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The present invention relates to the fields of nedicine, cell biology,

nol ecul arwbi2ol2zggy24and genetics. This invention rel ates POTSIGR0K1/0804d1 Of
medi ci ne. 5 BACKGROUND Exosonmes were once thought to be "trash bags”
for cells to discard unwanted proteins éPan et al). However, exosones are

i ncreasingly viewed as having inportant physiological function particularly
in cellular comunicati orMEEBRQDRE PAIRIFYING EXOS@MESne vesicl es of
50-100 rimthat are secreted by many cell 10types (Thery et al). They

bel ong t@, 3¢l ass of secreted cellular products known as mcroparticles

whi ch broég%y enconpasses all secreted nenbrane vesicles. Qther than

exosomes, m CTH@ﬁ{eEérﬁ hrﬁz%nﬂlé}f:llel&ﬂ@s Fisd QUESHh&RAcind Q811 W6y, 'nﬁ@lecu%%@cﬂ@%@es
(50- 200 rlrr) menbrane particles (50-80exosone-|ike veS|cIes (20-50 iT'm

and apoparutgemetr@sTbisesveQ]EOn red@es forthe figldeof mgdevinadi st i ngui shi ng paraneter for
these different classes of mcroparticles is 15their size and the best

defined glagerbsnhhe exosones. Exosonmes have a density in sucrose of
1.10 to %—%—%g , sedinented at 100,000 g, has a cholesterol-rich lipid

nmenbrane cont gkdohs SRR HaeINRIghNo BeeAth Bis” FdrileHs taditcarERtvaNaPSOtkins
phosphati dyl serine. The process of exosone |ogeneS|s is conplex and

i nvol ves(HaorwpaléxH@\m\fea@eiQO@rarmﬁmaanglytvnwefd askianpeamaodair gy soloeicaly

t hr ough 0s t| S nF m?l ot| c pat hways. As evidence of this
conpl ex unStl%rh aSrﬁcular eﬁ arcrﬁ ur '8s of exosonmes are markers of the

endopl asm ¢ reticul um and t he endosones such as Alix, Tsgl0l, Rab proteins,
et c. ExosonesEsesenss eregu-lipnd mmbranes’iewlleaof ﬁbdii)(énmpha’tt@tre segrated yameny tell

f usi o the. mul tivesjcul ar bod| Bs ma._menbr ane.
cos Des SREVE Be notsy teiordlatas phierdsd s BB Rreufron
particul ﬁtﬁdrMpdrﬁc13§WHiEH EodAly &reBRIpasies bl sdch@dd meMmbRine dksicléel dthér thin al ;
Zitvogel et al; Wlfers, J., et al. et a
exosomes, mlcropartlcies include microvesicles (100-1000 nm), ectosomes (50-200 nm),
membrane particles (50-80 nm), exosome-like vesicles (20-50 nm) and apoptotic vesicles (50-
500 nm). The major distinguishing parameter for these different classes of microparticles is

15  their size and the best defined class is the exosomes.

Exosomes have a density in sucrose of 1.10 to 1.19 g/ml, sedimented at 100,000 g, has
a cholesterol-rich lipid membrane containing sphingomyelin, ceramide, lipid rafts and
exposed phosphatidylserine. The process of exosome biogenesis is complex and involves
complex intracellular membrane trafficking and cargo sorting through the biosynthetic and
20  endocytotic pathways. As evidence of this complex biogenesis, the hallmark features of
exosomes are markers of the endoplasmic reticulum and the endosomes such as Alix, Tsgl101,
Rab proteins, etc. Exosomes are stored in multivesicular bodies prior to release via fusion of

the multivesicular bodies (MVBs) with the plasma membrane.

Exosomes have been shown to mediate intercellular communication particularly in
25  immune or tumor cells (Fevrier et al; Keller et al; Zitvogel et al; Wolfers, J., et al. et al;
Skokos, D., et al. et al; Taylor et al). Recently we extended this function to include tissue
repair when we reported that exosomes secreted by human ESC-derived MSCs reduced infarct
size by about 50% in a mouse model of myocardial ischemia reperfusion (MI/R) injury (Lai,

R.C, etal.; Lai, R.C, et al.). These exosomes were purified as a population of homogenously
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Lai, RC t.,al; .S K, .al.; ) 1),. ;. Ef.ficient
E)u?: fi ca?a}rfa'nbeoéli’ %B%t%Péﬁﬁ‘ ngf K?aggltr?lsfé‘cefgézﬁgg’e $§ace|)’ ki Gren g qlilamaggl i cations
and characterisation of exosones. 5 SUVWWARY According to a 1st

aspect of t heEfifodse ptrification toif biv]logieallyraotivedexoaomed is educid teptheiapplicagions and
mesenchynal stem.celé particle such as an exosone. The method nmay conprise
provi di ng%éacé‘?ﬂ?ﬁ‘é%'}?"ii‘ﬁs%‘?‘?pri sing mesenchynmal stemcell particles. The

nmet hod may conprise applying the conposition conprising nesenchymal stem
cell yarsumMaryt o an i on exchange resin. The 10 nethod may conprise

enabl i ng mesenchymal stemcell particles to bind to the ion exchange resin.
The net hod majcowodipgitse 1&hspecnef thopresentisentidry vl previders osdthodpafimuiridy ieg a

The net hod be such .that the conposition.conprising nesenchymal. stem
cel | par P ETELY B i SelbPicle Sy O S B FIE LB PRt et o

(MSC- CM eonlhiRitoRtddatpri nb(%eﬁéh?'ﬁal figh deN9afRIROPhd neihod AW dofiiphide applyin
mesenchymal stem cell 15particles is applied an anion exchange resin. Zf‘he
ani on extheaagpositen comprysinpmpsanskymal stem exll pardtlangenspn axahehgmagsin. The  The
met h may.be such that t conposktion conmphising nmesenchymal stem cell
par ¢ 11 oBenga ghyebatp Rt bt ing SR ER bR et S PRI SRS E RN, ' e
al kal i neregir. ThyY meholl GayeoonifRise efuibing b8und2@ddeachimhdieatnegll Retidech that the
mesenchymal stemcell particles are eluted at a high salt concentration.

The salt concentratiqn b 0 tMor .nore. The salt concentrati.on may
e 1 or  ror £ Mo R HeGHER Pt e cOm R b e BRI TRSEN G Ga e
concent r gdrtifles ERMprRs 4 MdsichiaEsterh kell SanditiRdaretiim (MST-aRY). be 8nM or

nore. The salt concentration may be 16mM or 25 nore. The salt concentration

may be 32mM or, nore. The salt concentrati.on may be 62.5 or re. The salt
Concent r ati on THagPeiied 158 Ha h FBF e Comaoutnt CUBHEURE Parmom ey BEe350md or
nor ey 5 Thﬁﬂarﬁ@ﬂeg isEPPRENSH #idiPEk NBYelBsiR OHEMnRn éﬂéh&feT@s@n sl comPRSEM 4@abh ON
may be 1M or nore. The salt concentration nmay be ZM NaCl or nore.
exchange spin column.
The method may be such that the composition comprising mesenchymal stem cell

particles is applied to the ion exchange spin column at an alkaline pH. The alkaline pH may be

for example pH 8.8.

20 The method may be such that the mesenchymal stem cell particles are eluted at a high

salt concentration.

The salt concentration may be 500 uM or more. The salt concentration may be 1mM or
more. The salt concentration may be 2mM or more. The salt concentration may be 4mM or
more. The salt concentration may be 8mM or more. The salt concentration may be 16mM or

25  more. The salt concentration may be 32mM or more. The salt concentration may be 62.5mM
or more. The salt concentration may be 125mM or more. The salt concentration may be
250mM or more. The salt concentration may be 500mM or more. The salt concentration may

be 1M or more. The salt concentration may be 2M NaCl or more.



WO 2012/ 087241PCT/ SG2011/ 000441 3 The met hod may conprise detecting
t he al pha subunit of the 20S proteasone in eluted fractions to detect
mesenchy 8D 2812408723¢1 | particl es. The nethod nay conpri s@CESGEEL10AG4CDO i n
eluted fractions to detect nmesenchymal stemcell particles. The nmethod may
conprise detecting the al pha subunit of 3t he 20S prot easone and CD9 in
eluted fractions to detect 5nmesenchymal stemcell particles. The al pha
subuni t of th§h@@@}pd@m@mrmi5ﬁd9te¢1@gdbt elphe sutiwpitap thed(S- rosagmmas i@e@é‘dﬁé

ti body. Th ti b t hat
2 bha sy bnions © serectensBiyaL TR Bl e TP Aol M RhrrE gt Thd
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mesenchymal stemcell. The particile nay conprise an exosonme. The particle

may conpdéteding0be alpbéasfcbuonefﬁlecﬂ0§glr@taﬁsopméﬁ@9 @lfeldedré@@ﬂmﬁy@rdm@t em cel | .

The bi ol ogi ca t|V|t LE Y oyl
ot em bel PSRRI L ARHED VEE ip oSl SF 205 BElalirby ol 2 EEORRY e

car di opr gt &af-2@proteasome Iﬂ%msammlms ]ﬁ'bt%m(ﬁﬂé antidady hel devhy e capabl e
of reducing infarct size for exar&gﬂg1 as assayed in a nmpuse or p| g nodel of

nyocar di Bcogrggsdhs lphmenbuaibe fhe & F‘)‘lP%F@eCti@lﬂﬁéﬂ Aekdrhpnod¥t em cel |

particle may be capable of reducing oxidative stress for exanple as assayed

in an in vitroehdmeahcRY mA%HEn 68 NpREEI NI ohiftide ) phitidkCReretlty Ldeat h. The
mesenchymal stemcell particle nmay conprise a vesicle such as an exosone.

The exosoeeenghymeloigmm celb The ppaigdle MPO%PBIPTiSe ot efasemenl kgnparéee maperaIprise em

compl oot bhE R WG TR o et llSAREY Ths PRAGERGRLGUBAEH < D™

pr ot ei nSc@ﬁpﬁsk%1KlB@1¢al act1v1ty Eflsnﬁﬁﬁﬁhﬁ’ﬁylrmém Séleéblﬁlﬁidneﬂa’iddlmh (EMSQyCM)rrpri se
a conpl ex of. nol ecul ar wei ght > 300 kDa. The nesenchymal stemcell particle
may corrp?h%b‘okﬂg&aé?ﬁs‘”%fma&’ egmeprispgardioprotection.  The npesenchynal stem cel |

particle nmay conprise a conplex of nolecular weight > 251000 kDa. The

nmesenchymal  strR&heSdnchyAsltskeih €el 1ﬂahﬁay30e5da§ﬁnl@6f&ﬁhdiﬂgﬂlfé’rcﬂm&ﬂiﬂ 200 nm

The nesenchymal stemcell partic Y have a size of between 50 nmand 150
nm example as assayed in a mouse or pig mode of myocardial ischemia and reperfusion injury.

15 The mesenchymal stem cell particle may be capable of reducing oxidative stress for

example as assayed in an in vitro assay of hydrogen peroxide (H,0,)-induced cell death.

The mesenchymal stem cell particle may comprise a vesicle such as an exosome. The

exosome may comprise at least 70% of proteins in an mesenchymal stem cell conditioned

medium (MSC-CM).

20 The mesenchymal stem cell particle may comprise a complex of molecular weight

>100 kDa, for example comprising proteins of <100 kDa.

The mesenchymal stem cell particle may comprise a complex of molecular weight >

300 kDa. The mesenchymal stem cell particle may comprise proteins of < 300 kDa.

The mesenchymal stem cell particle may comprise a complex of molecular weight >

25 1000 kDa.
The mesenchymal stem cell particle may have a size of between 2 nm and 200 nm.

The mesenchymal stem cell particle may have a size of between 50 nm and 150 nm.
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1 111 WO 2012/ 087241PCT/ S&011/ 000441 4 The size may be as

determ ned by filtration against a 0.2Mfilter and concentration agai nst a
menbr ane Wbtzh1248mAecul ar wei ght cut-of f of 10 kDa. ThePSTH&20Mp0bidl as
determ ned by el ectron m croscopy. The nmesenchynmal stem cel
particle may conprise a hydrodynam c rafli us of bel ow 5100 nm The
mesenchymal stemcell particle may conprise a hydrodynam c radi us of

bet ween about TBOsimmmay te apdeiermiediby filtration agdvest awsyid Hijteninds¢aamengeition

particle may conprise a hydrodynpam ¢ radi t ween. about, 40 nm and
DUt *eoPshiet & b EsEH ket e Bisabbryt-aihet | o FEe o eR B b

hydr ody ng inih@bhyd e QfonlificyRBSpyabout 45 nm and about 55 nm . The
mesenchymal stem'cell particle may conprise a hydrodynam c radi us of about

50 nm The hydrodynam c radi us may . he as determ ned hy | gser diffraction or
dynani ¢ | i ght Teemesearhital stegrerdl m@ﬁm@yﬁampglﬁ%ﬂ%‘gpgyww radiys (?H’S‘f‘ﬁ’é’brrpri se
alipgd Sated fromthe group consisting of: phospholipid, phosphatidyl
serine, phosphatidyl inositol, phosphatidyl choline, shingonyelin,

ceram des, glycolipid, cerebroside, steroids, cholesterol. The

chol est er ol ph%h%lﬁéﬁnﬁhbdn?r‘létqnbc%l?ﬁfb@e Hraygoeprishia Ry drodymmic radigs efdieiweenThe
nmesenchy lut§ em cal.b naiotisl € my conprise a lipid raft. 20The mesenchynal
stemcell particle nmay be 1 nsoluble in non-ionic detergent. The non- ionic
detergent may conprise Triton-X100. The mesenchynmal stem cell
particle may bee wawhchymal spmoed] pastigde mayeomprised hudrodenaghie sadiyseafibetveagnabove
subst ant j,al remai,n, i conpl exes of the nolecul ar weights as

speci fi eﬁ?ou\t/\%%rﬁmﬁ%'g%gg&tﬁ:oc%% is treated with a non-ionic detergent. 25The

mesenchymal stemcell particle may be sensitive to cyclodextrin. The
10 The mesenchymal stem cell particle may comprise a hydrodynamic radius of between

about 45 nm and about 55 nm.

The mesenchymal stem cell particle may comprise a hydrodynamic radius of about 50
nm. The hydrodynamic radius may be as determined by laser diffraction or dynamic light

scattering.

15 The mesenchymal stem cell particle may comprise a lipid selected from the group
consisting of: phospholipid, phosphatidy] serine, phosphatidyl inositol, phosphatidy] choline,
shingomyelin, ceramides, glycolipid, cerebroside, steroids, cholesterol. The cholesterol-

phospholipid ratio may be greater than 0.3-0.4 (mol/mol) .
The mesenchymal stem cell particle may comprise a lipid raft.

20 The mesenchymal stem cell particle may be insoluble in non-ionic detergent. The non-

ionic detergent may comprise Triton-X100.

The mesenchymal stem cell particle may be such that proteins of the molecular
weights specified above substantially remain in the complexes of the molecular weights as

specified, when the particle is treated with a non-ionic detergent.

25 The mesenchymal stem cell particle may be sensitive to cyclodextrin. The
mesenchymal stem cell particle may be sensitive to 20 mM cyclodextrin. Treatment with

cyclodextrin may cause substantial dissolution of the complexes specified above.



mesenchymal stemcell particle may be sensitive to 20 mM cycl odextrin.
Treatnent with cyclodextrin may cause substantial dissolution of the

conpl exesWOPBEYB/Hd above. WD 2012/ 087241PCT/ SG2011/ 00G4A/HG3011/000441 The
mesenchymal stemcell particle may corrp$i se ribonucleic acid (RNA). The
particle may have an absorbance ratio of 1.9 (260:280 nm. The
mesenchymal stemcell particle may conprise a surface antigen selected from
the group conShemesgyclymalem caiparode awy Cpﬁgl?’flie rigqrpsteic acdd PRYO)-dehe,

accordin fgg?nea’é,] ?ﬁ’%sto l9anF$ &%o%ﬁ?;f&%o’z%ﬁ Rfion, a method of producing a

rresenchy e suc an“exosone. The nethod may conprise
separating the partl cle fromother conponents of a conposition such as a

mesenchynal sTkenmessnchynaldiant eglbphriieldimam coMPOsOMpuraes @dtigen sslegtegddronTHie
met hod Lise romat ogr aphy. 10The net hod may
EPRE STRLNRE o0, G FARERRGY -

conpris spin colum. The practice of the
present invention wll enploy, unl ess, ot herw se i ndi cated, conventi onal
t echrfi ques of Thdrers movided,motedingao a Bl cispepy of meanrcsbnbhmgmonrzemﬂbdrm&nt DNA

d | whi ch thin th bi | t f f_ordi
ki1 T rPore  Meseh Bt gl ebetFie B Ran e Some e PRbEFRetpafPRl™ Y o

exanpl e, sekaragﬂgﬂk%kuclgfroﬁ othdr coffpBnentPeMfcolnpd¥RitndutiPas 4 88SncMahAGHnar
Cl oni ng: Laboratory Manual, Second Edition, Books 1-3, Cold Spring Harbor

Labor at oea}l @ndiionedmedival (M$C-GW) basedon Cbiil'g% and periodic suppl ements;
Current Protocols in Mlecular Biology, ch. 9, 13, and 16, John Wley &

Sons, New YOr itye Nethodl mdy- cofffise dniofreRdHahEEchrfdtoraphiahn, 1996, DNA
| sol ati on and Sequenci ng: Essenti aI Technl gues, ohn Wley & Sons; J. M

Pol ak and Jangs O D. McCee, 1990, i tu 20Hybridi zati on Princi pI es and
Practl ce: Oxf bhgimethiod diayi qojnnsise e uswp an anign eXchapgs i colyyg,
A igonucl eotide Synthesis: A Practical Approach, Irl Press; DD M J. Lilley

and J. E. Dahhep @ctlckmhe ?@ﬁ@@dﬁe@tﬁorﬁﬂﬂ%ﬁ%l@ﬂmnld@ﬁd&h&\ﬁl@@Iﬂdi@tdaart A
Synt hesi s and_ Ph?/5| cal sis of DNA Methods in Enzynol ogy, ~Acadenic
Press; Usdnygntigna wémleges OfA tralsBY dnelequlpphialary  mpgbiclpee resombieant NG | by

Edwar d F@H 1%u18%’éy, whithGre Fitnidaht QXiﬁai)ﬁl%%g of gf)’é:rgorﬁ@lr drlfhary skill in the art.

Such techniques are explained in the literature. See, for example, J. Sambrook, E. F. Fritsch,

15 and T. Maniatis, 1989, Molecular Cloning: A Laboratory Manual, Second Edition, Books 1-3,
Cold Spring Harbor Laboratory Press; Ausubel, F. M. et al. (1995 and periodic supplements;
Current Protocols in Molecular Biology, ch. 9, 13, and 16, John Wiley & Sons, New York,
N.Y.); B. Roe, J. Crabtree, and A. Kahn, 1996, DNA Isolation and Sequencing: Essential
Technigues, John Wiley & Sons; J. M. Polak and James O’D. McGee, 1990, In Situ

20  Hybridization: Principles and Practice; Oxford University Press; M. J. Gait (Editor), 1984,
Oligonucleotide Synthesis: A Practical Approach, Irl Press; D. M. J. Lilley and J. E. Dahlberg,
1992, Methods of Enzymology: DNA Structure Part A: Synthesis and Physical Analysis of
DNA Methods in Enzymology, Academic Press; Using Antibodies : A Laboratory Manual :
Portable Protocol NO. I by Edward Harlow, David Lane, Ed Harlow (1999, Cold Spring

25  Harbor Laboratory Press, ISBN 0-87969-544-7); Antibodies : A Laboratory Manual by Ed
Harlow (Editor), David Lane (Editor) (1988, Cold Spring Harbor Laboratory Press, ISBN 0-
87969-314-2), 1855. Handbook of Drug Screening, edited by Ramakrishna Seethala,
Prabhavathi B. Fernandes (2001, New York, NY, Marcel Dekker, ISBN 0-8247-0562-9); and
Lab Ref: A Handbook of Recipes, Reagents, and Other Reference Tools for Use at the Bench,

30  Edited Jane Roskams and Linda Rodgérs, 2002, Cold Spring Harbor Laboratory, ISBN 0-



25 Harbor Laboratory Press, |SBN 0-87969-544-7); Antibodies : A Laboratory
Manual by Ed Harlow (Editor), David Lane (Editor) (1988, Cold Spring Harbor
Labor at orYYORPBAS7241SBN 0- 87969- 314-2), 1855. Handbook 8FTSGAY146%4dEni ng,
edi ted by Ranmekri shna Seet hal a, Prabhavgthi B. Fernandes (2001, New York,
NY, Marcel Dekker, 1SBN 0-8247-0562-9); "and Lab Ref: A Handbook of Reci pes,
Reagent s, and CIher Reference Tools for Use at the Bench, 30 Edited Jane
Roskans BREEFIDES : § L ol d Spring Harbor Laboratory, ISBN 0- WO
2012/ 087241P /SG2011/ 00441 6 BRI EF .DESCRI P THE FI .

Figure 1 is e PEfgh Sk AR TGOV IS RGO BISO/EE B B BBt by
ani on exghaRge GHRbRABEApKEAPNY - Figure 2 is a diagram show ng
fractionation of MSC conditioned nediun1by cation 5 exchange
chromatographéltg DETAI LED DESCR Ther apeuti c exosones have

previously be araa{%amrsbwwséragsemépn@ﬁm@C%ridz%m@m%% y cation

chr ongt ogr.a hﬁﬂhﬁ osure describes a novel nmethod for the
purlgfcag?en o#:exosgﬁegﬁ%ased on 10their negative charge. In particular,
the present technol ogy describes the enrichnent of exosomes by ion exchange
chronatoBEE@ﬂ#Pl§§§BJEEQmon exchange spin col um chromat ography, in

particul ar, on exchange chromat ogr ntion i s based on
t he surpr|5|n6£ﬂéﬂ%ﬁgﬁfﬁﬁp§ﬁ ?ﬁ%@fe&ﬁgﬁgﬁg“FPHﬁpﬁé%gngﬂﬁ?ﬁeﬁaFW§ y y1z¢€

char ged. o A%usidtedhroh8YrapRye @ low or acidic isoelectric point, pl. This is
whol |y 15unexpected as previous reports have shown that exosones from
tunours are positively char e., wth a high or basic pl).

G aner et al Ilzledg-?flqsgr&da% e%%agﬁﬁ%&ethqdoﬁw Beaurhicgham et eééquf%esah%Fd o

dete n oelectric
Fooul ng T Pl e BB ol Bl ARE i R TR BERABLL AC Bl of

gr adi entexdsmﬂes:hjt 1an@xtlhtmge themabeyaphlyi givhps soremdharge spmowhdnmgl y positivel y
charged. 20Qur cove%é Eereforee abl es a novel, method to purify or

i sol ate %13{8@8%? ¥ IMPRESERERPHEY ©*§ aéﬁe@Eanéato%ﬁlp}U se of their negative
charge. Thus, with our discovery, it is possible to provide a nmethod of
separ ating eant)m&Sntfansrbaﬁebeh tiosupprixding derbynstragorothat é‘msorﬁaﬁﬁmh(MSGmhmn

h t hodo| f ficat
gé; ggggnq[g%?zltz&; ﬁlgarged %ﬁgglég@p%%avegrlogé?ggg% 1spo%iéctr%cc&1rlltogl lT?llS 1S who y

15  unexpected as previous reports have shown that exosomes from tumours are positively

charged (i.e., with a high or basic pl). Thus, Graner et al (2009) isolated exosomes from brain
tumour cells and determined their biochemical properties. They demonstrate using isoelectric
focusing that such exosomes focused to the far basic end of the pH gradient, indicating that

they have high pls and are accordingly positively charged.

20 Our discovery thereforeenables a novel method to purify or isolate exosomes from
mesenchymal stem cells, by use of their negative charge. Thus, with our discovery, it is
possible to provide a method of separating exosomes from other components by use of, for

example, anion exchange resins.

Our methodology for exosome purification is highly scalable in terms of time and
25  quantity. This methodology allows different exosomes to be distinguished and purified on the
basis of charges. This methodology could potentially be adapted for small scale spin columns

as well as high resolution and/or high capacity HPLC or FPLC systems.



25 quantity. This nethodol ogy allows different exosonmes to be distinguished
and purified on the basis of charges. This nethodol ogy could potentially be

adapt ed WP 28RdI8724dcal e spin colums as wel|l as hi gh r eZ6T{HC2HH/ 084! or hi gh
capacity HPLC or FPLC systens. WO 2012,087241PCT/ S&011/000441 7 PURI FYI NG
MESENCHYMAL STEM CELL PARTI CLES The nesenchymal stemcell particle

may be purified, using the nethods described in this docunent, from any
sui t abl ePYBIYENG MBSENGHY ML SAEM GEIHaRARTUCEEY such as a nesenchymal stem cel |

exosone) from.a 5conposition c ri.sing the particle and one qr npre,
cont ani nants 18¢ W@%hxrﬂ@ﬁ%tﬁg&rﬂ@e deyreduy 1@6&}8?&%;#3691631}9&5 ﬁssfcggef @in

the compgsd ddcAmehl fofRY daKicQombet el y or partially) at |east one

9 f . . .
contam nant fromthe conposition. A "purification step” nay be part of an
overal | purification process resulting in a "honbgeneous" conposition.
" Honogeneous" BY sPurgfsinghamartisle (susheaser messnghyswshsisar ¢allgxosmphiranag at | east

abouts 709 ' i 381 Lot . : i ght of
he conpaliiasftheBinlink t; PRELIGHE LR or by Eh MmO Stk ink Rhdhe IR 0,
about 908edose oviuging of thephrtiake iathd @agiosaida by rohéviny (vangetely or partialliExanpl es

of suitaple sources. include conditioned cell culture nediumsuch as
Mesenchy[Faft 08¢ SpRteminaniEaRithe eRTaRPSNIaS: 8‘mptlﬂ/lé?§t@mSFepA€@c¥r iﬂ?&l#,an(?ﬁ?raﬁet hods

may invo Nlﬁiéaﬁﬁ{} ﬁ{gc% rrsmti@momsmt)ga{sbas" af'?ggmﬂamo?ﬁ&g&s&is* is(BP) or

from an senc 15stem—cell conditioned dium (MSCGCM), on the basis
of its nheyainity ecfehtaragmmposition cdimgristes enleisy abdut FOENbcokightelthb panpicieddiced by

any i tabl e process S k in the .art, as descrjhed pn further detail
bel oft] ARG O L e fedoiayipt uiRen i g ihedbvalgh. SiEh
di sper si fifatdeRNEINOI0% b tvsghtEsakh 6 bl les@hbol 95% 1y weilghs. or a descendent
thereof, may be propagated in the absence of co-culture in a serumfree

medi um conpri si ng FGF2. . 20Mesench |, stem cel,l conditioned nmedi um may be
bt af ned by cUREURIFHSF SiHRS SRS HFIOLE BHACLIATEY CRIBEY s MR ER LS & hor eof
or a cel Me'séd?:ﬁynﬂ_@lrs&lﬁctéllf‘@érﬁfit'i&{éﬂ'h@ecﬁurﬁ?MS(ﬂ@M)UA@c&Bﬁl?Hz%Meﬂhé@é RAhyNg the

cell culture nedium In general, we describe a nethod Tor separating a
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The mesenchymal stem cell may be produced by any suitable process, as known in the
art, as described in further detail below. An example of such a process comprises 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.

20 Mesenchymal stem cell conditioned medium 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 isolating the cell culture medium.

In general, we describe a method for separating a particle from other entities in a
sample. The other entities may comprise things which are not of interest, and from which
25  separation of the particle is desired. We refer to these for convenience as “contaminants”. The
particle may comprise a particle from a stem cell, such as secreted by a stem cell. The stem
cell may comprise a mesenchymal stem cell. The particle may comprise a vesicle, or

microvesicle, or an exosome.

The method may comprise purification, isolation or separation of a mesenchymal stem
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kind o? charged molecule including large proteins, small nucleotides and amino acids.

15 Ion-exchange chromatography retains analyte molecules on the column based on
coulombic (ionic) interactions. The stationary phase surface displays ionic functional groups
(R-X) that interact with analyte ions of opposite charge. In the present example, anion
exchange chromatography may be employed to purify or separate mesenchymal stem cell

€X0somes.

20 Anion exchange chromatography retains anions using positively charged functional
group on the resin, which binds to negatively charged exosomes from mesenchymal stem

cells.

In the methods described here using ion exchange chromatography, a sample
comprising mesenchymal stem cell particles (such as exosomes) is introduced, either
25  manually or with an autosampler, into a sample loop of known volume. A buffered aqueous
solution known as the mobile phase carries the sample from the loop onto a column that

contains some form of stationary phase material.

To optimize binding of all charged molecules, the mobile phase is generally a low to

medium conductivity (i.e., low to medium salt concentration) solution. The adsorption of the
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As a rule, the pH of the mobile phase buffer must be between the pl (isoelectric point)

or pKa (acid dissociation constant) of the charged particle and the pKa of the charged group

15  on the solid support. For example, in anion exchange chromatography a molecule with a pI of

6.8 may be run in a mobile phase buffer at pH 8.0 when the pKa of the solid support is 10.3.

The composition comprising mesenchymal stem cell particles may be applied to the
ion exchange spin column at an alkaline pH. The pH may be pH 7.4 or higher, pH 7.5 or
higher, pH 7.6 or higher, pH 7.7 or higher, pH 7.8 or higher, pH 7.9 or higher, pH 8.0 or

20  higher, pH 8.1 or higher, pH 8.2 or higher, pH 8.3 or higher, pH 8.4 or higher, pH 8.5 or
higher, pH 8.6 or higher, pH 8.7 or higher, pH 8.8 or higher, pH 8.9 or higher, pH 9.0 or
higher, pH 9.1 or higher, pH 9.2 or higher, pH 9.3 or higher, pH 9.4 or higher, pH 9.5 or
higher, pH 9.6 or higher, pH 9.7 or higher, pH 9.8 or higher, pH 9.9 or higher or pH 10.0 or
higher. For example, the pH may be about pH 8.8.

25 FElution and Detection
The bound exosomes from mesenchymal stem cells may be eluted by increasing the
concentration of a similarly charged species that will displace the analyte ions from the
stationary phase. The bound exosomes may be eluted by applying a gradient of linearly
increasing salt concentration. Alternatively, a step gradient may be employed. This requires

30 less complicated equipment and can be very effective to elute different fractions if the
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Thus, for ex | e, ,the t hod na e detectjn ny ant n known to
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Alternatively or in addition, polypeptides diagnostic of the analyte of interest (here

exosomes from mesenchymal stem cells) may be detected by, e.g., immunochemistry.

Thus, for example, the method may comprise detecting any antigen known to be
present on mesenchymal stem cell exosomes. Such antigens are for example described in

20  detail in International Patent Application WO 2009/105044.

An example of an antigen is the alpha subunit of the 20S proteasome. A further
example is CD9. Thus, the methods described here may include detection of either the alpha
subunit of the 208 proteasome, or CD9, or both, in eluted fractions as a means to detect
fractions comprising mesenchymal stem cell particles. The alpha subunit of the 20S

25  proteasome or CD9, or both, may be detected by any suitable means. The alpha subunit of the
208 proteasome may for example be detected by an anti-20S proteasome antibody that

recognises the alpha subunits. The CD9 may be detected by an anti-CD9 antibody, or both.

Other Purification Methods

The methods described here may be combined with other known methods of purifying
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15 One or more properties or biological activities of the exosome 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-visible
detectors may be used to follow the exosome. For example, a therapeutic activity such as

cardioprotective activity may be used to track the activity during fractionation.

20 Example Protocol
The following paragraphs provide a specific example of how a mesenchymal stem cell

exosome may be obtained.

A mesenchymal stem cell exosome may be produced by culturing mesenchymal stem
cells in a medium to condition it. The mesenchymal stem cells may comprise HUES9.E1 cells.
25  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. [t may comprise PDGF AB. The
concentration of FGF2 may be about 5 ng/ml FGF2. The concentration of PDGF AB may be

about 5 ng/ml. The medium may comprise glutamine-penicillin-streptomycin or b-
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ani on exchange chromat ogr aphy, the conditioned nedium may be separated by

si ze excf®i&i®n, as an additional step. Any size exclusion matrix such as
Sephar ose nmay be 15 used. As an exanple, a TSK Guard colum SWKL, 6 x 40 nmm

or a TSK gel &4006hsSWLh aré.f8und t3RRhibiadyaymbedighipdativ el mih ®e edtaiaed. Ihuf f er
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net hod aﬁsedeAE an bﬁdnpib,ca\/ESK Guard column SWXL, 6 x 40 mm or a TSK gel G4000 SWXL,

7.8 x 300 mm may be employed. The eluent buffer may 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.

20 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 exosomes in this peak is about 45-55 nm. Such

fractions comprise mesenchymal stem cell exosomes.

IoN EXCHANGE

25 As the term is used in this document, "ion exchange material” refers to a solid phase
that is negatively charged (i.e. a cation exchange resin) or positively charged (i.e. an anion
exchange resin). The charge may be provided by attaching one or more charged ligands to the
solid phase, e.g. by covalent linking. Alternatively, or in addition, the charge may be an
inherent property of the solid phase (e.g. as is the case for silica, which has an overall negative

30 charge).
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There are four main types differing in their functional groups:

* strongly acidic (typically, sulfonic acid groups, e.g. sodium polystyrene sulfonate

or polyAMPS)

* strongly basic, (quaternary amino groups, for example, trimethylammonium

20 groups, e.g. polyAPTAC)
* weakly acidic (mostly, carboxylic acid groups)

* weakly basic (primary, secondary, and/or ternary amino groups, e.g. polyethylene

amine)

Examples of anion exchange resins include, but are not limited to: Amberlite® IRA-67
25  free base gel form, 16-50 mesh (wet) (A9960), Benzoylated Naphthoylated DEAE—Cellulose
medium (B6385), Cholestyramine resin (C4650), DEAE-Cellulose preswollen, microgranular
(D3764), DEAE-Cellulose Fast Flow, fibers (D6418), DEAE-Cellulose fibers (D0909),
DEAE-Sephadex® (A50120), DEAE-Sephadex® A-25 chloride form (A25120), DEAE-
Sepharose® CL-6B (DCL6B100), DEAE-Sepharose® Fast Flow (DFF100), DEAE-
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Loui s, fwﬁ%ﬁggéqﬁﬁﬁ%&ﬁhgﬁg% ﬁgéﬁnggal | on exchgnge resins of

interest to the nethods and conpositions described here include 10anion
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non- agueous trix. to which one or re charged |igands can .adhere. Th
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other mechanigally stable matrices such 15as silica (e.g. controlled pore
0l ass) | poty( SSSLRBE TST e aaRE s gOrgagr yhahpace’ Saraneepaeerbieel ana
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this docunent to refer to a solid phase
particles, a membrane, or filter etc. Examples of materials for forming the solid phase include

polysaccharides (such as agarose and cellulose) and other mechanically stable matrices such
15  assilica (e.g. controlled pore glass), poly(styrenedivinyl)benzene, polyacrylamide, ceramic

particles and derivatives of any of the above.

The term "anion exchange resin" is used in this document to refer to a solid phase
which is positively charged, e.g. having one or more positively charged ligands, such as
quaternary amino groups, attached thereto. Commercially available anion exchange resins

20  include DEAE cellulose, QAE SEPHADEX and FAST Q SEPHAROSE (Pharmacia).

A "buffer" is a solution that resists changes in pH by the action of its acid-base
conjugate components. Various buffers which can be employed depending, for example, on
the desired pH of the buffer are described in Buffers. A Guide for the Preparation and Use of
Buffers in Biological Systems, Gueffroy, D., Ed. Calbiochem Corporation (1975). In one

25  embodiment, the buffer has a pH in the range from about 5 to about 7 (e.g. as in Example 1
below). Examples of buffers that will control the pH in this range include MES, MOPS,
MOPSO, phosphate, acetate, citrate, succinate, and ammonium buffers, as well as
combinations of these. The buffers used in the disclosed methods typically also comprise a

salt, such as NaCL, KCI or NaHOAc. '
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A "regeneration buffer" may be used to regenerate the ion exchange resin such that it

can be re-used. The regeneration buffer has a conductivity and/or pH as required to remove
20  substantially all contaminants and the mesenchymal stem cell particles (such as exosomes)

from the ion exchange resin.

lon Exchange Spin Columns

As a specific example, the ion exchange resin may be provided in the form of an ion

exchange spin column.

25 Ion exchange spin columns use the membrane-adsorber technology as a
chromatographic matrix to fractionate proteins based on their charge differences. Ion
exchange columns use membrane adsorbers that have a highly porous structure with pores
larger than 3000nm, providing proteins easy access to the membrane’s charged ligands.
Therefore, adsorptive membranes maintain high efficiencies at high-flow rates and when

30 fractionating large biomolecules with émall diffusivities.
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membrane; Microcentrifuge collection tubes; Pierce Strong Anion Exchange Spin Column,

Maxi (Pierce catalogue number 90011), which comprise polypropylene centrifuge columns

with bottom ion exchange filter membrane; SO0mL centrifuge collection tubes.

20 Ion exchange spin columns are also available under the Vivapure Mini Spin Columns
and Vivapure Maxi Spin Columns brand names, obtainable from Sartorius (Goettingen,
Germany). These include Vivapure Q Mini M (catalogue number VS-IX01QM24); Vivapure
Q Mini H (catalogue number VS-IX01QH24); Vivapure Q Maxi M (catalogue number VS-
IX20QMO08); and Vivapure Q Maxi H (catalogue number VS-IX20QH08).

25  EXOSOMES

Exosomes are small membrane vesicles formed in late endocytic compartments
(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

30 entities from the more recently described ‘ribonuclease complex’ also named exosome.
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Examples of cell-type specific proteins in exosomes are MHC class I molecules in
exosomes from MHC class 1I-expressing cells, CD86 in dendritic cell-derived exosomes, T-
cell receptors on T-cell-derived exosomes etc. Notably, exosomes do not contain proteins of
25  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 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

30  to another cell, and can be functional in this new location. The physiological functions of

1 1w, e
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exosome may be such that most proteins of the exosome with less than 100 kDa molecular

15  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 exosome with less than 500 kDa molecular weight may segregate

into the greater than 500 kDa molecular weight retentate fraction. This indicates that the

exosome may have a molecular weight of more than 500 kDa.

20 Assay of Molecular Weight by Biological Activity
The exosome may have a molecular weight of more than 1000 kDa. For example, the
exosome 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
25  in the filtrate fraction. The biological activity may comprise any of the biological activities of

the exosome described elsewhere in this document.

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

30  biological activity may be assayed in a mouse or pig model, as described in WO 2009/105044.
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Exosome Size
15 The exosome may have a size of greater than 2 nm. The exosome may have a size of
greater than 5 nm, 10 nm, 20 nm, 30 nm, 40 nm or 50 nm. The exosome may have a size of
greater than 100 nm, such as greater than 150 nm. The exosome may have a size of

substantially 200 nm or greater.

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

may have a size between 150 nm to 200 nm.

25 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 exosome 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.
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25The sizé nmay be determ nedbﬂépvarl ous nmeans. In principle, the size may

be det er MiSrme and/absiuy &5 imadhe dynamag thdiysimayabd ahout PP omgh a nmenbrane with
the rel evant size cutoff. The exosone size may then be determ ned by

trackkng segregg Hy@&d?ﬁarﬁfé@cﬂﬁ@&ﬁth@ E%s%hfésmw B derbim iy Sy sla}{ab”’le bleahQoi cal

assay. The size nmay a be determ ned by el’ectron m crdscopy.
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bet ween about 40 nm and about 60 nm such as between about 45 nm and about

55 nm  TheshysmudyitapvcH YNl SSEVMEELRS (MIS€Dt 50 nm  5The hydrodynam c radi us
of the exosone may be determ ned by any suitable neans, for exanple, |aser

di ffracti on oMebgnehyinml sieghtellqusticlesrsuplyas msmmhﬁbofsom@wm@cw glsing
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stemcell particles such as exosones may be isolated or produced, using 10
t he net hods dédB¢€s hetibledorysefin tim predwtioh piredndtiered meddia awhakiosoroeradayrbeli um
sui tabl.e for use in the production of conditioned

MS
( nedi age;/prldnaég?é’g(?ﬁ&“%ﬁ@ W849 any net hod known in the art. In

particular, MSCs may be nmade by propagating a cell obtained by dispersing a
enbryoni ¢ st erm paSculagIMSComanpe nmdebyqugatﬂgﬂceﬂh&ﬁ&ioéd b)i dlispdm’nglasence of
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15  serum free medium comprising FGF2. This is described in detail in the sections below.

Methods of obtaining mesenchymal stem cells (MSC) or MSC-like cells from hESCs
may involve either transfection of a human telomerase reverse transcriptase ("'TERT) 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

20  protocols introduces unacceptable risks of tumorigenicity or infection of xenozootic infectious

agents.

The exosomes 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
25  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



Met hods of obtai ning nesenchymal stemcells (MSC) or MSC-like cells from
hESCs may involve either transfection of a hunman tel onerase reverse
transcri pyvage1qusTERT) gene into differentiating hESCs (ROT&SG2el1/00042004) or
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di fferentymsting hESCs. I n general, the nmethod conprises d| spersing a
25enbryonic stem (ES) cell col ony into cells. The cells are then plated out

and propagate The cel.ls are 0 ated in, th absence of co-cul in a
serum free rreg}hﬁ BYRSYS emgetic III@'S tCOGPE\RE ﬁ PaRer 8?“% o cell hﬂiﬁe@er to
obt ai B megprehymal stemcells (MSCs). WO 2012/ 087241PCT/ SGZOll/ 000441 21

third one, Hes-3. Human ES cell derived MSCs (hESC- MSCs) obtai ned by the
nmet hods and cqnpositions descri bed here are remarkably simlar to

bone- mar r ow ddPReg cBedneslygmeethod qfr&eneﬁ%ﬁpgfmﬁ@cw@ﬁh%v celsM¥rle may
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t rypsi ni avitlgF @GRz apd opagally B@G’r’ESB:sbeﬁare bating f@éﬁi@}OSsﬂm% 'celisn medi a
suppl emented with FG-2 and optionally PDG- AB before sorting for
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cell conditioned medi um (MSC-CM, from Whl ch t he exosones may be isol at ed.
15D saggregating Enbryonic Stem Cel | One net hod of pr o?lum ng
mesenchymal stléinMets eroﬁa‘gﬁd&wﬁw&%ﬂaﬂ @Blé P% i“?ﬁj‘ tgProfluse gisraghy malptern cel

embr yoni %oﬁ&nﬁ%&ﬁ“&dlﬁﬂl (W-UM)? fr%?rl \I’Vﬁl'ch the exosomes may be isolated.

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

disaggregating an embryonic stem cell colony into cells.

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
20  stem-cell lines from human blastocysts. N Engl ] Med 350: 1353-1356) or a H1 ESC colony
(Thomson JA, Itskovitz-Eldor J, Shapiro SS, Waknitz MA, Swiergiel JJ, et al. (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, i.e.,
at least into clumps. The colony may be disaggregated or dispersed to the extent that all the

25  cells in the colony are single, i.e., the colony is completely disaggregated.
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



The enbryonic stemcell colony may conprise a huES9 col ony (Cowan CA,
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C. The c 4 e thekdils)uk sed, 5centrifuged and resuspended in
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10  aliquoting. The followmg 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,
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
15  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 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
20  example, the cells may be left at 37°C for a few minutes (e.g., 2 to 5 minutes). In the
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

25  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.
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re-seedi ngs may be made at different split ratios. For exanple, the cells

may be reseed and 1/5 dilution. In a particular exanple,
the cells may cg%g%%% @élllbti/dhg’dedl ng 1 drop of cells into a 25cn2 flask and

3 drops into dhedireggregatedcel Bguybetlated and mrmtaingddasa @lleiuureedi a i s t hen
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i nto new di shes aevgl split ratio 1s eS|r and
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adherent cells on gelatine coated tissue culture

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

washing and replating.

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

25  feeder cells.

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



pl ates. Maintenance as Cell Culture The disaggregated cells may be plated
and nmai ntained as a cell culture. The cells may be plated onto a
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tissue culture plate. 10An exanple protocol for the gelatin coating of
di shes f Rdnows.gelatis@hd platas aof re@dyl 6 use. Medium should be added before adding cells to

prevent hypotonic lysis.

15 Serum Free Media
The dissociated or disaggregated embryonic stem cells may be cultured in a 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
20  example in US Patents 5,631,159 and 5,661,034. Serum-free media are commercially

available from, for example, Gibco-BRL (Invitrogen).

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 structure. Chemically-defined

25  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.

The serum-free media may comprise Knockout DMEM media (Invitrogen-Gibco,

Grand Island, New York).
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factors such | at el et-derive Lo factar DG . f ese
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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, UniProt PO1133.

Thus, we disclose the use of media comprising (i) FGF2, (ii) FGF2 and PDGF and (iii)
20  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 brain
and pituitary. FGF2 has been implicated in a multitude of phystologic and pathologic
processes, including limb development, angiogenesis, wound healing, and tumor growth.

25  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 composed

of a dimer of two chains termed the A chain and B chain, can be present as AA or BB
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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

The method may further comprise a selection or sorting step, to further isolate or select

20  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 specificity for MSCs
and furthermore potentially reduces possible contamination from embryonic stem cells such as

25  hESCs and other hESC-derivatives from the starting 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. The selection or

2N mnwtine smans ko anhiaovad ke smannna A fluavacsanna antizrntad ~all cavtina (RACQCY Thae ac
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The selection or sorting step of our method may positively select for mesenchymal
15  stem cells based on the expression of antigens. Such antigens may be identified by, for

example, comparing the gene expression profiles of hESCs and hRESCMSCs.

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.

20 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 top 20
highly expressed surface antigens in hRESC-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.

25 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-specific surface

antigens such as MIBP, ITGB1BP3 and PODXL, and CD24.
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Therefore, CD24 may be used as a negative selection or sorting marker
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described here, may be used to supplement the activity of, or in place of, the MSCs, or media

20  conditioned by the MSCs, for the purpose of for example treating or preventing such diseases.

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

25  these signalling pathways is involved, or whose aetiology involves one or more defects in any

one or more of these signalling pathways.

Accordingly, such particles such as exosomes purified as described here 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.
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HEART DISEASE

20 The mesenchymal stem cell particle such as exosomes purified as described here may

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

25  the following.

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
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affecting the heart, ischemic (or ischaemic) cardiomyopathy, hypertensive cardiomyopathy,

valvular cardiomyopathy, inflammatory cardiomyopathy.
Also included are:
Cardiomyopathy secondary to a systemic metabolic disease

15 Intrinsic cardiomyopathies (weakness in the muscle of the heart that is not due to an

identifiable external cause)

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)

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

25  right ventricle is generally most affected)

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).
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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

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

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,

25  hypertensive cardiomyopathy, cardiac arrhythmias, inflammatory heart 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 muscular part of
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exosones purifired as cunent nay be

We therefore describe a delivery system for delivering a particles such as exosomes
purified 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.

15 The delivery system may comprise a source of particles such as exosomes purified as
described here, 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 particle such as an
exosome purified as described here, comprising a source of particles as described in this

20  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
25  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
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Del i very systems for delivering fluid into the body are known in the art,
and i8¢l ude i niteqiattévies suicli @4 @alorded paifiedals dedchided hére medyudt evgmnﬂe beigsedrfor
cat het hers) such as those de cribed in éiynlt%g Stages Pat ent 139, 524,
for exanmgh@lredmgpt AdIrevratgn e Eatherpsigoss Heraserigon o @@@erﬁwylbﬁ dORF t ed

States qul‘?g\;engu fo Qé!b?h?_le Mr@&i&ét‘?@&%%@ﬂeﬁ@@@&%ﬁ%‘%& 1§§1e pla ues Delel very

to the kidneys nay be achieved using an intra-aortic renal
cat het er ,pastindés ragy bdased derstbe irbatchenhor e veatiosp hsepsic Fadodirtty 1ﬁtr@¢hp@s7]&rfusion.
It wll be evident that the particular delivery should be configurable to

del fver the & oAk 8ouBAE hEIRR RUckhBeaRREIR BB Mhghyal . 10

order to achieve op es S as exosones
puri floed teatmlas of ptmehthmraf hemy filore. ﬁmésmph)ebdomhmdl b chronlveintracad maeynbr or

preventiagn of ath r05| erfusio articles done
i nt ravendﬂ'é‘"l"})y‘?cér % qriusion gy IR@‘F'GL"E It‘éF fiée‘Bﬁ’%&‘Hgé’PWarPg‘& ganﬁ%‘f I tion
inthe p C&Més mdy6e RRAFHIChE e DS pRAER O TR it ARRHhARIN byitRARYENt i ON

of septic shock By i1intravenous perfusion. The particles such as exosones
purified ddvelgscri bed here may be used for the 10treatnent or prevention of
heart failure. This may be achi eved by chronic intracoronary or

The particles may be used for the treatment or prevention of dermatological conditions
15 e.g. psoriasis. Long term delivery of particles may be employed using transdermal

microinjection needles until the condition is resolved.

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.

20 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 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

25  lumen.

Any variety of coronary catheter, or a perfusion catheter, may be used to administer
the compound. Alternatively the particles may be coated or impregnated on a stent that is

placed in a coronary vessel.



intranyocardially perfusion of particles to retard renodeling or retard
heart failure. The particles may be used for the treatnent or prevention of
| ung i nf NsiRAtZ/@8R24by | ntranasal delivery. The p&ETISGRed/0ntd1 be used
for the treatnment or prevention of dermatol ogical conditions 15e.qg.
psoriasis. Long termdelivery of particPés may be enpl oyed using
transdernmal mcroinjection needles until the condition is resol ved.

It will Bassd ReGENERNONhe del i very nethod will depend on the particul ar
organ to which the particles is to be delivered, and the skilled person

wi Il be abl e tMesgaetomdl sempgells partisles ssolasedeagspiingodbe mcthgdy andbepmepasitions
exanpl e, j , 0 ! i X i . ti )
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or endocaieed theyeolfyTH pagtidles suith acOoRO@EYman pe adrinistérbd dligmahhe tkhigsimieal | or
usi ng _standard percutaneous cat heter based. net hods under fl uoroscopic

gui dafce thesp tjgrafide thedpisadsditisspesits anddsepmsityterrraseangratedhe dacdonsiYor
infusionéﬁﬁcgﬂtﬁggibitor froma stent or catheter which is inserted into a
bodily 25lunen. Any variety of coronary catheter, or a perfusion catheter,
may be used to adm nister the conmpound. Alternatively the particles may be
coated or i nmpri@gaxanepledhe ales;lwéﬁ@rﬂ) ermpgsyions descaibpd here arydiwaisyd (nemedulate” wo

cel s part ErEearegp e S gl SRR g s ARG fea 1 o1

descr i bedsldesceibodmiieraltisdefi@n usgthefuned forsissie engiheasid, sudh rfodthe igegeinglodit i on
in a human, patjient in need ther qﬁf The particles such aB.exqsoneségay be
admi APst skweratts Modiation of stgm ifi‘r ferentatioamaobegysse dor the PRENgIReENE i ssue

site and af‘t‘?f?&ﬁl%réédéto?ti@srueg,%g?&gfrésttﬁ'etfcg',esuél‘l’Q§§t£1ﬁ§‘.a| |y deficient area.

For exanple, the nmethods and conpositions described here nmay be used to
nodul ate the differentiation of stemcells. Mesenchymal stemcell particles
such as &B¥dies purified as described here therefrommay be used for

ti ssue engineerin

,, such as for the growing of 10ski rafts. dul ati on of
Stom cel 1 ci t RAFEREEEA o i) THE ISR B CRROME BRI CFTRGe o PR B B a)
or gans orystd &3 WeStreathedtdF ci@pgt hetics, such as stents.
15 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

lung cancer, non-small cell lung cancer, gastric cancer, pancreatic cancer, glial cell tumors

20 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. Further
examples are solid tumor cancer including colon cancer, breast cancer, lung cancer and

25  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, ovarian neoplasms,
prostatic neoplasms, skin neoplasms, testicular neoplasms, neoplasms, bone neoplasms,

30 trophoblastic neoplasms, fallopian tube neoplasms, rectal neoplasms, colonic neoplasms,



CANCER Mesenchymal stemcell particles such as exosones purified as
descri bed here may be used for the treatnent of cancer. 15The terns
"cancer" \WAQ1248AEer ous” refer to or describe the physi 8CHFGEal1/08@HLI t i on
in mmmals that is typically characterized by unregul ated cell growh.
Exanpl es of cancer include but are not PPrmited to, carcinoma, | ynphonmg,

bl ast oma, sarcomm, and | eukem a. More particul ar exanpl es of such
cancers icastendmnergataneansere edlpregtaheancer, gl danesel malignagt melaoema, ledacsimal |
cell lung cancer astric cancer ancreatic cancer, .glial cell rs
20such adGPT S PR cafier e BOT g bindn R SireinPmiie 850 mshidiien
cancer, |iver cancer, bladder cancer, hepatonma, breast cancer, colon
cancer, col or ddkahescaahyeral stemadohpartickls socr a3 axosanesgalrificd ay defcahel bae mayona,

ki dney cancer, renal gancer, .qrostate cancer, vulval cancer, .thyroid
cancer . REpdE;se LA omimmalion vt afiegrrer fSRpic bk sneniasaih SRl eigiosiiner
Further eyaidiesgcdtsCorcBbindtherhpiiti CARRE Fol HG@nip, AL ALANaCRBR 8 adrPInSRH,

cancer, |ung cancer and 25prostrate cancer, henmatopoietic malignancies
i ncl udi nglahearkea.ass-pladnuny.mersels, takiddgkpteresandi adledeids. sagh astingistinerdnd, skin

cancer and.famljar adenonat ous osi s. Further exanples i.nclude brain
meopl asmentinarapiE; sthAEaTiS Rt PR e en €48 R RedB it Reye
neopl asnubdidnce thad @hivbidsiFpreeRIhO RAP @B SfEcel 1D NP6 L@ LS JROPRIDA T celY Thé an
neopl asns, prostatic neoplasns, skin neoplasns, testicular neopl asns,

neopl asmieMbishterdadp dxchide radoaciiys dwtenss (@2 e SpPRsehemotharapsytia agentbhand
neoplas . I : jo . ..
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cancer, |Iftageneasnbeeof. mal i gnant nel anoma, | eukaem a, | ynpyhoma, ovarian
cancer, cervical cancer and biliary tract carcinoma are also included. The

resenchimel oS00 S LRl S Lo AR ARSI R oRRRE 0 1
and angi ®&sdyalic Bndamycins 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;
15 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,
20  Cytoxin, Taxol, Methotrexate, Cisplatin, Melphalan, Vinblastine, Bleomycin, Etoposide,
[fosfamide, 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,

25  LHRH antagonizing drugs, progestins, anti-progestins etc).

EXAMPLES

Exosomes are bilipid membrane vesicles with proteins embedded in the membranes. It
has been previously demonstrated that brain tumor exosomes have a alkaline pl (isoelectric

point) of >8.1[1].

30 We have previously demonstrated that culture medium conditioned by MSCs derived



5cytot oxi ¢ agents or chenot herapeutic agent. For exanple, drugs such as
such as adrianyci n, daunonycin, cis-platinum etoposide, taxol, taxotere
and al kal¥P3812/087%4h as vincristine, and anti metabol it es PELEH24/000441

met hotrexate. The term "cyt ot oxi ¢ agent 3 as used herein refers to a
substance that inhibits or prevents the ?unctl on of cells and/or causes
destructl on of cells. The termis intended to include radl oactive isotopes
(e.qg. pyrifipd ys a Eﬁ@r}qu@rféwmﬁwab/eweé Pagiiedes iyt e xslusioahigisperformance

enzyrratl qg]tluwdﬁ 5t\5grah9)fHﬁECAf2aglaCt erial, fungal, plant or aninmal origin,
: SO,

or fragme t he ter m i ncl udes oncogene
product/tyrosine kinase inhibitors, such as the bicyclic ansanycins

di scl ose XWMQEX@EBE?ANQHMh%‘(@r@hmﬁegl’%ﬁzm c acid derivatives

di scl osed in EP 600832; 6, 7-di am no-pht hal azi n-1-one derivatives discl osed

in EP 600831; 1&%&%@&@5%5@% R%nﬁ?tb@%leffﬂi‘n‘i’&l eIt Mt el HeRiRS sHise! osed in
EP 516598; or peptides which it binding of a tyrosine kinase to a

SH2- cént axnmamgembsmaﬁbeempmyedn (see WD 94/07913, for exanple). A
"chenot herapeutic agent” is a chem cal conpound useful in the treatnent of

cancer. Exanp |ﬁ{§ EF‘]UOSI("JO}EHQ?%Q %s?rpﬁl F%J;OS p%%ﬁ%céd?ﬁmgqg kS Ailglg,:f(églowing the
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M tonycins, N cotinamde, Esperamicins (see US No. 4,675,

Mel pH&l arsamads deefrtdmgb@ftf@dbuﬂthlS@gmrwst‘@ér ds, and endocrine ther apl es
(such as diethylstilbestrol (DES), Tanoxifen, 25LHRH antagoni zi ng drugs,
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menbr ane vesi cl es protei ns enbedded I n the nembranes. It has been
pr evi ous|pprtinenet astxesorné)and goataminantiey mex bs traded drito thecanadrkenchargeptsin
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Ani on Exchange Chr onat ogr aph | on exchange chronmat ogr aphy may be

per f dﬁnedh%@qlwle@étﬂ@lb@tffqli@?%ﬂhﬁf uspd filepdie. exchange resin may be enpl oyed.
The amount of the mesenchymal stem cell particle (such as exosome) loaded onto the
resin may depend on a variety of factors, including, for example, the capacity of the resin, the
desired yield, and the desired purity. For example, from about 1 mg of protein/ml of resin to
about 100 mg of protein/ml of resin, such as from about 10 mg/ml to about 75 mg/ml such as
20 from about 15 mg/ml to about 45 mg/ml of the mesenchymal stem cell particle (such as

exosome) may be loaded on the ion exchange resin.

After loading, the anion exchange resin may be washed. During the wash process,
wash buffer is passed over the resin. The composition of the wash buffer may be typically
chosen to elute as many contaminants as possible from the resin without eluting a substantial

25  amount of the mesenchymal stem cell particle (such as exosome). This may be achieved by
using a wash buffer with an increased conductivity or pH, or both, compared to the
equilibration buffer. The composition of the was buffer may be constant or variable over the

wash process.

The wash buffer may comprise equilibration buffer in which the salt concentration has



The ani on exchange resin may be prepared according to known net hods,
follow ng the manufacturer's instructions. An equilibration buffer may be
passed t WOZgR/BAE1i on exchange resin prior to | oadi ng PRESGRMIGE4E on
conprising the nmesenchymal stemcell particle (such as exosone) and one or
nore contam nants onto the resin. The eéai |'i bration buffer may be the
10sanme as the |l oading buffer, but this is not required. Fol | owi ng
equi | i br axpmple, the veaghbotfer may carnpriseaonxturs bﬁ@@h@ameﬁémwnélehsipeﬂwffeﬂ.l

particle uch as,ex0so and cont ani nto the anion
P change 1P 308 o S eS R b PR RERI IR SRt ma be GRAIEE R P'eafiud"t b
t he mesengdyérBéntsdeINtkchibhdahl baffer 1ﬁ$waa@%@%esnﬁe)utm%umetﬁmuymﬂamnt
bind to the ani on exchange resin. As discussed above, 15the equilibration

buf f er rréyghye salseancemratiop add ngnductlwty tham ehezpquilibration buifer. fhes exarmplethe st em
cel | art| a 0 i

vari e y 011 b{"?}ég ?’??%Y ud?on%&f g’ t&{% le}g% rglgfcac?r{ga%oﬂ Ff(ﬁgl%gcglg’isﬁfht h
desired )Hs%kdveeﬁﬁﬁodt@% @S Kink @di OF%] IhlS/Mn, wEDlﬂe fhlé&qmﬂlbratlbﬁ cbnffaxblmsta cbndwrtiofty
protein/m_of resin to about 100 ng of protein/m of resin, such as from

about 10 Orf}@r:ﬁweepabeﬁ&mn ﬁsn%mwu%rbe%embwd‘n% aby® mcmgIhys, evthgbout 45
my/ m - of éSF‘@lHM&%uﬁ&%mn%Féaidpﬂ{e s guc(eﬁﬁ'&t nd OSSR  TRYo M. | 0aded
on the ion exc ange resin. oa i ng, e ani on excharnge resin
may be wasdskduffBuincregset he wash process, wash buffer is passed over the
resin. The conposition of the wash buffer nay be typically chosen to elute
as conta
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exosone) .elutbd fomalie ivh exchange e&klrbyrhmmm;gbaaomahd lnsnhg an elitioh baffet Whﬁﬂ’l&ﬁ&@d
conductivity or pH,_or both, corrpared to the eq |I|br§t|on buffer. The
conposi t ibhanskoreadyglivity spehethatthy desired mesenghymal stom cell prriclafsichdse wash
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conprise a mxture equ fer ande ution buffer. In thi's
case, t hehdamduetdvxs/aiﬂth@dunmnbmf&mmy bersuth ehanviisReded$ fhat ofthy efpalibabipeved by

incr Si ercen e of .the al.t .bu in the was uffer. The
ol ot 3 Db R O inaddior: B SR G bR i R ATakeS O 1 y
than the tﬁ&éﬁdlrlm%d sufféwfofr ekam;ﬁ@rthemm&ﬁe elbifiéh Bufflr Wdyoibotd.O L TheRNar}ave a
conductivity of between about / cm and about 10 nS/cm such as between

about 8. 5np@iduetivitdagl/e pibfrom thmaslebmfifmr tec]m dlmtmnahuffﬁn n@mﬁﬁempﬁme ar

d b d bet 4.5 and
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concentr &Ieh@é’én%ﬂéuttmsrc@rﬂﬂttl‘/ibow 1YmSfcnt, Rech@stethedn| oui 816 maﬁ.anél@?she
desired mesencr!% stem cel | agartl cle (such as exosone) nay be

subs @§uerinbyme Hpesd trerraesendty mabpeencsHangicls €uethas expamerdyarle wikved &@musi ng
an el uti qﬁn {)& QxchEF tremsdtg,llgag—tcz%qg/ﬂeerm%gguct| vity such that the desired
I C u

mesenchy em ce part ch as exosone) no longer binds to the ion
exchange reS| n and therefore is eluted therefrom Thus, the conductivity of
the el uti on blﬁsmexraﬁgplebé singlstparamagter (i.c esitherernduptatityatr pHhenayghs ¢hapgest toon

15buffer. hig %eeg:llufﬂ%l of %ht me':sen ?nabst% ceﬁlﬁ%ﬁtﬂl e@{u('li Qs ex%lséﬁl arflldbuf fer may

be i ncred: he equi ration or ‘exa t he pH of

t he el ut icentabiiidng rwiikthe bt paﬁalﬁbter ({ikepH avgRlucivieg m@bpeétlv\a)t)yemmdé atsoup H
fromthe wash buffer to the elution buffer may be step-w se or gradual, as

desi P&d. cpastantsiersxamplepyhie therrondyqtivity of BigrpEpuskyffainpay diffsnbaetisvity of

ge}év\geg E!f?é%’éfrﬁam@ﬁ%rﬁﬁﬁy%%‘éhe.lo nS/cm such as between about 8.5 nfS/cm

The ion exchange resin may be regenerated with a regeneration buffer after elution of
the mesenchymal stem cell particle (such as exosome), such that the column can be re-used.
Generally, the conductivity and/or pH of the regeneration buffer may be such that

30  substantially all contaminants and the mesenchymal stem cell particles (such as exosome) are

cluted from the ion exchange resin. Generally, the regeneration buffer has a very high



20 n5/cm Hence, the nesenchymal stemcell particle (such as exosone) may
be retrieved fromthe anion exchange resin at this stage in the nethod.

As an exaWpl2e12/@7%liingl e paraneter (i.e. either conducti PCTEGan11p)44hay be
changed to achi eve elution of both the nesenchynmal stemcell particle (such
as exosone) and contam nant, while the ggher paranmeter (i.e. pH or
conductivity, respectively) remains about 25constant. For exanple, while

t he condwondudtivity 6ér efutingantiapusantudridanesenely nail stear gellactiqléd (suchrasresosommly be

essent i aw%h%el sarrcg#an osi The ion exchange resin may be regenerated with
a regeneraty off 'BUFFEPAEF TR el ution of the mesenchymal stemcell particle

(such as exosone), such that the columm can be re-used. Cenerally, the
conduct i \Exampad/ Mat@ithlp ind Methedse kaactiomation wif Gomditioned Mediom b Amion
BOSUbStar@EI% LI contam.nants and the mesenchymal stemcell particles
(such as 8 ? EQRAteEIARNY ¢y om the i on exchange resin. Generally, the
regeneration buffer has a very high WD 2012/087241PCT/ SG2011/ 000441 38
conduétivity fGundalontd ngdooni@vh) nantractiondteddydon Exokeangs Caroncabgraplay tsind es

(such as exosone) fro e {on _exchange _resin.. | e .Materi al s, and
Vet hods: FsCRTRFIERAY FERR OB G P B A DRSS R s (1o
Chr omat O@iﬁ.}gﬂgciéwin%i’@%ggfoff@qt.m (CM was fractionated by |Ion Exchange

Chr omat ogr aphy using a comercially available spin colum, Pierce Strong
Ani on Exchange Spin Colums (Thernmo Fisher Scientific Inc., Rockford, IL).

Briefly, the dbidlimthreslumn wes bigtequildhraicd avith 20mdbTrisafrl; Buftien piad s 80rgH
380U XM PR EHRNBIRIL 1ORYRTO G & 2606 RiaUBTs nRTHELORARY

g for 5 mns. e c was en was sequenti a w th 100 L of 20
MM Trl0s - WGk thef Washed stieBtiadlynvidh hdtyd. ofitdrrebETng HUE Bufieopdeng cattaiomgst art i ng

wth 5001, 1M .1 2mM 4 8nmV] 16 3 .5 1 , 500nV
| M and ZM“WSL@I‘I?g%ngOQF?N‘Faﬂﬁn th‘ﬁl{‘ﬁi‘?ﬁl Pﬁ@mm@%@@@@%@m’ $¥resol ved
on 4- 12%:3R%1, 62.5mM2QbYRAM Y2 RRMIEs @Rk, 1 W& dan Naeer e ei ther stained or

el ectroblotted onto a nitrocellul ose 15 nenbrane. The menbrane was

probed with either 1:200 dilution of no nti-20$ prote nti body
that recogni sd@chgRitigg frgiayyaneallscisd aﬂ&i@” iYa§te Veﬁ‘fonrﬂ)ﬁz%p@iﬁ? human CD9

ant i body ‘polyacrylamide gels. The gels were either stained or electroblotted onto a nitrocellulose

15 membrane.

The membrane was probed with either 1:200 dilution of mouse anti-20S proteasome
antibody that recognises the alpha subunits or 1:50 dilution of mouse anti-human CD9

antibody.

The secondary antibody was 1:1250 of HRP conjugated donkey anti-mouse IgG

20  antibody. All antibodies were purchased from Santa Cruz.

The bound antibodies were visualized using HRP-enhanced chemiluminescent
substrate (Thermo Fisher Scientific Inc., Waltham, MA) and exposure to an X-ray film. Silver
stain was done using a commercially available SilverQuest™ Silver Staining Kit (Invitrogen,

Carlsbad, CA).

25  Example 2. Results: Fractionation of Conditioned Medium by Anion Exchange
Chromatography

The aim of this Example is to determine if exosomes in this MSC conditioned medium

(CM) were charged and could also be ipuriﬁed rapidly by ion exchange chromatography using



The secondary anti body was 1: 1250 of HRP conjugated donkey anti-nouse |gG
20 anti body. All antibodies were purchased from Santa Cruz. The bound
ant i bodi e§0wer208vi4dual i zed usi ng HRP- enhanced chem | um RETESER011900L r at e
(Therno Fisher Scientific Inc., Waltham. MA) and exposure to an X-ray film
Silver stain was done using a comerciaPPy available SilverQuestTM Sil ver
Staining Kit (lnvitrogen, Carlsbad, CA). 25 Exanple 2. Results:

Fracti onati on Wt fiGonaiatddehe € M/Bdit bynabipn ArclengErivhematpgraphy ¢heueghaphy WO
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presence Rfoctdrl with SX6sbARS afd Rl h SRIYTMBS decAIGDH) MISET ,lm'h exosones and
found in exosonmes secreted by MSCs [2,3]. As shown in Figure 1, CD9 was

found to be bounq by .the anio esins at .8 and 5 were elute hj gh
NaCL concent r abi Sgring o @Péwaﬁgowﬁéf’ %?E@"@@ays@ﬁ@@%?%n%@g{%%ﬁ/
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for brain tunor exosones as previously reported [1l]. Exanple 3. Materials
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Chr omat ogr aphy _10Condi ti oned .m::i‘if um é%/tl was fractionated by |Ion Exchange
Chr onat oé?’%fﬁﬁé“%‘?"r‘?@oraescac?rﬂ%‘flws [p° labl e spin col urm Pierce Strong
Cation Exchange Spin Colums (Therno Fisher Scientific Inc., Rockford, IL).
Briefly, ExmmpleBuNMatevisis hnd Methqds:|Eriactadredion of ICobddRined(Vikdlimadby Gationt at e
buffer, . 5. 8?' irg CM ilﬂ] 100 [IL PBS was then | oaded onto the col um,
spun at anggUhEematogEaly,s  The col urm was t hen washed sequential |y
with 1004 of 20 mM sodi um acetate buffer pH 5.5 containing increasing NaCl
concdot r at i on Gdralitidned meididm EON) tkb frhafidnattadMy [dniixcidimbt Choorhato@adpivt usizg SVl
125mM , 250mM 500mM 1M and 2M NaCl. Each el utin raction S cql ] ected
and 10 i |14 comjpgreialy aw@aleoﬁmcowz@@ gﬁg@e Sirong %}%Fg@?%sd)én ng@nsfﬁheram s
were eit hghes kiRt Ric. Roekfor@t ptted onto a nitrocel ul ose 20 nenbrane.
The nmenbrane was probed with either 1:200 dilution of nmouse anti-20S

pr ot easone anti body that recognises the alpha subunits or, 1:50 dilution of
nouse ant i - huriliefopthesetumypyps first equilibrated withel Wt By podiNm asste Mter1: 1250

of HRP- ey ygab: CionaNoR piss P Rerl AGIZRARS iRQfum shuPRt0ROd £hir yeT @

pur chase rom
15  mins. The column was then washed sequentially with 100pL of 20 mM sodium acetate buffer

pH 5.5 containing increasing NaCl concentration starting with 500 uM, 1mM, 2mM, 4mM,
8mM, 16mM, 32mM, 62.5mM, 125mM , 250mM, 500mM, 1M and 2M NacCl.

Each eluting fraction was collected and 10 pL. was resolved on 4-12% SDS—
polyacrylamide gels. The gels were either stained or electroblotted onto a nitrocellulose

20  membrane.

The membrane was probed with either 1:200 dilution of mouse anti-20S proteasome
antibody that recognises the alpha subunits or 1:50 dilution of mouse anti-human CD9

antibody.

The secondary antibody was 1:1250 of HRP-conjugated donkey anti-mouse IgG

25 antibody. All antibodies were purchased from Santa Cruz.

The bound antibodies were visualized using HRP-enhanced chemiluminescent
substrate (Thermo Fisher Scientific Inc., Waltham, MA) and exposure to an X-ray film. Silver

stain was done using a commercially available SilverQuest™ Silver Staining Kit (Invitrogen,

~ 1 1 AN



The bound anti bodi es were vi sualized using HRP-enhanced chem | um nescent
substrate (Therno Fisher Scientific Inc., Waltham M) and exposure to an
X-ray filW0281208841stai n was done using a commerci al | y R€AISGAOI1800441
SilverQuestTM Silver Staining Kit (Invitrogen, Cliil rlAS WO

2012/ 087241PCT/ SG2011/ 000441 40 Exanpl e¥. "Results: Fractionation of

Condi ti oned Medi um by Cati on Exchange Chromat ography Consi st ent

wi t h t he Exaanple 4. ResmitsEK vangionation pf Gondisioned dheddimtbycCatiorblixddwanigen exchange
chr omat ogr.a gﬁgat .5 revealed that CD9 was present in the flowthrough
and 5was Y the resin (Figure 2). Exanple 5. Conclusions 1

The pl of exosones secreted by MSCs is acidic in contrast to basic pl of
tunor ex osonesC({n:tijstenﬂ' Wweh dicoresyltstfiting Esénople If, fractidnatibn pSthe tGMtbytchtitdm di f f er ent

types of e o coul d have different 02. This.di

Y by des CXCHBER GROTBIoatS Agal S BB Y s RSttt sy R Gl

t hei r5Chabl72g%tboundbythg’resml:fﬁgﬂr@ghnm ogy could be used to purify or
enriched for differént types of exosomes fromdifferent biological fluids

or cell-conditi gngd medi um for therapeutic and di agnosti c purposes. 15
REFERENCHZample 5. Conclugipnter My Al zate 0, Dechkovskaia AM Keene JD,
Sanmson JH, et al. (2009) Proteom c and i nmunol ogi ¢ anal yses of brain tunor

exosones. FasdabTde gBof eh@4dmddedreted by MSCR is doidic Rf:eon&hﬁhalbaﬁc plLefuMyt Sze
NS, Choo A et al. Si 010) Exosone secreted by MSC reduces rryocardl al

i schem a/cexepaeis]-d eﬁefﬁr&rtbls shpwhfardhq firgedmg thay diffepers typeg of exogpmprgcould 5| an
F, Tan S A, et al. (2010) Derivation and characterization of
human fe?rgl Jﬁg&ﬁemﬁr}& alternative cell source for |arge-scale production of
cardioprotective mcroparticles. J Ml Cell Cardiol 48: 1215-1224.

Pan, 18. T. & Jchitbisshideremeenn pEatayidss armeshed terlistingpish op/aedpurély egosangg on the

mat ur at i iculocytes in vitro: selective externalization of
t he rece[c;'@tg?)lg’J f%ﬁ%ﬂﬁgg 967-978 (1983). 25Thery, C., GCstrowski, M & Segura,

E. Menbrane vesicles as conveyors of immune
3. This technology could be used to purify or enriched for different types of exosomes

from different biological fluids or cell-conditioned medium for therapeutic and diagnostic

purposes.
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20121 Ba7 3 TR0 T T T A T R G R P escrti
mesenchymddes farvaoging oquatikiicteatisn sthichsaranbwerwstortikgse tskidledt motécolanpiolayng

separating the enchynal, stem cel.l particle on the basis of its negative
char ge. 5%?%@%%?% aa§H§6W8?ﬁ@qum"%ﬂﬁ?ﬁ?p%ﬂﬁéﬁc%gﬁ%rises: (a) providing a
conposition conprising nesenchymal stemcell particles such as a
mesenchymal stem cell conditioned medi um (MsSC-CM ; (b) applying the
conposition conprising nesenchymal stemcell particles to an ion exchange
resin to enabl e nesenchymal stemcell particles to bind to the ion exchange
10resin; and (c) eluting bound nesenchymal stemcell particles. 3.A nethod
according to Claim1l or 2, in which the conmposition conprising nesenchynal
stemcell particles is applied an anion exchange resin such as an anion
exchange spin col um.



154. A nmet hod according to Caim1l1, 2 or 3, in which the conposition
conprising nesenchymal stemcell particles is applied to the ion exchange
spi n col WA 2812/087244| kal i ne pH such as pH 8.8. 5. A net R6&/S&EEM8MHY to any
preceding claim in which nmesenchymal st4 mcell particles are eluted at a
hi gh salt concentration, such as a NaCl'concentration of 50011M or nore,
1mM 20 or nore, 2mMor nore, 4nMor nore, 8mMor nore, 16nmM or nore, 32nM
or nore, GAIBWM or nore, 125mM or nore, 250nM or nore, 500nM or nore, 1M or
nore or 2M NaCl or, nore. . 6. A nethod according to any preceding claim

whi ch corfpri s &% M08 Of iPHE Fiea Bepngh %‘H%Lﬁ‘ﬁ@ cgt ParHgle speh gy cxqsUie ey CDo,

or both, y(&ﬁlgjr S,
for exarrp éelhigldn lsm@%@%f‘%%%sﬂ%&ﬁ%&“@?&t? lﬁ g;% lcféso(tﬁjfeglg](])ﬁrrgL %)fsﬂﬂlé%glgg{tlgd by

an anti - 208gpr ot easone anti body that recogni ses the al pha subunits or in
whi ch CD9 is detected by an anti-CD9 anti body, or both. 7. A nethod

20121 0879a1pC) SEIBTTFOBRRRL STl Ko o G i of ogi cal  pr oper ty

of a mesenchyrmal stemcell such as a biol ogical activi tg/ of a mesenchynal
stem cel | condxprovidmgrrexdmpestivBComRp)ising mese)@émabst@arcé opitistes seghoas.a 8. A

nmet hod accor?g?&egc%g%gygF&%%ﬁ% (gtlgl.lle%ll{l%ddfllg dg;t‘g ‘| z he mesenchymal stem cell

S5particle: ucing rnfar "for exanple as assayed

in a nouse or acar di al chem a, an b
o capabie of (PLihrliihgtsEoambRyan SoReiny BESRaARnt L L adhs lonighti o ¢
vitro assay ofexfifcesamh eenhamk %s&dﬂ%%l’dtélﬁ'é@l@ﬁa@@ie‘s téIsial o thle%&éx&xﬁﬁ@ér Ises
a vesicle such as an exosonme, for exanple conprising at |east 70% of

protdPns in aneswg@dchymal stem cell conditioned nedium (MSC-CM; (d)
conprises a conpl ex of nol ecul ar wei ght >100 kDa, for exanple conprising
prot ei ns of <10Celitideg bound mesenchymal stem cell particles.

3. A method according to Claim 1 or 2, in which the composition comprising
mesenchymal stem cell particles is applied an anion exchange resin such as an anion exchange

spin column.

15 4 A method according to Claim 1, 2 or 3, in which the composition comprising
mesenchymal stem cell particles is applied to the ion exchange spin column at an alkaline pH

such as pH 8.8.

5. A method according to any preceding claim, in which mesenchymal stem cell particles

are eluted at a high salt concentration, such as a NaCl concentration of 500 uM or more, ImM
20  or more, 2mM or more, 4mM or more, 8mM or more, 16mM or more, 32mM or more,

62.5mM or more, 125mM or more, 250mM or more, 500mM or more, 1M or more or 2M

NaCl or more.

6. A method according to any preceding claim, which comprises detecting the alpha

subunit of the 20S proteasome or CD9, or both, in eluted fractions to detect mesenchymal
25  stem cell particles, for example in which the alpha subunit of the 20S proteasome is detected

by an anti-20S proteasome antibody that recognises the alpha subunits or in which CD9 is

detected by an anti-CD9 antibody, or both.

7. A method according to any preceding claim, in which the mesenchymal stem cell



(e) conprises a conplex of nolecular weight > 300 kDa, for exanple
conprising 15proteins of < 300 kDa; (f) conprises a conplex of nolecular
wei ght > WOGOIKBZ41 (g) has a size of between 2 nm and POG/S&W11HMH1 as a

size of between 50 nmand 150 nmor a size of between 50 nmand 100 nm for

exanple as determned by filtration agal4 st a 0.21AMfilter and

concentration agai nst a nmenbrane with a nol ecul ar wei ght 20cut-off of 10
kDa or asongrisingiahlsdstiope bicdegiead praficely o6 & apspenchympl siers call Bydrasyelpicak adi us

of "bel ow 100,17, SUCH RS, BELNPEM ARGHN 30 IR AN, EQYY, 70 Ay fiet veen about

40 nm and“a nm -suchas ween a nm nm such as
about 50 candioprotecttoranpl e as determ ned by | aser diffraction or dynamc
light scattering; 25(i) conprises a lipid selected fromthe group

consisting of:, phgsphol i pi d, phosphatidyl. serine hosphati dyl .inositol,
Shosphat Ryl - hBIETRE Aeesriingn et paccing dairhdt Wi BOPREMEM Blout 881 e,

st er okds paftfepd.esterol, for exanple in which the chol esterol phospholipid
ratio is greater than 0.3-0.4 (nol/nol); enninricec a linid raft-

WO
2012/ 087241PCT/ SG2011/000441.45 (k) is insoluble in ngn-ionic detergent,
or af er abl y Tr (EGH EREBS, oL (L4ucire To{REH st doT DiABIRLY SEh o8 ot ROVS U E Mg bt
speci fied in (fnyocfHiaPischdrhiadHBeéRuBh injufyemi n in the conpl exes of the
nol ecul ar wei ghts specified in those claifns, when the particle is treated

with a non-ionjg T S i.td AN f bly
20 M cycl odentFi G en e il R b eI EHE AR o b Bl F aRe
causes subst anffhadrodérspabxitic di,M-indueed cathdeates specified in (d), (e) or
(f); (n) conprises ribonucleic acid (RNA), preferably in which the particle
has ap absor basc®nipriseDa 0dsicle Such26@n 28650h18) for bR{rpleconprisingat RasgMObacke
antigen selected fromthe group consisting of: CD9, CD!I 09 and thy-1. 9. A
met hod of prom@F%I%ﬂmWWIS‘%ﬁﬂw&uoﬂﬁﬁl predivg ddeh-@):an exosone,

t he
(d) comprises a complex of molecular weight >100 kDa, for example comprising

proteins of <100 kDa;

(e) comprises a complex of molecular weight > 300 kDa, for example comprising

15 proteins of < 300 kDa;
(f) comprises a complex of molecular weight > 1000 kDa;

(g) has a size of between 2 nm and 200 nm, such as a size of between 50 nm and 150
nm or a size of between 50 nm and 100 nm, for example as determined by filtration
against a 0.2uM filter and concentration against a membrane with a molecular weight

20 cut-off of 10 kDa or as determined by electron microscopy:

(h) has a hydrodynamic radius of below 100 nm, such as between about 30 nm and
about 70 nm, between about 40 nm and about 60 nm, such as between about 45 nm
and about 55 nm, such as about 50 nm, for example as determined by laser diffraction

or dynamic light scattering;

25 (i) comprises a lipid selected from the group consisting of: phospholipid, phosphatidyl
serine, phosphatidyl inositol, phosphatidyl choline, shingomyelin, ceramides,
glycolipid, cerebroside, steroids, cholesterol, for example in which the cholesterol-

phospholipid ratio is greater than 0.3-0.4 (mol/mol);

(M comnrices a linid raft-



met hod conprising separating the particle from other conponents of a
conposition such as a nesenchynmal stemcell conditioned nmedi um ( MSC CM
based on WAa0&8724510. A met hod according to C aim?9, inPaliS6GR0tINE0HEL hod
conpri ses ani on exchange chromat ography. 11. A nmethod according to C aim10
or 11, in which the nethod conprises th&5use of an anion exchange spin
col um.

(k) is insoluble in non-ionic detergent, preferably Triton-X100;

() is such that proteins of the molecular weights specitied in (d), (e) or (f) substantially
remain in the complexes of the molecular weights specified in those claims, when the

particle is treated with a non-ionic detergent;

5 (m) is sensitive to cyclodextrin, preferably 20 mM cyclodextrin, such that for example

treatment with cyclodextrin causes substantial dissolution of the complexes specified
in (d), (e) or (f);

(n) comprises ribonucleic acid (RNA), preferably in which the particle has an
absorbance ratio of 1.9 (260:280 nm);

10 (o) comprises a surface antigen selected from the group consisting of: CD9, CD109

and thy-1.

9. A method of producing a mesenchymal stem cell particle such as an exosome, the
method comprising separating the particle from other components of a composition such as a

mesenchymal stem cell conditioned medium (MSC-CM) based on charge.

15 10. A method according to Claim 9, in which the method comprises anion exchange
chromatography.
11. A method according to Claim 10 or 11, in which the method comprises the use of an

anion exchange spin column.



