma

GI 24430216-S IL10

interleukin 10

GI 24497437-S IL12B

interleukin 12B (natural killer cell stimulatory factor 2, cytotoxic
lymphocyte maturation factor 2, p40)

GI _26787977-S IL13

interleukin 13

GI 27894329-SIL1A

interleukin 1, alpha

GI 27894305-S IL1B

interleukin 1, beta

GI 28178860-S IL2

interleukin 2

GI 28416914-S1L3

interleukin 3 (colony-stimulating factor, multiple)

GI_10834983-S IL6

interleukin 6 (interferon, beta 2)

GI 28610152-SIL7

interleukin 7

GI _28610153-SIL8

interleukin 8

GI 11321596-S KDR

kinase insert domain receptor (a type III receptor tyrosine kinase)

GI 4580419-A KITLG

KIT ligand

GI 4557714-S LEP

leptin (obesity homolog, mouse)

GI_6006018-S LIF

leukemia inhibitory factor (cholinergic differentiation factor)

GI_15451785-A PDGFB

platelet-derived growth factor beta polypeptide (simian sarcoma viral (v-
sis) oncogene homolog)

GI 15451788-S PDGFRB

platelet-derived growth factor receptor, beta polypeptide

GI 10863872-S TGFBI1

transforming growth factor, beta 1 (Camurati-Engelmann disease)

GI 4507462-S TGFB2

transforming growth factor, beta 2

GI_40805871-S THPO

thrombopoietin (myeloproliferative leukemia virus oncogene ligand,
megakaryocyte growth and development factor)

GI 4507508-S TIMP1

TIMP metallopeptidase inhibitor 1

GI 25952110-S TNF

tumor necrosis factor (TNF superfamily, member 2)

GI 22547122-S TNFRSF11B

tumor necrosis factor receptor superfamily, member 11b
(osteoprotegerin)

GI _30172563-S VEGF

vascular endothelial growth factor

GI 4506852-S XCL1

chemokine (C motif) ligand 1

ECM-receptor interaction - Homo sapiens (human)

GI 9845497-S LAMCI

I laminin, gamma 1 (formerly LAMB?2)




Gl 10863872-S TGFB1 transforming

growth factor, beta 1 (Camurati-Engelmann disease) Gl

4507462-S TGFB2 transforming growth factor, beta 2 GI 40805871-S THPO thrombopoietin

(myeloproliferative leukemia virus on

cogene ligand, megakaryocyte growth and development factor)

Gl 4507508-S TIMP1 TIMP metallopept dase inhibitor 1 Gl 25952110-S TNF tumor necrosis factor
(TNF superfamily, member 2) Gl 22547122-S TNFR§F11B tumor necrosis factor receptor superfamily,

member 1 Ib (osteoprotegerin) Gl 30

172563-S VEGF vascular endothelial growth factor GI 4506852-S

XCL1 cheimgking (@2aetipiigand 1

Mctecepionipieraction - Homo sapiens (human) GI 9845497-S
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GI 15011912-S COL6AL1

collagen, type VI, alpha 1

GI 17402876-A COL6A2

collagen, type VI, alpha 2

GI 17149810-A COL6A3

collagen, type VI, alpha 3

GI 18375521-A COL11A1

collagen, type XI, alpha 1

GI_16554581-S COL5A3

collagen, type V, alpha 3

GI 16933543-A FNI1

fibronectin 1

GI 40317625-S THBSI1

thrombospondin 1

GI 7427516-S HSPG2

heparan sulfate proteoglycan 2 (perlecan)

GI 21361192-S CD44

CD44 antigen (homing function and Indian blood group system)

Epithelial cell signaling in Helicobacter pylori infection - Homo sapiens (human)

GI 22538813-S CCL5

chemokine (C-C motif) ligand 5

GI 4504152-S CXCL1

chemokine (C-X-C motif) ligand 1 (melanoma growth stimulating
activity, alpha)

GI _28610153-SIL8

interleukin 8

Fc epsilon RI signaling pathway - Homo sapiens (human)

GI 25952110-S TNF

tumor necrosis factor (TNF superfamily, member 2)

GI _26787977-S IL13

interleukin 13

GI_27437029-S CSF2

colony stimulating factor 2 (granulocyte-macrophage)

GI 41281560-S CLSTNI1

calsyntenin 1

GI 28416914-S1L3

interleukin 3 (colony-stimulating factor, multiple)

Focal adhesion - Homo sapiens

(human)

GI _5016088-S ACTB

actin, beta

GI _10938011-S ACTC

actin, alpha, cardiac muscle

GI _11038618-S ACTGI

actin, gamma 1

GI 41281560-S CLSTNI1

calsyntenin 1

GI 18375521-A COL11A1

collagen, type XI, alpha 1

GI 14719826-S COL1Al

collagen, type I, alpha 1

GI 21536289-S COL1A2

collagen, type I, alpha 2

GI_15149480-S COL3A1

collagen, type III, alpha 1 (Ehlers-Danlos syndrome type IV, autosomal
dominant)

GI_45580690-S COL4A1

collagen, type IV, alpha 1

GI 17986276-S COL4A2

collagen, type IV, alpha 2

GI _16554578-S COL5A1

collagen, type V, alpha 1

GI_16554580-S COL5A2

collagen, type V, alpha 2

GI_16554581-S COL5A3

collagen, type V, alpha 3

GI 15011912-S COL6AL1

collagen, type VI, alpha 1

GI 17402876-A COL6A2

collagen, type VI, alpha 2

GI 17149810-A COL6A3

collagen, type VI, alpha 3

GI _6031163-S EGF

epidermal growth factor (beta-urogastrone)

GI 4503744-S FLNA

filamin A, alpha (actin binding protein 280)

GI 16933543-A FNI1

fibronectin 1

GI 33859834-S HGF

hepatocyte growth factor (hepapoietin A; scatter factor)

GI 19923111-S IGF1

insulin-like growth factor 1 (somatomedin C)

GI_10834983-S IL6

interleukin 6 (interferon, beta 2)




Gl 17149810-A COLG6A3 collagen, type VI, alpha 3 Gl 18375521-A COL11A1 collagen, type XI, alpha
1 Gl 16554581-S COL5A3 collagen, type V, alpha 3 Gl 16933543-A FNL1 fibronect n 1 GI 40317625-S
THBS1 thrombospondin 1 Gl 7427516-S HSPG2 heparan sulfate proteoglycan 2 (perlecan) Gl
21361192-S CD44 CD44 antigen (homing thnction and Indian blood group system) Epithelial cell
signaling in Helicobacter pylori infection - Homo sapigns (human) Gl 22538813-S CCL5 chemokine
(C-C maoitif) ligand 5 GI 4504152-S CXCL1 chemokine (C-X-C motiO1 gand 1 (melanoma growth
stimulating actiMity; S8ipb&)DRI 28610 153n&d LB iniereukiteforCrapsiloafBlsighRalngpathway - Homo
sapiens (huaarsy B 25932410-S TNF Iturinor, gecresiddacioy (AMB2superfamily, member 2) GI
267879771SILIF3 MEHeBRIAFE3 Gl 2748R0298v&ISPY bdiotay bstimelativie fadtapmsarcoma viral (v-

(granulocyte-pacrophage) & 412815808 Qﬁe!"i\??ﬁ’l%\mmn n1 G} 28416914-S L3 interleukin 3
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GI 30172563-S VEGF vascular endothelial growth factor

Gap junction - Homo sapiens (human)

GI 5174476-S K-ALPHA-1 tubulin, alpha, ubiquitous

GI 17986282-S TUBA3 tubulin, alpha 3

GI 31880337-S TUBA6 tubulin, alpha 6

GI 15451788-S PDGFRB platelet-derived growth factor receptor, beta polypeptide

GI 6031163-S EGF epidermal growth factor (beta-urogastrone)

GI_15451785-A PDGFB platelet-derived growth factor beta polypeptide (simian sarcoma viral (v-

sis) oncogene homolog)

Glycolysis or Gluconeogenesis - Homo sapiens (human)

GI 16507965-S ENOI enolase 1, (alpha)

GI 16507966-S ENO2 enolase 2 (gamma, neuronal)

GI 26024330-S TPII triosephosphate isomerase 1

GI 22095338-S PGK1 phosphoglycerate kinase 1

GI 31543396-S PGK2 phosphoglycerate kinase 2

Hematopoietic cell lineage - Homo sapiens (human)

GI 21361192-S CD44 CD44 antigen (homing function and Indian blood group system)

GI 4503744-S FLNA filamin A, alpha (actin binding protein 280)

GI_40805871-S THPO thrombopoietin (myeloproliferative leukemia virus oncogene ligand,
megakaryocyte growth and development factor)

GI 4507508-S TIMP1 TIMP metallopeptidase inhibitor 1

GI 25952110-S TNF tumor necrosis factor (TNF superfamily, member 2)

GI 27262662-A CSF1 colony stimulating factor 1 (macrophage)

GI 27437048-A CSF3 colony stimulating factor 3 (granulocyte)

GI 38455415-S FLT3LG fms-related tyrosine kinase 3 ligand

GI 10834983-S IL6 interleukin 6 (interferon, beta 2)

GI 27437029-S CSF2 colony stimulating factor 2 (granulocyte-macrophage)

GI 27894329-SIL1A interleukin 1, alpha

GI 27894305-SIL1B interleukin 1, beta

GI 28416914-S1L3 interleukin 3 (colony-stimulating factor, multiple)

GI 28610152-S IL7 interleukin 7

GI 4580419-A KITLG KIT ligand

Inositol metabolism - Homo sapiens (human)
GI 26024330-S TPII triosephosphate isomerase 1

Insulin signaling pathway -
Homo sapiens (human)

GI 31377794-S CALM1 calmodulin 1 (phosphorylase kinase, delta)
GI 41281560-S CLSTN1 calsyntenin 1

Jak-STAT signaling pathway - Homo sapiens (human)

GI 41281560-S CLSTN1 calsyntenin 1
GI 27437029-S CSF2 colony stimulating factor 2 (granulocyte-macrophage)
GI 27437048-A CSF3 colony stimulating factor 3 (granulocyte)

GI 10835170-S IFNG interferon, gamma




Gl 5016088-S ACTB actin, beta Gl 10938011-S ACTC actin, alpha, cardiac muscle Gl 11038618-S
ACTGL1 actin, gamma 1 Gl 41281560-S CLSTN1 calsynten n 1 Gl 18375521-A COL11A1 collagen,
type Xl, alpha 1 GI 14719826-S COL1A1 collagen, type |, alpha 1 Gl 21536289-S COL1A2 collagen,
type I, alpha 2 GI 15149480-S COL3AL collagen, type lll, alpha 1 (Ehlers-Danlos syndrome type 1V,
autosomal dominant) GI 45580690-S COL4AL1 collaggn, type 1V, alpha 1 GI 17986276-S COL4A2
collagen, type IV, alpha 2 Gl 16554578-S COL5AL1 collagen, type V, alpha 1 GI 16554580-S COL5A2
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GI_10834983-S IL6

interleukin 6 (interferon, beta 2)

GI 28610152-SIL7

interleukin 7

GI 4557714-S LEP

leptin (obesity homolog, mouse)

GI_6006018-S LIF

leukemia inhibitory factor (cholinergic differentiation factor)

GI_40805871-S THPO

thrombopoietin (myeloproliferative leukemia virus oncogene ligand,
megakaryocyte growth and development factor)

GI 4507508-S TIMP1

TIMP metallopeptidase inhibitor 1

Leukocyte transendothelial mig

ration - Homo sapiens (human)

GI_4826835-S MMP9

matrix metallopeptidase 9 (gelatinase B, 92kDa gelatinase, 92kDa type
IV collagenase)

GI _5453576-S CXCL13

chemokine (C-X-C motif) ligand 13 (B-cell chemoattractant)

GI _28610153-SIL8

interleukin 8

GI 40316922-1 CXCL12

chemokine (C-X-C motif) ligand 12 (stromal cell-derived factor 1)

GI 41281560-S CLSTNI1

calsyntenin 1

GI _5016088-S ACTB

actin, beta

GI _10938011-S ACTC

actin, alpha, cardiac muscle

GI _11038618-S ACTGI

actin, gamma 1

MAPK signaling pathway -

Homo sapiens (human)

GI 34106709-A BDNF

brain-derived neurotrophic factor

GI _6031163-S EGF

epidermal growth factor (beta-urogastrone)

GI_4503692-S FGF17

fibroblast growth factor 17

GI_4503700-S FGF4

fibroblast growth factor 4 (heparin secretory transforming protein 1,
Kaposi sarcoma oncogene)

GI _10337586-S FGF6

fibroblast growth factor 6

GI 15147344-S FGF7

fibroblast growth factor 7 (keratinocyte growth factor)

GI_4503706-S FGF9

fibroblast growth factor 9 (glia-activating factor)

GI 13186266-A FGFR2

fibroblast growth factor receptor 2 (bacteria-expressed kinase,
keratinocyte growth factor receptor, craniofacial dysostosis 1, Crouzon
syndrome, Pfeiffer syndrome, Jackson-Weiss syndrome)

GI 4503744-S FLNA

filamin A, alpha (actin binding protein 280)

GI 40549401-A GDNF

glial cell derived neurotrophic factor

GI 24234685-A HSPAS

heat shock 70kDa protein 8§

GI 27894329-SIL1A

interleukin 1, alpha

GI 27894305-S IL1B

interleukin 1, beta

GI_15451785-A PDGFB

platelet-derived growth factor beta polypeptide (simian sarcoma viral (v-
sis) oncogene homolog)

GI 15451788-S PDGFRB

platelet-derived growth factor receptor, beta polypeptide

GI 10863872-S TGFBI1

transforming growth factor, beta 1 (Camurati-Engelmann disease)

GI 4507462-S TGFB2

transforming growth factor, beta 2

GI 25952110-S TNF

tumor necrosis factor (TNF superfamily, member 2)

Methane metabolism - Homo sapiens (human)

GI_40805871-S THPO

thrombopoietin (myeloproliferative leukemia virus oncogene ligand,
megakaryocyte growth and development factor)

GI 32455261-A PRDXS

peroxiredoxin 5

mTOR signaling pathway -

Homo sapiens (human)

L6A1
OL6AS

Gl



Gl 19923111-S IGF1 insulin-like growth factor 1 (somatomed n C) Gl 10834983-S IL6 interleukin 6
(interferon, beta 2) 39 Gl 11321596-S KDR kinase insert domain receptor (a type Ill receptor tyrosine
kinase) Gl 9845497-S LAMC1 laminin, gamma 1 (formerly LAMB2) Gl 15451785-A PDGFB
platelet-derived growth factor beta polypep de (simian sarcoma viral (vsis) oncogene homolog) Gl
15451788-S PDGFRB platelet-derived growth factoyeceptor, beta polypeptide Gl 40317625-S
THBS1 thrombospondin 1 Gl 30172563-S VEGF vascular endothelial growth factor Gap junction -

Homo sapjams3hurssng GG 74476-5vkohhPRAk tdinn alphba, ubiquitous GI 17986282-S TUBAS3
tubulin, alph@ 313413d88083TNS TUBAGkybutliin, lalpha 6 Gl 15451788-S PDGFRB platelet-derived
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Phenylalanine metabolism - Homo sapiens (human)

GI 4505184-S MIF

macrophage migration inhibitory factor (glycosylation-inhibiting factor)

GI_40805871-S THPO

thrombopoietin (myeloproliferative leukemia virus oncogene ligand,
megakaryocyte growth and development factor)

GI 32455261-A PRDXS

peroxiredoxin 5

Regulation of actin cytoskeleton - Homo sapiens (human)

GI _5016088-S ACTB

actin, beta

GI _10938011-S ACTC

actin, alpha, cardiac muscle

GI _11038618-S ACTGI

actin, gamma 1

GI 5031634-S CFL1

cofilin 1 (non-muscle)

GI 41281560-S CLSTNI1

calsyntenin 1

GI _6031163-S EGF

epidermal growth factor (beta-urogastrone)

GI_4503692-S FGF17

fibroblast growth factor 17

GI_4503700-S FGF4

fibroblast growth factor 4 (heparin secretory transforming protein 1,
Kaposi sarcoma oncogene)

GI _10337586-S FGF6

fibroblast growth factor 6

GI 15147344-S FGF7

fibroblast growth factor 7 (keratinocyte growth factor)

GI_4503706-S FGF9

fibroblast growth factor 9 (glia-activating factor)

GI 13186266-A FGFR2

fibroblast growth factor receptor 2 (bacteria-expressed kinase,
keratinocyte growth factor receptor, craniofacial dysostosis 1, Crouzon
syndrome, Pfeiffer syndrome, Jackson-Weiss syndrome)

GI 16933543-A FNI1

fibronectin 1

GI_38044287-A GSN

gelsolin (amyloidosis, Finnish type)

GI_22507396-S MYH9

myosin, heavy polypeptide 9, non-muscle

GI_15451785-A PDGFB

platelet-derived growth factor beta polypeptide (simian sarcoma viral (v-
sis) oncogene homolog)

GI 15451788-S PDGFRB

platelet-derived growth factor receptor, beta polypeptide

GI 16753213-S PFNI1

profilin 1

GI 34328943-S TMSB4X

thymosin, beta 4, X-linked

GI 34013529-S TMSL3

thymosin-like 3

Stilbene, coumarine and lignin biosynthesis -

Homo sapiens (human)

GI_40805871-S THPO

thrombopoietin (myeloproliferative leukemia virus oncogene ligand,
megakaryocyte growth and development factor)

GI 32455261-A PRDXS

peroxiredoxin 5

T cell receptor signaling pathway - Homo sapiens (human)

GI 25952110-S TNF

tumor necrosis factor (TNF superfamily, member 2)

GI_27437029-S CSF2

colony stimulating factor 2 (granulocyte-macrophage)

GI_10835170-S IFNG

interferon, gamma

GI 24430216-S IL10

interleukin 10

GI 28178860-S IL2

interleukin 2

GI 41281560-S CLSTNI1

calsyntenin 1

TGF-beta signaling pathway - Homo sapiens (human)

GI 4557730-S LTBPI

latent transforming growth factor beta binding protein 1

GI 40317625-S THBSI1

thrombospondin 1




Gl 26024330-S TPI1 triosephosphate isomerase 1 Gl 22095338-S PGK1 phosphoglycerate k nase 1
Gl 31543396-S PGK2 phosphoglycerate k nase 2 Hematopoietic cell lineage - Homo sapiens
(human) GI 21361192-S CD44 CD44 antigen (homing thnction and Indian blood group system) Gl
4503744-S FLNA filam n A, alpha (actin binding protein 280) GI 40805871-S THPO thrombopoietin
(myeloproliferative leukemia virus oncogene ligand, ynegakaryocyte growth and development factor)
Gl 4507508-S TIMP 1 TIMP metallopept dase inhibitor 1 Gl 25952110-S TNF tumor necrosis factor
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GI _10938011-S ACTC

actin, alpha, cardiac muscle

GI _11038618-S ACTGI

actin, gamma 1

GI _22507396-S MYH9

myosin, heavy polypeptide 9, non-muscle

Toll-like receptor signaling pathway -

Homo sapiens (human)

GI 14790145-S CXCL11

chemokine (C-X-C motif) ligand 11

GI _28610153-SIL8

interleukin 8

GI 24497437-S IL12B

interleukin 12B (natural killer cell stimulatory factor 2, cytotoxic
lymphocyte maturation factor 2, p40)

GI 27894305-S IL1B

interleukin 1, beta

GI 41281560-S CLSTNI1

calsyntenin 1

GI_10834983-S IL6

interleukin 6 (interferon, beta 2)

GI 22538813-S CCL5

chemokine (C-C motif) ligand 5

GI 25952110-S TNF

tumor necrosis factor (TNF superfamily, member 2)

Type I diabetes mellitus -

Homo

sapiens (human)

GI 24497437-S IL12B

interleukin 12B (natural killer cell stimulatory factor 2, cytotoxic
lymphocyte maturation factor 2, p40)

GI 28178860-S IL2

interleukin 2

GI_10835170-S IFNG

interferon, gamma

GI 27894329-SIL1A

interleukin 1, alpha

GI 27894305-S IL1B

interleukin 1, beta

GI 25952110-S TNF

tumor necrosis factor (TNF superfamily, member 2)

Table D4. Listing of 201 Genes in Each of the 30 Pathways (Genes of

Mesenchymal Stem Cell Conditioned Medium (MSC-CM))

593 Genes and 794 Gene Products

The particle may additionally, or alternatively, comprise any of the gene products

of the 593 genes and/or 794 gene products listed below in Table D5.

Accordingly, the particle may be employed to affect, control or regulate any of the

biological processes or pathways the genes or gene products are involved in.

Total 593 unique gene products: set 1-4 (3 of 4 & 4 of 4) without common genes in 201 list

02-Sep CANDI1 DDX17 H2AFY KRTHB4 PCBP2 QARS STCl1
07-Sep CAP1 DES HADH LAMAA4 PCDH18 QPCT STIP1
AARS CAP2 DLD HARS LAMBI PCDHGB6 RABI1B SULF1
ACAA2 CAPG DNAJC3 HARS2 LANCLI PCK2 RABIA SYNCRIP
ACAT2 CAPNI1 DPP3 hCG 1641617 LAP3 PCMTI RAB6A TALDOI1
ACOl CAPN2 DPYSL2 hCG_2023776 LASPI PCNA RACI TARS
ACTNI1 CAPZA1 DPYSL3 HEXA LDHA PDCDG6IP RAN TCN2
ACTN2 CAPZA2 DSTN HEXB LDHALG6B PDGFC RANBP5 TCP1
ACTN3 CAPZB DYNLLI1 HIBCH LDHB PDIA3 RARRES?2 TFPI
ACTN4 CARS ECHSI HINT1 LEPRE1 PDIA4 RARS THBS2
ACTRIA CBRI1 EEFI1A1 HIST1H4 LGALS3 PDIAG6 RBMX THOP1
ACTRI1B CBR3 EEF1A2 HIST1H4A LOC196463 PDLIM1 RHOA THY1
ACTR2 CCBL2 EEF1B2 HIST1H4B LOC283523 PDLIMS5 RNASE4 TKT




Inositol metabolism - Homo sapiens (human) Gl 26024330-S TPI1 triosephosphate isomerase 1
Insulin signaling pathway - Homo sapiens (human) Gl 31377794-S CALM1 calmodulin 1
(phosphorylase kinase, delta) Gl 41281560-S CLSTN1 calsynten n 1 Jak-STAT signaling pathway -
Homo sapiens (human) GI 41281560-S CLSTNL1 calsynten n 1 Gl 27437029-S CSF2 colony
stimulating factor 2 (granulocyte-macrophage) Gl 24437048-A CSF3 colony stimulating factor 3
(granulocyte) GI 10835170-S IFNG interferon, gamma 40 GI 24430216-S IL10 interleukin 10 Gl

244974371{Sdd2B 1nteneukin] E2B (natUrakskiller cell stimulatory faciorm?, cyitatexic lynjphecyte
maturation fsctep 2, pnd0y2Gl 26 P87 7-S WSTRBYAterleulinCtB3ed| 28AEPB360-S NPEhterle IMPP2 G
ADAMO. " T et T EIRSY T HISTIHAE o~ 1 LOC640125 L PFN2 o~ 4 ~LRPIL0A ~ . [ TMOD3, .
28416914 %]5519 e Igél[l‘hlll 9 L.éﬂ;ggdy-mm%gﬂ%wlglauu ’LU&%‘:{&H‘H&U} GePOO‘-I-U Ql;ﬁ]ILU LL LIFI{,B:'UI\III
(Interferon| beta 2) Glc28610I62FrS L7 intestewkin 7 Gli4b&4i414-SehiP RPL12 TNPOI
AEBP1 CCT6A EIF4A2 HIST1H41 LOC728378 PGLS RPL14 TP5313
AGA CCT7 EMILIN1 HIST1H4)J LOXL2 PGM1 RPL18 TPM1
AHCY CCT8 ENO3 HIST1H4K LRP1 PGRMC2 RPL22 TPM2
AK1 CD248 EPPK1 HIST1H4L LTA4H PHGDH RPL30 TPM3
AK2 CD59 EPRS HIST2H2AA3 LTB4DH PHPT1 RPL5S TRAPI1
AKRI1A1 CD81 ESD HIST2H2AA4 LTBP2 PICALM RPL7 TRHDE
AKRIBI1 CD9 ETF1 HIST2H4A M6PRBPI PKM?2 RPLPO TROVE2
ALDH2 CDC37 ETFB HIST2H4B MACF1 PLEKHCI1 RPLP1 TSKU
ALDH7A1 CDC42 ETHEI HIST4H4 MAPI1B PLODI1 RPLP2 TUBAITA
ALDOA CFL2 EXTI HLA-A MAPK1 PLOD2 RPS10 TUBAS
ALDOC CHIDI1 FAH HLA-B MAPREI1 PLOD3 RPSI15A TUBB
ANXA1 CLECI11A FAHDI HMX1 MAT2A PLS1 RPS16 TUBB2C
ANXAS CLICI1 FAM129B HNRPAI MAT2B PLS3 RPS19 TUBB3
ANXA6 CLIC4 FAM3C HNRPAIL-2 MCTSI PLSCR3 RPS2 TUBB4
AP1B1 CLTC FAM49B HNRPA2B1 MDHI1 POSTN RPS20 TUBB6
AP1S1 CLTCL1 FAM62A HNRPC MFAP4 PPCS RPS23 TUBBS8
AP2A1 CLU FBLNS HNRPD MGATS5 PPIB RPS3 TWF1
AP2A2 CMPK FDPS HNRPDL MMP14 PPP2R1A RPS4X TXNLS5
AP2B1 CNDP2 FH HNRPH2 MMP2 PPP2R4 RPS5 UBE1
AP3B1 CNN2 FKBP10 HNRPK MRLC2 PPP5C RPS7 UBE2L3
APEX1 CNN3 FKBP1A HNRPL MSN PPP6C RPS8 UBE2N
API5 COLI18A1 FKBP3 HNRPR MTAP PRDX2 RPS9 UBE2V1
APOA1BP COL2A1 FLNB HNRPU MTPN PRDX3 RPSA UBE3B
APOE COL4A2 FLNC HSP90AB1 MVP PRDX4 RSUI UCHL3
APP COL5A1 FLRT2 HSP90B1 MXRAS PRDX6 S100A16 UGDH
APRT COL5A2 FLTI1 HSPAITA MXRAS8 PRGI1 SARS UGP2
ARCNI COL6A2 FSCNI1 HSPA1B MYH14 PRKACA SDC4 UROD
ARHGAPI1 COL7A1 FSTLS5 HSPAIL MYL6 PRKCSH SDCBP USP14
ARPCIA COL7A1 FTL HSPA4 NAGK PRNP SEC22B USP5
ARPCIB COL7A1 G6PD HSPAS NANS PROCR SEC23A VARS
ARPC2 COL7A1 GALNT2 HSPA6 NARS PROSC SEC31A VASN
ARPC3 COPA GANAB HSPB1 NEDDS8 PRSS23 SEMA3C VATI1
ARPC4 COPG GAPDH HSPDI1 NEFM PRSS3 SEMA7A VCL
ARTS-1 COPS3 GARS HSPH1 NIT2 PSATI SERPINB1 VCP
ATIC COPS4 GAS6 HTRAI NMEI1 PSMAI SERPINB6 VIL2
ATP5B COPS8 GBA IDH1 NPC2 PSMA2 SERPINE]I VIM
ATP6AP1 COROIB GBEI1 IGFBP3 NPEPPS PSMA3 SERPINE2 VPS26A
COROIC GDF15 IGKC NQOI1 PSMA6 SERPINF1 VTN VPS35
COTLI GDI1 ILF2 NRP1 PSMA7 SERPINH1 WARS VTN
CRIP2 GDI2 ILF3 NRP2 PSMBI1 SERPINI2 WDRI1 WARS
CS GLO1 INHBA NT5E PSMB2 SFRPI1 WNTSA WDRI1
BASP1 CSEIL GLT8D3 IQGAPI1 NUCBI PSMB3 SIL1 WNTSA
BATI1 CSRP1 GLUDI ISOC1 OLFML3 PSMB4 SLCI1AS WNTS5B
BBS1 CSRP2 GM2A ITGA2 P4HA1 PSMB35 SLC3A2 XPOl1
BCATI1 CST3 GNPDAI ITGB4BP P4HB PSMDI11 SNDI1 YKT6
BGN CTGF GNPNATI KPNB1 PABPC1 PSMD13 SNRPD1 YWHAB
BLVRA CTHRCI1 GOT1 KRT1 PABPC4 PSMD5 SNRPE YWHAE
BPNTI CTSD GOT2 KRT14 PAFAHI1B1 PSMD6 SPOCK YWHAG
BTD CTSZ GPCl1 KRT2 PAFAH1B2 PSMD7 SPTANI1 YWHAH
Cl4orfl41 CYCS GPI KRT27 PAFAH1B3 PSME2 SPTBN4 YWHAQ
C19orf10 D4ST1 GREM1 KRT4 PAICS PTBP1 SRP9
Clorf58 DAGI GRHPR KRT5 PAM PTPRCAP SRPX
Clorf78 DCI GSR KRT6L PAPPA PTX3 SRPX2
C1QBP DCN GSS KRT7 PARK7 PURA SSB
C1S DDAH2 GSTK1 KRT75 PARP1 PXDN STI13
C2lorf33 DDBI1 GSTOl1 KRT77 PARVA PYCRI1 ST6GAL2
CALR DDT GTPBP9 KRT9 PCBPI1 PYGB STATI




lep n (obesity homolog, mouse) GI 6006018-S LIF leukemia inhibitory factor (chol nerg c differentiation
factor) Gl 40805871-S THPO thrombopoietin (myeloproliferative leukemia virus oncogene ligand,
megakaryocyte growth and development factor) GI 4507508-S TIMP1 TIMP metallopept dase inhibitor
1 Leukocyte transendothelial migration - Homo sapiens (human) Gl 4826835-S MMP9 matrix
metallopep dase 9 (gelatinase B, 92kDa gelatinase,f32kDa type IV collagenase) Gl 5453576-S
CXCL13 chemokine (C-X-C motiO1 gand 13 (B-cell chemoattractant) GI 28610153-S IL8 interleukin 8

GI 40316922-1 CXEhgiE pReswskin@iffordPrortiftdmendekedmnansat caddieriveddaater 1) Gl
41281560-S CLSTN1 calsf\ginten n 1 Gl 5016088-S ACTB actin, beta Gl 10938011-S ACTC actin,

alpha, cardiXevdMet {iMis618-s ACTGL actin, gamma 1 MAPK signaling pathway - Homo
sapiens (human) Gl 34106709-A BDNF brain-derived neurotrophic factor Gl 6031163-S EGF
epidermal PdEtor (beta-urogastrone) Gl 4503692-S FGF17 fibroblast growth factor 17 Gl

4503700-S FGF4 fi*?f%@é’i‘é&ﬁf& a1 BRI SEL RIQDYr#AS H]HTQ&E%@MJ@QW sarcoma
oncogene) Gl 10337586-S FGF6 fibroblast growth factor 6 Gl 15147344-S FGF7

5  exosome.

The Examples describe the isolation of the active component in the secretion that
confers cardioprotection against the reperfusion injury. The active component may
comprise an exosome secreted by the mesenchymal stem cells (MSCs).

Exosomes are small membrane vesicles formed in late endocytic compartments

10  (multivesicular bodies) first described to be secreted by reticulocytes in 1983 *' and
subsequently found to be secreted by many cells types including various haematopoietic
cells, tumours of haematopoietic or non-haematopoietic origin and epithelial cells **. They
are distinct entities from the more recently described ‘ribonuclease complex’ also named
exosome >°.

15 Exosomes may be defined by morphological and biochemical parameters (see

222435y ' Accordingly, the particles described here may comprise one or more of

reviews
these morphological or biochemical parameters.

Exosomes are classically defined as “saucer-like” vesicles or a flattened sphere
limited by a lipid bilayer with diameters of 40-100 nm and are formed by inward budding

20  of the endosomal membrane. Like all lipid vesicles and unlike protein aggregates or
nucleosomal fragments that are released by apoptotic cells, exosomes have a density of
~1.13 — 1.19 g/ml and float on sucrose gradients. Exosomes are enriched in cholesterol
and sphingomyelin, and lipid raft markers such as GM1, GM3, flotillin and the src protein
kinase Lyn suggesting that their membranes are enriched in lipid rafts.

25 The molecular composition of exosomes from different cell types and of different
species has been examined. In general, exosomes contain ubiquitous proteins that appear
to be common to all exosomes and proteins that are cell-type specific. Also, proteins in
exosomes from the same cell-type but of different species are highly conserved. The
ubiquitous exosome-associated proteins include cytosolic proteins found in cytoskeleton

30 e.g. tubulin, actin and actin-binding proteins, intracellular membrane fusions and transport
e.g. annexins and rab proteins, signal transduction proteins e.g. protein kinases, 14-3-3 and

heterotrimeric G proteins, metabolic enzymes e.g. peroxidases, pyruvate and lipid kinases,



fibroblast growth factor 7 (kerat nocyte growth factor) Gl 4503706-S FGF9 fibroblast growth factor 9 (gl
a-activa ng factor) Gl 13186266-A FGFR2 fibroblast growth factor receptor 2 (bacteria-expressed
kinase, keratinocyte growth factor receptor, craniofacial dysostosis 1, Crouzon syndrome, Pfeiffer
syndrome, Jackson-Weiss syndrome) Gl 4503744-S FLNA filam n A, alpha (actin binding protein
280) GI 40549401-A GDNF glial cell derived neurotypph c factor Gl 24234685-A HSPAS8 heat shock
70kDa protein 8 Gl 27894329-S ILIA interleukin 1, alpha GI 27894305-S IL1B interleukin 1, beta Gl

15451785-ARPRa6B R atalgtslerivetyaspwih ipsiordeta eoypepate (Ssipmaaresynaryieal (vsis)
oncogene homolog) Gl 15451788-S PDGFRB platelet-derived growth factor receptor, beta polypeptide

Gl 10863875 SpEIES frsigdtniehy ighsthin FXCRMMBEERY e KRRIVALEMGERAFR dhdBSse) GI

4507462-S JchBAtiansfanmieeherauth fagigichela i@l 298234 4ok mdumor necrosis factor (TNF
superfamily, member 2) Methane metabolism - Homo sapiens (human) Gl 40805871-S THPO

thrombopoietin (mYySRHBRATEERIE RRARRFATG RIS HISIg&TeIRAT A MMk S8t ianglesHissaid

developmeniaeiaes Gba2ia2elads RRRKespRLHeI MBS indfdRtRigenlngipaiiuyasonidgmo

sapiens (human) 41 Gl 30172563-S VEGF )
T-cell receptors on T-cell-derived exosomes etc. Notably, exosomes do not contain

proteins of nuclear, mitochondrial, endoplasmic-reticulum or Golgi-apparatus origin.
Also, highly abundant plasma membrane proteins are absent in exosomes suggesting that
they are not simply fragments of the plasma membrane. Many of the reported ubiquitous

10  exosome-associated proteins are also present in the proteomic profile of the hESC-MSC
secretion.

Exosomes are also known to contain mRNA and microRNA, which can be
delivered to another cell, and can be functional in this new location®®. The physiological
functions of exosome remain poorly defined. It is thought to help eradicate obsolete

15  proteins, recycle proteins, mediate tramission of infectious particles such as prions and
viruses, induce complement resistance, facilitate immune cell-cell communication and
transmit cell signaling " **2°% 3" Exosomes have been used in immunotherapy for

4
treatment of cancer3

USES OF PARTICLES FROM MESENCHYMAL STEM CELLS

20 The particle may be used as a substitute for an MSC or MSC-CM, as described
above In particular, the particle may be used for any of the therapeutic purposes that
MSCs or MSC-CMs are currently being used, or in the future may be used.

It will be evident that the methods and compositions described here enable the
production of particles from mesenchymal stem cells. Thus, any uses of mesenchymal

25  stem cells will equally attach to particles from mesenchymal stem cells.

Mesenchymal stem cells and differentiated cells produced by the methods and
compositions described here may be used for, or for the preparation of a pharmaceutical
composition for, the treatment of a disease. Such disease may comprise a disease treatable
by regenerative therapy, including cardiac failure, bone marrow disease, skin disease,

30  burns, degenerative disease such as diabetes, Alzheimer’s disease, Parkinson’s disease, etc

and cancer. Accordingly, particles from MSCs may be used to treat such diseases.



vascular endothelial growth factor Gl 41281560-S CLSTNL1 calsynten n 1 Gl 19923111-S IGF1
insulin-like growth factor 1 (somatomed n C) Phenylalanine, tyrosine and try tophan biosynthesis -
Homo sapiens (human) Gl 16507965-S ENO1 enolase 1, (alpha) Gl 16507966-S ENO2 enolase 2
(gamma, neuronal) Phenylalanine metabolism - Homo sapiens (human) Gl 4505184-S MIF
macrophage migration inhibitory factor (glycosyla onginhibiting factor) Gl 40805871-S THPO
thrombopoietin (myeloproliferative leukemia virus oncogene ligand, megakaryocyte growth and

development factophfsic R24RME GRS MY REFXEREONA & tRRguRlen QloaetHy eyidekeleton - Homo
sapiens (human) GI 5016088-S ACTB actin, beta Gl 10938011-S ACTC actin, alpha, cardiac muscle

Gl 11038618%8hagsrrd carpRoyHmmmdcicahasbiers 302y Repseddsfav ey Rhrasursrest i 281560-S

CLSTN1 calgysirand tbdedrbR3id 60 ik GhdenidsssualgamtRdactor (beta-urogastrone) Gl 4503692-S

FGF17 fibroblast growth factor 17 Gl 4503700-S FGF4 ) )
he particles from mesenchymal stem cells may in particular be used for the

5  preparation of a pharmaceutical composition for the treatment of disease. Such disease
may comprise a disease treatable by regenerative therapy, including cardiac failure, bone
marrow disease, skin disease, burns, degenerative disease such as diabetes, Alzheimer’s
disease, Parkinson’s disease, etc and cancer.

Mesenchymal stem cells made by the methods and compositions described here

10 have similar or identical properties to bone marrow derived mesenchymal stem cells (BM-
MSCs). Therefore, the mesenchymal stem cells, and any differentiated cells made from
these, as well as particles derived therefrom, may be used in any of the applications for

which BM-MSCs are known to be used, or in which it is possible for them to be used.

DISEASES TREATABLE BY PARTICLES FROM MESENCHYMAL STEM CELLS

15 Analysis of the proteome of MSCs shows that the proteins expressed are involved
in three biological processes: metabolism, defense response, and tissue differentiation
including vascularization, hematopoiesis and skeletal development. Accordingly, the
particles from MSCs described here may be used to treat diseases which these functions
may have a role in, or whose repair or treatment involves any one or more of these

20  biological processes. Similarly, the proteins expressed by the MSCs, singly or in
combination, preferably in the form of particles as described here, may be used to
supplement the activity of, or in place of, the MSCs, or media conditioned by the MSCs,
for the purpose of for example treating or preventing such diseases.

The 201 gene products expressed by the MSCs are shown to activate important

25  signalling pathways in cardiovascular biology, bone development and hematopoiesis such
as Jak-STAT, MAPK, Toll-like receptor, TGF-beta signalling and mTOR signaling
pathways. Accordingly, the particles from the MSCs, etc, may be used to prevent or treat a
disease in which any of these signalling pathways is involved, or whose aetiology involves
one or more defects in any one or more of these signalling pathways.

30 Accordingly, such particles may be used to treat cardiac failure, bone marrow
disease, skin disease, burns and degenerative diseases such as diabetes, Alzheimer’s

disease, Parkinson’s disease and cancer.



fibroblast growth factor 4 (heparin secretory transforming protein 1, Kaposi sarcoma oncogene) Gl
10337586-S FGF6 fibroblast growth factor 6 Gl 15147344-S FGF7 fibroblast growth factor 7 (kerat
nocyte growth factor) Gl 4503706-S FGF9 fibroblast growth factor 9 (gl a-activa ng factor) Gl
13186266-A FGFR2 fibroblast growth factor receptor 2 (bacteria-expressed kinase, keratinocyte
growth factor receptor, craniofacial dysostosis 1, Crgtizon syndrome, Pfeiffer syndrome,
Jackson-Weiss syndrome) Gl 16933543-A FNL1 fibronectin 1 Gl 38044287-A GSN gelsolin

(amyloidosis, Finnisiclypaicib2and a3925be MaHS Ryesigobad REMRERHIE R RBUNURRIRIS!
15451785-A PDGFB platelet-derived growth factor beta polypep.de (simian sarcoma viral (vsis)

oncogene hdATEIBYPEEIEslsArdgs sdeimsiolagisth e dsiRatyidb R ias o e8¢ beta polypeptide
Gl 167532132 REMrRiAfi ik, RERAS2RH B IMSRAX dbiymasis) gfee ddiXcinkedl 64i34013529-S

TMSL3 thymos n-like 3 Stilbene, coumarine and lignin biogﬁ%mthesis - Homo sapiens (human) Gl

40805871 SPHBEHAHBBEYIEH RIS pFOREAIRRN RetkeHAST YIRS BREJYEARIGRg&Radition

megakaryoeyia- ieridbdandisieve lapmeidastn ) {BkaddaRibidnd i RRRAXOBerexiedoxR Rlink &£l
receptor signaling pathway - Homo sapiens (human) G] 25952110-S TNF tumar necrosis factor (TNF
superfamily S HHRHHESST EsTeapsng 8cl ErgBbgiHIndionsIoh iy pa AR s AsARFGES i e rophage)
Gl 10835178 §itHDsis, sinusitis and rhinitis or an orthopaedic disease.

The particles may be used to aid wound healing, scar reduction, bone formation, a
bone graft or bone marrow transplantation in an individual.

10 Unless the context dictates otherwise, the term “conditioned medium” should be
taken to include not only cell culture medium exposed to MSCs as well as such a
composition comprising one or more, preferably substantially all, the polypeptides which
are present in the conditioned medium.

The particles may also be used as sources for any of the proteins secreted or

15  expressed by the MSCs. We therefore provide for a method of producing a polypeptide as

shown in any of Tables D1 to D5, the method comprising obtaining a particle as

described, and isolating the polypeptide from the particle.

HEART DISEASE

The mesenchymal stem cell particle methods and compositions described here may
20  be used for treatment or prevention of heart disease.
Heart disease is an umbrella term for a variety for different diseases affecting the
heart. As of 2007, it is the leading cause of death in the United States, England, Canada
and Wales, killing one person every 34 seconds in the United States alone. Heart disease

includes any of the following.

25 Coronary Heart Disease
Coronary artery disease is a disease of the artery caused by the accumulation of
atheromatous plaques within the walls of the arteries that supply the myocardium. Angina
pectoris (chest pain) and myocardial infarction (heart attack) are symptoms of and
conditions caused by coronary heart disease. Over 459,000 Americans die of coronary
30  heart disease every year. In the United Kingdom, 101,000 deaths annually are due to

coronary heart disease.



interferon, gamma G| 24430216-S IL10 interleukin 10 Gl 28178860-S IL2 interleukin 2 GI 41281560-S
CLSTNL1 calsynten n 1 TGF-beta signaling pathway - Homo sapiens (human) Gl 4557730-S LTBP1
latent transforming growth factor beta binding protein 1 Gl 40317625-S THBS1 thrombospondin 1 42
Gl 10863872-S TGFB1 transforming growth factor, beta 1 (Camurati-Engelmann disease) Gl
4507462-S TGFB2 transforming growth factor, betaf Gl 25952110-S TNF tumor necrosis factor (TNF
superfamily, member 2) Gl 10835170-S IFNG interferon, gamma Tight junction - Homo sapiens
human) GI 5016088:mif]Eamin, beta GI 10938011-S ACTC actin, alpha, cardiac muscle Gl

11038618-S ACTGL1 actin, gamma 1 Gl 22507396-S MYH9 myosin, heavy polypeptide 9, non-muscle
Toll ke receptor SIGHAHESAHIAY SR GIHE CABIARL A Y EATISH06 SRS R L cbmokine
(C-X-C motifethgandrd huscle) for any reason. People with cardiomyopathy are often at risk of
arrhythmia and/or sudden cardiac death. Extrinsic cardiomyopathies - cardiomyopathies
5 where the primary pathology is outside the myocardium itself comprise the majority of
cardiomyopathies . By far the most common cause of a cardiomyopathy is ischemia.

The World Health Organization includes as specific cardiomyopathies: Alcoholic
cardiomyopathy, coronary artery disease, congenital heart disease, nutritional diseases
affecting the heart, ischemic (or ischaemic) cardiomyopathy, hypertensive

10 cardiomyopathy, valvular cardiomyopathy, inflammatory cardiomyopathy.

Also included are:

Cardiomyopathy secondary to a systemic metabolic disease

Intrinsic cardiomyopathies (weakness in the muscle of the heart that is not due to
an identifiable external cause)

15 Dilated cardiomyopathy (DCM, the most common form, and one of the leading
indications for heart transplantation. In DCM the heart (especially the left ventricle) is
enlarged and the pumping function is diminished)

Hypertrophic cardiomyopathy (HCM or HOCM, a genetic disorder caused by
various mutations in genes encoding sarcomeric proteins. In HCM the heart muscle is

20  thickened, which can obstruct blood flow and prevent the heart from functioning
properly),

Arrhythmogenic right ventricular cardiomyopathy (ARVC, which arises from an
electrical disturbance of the heart in which heart muscle is replaced by fibrous scar tissue.
The right ventricle is generally most affected)

25 Restrictive cardiomyopathy (RCM, which is the least common cardiomyopathy.
The walls of the ventricles are stiff, but may not be thickened, and resist the normal filling
of the heart with blood).

Noncompaction Cardiomyopathy - the left ventricle wall has failed to properly
grow from birth and such has a spongy appearance when viewed during an

30  echocardiogram.



Gl 28610153-S IL8 interleukin 8 GI 24497437-S IL12B interleukin 12B (natural killer cell stimulatory
factor 2, cytotoxic lymphocyte maturation factor 2, p40) Gl 27894305-S IL1B interleukin 1, beta Gl
41281560-S CLSTNL1 calsynten n 1 GI 10834983-S IL6 interleukin 6 (interferon, beta 2) Gl
22538813-S CCL5 chemokine (C-C motif) ligand 5 Gl 25952110-S TNF tumor necrosis factor (TNF
superfamily, member 2) Type | diabetes mellitus - llomo sapiens (human) Gl 24497437-S IL12B
interleukin 12B (natural killer cell stimulatory factor 2, cytotoxic lymphocyte maturation factor 2, p40) Gl
28178860-S IL2 inteylemkingg &h-1983aL70-S IFNG interferon, gamma Gl 27894329-S ILIA interleukin
1, alpha GI 27894305-S IL1B jnterleukin 1, bet Gl 25952110-S TNF tumor necrgsis factor (TNF
superfamily, memtSe OVaSC"li%f]ésﬁaéfeLfs?Wg b PIMEEISRY BHE HiStarRs trchAYs esthes of

Mesenchymalfitend/celh Oslditionsd Meditnede GEtzvhy Eaasaﬁﬂa&@m& T8dizensanioEvets SThe
particle may addition glly, or alternatively com nse any of the ene pr the 593 genes and/or
794 gene prBaaERSE HSILNRifiseass o lsﬁl’c%ﬁﬁlt ?t ‘é((ﬁﬂ?ﬁc %ﬂ? loyed to affect,

control ®r re@udﬁ@aaemaf dhehiologa)l puﬁﬂ@e&iﬁﬁ ermthwayﬁdﬂel@emesm@eae wHodugtshare
involved in. Tot%g %—g&{e& ene ﬁod ethl 4&3 of 41&4 o{ 4}<¥jwthout commotndgenes in 201 list
02- Sep CANBJIa rms that a ect t e heart muscle itself. Oown or associated causes

of cardiovascular disease include diabetes mellitus, hypertension, hyperhomocysteinemia

and hypercholesterolemia.

Types of cardiovascular disease include atherosclerosis

10 Ischaemic Heart Disease
Ischaemic heart disease is disease of the heart itself, characterized by reduced
blood supply to the organs. This occurs when the arteries that supply the oxygen and the
nutrients gets stopped and the heart will not get enough of the oxygen and the nutrients

and will eventually stop beating.

15 Heart Failure
Heart failure, also called congestive heart failure (or CHF), and congestive cardiac
failure (CCF), is a condition that can result from any structural or functional cardiac
disorder that impairs the ability of the heart to fill with or pump a sufficient amount of

blood throughout the body. Cor pulmonale is a failure of the right side of the heart.

20 Hypertensive Heart Disease

Hypertensive heart disease is heart disease caused by high blood pressure,
especially localised high blood pressure. Conditions that can be caused by hypertensive
heart disease include: left ventricular hypertrophy, coronary heart disease, (Congestive)
heart failure, hypertensive cardiomyopathy, cardiac arrhythmias, inflammatory heart

25  disease, etc.

Inflammatory heart disease involves inflammation of the heart muscle and/or the
tissue surrounding it. Endocarditis comprises inflammation of the inner layer of the heart,
the endocardium. The most common structures involved are the heart valves.
Inflammatory cardiomegaly. Myocarditis comprises inflammation of the myocardium, the

30  muscular part of the heart.



KRTHB4 PCBP2 OARS STC1 07-Sep CAP1 DES HADH LAMA4 PCDH 1 8 QPCT STIP1 AARS
CAP2 DLD HAAS LAMB1 PCDHGB6 RAB 11B SULF 1 ACAA2 CAPG DNAJC3 HARS2 LANCL1
PCK2 RAE IA SYNCRIP ACAT2 CAPN1 DPP3 hCG 1641617 LAP3 PCMT1 RAB6A TALDO 1 AUDI
CAPN2 DPYSL2 hCG 2023776
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Valvular Heart Disease

Valvular heart disease is disease process that affects one or more valves of the
heart. The valves in the right side of the heart are the tricuspid valve and the pulmonic
valve. The valves in the left side of the heart are the mitral valve and the aortic valve.
Included are aortic valve stenosis, mitral valve prolapse and valvular cardiomyopathy.

[The above text is adapted from Heart disease. (2009, February 3). In Wikipedia,
The Free Encyclopedia. Retrieved 06:33, February 20, 2009, from
http://en.wikipedia.org/w/index.php?title=Heart disease&oldid=268290924]

DELIVERY OF PARTICLES

The particles as described in this document may be delivered to the human or
animal body by any suitable means.

We therefore describe a delivery system for delivering a particles as described in
this document to a target cell, tissue, organ, animal body or human body, and methods for
using the delivery system to deliver particles to a target.

The delivery system may comprise a source of particles, such as a container
containing the particles. The delivery system may comprise a dispenser for dispensing the
particles to a target.

Accordingly, we provide a delivery system for delivering a particles, comprising a
source of particles as described in this document together with a dispenser operable to
deliver the particles to a target.

We further provide for the use of such a delivery system in a method of delivering
a particles to a target.

Delivery systems for delivering fluid into the body are known in the art, and
include injection, surgical drips, cathethers (including perfusion cathethers) such as those
described in United States Patent 6,139,524, for example, drug delivery catheters such as
those described in United States Patent 7,122,019.

Delivery to the lungs or nasal passages, including intranasal delivery, may be
achieved using for example a nasal spray, puffer, inhaler, etc as known in the art (for
example as shown in United States Design Patent D544,957.

Delivery to the kidneys may be achieved using an intra-aortic renal delivery

catheter, such as that described in United States Patent 7,241,273.



LASP 1 PCNA RAC1 TARS ACTN1 CAPZA1 DPYSL3 HEXA LDHA PDCDG6IP RAN TCN2 ACTN2
CAPZA2 DSTN HEXB LDHAL6B PDGFC RANBPS5 TCP1 ACTN3 CAPZB DYNLL1 HECH LDHB
PDIA3 RARRES2 TFP | ACTN4 CARS PCBS] HINT1 LEPRE1 PDIA4 BARS THBS2 ACTR1A CBR1
EEFIAI HIST1H4

51

It will be evident that the particular delivery should be configurable to deliver the
required amount of particles at the appropriate interval, in order to achieve optimal
treatment.

The particles may for example be used for the treatment or prevention of

5 atherosclerosis. Here, perfusion of particles may be done intravenously to stabilize
atherosclerotic plaques or reduce inflammation in the plaques. The particles may be used
for the treatment or prevention of septic shock by intravenous perfusion.

The particles may be used for the treatment or prevention of heart failure. This
may be achieved by chronic intracoronary or intramyocardially perfusion of particles to

10 retard remodeling or retard heart failure. The particles may be used for the treatment or
prevention of lung inflammation by intranasal delivery.

The particles may be used for the treatment or prevention of dermatological
conditions e.g. psoriasis. Long term delivery of particles may be employed using
transdermal microinjection needles until the condition is resolved.

15 It will be evident that the delivery method will depend on the particular organ to
which the particles is to be delivered, and the skilled person will be able to determine
which means to employ accordingly.

As an example, in the treatment of cardiac inflammation, the particles may be
delivered for example to the cardiac tissue (i.e., myocardium, pericardium, or

20  endocardium) by direct intracoronary injection through the chest wall or using standard
percutaneous catheter based methods under fluoroscopic guidance for direct injection into
tissue such as the myocardium or infusion of an inhibitor from a stent or catheter which is
inserted into a bodily lumen.

Any variety of coronary catheter, or a perfusion catheter, may be used to

25  administer the compound. Alternatively the particles may be coated or impregnated on a

stent that is placed in a coronary vessel.

TISSUE REGENERATION

Mesenchymal stem cells and differentiated cells made according to the methods
and compositions described here, and particles derived therefrom, may also be used for
30 tissue reconstitution or regeneration in a human patient in need thereof. The cells are
administered in a manner that permits them to graft to the intended tissue site and

reconstitute or regenerate the functionally deficient area.
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For example, the methods and compositions described here may be used to
modulate the differentiation of stem cells. Mesenchymal stem cells and differentiated cells
and particles derived therefrom may be used for tissue engineering, such as for the
growing of skin grafts. Modulation of stem cell differentiation may be used for the

5  bioengineering of artificial organs or tissues, or for prosthetics, such as stents.

CANCER

Mesenchymal stem cells and differentiated cells made by the methods and
compositions described here and particles derived therefrom may be used for the treatment
of cancer.

10 The terms “cancer” and “cancerous” refer to or describe the physiological
condition in mammals that is typically characterized by unregulated cell growth. Examples
of cancer include but are not limited to, carcinoma, lymphoma, blastoma, sarcoma, and
leukemia.

More particular examples of such cancers include squamous cell cancer, small-cell

15 lung cancer, non-small cell lung cancer, gastric cancer, pancreatic cancer, glial cell tumors
such as glioblastoma and neurofibromatosis, cervical cancer, ovarian cancer, liver cancer,
bladder cancer, hepatoma, breast cancer, colon cancer, colorectal cancer, endometrial
carcinoma, salivary gland carcinoma, kidney cancer, renal cancer, prostate cancer, vulval
cancer, thyroid cancer, hepatic carcinoma and various types of head and neck cancer.

20  Further examples are solid tumor cancer including colon cancer, breast cancer, lung cancer
and prostrate cancer, hematopoietic malignancies including leukemias and lymphomas,
Hodgkin’s disease, aplastic anemia, skin cancer and familiar adenomatous polyposis.
Further examples include brain neoplasms, colorectal neoplasms, breast neoplasms, cervix
neoplasms, eye neoplasms, liver neoplasms, lung neoplasms, pancreatic neoplasms,

25  ovarian neoplasms, prostatic neoplasms, skin neoplasms, testicular neoplasms, neoplasms,
bone neoplasms, trophoblastic neoplasms, fallopian tube neoplasms, rectal neoplasms,
colonic neoplasms, kidney neoplasms, stomach neoplasms, and parathyroid neoplasms.
Breast cancer, prostate cancer, pancreatic cancer, colorectal cancer, lung cancer, malignant
melanoma, leukaemia, lympyhoma, ovarian cancer, cervical cancer and biliary tract

30  carcinoma are also included.

The mesenchymal stem cells and differentiated cells made according to the

methods and compositions described here may also be used in combination with
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anticancer agents such as endostatin and angiostatin or cytotoxic agents or
chemotherapeutic agent. For example, drugs such as such as adriamycin, daunomycin, cis-
platinum, etoposide, taxol, taxotere and alkaloids, such as vincristine, and antimetabolites
such as methotrexate. The term “cytotoxic agent” as used herein refers to a substance that
inhibits or prevents the function of cells and/or causes destruction of cells. The term is
intended to include radioactive isotopes (e.g. I, Y, Pr), chemotherapeutic agents, and
toxins such as enzymatically active toxins of bacterial, fungal, plant or animal origin, or
fragments thereof.

Also, the term includes oncogene product/tyrosine kinase inhibitors, such as the
bicyclic ansamycins disclosed in WO 94/22867; 1,2-bis(arylamino) benzoic acid
derivatives disclosed in EP 600832; 6,7-diamino-phthalazin-1-one derivatives disclosed in
EP 600831; 4,5-bis(arylamino)-phthalimide derivatives as disclosed in EP 516598; or
peptides which inhibit binding of a tyrosine kinase to a SH2-containing substrate protein
(see WO 94/07913, for example). A “chemotherapeutic agent” is a chemical compound
useful in the treatment of cancer. Examples of chemotherapeutic agents include
Adriamycin, Doxorubicin, 5-Fluorouracil (5-FU), Cytosine arabinoside (Ara-C),
Cyclophosphamide, Thiotepa, Busulfan, Cytoxin, Taxol, Methotrexate, Cisplatin,
Melphalan, Vinblastine, Bleomycin, Etoposide, Ifosfamide, Mitomycin C, Mitoxantrone,
Vincristine, VP-16, Vinorelbine, Carboplatin, Teniposide, Daunomycin, Carminomycin,
Aminopterin, Dactinomycin, Mitomycins, Nicotinamide, Esperamicins (see U.S. Pat. No.
4,675,187), Melphalan and other related nitrogen mustards, and endocrine therapies (such
as diethylstilbestrol (DES), Tamoxifen, LHRH antagonizing drugs, progestins, anti-

progestins etc).

OBTAINING MESENCHYMAL STEM CELLS (MSC)

The particles described here may be isolated or produced from mesenchymal stem
cell conditioned medium (MSC-CM). MSCs suitable for use in the production of
conditioned media and particles may be made by any method known in the art.

In particular, MSCs may be made by propagating a cell obtained by dispersing a
embryonic stem (ES) cell colony, or a descendent thereof, in the absence of co-culture in a
serum free medium comprising FGF2. This is described in detail in the sections below.

The prior art methods of obtaining mesenchymal stem cells (MSC) or MSC-like

cells from hESCs involve either transfection of a human telomerase reverse transcriptase
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(hTERT) gene into differentiating hESCs (Xu et al., 2004) or coculture with mouse OP9
cell line (Barberi et al., 2005). The use of exogenous genetic material and mouse cells in
these derivation protocols introduces unacceptable risks of tumorigenicity or infection of
xenozootic infectious agents.

The particles may therefore be made from MSCs derived by the use of a clinically
relevant and reproducible protocol for isolating similar or identical (such as homogenous)
MSC populations from differentiating hESCs. In general, the method comprises dispersing
a embryonic stem (ES) cell colony into cells. The cells are then plated out and propagated.
The cells are propagated in the absence of co-culture in a serum free medium comprising
fibroblast growth factor 2 (FGF2), in order to obtain mesenchymal stem cells (MSCs).

Thus, the protocol does not require serum, use of mouse cells or genetic
manipulations and requires less manipulations and time, and is therefore highly scalable.
The protocol may be used for the isolation of MSCs from two different hESC lines,
HuES9 and H-1 and also a third one, Hes-3. Human ES cell derived MSCs (hESC-MSCs)
obtained by the methods and compositions described here are remarkably similar to bone-
marrow derived MSCs (BM-MSCs).

The embryonic stem cell culture may comprise a human embryonic stem cell
(hESC) culture.

In a one embodiment, a method of generating mesenchymal stem cells (MSC)
comprises trypsinizing and propagating hESCs without feeder support in media
supplemented with FGF2 and optionally PDGF AB before sorting for CD105+CD24-
cells.

The method may comprise sorting for CD105+, CD24- cells from trypsinized
hESCs one week after feeder-free propagation in a media supplemented with FGF2 and
optionally PDGF AB will generate to generate a hESC-MSC cell culture in which at least
some, such as substantially all, or all cells are similar or identical (such as homogenous) to
each other.

The MSCs produced by this method may be used to produce mesenchymal stem
cell conditioned medium (MSC-CM), from which the particles may be isolated.

Disaggregating Embryonic Stem Cell Colonies
One method of producing mesenchymal stem cells may comprise dispersing or

disaggregating an embryonic stem cell colony into cells.
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The embryonic stem cell colony may comprise a huES9 colony (Cowan CA,
Klimanskaya I, McMahon J, Atienza J, Witmyer J, et al. (2004) Derivation of embryonic
stem-cell lines from human blastocysts. N Engl J Med 350: 1353-1356) or a H1 ESC
colony (Thomson JA, Itskovitz-Eldor J, Shapiro SS, Waknitz MA, Swiergiel 1J, et al.

5 (1998) Embryonic Stem Cell Lines Derived from Human Blastocysts. Science 282: 1145-
1147.).

The cells in the colony may be disaggregated or dispersed to a substantial extent,
1.e., at least into clumps. The colony may be disaggregated or dispersed to the extent that
all the cells in the colony are single, i.e., the colony is completely disaggregated.

10 The disaggregation may be achieved with a dispersing agent.

The dispersing agent may be anything that is capable of detaching at least some
embryonic stem cells in a colony from each other. The dispersing agent may comprise a
reagent which disrupts the adhesion between cells in a colony, or between cells and a
substrate, or both. The dispersing agent may comprise a protease.

15 The dispersing agent may comprise trypsin. The treatment with trypsin may last
for example for 3 minutes or thereabouts at 37 degrees C. The cells may then be
neutralised, centrifuged and resuspended in medium before plating out.

The method may comprise dispersing a confluent plate of human embryonic stem
cells with trypsin and plating the cells out.

20 The disaggregation may comprise at least some of the following sequence of steps:
aspiration, rinsing, trypsinization, incubation, dislodging, quenching , re-seeding and
aliquoting. The following protocol is adapted from the Hedrick Lab, UC San Diego
(http://hedricklab.ucsd.edu/Protocol/COSCell.html).

In the aspiration step, the media is aspirated or generally removed from the vessel,

25  such as a flask. In the rinsing step, the cells are rinsed with a volume, for example 5-10
mls, of a buffered medium, which is may be free from Ca®" and Mg”*". For example, the
cells may be rinsed with calcium and magnesium free PBS. In the trypsinization step, an
amount of dispersing agent in buffer is added to the vessel, and the vessel rolled to coat
the growing surface with the dispersing agent solution. For example, 1 ml of trypsin in

30 Hank’s BSS may be added to a flask.

In the incubation step, the cells are left for some time at a maintained temperature.

For example, the cells may be left at 37°C for a few minutes (e.g., 2 to 5 minutes). In the
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dislodging step, the cells may be dislodged by mechanical action, for example by scraping
or by whacking the side of the vessel with a hand. The cells should come off in sheets and
slide down the surface.
In the quenching step, a volume of medium is added to the flask. The medium may
5 comprise a neutralising agent to stop the action of the dispersing agent. For example, if the
dispersing agent is a protease such as trypsin, the medium may contain a protein, such as a
serum protein, which will mop up the activity of the protease. In a particular example, 3
ml of serum containing cell culture medium is added to the flask to make up a total of 4
mls. The cells may be pipetted to dislodge or disperse the cells.

10 In the re-seeding step, the cells are re-seeded into fresh culture vessels and fresh
medium added. A number of re-seedings may be made at different split ratios. For
example, the cells may be reseeded at 1/15 dilution and 1/5 dilution. In a particular
example, the cells may be re-seeded by adding 1 drop of cells into a 25¢cm” flask and 3
drops into another to re-seed the culture, and 7-8 mls media is then added to each to

15 provide for 1/15 dilution and 1/5 dilution from for example a 75cm? flask. In the
aliquoting step, the cells may be aliquoted into new dishes or whatever split ratio is
desired, and media added.

In a specific embodiment, the method includes the following steps: human ES cells
are first grown suspended in non-adherent manner to form embryoid bodies (EBs). 5-10
20  day old EBs are then trypsinized before plating as adherent cells on gelatine coated tissue

culture plates.

Maintenance as Cell Culture

The disaggregated cells may be plated and maintained as a cell culture.

The cells may be plated onto a culture vessel or substrate such as a gelatinized

25  plate. Crucially, the cells are grown and propagated without the presence of co-culture,
e.g., in the absence of feeder cells.

The cells in the cell culture may be grown in a serum-free medium which is
supplemented by one or more growth factors such as fibroblast growth factor 2 (FGF2)
and optionally platelet-derived growth factor AB (PDGF AB), at for example Sng/ml. The

30  cells in the cell culture may be split or subcultured 1:4 when confluent, by treatment with

trypsin, washing and replating.
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Absence of Co-Culture

The cells may be cultured in the absence of co-culture. The term “co-culture”
refers to a mixture of two or more different kinds of cells that are grown together, for
example, stromal feeder cells.

5 Thus, in typical ES cell culture, the inner surface of the culture dish is usually
coated with a feeder layer of mouse embryonic skin cells that have been treated so they
will not divide. The feeder layer provides an adherent surface to enable the ES cells to
attach and grow. In addition, the feeder cells release nutrients into the culture medium
which are required for ES cell growth. In the methods and compositions described here,

10 the ES and MSC cells may be cultured in the absence of such co-culture.

The cells may be cultured as a monolayer or in the absence of feeder cells. The
embryonic stem cells may be cultured in the absence of feeder cells to establish
mesenchymal stem cells (MSC).

The dissociated or disaggregated embryonic stem cells may be plated directly onto

15  aculture substrate. The culture substrate may comprise a tissue culture vessel, such as a
Petri dish. The vessel may be pre-treated. The cells may be plated onto, and grow on, a
gelatinised tissue culture plate.

An example protocol for the gelatin coating of dishes follows. A solution of 0.1%
gelatin in distilled water is made and autoclaved. This may be stored at room temp. The

20  bottom of a tissue culture dish is covered with the gelatin solution and incubated for 5-
15min. Remove gelatin and plates are ready to use. Medium should be added before

adding cells to prevent hypotonic lysis.

Serum Free Media
The dissociated or disaggregated embryonic stem cells may be cultured in a
25  medium which may comprise a serum-free medium.

The term “serum-free media” may comprise cell culture media which is free of
serum proteins, e.g., fetal calf serum. Serum-free media are known in the art, and are
described for example in US Patents 5,631,159 and 5,661,034. Serum-free media are
commercially available from, for example, Gibco-BRL (Invitrogen).

30 The serum-free media may be protein free, in that it may lack proteins,
hydrolysates, and components of unknown composition. The serum-free media may

comprise chemically-defined media in which all components have a known chemical
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structure. Chemically-defined serum-free media is advantageous as it provides a
completely defined system which eliminates variability allows for improved
reproducibility and more consistent performance, and decreases possibility of
contamination by adventitious agents.

5 The serum-free media may comprise Knockout DMEM media (Invitrogen-Gibco,
Grand Island, New York).

The serum-free media may be supplemented with one or more components, such

as serum replacement media, at a concentration of for example, 5%, 10%, 15%, etc. The
serum-free media may comprise or be supplemented with 10% serum replacement media

10 from Invitrogen- Gibco (Grand Island, New Y ork).

Growth Factor

The serum-free medium in which the dissociated or disaggregated embryonic stem
cells are cultured may comprise one or more growth factors. A number of growth factors
are known in the art, including PDGF, EGF, TGF-a, FGF, NGF, Erythropoietin, TGF-b,

15  IGF-I and IGF-II.

The growth factor may comprise fibroblast growth factor 2 (FGF2). The medium
may also contain other growth factors such as platelet-derived growth factor AB (PDGF
AB). Both of these growth factors are known in the art. The method may comprise
culturing cells in a medium comprising both FGF2 and PDGF AB.

20 Alternatively, or in addition, the medium may comprise or further comprise
epidermal growth factor (EGF). Use of EGF may enhance growth of MSCs. EGF may be
used at any suitable concentration, for example 5-10 ng/ml EGF. EGF may be used in
place of PDGF. EGF is a protein well known in the art, and is referred to as symbol EGF,
Alt. Symbols URG, Entrez 1950, HUGO 3229, OMIM 131530, RefSeq NM_001963,

25  UniProt PO1133.

Thus, we disclose the use of media comprising (1) FGF2, (i1) FGF2 and PDGF and
(111) FGF2 and EGF and other combinations.

FGF2 is a wide-spectrum mitogenic, angiogenic, and neurotrophic factor that is
expressed at low levels in many tissues and cell types and reaches high concentrations in

30  brain and pituitary. FGF2 has been implicated in a multitude of physiologic and

pathologic processes, including limb development, angiogenesis, wound healing, and
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tumor growth. FGF2 may be obtained commercially, for example from Invitrogen-Gibco
(Grand Island, New York).
Platelet Derived Growth Factor (PDGF) is a potent mitogen for a wide range of
cell types including fibroblasts, smooth muscle and connective tissue. PDGF, which is
5  composed of a dimer of two chains termed the A chain and B chain, can be present as AA
or BB homodimers or as an AB heterodimer. Human PDGF-AB is a 25.5 kDa homodimer
protein consisting of 13.3 kDa A chain and 12.2 B chain. PDGF AB may be obtained
commercially, for example from Peprotech (Rocky Hill, New Jersey).
The growth factor(s), such as FGF2 and optionally PDGF AB, may be present in
10 the medium at concentrations of about 100pg/ml, such as about 500pg/ml, such as about
Ing/ml, such as about 2ng/ml, such as about 3ng/ml, such as about 4ng/ml, such as about
Sng/ml. In some embodiments, the medium contains FGF2 at about Sng/ml. The medium

may also contain PDGF AB, such as at about Sng/ml.

Splitting Cells
15 Cells in culture will generally continue growing until confluence, when contact
inhibition causes cessation of cell division and growth. Such cells may then be dissociated
from the substrate or flask, and “split”, subcultured or passaged, by dilution into tissue
culture medium and replating.
The methods and compositions described here may therefore comprise passaging,
20  or splitting during culture. The cells in the cell culture may be split at a ratio of 1:2 or
more, such as 1:3, such as 1:4, 1:5 or more. The term “passage” designates the process
consisting in taking an aliquot of a confluent culture of a cell line, in inoculating into fresh

medium, and in culturing the line until confluence or saturation is obtained.

Selection, Screening or Sorting Step
25 The method may further comprise a selection or sorting step, to further isolate or
select for mesenchymal stem cells.
The selection or sorting step may comprise selecting mesenchymal stem cells
(MSC) from the cell culture by means of one or more surface antigen markers. The use of
a selection or sorting step further enhances the stringency of sorting and selection
30  specificity for MSCs and furthermore potentially reduces possible contamination from

embryonic stem cells such as hESCs and other hESC-derivatives from the starting
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material. This would then further reduce the risk of teratoma formation and further
increase the clinical relevance of the protocol we describe.

A number of methods are known for selection or sorting based on antigen
expression, and any of these may be used in the selection or sorting step described here.

5 The selection or sorting may be achieved by means of fluorescence activated cell sorting
(FACS). Thus, as known in the art, FACS involves exposing cells to a reporter, such as a
labelled antibody, which binds to and labels antigens expressed by the cell. Methods of
production of antibodies and labelling thereof to form reporters are known in the art, and
described for example in Harlow and Lane. The cells are then passed through a FACS

10 machine, which sorts the cells from each other based on the labelling. Alternatively or in
addition, magnetic cell sorting (MACS) may be employed to sort the cells.

We have realised that while a number of candidate surface antigens known to be
associated with MSCs e.g. CD105, CD73, ANPEP, ITGA4 (CD49d), PDGFRA, some of
the MSC associated surface antigens e.g. CD29 and CD49e are also highly expressed in

15 ES cells such as hESCs and their expression are verified by FACS analysis. The
association of a surface antigen with MSCs may not be sufficient to qualify the antigen as
a selectable marker for isolating MSCs from ES cells such as hESC. Accordingly, the
selection or sorting step may employ antigens which are differentially expressed between
MSCs and ES cells.

20 The selection or sorting step of our method may positively select for mesenchymal
stem cells based on the expression of antigens. Such antigens may be identified by, for
example, comparing the gene expression profiles of hESCs and hESCMSC:s. In particular
embodiments, the selection or sorting may specifically make use of any of the antigens
shown in Table E1A and E1B below.

25 The selection or sorting step of our method may positively select for mesenchymal
stem cells based on the expression of antigens which are identified as expressed on MSCs,
but not expressed on ES cells such as hESCs.

CD73 is highly expressed on MSCs, while being not highly expressed on hESCs.
Both CD73 and CD105 are highly expressed surface antigens in MSCs and are among the

30  top 20 highly expressed surface antigens in hESC-MSCs relative to hESC, the use of
either CD73 or CD105 (or both) as selectable marker for putative MSCs will be equally
effective in sorting for putative MSCs generated by differentiating hESCs.
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Alternatively, or in addition, the selection or sorting step may negatively select
against antigens based on surface antigens that are highly expressed as surface antigen on
embryonic stem cells (ES cells) such as hESCs, and not mesenchymal stem cells e.g.,
hESC-MSC. Selection or sorting may be based on known or previously identified hESC-

5 specific surface antigens such as MIBP, ITGB1BP3 and PODXL, and CD24.

FACS analysis confirms the expression of CD24 on hESC but not hESC-MSCs.
Therefore, CD24 may be used as a negative selection or sorting marker either on its own,
or in conjunction with CD105 as a positive selectable marker for isolating putative MSCs

from differentiating hESC cultures.

10 EXAMPLES

Mesenchymal stem cells (MSCs) derived from adult bone marrow have emerged
as one of the most promising stem cell types for treating cardiovascular disease (Pittenger
and Martin, 2004). Although the therapeutic effects of autologous MSCs have been
attributed to their potential to differentiate into many different reparative or replacement

15  cell types such as cardiomyocytes, endothelial cells and vascular smooth cells (Minguell
and Erices, 2006; Zimmet and Hare, 2005), the differentiation efficiency of transplanted
MSCs into therapeutically relevant numbers of functional reparative cells in injured
tissues remains to be established.

Recent reports suggest that some of these reparative effects are mediated by

20  paracrine factors secreted by MSCs (Caplan and Dennis, 2006a; Gnecchi et al., 2005;
Gnecchi et al., 2006; Schafer and Northoff, 2008). This paracrine hypothesis introduces a
radically different dimension to the use of stem cells, particularly MSCs, in regenerative
medicine. Potential mechanisms of MSC paracrine actions include endogenous
regenerative capacity, angio- and arteriogenesis, attenuating remodeling, and reducing

25  apoptosis. If the therapeutic effects of MSCs are partly mediated by their secretions, the
repertoire of stem cell-based therapies could be extended by application of their secreted
factors. Such an approach could potentially provide an “off-the-shelf” MSC-based
therapeutic option, which is a requisite for time-sensitive protection against reperfusion
injury in patients with acute MI, at affordable costs and with excellent quality control and

30  consistency.

In support of this paracrine hypothesis, many studies have identified the presence

of cytokines, chemokines and growth factors that could potentially repair injured cardiac
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tissues mainly through cardiac and vascular tissue growth and regeneration (Caplan and
Dennis, 2006b; Liu and Hwang, 2005). We further supported this hypothesis by
performing the first in-depth proteomic analysis of the MSC paracrine secretion (Sze et
al., 2007). This was facilitated by our derivation of highly expandable and identical MSC
5 cultures from human ESCs (Lian et al., 2007) and the use of a chemically defined medium

to culture the cells and harvest the secretion via the conditioned medium (CM).
Surprisingly, many of the secreted proteins were intracellular proteins and are not known
to be secreted or transported across plasma membrane. Computational analysis of the
secretome predicted that collectively, the secretome has the potential to repair injured

10 tissues such as myocardial ischemia/reperfusion (MI/R) injury (Sze et al., 2007).

To test the computational prediction, the secretion in the form of CM was
administered to a pig model of MI/R injury (Timmers et al., 2008). During myocardial
ischemia caused by occlusion of a coronary artery, reperfusion therapy is currently the
most effective treatment modality. However, reperfusion which involves the opening of

15  the blocked artery to restore blood flow or reperfusion also induces injury to the newly
perfused ischemic tissues (Saraste et al., 1997). Therefore the effectiveness of reperfusion
therapy could be greatly improved if reperfusion injury could be neutralized immediately
at the point of reperfusion. When the CM was delivered intra-coronary to the pig model of
MI/R injury immediately after reperfusion, there was a 60% reduction in myocardial

20  infarction, preservation of cardiac function and reduced oxidative stress as early as 4hours
after reperfusion. This confirmed that the paracrine secretion of MSC can ameliorate MI/R
injury in a clinically relevant animal model (Timmers et al., 2008).

However, the mechanism by which the secretion mediates this immediate effect on
MI/R injury is not clear. It is obvious that the immediacy of this protective effect

25  precludes the relatively lengthy process of tissue regeneration as part of the mechanism.
Also, many of the secreted proteins are intracellular proteins and are not known to cross
plasma membranes readily. To better understand the pararcine effects of MSCs, we
systematically fractionated the CM using membranes with different molecular weights
cut-off (MWCO) to identify and profile the composition of the active fraction. We

30  previously showed that CM filtered through 0.2 pM membrane but not 1000 kDa MWCO

was cardioprotective (Timmers et al., 2008). However, CM partially concentrated against
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membrane with1000 kDa MWCO was cardioprotective. This suggested that the

cardioprotective effect was mediated by large complexes with diameter of 50 -100 nm.
Here we extended our previously reported list of proteins in the secretion to >700

proteins and these proteins include many proteins that are commonly found in exosmes.

5 We also identified the presence of RNA (<300 nts) in the secretion. Furthermore, the
proteins and RNA were encapsulated in phospholipid vesicles and the only detectable
particles in the secretion within the hydrodynamic radius (ry) range of 1-1000 nm were of
= 45-55 nm. These particles eluted as a single peak on HPLC fractionation. Together,
these studies demonstrate that the large cardioprotective complex in the secretion carry

10 many of the distinctive feature of an exosome leading to our hypothesis that the active
cardioprotective component in the secretion is an exosome.

Example 1. Materials and Methods: MSC-CM Preparation
The protocols for MSC generation and CM preparation have been described
previously'™ .

15 In short, a chemically defined serum free culture medium is conditioned by MSCs
derived from human embryonic stem cells (hESCs), using a clinically compliant protocol.
Three polyclonal, karyotypically stable, and phenotypically MSC-like cultures, that do not
express pluripotency-associated markers but displayed MSC-like surface antigens
(CD29+, CD44+, CD49a+/e+, CD105+, CD166+, CD34-, CD45-) and gene expression

20  profile, are generated by trypsinization and propagation of hESCs from either HuES9
hESC line or H1 hESC line in feeder- and serum-free selection media'”.

One of these cultures, HUES9.E1 can be stably expanded for at least 80 population
doublings. To harvest MSC secretion, hESC-derived MSC cultures are transferred to a
chemically defined, serum free culture medium to condition the medium for three days

25  before the media containing MSC secretions are collected, clarified by centrifugation,
concentrated 25 times using 10 kDa MW cut-off ultrafiltration membranes and sterilized
by filtration through a 220 nm filter.

The secretory proteome is analyzed by multidimensional protein identification
technology (MuDPIT) and cytokine antibody array analysis, and revealed the presence of

30 201 unique gene products. Computational analyses disclosed that this CM holds potential

cytoprotective properties'®.
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Example 2. Materials and Methods: Animals

All experiments are performed in accordance with the “Guide for the Care and Use
of Laboratory Pigs” prepared by the Institute of Laboratory Animal Resources and with
prior approval by the Animal Experimentation Committee of the Faculty of Medicine,

5 Utrecht University, the Netherlands.

Example 3. Materials and Methods: Study Design

Thirty female Dalland Landrace pigs (60-70 kg; IDDLO, Lelystad, The
Netherlands), all pretreated with clopidogrel 75 mg/day for 3 days and amiodarone 400
mg/day for 10 days, are randomly assigned to MSC-CM, non-CM, or saline treatment.

10 The saline group is added to assess a potential effect of fresh, non-conditioned
culture medium. In all pigs, M1 is induced by 75 minutes of proximal left circumflex
coronary artery (LCxCA) ligation and 4 hours of subsequent reperfusion. An ischemic
period of 75 minutes is selected to inflict severe myocardial injury without inducing
completely transmural myocardial infarction. The 4 hour reperfusion period is used,

15  because infarct size measurement using TTC staining is most reliable after 3 hours of
reperfusion'’. After longer periods of reperfusion, it becomes more difficult to assess
oxidative stress status and apoptotic mechanisms.

Treatment is initiated 5 minutes before the onset of reperfusion by intravenous
infusion of MSC-CM (1.0 ml, 2.0 mg protein) non-CM or saline. Immediately following

20  reperfusion, an additional intracoronary bolus MSC-CM (4.0 ml, 8.0 mg protein), non-CM
or saline is given. Myocardial infarct size and function are assessed 4 hours after
reperfusion.

Example 4. Materials and Methods: MI and Operational Procedure
During the entire operation, ECG, Systemic Arterial Pressure, and capnogram are

25  monitored continuously. Under general anesthesia as described before'®, a median
sternotomy is performed and two introduction sheets are inserted in the carotid arteries for
a 6 Fr guiding catheter and an 8 Fr conductance catheter (CD Leycom, Zoetermeer, the
Netherlands).

The distal tip of a Swan Ganz catheter is placed into the pulmonary artery via the

30 internal jugular vein. Transonic flow probes (Transonic Systems Inc, Ithaca, NY) are

placed around the proximal aorta and LCxCA to measure cardiac output and coronary



Table D5. 593 Additional Proteins in Mesenchymal Stem Cell Conditioned Medium (MSC-CM)
EXOSOME The particle may in particular comprise a vesicle. The particle may comprise an 5
exosome. The Examples describe the isolation of the active component in the secretion that
confers cardioprotection against the reperfusion injury. The active component may comprise an
exosome secreted by the mesenchymal stem cells @4SCs). Exosomes are small membrane vesicles
formed in late endocytic compartments 10(multivesicular bodies) first described to be secreted by

reticulocyteq| i 1888 24 e pulsaquenmily deuingifobeasarteiadPymamayusstistypes including various
haematopoietic cells, tumours of haematopoietic or non-haematopoietic origin and epithelial cells 22.

They are diSFRVETNERS Hedri e Rdipafoitenb ey FibdRYease complex also named

exosome 23. 15ExqserasdiayaPmeaiingddysmorpbongisehandiRinehrmicaaiameters (see
reviews 22' 24135). Accordingly, the particles described here may comprise one or more of these

morphologid&irBYBioeHE MY Hss At dightenedgg Sephvles thrd 1ax BRlHS HefinBisi82lsaucer-like"

vesicles or adfaianesmiersdmitadywhiipiddiayenwitbrlianytetsat4-Aae:m andiarediormed by
inward budding 20 of the endosomal membrane. Like all lipid vesicles and unlike protein aggregates or

nucleosomaPtRsgiente tHax Gt iFdiRoRaghhvastpistiat hasu Bk BRI LodaNdRg of -1.13 - 1.19

g/ml and floadperrisiicrosa s aLieRise BxosameSRecantichet Jw chalesirmiabeesphingoxyalin, and
lipid raft markers such as GM 1, GM3, flotjllin and the src protein kinase Lyn su%gestin that their

membranes & HeHag fhsiardrlovsThY MRsrAABoIRIEERIINY T RrdvFent cell

types and ofdlifferamtes pagiasshrsdren ssamiegthanfaenRiall exasamastoataipetidighitbusdoroteins
that appear to be common to all exosomes and proteins that are cell-type specific. Also, proteins in

exosohtes fBFERE ShrFRIRRIESSE BIRTEE Hitfeetty SSecies are highly conserved. The ubiquitous

exosome-agsanaibe N MetesE ANCIIIEMYhodke Pidlaion 40 Méhbuafinakeleton 30 e.g. tubulin, actin and
actin-binding protejns intracelgglr? membrane fusions and transport e.g. annexins and rab proteins,

signal transductiorl'ﬁfbf@l‘i’fg%‘? FOtiRTRSNSEAd YOS, A MSRYIRTHISHEE &' FORHE R Stabolic
enzymes e.gatheraxieanes, pydvvaibcnstdigishkindsey, ptssand anblasenie anthinedamiy abm
tetraspanins e.g. CD9, CD63, CD81 and CD82. The tetraspann e highly enriched in exosomes
anc are koMb GEBSVBR A G s B B S e Tt et 6 ABLBE B Wikhorane
subdonsaind. dyxamales. ofl elCtypepagaific proteins in exosomes are MHC class Il molecules in
5exosomes from C class ll-expressing cells, CD?&%[; dendritic ceII-derivid exosogues, T-cell

receptors on T-cellFG&HUESPERLEH REBESRASHA SR AR OHHES HERSrsHiah SiBRT L SPRudiear,
mitochondriafitiefigoplasmiorretaedunis at éxd gkpipmisalumalgin oAtEe phighlycailoghanbpprsma
membrane profeins are. absent in e>f(osomes uggesting that they are not simply fragments of the
plasma meESHESAHD SRS SRR AbiRiROLSiD B e LLRLRR BYEIRE are also present
in the proteepiaiafilgtofstim dh bXHgMPtoseaie iy D-ER08pfrearpraleoUSIDWRRID $.0hteka MRNA and

microRNA, whijch can be delivered tq another cell, and can be functional.ip this new location36. The
Bigles sl RS el et S i NS s i
15proteins, Véalalaghreisiis/ Medidieitrianissian @hiote clicu & patdinlemsuch ascpiitdnscanil Vid)ses,
induce complement resistance, faciljt immuyne cell-cell unication and 40 37 2 2,--.
ismatady vttt bt d S e i O TR s
OF PARTICiaESIFRON [MESENEWY AL SV EM IO IS0 Thacpantit lecnaydbenisgdSS) suibstitute

for an MSC Sg(é- , 3%5 wmg ficular, the particle may be used for any of the
therapeutic @l‘rjyﬁg eggfwé‘t?fﬁ sﬁ)}r - a\f((e?({:{ficrraenr‘lgtllfle té’%ng{rbcsue%r, %gcl?ﬂﬁer Lfttllj?ré may be used.
It will B8 evideViER)atsti& Diéthe¥y/amvVdonipositions described here enable the production of particles
from mesenchymalgter all, Thus, anses sl mesenanymel g5stem cells il equally atach o
particles from mesenchyma} stem cells. esencﬁf}marlll Stem &S ARd ditftsrentiated Ceifs produced
by the methidsauhdiesimpopitisnscdesnixect hamshgy Behosad fographjoartid Prepasaiion of a
gggig"bﬁge“%é"és%%ﬁ QRNORAP R I EAMEntala HReARS. R UL ISR MM RtiSe,8 disease
stunned myocardium, additional measurements are performed during pharmaceutically

30  induced stress by intravenous dobutamine infusion (2.5 pg/kg/min and 5.0 pg/kg/min).



by regenerative therapy, including cardiac failure, bone marrow disease, skin disease, 30burns,
degenerative disease such as diabetes, Alzheimer's disease, Parkinson's disease, etc and cancer.
Accordingly, particles from MSCs may be used to treat such diseases. 46 Particles from
mesenchymal stem cells such as those made according to the methods and compositions described
here may be used for a variety of commercially impggant research, diagnostic, and therapeutic
purposes. The particles from mesenchymal stem cells may in particular be used for the 5preparation of

a pharmacepiigai flep PRIt ialeatie MealnR M AfHisesize. Such disease may comprise a disease
treatable by regenerative therapy, including cardiac failure, bone marrow disease, skin disease, burns,

degenerative dised¥8' S5 safiperel e hettehe bseGe(meErkiddns drieskis retigdifd ¥ancer.
Mesenchymahsigmreelisinasis by ihametaosssanst eemapsitians slesailead inare-d duhaven sirilar or

identical properties to bone marrow derived mesenchymal stem cells (BMMSCs). Therefore, the

mesenchynfreieRy SetemaingdsHpatrdhsitsasd we from these, as well as particles derived

therefrgm, may betigegkiitanyheh the Rp@)igRN0VS fasoiiah RMaY RS BB O thBe tdIRde OF IN
which it is possible for them to be used. DISEASES TREATABLE BY PARTICLES FROM

MESENCHY REATIST 56 BPrisd Balya b athiearatagmentamids st h et #éeroteins
expressed apdmMyGKS T inifiireialedicahproeassas3 metsbalinn BefRnseyespoes,prod tissue
differentiation including vascularization, hematopoiesis and skeletal development. Accordingly, the
particles froh @Agéé\@égc?@édmmf 58 (el {ipules dRsdissHMPAEAIELIIRSHE GER may have a
role in, or whipse:iepataediti@atment involves any one or more of these 20biological processes.
Similarly, the proteinii xpressed by the MSCs, singly or jn combir‘(ation, preferably in the form of

particlt® as describ¥ 8?@%&%&%@8%@6‘&5& ettt SEtii e e I PEESB the MSCs, or
media condiipneddayviit MSGS i ihe Murpesarfloy axasmleireaiing okpieudanling sishediseases.
The 201 gene products expressed by the MSCs are shown to activate important 25signalling pathways
in cardiovasr‘éu ??ﬁ&f&ﬁ?ﬁtk?&%rd éY&bghEﬂfgﬁ&qﬁ%éPg%k%@ SUEH YUK RTFIAER O oll-like
receptor, T@ER-betR sigmattithg BVd mMTOR signaling pathways. Accordingly, the particles from the
MSCs, etc, may be u to prevent or treat a disease.in which f these signalling pathways is
involved, or%&é%gﬁﬁg&?m%‘f\?&ﬂéﬁ@g&% a‘gé?g&&ﬁ"ﬁﬁaéwg?&iﬁ”r&?o?ggﬁ these signalling
pathways. 30Accotdingly, suiedhiadiBescaiRyheinsadial tiealthardac datoreChonmaasnd disease,
skin disease, hurns degenerative diseases such as diabetes, Alzheimer's disease, Parkinson's
disoase andHrebF R 08 T R a0 vy s DU HEDS e T
cutaneous wetlnsioa gieryalegisndigsrielirsatterma®l ogigahdasion, dermatitis, psoriasis, condyloma,
verruca, hemangiomg, keloid, skin , atopic dermatitis, Behcet disease, chronic granulomatous
disease, cugﬁ%‘%&@c&fﬁ%ﬁ%B%&HWE@PQF&{‘H‘BH{%‘%%‘&% condition 5characterised by initial
injury inducing inflannoiatiarx aladvenstaseinyiss egliatdnaedesperfostiirania tissessedipgeling including
fibrosis and.loss of function, renal ischemjc injury, cystic fibrasis,, sinusitis and rhinitis or an
orthopfedic RSB TR S A R4 L S PRATANS T i3he
formati_on, atdomeégrﬁﬁstme_b@m@lm&r@Wxﬁr&MpfﬁrﬁaﬁiﬁMimm\zidgalmb%ﬂmﬁsljhmfﬂmtext (_:Iictates
otherwise, the tern%oﬁgndltloned meg{%@vafPOW)dmbﬁ[tg en atco1 An%g%%sr&ce)tste)&locsell cultu‘ggg?e;%c;:@ »

wing antigen r . are 1nc
exposed to MSCs as WSS SUER composﬁlon comprising ohe or more, pre eraf)ely su
the polypeptidiasi @icloanel prase seianthectihdiiianed madieHantiFReOpaIGo|Esimtantalsatimaised as

sources for any of the protei ecreted essed by th s. We therefore provide for a
method of p€8§ S{:iégtya p&%&%ﬁ%&%%@ﬁ%ﬁ%%yogfe Ta etsagﬁ%%t} %ﬁrer%&%o Scé%%ﬁsing
obtaindig a paiic¢\as e debinathrandBsolaigagnth € Ao ySaptideoddor theopariclevithEART DISEASE
The mesen%p%grqulll t%%%aboﬂrltgdg H;rethgglﬁ 'and cor_npositic_)ns described here may 20 b_e used for
treatment or prévention or heart disease. Heart disease is an umbrella term for a variety for
different diseases &ffethnghtheetisars. sksi0e@0ad withtHeOeablang weheseidinddathl hitheutdsited States,
England, Cgnada and Wales, killing ane perspn.every 3 conds in the Unjte tes alone. Heart
cisease ol TSP e At SCareRly et B oS kS TP sence s a
disease of thexaotewyitadiggd] hyilge mcowstolatisnfof aithénaimsitol(3] playojue Siithtier thenvally odtthe
arteri thatzﬁﬂg%l}é tgl 1ma)(lng)cardium. Angina pectoris (chest pain) and myocardial infarction (heart
attack) are symp oS of and tonditions caused by coronary heart disease. Over 459,000 Americans
die of coronary 30 heart disease every year. In the United Kingdom, 101,000 deaths annually are due

to coronary heart disease.



48 Cardiomyopa thy Cardiomyopathy is the deterioration of the function of the myocardium (i.e., the
actual heart muscle) for any reason. People with cardiomyopathy are often at risk of arrhythmia and/or
sudden cardiac death. Extrinsic cardiomyopathies - cardiomyopathies 5 where the primary pathology
is outside the myocardium itself comprise the majority of cardiomyopathies . By far the most common
cause of a cardiomyopathy is ischemia. The Wogld Health Organization includes as specific
cardiomyopathies: Alcoholic cardiomyopathy, coronary artery disease, congenital heart disease,

nutritional diseanpieaffoaina e hfdM1iSRDAS IWQEdBRBBMEIRE Cardiomyopathy, hypertensive 10
cardiomyopathy, valvular cardiom opathg, inflammatory cardiomyopathy. Also included are:

Cardiomyopathy sEESiSHRE/ i81atel <tamitorerdbshe thawisscolletit fsedhfdiomyopathies (weakness
in the musclecatihg/hgritibRhisreebdgatasnddentiaiaexteinabsauserdqBilrtathsardiomyopathy
(DCM, the most commaon form, and one of the leading indications for heart transplantation. In DCM the
heart (espedfSiPRSENeH TOMALIAL ROl SR oM IHE pRShIm BT RIATIoR 95 Wit hifing. 8
Hypertrophig caydiosryterpihyefafatddsn Q0N sheemetir dispigdaistavsedhy yNigusemutatans in

genes encoding sarcomeric proteins. In HCM the heart muscle is 20 thickened, which_can_obstruct

blood flow dREPRERSH TS IRBaAR- A 0RRASING prEbkRs Plocksd Ky iaddtpsAe iRt ietticular

cardiomyopginyi APBAS. WG T adsesshpmaiTLl eqtritiel disktieanaasyf the heart in which heart muscle
is replaced by fibrous scar tissue, The right ventricle is generally most affecte%ZSRestrictive

cardiomyopathy (REHIMEMRIRS {fdbicdmithichabbiisriipadarr PhesrhahYordte vEiificles are
stiff, but mayoentdiedhicke Tedhanddesissthainernalditing afothecheaticwithdienshy), or Ra@ncompaction

Cardiomyo%athy - the left ventricle wall has failed to properly grow fram birth and such has a spongy

appeatince’GAEHRRN L Y HOCSATd-AEMS e b ArAn L Py Rs R TR PRt @R Larabbit
Cardiovascurdiseese(is AR oGiobtiph cahspryilih cistasastbai @ffetsthechearNksElfand/or the
blood vesse| system, especially the veins and arteries leading tg and from the heart. Research on
disease din%‘i“ﬁﬁf?rﬁgﬁlsé‘ﬁ@@ st e HRB: éh?fB?weﬁﬁf%%’éﬁaﬁgﬁéﬁ%‘y&?&é@é’%é%ﬂy suffer
from forms thateaifeBidhd leederdast SlvvhdigamBn. usually suffer from forms that affect the heart
muscle itself Know ssociated ¢ s of cardjov. disease include diabetes mellitus,
hypertensio ,"ﬁ?ﬂlfﬁ%ﬁh d %ﬁﬂ?ﬁﬁ%&ﬁ%@ﬁgﬁﬁﬁ%{oﬂ%‘é@ of cardiovascular disease
includesatherosclemsiMSIscManpechtaadt iyiseaie filtratisehhesnjth e disciser isndisease of the
heart itself, characterized by reduced blood supply to.the organs. This occurs when the arteries that
upply the Gy BB B B U LGPt HOAE RS GRS 1 Srygen and
the nutrientg 2mnanviledseqlicatiy sicpl be@ting. ftadtiears padpue:dHepaffifatugethal So0SakEd congestive
heart failure (or CHF), 0 tive cardiac failure (CCF), is a condition that can result from any
Structural o HEOPATArEISE CRoH Gt IhRENS ARG B e PR G G B pump 2
sufficient antupdratibloSdnigupighaiehtretingdyfréiopuonorialed e daibty afvikva ighingidef the heart.
ZOHy% rtensive Heart Disease Hypertensive heart disease is heart disease caused by high blood
pressure, egﬁécially localised high blood pressure. Conditions that can be caused by hypertensive
heart disease inclubeideiitife niiddihati iy petit:oping, the ey ) eath diska s diongestvelheart failure,

hypertensive cardiomyopat diac arthythmias, inflammatory heart 25disease, etc.
et TSR s At SRR L ROsRbty T TR Surmounding it

Endocarditisepenfynviiee snijufta m msdio Vi fi s hedueeer bsyae) i thededrt dvaapdoeaydil@A The most

common structures mwal\slu are the healgltls\{grll\(ﬁi Inflamma%te%rélal% rEI(l)oM %g?rl c.t{\(/)l o¢ rﬂg%_comprlses

inflammatiof Gf't lgnrr?gocardq’l%%,e? EBOmbsCar %%?{%Frﬁ?e
25 CM (10-220 nm), the < 1000 kDa fraction (10-100 nm), or saline intravenously via the tail
vein, 5 minutes before reperfusion. Infarct size is assessed 24 hours later using Evans blue
and TTC as described previously.
Example 11. Materials and Methods: Data analysis
Data are presented as mean = SEM. Values are collected in a blinded fashion and
30  compared using one-way ANOV A with post hoc bonferroni tests in SPSS 11.5. P-value <

0.05 is considered significant.



50 Valvular Heart Disease Valvular heart disease is disease process that affects one or more
valves of the heart. The valves in the right side of the heart are the tricuspid valve and the pulmonic
valve. The valves in the left side of the heart are the mitral valve and the aortic valve. 5Included are
aortic valve stenosis, mitral valve prolapse and valvular cardiomyopathy. [The above text is
adapted from Heart disease. (2009, February 3). In ¥dikipedia, The Free Encyclopedia. Retrieved
06:33, February 20, 2009, from http://en.wikipedia.org/w/index.php?title=Heart
disease&oldigzafiie 909R4 HEL- MERAIiGF PARTICLES 10The particles as described in this
document may be delivered to the human or animal bodys%any suitable means. We therefore

describe a delivery Sy5Rss FddisenngiRparicieuteiudibmilerionAn g dhreshania By fue cell,

tissue, orgageanigi heoy-ofewrae badidandsnethodmdor usingeth@delivery.susienn ondeliver
particles to a target. 15The delivery systemﬁ:}nlgf/ comprise a soqurce of particles, such as a container
&

containing tHE BAteS M &G MSA)RG St6r 9 2BMiprthe GLpRIRPIEPispensing the particles to

atarges  FAGGRHPHINGIYR&aRSOYIRRERISsY System for delivering a particles, comprising a source
of particles as described in this document together with a dispenser operable to 20deliver the particles

toatarget.  WelRIHKEEFBrobRIRPRIFIHE thsaBraticiny RS Syetet RaRHEthsd st B¥ivering a

particles to mbakgetly Reliveryisysienisaied sativansg-twnd ipieptiedediceraadrvithtsratynd
include injection, surgical drips, cathethers (including perfusion cathethers) such as those 25described

in United SERESBRRHTEUSD 5 YA fof M Arrpmaes i Hinr Bryrmmemee by e atrsdionsicribed in
United Statestitaiente! IhbAdRly, thORINVRAY tonthierlungs sicnashldpasgages tnaludingiipiranasal
delivery, may be achieved using for example a nasal spray, puffer, inhaler, etc as known in the art (for
examdl@ as SHETHS AR S sEtAS DRSS HA e 5 3%‘3’;3 30Delivery to the kidneys may be
achieved using an intra-aortic renal delivery catheter, such as that described in United States Patent
7,241,273. 51 It will be evident that the pgydigiiar delivery should berﬁ9&£i‘gldli§pjﬁf§9(gﬁjhler the
required amount of particles at the appropriate interval, in order to achieve optimal treatment. The
particles may for example be used for the treatment or prevention of 5atherosclerosis. Here, perfusion
of particles maipBE@sne intra?oiobdl to staMilize athdiasclerawmfidues or¢dduce infléfifation in
the plagues. The particles may be used for the treatment or prevention of septic shock by intravenous

perfusion. Jie particles may be used for the treatment or %@eyqnéign ogggagtlfgilurg Imszrglay be
achieved by%ﬁronic intracoronary or intramyocardially perfusion of particles to 10 retard remodeling or

retard heart *ﬁiﬁ%é?ﬁ‘%%ﬁ?articles may be used for the treatmeﬁ?-grfp?eQ/eﬁ?Iénto‘f-ﬁjﬂ'g ifftariidtion by
intranasal ddbvéfyof LVY he particles may be-used for the treattaent arprevention ¢f dexiviatokoyical
conditions e.g. psoriasis. Long term delivery of particles may bé&lémptoyed using transdermal
microinjectiddRelepites until th&3condithoryis4resblved!.051t8will be evident thet the delivety méthod will
depend on the particular organ 8. Wwhich the particled #.tothe déliveréd, and the skilledogersonwill be
able to deteMhid windigneans o) @mpldtdctdrdingly4.9  As an éxampléjifi thé 3reatmernt of cardiac
inflammatiorptfexpaiticies Mmay berdelvered for exaguple 1o thewardiag tissye (e.¢ myosardigm,
pericardium, or 20 endocardium)doy+directintracoronany injectian thimegh the ehestwalbartuging
standard pecotanesias catheter®ased methors undey fisioroscopie guidance for direct injection into
tissue such as the myocardiumariinfusior@gian inhilitor fromeastent@r cagreten whichis insarged into
a bodily lum&rT Aifsedyiaty of caronary catheter, or a pesfusion catheter, may+e used to 26 administer
the compound. Alternatively the particles may be coated or impreghatéd omsa stent thatvis placed in a
coronary veSSeT TnEstiF/REGENERATEON + 4.Medehthiytnal stem cells and-Hifferentiated cells made

according togerm&inds.and,sampesitions deserigad heye, ang-partigles geyived thergirom, may also
be used for 30 tissue reconstitution or regeneration in a human patiest in need thereof,The celds are

administeregjsaqgpanner thaypermis) them to grafhjosthe intended tissug Gife-angreconstitute or

regenerate the functionally deficient area. 101.5 +
EDV, ml 90.3 £8.2 86.2%9.1 7.1 702183 69.7+52* 69.1 £11.6
ESV, ml 478 £82 439162 53.0+47 442160 314+14* 4751906
245+ 4.0 219 £ 27
SV, ml 445+ 32 433150 49.6% 3.6 * 385+ 4.2 1% *
38.8 3.5 347+ 4.4
EF, % 525+£5.0 51.7%+3.1 49.0+27 * 542+ 2.6 1% *
dP/dtmax, 1290 *+ 1592 + 1075 *+ 68

mmHg/s 118 1093 £ 83 1299 + 76 226 1528 + 130 *



52 For example, the methods and compositions described here may be used to modulate the
differentiation of stem cells. Mesenchymal stem cells and differentiated cells and patrticles derived
therefrom may be used for tissue engineering, such as for the growing of skin grafts. Modulation of
stem cell differentiation may be used for the 5bioengineering of artificial organs or tissues, or for
prosthetics, such as stents. CANCER Mesenchyual stem cells and differentiated cells made by
the methods and compositions described here and particles derived therefrom may be used for the
treatment of gRy@ehid 0The termesicancer] snd+'canggmus” refes te pseseriberthesphysiplogical
condition in maipBdls that is typicelly characterized bysgnregulated cell growth. Examples-of cancer
include but @&efRrskimited to, carcgnoma, lymphoma, hlastoma, atcons, and feukemia2ioreos
particular exarnBRs/ailsuch cancas include.ssluamousell cancer, small-cell g5lung cancer,
non-small cell lung cancer, gastric cancer, pancreatic cancer, glial cell tumors such as glioblastoma
and neurofibromatdshie derviteinodpoemiovaddivecnos Ryncaense Baskldaevratagscord hepatoma, breast

cancer, COI%?y%%QP(ﬁE’I FHGRIAGRANSES lﬁ%‘%@ﬁ@%@fﬁr%@@t, ANAN RO SRRy isidney

cancer, renal cancer, prostate cancer, v cancer, thy cancer, hepatic carcinoma and various
types of headhasdrdsgikapdiyomd Qmﬁuﬁhmfec@h@m@sbaﬁédsb_ﬁﬂgm&m§@1\d\_@1@|din_g colon cancer,
breast qancy. Jyfo GaceARRE RiRaITAls RIeRk RN aieReIStE mAloNANRG NEldiog, gkemias and
lymphomas, Hodgkin's disease, aplastic anemia, skin cancer and tfamiliar adenomatous polyposis.
Further examm'e@mﬁbtutbétmia?nmﬂ@pmrEMmﬁéWe@ﬁ}asmabr@aguhéﬁﬁla\gni}st,l&ekvbss;_
neoplasms, @ye neapiAsMSIELASARIAEIS, NG ARRIRITIR,RARGEC RIS IRRRIARS R50varian

neoplasms, prostatic neoplasms, skin hieoplasms, testicular neoplasms, neoplasms, bone neoplasms,
trophoblastivohedpldsnys, chadiopiéel ubel aeptasmigokectaluiea gi&s viscdonoiiis e glasrasdkidney
neoplasms, StopRcARNRIANDS. AN Rasatviaidaeapiasss Broast pancal, RiRRIALS,CANReT
pancreatic cancer, colorectal cancer, lung cancer, malignant melanoma, leukaemia, lympyhoma,
ovariaHcantermee/Malicare8p andshlirery tract 30carcinoma are also included.  The mesenchymal
stem cells aﬁ%ﬁ’.@%ﬁ%ﬁ@@&ﬁ%l‘%ﬁ}%ﬁ&%ﬁéﬂm to the methods and compositions described here

e

may also be used in combination with 53 anticancer agents such as endostatin and angiostatin or

cytotoxic agents oBaselie trpapiaticaay it Fomethaipies dliagiedut abay B ENEB Sigekenyein,
dau”0mydr}h@ﬁé@@ﬂ&@?a%%&%ﬁ@é@n{ﬁ%@fﬁ Ef%rﬁgqe?ilgﬂoiﬁsgrﬁﬁﬁp, asvipgtisingvynd

antimetabolites such as methotrexate. The term "cytotoxic agent" as used herein refersto a substance

that 5inhibit8egeprewelisiaé Feitraisi ogeehcansioi caaldsigeentngudNVdt degsrerhd)idionts intended
to inclygle radiqacliyvg ISBIPRRTOIE Gre repefiikeGNRIINOIDRIBRAE Wit 9S/3tR ARAERXARISURRSS

enzymatically active toxins of bacterial, fungal, plant or animal origin, or fragments thereof Also, the
term includé9yiRlogerBspibslilt iy Fosritc kIndbe nitbieated stidh METHEND IeyRirRs anyanipEths
disclosed in,WQ 942288 bR pis(arylamino) benzoic acid derivatives disclosed in EP 600832;
6,7-diamino-phthalazin-I-one derivatives disclosed in EP 600831; 4,5-bis(arylamino)-phthalimide
derivatives as discl8§encrerrisisngg idhe 8pfidenoiaieicerint peeaingdepu i fakisase to a
SH2-containipg.sUREIAIBIRY AEINKREL MR RHL S Orexamiipled vikemoiciapitiGRgeNt” is a

chemical compound 15 useful in the treatment of cancer. Examples of chemotherapeutic agents

includ@OadririRann thexesrsatiat susid lugRbrtsetiyendisskiney sielis {BardeAesregsed due to
CyC|0ph05pr%%@?enTiQi%t?g%ﬁ‘e Bhsuifame Gioxita d @xaln Methattexata ofdpRiationdvielnhalan,
opo

Vinblastine, Bleomycin, side, Ifosfamide, Mitomycin C, Mitoxantrone, Vincristine, VP-16,
Vinorelbine ISEibSHI AR TOSTBERTe AR Sanicin teshasrhiomirdial, 20danRsisapre AROTRRINGHRT cin,
Mitomycins Nigatinapidss EsRgamicifis{see U.S. Pat. No. 4,675,187), Melphalan and other related
nitrogen mustards, and endocrine therapies (such as diethylstilbestrol (DES), Tamoxifen, LHRH
antagonizing drugd! SRIGES IS aprbyetalic BrgtiovaemanricnreisEENEiaviRd cafigm CELLS
(MSC)25TheRadirlgsodrsariaed ik My BR 1Bolatef aihraducaeirprunesengiymal stem cell

conditioned medium (MSC-CM). MSCs suitable for_ use in the production of conditioned media and

particles malF & FHEdE By ath Akt RodRrbOME HetiEcartly highesapfedrenrs@igndyise made by
propagating,a, el aPiain e HanREs g s My R SIS RLER) calieRlety e AdaseRRMENt thereof,
in the absence of co-culture in a 30 serum free medium comprising FGF2. This is described in detail in
the sectiondBEBWE 2nd ka8t 5#Sr art methods of obtaining mesenchymal stem cells (MSC) or MSC-like
cells from hESCs involve either transfection of a human telomerase reverse transcriptase 54 (hTERT)
gene into differentiating hESCs (Xu et al., 2004) or coculture with mouse 0P9 cell line (Barberi et al.,
2005). The use of exogenous genetic material and mouse cells in these derivation protocols
introduces unacceptable risks of tumorigenicity or infection of xenozootic infectious agents. 5The
particles may therefore be made from MSCs derived by the use of a clinically



relevant and reproducible protocol for isolating similar or identical (such as homogenous) MSC
populations from differentiating hESCs. In general, the method comprises dispersing a embryonic
stem (ES) cell colony into cells. The cells are then plated out and propagated. The cells are
propagated in the absence of co-culture in a serum free medium comprising 10 fibroblast growth factor
2 (FGF2), in order to obtain mesenchymal stem cells{MSCs). Thus, the protocol does not require
serum, use of mouse cells or genetic manipulations and requires less manipulations and time, and is

therefore highly scalablgyd e erERGRlEIRYdIR UsReLioKHiRITeRUIoMm T IRGsram ApersifiRient hESC
lines, HUES9 and H-1 and also a third one, Hes-3. Human ES cell derived MSCs (hESC-MSCs) 15

obtained by P& ¥nater3rd DoinpsaisdraddierinkiemersadirtsHmrshir ha B BEELEarow

derived MSgsWBM-Maksile functida embryapgi&igm cell culture may comprise a human embryonic
stem cell (hESC) culture. In a one embodiment, a method of generating mesenchymal stem cells

(MSC) 20 cEr¥neds by Resw g QR Hi3p Mg hESCs without feeder support in media
supplemented withHaGilig @idoaptienalhLRGEHE haltteSQrneneiidbt&abadfueetion, The

method may comprise sorting for CD 105+, CD24- cells from trypsinized hESCs one week after

feeder-free Propidtibi iHacrmedn duppleaempsaowits BERP) dRdussdgsibical) PoeemEaiienerate
to generate GbaS6r WA GReH G taveoin yxiiah at Jeass, samgestiaik@sfsskianiiadheathsinall cells are
similar or identical (such as homogenous) to each other. The MSCs produced by this method may
be used to prdddice mesenchymal stem cell conditioned medium (MSC-CM), from which the particles

may be isolated. 3QRisAAPEDRING LMBEYSRige IR0 S albdioton @S dativeo Beessathpghafproducing
mesenchymal stem cells m ﬁgmprise disperfirgl}%%)r disaggregating an embryonic stem cell colony

into celts. 58uke R EEM R RISENEO ARG Yo pRBe A hiie S8 RBIBH (EBWHIER,
Klimanskaysyl TMg\abnie-dxAtieidaa ResMisnyenddehal (OB esmatiproelarnapramnic stamycell lines
from human blastocysts. ngl J. Med 350: 1353-1356) or a H1 ESC colony (Thomson JA,
Itskovitz-EIdBA‘ﬂ?agﬂgfﬁl%tj\éé, YA?Q%&C%&?%%&&?&BP Mzgéﬁoé)i @n’%t’% onic Stem Cell Lines
Derived from Humap Bdastanysts ChCigeseedfdeslddBathddstrpss in theeheahs of dne-aetasy piay be
disaggregated or dispersed to a substantial extent, i.e., at least into bL)[m S. Sficolo. may be
Cisngoregatatt BFUIROPENA 10 o B USHE SFAC AT b T s Rt S o B M eReglony is
complesely disaggredbietlAIOdGenisageetnte fomey digeddhiexe thwitbean disgearsiigiagent. The
dispersing agent may thing that.is capable. of detaching at least some embryaonic stem cells in a
colony from BQEHBHET NG SRHRISING SORRCACY COTHIEE s hE LR AEATFIES adhesion
between celsriiparedloryMpirbabigrsscEliguasy3® dopstratkiinomatierd e dispeisiigcagent may
comprise a protease,.15The dispersi ent. may comprise trypsin. The treatment with trypsin may
last for exanﬁ‘&ree %qsglﬁﬁﬁlﬂégl 6‘#3{}9&%%@(3&?3{1?7%3&&8@%&% ecg ‘may then be neutralised,
centrifuged and re3spsoced v naadionicbefaopplatitignagainst ddidameikadssay aesmyidse dispersing
a conf Lbent ?late of human embryonic stem cells with trypsin and plating the cells out. 20The
disagdregat (%)may comprise at least some of the following sequence of steps: aspiration, rinsing,
trypsinizatioBxamsplat @R eisled @k -@ustpohing , re-seeding and aliquoting. The following protocol is
adapted from the Hedrick Lab, UC San Djego (http://hedricklab.ucsd.edu/Prot OSCell.html). In
the aspiration step, ees%éeéﬁgﬁ%(gstgﬁ&egﬁ cs)grC éétﬁuer% f/n P@%B{/‘gal r%h%vége\gelgsqﬁ%such as a flask. In
the rinsing stigpating'éells assesindednfitieray ol tfeatexamplel 6P milmabing buffeved/enedium, which
is may be free fro 2+ and +_Far.example, the cells may be rinsed with, calcium and
magnesium HRE B T W T Bl odb R AP S T Bt B RS to
the vedsel, and ¢betnd gagd bollBckte:noblotine groMng suttac ecsdtiedhia cdidpexdipgNdgdt solution. For
example, 1 ml of trypsin in 30 Hank' 3 may be added to a flask. the incybation step, the
coll are Ief KoTSOE dhai e T T P L e R L b ot 37 or
a few minutEs4engle 1 ToResulistidg)ofrtdsie 56 dislodging step, the cells may be dislodged by
mechanical action, for example by scrapin cking the side of the yessel with a.hand The
colls Shod come ST SRR Shae aosin R SR B R e
medium is acddd tioatl{eMlaskimhbie neddégsmpopyoSsaimpngecparéutialisvgqagetnfitd giopeted @lCtion of
the dispersing.agent. Forexample, if.the dispersing agent is.a prqtease such as trypsin, the medium
ey coa T SRR e A B T S TS T s B b R 0
particular exXMMPIEMS atitvksaspasedrtaicing ¢ iveul twrepaeditnbahadaeid thetfldsiodosabake up a
total of 4 mlg(.)r'll;pq cells mz%n ep' te Eo disIO((jﬁe.or dispe se the gpdl,sD}.Oln the re-seeding step, the

ugoestl a 1MAibit§ apoppasis in vivo (Freures
cells are re-see ecf ﬁﬁ) résh culture vesse s%rP res ( g



medium added. A number of re-seedings may be made at different split ratios. For example, the cells
may be reseeded at 1/15 dilution and 1/5 dilution. In a particular example, the cells may be re-seeded
by adding 1 drop of cells into a 25cm2 flask and 3 drops into another to re-seed the culture, and 7-8
mls media is then added to each to 15provide for 1/15 dilution and 1/5 dilution from for example a
75cm?2 flask. In the aliquoting step, the cells may besaliquoted into new dishes or whatever split ratio is
desired, and media added. In a specific embodiment, the method includes the following steps:

human ES galisnape: first REQUIR SNEPELASS I fi@inasliigient manner to form embryoid bodies (EBs).
5-10 20day old EBs are then trypsinized before plating as adherent cells on gelatine coated tissue

culture plates. Maibtafasinas P e sontingex S 1443y BeiEe N AeeHfintained as

a cell culturgerhbe leedstiRi kerAlaieReQRiAid SR YaasRr Q) SRS ae BUsh-a3a gelpszed 25plate.
Crucially, the cells are grown andéoropagated without the presence of co-culture, e.g., in the absence

of feeder cdfi@? fractinl SeHNfIaiTd cenRiMsLIAdY b Yraine i szedFam-HEd 4R 88um which is

supplementeg fByca bR NS rEb fRet s slephoasctibro Mlastasandh iadok B4 fahinadskoptionally
platelet-derived growth factor AB (PDGF AB), at for examg%Sr@/ml. The 30cells in the cell culture

may be splif8t dUiBArked A8 Rt hcridioBiPiFsHtn ERtalH sl svadNR BAd?epMing. 57

Absence of GighGizkutg ging TReCelis tmaydengultured in the absence of co-culture. The term
"co-culture” refers to a mixture of two_or more different kinds of cells that are grown together, for

example, stforATIRHERests HigkFraelionatipa Rid NofSreresathnerr st hBLose i culture dish is

usually coatggcoidimzfacVRsliRyEiroWeRkese embryonic skin cells that have been treated so they will
not divide. The feeder layer provides an adherent surface tg enable the ES cells to attach and grow In

addition, the feedel CAHETLE RSN RTSATRRS B AR frantibaRie WREH Yt SIS IES cell

growth. In tReénetlbads-anthe appdsisensMestrih et hereintd Ne BSdsind M G leelissntay be cultured in
the absence of iu,ch co-culture. The cell%may b%él((:]gflf%f”ed as a monofl yer or in the absence of

feeder cells CPR&ERRE W HHredss meransi T N L8 feeder cells to establish
mesenchymal stermeriisiiMSEndiTibecdissediaiet oildisdgoregaiechembriaicf NEM aalistirdy be

plated directly onto 15 a culture substrate, The culture substrate may comprise a tissue culture vessel,
such as Ia Pj-:?i{ﬂ g&ﬁ‘? T?Fféefflégléeﬁefﬁuﬁ?tséopﬁé%éea\’lé U%Egegl%?ééylﬂésﬂ’ééérbﬂnﬂ @r@g g rl(;V\;J on?/a
gelatinised tsgtigaudtuieoplate.1 00 kAnfexaon|endroto cabfdidbepgeladin nu@iDgekdighasdaliows. A
solution of 0.1% gelatin in distilled. water is made and autoclayed.. This may be stor t room temp.
e 20nottcih STA HLLE! A P PGBl SR R P LT R TR MR, 1

Remove gelatinland [piated atetieadyetoimsar. Medium should be added before adding cells to prevent

hypotonic lysis. Serum Free Medi (gf [ssociated or disaggregated embryonic st ells may
e cultored m 5 25 TELRRIRREH UG B GBI R R TR S SRA i TR mecia:
may compriset-odil eilno & adiguve oo HTisefMaVodi ser v priateinteangyjoiepad walf leardmin Serum-free
media_are kpown in the art, and are described for. example jn U tents 5,631,159 and 5,661,034.
Seruni o T AT EO A B 405 FAB S R CRBAAT ol B HARCERY S0The
serum-free ndedibproayibeuppdtaibrien, inctbatitaraydacknputiieins dydinlysatesrarethcomponents of
unknown compasition. S -free medi rise chemically-defined media in which all
componentg'f%a/grée%@\/ﬂg)tﬁgﬁcg%% g#m@r@oﬁ%ﬁ@deﬁned serum-free media is
advantageous %s it_rtr))_%aﬂirdedlasemmﬁlﬁmipMi@?ssthmwdsih:jse&ireﬁastht@zsﬂvadei_ls Ili_ﬁ;eaiifiows for o
improved reproducibilit more consistent performance, an r s possibility of confamination
by achentioh DB R T Sar 0 ATBEIRC A R G R AR v Mo et
(Invitr@gen-&ibgendasint blandltivewmddiok). as supplesentsnafré ehmeadid asxayide 0gdkemented with one

Tooh, ot THO QLU WEURE Ay S eare kT Ui 1006 serum repiacement
media Example 20. Results: Biological Activity in Size-Fractionated Conditioned Medium
with MW >1,000kD or diameter of 50-150 nm
To determine the upper and lower size limits of the putative secretion complex, we
30  performed size fractionation of the Conditioned Medium and tested the biological acitivity

in a mouse of ischemia reperfusion injury. As the Conditioned Medium is filtered through

0.2 uM filter and concentrated against a membrane with a MW cut-off of 10 kD, this



10 from Invitrogen- Gibco (Grand Island, New York). Growth Factor The serum-free medium in
which the dissociated or disaggregated embryonic stem cells are cultured may comprise one or more
growth factors. A number of growth factors are known in the art, including PDGF, EGF, TGF-a, FGF,
NGF, Erythropoietin, TGF-b, 15IGF-I and IGF-II. The growth factor may comprise fibroblast growth
factor 2 (FGF2). The medium may also contain otheygrowth factors such as platelet-derived growth
factor AB (PDGF AB). Both of these growth factors are known in the art. The method may comprise
culturing celisiR i BegiHE R PHRINGRITG L AR REFAB: 20ltesnatinebinor in Asidiion, the
medium may comprise or further comprise epidermal growth factor (EGF). Use of EGF may enhance
growth of M e BF may be used at any suitable concentration, for example 5-10 ng/ml EGF. EGF
may be used in plare RiRRGEHs B rin e Fretein, wellkpemmintaearthranibis srfarsedvvyas symbol
EGF, Alt. Symbols URG, Entrez 1950, HUGO 3229, OMIM 131530, RefSeq NM 001963, 25UniProt

P01133. therildasdigrcidiainehs S orditiamst Mrdraisgpiesshmyeroubians Bk aind (i)

FGF2 and B®W and @tharioombrationskD, rétérirdd TGRSR Domiiagapicvragiagenic, and
neurotrophic factor that js expressed at low levels in many tissues and cell types and reaches high

concentratidROHEBE R ARY PR eesesvhd REkBmbic ¥elums sfiindaiodalt phiisiSogic and

pathologic prRGAGEESoInEIHCIME imkideyelepmRatoAAGINERPRSISiVANMY bealRgariid 59 tumor
growth. FGF2 may be obtained commercially, for example from Invitrogen-Gibco (Grand Island, New

York).  PREMSIBENEHEFERIHUEL NI GF) is a potent mitogen for a wide range of cell types

including fibroblasts, $ReAEIMBICH Rl cABIESt\Ritisrdee P Bfadnanhielis @ compeskdioh a dimer of
two chains &()armed the A chain and B _chain, can.be present as AA or BB homodimers or as.an AB

heterodime? HUMHERBBIESR H8 TERFPRS R HERISU M AP BRI BIgE MY ref3 BeRiSE X Ehain and
12.2 B chainoRIDG@ifrAdsishabrisotainedicopamenejaly, foo £xample frono Repreiacih(Regky Hill, New
Jersey). Theolgr;qrowth factor(s), such as. FGF2 and optionally PDGF AB, may be present jn 10 the
medium at GoneertARSREEF At DEPEHTN Lttn Y& Rsdet 366hg/minuteE PO ISRETHE/N, such as
about 2ng/my su6h; agabotidagintesticisas BedotedrelfdnsuehasANeRISNGINR Jissome
embodiments, the. meqium contains F at ahout 5ng/ml. The medium may also contajn PDGF AB,
Such as at ASATUEHENRY SORTHECI91C G A BT RSB BRI LGRS VR
conflugfice,iwheimedntatic Bt causEbychssatiomaficel plbdsion sangagconiize S0 die defis may then
be dissociated from the substrate or flask,.and "split", subcultured or passaged, by djlutjon into tissue
culture modGHTRIHRIHE THETHESS NS Bt AR Ha g bfORS comprise
passaging, 3eaiidplithre/dukiyg culture. The cells in the cell culture may be split at a ratio of 1:2 or
more, such as 1:3, such as 1:4, 1-5.or more. The term "passage” designates the process consisting in
taking an aliquot of B AR R DPREEAINHE T HELUISTG VL HERH FIEtt. LR Y Lituring
the line untitlecordluerci far satiueait cipis biailyad dbelé dhanitdraenitd ohithatngitiepd25The method
may further c rise g selecti sorting step, to further isolate or select for nchymal stem
cotte. 10 R B R R TR R g MRS SRt e STy s (MSC) from
the cell cultuegpbytivdgndrafiond @y Tare Bifact<diigeDniaidess diraenuskiclogisgligcitaivar sorting
step further enhances e sirngency of sorting and selogtian 30spegificiy for MOGs aad urthermore
potentially redkices possible contamination o & ryonic stem cells such as S and other
hESC-derivédtivesnipder ihe Biattik, Sdniatariakidhihavooiditier divibénre duoaghehidikletieratoma
formation arilrclj f 1rthter |t creaI%elthe clinical relevance of the protocol we describe. A number of methods
are known fOF§eléction %?%optlﬁ)é based on antigen expression, and any of these may be used in the
selectitin orBoatingsdp Readtibdiédren Bidreseejec 6 q ondisidingdMigdixnadtierdddthmeans of
fluorescencg activate Il sgrting (FACS), Thus, as known in the art, FACS involves exposing cells to
a reporter, s%rdﬁeéls? A qé%@ *82 g&f?ﬁ'&)f ,rvfs{/ﬁﬁ:sn binds to and labels antigens expressed by the cell.
Methods of produdiieatoirantibodies amchlskbielifihth€oaditiorfad v edportes penferkmalwsimgthe art, and
described for e ple in Harlow gnd Lane. The cells hen pas through a FACS 10machine,
which sorts B CERO AT e e T RLR A AR BT & PR ARl o

carbon coated grids (Ted Pella Inc, Redding, CA, USA cat no 01800N-F), fixed in 2.5%

30 glutaraldehyde, washed, contrasted in 2% uranyl acetate, embedded in a mixture of uranyl
acetate (0.8%) and methyl cellulose (0.13%), and examined under an electron microscope.

Consistent with the size fractionation studies above, we observed the presence of



addition, magnetic cell sorting (MACS) may be employed to sort the cells. We have realised that
while a number of candidate surface antigens known to be associated with MSCs e.g. CD 105, CD73,
ANPEP, ITGA4 (CD49d), PDGFRA, some of the MSC associated surface antigens e.g. CD29 and
CD49e are also highly expressed in 15ES cells such as hESCs and their expression are verified by
FACS analysis. The association of a surface antigeryyith MSCs may not be sufficient to qualify the
antigen as a selectable marker for isolating MSCs from ES cells such as hESC. Accordingly, the

selection orEHEACLSIRRBIAY SPHeY s0tigens ybich arg.difieseRtisi-expEars 9 helvasiMSCs and
ES cells. 20The selection or sorting step of our method may positively select for mesenchymal stem

cells based YIS IrdlsissrERtioRtigdrEeddeh antigens may be identified by, for example, comparing
the gene expressiompisfiem e HESGHaRENTSEMBSEs dnRamisuae Heainantmdhesealastion or

sorting may specifically make use of any of the antigens shown in Table EIA and El B below. 25The

selection or'$8HRGESERISEO G ARMIOS TR 49 siheuvenhsarstietorhar asiergaldht MR asased on the

expression pfanigsna bt @re dggntifierha e Rtoresseienpvbehs Rhaeh expresaeden ES cells
such as hESCs. CD73 is highly expressed on MSCs, while being not highly expressed on hESCs.

ly € 1 C /N
Both CD73 kxamieos Beswighlividy gsitipmof GAngiirngd Y1hd are among the 30 top 20
highly expressed spsfaggprtigenipin diasfosMotsralatvm daibkeOvtdauuseref githepkebic3 or CD 105
(or both) as selectable marker for putative MSCs will be equally effective in sorting for putative MSCs

generated BRI caRpREBE LT Gpnditiongd Medirm, apd INGQYfio XISt REESIFBr sorting step

may negatiyebes@lest Bgainstsantigenc hiasaded Mkikes anigensithabaisuklighlyxedprassadias
surface anti%jeélb?n embryogic stem cells (ES_cells) such as hESCs, and not mefﬂenchy{mal stem cells

e.g., hESC-RSE OBEBtBN o 8ot M3 be! BRSE BT RADAASP eV ES A T ItTEt RESC- 5

specific suriagarartigerD6tich a8 IMIBH THBAE Péand PAD Xlapanddd B2diyness b Gz @nalysis
confirms the expression of CD24 on hESC but no hEi -MSCs. Therefore, CD24 may ge_ used as a

negative selection bFSBIHIARCHHRNSHHES b HeHERC oo ot AR e 0 10B AR ositive
selectable raasikedjtetds adadingrmalapiveMEGafom diffreatiatiogh&Ee cultures. 10 EXAMPLES
Mesenchymal stem cells (MSCs) deyived from adult bone marrow have emerged as one of the most
Dromising StUHT EE SRR P GOATH A SV BICBHE eGP 19 HEi SBER, Attnough
the thespeutitiefiecisndguigla@DIS)MICS G thee TR TDadu M Sheibpoienialtadifferentate into
many different reparatjve or replacement 15cell types. such as.cardjomyocytes, endothelial cells and
vasoular s R AR P E ST SR SHICAHE, SHGEP AR entiation
efficiency optnsptanted Mp S piatartoeiapeviicadly edeyant e fibdes ahdunedaiaMspdsite cells in
injured tissues remains to be established. Recent reports suggest that so ese reparative effects
e medinted by 20 AU H LG D SRR B AT (S AL A ST 0OGA A et o al.
2005; Gnectht etredur2@06aSabfafarhatad ddorthadt, peoBHnT hisipatastéthedypothadiddttiadudes a
radically different dimensipn to th stem cells, particylarly MSCs, in regenerative medicine.
otnttl et AP B DL TN PR T B B IOUROud RAGHERR A -y, angio-
and arterioganksisedticntidiagaemadékng oanchretituckig wbapoptadispdt theoihgrmapeLjie dtfedts of
MSCs are Rar meltijiatt-%-d bﬁ/ their secretions, the repertoire of stem cell-based therapies could be
extended by 3épp?flscsa ion O theiP$etreted factors. Such an approach could potentially provide an
"off-the-shelf MSCvhasedditerapaytmeolyticn fichiohoio ar eguigitdrion tine-sedsitivedavbiduiion against

reperfusion iné']uQ{ ﬁ] Ratients with cuae MlI, at a fogdabée. co?ts and with excellent quality control and
. reveaile 'ﬁ € presence ﬁligl S corhmo Olﬂjl 10 plasma m ranﬁ namal .
30consistency. n'supporto paracriné hypotnesis; many studies fiave identified the presence

of cyt@dneslaipindlbites dpcbtjpodghfecttrs ifedrebailsch poteatiatlyesépdihérjursphodigisic 62 tissues
mainly throu fg}c rdiac nii. cular tissue growth.and regenerati aplan.and Dennis, 2006b; Liu
ad Hvang B P S e B R TR et proteomic
analysis of #enWtHdaracrimmsiesyeliproliprbsetiabs 20@Byodidisand stéacilitatechbyg chwldgrradtion of
highly expandable and. identical M3 Bguliures from humanEScs (ian ctl, 2007 and e use of a
chemically define MEdiUm 10 culture the cells and harvest the Secretion via tII18 Conditiohed medium
(CM). Surpriginbiyemizmayesf115é Ledrétet prateicsanerhdlttaoalititbr prothins dndeskeaiot known to be
secreteg or lfansporied agioss plasina membrans Compuipional analvsis ofe seasiome predicted
that collectie ,pt e Secretonte has the poten iar {0 repair injur Juidduds such as rﬁyocardial
ischemia/reperfusiore (MIIRpénjafty {8zehetaalgr@d Py theiTietstitbetoahspultationby prediction, the
secretion in i form, of GM was adpinizierad 10 pig model of MR initty (Fimmers, et al,, 2008).
During myocard%ﬁ Ischemia caused by OCCIUSIOR of & eoron ry arl%ery, reper Usion t ergpy is currently
the most effective treatment modality. However, reperfusion which involves the opening of 15the
blocked artery to restore blood flow or reperfusion also induces injury to the newly perfused ischemic
tissues (Saraste et al., 1997). Therefore the effectiveness of reperfusion therapy could be greatly
improved if reperfusion injury could be neutralized immediately at the point of reperfusion. When the

CM was delivered intra-coronary to the pig model of MI/R injury immediately after reperfusion, there
wAac a AN0A radiiction in mvocardial 20 infarctinn nrecervatinn of cardiace fiinetinn and rediiced



Also, many of the secreted proteins are intracellular proteins and are not known to cross plasma
membranes readily. To better understand the pararcine effects of MSCs, we systematically
fractionated the CM using membranes with different molecular weights cut-off (MWCO) to identify and
profile the composition of the active fraction. We 30 previously showed that CM filtered through 0.2 RM
membrane but not 1000 kDa MWCO was cardioprotegtive (Timmers et al., 2008). However, CM
partially concentrated against 63 membrane with1000 kDa MWCO was cardioprotective. This

suggested that|HaeaattiRp eieglivRRHeGIVEHeesd Iptad OMURY ae aRRIgKem UL diasnesen o SO -100

nm Here we extended our previously reported list of proteins in the secretion to >700 proteins and

these proteMiABIERESTHinag pPatisys attsnared sty ihsiusira%o e dsaik also identified the

presence of RNA (W3 tHs)iprine see aliemu i hennare:dhe pratetn s eh RN wede eaGapsulated in
phospholipid vesicles and the only detectable particles in the secretion within the hydrodynamic radius

(rh) range of LIRS SPrSGeEF&alR iR 2Bl CPREUCBLRiEheY siztdirst Aoy S PSERSRHPLC
fractionsitionsskRaathebrihe sersitichad garonstraiedhanthtrige satdiopiaplive;casptaxtin the
secretion carry 10many of the distinctive feature of an exosome leading to qur hypothesis that the

active cardigprotd ¥JHBBRENOM rasLuert fgthaRErgsot lipidiailie 1. Materials and Methods:

MSC-CM Preparatig deterthi@1ORE 0 TPIMS Cegaineraban 8ok oM iprepasriiencbare paev described
previously1l5' 16. 15In short, a chemically defined serum free culture medium is conditioned by MSCs

derived fron¥ASHEmbHRmRY GYT compiRESe Lpid Sl it aRTp i HRHIBhRbI. Three
plolyclonal, I@am@;w@iﬂagy@aflmxagm ?hefwmgésmtwkiﬂgﬁwea@am@omg Sheh B RKPFRSShe
pluripatency-associated markers put displayed MSC-like surface antigens (CD29+, CD44+,
CD49aY/e+SEDTHHONEEA BcordipBip. Rep Aol sHlfes e ‘?éﬁk\Bﬁ%ﬁ‘%‘?&ifﬂBY%Fé"ﬁBﬂﬁ%d by
trypsinizatiost aipiipiapagptionof ddngils ffomthithed dubSohhentolingpicHANRSS line in feeder- and
serum-free selection media's, One of these cultures; H E%S@.El can b steibly expanded for at
least 80 pop ARTISIPGBYBARYE TS BERIEHMBE B LPstlon, TERnsS rse Rif GueRgstiPinsterred
to a chemicadly dgiipedhsgiseiteatupideafiedium to condition the medium for three days 25before
the media cgntaining MSC secreyi re collecgted, clarified by cepjrifugation, concentrated 25 times
using 10 kD%WE“u%IEQ ﬁ@ﬁiéﬁ@i %’?Mlséﬁgg 3‘§§%T§?ﬁ19éﬁdo&tﬁﬁ}§ﬂbn through a 220 nm filter.
The sacretory protgeimg é@nalyzaad the Qotiitimesnseah protdiowdarbificaipopiaciinology (MuDPIT)
and cytokine antibody array analysis, and revealed the pr e.of 30 201 unique ge roducts.
ComputatioRE-APAN) B RHEERHEFThIE PR FRBREL Bty SiteRhStlaie s drheLas il
Example 2. iMatealsmana MeibetisimAdtsodbance ralicexpedmenig aiegnasiotmed eaodardance with the
"Guide for the Care and Use of Laboratory Pigs" prepared by the Institute .of atory Animal
Resources and with PO ABBRVER B PR TG ERBE TR SRS e SR R e #ouity of
Medicine, ShiitecRNABV ity ptiRNethesiaade:r Exainpliey3oMaisstadstant Mathodad Sivtehd Design
Thirty female Dalland .| andrace pigs (6Q-70 kg; IDDLO, Lelystad, The N rlands), all pretreated with
clopidairer ST TS GSg A bSO R ABGHRURIRY RS s B Fartiamly assigned o
MSC-CM, ndstetiMnoifsabpelikeasrReM, difd TihhsRINe graupdstaddad lipidssssda patkntal effect of
fresh, non-conditioned culture medium. In all pigs, Ml is induced by 75 minutes of proximal left
circumflex ceoxr%sr?érrl)e/sartery (LCxCA) ligation and 4 hours of subsequent reperfusion. An ischemic
period of 75 minutéBsis, sl toashivt &by e enpogare mxipryssipmattey sadhemnoicoraptately
transmural meyocardialrri[g{qij%iﬂn. Ehe 4 tho rrep rfusion )Eetri%d tis used h15 because infadrct size
measuremesntqblgﬁ%gljn S ainlr?grg1 i9 mostréfiabfe’ anér 3 hodrso %gleerFugi%onmpoﬁﬁleprn Igrﬁger periods of
reperfit§ion fitnoeocasneSRNGY e TthE R WA toaas sessl acidl ativerstisssestatdmahchapoptatiiymnechanisms.
Treatment is,nfiated minuies before. e onse of epgritsion by inttavenous infusipn, ol MSC-CM
(2.0 ml, 2.0 mg protein) non- oF Salie %medlaﬁely ollowing 0 reperfitsion, an additional
intracoronaprdxblus M& deaiviied. 6ymha8sGpagorotern), non-CM or saline is given. Myocardial infarct
size and fu tiacl)rrgl (€595 eSs%?P .ﬂgyr()sn%féei;rro %rfusion. Example 4. Materials and Methods: Ml and
Operational Focedure urlngsthe entire operation, ECG, Systemic Arterial Pressure, and capnogram
are 25monitored cQ@ftiheiedsly ptincles desvertaddodstipessana snabs cribed irefbre Bravsienidn sternotomy
is perfgrmed and tyvo jntroductio ts.are i ted in the carotid arteg; iding catheter
and 8t Fr R Ao e B S R A P B Bt B of o
Swan GanzMathetbyisapldiced(ield Ctoe puimeahMydawte)y thiadhe: 30aniepnatejng ttamdembd ransonic flow

probes (Trapsonie Sy3ea Incach MO S RIPEA IR DB LIS M3 B RANG GG
measure cardiac ou and coronary



65 flow, and a wire is placed around the inferior caval vein to enable functional measurements under
varying loading conditions for PV loops. After functional measurements, 10.000 IU of heparin are
administered intravenously and sutures are tightened to occlude the proximal LCxCA. Internal
5defibrillation with 50 J is used when ventricular fibrillation occurred. After 75 minutes of ischemia, the
LCxCA is reopened by release of the suture Immedigdely following reperfusion, Nitroglycerine (0.1 mg
to prevent no-reflow) is infused through the LCxCA via the guiding catheter, followed by intracoronary

treatment Wi MaChiGlvb RasCMoor stalings Mensd BadiHedl apaifinei@n Begptiaahfunctional

measurements are performed and 10the heart is_ explanted for infarct size analysis. Example 5.
Materials arfdl WEHHSdS ORGSR FEbRBHENC cXaat Sty (V0Y PreBetirbatithlume are
measured usipg theiepndyctance catheter method, as described previously is. LV pressure and
volume signals derived from the conductance catheter are displayed and acquired at a 250-Hz

sampling raleanimls 38 Resulis; Swifase AntisancUEefls.  Data are acquired during steady state and

during emporal caypé yedeosfiltsion edmithtbadastitatardunnad Y diendSXal ateRnbhaysis of the
pressure-volume loops is performed with custom software as described previgusly 19. In addition,

short-axis ePieiaRilaAsS0RY hade LesrBEsRrexsh S ealie P B8 #5580-5, Aloka 20
Holding Eurgpenples Zuthd@wizerepd)arephtdines atithewnish@riantisusssie tovemy\althickness
(WT) of the infarct area, remote area (septum) and LV internal area (LVia).are measured at end
diastole (EC&titi BAGS{RUBIEESS. S aiel rAN TR IHAG B WHH fUERE 1 4t ag tggpressed in
[(WT(ES)-WISEI)) MW E&R )L IF0%, fractional area shortening (FAS) as [(LVia(ES)- LVia (ED))/ LVia
(ED)] * 100%, and left ventrjcular ejechn fractign Za%él_VEF) as [(EDV-ESV)/EDV] * 100%, The
end-di&tolic charrfh ?%‘f?ﬁﬁ{f%s%%ﬁ thfsa By PSR PSRRI B A ERRERREESIic
pressure-volkingeielpsigasaiptheahosaicaapieaad M lnepadiccmeas pioitiaraMbihfour after
ischemia and 4 hours after reperfusion. Toﬁchallenge stunned rpé{;)cardi,um additjonal measurements

are performf IS HEBIRFRaRanER SRR atsRs Gedhmouessy T Rositiza SRRcHRTGE HHESBn (2.5
jig/lkg/min apeb5ie dotkedsparabheErampia botviatarials avddvieiiwdsidditarctsDieginy latidsiphier to
excision of the heayt, the LCxCA (pi r LCA (mice) is religated at exactly the same spot as for the
inciuction of HECKHH ESARSHAN b T BT LB GMTRS ALRals 85 et Sk ReCrem at isk
(AAR)1 5Thehsarine H)ermfeisatiotheylov is isotatetiAost cad i@ bedlivas fodimperotadagse. The
slices are incybated in 1% triphenyltetrazolium chloride (TTC, Sigma-Aldrich Chemicals, Zwijndrecht,
the Nether A THAEAEIGERANSIN Bt CEP AP 54T PTG G PP B 4) for
15 minutes thediscticenatalisfasaipisseieatio are/jisie oxlypaaceisitie 10Albslicas afetidtasaedAtom both
sides, and iﬂ?each slide tpe infag tatrea IS cgmﬁgar d with area at ris@and ive total Erfa by use of
digital planitfStP B! Hin2dl s DRrerRltrtRd Aol S SRt PSR A TR R L bis
calculated ds@ipgraedtdie bioieyhiid protkofsthe bio BxamplesindatrtialisfantdyMethods: Oxidation
induced cell death assay 15 Human.leukemi ells are. incubated in either CM or non-CM, and
reatod bt S R PESOR o THBLICE e < LS. R GG I GRS TG B B
exclusion atd2tez2d bB@ amd s hoursiabde i hiieatagit.abd asielexpridsateriaf MBS CsMethods.
Immunostaiﬁinaq?Nlll%Eaﬁarg?xidative stress in the ischemia and reperfusion area is assessed by 20
immunostaim’ﬁg -ny rxé)fy‘/)!?e%eoxyguanosine (8-0HdG), a product of oxidative stress to DNA.
Tissue samples arBdpcddinti&abormabscbeftoad)emdg grtiedodedhn daraffiallest aétblowing antigen
retrieval in 10 mM citric acid, the tissue sections are incubated with 10% normal horse serum for 30
mintes, mOTEUR R BHdEs LTS £ RSH LB UMB ) CEROEA) 120 1 015 PBSA over night
at 4C,Miotin labeleticharse-a@nt-h@pothosisewy ectoe tatao: aberies Biusked avieej @AudiA) 1:500 for 1 hour
and with streptayidin-HRPQO 1:1000 for 1 hour. Finally, th tions gre i with
205 ciami B A b R QR S OTS Heehot N et i antiied in 4
randomly pickectfietdsdpessbotioadivtbdiigitad theagelmeeroscogad sofwanefnabdss O lxhpus, Munster,
Germany) al%(%qg.ofjﬁ(erggl%mlscraéslggpegged in PBS, analysed by electron microscopy to confirm the

presence of particles with a size range of 50-150 nm, and assayed for its protein, lipid and

30 RNA contents.



Example 9. Materials and Methods: Western Blotting Protein is isolated from frozen tissue samples
collected from the ischemia/reperfusion area of pigs using 1 ml Tripure Isolation Reagent (Boehringer,
Mannheim, Germany) according to the manufacturer's protocol. For western blotting, 8 5jig total
protein is separated on a 10% SDS-PAGE gel, transferred onto a Nitrocellulose C membrane
(Amersham, Buckinghamshire, UK) and blocked using Phosphate Buffered Saline (PBS)-0.1%
Tween-5% Protifar (Nutricia, Netherlands). The membrane is incubated with a rabbit antibody for

phosphoSMAD2 130G, (bl isionRalling deehinlagyle fa-aatineiaaspasan doh@Rtssamison,
Germany), or for 10 beta-tubulin l:SOO%Abca%, Cambridge, UK), and subsequently with

goat-anti-raBiifigiRpIersbe & ppdikercesMetiumn Darhisrissehimptidirretesive stisstdteMRENK Life

Science Pradugishisdysediotdiessctioniten Aandsonterialiapddising the Gel Doc 1000 system
(Biorad, Veenendaal, Netherlands). Example 10. Materials and Methods: MSC-CM Fractionation

15The Msmlﬁgp%@%ygf&ﬂef?ﬂt dgoHUHough a 220 nm filter and concentrated through a 10

nm filtes and therefpgGaRIANS DEMAANSME-RRPEENcb07aNng 22501 SUsagdently, a <1000 kDa
fraction is prepared by filtering the MSC-CM through a 1000 kDa MW cut-off membrane with a 100 nm

nominal pord <f¥elepdy) b BiLtiRd Silb AP LEnE SBF Y A¥ dAsamd g o8 éetween 10

and 100 20xikd/dgyidentifydtye, fiactaicamaining dhedagsw (eityn-thel noe ditine: thaitaafiers
cardioprotection (10-100 nm or 100-220 nm), a mouse or p?i? model of ischemia and reperfusion injury

is used. Ml is induddl§ B3/186 HRisaded &oasess arpsrs et At eicrt disrhananselitiors reperfusion.

Mice are treatraryvit BQrplunfiagiignaved Mafuced DM a0 shploihas BAAkkaffexction (10-100
nm), or saline intravenously via the tail vein, 5 mthr!putes efore reperfusion. Infarct size is assessed 24

hours Idter G8IGIEVAREBIN A T HEHSHEL AT TSI RUOSFIUER: PR RS ERY Methods:

Data analysjgriod o DA anaiatpsesesltetcasonediotSEMrealuesrard ogliegtedlioug dindeg fashion and 30
compared using one-way AN%X.A with BP%it,h ¢ bonferronj tests in SPSS 11.5. P-value < 0.05 is
prEcEe

0o ). -
considered SRPRficight &R EY %?WBrtgﬁnyﬁ?é’gr ISIPRRETEd & y ventricular
fibrillation dysagibenisebesiankaforeiaatney, T st iheiciam extiwledteom iberstay. All pigs
that are treated with CM (n=9), non-CM (n=9) or saline (n=8) also survived the follow up period.
5Example 1@})?{\@/%%: Infarction Size  Infarct size, compared to the area at risk (AAR) as well as
compared to the L)X fisrmvagke dlyriediucet perpighiraatedomits Mo&E-GModnapasesdothihsa ¢reated with

e, Impor ) WEAA FESRAN S ol AT e U AT ISRyt
similar in allopigsédfabilenBblybateavknobasefirtomyyodsdiaNnfiucin paramptercioméaM OM:Saline
non-CM CMsa Frlltier.]?rr'lb‘n'?‘elﬁiately following reperfusion, an additional intracoronary bolus MSC-CM
(4.0 ml, 8.0 mg protein), non-CM or saline is given. Myocardial infarct size and function
20  are assessed 4 hours after reperfusion.

To identify the factor(s) within the medium that confer cardioprotection, we used a
mouse or pig model of ischemia and reperfusion injury. Ml is induced by 30 minutes left
coronary artery (LCA) occlusion and subsequent reperfusion. Mice are treated with
unfractionated conditioned medium, <1000 kD fraction, <500 kD fraction, <300 fraction

25 kD, <100 kD fraction or saline intravenously via the tail vein, 5 minutes before
reperfusion. Infarct size is assessed the following day (24 hours after reperfusion).
Example 28. MI and Operational Procedure

During the entire operation, ECG, Systemic Arterial Pressure, and capnogram are

monitored continuously. Under general anesthesia as described before*’, a median
30  sternotomy is performed and two introduction sheets are inserted in the carotid arteries for

a 6 Fr guiding catheter and an 8 Fr conductance catheter (CD Leycom, Zoetermeer, the

Netherlands).



35.1+2.930.7+ 1.6 32.4 + 2.31S (/0 of AAR) 62.2+5.025.4 4.8if62.5+8.41S (% of EV) 22.3
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The distal tip of a Swan Ganz catheter is placed into the pulmonary artery via the
internal jugular vein. Transonic flow probes (Transonic Systems Inc, Ithaca, NY) are
placed around the proximal aorta and LCxCA to measure cardiac output and coronary
flow, and a wire is placed around the inferior caval vein to enable functional

5 measurements under varying loading conditions for PV loops. After functional
measurements, 10.000 IU of heparin are administered intravenously and sutures are
tightened to occlude the proximal LCxCA. Internal defibrillation with 50 J is used when
ventricular fibrillation occurred. After 75 minutes of ischemia, the LCxCA 1is reopened by
release of the suture. Immediately following reperfusion, Nitroglycerine (0.1 mg to

10 prevent no-reflow) is infused through the LCxCA via the guiding catheter, followed by
intracoronary treatment with MSC-CM, non-CM or saline. After 4 hours of reperfusion,
the final functional measurements are performed and the heart is explanted for infarct size
analysis.

Mice are anesthetized with Fentanyl (0.05 mg/kg), Dormicum (5 mg/kg) and

15  Domitor (0.5 mg/kg) and intubated using a 24-gauge intravenous catheter with a blunt end.
Mice are artificially ventilated at a rate of 105 strokes/min using a rodent ventilator with a
mixture of O, and N,O (1:2 vol/vol) to which isoflurane (2.5-3.0% vol/vol) is added. The
mouse is placed on a heating pad to maintain the body temperature at 37°C. The chest is
opened in the third intercostal space and an 8-0 prolene suture is used to occlude the left

20  coronary artery (LCA) for 30 minutes. The chest is closed and the following day (24 hours
later), the hearts are explanted for infarct size analysis.

Example 29. Functional Measurements

The ECG, arterial pressure and cardiac output, are digitized at a sampling rate of
250 Hz and stored for offline analysis (Leycom CFL-512, CD Leycom). Left ventricular

25  (LV) pressure and volume are measured using the conductance catheter method, as
described previously”’. LV pressure and volume signals derived from the conductance
catheter are displayed and acquired at a 250-Hz sampling rate with a Leycom CFL-512
(CD Leycom).

Data are acquired during steady state and during temporal caval vein occlusion, all

30  with the ventilator turned off at end expiration. Analysis of the pressure-volume loops is
performed with custom software as described previously™. In addition, short-axis

epicardial ultrasound images (Prosound SSD-5000, 5-MHz probe UST-5280-5, Aloka
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Holding Europe AG, Zug, Switzerland) are obtained at the midpapillary muscle level.
Wall thickness (WT) of the infarct area, remote area (septum) and LV internal area (LVia)
are measured at end diastole (ED) and end systole (ES).

Systolic wall thickening (SWT) is calculated as [(WT(ES)-WT(ED))/WT(ED)] *
100%, fractional area shortening (FAS) as [(LVia(ES)- LVia (ED))/ LVia (ED)] * 100%,
and left ventricular ejection fraction (LVEF) as [(EDV-ESV)/EDV] * 100%. The end-
diastolic chamber stiffness is quantified by means of linear regression of the end-diastolic
pressure-volume relationship. Echocardiography and PV loops are measured before MI, 1
hour after ischemia and 4 hours after reperfusion. To challenge stunned myocardium,
additional measurements are performed during pharmaceutically induced stress by
intravenous dobutamine infusion (2.5 pg/kg/min and 5.0 pg/kg/min).

Example 30. Infarct Size

Just prior to excision of the heart, the LCxCA (pigs) or LCA (mice) is religated at
exactly the same spot as for the induction of the MI. Evans blue dye is infused through the
coronary system to delineate the area at risk (AAR). The heart is then excised, the LV is
isolated and cut into 5 slices from apex to base.

The slices are incubated in 1% triphenyltetrazolium chloride (TTC, Sigma-Aldrich
Chemicals, Zwijndrecht, the Netherlands) in 37°C Sorensen buffer (13.6 g/ KH,PO4 +
17.8 g/L Na,H POy - 2H,0, pH 7.4) for 15 minutes to discriminate infarct tissue from
viable myocardium.

All slices are scanned from both sides, and in each slide, the infarct area is
compared with area at risk and the total area by use of digital planimetry software (Image
J). After correction for the weight of the slices, infarct size is calculated as a percentage of
the AAR and of the LV.

Example 31. Materials and Methods: Preparation of Conditioned Medium

HuES9.E1 cells are cultured as described previously (Lian et al., 2007; Sze et al.,
2007).

Briefly, 80% confluent HUES9.E1 cell cultures are washed three times with PBS
and cultured overnight in a chemically defined medium consisting of DMEM without
phenol red (catalog number 31053, Invitrogen) and supplemented with insulin, transferrin,
and selenoprotein (ITS) (Invitrogen), 5 ng/ml FGF2 (Invitrogen), 5 ng/ml PDGF AB
(Peprotech, Rocky Hill, NJ), glutamine-penicillin-streptomycin, and b-mercaptoethanol.

0.71
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The cultures are then rinsed three times with PBS, and then fresh defined medium is
added.

After 3 days, the medium is collected, centrifuged at 500xg and concentrated.
>100kDa CM sample is prepared by concentrating CM 50x using 100kDa MWCO

5 tangential force filtration (TFF). All other concentrations are performed using
ultrafiltration membrane. All CM and other differently processed CMs are 0.2 micron
filtered after all procedures and before being stored or used.

Example 32. Materials and Methods: LC MS/MS Analysis
Proteins in two ml of dialyzed conditioned (CM) or non-conditioned media (NCM)
10  are reduced, alkylated, and tryptic digested as described previously described (Sze et al.,
2007). The samples are then desalted by passing the digested mixture through a
conditioned Sep-Pak C-18 SPE cartridge (Waters, Milford, MA, USA), washed twice with
a 3% acetonitrile (ACN) (JT Baker, Phillipsburg, NJ) and 0.1% formic acid (FA) buffer,
and eluted with a 70% ACN and 0.1% FA buffer. The eluted samples are then dried to
15  about 10% of their initial volumes by removing organic solvent in a vacuum centrifuge.

To reduce the sample complexity, offline peptide fractionation is carried out with a
HPLC system (Shimadzu, Japan) through a Polysulfoethyl SCX column (200mm x
4.6mm) (PolyLC, USA). Mobile phase A (5SmM KH4PO4 + 30% acetonitrile) and mobile
phase B (5SmM KH4PO4 + 30% acetonitrile + 350mM KCl) at Iml/min. Eight fractions

20  are collected and dried with a vacuum centrifuge. Fractionated samples are loaded into the
autosampler of a Shimadzu DGU-20A3 C18 reverse phase HPLC system coupled online
to a LTQ-FT ultra linear ion trap mass spectrometer (Thermo Electron, San Jose, CA)
fitted with a nano-spray source. Injected peptides are trapped in a Zorvax 300SB-C18
enrichment column (Smm x03mm, Agilent Technologies, Germany) and eluted into a

25  nano-bored C18 packed column (75um x 100A, Michrom Bioresources, Auburn, CA).

A 90 minute gradient at 200nl/min flow rate is used to elute the peptides into the
mass spectrometer. The LTQ is operated in a data-dependent mode by performing MS/MS
scans for the 8 of the most intense peaks from each MS scan in the FTMS. For each
experiment, MS/MS (dta) spectra of the eight SCX fractions are combined into a single

30  mascot generic file by a home-written program. Protein identification is achieved by
searching the combined data against the IPI human protein database (version 3.34; 67,758

sequences) via an in-house Mascot server (Version 2.2, Matrix Science, UK). The search
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parameters are: a maximum of 2 missed cleavages using trypsin; fixed modification is
carbaminomethylation of cysteine and variable modifications is oxidation of methionine.
The mass tolerances are set to 20 ppm and 0.8 Da for peptide precursor and fragment ions
respectively. Protein identifications are accepted as true positive if two different peptides
5 are found to be with scores greater than the homology scores.
Example 33. Materials and Methods: HPLC Fractionation and Dynamic Light
Scattering using a Quasi-Elastic Light Scattering (QELS) Detector
The instrument setup consisted of a liquid chromatography system with a binary
pump, an auto injector, a thermostated column oven and a UV-visible detector operated by
10 the Class VP software from Shimadzu Corporation (Kyoto, Japan). The Chromatography
columns used are TSK Guard column SWXL, 6 x 40 mm and TSK gel G4000 SWXL, 7.8
x 300 mm from Tosoh Corporation (Tokyo, Japan).The following detectors, Dawn 8 (light
scattering), Optilab (refractive index) and QELS (dynamic light scattering) are connected
in series following the UV-visible detector. The last three detectors are from Wyatt
15  Technology Corporation (California, USA) and are operated by the ASTRA software.
The components of the sample are separated by size exclusion i.e. the larger
molecules will elute before the smaller molecules. The eluent buffer used is 20 mM
phosphate buffer with 150 mM of NaCl at pH 7.2. This buffer is filtered through a pore
size of 0.1 um and degassed for 15 minutes before use. The chromatography system is
20  equilibrated at a flow rate of 0.5 ml/min until the signal in Dawn 8 stabilized at around 0.3
detector voltage units. The UV-visible detector is set at 220 nm and the column is oven
equilibrated to 25°C. The elution mode is isocratic and the run time is 40 minutes. The
volume of sample injected ranged from 50 to 100 pl. The % area of the exosome peak vs.
all other peaks is integrated from the UV-visible detector. The hydrodynamic radius, Ry, is
25  computed by the QELS and Dawn 8 detectors. The highest count rate (Hz) at the peak
apex is taken as the Ry,
Peaks of the separated components visualized at 220 nm are collected as fractions
for further characterization studies.
Example 34. Materials and Methods: Sucrose Gradient Density Equilibrium
30  Centrifugation
For sucrose gradient density equilibrium centrifugation, 14 sucrose solutions with

concentrations from 22.8-60% (w/v) are prepared. The most concentrated solution is



51.7+3.149.0 +2.7 54.2 2.6 tt dP/dtmax, mmHg/s 1290 + 118 1093 + 83 1299 + 76 1392 226 1328
+ 130 1075 + 68 69 dP/dtmin, -1614 + -1329 + -1650 +-983 + 130 -1031 + 116 -910 + 102
mmHg/s 143 113 89* * * Stiffness, 0.13 + 0.15 + 0.14 +0.29 + 0.06 0.13 + 0.01
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layered at the bottom of SW60Ti ultracentrifuge tube (Beckman Coulter Inc., Fullerton
CA, USA), followed by the next highest sucrose concentration. CM is carefully loaded on
top before ultracentrifuged for 16.5 hours at 200,000X g, 4°C in a SW60Ti rotor
(Beckman Coulter Inc.). 16 fractions are collected from top to the bottom of the sucrose
5 gradient. The densities of all the sucrose fractions are calculated using a microbalance, and
consolidated intoto 13 fractions. For some CM, the CM is pretreated with a cell lysis
buffer (Cell Extraction Buffer, Biovision, www.BioVision.com) before being loaded on
sucrose gradient density equilibrium centrifugation. The lysis buffer is added to CM in a
1:1 volume ratio with cocktail of protease inhibitors (Halt Protease Inhibitor Cocktail,
10  EDTA-Free, Thermo Scientific , www.thermofisher.com ). The mixture is incubated for
30 min at room temperature with gentle shaking.
Example 35. Materials and Methods: Protein Quantitation
Protein concentration of CM is quantified using NanoOrange Protein
Quantification kit (Invitrogen) according to the manufacturer’s instructions.
15  Example 36. Materials and Methods: SDS-PAGE and Western Blot Analysis
Total proteins of CM are separated on polyacrylamide gels, before transfer to a
nitrocellulose membrane (Amersham Biosciences, Uppsala, Sweden). The membrane is
blocked, incubated with mouse antibodies against human CD9, CD81, SOD-1, pyruvate
kinase, Alix, Tsp-1 followed by horseradish peroxidase-coupled secondary antibodies
20  against the mouse primary antibody. The blot is then incubated with a chemiluminescent
HRP substrate to detect bound primary antibody, and therefore the presence of the antigen.
Example 37. Materials and Methods: Sphingomyelin, Phosphatidylcholine and
Cholesterol Assay
Cholesterol, sphingomyelin and phosphatidylcholine concentrations in two
25  independent preparations of CM and pellet from the ultracentrifugation of CM at 100,000
xg for 2 hours at 4 °C are measured using commercially available assay kits. Cholesterol
1s measured using Amplex® Red Cholesterol Assay kit (Molecular Probes, USA),
sphingomyelin by the Sphingomyelin Assay Kit (Cayman Chemical Company, Ann
Arbor, MI, USA) and phosphatidylcholine is measured using the Phosphatidylcholine
30  Assay Kit (Cayman Chemical Company, Ann Arbor, MI, USA).



0.29 + 0.05 mmHg/m1 0.03 0.03 0.01* if * Table El. Hemodynamic and Functional
Parameters. Baseline values and myocardial infarction values of pigs treated with non-CM, CM or
saline, determined with echocardiography and conductance catheters based LV pressure and volume
Smeasurements. AAR indicates area at risk; IS, infarct size; LV, left ventricle; HR, heart rate; QLCx,
left circumflex coronary artery flow; CO, cardiac outggt; WT, wall thickness; SWT, systolic wall
thickening; FAS, fractional area shortening; EDV, end-diastolic volume; ESV, end-systolic volume; SV,

stroke volurpgafipl €33 MRA dAaIO N & 8Fe e SiRlife! RizdGonVConditfelvbd=9; saline, n=8.
* p<0.05 vs. baseline; t p<0.05 10vs. non-CM; p<0.05 vs. saline. Example 14. Results: Cardiac

Function MsS4ithhe parameters are similar in all groups (Table El above). During ischemia, the

posterolateral wall DRramnefemplaieiEySARIICA A GKbES 2% 1S O bsryed 1y weaadvadalues of
echocardiographic systolic wall thickening (SWT, Figure 2A). Four 15hours after reperfusion, the

reperfused PREtRIBIEROLEP WA SSSHhITHEN hie SATReCbRY 8% FPRNSII B IGASECM the pigs
treated swithfiG Scedd d DeNBY Blinads Tadly teepeesRbl(Righ RRAY shakiHYrave RES iy sion of the

I31-adrenergic receptor agonist dobutamine further increased systolic wall thickening in the MCS-CM
treated pigsS WARSIEHE Mo et 26iENMSEN in the control groups. Also global left ventricular

systolic fungtieimfifersasaadvriOihe Mehesaia ONBWAR RErrbahgypiasatigated with CM, the fractional
area shortening increased after reperfusion, almost back to the baseline level, and increased above

baseline level durﬂd"ﬂé’dﬁﬂl‘gﬁﬁﬁ]erﬁm%@ﬁ%t%@hﬁ%i‘ﬂ@§]§légﬁqwﬁﬁé AR eIngIAtd impaired.
Improved casgiamRblongiional FarecaneavideniioysdeyRYHeop decivadigdices (Table El). Left

ventricular EF and stroke volume are significantly higher in CM treated pigs. This translated into
improved hMSiAaRR et 4R asrb sl QEté%?B‘iﬁi?@Lﬁ‘guﬁcﬂﬁﬁﬁ‘??’alr{e ial pressure and heart rate. 70
Diastolic furjation desasad. 00 ghgupsnialladipeissfomiarNg repedusioniaigny, as observed
by increaseg end-diastolic myocardial stiffness. In the CM treated pigs however diastolic function is not
impaired. E 3%@3@&?@%&?&%&@3&% Stress 5Having demonstrated the reduction in infarct size

and improvehgnt eiinaiigs:. ieuksrdtanigRite /assay Rf hydrogen peroxide (H202)-induced cell
death to determine th%ﬁlgecltéf qf M and non-Cl\éon oxida s%, a major cause of ischemia
&0 R6

- xidagive stre
reperfusion AP/ ARy HSFERiE ‘(ﬁfﬂﬁ"—#gmﬁlga XIS L850 uman 10
leukernfc CIPvbashs thih® qrimsehaepfeitiieCeplixeon-CM and monitored cell viability by Trypan

blue-exclusion. Results shawed that CM significantly protected against (H202)- ind loss of cell
Viabilty comparet 1§ STENIT 2B TR BATY ¢ B A P TLBY ocidatie
stress in thaiheditsaioa Miisegiiad digsamusohder dixidatine/BIVES3. in tissisvaattionsaf pigsitreated with

;‘;’:h&"g“'c“ﬁl?érgé"t@%&sgﬁg Suanulicd DHENLD DITHIRRISINRG for Xiized Dhiaense nuclear

However, CM that is concentrated by ~125 times against a similar membrane is

20  cardioprotective in a mouse model of ischemia/reperfusion injury. In summary, filteration
through filters with a MWCO smaller than 0.2um such as100kDa, 300kDa, 500kDa or
1000kDa are not cardioprotective (Figure 14) but CM that is concentrated against a 1000
kDa membrane (Timmers et al., 2008) or a 100 kDa membrane is cardioprotective (Figure
14). These observations suggested then that the active fraction consisted of large

25  complexes of >1000 kDa or having a diameter of 50-100 nm. Based on the size range of
the particles, we postulated that the particles in the CM are exosomes. Exosomes are
formed from multivesicular bodies (Fevrier and Raposo, 2004; Keller et al., 2006) with a
bilipid membrane that has the same orientation as plasma membrane. They are known to
be produced by many cell types and are thought to be important in intercellular

30 communications. Exosomes have diameters of 40-100 nm. Exosomes have been shown to

be secreted by many cell types and the protein composition of these exosomes appeared to

be cell specific. However, some proteins such as CD9, pyruvate kinase and alix appear to



indicative of DNA oxidation is observed in sections of non-CM or saline-treated pigs compared to
CM-treated pigs (Figures 3B-D). In addition, there are also significantly more positive nuclei in non-CM
or saline- treated pigs (Figure 3E). Therefore, CM can confer cytoprotection against oxidative stress in
vitro and in 20vivo. Example 16. Results: TGF-p signaling The secretions of the MSCs contained many
proteins involved in TGF-I3 signaling16 . To assessghe influence of CM treatment on TGF-I3 signaling
in vivo, we quantified phosphorylated SMAD-2 in the myocardial tissue samples of CM treated pigs 25
and control Rigs RnHBSBIPRIHNE KeMxbeatas 8§ 78 SHHE DI ANCERIP S MARAEKIIRSSIABd
indicating that TGF-I3 signaling via ALK-5 is reduced élgi ures 4A, B). Example 17. Results: Apoptosis
Reperfusiort ity HapralsipsindBaas e apshtbsieOfther than necrosis20-22. To verify that CM

treatment reduces @pRPiRSIK EhBRe PREfSTON, WeraHatified tH lvelfindOndiNe.taapase 3, a key
mediator of apoptosis, by western blotting. In the pigs treated with MSC-CM, active caspase-3 levels

are lower cOMRIRAAS BotRsRBRcE MABATRIPah A LSRR SBRyEsHRg e R iibits apoptosis in
vivo (Figuresidfesifh)-arfd Nixaou e1h8. e 2ulis:ivtd Grsal} dfractionatige-assddnfachnatedMeEC-CM
contains products between 10 and 220 nm In order to come closer to identifying the cardioprotective
factor(s) withirii& MBELCMIXa Lilide XBR 84y I Hin s (Q&H?éﬁﬂﬂgvbﬁiﬁg G PaWfing in size
from 10-10Q s Sneirrciiesates i deséplotaintarsthardiapioieslianesdie igasdhgysk@Rkdda fraction
does not (Frihg,ure Stsindicating that the cardioprotective factor(s) are in the >1000 kDa fraction with size

ranging frorh 885 tb° 2 eP A BYARRETS R BRI DEL & B ant nilito AUBRY TGS, BEh AS§ AT 8 reted

Proteins Acgarslingdeohaleclany/pigiisct QTeidsstilyithd agiretkanmpopanSiohe sxanditioned
Medium, we attempted to sjze-fractionate the Conditioned Medjum into distinct MW fractions by
filtering the BSHYHiORER I NA ﬁ%ﬁ’é‘h“ﬁ?é’r%?%‘r‘i"&%‘ﬂmﬁhd%?énf‘kﬂﬁﬁséﬁtgéﬁr%t. YFReRHHEns
ConditioneciMediysretsifiliaret #1rougbsantae oiiens @M\ extwihet 408 1kIFigugensyate a retentate to
filtrate volume ratig_of 4:1, most proteins <100 kD 15 segregated into the >100 kD fraction, and not into
the expected <100Tﬁﬁl?r§8{@ﬁ?mbﬁép% })?’ﬂ%a}é‘%(gﬂﬂ%%‘fﬂ&iyﬁi%?ﬂep%?gﬁ?ﬁd%@‘iﬁeg h k&
unfractionaters o ditibnatbbigditian,and the >100 kD fraction are similar. Most proteins with MW

<300 kD also did not filter through membrane with a MW cut-off of 300 IcD (Fggwre 6). The MW sizes
of some of tk?é'?ﬁ"ajorj?l'\gfein bards’in tHE'Zo filtli{é are sitiff&t¥o thaf {Hthe i condgﬁgrﬁed nE&Tam

7-S TD L6A1 AM49B  HIST1H4 . K-ALPHA-1 MYL6 . PPIB- THOP1
(NCM), and t8 exogenously added profeln supplements in'the culturd media:pppor+

insulin-transfeftin-seldnoptbtet®'Sappleridsat (ITS),FBF2, BEF and PBGF AB (Figurem15A  Tgyether
these observ/étohs stitjg@st thel'prdtein@-Becretéd 'HiEthe €8S are in\ddfpleXB2RdndFig8e sebidtion
complexes ate\ErgeFiRRA 10GRD Proféiny that'ard*dddedB5éxogeddiisSly to™Hiécultidfe thedidMEs
supplementszcé’ﬁd th&t 4r8 les§Han 108D arfdSdatily filtsréd throﬁ@%enﬂffgﬁes wittt MW EEDff of
100 kD. Exafiple 20 RKeSults: ﬁogicg?'%ctivit&'slﬁ%Eze-FrKéqgﬁBnate Onditioned MeFHDiEIZ% with W
ACTC1 C1R S3 FDP IST1H4F KRT4 NIT2 . PROX2 23 .TLN1
>1,0001d) of,digimetg, of 50-15(L5m To determye i upper and lowgg size laits of the putatiye, .,
secretion complex, we 3} perfqspagd sizeg fractigaation of the Conditigned Medivmn angutgsted the o,
biological acjiqity in aanouse ghischenia reperfdsinn injuRkiAs the Geadisionaddyledipxyis filtered
through 0.2 RM filter and concentrated against a membrane with a MW cut-off of 10 kD, this 7XFRSF
effectively plg%TeNé thecﬁ'i'R};ltiveCs%ﬁ&tioﬁ%o?%ple'?>'<s nthe siz%RFésnge of between 216 200 %17m (FiéﬂJBﬁﬁSB).
To narrow t§Eire rangfe furtlsei-ive detetminé!{Ttihére ar&RBiGlogical@@tivityFirtthe filRRe from2fltering
the ConditionegkMedidm complgiely thieigh masmbiang Wiktra 5 MW guit-off pd@R KRFas 100@12\'!53:F1
retentate fropfitieringatie ConrditionedeMadiumyigitprgh memipane witkea MW&ati0fike§4 000 taBs1The
volume of theaetentateria 1/5 cfthe inputolumeraHae frachions are tested orrMmousesor pig nraeel of
myocardial ischesmia¢Mieand separfusioncinjuryisirzHiis moshes Ml is ndaced ARPED miTutes leftPit
coronary artéPAYE CAJABEEIusiGiREBby suflife ligetivtand reperfusionfisitiaterPdy reedal of Biture.
Mice are tredf&d witfP2eunffaétionatBd MSCHEM (10-228MH), 20 Pt < TB8S8¢ 1,000°kD frEkdion, 4
pl of >1000 KBSetentde?®r safife intral®hously'vi& the tail¥&in, 5 mititites b&foi® repeifdsion. 243
hours later, i@ heart¥8re excid8d: Befsfd bxcidith. the AtES At RisK{RAR) i£0Rternifiet by r@i‘@ating
the LCA and{fien pe%BuRé]ing EVans blugstWougH'\{'?]FéAhorta.LR'KR 15isk gﬁﬁfed Tthe aresthot staifed by
the dye and t&@&Xpressgel as aCpercentagieof thefeftv@ntridiiletivall Brea. Infafdt sizeSkCessess@tb24

hours later uging Evaizgblue apd, TTC as descrkedpreviqusly. The Eéfé\{?&e AARIN alzapimalsase-not
significantly gmerent C(‘I;Digygre 93>'<cHL9we\é%E 5 PAFAH1

HNRPC LEPRE1 B3 PSMA3 SEC31A TSKU
AK2 CCL18 CXCL12 GALNT2 HNRPCL1 LGALS1 PAICS PSMAG6 SEMA3C TUBA1A
AKR1A1  CCL2 CXCL16 GALNT5 HNRPD LGALS3 PAM PSMA7 SEMAT7A TUBAG

AKR1B1  CCL7 CXCL2 GANAB HNRPDL LGALS3BP  PAPPA PSMB1 SERPINB  TUBAS8



the relative infarct size is significantly reduced in animals treated with Conditioned 20 Medium and the
>1000 kD fraction when compared to saline (p=0.01 and 0.05, respectively) (Figure 10). The <100 and
<1000 kD fractions are not biologically active, suggesting that the putative active complex is >1000
IcD. It is, however still possible that the complex is <1000 IcD, and that passing the Conditioned
Medium through the filters inactivates the complex 35 Example 21. Results: Electron Microscopy of
Conditioned Medium Revealed the Presence of 50 to 200 nm Particles Electron microscopy
analysis of the Conditioned Medium is performed using standard methodology. Briefly, the Conditioned
Medium in PBS is loaded onto formwar carbon coated grids’STed Pella Inc, Redding, EREINBSA cat no
01800N-F), fix&d'in 26% 30 g%%?alde%v,(ﬁ)'eﬁ, W%’?\Fg@, contrasted in 296 @an;?lsggétatéi;@ﬂmedwgg ina
mixture of uréidyRacetafe (0.8%)Cand ntetkiy| cetivitgse (0.18%)9@pid ex&Riinedider dn electrowBs2C

microscope.fﬁton@“lst@aﬁyvith thessize fragdionatiqrstudies ahoyewerpRservedbe préEsRéPr'\'\(':Ee of Uk
numerous V(-:;\sicltzz\s ofC -50- 150 nm, su %sting mg}, I;[hese Yegéc;% argCtBrllj(? pu%ati\ée ac?iﬂ@b@m%eégs in
the secretion I(Eclagure fB e hypothesis is supported By fhe bbS&Fvation tHat wherih@
Conditioned MefiumdsTalltracéstrifuge $&51200 /00T X g for &PChHSE?! theCpdlet ®aMM'assayed byTUBB6
LC/LC-MS a8"5pfévisisty destfibed 26°€0ntairiéd at least"POO® '8 thetprteitSBiind IR SeErétion.
Example 22.ARessltsctipid CappositiospefConditbonad Mestisgipi4 ago analyzeibe lipidraompagition

of the Conditiexed Mediean, thevbrydropiushic lipisieteroid conwponentscet Corgitioneddviedium and

NCM are extragted by Folch prgeedure; Briefly, 59 pl of Copdiioned:Medium GrNCNESGorqusly
mixed with 5130 of ghlorofaggyand Z4pds of methagol. Theesganic gy aguegis phases are allgwed
to separate. fihadotigspshlorgierm laygsris remevad and exaporatedde deynessby speeslyac.yges The
residue is reconstituted in methanol for LC-MS/MS analysis. The sarfi§teéis then injected to a

normal-phasAngﬂlica %El‘f%%e) I-@ﬂ;b colliD'b Witkﬂ?i%loromaﬁﬂpe/megg p I/W%Bg:r}eth@%%%%e rﬁdé@té
phase. The eluate is then ionized 15 onrﬁ]ne by nanospray to LTQ-FTM%/(%rbirbrrapcﬂ'he
LTQ-FTMS/Obifrap f9n at dNtethate poditivedfitPnegative® modes f@Ftetection of ligiiRsteroiePhith
different chemripal preperties. die top Biprecursepiens of eachMS sean are fuither asatyzed hyess
MS/MS scamp2s1Thecmoleculesvare theredose clsagacterizetsby a comationush FTM®@mNd LTQHThe
precursor masssof eatitiandepAv$iass spavtrumsipfirst mattired to aRtewtdidataom a lipRMNRD andcHL3
metabolic datBbdse. MSIMS spigttra ogwgg% th&bPiive a <BYmm mas8ASrror B¥&Emy midleetile in¢hAe
database areghen cympared Ba(rkLmowmsNtandanqisfS@gctra onGRresira pisdictedbhysMassHarkQntiejcpz
program gﬂ%@ spectrometr HapalyﬁgpﬂﬁchligerQJQrm ext&gg&from che C:E,onintilgged I\S/IFgeriqm rey E:;lled
the presence of lipids, common Mf:'oundd' plasrn?RA embr &Mamel¥%%hosgtgaglipidgpi&goli;a , and
steroids and glso in expsomes3p, Jhe (E)i;rgsph%mi s inclugg-phosphatidyl sefing andpposphafigyl
inositol, phogphatidykehpline, shingomyelin, ceramides; ghysalipid sughas cerahresidgand stergigls
such as cholgsigyrol. Bdas beeprabsenggdsthat gxkgsomes hasrmicrogeraains kiaxvn askHpid rafissin
their 24-35 4‘1';5*@2 Iipicql% [Pid ngrp%raneésplExosomes are CQAOITezﬁterol-erghPand Egmsegr choSIngteroI- §Q1
phospholipioﬁm@generéﬂy exceed the ratio of 0.3-0.4 (mof)mol) ratio found in présma membrane35.
These rafts dre char&ttéfiZzed Bydheir fEi¥tande 8dissoldtdfPby notfonic détergentS Such a¥CFriton
X-100 or Brij*88°4t loW'tempeEiifes, diftitReir'SEHSitivity t6°72! cyclo®f@Xtrin tRAN bindSTEROYéstefdl.
Generally in$8ftife iff'detergeri§Buch &' tritod k2100 andGétergent EolubiifiisofteH Uised t6-°7¢
identify the premenceco$tipid raftsse  \Adven thekBenditionecHMediurngsstreated with $riton X-MQ, the
secreted prot&h®s continued tES¢gregateRas a Gmplex independentrgMheir 8RS fracioteation ViM
experiments Susing membrangdiisationddigurg £2), suggesiing thatgtﬁ%'\"ﬁutaimconwlex IS regisiant
to dissolutiond-tritop X-100, eansisterikwith thepresenceasef lipid rafiscdl3. rudie detarmine ik
complex is sensitive tmekissolufion in thespseseneskof 20 miMirayclodexdrn. If thespritatixeromplex has
lipid rafts in heeamembyare, extraction cstholestaml by cyeladiextrin eaused dissoluticivnaure relesse

the proteins WAREA can then be Ldsize fragtignated accordjpgsie theirmpleculagsizes Ihe relagjye,
guantitative eopsgosition of lipids in the putative complex is estimated using chromatographic and

mass spectr@mgjry tEtHhiqueS§™8 previbliSly oliflifled 35. Y€ deteriiftes if ffie1iid coffifositith&an
support the presenceofipid reftx Examgie 23LResults: RéeCompegition ofRrConditionedMediunss

15Trizol extrgEtfdh of-the,Conditianed Megium fallowed by, jseproparioFi€cipitation as,gommanly, used
in the extractgn of RNARPM gglls produgss a pgliet that ignater has gp 260280 nmralsorbangg ratio
of 1.9, suggesting that it may be RNA. This is consistent with a previous rePPort that exosomes
contain mRNAs and ficfSRNAL36. Thj,Hé\(%Sezglet'ng assayed '\f(TJI?Psensiti\P/h?/tho RNade actTl\ﬂﬂ/. The V"8
Conditioned BASP1 ~ COL2A1  ETFB 41617 ILF2 MTPN PLOD3  RPL22  TFPI YWHAE



20 Medium will also treated with RNases before extraction with trizol. These assays determine if the
pellet is RNA, and if the RNA is sequestered in lipid vesicles such as exosomes. If so, the RNA is
assayed by generic gene expression assays such as microarrary, sequencing, RT-PCR and in vitro
translation assays to determine the composition and 25 functions of RNA. The RNAs are translated in
vitro using standard commercially available reticulogge lysate system with and without 15N-leucine.
The translated protein products are identified by mass spectrometry. Example 24. Results: Proteomic

Profile Of the -700 proteins described te®egpresent in the secretion (US Provisional 30 Patent
Application N6!'60/878'252 arfid'Thtern&tidhal A'R@ication Pt /5G20 ﬁéoozﬁFWeseTﬁgﬁi/malY%ﬁ

... BBS1 Ol 4A1 EXT1 HEXA ABA XRAS PLS3 RPL5 . TGFB YWHAH
Cell Conditioned Medium), there are man prof NS found {018 comnig Ig present in tEe proteome of
BCAT1, _. COL4 Alil HEX IQGAP1 MXRA8 . PLSCR PL7 TGFBI YWHAQ
other exosorgs (Figlig,13)44, [here afe also many 75 pjgfins in g fist of¢700 profeins that have
not been described to be presemtiia exosomes. Some notable but not exhaustive examples are Thy 1,
wnt 5a, WntB5HAnhibitr 8% or Sctivin AYBXBmplE®25. Resulté:'$urfacBAntigeR"Prbfile 5F#e proteomic

profile of the Condjtigne dium also descri he presence qf prateins that are known to be
embranc.pound. KBl & ol AGE TR e AEHBIBE e e oo 08 B 20, other
known surfageaggtigen pideposdimesshighcasveild 3dallyat ds Favhgrorethensiefagisl ovexdsares secreted
in the urine45 is nat eggressed in MSCs19 or its secretion20 . 10Additionally, many of these surface
antigens ar@ ¢SHE3Ad fARIEH-type specific manner. Together, these observations suggest that the
surfacesantigen projitehwibdedipeoasiasdistingld st exOsemMeR VinD, diNeRSF Cell, 900rCeST,0 characterize
the surface antigep profi e tiv ti t iti um is biotinylated
573 Stand o GOy AT DO o A b B HEE Zepais o SEhard
15SDS-PAGHF el red. annitamBk aidoCHRS0Sec@ndantiatbyiliCaviiMpealiakidade dising
standard protocols jn we t i IS, pr ly ins th he surfaces on
the (:omple>?é%a¢yam’0IJ Eﬁgpﬁﬁﬁz@%f&@ﬁ%‘ﬂbﬁ‘f@nﬁﬁﬂﬁ%@ﬂ&@;ﬁ?%én@&p@rﬁf@ that are within
the complexafd did EhEnsfoiéInb; HiySidadyl aace$sinig, aiedTd Hiotmjisatedi A eHisiingikdiied proteins
are alsq iso i vidin-affinit r i ' i /M e identity of
theseﬁp%roteiﬁ\gglfié(:%%}&l:]r[rf;}e(‘i:_iII g%/%vg/ié?siéégbm%ﬂ}ﬁ%gswgﬁggmiﬁé]%gé@’%%? g]é:’ne expression
of MSCs. Esaaie, 268 BAdsomeB A 6, Baded HiGihRR2IEoVE BBsaVBRIS, WeBypoihas4 that the
smallest actj di ctj it jn.th itj djum,i m To prove this
hypothesis,mgﬁc’gﬁ%é ngg@éﬁﬁbmgdﬁ%?&%% %@%@%ﬁﬁ%on eéAh(’r?oIogy with
membrane ¢DIW6ER)-OHDQfCIKIOI KDL The ENGre mkatézl Lioinditiod &WieaIw ardd daeinfigtirag ériirifuged at
-150-200 0 for 1-2 hours. The pellet is resuspended in PBS, analys t icroscopy to
confi the HHELAdE b TS R 4 Lo A SR BT ol e ST TS B, o and
30 RNIA cornf&RRSFR A, TNIESEU2pERKidr jL a3 s edOLtte GiolayiCH @rilivitie€ tiaCHeL2,

e mouse Sac o TSUEle o SESCHRCH SRl o o A2pLIGET Exilole S Sacty Bresign o

Pig Study SDiiKy férhAlePDaliaAdILEBdvaa® Hig S KO0570, KgP (B DICD 2Re st [Th&:Rdtherlands), all
pretreated wj [ 7, / r Y, i ay. ,are
randomly avs{é%%%gtmeé? , nor?—y(,f&l, %lglgaﬁﬁ% reﬁdm h%%%%r%%%%%%ﬁﬁgiﬁ)%ssess a

potential effdobSF fiésh Hioln aaehtHiBRedeadktotdiedddivntibndyllapigs, Mkissmeinoeg ytemmirutes of
proxin}%l Iefgd:eir%@%%x E% ORRY artery (LCxCA) ligation and 4 hours of subsequent reperfusion. An
ischemic perlo?i of 75 minutes is Sélected to inflict severe myocardial injury without inducing
completely tansmple dilnReodtslidl nofanmokeassdtia tédBuo teipe Aiteslorc phiziatiis Risesp hodipadise infarct
size measurﬁr:rs]iepésusing TTC staining is most reliable after 3 hours of reperfusion46. 15After longer
periods of reperfusmn, it becomes more difficult to assess oxidative stress status and apoptotic
mechanisms. Trealmentii ithitiatest Bemirietess iafone thre(dvis8tecof Mperflisiosnbiyfiigedaenous infusion

of MSC-CM l, 2.0.mg protein) non-CM line Immedigt wing reperfusion, an additional
intracorona%/ggg(gﬂs%\ﬁgé‘yg I%ﬁ)oel X O?n ?rgg rang%fpsll%!ﬁ)?nrﬁ)crry-%ﬁogrbg%%%?segf?% ei\/lgfg%%ra ?gl infarct
size add funoien20die asHessadh Ahdeiestattlerleapbofision in theTmpderntitptie gactor(s) within the
e (e SPRIEREATRIPIRAURMLE HACHheDANRS L pIMEHSLIelE I Acipgeriusion
injury. Ml is induce f)y minutes left Coronary artery?LC occlusion and subsequent reperfusion.
Mice are tre@tietwith)ufifttitionatedc OMiitiovneghraddiemnw id190OWOPratG6A kEB0D koMeddtion, <300

fraction centrifugation of either the filtrate or retentate at 200,000g for 2hours generated a pellet in

the retentate fraction (Figure 16). CD9 which had MW of 19 kDa respectively are highly



25kD, <100 IcD fraction or saline intravenously via the tail vein, 5 minutes before reperfusion. Infarct
size is assessed the following day (24 hours after reperfusion). Example 28. MI and Operational
Procedure During the entire operation, ECG, Systemic Arterial Pressure, and capnogram are
monitored continuously. Under general anesthesia as described before47, a median 30sternotomy is
performed and two introduction sheets are inserted ggthe carotid arteries for a 6 Fr guiding catheter
and an 8 Fr conductance catheter (CD Leycom, Zoetermeer, the Netherlands). 77 The distal tip of a
Swan GanzgpiheighismlasatinigihsyBrmRNRNAHRIN o8B RIS OR dPHAEMRIA i FaRsasic flow
probes (Transonic Systems Inc, Ithaca, NY) are é)laced around the %roximal aorta and LCxCA to

measure caffide! M iSRRI EeReHaHPnIW I RhANd Wiastplaieddhatdhiidydusiedhieresd dPein to
enable funclipRabls ReASHIRMBATS HIER YaRingaadiRg enadiiansHiRRY IRarmiflerdnstional

measurements, 10.000 IU of heparin are administered intravenously and sutures are tightened to

occlude theirbiamsadimgetad w900 mRMAAARNR b5 9 hadydEassrtimgnFdiBtilation
occurregl. Afteg 6bonaifsites ohisthemimiherhénAdgineonanedby, voleaseabiiamsttyre. Immediately

following re%erfusion, Nitroglycerine (0.1 mg to 10 prevent no-reflow) is infused through the LCxCA via

the guiding CQATERET , IORSMARP Y FHERCSYBALA AHEBPRIREHSH RN B RENY SRATBME &aline. After 4

hours of reperfidsicly. ithecltoshfunctionahmeastiRiearis welpadaimaanshthe heart is explanted for
infarct size analysis. Mice are anesthetized with Fentanyl (0.05 mg/kg), Dormicum (5 mg/kg) and

15Domitor (0.5 mghtg§eiThttH s Eeig e 2B Rige RS RS R dae et F YRR Bt end. Mice are

artificially veyndasrel ipi@vasie1ef, 105 SVPkeBAi014$HAD A 4ederfsveRtilatp pwidieat Hyxyiel BHR&and N20
(2:2 vol/vol) to which, 'soflurane‘,g).s-&O% Vv I/vod_% is added. The mouse is pI%ced on a heatjng pad to
maintaif the g5 ke 3ped weste el d Il an el Y ORAH T LBt S dpa28"AndPan 8-0

prolene suturedsgused theahiddentbeciefie2Qcéparaniantasy (hGhorine Sthmdnuesadiliesepastds closed
and the following day (24 hours later), the hearts are explanted for infarct size analysis. Example 29.
Functional ﬁ%%?&&?%%fé‘ﬁ%CO“'*"FH&%‘&%‘P&P?&%F‘]&%§§@F@tﬁHﬁaéﬁFS%&&eéﬁfdﬂtclﬁPé%@ ized at a

sampling rafeginbtiT1ang atereddor offlingianalysis (heyeaarCirhdid? atelheayeamyel &firventricular
25 (LV) pressure and volume ar asur sing the conductance catheter method, as described
oo AR STEE ro T G L Bt B e AR S REHRA L B raplavrad
and agquireti7at)a 2 n0tibteskmpting rhie thdtpratéiaychitdmoiedihe (G theygpatjeDadasaseoicquired
during steady state and.durin tem;t)or I.cavfad vejn OCCJLEPiI?rf, Il 30 with.the ventilator turned off at end
expiration. AFARO AP e BRI, RSB ISHLE Fed RS NRNE S N SAREPEAS described
previously48ehsiacidiiodushothay® emedrdial cbiiasnedthinjadessiPresomdsSSie<a000h 2-84Hz probe

UST-5280-5, Algka..78 Holding Europe AG, Zug, Switzerland) are obtgined at the midpapillary muscle
vl wall (YR TEL AP TR TS B STACHET G (B R AP R A PRy are
measured afrenohehiastolea FlRynanchemndraystaltitidShtByistalie walstoiekenitig(SWE Bpimealculated as
[(WT(ES)-WIT(ED))/WT(ED)] * 5100%, fractional area shortening (FAS) as [(LVia(ES)- LVia (ED))/
{Via (B EBUB AR e ERICATAS et Ry A S 0 B UHER 0%, Th
end-diastoliflafrafohe tistifnassns-susaoitifietipoytenecans tfdihiead ie gijgdsios dédhenesidieiastiolic
pressure-volume relatio shg%h Echocardiography and PV loops are measured before M, 1 hour after
ischemia and' 40U 'S é’PrepeeS%?USion. To challenge stunned myocardium, 10 additional
measurements arelpeardafimadidt tingepdraripat eetic blbyinntia cad siie seinemtiavandus dobutamine

infusion (2.5 jig/kg/min and 5.0,jig/kg/mi ample 30. Infarct Size. . . Just prior to excision of the
neart. the | BE A G R 5 R e TR T 4D Vo induction of the
MI. Exzins hiuerdyenis ifdsadltsteod) s hecthioed iBryusy 3te). tA Jetireatd, tihe arlad at risk (AAR). The

heart is then excised, the is isolated and cut inta 5 slices. frgm X 1o base. The slices are
incubated 1T TS oSS TR AROHaL (I e e RS S shsmafecnt, e
Netherlands)oimi8k@cdonedsen. buffiedid:6, glirkid2iPi@uatidr & gik 2 7000214 20; pHonA) for 15
minutes to %lls%rll C[an%fe fnf?ggst tés%[%ecgrﬁ)cgngrgt}gg%lﬁgneylcl)(:ﬁrsd&l{n.re 17@leices are scanned from both
sides, and in eaciiEl e,I{ € Infarct area is compare With @reaat fisk afid the total area by use of
digital planifiesm plefdaRefidtagE xbs oditalr Rxaoteioscnr édithenMighbod sk Bshnskpinfarct size is
calcul%ed 35,4 esrlgFrtlg%ge of the AAR and of the LV. 25 Example 31. Materials and Methods:
Preparation 0 Bhditioned Medium HUES9.E1 cells are cultured as described previously (Lian et al.,
2007; Sze et al., 206 heBriefiym8ois aoattdgnd tduk 838K dcopl igukuoss anemtzrshe gribtoees tiovds with

PBS and culturgdhover Ight A, micaly deRsd Mo SOnS R0 G A MEM WIS ns are



30 phenol red (catalog number 31053, Invitrogen) and supplemented with insulin, transferrin, and
selenoprotein (ITS) (Invitrogen), 5 ng/ml FGF2 (Invitrogen), 5 ng/ml PDGF AB (Peprotech, Rocky Hill,
NJ), glutamine-penicillin-streptomycin, and b-mercaptoethanol. 79 The cultures are then rinsed three
times with PBS, and then fresh defined medium is added. After 3 days, the medium is collected,
centrifuged at 500xg and concentrated. >100kDa Clgysample is prepared by concentrating CM 50x
using 100kDa MWCO 5tangential force filtration (TFF). All other concentrations are performed using

ultrafiltration;mamBranal Nt e nhslaifrrrniydresesseehe Msiare A3 micser diisaad after all
procedures and before being stored or used. Example 32. Materials and Methods: LC MS/MS Analysis

Proteins in tHBi5 WH%W%&’E&‘(&Ft%W@ﬁ@Wéﬁﬁ&rp&%’h%é&%ﬁeﬁtﬁlmw D8RR Riced,

alkylated, apddvRticdigesiadpsisiessribgdinransosshaslgesbenitazeoatals @00 43 obserseamples are
then desalted by assing the ézwsted mixture throuigh a conditioned Sep-Pak C-18 SPE cartridge

(Waters, MiftBRI 2NEA mogsaapa8e afrlvidd hatbscaodi gestedr iz ealSry- (Wé@léalp%ﬁﬁ%%% NJ)
and 0.196 faspuoBAidviTA Ruidarcant akirewithrieAOkaAGH PRdi0 diYeftdhuffe DT benetuted samples

are then dried to 15about 10% of their jnitial volumes %ﬁremovmg organic salvent in a vacuum

centrifuge. TR HNRE SRR BRIty U saRH B i deirabaioteitB s et feticaettwith a HPLC

system (ShitRadaiselapan)ythradeh ¢h Relysubioalhyb S Gobumal (200 aHa kaévemmpiealidsGfUSA).
Mobile phase A (5mM KH4PO4 + 30% acetonitrile) and mobile phase BéSmM KH4PO4 + 30%

acetonitrile 380N FPsERPSIHYRIRIPHAGIRECBIR ES RECBAPRSE Wrida WAt BSaREm
centrifuge. Efagtt@plabacﬁ@amge arailpadedJrRioihie ulosamie el opimaez udaald-a0A3 C18

reverse phase HPLC system | pled online to a LTQ-FT ultra linear ion trap mass spectrometer

(Therrmd EISEHBRT S&Y Josen AYfﬁ’f@& AR RhTay-Shued. felest haptiesnadapped in a

Zorvax 30058 kBemriichmenbeaiaml (Gropl030nAglenk Jreshoetagies iGaemrasy) and eluted into
a 25 nano- b%{ﬁed C18 packed columnég75 pm x 100A, Mlchr%m Bioresources, A g) rn, CA). A 90

minute gradieAt XY RRIHNTWPIL: 1gepld P e e ERE %téoﬁﬁéltﬁ%e?h GHometer. The
LTQ is operated imzgdartiopondend arm@ému@aﬁt@mung MBS seans d0d tbel&ﬁfemmmst intense
eaks from each MS scan in or eac nment MS/ .of the eight SCX
ractions arEBHBIRENNES b e SR HGE CEHEARSIETg S RO SNk BB PHbiin
|dent|ftcﬁt|ommachmﬁ\kmi1woeeﬁgehtagdh@ wmhuhedrd@gatagﬁtﬂ&t Iﬂmﬂﬂhhumaprﬂp%ﬁitkaatabase
(version 3.34; 67,758 se via an in-house Mascot server (Version 2.2, Matrix Science, UK).
The search 86 PrsH%: qﬂﬁ“é LARFBEMTIRT of 2 missed cleavages using trypsin; fixed modification is
carbaminonﬁhﬂplwmoimalesﬂPmdmanﬂﬂ@ﬁﬂ@h‘s@ﬂﬁdh&@@xldaﬂbRNmﬂme Sinueetivm lass
tolerances %{;‘et to 20 ppm and 0.8 Da for peptide precursor and fragment ions respectively. Protein

identificati 8 accepted as true positive if two different peptides 5are found to be with scores
greater than the hdmp@leeuelr}eae;Emmpia BN Materialsread bieatkitdis: dABid By @Stionatiesr,and

Dynamjc Li r|n s' a Quasi-Elastic Li Sca tey| Detect The instrument
st Mol of BT T i G ATy o RS A
thermostatqdmhtmntbwemramprath&/twisﬁmle@k&tecm1@petamécb§oﬂ.ammnglaE&Ml?osyafetmeffeéfrom
Shimadzu Corﬁ%%tlon K otot Ja The C mato%]'ggha}f columns d are T"S{\K Guard column
SWXL, 6 x 48 mm dhd 9 eilE; Am from ““Fo%e urfoeora 3n (‘?okyo

Japan). ThedndteMr@EdéHg:thQBam&ﬂlgrttmaimdmg)ie@ptdhle (eeﬁ‘amm/&Siradé@%nd QELS
(dynamic light scattering) are onn serlesg Wi LW-vi F j%\? three
derectors Al RSOV B RTCIS G o Pt S EETUREAD i BHE o Sfals 0y e
ASTR25softivahe. s?Ehetnnmpdmemstekﬁme[sampdm arelﬁepalaapaddphcﬂnmde)aslmmm Dbseth&daﬁtger
molecules v¥ ill eIu bef%e aII r mo d? ent buf er (Fg %%26? hate buffer
with 150 m opﬁ)a?ﬂ a is gl)?’fl fitare rou §X Gte'Sizeo pm an egassed for
15 minutes beldrandske $ize «ﬂstnbmtmgeaphmnmtemhm Bﬂaquddmadt@ﬂ/la(tFagﬂmwl&@e, efigzBstmfmin until
the signal i n 8 stabili at aroun [ oIt LW -Vi 1! | etector Is set at
220 nm ang]?ﬁgﬁ({:o ﬁ%f%léig/?eﬁjﬁse%rﬁl Ctgdt 3@%&% G arﬁg e |se|rsl.%ctra |?: gn the run time is
40 minutes.pbkebiblyrtiatchs&NAs anpelmtetdmadgezchﬂlpm Bﬁmnbﬂa@@ tﬂnéﬂhgcﬁds tveecelithe exosome
peak 3y all othebr(% ESVIS |q %te8€ om, heéﬁ]{% ISIb > de ets:ltso {ér h gi ?d amlc radius, Rhis 25
computed by? e etec ors |g &8 e peak apex is taken
as the Rh. phoﬁﬁéaﬂm@sfdh’e?sé[ﬁ@rattedtwmpwﬂmt@mﬁﬂwllﬁnm magms;rﬂn@@taﬂlemededstdractlons for
further char r|zat| studl a 4. Ma rlas an radient Density
Equilibrium%%s%en%r uga lon c?rtesdu%:):{)gﬁg&taicﬁen?aémnsny equ:xébrluma?:eenfri{ alsc?haff sucrose
solutions with concentrations from 22.8-60% (w/v) are prepared. The most concentrated solution is 81
layered at the bottom of SW60Ti ultracentrifuge tube (Beckman Coulter Inc., Fullerton CA, USA),
followed by the next highest sucrose concentration. CM is carefully loaded on top before
ultracentrifuged for 16.5 hours at 200,000X g, 4C in a SW60Ti rotor (Beckman Coulter Inc.). 16
fractions are collected from top to the bottom of the sucrose



5gradient. The densities of all the sucrose fractions are calculated using a microbalance, and
consolidated intoto 13 fractions. For some CM, the CM is pretreated with a cell lysis buffer (Cell
Extraction Buffer, Biovision, www.BioVision.com) before being loaded on sucrose gradient density
equilibrium centrifugation. The lysis buffer is added to CM in a 1:1 volume ratio with cocktail of
protease inhibitors (Halt Protease Inhibitor Cocktail, g0 EDTA-Free, Thermo Scientific ,
www.thermofisher.com ). The mixture is incubated for 30 min at room temperature with gentle shaking.
Example 35cMaiarials 20mMathedso Protis Quaniitatioent wibrejeio&anssii alisabisis quantified
using NanoOrange Protein Quantification kit (Invitro en?gaccording to the manufacturer's instructions.
]@é an

15 Example/'S6lfindigiel g iliouanslos o RRrs BT ATEEP A RHgarsted thesitheproteins of
CM are seprrted proReivachdanrite setstRefp s iansisstiecd AlroseligrsepaenBRRadAmErsham

Biosciences U%L;?slala, Sweden). The membrane is blocked, incubated with mouse antibodies against
human CDghe1memsane iy Faudiy Risspluchnk crgpromitetRtabysRasrasel peroRifieoupled
secondary it s aganRRinkel 0Iowse Asivaes apithodylcbiexkipt dstherliney hates it a

chemiluminescent HRP substrate to detect bound primary antibody, and therefore theéaresence of the

antigen. ExSRAE'SP! desadadnp Mahdwbolprin dbrie Rt orReeprddadi i e And'cHiRsterol
Assay CholgsienetesRhitgamyatin asdinhespigtidyichlioe conerBt NN susbyendaind@Rendent
preparations of CM and pellet from the ultracentrifugation of CM at 100,000 xg for 2 hours at 4 C are
measured UEhSG ONMTFS AR A aittandeddEagrksid “Bholesterol is measured using Amplex0 Red
Cholesterol Exasiap liudyRi@aMHa S@lasi RNA) srhiegaatyatil i Waicrbingomyelin Assay Kit
(Cayman Chemical Company, Arm Arpor, MIl, USA) and phosphatidylcholine is measured using the
PhospHhtidylcholind 6 If&@&&ﬁa(@ ﬂ%teﬁsmimlés?ﬁﬁawwﬁrm’s&%&ﬁmﬂeéé%bugﬁaékamme
38. Materialgearsith N ethegdsy dsidlde dsTiypatizatiandié K eqditibriash Meaitsmtrifugeidis CeREM
with/without triton x or lysis buffer for 30 min at 4 C wijth gentle shaking. Proteolytic digestion is allowed
to carry out%?té‘?‘ftﬁ?ﬁd"?ﬂgpfé'iﬂstm 81PE et e%\ﬁ‘glﬁrl\é\ge@ﬂf‘f%stbg %Mﬂfgg A PYGEIF TR ature with
gentle shakingditheadiyeBtaeisistigeped dsioghadnrpsiniisipitnrT RS &xamplgabrdMatedals and
Methods. miRNA Microarray Analysi Two.biological replicat total cellular from MSCs
o biolBUFPApESHEE G b AERFRAOR AT 3 i Eboy) HR AR T Dy The 10
hybridizationquilibéatal anakysisiis ofiisomced LB ¢ieigaes? (). & (vonta st CRUIBNVEW. eaarRerkhe chip
contained propes for miRNA transcripts listed i nger miRBase Release 10. . :

(it o SO PSRRI P raht DL DO - RBSTIS B fchHRAETS secretion
Contains ExagtinBeassasiatet daibiaiaissdbatfoeasduldpioteioftampiexed RNA widently the active
component reyiously fractionated the b rafiltration through membranes with different
TG0, 1t B Enk o s LR el R AT REC PG IOEE the firate
iS not proteciveisktaweitthe RNRat bsiagreenpsalact dyn-1 Zpidmes dgairsthashmian apgranlerane is

20cardioprotective in a.mouse modelh%is h Lgﬁ%p fusion injury.. In summary, filteration through
fiters Gt BTV SHTITH 6 Sh SL G T 0D SHBR M S Oh T8O B ot
cardioprotectivasddgur RN bed febdllodtiistbo ROEAtsatbaagaigat ehd denskiafiR@iAbradrkeEimmers et
al., 2008) or.a 100 k eml@re} i cardjoprotective (Figure 14). BE:S bseryations suggested then
it he actl S 1RBoR: DA B AT AR e LS ES B RS By MBS Bamerer of 50-100
nm Based dixibsemsiee range of the particles, we postulated that the particles in the CM are exosomes.
Exosomes are for %%ﬁa%sghg%%@zveeﬁ&,'w@dgaa S@‘f&’ At &QFmR%RI%S%?eﬁ& é‘t?egﬁ”%%%téi)gj‘)%) with a
bilipid membrane that'has the Sare orfentation as plasma membrane. They are known to be produced
by maky celrtyipediandiare whraughd tid the RiyporilotimintespeditilaraBOveomaidications. Exosomes
have diametets of 40-100.11m EXpSAIES have been shopn 1.be secreled bymany gell pes and the
protein composftllo of these exosomes appeared to be celt'specific. However, Some proteins such as
CD9, pyruvatedineset hckaleCdppBaredod3the womtad RN Axpresse ddquiksecexbsniiies](Sze et al.,
2007). We Im reviousl igrﬂ“g'fie {201 proteins in the secretion (Sze et al., 2007). Here
we extende elgﬁs‘e??@ %Qérprote&ﬁsg(ﬁ g%%]@%%&/slr%%%ing modifications to our previously described
methodologixaropleptoiRuesudtsritdysesedsRIefalachinith enfe RN Al shent d ivilktthe gse-TilR RIS contained
many of the exosome-assaociated proteins such as CD9, CD81, Ali P-1. SODs1 an ruvate
inase (oiver anc U500 S AR e e ke gent [ b LT RN
western blotahélysisl{Laylel, Bi#eVhk)diCo -4 Hbpret isitatisnod tICPBIA CiDher{dM ixedepported
their associgtion,with an exoso he prese f exosome,ipn the secretion. TSP-1, SOD-1 and
10 pyruvateﬂ&?r?g@é (%td Vr‘{(e)t%( %Sg?f{rr?rﬁ;eﬁnagée&c%tﬁ%%ﬁv%%a c@ﬁi@%%%@sﬁ% Rhat ﬂ(fgsof proteins are not
present in CD81+ exosomes or not present in exosomes at all. (Figure 15). Table E2 (below).
Alphabetical list of 739 unique gene products identified by LCMS/MS and antibody array
02-SepBPNT1COL5A3FAM3CHINT1ITGB4BPMYHOPPIARPL P2THBS2



07-SepBTDCOL6A1FAM49B HIST1H4K-AL PHA-IMYL6PPIBRPS10THOP1 PPP2R1
AARSC140r1141 COL6A2FAM62A HISTIH4AKPNBINAGKARPS15ATHY1
ACAA2C190rf10COL6A3FBLN1HISTIH4BKRT1INANSPPP2R4 RPS16TIMP1
ACAT2C1orf58COL7A1FBLN5HIST1H4CKRT14NARSPPP5CRPS19TIMP2
AC01C1orf78COPAFBN1HIST1IH4DKRT2NEDDSP&P6CRPS2TIMP3
ACTBC1QBPCOPGFBN2HIST1IH4EKRT27NEFMPRDX1RPS20TKT

ACTC1CIRGRRBRRFARRSHIS AL HAFRTANTRPRIRNARRERM tdWtion. 149 miRNA are
ACTN1C1SCOPS4FGF16HISTIHAHKRT5NME1IPRDX3RPS3TMOD2 ACTN2C210r133

COPS8FGHRIEFRASTYIIH RRETBE AP LRGSR tie A TR ZACTNGE AL REOR01 B
FHHIST1H4JKRT7NPEPPS PRDX5RPS5TNC

TNFRSF ACTN4CAN D1CORO1C FKBP10 HISTIH4KKRT75NPM1PRDX6RPS711B

TNFRSF ACTR1A CAP1COTL1FKBP1A HIST1H4LKRT77NQO1PRG1RPS812A

TNFSF1 ACTR1B CAP2CRIP2FKBP3HIST2H2AA3 KRTINRP1PRKACA RPS92 ACTR2CAPGCSFL
NAHIST2H2AA4 KRTHB4ANRP2PRKCSH RPSATNPO1 ACTR3CAPRICSE1 LFL
NBHIST2H4ALAMA4NT5EPRNPRSU1TP5313 ACTR3B CAPN2CSRP1FL
NCHIST2H4BLAMBINUCB1PROCRRTNATPI1 ADAMOCAPZALCSR P2FL
RT2HIST4HALAMC10OLFML3 PROSCS100A11 TPM1
ADSLCAPZA2CST3FLTIHLA-ALANCL1P4HA1PRSS23 S100A16 TPM2
ADSSCAPZBCTGFFN1HLA-BLAP3P4HBPRSS3SARSTPM3 AEBP1CARSCTHRC1
FSCN1HMX1LASP1PABPC1 PSAPSDCATPM4 AGACBRI1CTSBFSTL1IHNRPA1LDHAPABPC4
PSAT1SDC BPTRAP1 PAFAH1 AGRNCBR3CTSDFSTL5SHNRPALL-2 L
DHAL6BB1PSMA1SEC22BTRHDE PAFAH1
AHCYCCBL2CTSZFTLHNRPA2B1LDHBB2PSMA2SEC23ATROVE2 PAFAH1
AK1CCDC19CXCL1G6PDHNRPCLEPRE1B3PSMA3SEC31ATSKU AK2CCL18CXCL12GALNT2
HNRPCL1LGALS1PAICSPSMAGSE MA3C TUBA1A AKR1A1 CCL2CXCL16 GALNTS5
HNRPDLGALS3PAMPSMA7SE MA7A TUBA6 AKR1B1 CCL7CXC L2GANAB HNRPDLLGALS3BP
PAPPAPSMB1SERPINB TUBAS 84 1 SE RPINB ALCAM CCN4CXCL9GAPDH
HNRPH2LMNAPARK7PSMB26 TUBB SERPINE ALDH2CCR4CYCSGARSHNRPKLOC196463
PARP1PSMB31TUBB2C ALDH7ASERPINE 1CCR5D4ST1GAS6HNRPLLOC283523
PARVAPSMB42TUBB3



SE RPINF ALDOA CCT2DAG1GBAHNRPRL0OC347701 PCBP1PSMB51TUBB4 SE RPINH
ALDOCCCT3DCIGBE1IHNRPULO0646821 PCBP2PSMD11 1TUBB6 ANGPT4
CCT4DONGDF1HNTL00649125 PCDH18 PSMD13 SERPINIZ TUBB8 PCDHG ANP32B
CCT5DDAH2GDF11HSP90AB1L00653214 B6PSMD5SFRP1TWF1
ANXA1CCT6ADDB1GDF15HSP90B1L00654188 PiK2PSMD6SFRP4TXN SH3BGR
ANXA2CCT7DDTGDF3HSPA1AL00728378 PCMT1PSMD7L3TXNLS
ANXA5COTSDDX17GDF5HSPA1BLOXL2PCNAPSME1SI L1ITXNRD1

ANXAG6CD109DESGDES

ISPALLLRPIPCOLCE PSME2SLCIASUBE] PDCDGI

AP1B1CD248DKK1GDIIHSPAURTAPPTBP1SLC3ADS BRI 3 | hsa-miR-
AP1S1cCD44btbleDioHSBASL TA4aHPDESEAPROBSNETIBE2N PRIBRCA AP2 C3
GLO1HSPABLTBPDGFOPSNRPD1UBESYMPHGFRIsa-miR- | hsa-miR- | hsa-miR-491-
AP2A2CD81DheREET R X HEPARRTEN D8P TX3SNRPEIGFEEIR AB2B1CDIDPYRI 2GL T8D3
HSPB1LTBR1PDIA3PURAS®DRICHL hepsircDCypPRs 3| hsa-miR-
GLUD1HSPDTPAPD| AP XDNSPARCRICHI 3 APBXP0DCA42BETNGM2AHSPEIR-503
UMPDIA6PYCR1SPOOKUSHRIENPDABRPMEDH] heayniR-11HERariiePRBISEEDR-
M1PYGBSPIERAEdP2 | AbA1BGNPNAPCDH13EEHRS1 TIHSPHIMACE1PDIINIS
OARSSPTBN1UROD APOEEDHR? ECMhSMTRHTRANMAD4 P DRhiaMTIOP CT Ssar B0 14
APPCFL1EERIxkGGT2IDHAMAP1BPEBBQSCN6SRFOUSPS | 324-5p 5p
APRTCFL2EEF1A2GPClIFRGIRMAPK hRFNIRAB1 b IRRXVARS-miR- hsa-miR-574-
ARCN1CHIDIEERLBOGPEEIGF2RMAPREL PEN2RABIASRPXPYXSN ARHGAP
P1CHRDL1EEF1GGPIIGHBP2NAT2APGCPRABGADSBVIRF1 ARSIIDIRACLE GdamiR-574-
EEF2GREM1SFRPAMAT2BPFGDRACLEIb3VOL ARBGTA CLICIBEEBMP2 GRHPR
IGFBP4AMCTS1PGK1RANSRBGREZBY CBARRC 1B (OlskcaiR- F2EB@RNRSFBPSMDH1PGK2RANBPS
STAT1VEGFGSRERRES ARPC2CLSTNIE| F3S9GSMGFBP7MDHA2BGLS2SMGaviiR-575
ARPC3CLT CEadiR-G SRIGKONMFP4PSMIRARSSFCR2VRY PGRM@IR-
10a 5p 125a-3p 181b 335 hsa-miR-584
hsa-miR- hsa-miR- hsa-miR- hsa-miR- hsa-miR-
15a 29a 125a-5p 181c 342-3p hsa-miR-612
hsa-miR- hsa-miR- hsa-miR- hsa-miR- hsa-miR-
15b 29¢ 125b 181d 345 hsa-miR-625
hsa-miR- hsa-miR- hsa-miR- hsa-miR-
hsa-miR-16 | 30a 126 185 361-5p hsa-miR-629
hsa-miR- hsa-miR- hsa-miR- hsa-miR-
hsa-miR-17 | 30a* 128 186 362-3p hsa-miR-638
hsa-miR- hsa-miR- hsa-miR- hsa-miR- hsa-miR-
18a 30b 130a 187%* 362-5p hsa-miR-663
hsa-miR- hsa-miR- hsa-miR- hsa-miR- hsa-miR- hsa-miR-671-
18b 30c 130b 191 365 5p
hsa-miR- hsa-miR- hsa-miR- hsa-miR- hsa-miR-
19b 30d 132 191* 374b hsa-miR-708
hsa-miR- hsa-miR- hsa-miR- hsa-miR- hsa-miR-
20a 30e 137 192 421 hsa-miR-744
hsa-miR- hsa-miR- hsa-miR- hsa-miR- hsa-miR-
20b 30e* 140-3p 193a-5p 423-5p hsa-miR-766
hsa-miR- hsa-miR- hsa-miR- hsa-miR-768-
hsa-miR-21 | hsa-miR-31 | 143 195 424 3p
hsa-miR- hsa-miR- hsa-miR- hsa-miR- hsa-miR-768-
hsa-miR-22 | 31* 145 197 424% 5p
hsa-miR- hsa-miR- hsa-miR- hsa-miR- hsa-miR- hsa-miR-769-
22% 34a 145% 199a-3p 425 5p
hsa-miR- hsa-miR- hsa-miR- hsa-miR- hsa-miR-
23a 34a* 146a 199a-5p 425% hsa-miR-877
hsa-miR- hsa-miR- hsa-miR- hsa-miR- hsa-miR-
23a* 92a 146b-5p 199b-5p 454 hsa-miR-923
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filtrate or retentate at 200,000g for 2hours genera?ed a pellet in the retentate fraction (Figure 16). CD9
which had MW of 19 BBENAsgexdotastas Highs/CM but are present at below detection level in

MSCs. These are: hsa-let-7b*, hsa-miR-124, hsa-miR-296-5p, hsa-miR-765, hsa-miR-

15

1228, hsa-miR-1238, hsa-let-7d*, hsa-miR-150*, hsa-miR-493*, hsa-miR-933, hsa-miR-

1234, , hsa-miR-122, hsa-miR-198, hsa-miR-572, hsa-miR-1224-5p an dhsa-miR-1237.
The following miRNAs are present in MSC only: hsa-miR-24-2*, hsa-miR-98,

hsa-miR-484, hsa-miR-25, hsa-miR-99a, hsa-miR-151-3p, hsa-miR-491-5p, hsa-miR-99b,

hsa-miR-503, hsa-miR-26b, hsa-miR-152, hsa-miR-505*, hsa-miR-27a, hsa-miR-155,

20

hsa-miR-324-5p, hsa-miR-532-5p, hsa-miR-27b, hsa-miR-106a, hsa-miR-328, hsa-let-7g,
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miR-181a-2*, hsa-miR-331-3p, hsa-miR-10a, hsa-miR-28-5p, hsa-miR-125a-3p, hsa-miR-
181b, hsa-miR-335, hsa-miR-584, hsa-miR-15a, hsa-miR-29a, hsa-miR-181c, hsa-miR-
342-3p, hsa-miR-612, hsa-miR-15b, hsa-miR-29c, hsa-miR-181d, hsa-miR-345, hsa-miR-

25

625, hsa-miR-16, hsa-miR-30a, hsa-miR-126, hsa-miR-185, hsa-miR-629, hsa-miR-17,



86 enriched in this pellet. However, this pellet did not confer any cardioprotection in a mouse model of
ischemia/reperfusion injury and we postulated that this is due to the need for vigorous vortexing and
pipeting to resuspend the pellet. We observed that only a fraction of CD9 sedimented at 100,000 g and
200, 000g for one hour and most sedimented at 5 200,000 g for two hours. A small fraction
sedimented at 200,000 g for four hours. Together , these observations support our hypothesis that the
active component is relatively large complex that can be sedimented by ultracentrifugation. To confirm
that the exopgmgRsaneiakesl RIRIEINS ALg-indeaddN IRX0sPRISE).-Sp PRasRRIINd, ¥RaigeR. 308, CM is
fractionated on a sucrose denPseJ‘i,t% %radient by equilibrium 10ultracentrifugation. Like lipid vesicles, the

density of eReEEHRd PAAgReT 873-JarmiR 4G P riist- A 8h: bt tidold JhsritdiRs. Flotation

on sucrose gragieRtsiERASSAPAIAIR-8¥8SREASHI L0 CREAMIRAB NG Nakekiak STEY) RS RfPReIn
aggregates or nucleosomal fragmentst 3ghery et al., 2002). Fractions from the sucrose gradient are
then analysaidistnB ieilen b EBe1S TR -§3phiaamiRf fdvita-Rrksi didse B o %iient
(Figures151¢ &) nAAR0GRI enfaatuire. isohsy, the: preremsodidatiRedimanh i tResexpraiadidensity of
proteins that is correlated lo their molecular weight. T*o determine if these apparent densities are due
to the proteitis BEHY Rontamsa M it Vel et 1s theaiedRa P Re ek hier telgtiB17B)
before beingfraationaited pratsdciaRe 190ASIY, BEadiSRt4T i qretiraeeshyita-amasma maembrane
solubilization reagent restored each_of the a parept 20densities to the expected density of proteins
that correlafBd 118iP deidt-{eighta TRiekdte; iR sbifb-adbwiantl-Hrosmi B5a-1ocalized in
lipid vesiclemiRonsistent with 026, exesarRel BEPOHILSIER -2 1 (T aLoRfiR s thase-anR lipidasicles in
the CM(’) the concentration of sphingomyelin and phosphatidylcholine, the major phospholipids of the
plasmtlal 25rﬁ]é‘r$Ib?rflf?1e, and cholesterol is determined (Figure 17C). As expected, the relative

concentration of these dipidsepar 'abaByroteo isdigher dntheeCWIredatiiade shaifieBncendiiared
medium. Furthermare, ultracentrifug tio,rhof the CM at 200,000 g for 2 hours si nif:gfgllé/ increased the
concentrati(?ﬂtb'ﬁ’rﬁgeli’ﬁ’i’&?\{f-‘iéaﬁ%oie%y}t AEFIFAISHE) 4P R SAMRLC RGBS LB PO Rither
Membrane RO Rt ROEREAPSHASHR - 1 9A3d e RXCEOME (ESEagiatadhorateded taehpde:a@ny known
membrane protein s#{? s CD9 a ytosolic proteins such as SOD1, we th re determined if
those prote EaFus S CHl LA PIBE ATt B RS i S S K B G o Qe CE M 1
subjected taHmigdlir\gosdei aaRonowed theadfriguid LSRN EBDMwhichdhasawimildedvideasnS@D1 is
relatively more susceptihle to trypsin digest than SOD1. Digestio SODL1 is observed only after
nore than 500 CPERERATF BRI TRRRIZ 1 Jaher TS SRS LR FOY tich
generated nhaletgaisiieAntariedistesoir ypiiprdigaRION0 bt geaanai@Nksee dngiienpeqtide
intermediates, su ting that CD9 has domains with different trypsin-sensitivit ed on the length
of poptde 1T FRSMAILS I RHkABO HBIE CHbLer LT A IS s AARAHB0 T Ebe
intermediata9BjeToappaehalihditidingmnen biian @ ORaHoRks vicadenainmsthied Rjgastad that the
knowrn, extra-cytoplasmic domain of 10cellular CQ9 is similarl expo?g%‘gnt e secreted CD9 and
thorefdl try LA DI ST AT SR A BTN D BTASHIC Harath 6 HAPSHpEHRH and is
therefore retatiitelyntesigiatiNtostry[tiR NigesilMlogathet thidseohinartatinescaugoépiechilfRNED9, a
known membrane protein is also. brape-bpund in.the exos is oriented in the same
direction arsq)@f S%rr]giqﬁr}egpt)?]aes%%nr}]l[eﬁlrﬁgrgﬂe% e (I:ty 898?%@@68%%%%@% in the 15 lumen and
could be digesiathbndy Wikesu lfse GitedjivprotditevnSeobeting Soaanipsamigdthbycllee wligestion of
membrane pyoteins. Exampje 43. lts: Presence,of Lipid Vesicle E ated RNA in the
Secretion omé%g i %I%lrcew%%léﬁl I(?e{eﬁf)é{r ed'fdl" igeé?ge gqégr?%aggy()%é%g&lﬁbe&lgsomes (Smalheiser,
2020073 Taylor and é&enciint dydoth@ 08¢ tualadnetiabd 2T Lohp etarrakeai RNEMsipfasent in the
cardioprotective. seqretion, Gl s exracted Sor RNA BY TIizakfo ieid 5,0 wa, RN per maprotein.
When separapedaon a}élsyoxa -agarose gel (Figure 9 ) Or an urea- el Hglgure 5@), e RNA
contained usaisketdotaielet|2¥e nof 18Bcanc 28 hetbisalyad Rkl Aghithcatiesin® NAsY) eisnge<B8qlast- To
determine if lig&igtf:lbmtg/coag@len R&%ﬁg}'ndg\éec 1%?cretion Is due to its encapsulation within as a
phospholipia Vesicie as Shsty or the proteiris, the CM is treated with RNase before being extracted
for RNA. The RNAGu&jchandlthmgigeakistiibatiote@iensimitao ftd thidt ofinurttreatbdi@d {fFigure 19C),
suggesting that the secreted, RNAs are protected from RNAse radation.We next tested the
omaly A R S S L R et b L MG ane by
treating the ihkwwithitaaSEBiSabaseuneaif 13i$ arite /el fcodextrinial phasphiolidssendi2 lfter treatment
with one of the four reagents, the,CM is expose NAse and t xtracted RNA. Pretreatment
with & 505 IaLaH e e e et e R R B R A L TRGIER A bt
cylcodextrin or phospholipase A2 led to partial degradation and loss of RNAs. These observations
suggested that the RNA is protected from RNAse activity by a cholesterol-rich phospholipid membrane
such that the membrane is readily dissolved or compromised by a SDS-based cell lysis buffer, a
5detergent such as TritonX-100 that dissolves lipids, cylcodextrin that chelates and extracts

cholesterol or degradation by phospholipase D. We also observed that RNAs of -70-100nt are more
cancitive t0 RNlAce Il activvitvy than thoce of emaller MWW <iiaaectina that the larcaer RNIA< are doiihle



Example 44. Results: Secreted RNAs are Sequestered in Vesicles 10Since the RNAs are shown to be
in lipid vesicles, we next determined the buoyant density of these vesicles using sucrose gradient
equilibrium ultracentrifugation. CM, CM pretreated with lysis buffer or a set of RNA MW markers is
loaded onto a sucrose density gradient and ultracentrifuged as described in figure 4a, b. The gradients
are then removed in thirteen fractions and each fracéign is then extracted for RNA. The secreted RNAs
15 equilibrated at a density of 1.074-1.1170 g/ml (Figure 20). In contrast, RNA MW markers exhibited
a buoyant densitx afphd hétik- k1Y Ag{nelopad ipRitaatmentiof the seMaithdusisdHis! leferarus
centrifugation caused an increase in density of the secreted RNA to that of RNA MW markers i.e.
1.115-1.145 Hihpigafedinchordess BN Rl B S ORI BRSRNAS being
encapsulateddgidnigavasiete and thus had an apparent 20 density that is much lower than soluble
RNA. Pretreatment of the CM with lysis buffer released the RNA and resulted in the RNA sedimenting
at the density of RRASTHAREH PRehtpieutiaRba) rerdanreicshesitigsoesiely dheadbtatio a1

Contaiing Ex@saMEsVASISNo00 abavee GiRiiteRISd macin i @ig CocHR MUNRRILGHRIaied I anti CD81
25 antibodies, Here we tested if the RNA also immunoprecipitate with CD81. After
immunopre PRAGSAS theashik ROMPOBFBSent in the precipitate but remained in the supermatant (Figure

21). Therefore, theTseesaineh R \shaseligh spauesieamhitsfeD8dd tdslod it ahidte aidd@t+ CDI+
Alix+ vesicles. Example 46. Results; Secreted RNA Cantain micrgRNASs that Include pre-miRNAs 30

It has been TOSAEHAHStheBEGRE USIORMHTEASRIEX R dRTesdd 3pRY Rl iBLAHBNSE &EI-Taylor,
2008; Valadilgtrag2007) and as most of the RNAs in the CM are less than 300 nt, we tested the RNA
from the MSC and their CM for the presence of 89 microRNAs (miRNAs) by performing a microarray
hybridiZatioREF &N Aece. detectedr IEMS T arxl1660ak8) detected in the CM (Figure 22A, Table E3
below). 90 hsa-let-7a hsa-miR-24- 2* hsa-miR-98 hsa-miR- 149* hsa-miR214 hsa-miR-484 hsa-let-7b
hsa-miR-25 hsa-mIR- 994-A&as BIRMoyE-BA hBasiR- 22 ¢t1ad alrsciogy oBlatesleyelopagshomir- 26a

hsa-miR- 99 R iR -id 3P NS BIR 2R HSRIRIRAPA3 R IR-CARE study. J 4m Coll
Cardiol. Oct 15 2003;42(8):1446-1453.
2. Kleiman NS, White HD, Ohman EM, et al. Mortality within 24 hours of

15  thrombolysis for myocardial infarction. The importance of early reperfusion. The GUSTO
Investigators, Global Utilization of Streptokinase and Tissue Plasminogen Activator for

Occluded Coronary Arteries. Circulation. Dec 1994;90(6):2658-2665.

3. Saraste A, Pulkki K, Kallajoki M, et al. Apoptosis in human acute
myocardial infarction. Circulation. Jan 21 1997;95(2):320-323.
20 4. Smits AM, van Vliet P, Hassink RJ, et al. The role of stem cells in cardiac

regeneration. J Cell Mol Med. Jan-Mar 2005;9(1):25-36.

5. Menasche P, Hagege AA, Vilquin JT, et al. Autologous skeletal myoblast
transplantation for severe postinfarction left ventricular dysfunction. J Am Coll Cardiol.
Apr 2 2003;41(7):1078-1083.

25 6. Perin EC, Dohmann HF, Borojevic R, et al. Transendocardial, autologous

bone marrow cell transplantation for severe, chronic ischemic heart failure. Circulation.
May 13 2003;107(18):2294-2302.

7. Shake JG, Gruber PJ, Baumgartner WA, et al. Mesenchymal stem cell
implantation in a swine myocardial infarct model: engraftment and functional effects. Ann

30  Thorac Surg. Jun 2002;73(6):1919-1925; discussion 1926.



hsa-miR- 26b hsa-miR- 100 hsa-miR- 152 hsa-miR- 320 hsa-miR- 505* hsa-let-7e hsa-miR- 27a
hsa-miR- 103 hsa-miR- 155 hsa-miR- 324-5p hsa-miR-532- 5p hsa-let-7f hsa-miR- 27b hsa-miR- 106a
hsa-miR- 181a hsa-miR- 328 hsa-miR-574- 3p hsa-let-7g hsa-miR- 27b* hsa-miR- 106b hsa-miR-
181a* hsa-miR- 330-3p hsa-miR-574- 5p hsa-let-7i hsa-miR-28- 3p hsa-miR- 107 hsa-miR- 181a-2*
hsa-miR331-3p hsa-miR-575 hsa-miR- 10a hsa-miRy£28- 5p hsa-miR- 125a-3p hsa-miR-
8. Strauer BE, Brehm M, Zeus T, et al. Repair of infarcted myocardium by
autologous intracoronary mononuclear bone marrow cell transplantation in humans.
Circulation. Oct 8 2002;106(15):1913-1918.
9. Pittenger MF, Martin BJ. Mesenchymal stem cells and their potential as
5 cardiac therapeutics. Circ Res. Jul 9 2004;95(1):9-20.
10.  Minguell JJ, Erices A. Mesenchymal stem cells and the treatment of
cardiac disease. Exp Biol Med (Maywood). Jan 2006;231(1):39-49.
11.  Zimmet JM, Hare JM. Emerging role for bone marrow derived
mesenchymal stem cells in myocardial regenerative therapy. Basic Res Cardiol. Nov
10 2005;100(6):471-481.
12. Caplan Al, Dennis JE. Mesenchymal stem cells as trophic mediators. J Cell
Biochem. Aug 1 2006;98(5):1076-1084.
13. Gnecchi M, He H, Liang OD, et al. Paracrine action accounts for marked
protection of ischemic heart by Akt-modified mesenchymal stem cells. Nat Med. Apr
15 2005;11(4):367-368.
14. Gnecchi M, He H, Noiseux N, et al. Evidence supporting paracrine
hypothesis for Akt-modified mesenchymal stem cell-mediated cardiac protection and
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15. Lian Q, Lye E, Suan Yeo K, et al. Derivation of clinically compliant MSCs
20  from CD105+, CD24- differentiated human ESCs. Stem Cells. Feb 2007;25(2):425-436.
16. Sze SK, de Kleijn DP, Lai RC, et al. Elucidating the secretion proteome of
human ESC-derived mesenchymal stem cells. Mol Cell Proteomics. Jun 11 2007.
17. Birnbaum Y, Hale SL, Kloner RA. Differences in reperfusion length
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minutes exhibited dynami light scattering and, the rh Qf parti {n this peak is ut 45-55 nm The
other eluting peaks%1 )‘é\'/ith aﬁ‘g%rnggﬁlﬂprﬁe bfqgf-clpggrﬁlﬁ%dg ﬂ%en?ﬁgs%%e ot extibit yhéﬁ% ight
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25 6. An exosome according to any preceding claim, in which the exosome comprises a
lipid selected from the group consisting of: phospholipid, phosphatidyl serine,
phosphatidyl inositol, phosphatidyl choline, shingomyelin, ceramides, glycolipid,
cerebroside, steroids, cholesterol, preferably in which the cholesterol-phospholipid ratio is

greater than 0.3-0.4 (mol/mol).
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therapy. BasiiRetcariioyhiob theraxasgme 1pp ol onRanaspic dGEneRh P rAtEMRY hERimed in this

document, antheehReHRen sladak efaranasd Fﬁ‘o@aﬁb @tﬂ@n@&@&ﬁﬁ%@%@@ﬂ%&%@%em&

including during the prosecution of each of the applications and patents ("application cited
documents"$ Bt &y briaRtrkttiTRIAAn AR tRictiomB le¥ b b es! for ahy prtiticrs ied B BR¥ntioned

in eachyf the.aRplwatins-and PRttt R dANa{JheARPHERISEL R HRHIH RS R e reby
incorporated herein by reference. Furthermore, all documents cited in this text, and all documents

cited or refeleHEsHive st dReRrrict Y3l mMucplp dsaHitattthdPatingerRbon E sitestlogues

for any prodggts Siteshiek e BhigRe dubsthifie s RIISHINtIBCORpIBedspesaia M efarance.
10Various modifications and variations of the described methods and system of the invention will be

apparent to jhose %killed in the art \Aéi.thoyt de artin%.fron'ithe scope and spirit of the invention.
Although th& inventSiT FRS BEST TESUR L TH BERIELHoR tith Lpoadifit Prerdted snBoaiSehts, it
should be uridensideid tiead (R&NNYgntitnabdyciainiechshe witbnanbaasdidpdorbted deasisch Ipecific
embodiments and that many madifications 15and additions thereto may be made within the scope of
the im0l SO B8 HISE SR B b GBS B BT TaF ST o Relvention
which are obhwopstadizase skilHINGDA kL uial thiglbgy or related fields are intended to be within the
scope of the claims. Furthermore, various combinations of the features of the following dependent
claims can lge madg With e featires of JJ}&6@9&@%@98’@%3‘6%%’5&%%&%9&5%9tﬁgme% Oscope of
the present invention. 103 CLAIMS 1."An exosome isolated frorh a mesenchymal stem cell and
having a sizeoofisstnger80ngrthasdoBomea fioas datesenihethblstdacedhoaridibsoepynadiaiaxosome
comprising g} 4gestRfe RiPlnGiEal BroRgH Al A mssRRCaymAlslam. el ora Halagjaa activty of a S
mesenchym%(iﬂstem cell cond%%ne meéit?r% (M C-C%/I%,gprefer bly g:artsj(al)op_roteqtion. 2. An exosome
according te@penentyprsediocasabtolof vedgltiraznfsiepsizerapoatsayedtimgitalsetortyig model of

myocardial isehanin a0d iRAFUSIII L REWEISH IS fenahinaleducing Rxidaliye Stesrps
assayed in an in vitro assay of hydrogen peroxide (H202)-induced cell death. 10 3.An exosome
according tdhelgin 1t snlectid WhlHhpeiescosomie dbkigisdscatitewbichods ePprensiteninsan
mesenchymaj siem 6t sROGHIRPEG mAUM (MR E15iM s Breferahln srishiRg amlig ptshown in
Table D1 or E2 or are gene products of the genes shown in Table D2 or comprising one or more
miRNAs as stesigdlifforahe Bielogicalpeliviitamecherbra iy @ €laim 1.02br 3, in which the exosome
comprises: (a) a 15 complex of molecular weight >100 kDa, preferably comprising proteins of <100
kDa; (b) a conmplexohialRrsidrirignt 280 kbiae ReelraahiteampsisingiRroian' s, ahs OB kdPa; or (C)
a complex of molecular weight > 1000 kDa. 5. An exosome according to any preceding claim, in
which the eX888H&Has a size of between 50 nm and 100 nm preferably as determined by filtration
against a 0.21tM filter 20 and concentration against a membrane with a molecular weight cut-off of 10
kDa, or a hydrodyrayibtaadiysaohbsiavh Lol sramptelfieraldytivatiertdalo (MBETraMand about 70 nm,
between about 40 nm and about 60 nm, preferably between about 45 nm and about 55 nm, preferably
about 50 nm, prefditablyrasrdstengmihe hbyeladyndiffsaot onl beahdiaoniallightscatisxfga@y ByAn
exosome accordingl%o ANy, Hrecedin&g '&,%ﬁwhichghe exosome comprises a lipid selected from the
: atiay

group consisting o |or osp%&?p?&ef) osp ?s?é?fﬁefaﬁﬁbsphatidyl inositol, phosphatidyl choline,

shingoygyelin, Cer?‘@igﬁﬁj’&{}{% HPJ%ﬁ‘éé‘ﬁﬁfa‘?éﬂﬁe§éﬁ£fmﬁ§?}§%§%rﬁfﬁf&@@%éﬁi‘&{ﬁi?@sti%

cholesterol-phospholipid-ratio Ts greater than 0.3-0.4 ( . 7. An exosome according to any
preceding claim, ircwdlisiothehexostraapamprisesstal Yipidngift 20 SK Whidtd teduaxe SOMeListirstiuble in

non-ionic detergenﬁqlﬂrglf%r%gkégmmﬂ w@ig@gapn%o&qm‘@nlsaﬁgch that proteins of the

molecular weights specified in Claim 4 substantially remain in the complexes of the molecular weights
specified in those pglaims,henHeLXeaAME g alRdM] R 0R0 ARIC HGiRigReh fdiyybich the
exosome is sensitive to cyclodextrin, preferably 20 mM cyclodextrin, such that preferably treatment
with cyclodextrin cH@Bbscatigdpenistigiabbidfiectsdihy tannsieslagisuhtisepitemaiMRELY): An exosome
according to any preceding claim, in which the exosome comprises ribonucleic acid (RNA), preferably
in which the exosome has an absorbance ratio of 1.9 10(260:280 nm), or in which the exosome
comprises a surface antigen selected from the group consisting of: CD9, CD 109 and thy-1.



9. A method of producing a exosome according to any preceding claim, the method comprising
isolating the exosome from a mesenchymal stem cell conditioned medium (MSC-CM), the method
optionally comprising separating the exosome from other 15components based on molecular weight,
size, shape, composition or biological activity, prefergbly in which the weight is selected from the
weights set out in Claim 4 or in which the size is selected from the sizes set out in Claim 5 or in which
the composition is selasters{eauths GemPYiiansise! Qulldairiimde atsinmbichdheshiglgaical activity
is selected from the biological activities set out in any of Claim 1 or 2. 2010.A method of producing an
exosome accordinEftenang Breiafnd-13snanviss. HPRoMPHEIHES (a) obtaining a mesenchymal
stem cell conditioned medium (MSC-CM); (b) concentrating the mesenchymal stem cell conditioned
medium, praferabi\phatirabibiatencongrosi td®0onkbrainemyanenzbic} sdijeating yhef Coriaantrated
mesenchymal stem cell conditioned medium to size ea%usion chromatography, preferably using a a
TSK Guard DOUMPEERBL B0 PO SHLoF A S EreAB6 SIRE: 915 %460 i Eolumn; and (6
selecting UV absorbant fractions, preferably at 220 nm, that exhibit dynamic light scattering, preferably
detectedl by 12 guashekastionghicsoatiegng {QEITS)ain@slitovihickh ptepnid)qutefelabiyposipnises
collecting fracligng WhioRis it Atsientiondime of dial3rinules, preferably 12 minutes. 11.A
pharmaceutical composition comprising an exosome accor%mg to any of Claims 1 to 8 together with a
pharmaceutically acceptable excipient, diluent or carrier. 512.An exosome according to any of Claims

1 to 8 or a phhrmakbBaarcempusrisrractibedng Clalmims kép ddenithg PRRAGEYT fbating a
disease. 1 M%a‘%@éﬁ‘c&f‘@&ﬂ%iﬁ%ﬁ%@%@e@ﬁﬁe@t Gfal ASehdOif g‘}g_ri,t‘ragvm&garation of a
pharmaceutical composition for the treatment of a disease in an individual. 14. An exosome or a
pharmaceutical composition according to Claim 12, or a use 10according to Claim 13 in which the
disease is stlected PRI IUDRIBHOREMGIGH CARREYEIMALCBOMS FRAHBR dised<e Skin disease,
burns and degerd@irmtivedisenses diakeatas Akehsimesscdiseassm aridnspresiisaagafcancer,
myocardial infarction, a cutaneous wound, a dermatologic disorder, a dermatological lesion, dermatitis,
psoriasis, cSf ﬂ‘f‘fﬁac{}lggfit%g, TRBHAN GHSFASC IRSIBId1SSRRS B Angh BREYEARERIHE CBEicet disease,
15chronic gatdeR A0t diseashscdtamaaussbeelliiysnp)emactliagratipniad ipathelogiaal condition
characterised by initial injury in ucin%linflam,mat'on and immime %yefre ulgtion leading to chronic
tissue remoGeRGANE RIS S LA g L ¥ AThAi SR PAIAP REH RS %ﬁﬁ?’f@%ﬁ BHISIS; sinusitis
and rhinitis esiy RithoRaadie diseaseiohi, AblGXOSRIM eaacen it dddohaintid 2B elic tufiecaggording to
Claimélés in vxlﬁ?ich the 20 method of treatment comprises use of an egosome to aid wound healing,
scar réductibi B5hE IBHIORBA"S BEHE Y AR BBk FHANSW ARSI RAGOR-iA BANREEIGHal, or ) in
the regulatieorafiacpathwyayatiedtadifiionl anyronedatimorefbhihefollomihgnayioskeletaulegohation by
Rho GTPasg, cell cycle, integrin signalli athway, Inflammation mediagted hy chemokine &.cytokine
Cionaling peIAY PR AN SRRy TP RIS Hobiey e e
plasminogeimpgiyatisg: citsoadesinloots ecadgtiationoglyicalysipaddiialidbageroteasome pathway, de novo
purine bios_ynthe_sis, TCA cycle, phenylalanine bio_synthesis, heme biosynthc_a_sis; (i) in the regulation of
processes ingludin @QXO‘&Q%Q&I@%@&“ foefgiowind; sellsyuciis apdenatiivg F%ﬁ%&ﬂ‘%&%re’ cell
communication, cell motility, cell a eéon, endocytosis, mitosis, exocytosis, cytokinesis, 30 cell cycle,
immunity andetleddnddreaymokinefchpnsokire niediatedamertarsity, woasdophdiges s¢96 edediated immunity,
granulocyteymed; j ity i - ' ' ' ' d. mokin jated
signaling pa?%afﬁ%%ﬁla T#a%%euéﬁﬁ%@?ga%ﬁ%@%%@ lﬁ%iﬁﬂr?ﬁle |5§§§;§g§%ﬁ%§? %{%{oq{/%t factor
homeostasiwgeb@pmoiﬂ@myycs@ihetmsm g@naﬂn@mmayrl@madwmnmmm signaling,
cell surface Ef&‘i%hWﬂ'ﬁ&%@}ﬁﬁ@&'c@ﬁ%‘féﬁ&?@f&%ﬁ%@jﬁﬁlﬁ% rﬁ%&m ;19&&%%%8%{?%86 radical
removal, homeostasis, stress response, blood clotting, developmental processes, mesoderm
developmertty sketeckiitedetoriir s engloyeprsbisayn isdie dmebiuppagniamudalereosntaction, protein
metabggism.anch madilinlen. AAlBAliR, BiRtGISRdIng iRIen cOMRIK ARPERIBLt, AN actd
activation, intracellular protéin traffic, other protein targeting and localization, amino acid
10metapo|iﬁh{cpiméﬁinUbiqsmhégtsam@m@i‘s’amdb-mm@F&Q@eﬂég&:ﬂ‘@ﬁ?%ﬁé_rﬂ&&@b&ﬂ@,‘metabolismj
alycolysis. paiRserANASBIA AL therROlyRAREIATA MARRRISM R WIRE TRIARolism. reguiation
of phosphate metabolism, vitamin metabolism,”amino acid biosynthesis, pre-mRNA processing,
translationalﬁ@gdl&ﬁ@ﬁymm wekieipigthe rf(ﬂ_lpi’ﬂmﬁe@llm@ty%lﬁlf@ h@ﬁ@@ﬁh@bﬁﬁﬂ@@%ﬂ@ﬁﬁcéﬂ more of
the following, Signaliea:Bie ea|fod R BRIPies AR WRJBHN: SRR RiefiBYliRiGi G okine,

30 cell cyclie, immunity and defense, cytokine/chemokine mediated immunity, macrophage-



extracellular matrix structural protein, other extracellular matrix, extracellular matrix glycoprotein,
protease, metalloprotease, other proteases, protease inhibitor, metalloprotease inhibitor, serine
protease inhibitor, oxidoreductase, dehydrogenase, peroxidase, chaperone, chaperonin, Hsp 70 family
chaperone, other chaperones, 20synthetase, synthagg and synthetase, select calcium binding protein,
aminoacyl-tRNA synthetase, lyase, isomerase, other isomerase, ATP synthase, hydratase,
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cytoskeletal protein, cytoskeletal protein, non-motor actin binding protein, actin and actin related

protein, anndidreheibakinccardigted sisnativteaiiey antmgmdigs hiotenedslataraiediate filament,
ribonucleoppirim HReEAMALRIAIRS, HRsRRNfaRREXR-IRVMAPRINFIIRRIBIRIBiInRIRIRAR, calmodulin

related protein, vesicle coat protein. 16.A delivery system for delivering an exosome according to any

of Claims 1 1R lEmistey el artis veexpedatediigativenith sfeperrespiarstiated Hembr the
exosome toehiRet 030 I A 1A R UVE P4 RYIE A RIS Hﬁ@i?é%é&é&lﬁ’éﬁ%%@ﬂ@&%@@hﬁ&de'ivefing

an exosome to a target. .
stress response, blood clotting, developmental processes, mesoderm development, skeletal
development, angiogenesis, muscle development, muscle contraction, protein metabolism
and modification, proteolysis, protein folding, protein complex assembly, amino acid
activation, intracellular protein traffic, other protein targeting and localization, amino acid

10 metabolism, protein biosynthesis, protein disulfide-isomerase reaction, carbohydrate
metabolism, glycolysis, pentose-phosphate shunt, other polysaccharide metabolism, purine
metabolism, regulation of phosphate metabolism, vitamin metabolism, amino acid
biosynthesis, pre-mRNA processing, translational regulation, mRNA splicing; or (ii1) in
the supply of functions including any one or more of the following: signaling molecule,

15  chemokine, growth factor, cytokine, interleukin, other cytokine, extracellular matrix,
extracellular matrix structural protein, other extracellular matrix, extracellular matrix
glycoprotein, protease, metalloprotease, other proteases, protease inhibitor,
metalloprotease inhibitor, serine protease inhibitor, oxidoreductase, dehydrogenase,
peroxidase, chaperone, chaperonin, Hsp 70 family chaperone, other chaperones,

20  synthetase, synthase and synthetase, select calcium binding protein, aminoacyl-tRNA
synthetase, lyase, isomerase, other isomerase, ATP synthase, hydratase, transaminase,
other lyase, other enzyme regulator, select regulatory molecule, actin binding cytoskeletal
protein, cytoskeletal protein, non-motor actin binding protein, actin and actin related
protein, annexin, tubulin, cell adhesion molecule, actin binding motor protein,

25 intermediate filament, ribonucleoprotein, ribosomal protein, translation factor, other RNA-

binding protein, histone, calmodulin related protein, vesicle coat protein.

16. A delivery system for delivering an exosome according to any of Claims 1 to 8,
comprising a source of exosome together with a dispenser operable to deliver the exosome

to a target.

30 17. A delivery system according to Claim 16 for use in a method of delivering an

exosome to a target.



