WO 2012/ 053976PCT/ SG2011/ 000362 1 USE OF EXCSOVES TO PROMOTE OR ENHANCE
HAI R GROMH FI ELD The present invention relates to the fields of

medi ci ne,woebi2/d3s@kogy, nol ecul ar bi ol ogy and geneti cs. pElisg20m0edssk on al so
relates to the field of cosnetics and nedi ci ne. 5 BACKGROUND

Andr ogeni ¢ al opeci a (al so known as andrdgenetic al opecia or al opeci a

andr ogenetica) i f i j n Vari ants
appear i both ST GhaRoneREs T8 AEABTE pEENHANGS Halk HWaH,
orangutans. In humans, this condition is also conmonly known as nal e
pattern bal dness. In classic 1lOpattern baldness, hair is lost in a

wel | - def [%@rpattern begi nni ng above both tenples. Hair also thins at the
crown of the

head is Ieft.$$%ﬁfsq§h§%8 O%gtt%%ﬂq@éﬁaaiggﬁgdkpbboéﬁg bg? ?ﬂ89&8n29nay
rarely paapgestcd Thizan@nebe alsalrdmesﬁ)thvvﬁﬁhrnfdmmemcssanﬂfrmdmhasm c nmale
pattern bal dness, instead the hair becones thinner around the whol e scalp,

and t?e Eakkliggﬁgoes not recede. This is dubbed "female pattern

15baldne y occur in nmales. This variety of androgenic alopecia in
wonen rarely ﬁﬁt?r)geﬁlg ago?)%ali A8 BRRRPas andro enﬁ a%ﬁe%ayoroaﬁ n&@ﬂ%tnliﬁ) tadta)
possi bly enviro nt al actors apparentrf play a role i n androgenic

al opeci ais thé tibstugimmesease behisr lossyia Huarmys.sYartinecthppba if hothonen grvbwomeay. It
contribute to this condition, remai n unknown. Mnimally, pattern hair
loss is ?é?ﬁf%ﬂFHﬁthBP%Bﬁﬁka%b@@P%ﬁ Sandr ogens, particularly

di hydrot est osterone (DHT). Androgens are inportant for normal mal e sexual
devel opnent baf lwneariai ﬁhﬁsh:o&ddlodllltf il&gcmhenly%nom%m@émpata:m ballaass. lntdhessic

i mportant functions th male d fermal e such egul atin air
o Dvdh aRRteg RalgRGAghair is Tostin & el g RS B eiRoes aPavemRb kg Sogati i

sensi ti V{htan Rihd@bivn P 'tﬂe' Heh&S0fih Pl of BRirSir AR S d6LARIGSar ST thd Eéa%%s Te@t.

shrink or "mniraturize”. In turn, this shortens their |ifespan and
25pr evenﬁ"hlstthmmﬁpatiqmps dubkeid h‘@h]brmcratlndnamg”)andm@eﬁtdlypltoﬁeesem @tmli’igte

quest i onPHREs QS RBREBnT TR R RSB AR dRucd h BB a oy

of men, Bduhd tRSShAOs Jpﬁﬁ&ﬂfe&laﬁlmé BGestoR r@kbdd. IMdissis dlbbedFEEmAX patdra, it has
been suggested that androgenic al opecia is a consequence of the anabolic

ef f ebl obaldrss deyshmay aedur smalss.nighavariety of androgenic alopecia in women rarely leads

to total baldness.

A variety of genetic (and possibly environmental) factors apparently play a role in
androgenic alopecia. Although researchers have long studied the factors that may contribute to
this condition, many remain unknown. Minimally, pattern hair loss is related to hormones

20  called androgens, particularly dihydrotestosterone (DHT). Androgens are important for
normal male sexual development before birth and during puberty. Androgens also have other

important functions in both males and females, such as regulating hair growth and sex drive.

Male pattern baldness is caused by a genetic sensitivity of hair follicles to DHT. This
hormone causes follicles to shrink or “miniaturize”. In turn, this shortens their lifespan and

25  prevents them from producing hair normally.

Recently the existing theories have been challenged on the ground that while the
androgens in question are responsible for hair growth on the face and all over the body of
men, hair loss only occurrs at the top of the scalp. For example, it has been suggested that
androgenic alopecia is a consequence of the anabolic effect of androgens such as hormonal

30 changes leading to structural changes in skin and scalp which in turn cause hair loss.



30changes | eading to structural changes in skin and scalp which in turn
cause hair loss. WD 2012/053976PCT/ S&011/ 000362 2 Tr eat nent of

al opeci a wengessts7em canouf | age neasures, such as hair pipeess26nMHoV¥cYS,
colouring the scalp to disguise thinning, and cosnetic thickening products
to give the illusion of greater hair volunes, through to nedica
intervention, such as hair transplants and treatnment with drugs. The U. S

Food and Dr ug TAhfh&itSif aRpeEh rdnigPNromagindpisgy/@dasafdsysuchas hagsiceatandmdgd, or
the treatnment of nale pattern bal dness; mnoxidil (Rogaine) and finasteride

( Pr opeci &9louring the spalp d fligguisq thiangs and pesmetig dhiskgning produgts i #xe (e illydan as
an oral I i I L,poxi di | was
di scover ggg@ %&hgé\}}eg(?ﬂ)ene%’ﬁ%{ghgl? #%@%’ &g?lt?htgﬁ%ngérg%tﬁ ﬂ{ gsnwg@\éﬁlg Ptﬁ gh Eal dness.
Consequenthtyeni with kdeugs IBRSY . SUppoh andDrygoAdministration € DAY h&Dbpidedpnbyvado t o

mar ket a topical solution thaf contai ned 2% m noxi.dil _to.be used to.treat
bal dness mEAFaHensfor %éreagn%aémﬁﬁe,paﬁﬁmk@ﬂéwsw%@gﬂ RowiAS Bd TP RieTistsn

Qoj ect i vg)lgﬁécqlgnce shows that minoxidil is effective for treatment of

mal e-patternh hair loss in both the frontal areas and the vertex area of the

scal p. At the conclusion of .a 48 week study inErovenents were seen in the
vertex area r djnerdil gRogping) i a nasedilaiprerignglly visd paian oral drugA6episgm) do troat

i ncr easeélglh ?][le aﬁ]ﬁf e/ggsg%\}vt o@s&g%nﬁ@]&} nt Elgg?‘%gbﬁiﬁglhggég%eggg eg]?on% }%%lgéirgg}ﬁ of
men usi ngndidvaisimpbiattiness. Uodsagaemtty, 29thail 8804, HipjghndPatp@saion rqskived bDAiser s.
The chanism of action for minoxidil is actjon as

vasot al APRIPVHLY MaFKFL A IPicH) SpluHEn gﬁ%%?ﬂtﬂpg(g%ggﬁ\émﬁ@g% Ee BRsidde éfeahl?ag‘i'f%ﬁ%ﬁm s

or " K- channgdisioss RERGBHTe. ARNQUAR dPalfleCiitsid: thB®/grRst i mportant nat ur al
vasodi al ator, nitric oxide, whose structure mnoxidil incorporates. This

agent can alsg cause fqllicles in the tg]o hase to she sual ly .soon
to be repl ace@OIRFUNSGYIdencesheys Hat ?‘é“.ox)igl ‘ts%gfgﬁg‘ieﬁngm“ﬁnts&'ﬁ%Fﬁ’ﬁt?% haiTt ect

i S t enpoyAL yh BIA (OB e R 8RM MO FRIAEE JriR: deflp. WEHR doficiaiivn OF RAB WRK,
m noxi di |l needs to be applied regularly (once or twice daily) for hair

gai ned t stubp inprovcaientsdyerSicm ipflicecrexwidatregitng aloXi%diof menabindé pmindxidis and
cont Y t 3&‘%e11rsg{gc2° oer'\rgigoa%hlil,l and 13% of placebo users. Among these men, moderate to great
increases in hair growth were seen in the frontal scalp regions of 19% of men usihg 5%

minoxidil, 10% using 2% minoxidil, and 3% of placebo users.

The mechanism of action for minoxidil is not known. Its action as a vasodialator may
involve opening vascular smooth muscle potassium channels or “K-channels”, perhaps
20  through mimicking the most important natural vasodialator, nitric oxide, whose structure
minoxidil incorporates. This agent can also cause follicles in the telogen phase to shed,
usually soon to be replaced by new, thicker hairs. As the hair-growth-stimulating effect is
temporary and does not seem to change the follicle in any other way, minoxidil needs to be
applied regularly (once or twice daily) for hair gained to be maintained. Side effects with

25  minoxidil include pruritus and contact allergic dermatitis.

Finasteride (marketed by Merck under the trade names Propecia and Proscar) isa 5
alpha-reductase inhibitor of the type II isoenzyme. Finasteride is recommended as first-line
treatment for male pattern baldness. They may also be used simultaneously when hair loss is

progressive or further regrowth is desired after 12 months.
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It was originally FDA approved for treatnent of benign prostatic

hyper pl asi a ( BRi#s oaischal’pHOA byprovadion gedtment @ iphinrossicingerplista @RiyTe
responsi ble for the conversion of free testosterone to DHT. In 1997

fi nast er pribworks by dindnete Hylphireedystasnthy g2y s gesppaubldet the comyarsionaf fres n
Shal dness. Aepsnk§@dDipt udy reveal ed that 9 of 10 men taking finasteride (1
ng/ day) experienced visible results (42% of nen taking Propecia experienced

no further hair |oss while 48% experienced no further hair |oss and hair
regrowt h). | nlcl9%7i Geastesidgavasappiovadby diei e FDA fas the testinent|of mgde palieshn t o

wor k on th the.cro rea bl . i ul
o o cPatflesh 8 R QuRL RRCAPE S pP 1O b P st ) MlBR) RUFEFERLY
and 10er ¢igibld RselysHoncifingdh taling Propdcta expemenced awl@tiey hhir st athilsugeess of

finasteride in slowng hair loss, and it is a teratogen,_ posing a risk to
t he unbof¥PeEign¢ed.no furtger hayressgnd g segrpythy). Ingdiica %‘g@?’tﬁ%%“%\}&ebeen

f ound tom%xgdll iv&aﬁlsxo@ﬁg{ \%a&&ﬂs&m i & aRb gk tﬁ?r‘éﬁ%@%ﬁ:@?ﬁltqg mlkEemat ur e

hair | oss and the psy ogi cal 1 npact | as on surferers, there exists a
need f or swcessfig ilefeecdw erchabide bifeds of faasteeide itchate lowertedinmde hbidoraad or

15nat ural | y-deri ved. coppounds whi ch ma rovide a saf.er alter.native to the
L r ool rontt K ST Pl BF Ab MOl SO NP ST e A PP 8 S DT
aest het i sPraARSH it h eSatopbMORXg a risk to the vRBbRIdhEIdNgl y, it has been found that
a conposition conprising exosones nmay be used to pronote or enhance hair

growh. This is deppnstrated in the Ex | es. .The Exanpl.es al.sp 20 show
that such a cORPBE! WFEHAHASIWPOITETMBENPoRR PTG DACRFD: HSPEOR- 1ot

aspect Obixtéﬁ?{h@f]%ﬁ%?évaiéﬁ}{@@ﬁ piefanfehAF R 481 fehsidhBIdERAI RhpRPite%9sRME for
the preparation of 'a pharmaceutical conposition to pronote or enhance hair

growt h. Fuferghahemesists cededdonposia ¢fastimabaif loss reatmenhihaiceonigony ehtirebdn ng.
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available, and which retain usability and suitable aesthetic properties.

SUMMARY
Surprisingly, it has been found that a composition comprising exosomes may be used
to promote or enhance hair growth. This is demonstrated in the Examples. The Examples also

20  show that such a composition can also aid wound healing.

According to a 1* aspect of the present invention, we provide for the use of an
exosome for the preparation of a pharmaceutical composition to promote or enhance hair

growth.
The pharmaceutical composition may further enhance would healing.

25 The pharmaceutical composition may promote or enhance human wound healing or

human hair growth, or both.

The exosome may be derived from a stem cell. The stem cell may comprise a

mesenchymal stem cell (MSC).



human hair growth, or both. The exosonme may be derived froma stem
cell. The stemcell may conprise a nesenchymal stemcell (MSC). WO

2012/ 0539%6ReMm/ 08626911/ 000362 4 The percentage of acygrsoupimboiest
animals, for exanple C57BL/6J female mce, to which the pharmaceuti cal
conposition is applied which shOM/gromﬁﬁ of thick, straight hair may be 50%
or higher. It may be 55% or higher, such as 60% or higher, such as 65% or

hi gher, such abe po®smsagendfghaoup slitest angnalsHooexammph €6 7Bb/Phdepde vunt.dge of a
group of control, animals to which the pharnmaceutical compesition,.is not

2ppl | ed WRIOHMS P OE OmivriioR i Gphsd pichsap Syt sk wRinhar ) suc
as 35% Ofnak%\é@[)% SUfiPhed STt 2RYHRIS shOYERighdt Uilth 8§ 68%%6r MigHeP \WaEh asS6894 oS 20% or
| ower, such as 15%or |ower. The tine taken for a wound to conpletely heal

(conpl et bighet serhdsgdlr e higherasucb g 7% aitiighsl- t o whi ch t he phar maceuti cal
conposition is applied may be 90% or shorter than the tine taken for

conpl£te woungpg b&éwtﬁ%e! 8T Lo @b Dntr3DarTRalsQd wHdICte ?H&n&kaammp@dﬁmﬂion
conposition is not applied.” The time taken may be 85% or shorter, 80% or
short er, istE¥sppliedhvdricteshow owontlr obthinkt straiglgdréranayshrot'e or lowes 0 ps 3hidrarer .

The mean, tinme taken for conplete nd ,heal i ng i raup of .test.,ani mals
Lo wht chlotstrweB RS eI Ear el Grok Tioner S0 gy Re S8 7% Bhor t or
than thejgwan time taken for conplete wound closure in a control group of
animal s on which the pharnmaceutical conposition is not applied. The nmean

time taken may, be 85% or. shorte 80%, or, short er 5% or, shorter, .70% or
Shorter, 65% SPS SRETEREH 135 ROl R ctel heal (Bmplel e AR s /3y
conpi @t eanyianeh WEieh tHtGpHafndcctfi®d Ro@bodifsd isaipph@l SayBy 90% ok4hérteiQhdlaghs or 13
days. The nmean tinme for conplete wound healing in a group of control

ani mal s e tWenior guyplete groupd clpsure in a corptiel anégel aanwligh thsrphgrmagsubigal t est

ani mal s nay._conpr. . 7 6 se. C ri.se a
b1 opsy  pUTRCBHO 5O AR cThéira e R B ARYSSH spdtg, SOA IS PR G
conposi t slwitee,oilabnshogted Bpvgorahotta@ss ,508uetshageSl ag or 25l ess, such as 21,19
or less, such as Ittg or less, such as 0.51tig or less, such as 0.3 lig of

exosome may b%hg elali1 19nett8<etrlt}8r éoergrglet%r%\i/onl%ld ‘healing in a group of test animals to which
15  the pharmaceutical composition is applied may be 90% or shorter than the mean time taken
for complete wound closure in a control group of animals on which the pharmaceutical
composition is not applied. The mean time taken may be 85% or shorter, 80% or shorter, 75%

or shorter, 70% or shorter, 65% or shorter or 50% or shorter.

The mean time for complete wound healing in a group of test animals may be 14.6
20  days or 13 days. The mean time for complete wound healing in a group of control animals

may be 17 days, or both.

The test animal or group of test animals may comprise(s) a C57BL/6J female mouse.

The wound may comprise a biopsy punch of 177 mm? (15-mm diameter wound).

An amount of pharmaceutical composition containing 10ug or less, such as Sug or
25  less, such as 2ug or less, such as 1ug or less, such as 0.5ug or less, such as 0.3 ug of exosome

may be applied to the test animal.

The pharmaceutical composition may comprise 40 ug/ml or less, 20 ug/ml or less, 8

ug/ml or less, 4 ug/ml or less, 2 ug/ml or less or 1.2 pug/ml or less of exosome.

The pharmaceutical composition may be subcutaneously injected or applied topically.



The pharnmaceutical conposition may conprise 40 [tg/nml or |ess, 2011g/ml or
less, 8 lig/mM or less, 4 tag/nml or less, 2lig/m or less or 1.2 ig/m or
| ess of ew00ms397W0O 2012/ 053976PCT/ S&2011/ 000362 5 PCT/RGR20B006360E Ay
have a size of between 50 nmand 100 nm as determ ned by el ectron

m croscopy. The exosone nmay conpridse a conpl ex of nolecul ar wei ght
>100 kDa, for exanple conprising proteins of <100 kDa. 5The exosone may

conpri se a Coat exos8metayEigavk arsiaif Gbtween 30Gink&ial 1(00im ex depinginedbpr i si ng
proteins of < 300 kDa. The exosonme may conprise a conpl ex of nol ecul ar

wei ght >CIEQBeN MEEOSCOPY.  The exosome may have a size of between 2 nm and
200 nm such as a size of between 50 nmand 150 nmor a size of between 50

nm and 100 nMrhé exosBNRMMAyEcaREpribe hebmplachiiold@iiid weiglht 00 &gPal Agtexample2t t M
filter and concentration aﬁalnst a nmenbrane with a nol ecul ar wei ght cut-off

of 10 kDgomprising prfineslosldfekay have a hydrodynani c radi us of bel ow 100
nm such as between about 30 nm and about 70 nm between about 40 nm and

abouts 60 nm sye Qx&%n&%z‘!ﬁ&ﬂnﬁ%@ %tcoﬂél&mﬁﬁkqe@ﬂwei%lg SO0 1SVE FoPskaipeit 50
y

nm for exanple as deterrine | aser diffraction 150or dynamic |ight
scat t er i pgmpfising prodeing ele< 360 kBa present invention will enploy, unless
ot herwi se indicated, conventional techniques of chem stry, nolecul ar

bi ol ogy, ni cr g ekoBihe hACOTMIRARRMEASTIndIREIAAN QN> YU0HDAr € Wi thin the

capabilities of a person’of ordinary skill in the art. Such techni ques are
explained in the literature. See, for exanple, Sanbropk, E, F.. Fritsch,
20 and T. ManiTHe FEOSOMSADAY NiyE SctAe A DevEsn g wod 2050, B apA #5107 PEREERd

Edi tion, g@gﬁﬁaﬁxdlrs%’ ﬁ%gsi%a'fﬁawka{mﬁmlaaﬁqt)@m{, Ym%{xﬁﬁ%le a@lal%te%hned% M et

al . (199 periodi c supplenments; Current Protocols in Mlecular Biology,
ch. 90 18jtraiod agfinsthohPuM filey ad Somentridém Agaimkt a MeibygneByvithRomoletula€r abt r ee,
and A. Kahn, 1996 PNA | sol ati on and Sequenci ng: Essential Techni ques, John
Wley & 96iht cut-ofipl BAkRR and James O D. McGee, 1990, In Situ
25Hybri di zation: Principles and Practice; Oxford University Press; M J.

Gai t (Editor) Thd98dkome may have 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

15  or dynamic light scattering.

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, microbiology, recombinant DNA
and immunology, which are within the capabilities of a person of ordinary skill in the art.
Such techniques are explained in the literature. See, for example, J. Sambrook, E. F. Fritsch,

20  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
Techniques, John Wiley & Sons; J. M. Polak and James O’D. McGee, 1990, In Situ

25  Hybridization: Principles and Practice; Oxford University Press; M. J. Gait (Editor), 1984,
Oligonucleotide Synthesis: A Practical Approach, Irl Press; D. M. I. 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

30 Harbor Laboratory Press, ISBN 0-87969-544-7); Antibodies : A Laboratory Manual by Ed



A i gonucl eotide Synthesis: A Practical Approach, Irl Press; DD M J. Lilley
and J. E. Dahl berg, 1992, Methods of Enzynol ogy: DNA Structure Part A

Synt hesi swentihysiscal Anal ysis of DNA Met hods i n Enzynmpegg20Amaskeni C
Press; Using Antibodies : A Laboratory Manual : Portable Protocol NO | by
Edward Harl ow, David Lane, Ed Harlow (1999, Cold Spring 30 Harbor
Laboratory Press, |SBN 0-87969-544-7); Antibodies : A Laboratory Manual by

Ed WO 20k26Q98216R D4R e (K8 2988, Idaild Sprinddaibor ) abdiaeiydPess)éSBRAI-t or )
(1988, Cold Spring Harbor Laboratory Press, ] SBN 0- 87969-314-2), 1855.
Handbook 8896%% Lig2)sd B hlangboaknftldye pprerpingkediter by RasakHghng Sesthabhavat hi  B.

1T G L 8 Y M R S S

Ref: A Han ecl p her Reference Tools for Use at
t he Benchab RefliA Bdndtaok oRBekipes Reagentd, add Ofted Refaenc20Rid]s fGoUde Spthe Mgnélar bor

Laboratory, | SBN 0- 87969-630-3. Eac e .general texts i in

i ncorpor Sfeed WerRé‘P'éﬁ“é%%@.L‘Bgﬂ %ﬁdgﬁﬁs%@gé‘éﬁiaigﬁ rt}g’lréfﬁ@%tory’ﬁsgﬁ{:&gure 1
is adia Re2liekl) YR HERGS BichipBRlt&Pbyididteiict her exosone (A)
or sali ng??égég{)wc%%hgf?%%gégg@té(/&) andcd{z;]l))%; 9t ([334). ?LOIgi gure 2 is a

di agram show ng a conpari son_of the rate of wound cl osure between sali ne,

CM and eBBSFHRESGRIBTIONAF HHoFISUREBased on digital inmages of the wound taken
daily as denonstrated in Figure.l, the wound area in eac use for h
treat nent gr ogtg‘%’ai‘ ‘é‘@%rﬁgkflﬂ'ﬁﬁ’éf“%%?eﬂ?éqs?%ﬁvea@g?ﬁ?stfea{eﬁemph?1 eéFx%BHﬁgaér ea.
Fi gure 3.} saulige dBR&I A IREVK Ak€da .closure and hair growh of

pi gs. 15§/1 ddl gchl unﬁos((hf}}g)\r)msugq gp’%i g di}i,/\i@gg? into four quadrants with 10

wounds per quadrant. The wounds.in the right .upper quadrant were treated
it hIGondl t | R e LAREROHPYESS: EoimRASEEN PEe Teye! YEHBS FlogHE Beptsn
quadr ant sﬂﬁehCWﬂJ@gs&rﬁ@trEzﬁﬁfenP@B@ﬁS. B A digMAItiMagesvTanBwbiRMakerESE1yEL

MSCs (El exosone) and the left |ower quadrant with exosone from

myct r ans hoderrohstra€8dn EigukSCshe wpundares omedch maise fogreach irggimentogranmwas
representative vvod;nds *20 from F%Chn' f1 tgendqau.rj&dr ant two weeks after wounding
of the sRIASUShAERAParestagA st RS Imis vl ¥hoved and phot ogr aphed.

Condi ti oned nedi um or exosone-treated wounds showed increased epithelial
coverage and Raiure gisondingiaar showdr)g enhanced woundicdesuee ahdj hairggraivtigeianegs howi ng

enhangced nd ¢l osure on human.ski.n. Skin sanpl e different days-after
Cr eat fonMidiiEiofsT By ot Bkt Do TeamRET: M ptihde R e R
25supr avigoghddehe RERBIpPEYdiadranPivdie tedatddnige Sontleti dhell akeRum RogHREES).ES a
di agram showi ng enhanced wound cl osure on_human skin. Wund area of
MSCs (E1.CM), the right lower quadrant with saline, the left upper quadrant with exosome
from huES9.E1 MSCs (E1 exosome) and the left lower quadrant with exosome from myc-
transformed huES9.E1 MSCs (myc exosome). Left and right columns: representative wounds
20  from each of the quadrant two weeks after wounding of the skin. The scab from the wounds

were removed and photographed. Conditioned medium or exosome-treated wounds showed

increased epithelial coverage and hair growth (arrows).

Figure 4 is a diagram showing enhanced wound closure on human skin. Skin samples
at different days after treatment with PBS (top) and exosomes (bottom) were stained with a

25  supravital dye, hematoxylin. Digital images were taken.

Figure 5 is a diagram showing enhanced wound closure on human skin. Wound area of
each skin sample treated with PBS (blue bars) and exosomes (red bars) as determined in
Figure 4 above was plotted against time. The wound size for each sample at day 1 was

normalized to 100%.



each skin sanple treated with PBS (bl ue bars) and exosones (red bars) as
determ ned in Figure 4 above was plotted against tinme. The wound size for
each sanpke 20i2/0@39761 was normalized to 100% WO PCT/SG2011/000362

2012/ 053976PCT/ SG2011/ 000362 7 DETAI LED DESCRI PTI ON This invention is
based on the surprising discovery that é&xosones derived fromand secreted
by stemcells such as nesenchymal stemcells are capable of pronoting or
enhanci n@ehaitepdMEsdRIeTIONCh exosones are capabl e of pronoting wound

heal i ng. 5We therefore describe a conposition for the treatnment or

preventi on of Thaiinvdntss isbudédon thesufprsmgtdisovaly thaiexosoampsdatimedromrandi ng an

exosone and optionally a dermatol ogi cally agceptabl.e carri er.. We al so
descri beSaTFied Audtemgiells hs s SR Ta] BTN HRGAPER FEFPMOBES L FRIFBF hEne
promot i OR,iPhrd¥th ! SUCRBXOWYnibs amae)abl%tfhsgﬂn&mgmlﬁﬂ%ehmg.appl ication to the

skin of a 10conposition as described above. Most commonly, the area
of the skin to which the c,orrpositiqni?a‘?plied w1l be t.hefscal , Id(Zf
the cdnpositi &Y (ereforpdesszibg acgmpanian fardhe treaiment oy preyentiept haiplosgandigrh o

areas ma e%oﬁUii&@% }Fag]; I%%I‘SO%RH u)r?lﬁ}iéif?? an E¥softann Io?ti&rpallpra%%ﬁtoi@aﬂyom h of

eyebrow hair, or 15In"addition to treating Or preventing hair
| oss andacrppblermatrierg t he grow h of the hair, the nmethods and conpositions
descri bed here may al so i nprove the appearance of hairs to which the

conposition i | . i i i (Wi i | ustre,
condi tion and%vﬁgﬁg%g%gflP?fggE mogphg&ﬁge?&énbgr &%bént%%ffal?ﬁﬂ%\ré agg/g%itrni:ébe an
articl e pfonmmaivufcd binizregrowti, aihiihngethod ominpades dosappcdtomn Agpkapar@d f rom
exosones, packaged for retail distribution, in association with

i nst FYct PYRBOSIHN & écrfkf?gag%"surrer how to use the product to pronote hair
growt h. HAI R GCROMH Exosones as described here may be used in the

prepar ati on oMdosagmohlyt the akea of the skt anwhieh ke congpositioh,is asplidd svilded they t he
user, or to prevent a decrea in hair growth in a_ 25subjec i.ncl udi ng
opti onal F%Pllbﬂ-eprtwmlt\%%ﬁ%ﬁé‘é? fQppmbRhpRIr lostan thedise; aa'a(éthﬁéarﬁgsed to

manuf act YLe veQLiTAHIATdr AP GHBh HoP b Rn X RSHBRRDte the growth of eyebrow hair, or

eyelashes.

15 In addition to treating or preventing hair loss and/or promoting the growth of the hair,
the methods and compositions described here may also improve the appearance of hairs to
which the composition is applied, eg by thickening the hair and improving the lustre,

condition and manageability of the hair.

We further describe an article of manufacture containing a topical dosage form
20  prepared from exosomes, packaged for retail distribution, in association with instructions

advising the consumer how to use the product to promote hair growth.

HAIR GROWTH

Exosomes as described here may be used in the preparation of dosage forms to
promote hair growth, as desired by the user, or to prevent a decrease in hair growth in a

25  subject (including optionally of promoting wound healing).

Thus, the exosomes may be used to manufacture formulations containing exosomes.
Typically, the formulation will be suitable for topical administration to a mammal. More
typically, it will be used to promote hair growth. Such formulations will generally be applied

directly to the scalp, especially to those areas in which hair is absent, or thinning. The dose



Typically, the formulation will be suitable for topical admnistration to a
mammal . More typically, it will be used to pronote hair growh. Such

for mul at iwogowidsborgeneral Iy be applied directly to the pcalsgomspeszal ly to
those areas in which hair is absent, or thinning. The dose WO

2012/ 053976PCT/ SG2011/ 000362 8 will vary, but as a general guideline, the
exosones will be present in a dermatol ogical fornulation conprising a

der mat ol agll ¢aly| yutae a gphabl giidaling ) the exavomes auild ba preséntfin erde@naﬂdlogiaallo ww %
and the dermatol ogical, fornmulation wll plied to the ar li)e
treated forpwatiopgompEisinga daamtg)logwsuiéawﬁiaé%qagrlerﬂfh%n ABEH Lo 8 0T 10

Present, Wy el ddtmloid i idmbafniff ppARKiolife Ry a5 RIRE M frbmbro
applied once or tw ce dailYy. The ations may al so be used to
treat pa#tiewssaibhMb@vepinaty, yletexesqaes \Ellhlwcbrbmnt in| mntlblﬁf ftoah il 69 8 W/Wat
they are_at risk of doin es . of such patients include those who
will ﬁe U 8&%@5%%‘%‘ b@ﬁ@ﬁgx‘ﬂ‘g% t\Xicf’ﬁ liy'drug regi men known to induce
al opeci a. Young adults experiencing rrent al distress at the thought of

bal di ng, espethaldrinutdtioaemay alsode 18w thept pdtii:htsnyhcolﬂavbaiodymssperﬁmechhesio
benefit from such prophyl actic. treatnent._Suc actic tr nment
enconpas &8 by belue that Phemr%%tsswgaﬂagrwg‘?m ¢ Ofosghgpamﬁ?sd%]flﬁ?lb‘ %tho
growth” | %M&Ef&lﬁnﬁﬂﬁr WS § diy feBinftn BRWN D RRRCcAAEEa! engt h.
Such |ncregts)§q?%é es I ncreased | ngth an /oglm)%rnowth rate gf %gl rlashafts
(i.e. foloucg adilts expaiepamgdnentatiiestress atibed thoughied baldingnespeeio Byl thege with a

t hi cknes SNet ho assessin tion.of hair qr nown in the
art g@d %“E}ydlé‘?em %@F?‘%@F%Wa&?&s g‘f‘?g?ﬁtg) Sl %rgpﬁylacn% WE'E?I}% lbcflﬁlt f or war d
net hod f gfopAFIBERSirE@mbRRS &Y@ﬂ?ﬂ&sedfbyhﬁé fert@l Binkoting Hajt drékdhfg a phot ogr aph
of ates area of the skin before and after application of exosone

conposi tion. The skin may 0 ;,on aved. for this

phot ograph is rQROHNE PR BFq ﬁfde¥§t1WH%Hn%6n Hﬁbﬁaﬁ%ﬁlm}&?g@gmﬁl&s ﬂﬁé‘f Togr aph
is then Ie%ﬁ@nn Sudti@icieRse 1ﬁ@l%§e§ 1Hcr@@deﬂ |EHoMARY /BBt o e AT Halr SBBIftDY . C Rllld1ed)g
any conbination of: (a) number of hairs appearing; (b) length of hair
appear i nierqasyd numlesk 06 alrmndfat mcegpgediainthicknesy. st rai ght ness of hair
appearing; (e) area of hair growmh. Were the skin is not shaved, the

rel eyant neas N/fﬁ%ﬂ%l@%? a§§@§'sn¥gepr\6‘hﬂ)hoﬁ 8ORdiAgloWth BRIAVNER the d éﬂlﬁdr%@&wb@&j

parameters, i.e., nunber of new hairs, increase in length of hair, increase
in 25t hi bklnwwdomtmaixamplmrease in strai ghtness of hair and increase in
area of hair growh. For exanple, hair gromh may be assessed in an

i ndividual . Ap iy th’oﬁg hm%ésg%lﬁ‘ﬂﬂ%%dt ﬁ@ﬂlalpmlstﬂﬁﬁklhg a

adm ni stered may y en anced hair growt h, as neasured by "any of the
par anmet epbotdgapl Df)aed:sa:irea/ef thofsklatbeﬂnaand 5i%r aapll¢3elast0f immatwtr@asmoufi%e at

| east 209%. at | east J?)% SO(V at 5.9, i. st_.409%. | east
4506 at rhndtovsgpnalh weklred58Rs PaporE ARy e TR Beay
70% 2@t LeaRd. K@efeorﬂtphb%%phag%en%keheﬁﬁé inBR%8e iathalr@aekth3R bagudneidsd b95%
at |l east 100%or nore. This may be conpared to hair growth in an
counting any combmatlon of: (a) number of hairs appearing; (b) length of hair appearing; (c)
thickness of hair appearing; (d) straightness of hair appearing; (¢) area of hair growth. Where
the skin is not shaved, the relevant measurements may be with regard to improvement in the
measured parameters, i.e., number of new hairs, increase in length of hair, increase in

25  thickness of hair, increase in straightness of hair and increase in area of hair growth.

For example, hair growth may be assessed in an individual. An individual to whom the
pharmaceutical composition is administered may display enhanced hair growth, as measured
by any of the parameters described above, of at least 5%, at least 10%, at least 15%, at least
20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least

30  55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least

90%, at least 95%, at least 100% or more. This may be compared to hair growth in an
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conposition is not adm ni stered. The enhanced hair growmh nmay be assessed
by nunberwofwesdsdisonal or thick or straight hairs. It waysoeiassessed by
an increased area of hair growmh. As a further exanple, a group of test
animal s may be assessed to identify ind9iduals 5which have thick, straight
hair. Such test animals nmay include any suitable animls, such as C57BL/6J
femal/e rTinf@leldllﬂh&) phichend pigﬁmm Qieuﬁﬁ@roﬁ)ﬁmo@lﬁoﬁ GSSrtotallfhinﬂﬁitsr,edfﬂfe eénhanqadehair
Co7BL/6J female mce, to ich the armaceuti ca sltlonlsapplled
whi ch sh&Wvgh st thegpsesseddy numheapgﬁf Z? h@gﬁkt% S@Bt&ﬂgbalﬁ, meay, besassgsses 5506

or hi gheB ﬁ%%a@édzﬁ@a/% {:%Ig such as 65% or higher, such as 70% or
hi gher, suc as /5% or such as 80% or hi gher, such as 1085% or

hi gher, such as 90% or h| gher such as 95% or higher, such as 100% or
hi gher . Aswf wrtker gxgmplgpa 5lfouw§fesa?n1malsgn@>sbeeaﬁé¢%%@1 eIHEY prhviditlage of

test S’im (Wﬁ ﬁnclggtr&gflt dl‘gi' ﬁ_ﬁh&ytegt}'ﬂnﬁfals% %&D&e srul lﬂetanﬁneﬂ? @u&{ §sat nment
group may al e asses e percentage f a group control’ animals to
whi ch thespharérmﬂﬁalbmeé Thepprehtagoof a gronptof&ppdmmdlsy\mekamﬂsle\ﬁzsgecwmh of

t hi ck, s raight hair y be 40% or. | ower, such as. .3 5| ower, such as
30% or ¢ MiGge fp Whic ichi, Rrnaggytical §HE‘HO%{§°‘2§%PBP“F shayefowd of sty

| ower , fg]%]gﬁlam{ r%g; %(%‘%f hi §]§é&0 E'ug%sdsgfg%)& HOME! such 46 bO‘%sor% 0RF. shOWEE , such

as 1% or or al t he above | npfovenents can be achi eved by
prol ongl ﬁ@%mr hagheer,\sach aﬂg70%agbllghelt huechgas b hordhglse, S)Ibhtahéo%alrrhlghpclsech a¥ by

From & afmad e P AR SE RSN aRP e 5B e Rk OB cor dor s

of hair growth relate to alteratl ons in the timng of the hair growth
cycle. The haWhege mgtdupcofodseariimalstjsiaspb)ygd dlt perphrasge (faeshgainials whichaosi tion

phase(cata en nd a restin ase t el ogen ring, health air growh
si tuati ofgt %R;%V t%g%a gﬁ&é’&lfg qafm%rﬂé%g‘&‘r@a gh%@?ﬁss /—ﬂl §0) 9°gA) are in
tel ogen ﬁélgerilta/ d&F a%&)ﬁ’ﬁ §f édﬁtlﬁﬁﬁrﬁﬁﬁﬂ to Mﬁﬁ@?héﬁlakaﬁlcgf%ﬂbsﬁﬂﬁﬁ§noldur' ng

whlch t he foII|cI e. the hair root) penetrates deep into the derms
Wi th theamhetiswlmh shioav gromith eff téwdis sﬁrmlghi@awaapﬁyd?qA%/mar Wiver.cuelmas 33%mg. During

or bt nC CURDBRENE BIN 1o an 2R B Y are S oL Shihin 1% sse

lasts frpweenrich @s 0% @r Y®adrssuch as 5% or lower, Gadhed3edys bs lowre, sutlras i % anewephase
and is marked by the cessation of mtosis. Catagen 30generally lasts from
about two to (r)]rrng%r aff oi( fhie above improvements can be achieved by prolonging or activating

anagen, the growth phase of the hair cycle, or by shortening or delaying the catagen and

telogen phases

20 Hair growth results from a dynamic cyclic process of hair follicles and many common
disorders of hair growth relate to alterations in the timing of the hair growth cycle. The hair
growth cycle includes a growth phase (anagen), a transition phase (catagen) and a resting
phase (telogen). During healthy hair growth situations, over 90% of scalp hair follicles are in

anagen, 7% to 9% are in telogen and 1% to 3% are in catagen.

25 Anagen is the growth phase, during which the follicle (i.e. the hair root) penetrates
deep into the dermis with the cells of the follicle dividing rapidly and differentiating. During
the differentiation process, the hair cells synthesize keratin, the predominant component of

hair. In non-balding humans, this growth phase lasts from one to five years.

Catagen is the transitional phase and is marked by the cessation of mitosis. Catagen

30  generally lasts from about two to three weeks.
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which the hair is retained within the scalp for up to 12 weeks, until it is
di spl acedwbyorassdrel | i cul ar growth fromthe scal p bel owpct/sG2o11lonodsmans,
this growth cycle is not synchronized. An individual wll have thousands of
follicles in each of these three phaseslokbmever, nost of the hair
follicles wll be in the anagen 5phase. In healthy young adults, the anagen
to tel ogen raﬂbbg@abtb@ﬁaén$p@heéBW©kﬁdhqhﬂthrﬂadkdwdmai%wwmﬂhﬁahunedﬂa,

this ratigjs r d common formof hair
ose 1 o SnengalRafaRaly SV Eckial gy aort B8 P beB8ec cai 1y user ul
hai r i nduced by androgens in genetically predi sposed nen and wonen. This
condition is & hlﬂnwnﬁlimgrywrtleé)@rl& wahot synabromeded. pairndevidud) it hess thanshnflenfil e

attern | dne | e, andr oge are assqci.at ed.w far of
Dol af ng, TRREHAEr b RS ratAd ShvpyraRpa i el IRGRE b5k Besfiogemor
knowns Hangy elrn heh&hy %dﬁ@%‘dﬁl@ MRt ard@éd todER¥EAratid cah beheHigh Qs bndivirdual s
afflicted with Be0|a he exosomes may be used to manufacture a product

to pr onmmil\héuals yrt wapeeia, thisdae uadured g alowms Xtom this type of al opeci a.
Wil e the exosones will nost typically be used to alleviate androgenic

al opeci a, theirhe FRNS&MALE (R of HalP16&s BﬁHrBéErﬁ"‘c ABF&, 'a%eFe‘&ﬂQx‘ytdeQFb Joe
exosomes nmay be used to alleviate any type of al opeci'a. Exanpl es o?

non- andr ogserdticaldy ayeédibairiindicad by ahd;tpgmsan geeiically pledipeded nshweandovomen.

radi ot he QF. che t hera C ess . Iated Iopec a,
cre Cno. GBBoRfipR RSBty 3FBHd e dn B B5dn £l ES S g PaferBbrpl ot o
hai r 1(b 0S Bal@fiesk "Whilé ahd}ogérﬁcaw@bs@@ate@utlthrs@tnelfbﬂﬁhst &fthal ding AR Sigyshabgicgr owt h,
short hair growth, thin hair growth, etc. 20Thus, the exosonmes can be

appl i ed Mephanigm Yy pedighbisdies)psseaums as mottkaownekiemverotﬁ isinowii; thathalydreivity .
Fur t her, taht%re%)ig\frﬁﬁgﬁ %ngfﬁ@te@%'a? Fﬁ%ﬁﬁ&&é fs AEISE uld tb'?r?&h%?ac‘ﬁ[re 2.

pronot e e gro alr on the's Poss™al s toccurs A Var | ety
of 1 n ot pexuctangramaeta dair Arag@nn afdﬁ\hdualslsuffdrmgtfmm tHiospe dﬂelopema:hem cals or
radi ation, such as chenotherapy or 25 radiation treatnment for cancer. It is

al'so_comon| Y WigleGhd &gosz‘)l%e? 111%1 gtgtyt)lgglllrl%gg sed'to af’leaciutg tan(?ro 9 %Pem% thel{

al opeci a. The eX0SONES FactUfe repara

t heses t ypes aff nalligfedita thxé\h]ﬂ:pfﬂli @naineat ‘Bhd &xosdmedingy berused o laﬂwldterany\hypz:h
initially presents with hair loss in rounded patch on the scalp. It
can progPedlepecs. Examplss of Bpn-androgenig %“’H“éiwr inclydr alppreia Rifaiinaleretodroifeci a

totali S %%tﬁé}aﬁwgr (!h@ﬁf%tﬁ%fraﬁl, Lcaﬁ‘&?é zﬁoﬁ&ﬂi, bedy rhaieh alo‘f!@hﬁ,@té.%s‘ﬂ%@% fhis

al opeci a
application, “alopecia” refers to partial or complete hair loss on the scalp, including, but not

limited to sparse hair growth, short hair growth, thin hair growth, etc.

20 Thus, the exosomes can be applied topically to the scalp and hair to prevent, or
alleviate balding. Further, the exosomes can be applied topically in order to induce or promote

the growth of hair on the scalp.
Hair loss also occurs in a variety of in other conditions.

Anagen effluvium, is hair loss due to chemicals or radiation, such as chemotherapy or
25  radiation treatment for cancer. It is also commonly referred to as “drug induced” or “radiation
induced” alopecia. The exosomes may used be to manufacture preparations to treat these types

of alopecia.

Alopecia areata is an autoimmune disorder which initially presents with hair loss in a
rounded patch on the scalp. It can progress to the loss of all scalp hair, which is known as

30  alopecia totalis and to the loss of all scalp and body hair, which is known as alopecia
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manuf acture preparations to treat these types of al opecia. Traumatic

al opeci a we 20i»ssesul t of injury to the hair follicle. Pptriss26d18:003%02monly
referred to as "scarring al opecia”. Psychogenic al opecia occurs due to
acute enotional stress. 5 By inducing ahhgen, the exosonmes can be
beneficial in these types of alopecia as well. Thus, the uses of the

exosones ufiiversaldd. The ekésdthet talybeaked® andifageserdparaionp ectireat these typreospdNes

can be used to manufacture preparations to alleviate any type of hair |oss.
The exos8iPB&Cifmy be used to manufacture preparations to promote hair growh
i n other mammal s besi des humans. For exanple, the exosones may be used with

farm ani mal s YPaushiil aspesineeie résultwiTiig biryf to1thd Ra# follidé.awlsalsowehtngi bi t an
econom ¢ benefit. The exosones may al so be used to stinulate hair growth in

conpani off feriedhiglas ‘seretngaloprsds; Peighegenitedlppyca ot dum@a%%ar@@gomaéqtﬁﬁ%d to
obt ai & t@&%ﬁcﬁu@c A'theféxto Jgdr%ﬂ HeenOtt 9% &H%@ép%@%{él@ﬁé&a?&%&l Thu

Li kewi se oso nistered usi ng typi ca

used f or theatses biae yx@bﬁies al&tnoﬁ)hmltetl aktré@mgmhdr(@emmrﬁlortebm leqf)ex(mbmamczmal
bei ng treated. Clher appl i cati.ons oi t.he 15exo0sq to pronote hair growth
wi || becBfrsadda manyfagiise preppratignsoin@llgipie|agy tyne qf) ir P%- based upon the

di scl osure of this application and should be considered to be enconpassed

by the cl ai ms ThéexdsofRE @fadbeiédial matfadtive pispapaioas iwmsmmmlagbmem fr om
exosones will be adm njstered topically. They w | b% I|ed directl
the ar ea§th6f nnaﬁ@laékbwqeéaum@%aomzwnpi@g%wqﬁma%%y| B HSe swélh AMAIM

i ncl a'fslghé@b}rﬁwtﬁlh @gﬁ%@%ﬁ &@1&%& BEBEAMR beRNE! @ﬁ@%soﬁtsg

" Eyebr as use nt ers to an area of coarse skin hairs
above thmag;asotﬁeatsedmidtmw\ﬂatb heir gheyptd intorhprnidar m\nmalscbgel$as ddps, cmd, igefbilsct i on

of the eyebrow,is to revent noi stu nd rain, from

Pl owt mg” FRLERY esSagareBufriaP o i Oifsr VR RL YRR b eB 0S8 Bteabl Bhovst
shape of 1 {1R&iKY 8RRV dnidstiayPbSddithisRied ienSidi@lilaBbAs ltyBR:aHlj' Lt foPletrin ' Ch
eyebr ow hairs are pointed, ‘'make sure that noisture has a tendency to f

Si deways applzations; Hingiato, acapunt ghetttsiee ef aremak beingtrepsed Qiher agpliergionsef ﬁh@se
fél | ; V\Bfﬁ(%sg%[eﬁréeér?ggted aé)rr i @1 $08da?f|g% fy;ap%gr%np ttohoef\l% S LW%'d n ﬁlt%la?cl%aﬁe({ rom

re sensitive sense

det ect i ngp@bihe diseldRiend tmeappltdaﬁo@mﬁi sHohlﬁeoeSdmhlkieﬂeHS@Bé SncoE)tﬁbsred\l@ thé SO
have 30an inportant facilitative function in comunication, strengthening
faci al egl8iBssi ons such as surprise, confusion, or anger.

As a general guideline, the preparations manufactured from exosomes will be
administered topically. They will be applied directly to the areas of the skin requiring hair
20  growth promotion. Such areas may include any suitable areas such as the scalp, eyebrows,

eyelashes, etc.

“Eyebrow” as used in this document refers to an area of coarse skin hairs above the
eye that follows the shape of the brow ridges. The main function of the eyebrow is to prevent
moisture, mostly salty sweat and rain, from flowing into the eye, an organ critical to sight. The

25  typical curved shape of the eyebrow (with a slant on the side) and the direction in which
eyebrow hairs are pointed, make sure that moisture has a tendency to flow sideways around
the eyes, along the side of the head and along the nose. Eyebrows also prevent debris such as
dandruff and other small objects from falling into the eyes, as well as providing a more
sensitive sense for detecting objects being near the eye, like small insects. Eyebrows also have

30  animportant facilitative function in communication, strengthening facial expressions such as

surprise, confusion, or anger.



WD 2012/ 053976PCT/ SG2011/ 000362 12 The terns "eyel ash” and "l ash" are used
i nterchangeably to refer to one of the hairs that grow at the edge of the
eyel i d. Byelaphaso7pr ot ect the eye fromdebris and provi geTacesrinoesg2t hat an
obj ect (such as an insect or dust mte) is near the eye (which then is
closed reflexively). 5 ADM NI STRATI ON Th& exosone conposition may be
applied to skin and hair using any suitable treatnent regine. The

EeX0SONMEe CcoNPOoThé tedms Meyeld3h” ampilast aad uieﬁ&ﬁferdhﬁ@g%ablyvtee&er WL ofishedtiailseast
every two days, or at |east once each day. For exanmple, appli catl on may be

twi ce pethagaipw atdhmedgend thy eyelid dayelashes M§feﬁbthf3 sxe Bepdshis apdrproyide on
descri beq, Hﬁ!ti%wq %e&?ﬁfcﬁ%ﬁg 1ﬂsgaq;r'dﬂ§t dﬁlltéé) is Abdr @4 (\if‘ﬁlc% thdi{'8 ci(fs@@t ment

may be repea I'Tmte several weeks or hs.
Tr eat menteflemivetyhen be repeated for a simlar per| od at a later date.
After application to the skin, the conposition nmay be rinsed off, or may be

| ef t on m) H{RA“W hair). If the conposition is to be rinsed off after
appllcatlon e conposition nay be 15l eft on for a mninmum period of tine

before rinsingye @‘k’bs%fﬁ%% oRbA Ak bgl foSkFAng Hanaﬂlr%%n%ﬁ@métreaﬁfeht as

nore than 1 m nute, such as nore m nut es. he” product nay be
massagedrdgnmne t he skin, nost commnl y into the scalp, during application,
such as for at |least 5 seconds, such as for at |east 20 seconds.

Particul arly hapefis Pln%lco g, 1513 H{g?)beggPﬁggf ﬁllgggfim@é W@ekuf&h%% at wgﬂ%e&or e

different 20forns o oncurrently. For exanple
treat rrentw@da}{sravarheast)mnoafead:taday. Fosexaarpik, (appludaaopmalyﬂienwmeqjer Hayi.r regrowt h
on the head, a user may wash their hair with a shanpoo and then use a

condjyioner, ngéhe}mre%ﬂaémgm ek éiz)@oﬁae @%&aébs‘?ﬂ&{ d&P .ﬁﬁéd e lnlrag bEXpAGIR

conposi ti ons, € user nmssa | each Into their sca
rinsing. m'ﬂleﬁnnﬁerAMyathsdcrue&mhymaWbe repaitdieonly dorma lﬂhltc&kpmmdee g.

conposition descyibed h eg a | otion, .25di.r to t S
wi th genﬁqV@rfﬁmE@e mow:. eeApet fromeher FRPeRiEh fOrghst & wtind adse e user
After application to the skin, the composition may be rinsed off, or may be left on the
skin (and hair). If the composition is to be rinsed off after application, the composition may be

15  left on for a minimum period of time before rinsing. An example period of time is more than

30 seconds, such as more than 1 minute, such as more than 3 minutes.

The product may be massaged into the skin, most commonly into the scalp, during

application, such as for at least 5 seconds, such as for at least 20 seconds.

Particularly beneficial results may be obtained by the use of two or more different
20  forms of composition concurrently. For example, for the treatment or prevention of hair loss
and/or the promotion of hair regrowth on the head, a user may wash their hair with a shampoo
and then use a conditioner, both the shampoo and the conditioner constituting exosome
compositions, the user massaging each product into their scalp before rinsing. The user may
subsequently apply another form of exosome composition described here, eg a gel or lotion,
25  directly to the scalp with gentle massage, that composition being left on the head until the user

next washes their hair.
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grow h 20 or pronoting wound heal i ng or both. The exosone my conprise

nmol ecul es secat egbsoynetrhey Wp@rticBlec lcomprisx@sesndg. and conbi nati ons of any of
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mesenchymal stem cell conditioned medium (MSC-CM), such as a protein characteristic or

specific to the MSC or MSC-CM. They may comprise RNA, for example miRNA.

We provide a exosome which comprises one or more genes or gene products found in
MSCs or medium which is conditioned by culture of MSCs, for use in enhancing hair growth
20  or promoting wound healing or both. The exosome may comprise molecules secreted by the
MSC. Such an exosome, and combinations of any of the molecules comprised therein,
including in particular proteins or polypeptides, may be used for any of the methods described

in this document.

The exosome may comprise a cytosolic protein found in cytoskeleton e.g. tubulin,

25  actin and actin-binding proteins, intracellular membrane fusions and transport e.g. annexins
and rab proteins, signal transduction proteins e.g. protein kinases, 14-3-3 and heterotrimeric G
proteins, metabolic enzymes e.g. peroxidases, pyruvate and lipid kinases, and enolase-1 and
the family of tetraspanins e.g. CD9, CD63, CD81 and CD82. In particular, the exosome may

comprise one or more tetraspanins. The exosomes may comprise mRNA and/or microRNA.
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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 Exosome
The exosome may be produced or isolated in a number of ways. Such a method may
comprise isolating the exosome from a mesenchymal stem cell (MSC). Such a method may
comprise isolating the exosome from an mesenchymal stem cell conditioned medium (MSC-

CM).

25 The exosome may be isolated for example by being separated from non-associated
components based on any property of the exosome. For example, the exosome may be isolated

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

The conditioned medium may be filtered or concentrated or both during, prior to or

subsequent to separation. For example, it may be filtered through a membrane, for example
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by separ asiahgxapleckght scaticopgtmBactngiingax. dyamie Haht scatathefsdi \nvisily be

centrifu t j i ion

v ough- Sseats nEs RL o Rilepolle Guab e i AL ST AL P b 8 100
condi t i opadiopadédtive rayvibemay be asddrtatrack tleautivisOduringefsactionatome. WO

2012/ 053976PCT/ SG2011/ 000362 16 Sepharose may be used. As an exanple, a TSK

Guard col um 6.x 40 nmmor a .JISK gel.-. (40 8.X. 30 be
enpl oyed. The%\%(hdél?twl%f’?%gra Syprg‘élr‘%ﬁraisg%m%crlf/xa%g@}g%%‘ﬁgcﬁﬁser@a%&wguc llas
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7.2. The chromat ography systemnay be equilibrated at a flowrate of 0.5 5
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(QELS) d%lg (r:r;[e(()i{u'm 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
20  (ITS), or any combination thereof. It may comprise FGF2. It may comprise PDGF AB. The
concentration of FGF2 may be about 5 ng/ml FGF2. The concentration of PDGF AB may be
about 5 ng/ml. The medium may comprise glutamine-penicillin-streptomycin or b-

mercaptoethanol, or any combination thereof.

The cells may be cultured for about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 days or more, for
25  example 3 days. The conditioned medium may be obtained by separating the cells from the
medium. The conditioned medium may be centrifuged, for example at 500 g. it may be
concentrated by filtration through a membrane. The membrane may comprise a > 1000 kDa

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

The conditioned medium may be subject to liquid chromatography such as HPL.C. The

30 conditioned medium may be separated by size exclusion. Any size exclusion matrix such as
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Exosome Molecular Weight

The exosome may have a molecular weight of greater than 100 kDa. It may have a

15  molecular weight of greater than 500 kDa. For example, it may have a molecular weight of

greater than 1000 kDa.

The molecular weight may be determined by various means. In principle, the
molecular weight may be determined by size fractionation and filtration through a membrane
with the relevant molecular weight cut-off. The exosome size may then be determined by

20  tracking segregation of component proteins with SDS-PAGE or by a biological assay.

Assay of Molecular Weight by SDS-PAGE
The exosome may have a molecular weight of greater than 100 kDa. For example, the
exosome may be such that most proteins of the exosome with less than 100 kDa molecular
weight segregate into the greater than 100 kDa molecular weight retentate fraction, when
25  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.

Assay of Molecular Weight by Biological Activity
30 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
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20  when compared to saline, this indicates that the exosome has a molecular weight which is

higher than the relevant cutoff of the membrane (e.g., greater than 1000 kDa).

Exosome Size

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
25  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
nm, 2 nm to 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

30 exosome may have a size between 50 nm to 100nm, 50nm to 150 nm or 50 nm to 200 nm.



The exosone may have a size between 100 nmto 150 nmor 100 nmto 200 nm
The exosone may have a size between 150 nmto 200 nm The size may be

det er m neglohy1masi7eus means. In principle, the size naypbe/sdetaroszeed by
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15 Exosome

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

20 entities from the more recently described ‘ribonuclease complex’ also named exosome.

Exosomes may be defined by a number of morphological and biochemical parameters.
Accordingly, the exosome described here may comprise one or more of these morphological

or biochemical parameters.

Exosomes are classically defined as “saucer-like” vesicles or a flattened sphere limited
25 by a lipid bilayer with diameters of 40-100 nm and are formed by inward budding of the
endosomal membrane. Like all lipid vesicles and unlike protein aggregates or nucleosomal
fragments that are released by apoptotic cells, exosomes have a density of ~1.13 —1.19 g/ml
and float on sucrose gradients. Exosomes are enriched in cholesterol and sphingomyelin, and
lipid raft markers such as GM1, GM3, flotillin and the src protein kinase Lyn suggesting that

30  their membranes are enriched in lipid rafts.
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di fferent species has been exam ned. In general, exosones contain
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complement resistance, facilitate immune cell-cell communication and transmit cell signaling.

Exosomes have been used in immunotherapy for treatment of cancer.

25 Obtaining Mesenchymal Stem Cells (MSC)

The exosomes described here may be isolated or produced from mesenchymal stem
cell conditioned medium (MSC-CM). MSCs suitable for use in the production of conditioned

media and exosomes may be made by any method known in the art.

In particular, MSCs may be made by propagating a cell obtained by dispersing a
30  embryonic stem (ES) cell colony, or a descendent thereof, in the absence of co-culture in a

serum free medium comprising FGF2. This is described in detail in the sections below.



The exosones may therefore be nade from MSCs derived by the use of a
clinically relevant and reproduci ble protocol for isolating simlar or

i dent i calwO=onsawehonogenous) MSC popul ati ons from di f Perseoratonesg2 hESCs.
In general, the nmethod conprises dispersing a 10enbryonic stem (ES) cell
colony into cells. The cells are then pRP&ted out and propagated. The cells
are propagated in the absence of co-culture in a serumfree nedi um
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cell conditioned ium (. CM, from which the exosones may be isol ated.
WO 2012/ @888 éRe EDR)/ i00ods 20 obtain meggelogeal isteen el (YS&ise St em Cel |

Col oni es One met hod of produci ng mesenchymal stemcells may conprise
di spersing or 14,8 AQ05BHRb] Mks 7Bt RGRFY &G, Se@PsRIst cOR &%nét&tlﬁalﬁﬁblhﬁons-rhe
enbryonic stemcell colony may conprise a huES9 col ony (Cowan CA,
and requires less manipulations and time, and is therefore highly scalable. The protocol may
15  be used for the isolation of MSCs from two different hESC lines, HUES9 and H-1 and also a
third one, Hes-3. Human ES cell derived MSCs (hESC-MSCs) obtained by the methods and
compositions described here are remarkably similar to bone-marrow derived MSCs (BM-

MSCs).

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

20  culture.

In a one embodiment, a method of generating mesenchymal stem cells (MSC)
comprises trypsinizing and propagating hESCs without feeder support in media supplemented

with FGF2 and optionally PDGF AB before sorting for CD105+CD24- cells.

The method may comprise sorting for CD105+, CD24- cells from trypsinized hESCs
25  one week after feeder-free propagation in a media supplemented with FGF2 and optionally
PDGF AB will generate to generate a hRESC-MSC cell culture in which at least some, such as

substantially all, or all cells are similar or identical (such as homogenous) to each other.

The MSCs produced by this method may be used to produce mesenchymal stem cell

conditioned medium (MSC-CM), from which the exosomes may be isolated.



5Kl i manskaya |. McMahon J, Atienza J, Wtnyer J, et al. (2004) Derivation
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from Human Bl ast ocysts. Science 282: 1123b-1147.). The cells in the
col ony may be di saggregated or dispersed to a substantial extent, i.e.
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a flask. c¢lis initke edlorsi arg siglepi.c.t the coloiny ¢s earepletchsdispggragated. vol ume, for
exanple 5-10 ms, of a buffered nedium which is may be free from Ca2+ and
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PBS. In the trypsinization st'ep, an anmount of
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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
15  reagent which disrupts the adhesion between cells in a colony, or between cells and a

substrate, or both. The dispersing agent may comprise a protease.

The dispersing agent may comprise trypsin. The treatment with trypsin may last for
example for 3 minutes or thereabouts at 37 degrees C. The cells may then be neutralised,

centrifuged and resuspended in medium before plating out.

20 The method may comprise dispersing a confluent plate of human embryonic stem cells

with trypsin and plating the cells out.

The disaggregation may comprise at least some of the following sequence of steps:
aspiration, rinsing, trypsinization, incubation, dislodging, quenching , re-seeding and
aliquoting. The following protocol is adapted from the Hedrick Lab, UC San Diego

25  (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

rinsed with calcium and magnesium free PBS. In the trypsinization step, an amount of



22 dispersing agent in buffer is added to the vessel, and the vessel rolled
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medium added. A number of re-seedings may be made at different split ratios. For example,

the cells may be reseeded at 1/15 dilution and 1/5 dilution. In a particular example, the cells

may be re-seeded by adding 1 drop of cells into a 25cm? flask and 3 drops into another to re-

seed the culture, and 7-8 mls media is then added to each to provide for 1/15 dilution and 1/5
20  dilution from for example a 75cm? flask. In the aliquoting step, the cells may be aliquoted into

new dishes or whatever split ratio is desired, and media added.

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

25  plates.

Maintenance as Cell Culture

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

The cells may be plated onto a culture vessel or substrate such as a gelatinized plate.
Crucially, the cells are grown and propagated without the presence of co-culture, e.g., in the

30 absence of feeder cells.



23 The cells in the cell culture may be grown in a serumfree nedi um
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de.

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

stem cells (MSC).

The dissociated or disaggregated embryonic stem cells may be plated directly onto a
20  culture substrate. The culture substrate may comprise a tissue culture vessel, such as a Petri
dish. The vessel may be pre-treated. The cells may be plated onto, and grow on, a gelatinised

tissue culture plate.

An éxample protocol for the gelatin coating of dishes follows. A solution of 0.1%
gelatin in distilled water is made and autoclaved. This may be stored at room temp. The
25  bottom of a tissue culture dish is covered with the gelatin solution and incubated for 5-15min.
Remove gelatin and plates are ready to use. Medium should be added before adding cells to

prevent hypotonic lysis.

Serum Free Media
The dissociated or disaggregated embryonic stem cells may be cultured in a medium

30  which may comprise a serum-free medium.
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Growth Factor

The serum-free medium in which the dissociated or disaggregated embryonic stem

cells are cultured may comprise one or more growth factors. A number of growth factors are

20  known in the art, including PDGF, EGF, TGF-a, FGF, NGF, Erythropoietin, TGF-b, IGF-I
and IGF-II.

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

25  medium comprising both FGF2 and PDGF AB.

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

30  Entrez 1950, HUGO 3229, OMIM 131530, RefSeq NM_001963, UniProt PO1133.



FGF2 is a w de-spectrum m togeni c, angi ogenic, and neurotrophic factor that
is expressed at low levels in many tissues and cell types and reaches high

concent r avpQog/isge7r ai n 5and pituitary. FG-2 has been i wplriscabtramoszs: a

mul titude of physiol ogi c and pat hol ogi ¢ processes, including Iinb

devel opnent, angi ogenesi s, wound heal i ngy and tunor growth. FGF2 may be
obt ai ned commercially, for exanple fromlnvitrogen-G bco (G and |Island, New

York). Pl atel ghudevd dgdosathnde ofaedder cdniidsig (i sF@F R alipRGFeh@ @BGH @ird @iy de
range of cell 10types including fibroblasts, snpboth nuscle and connective

ti ssue. 5@@?ﬁnﬁﬁﬁﬁﬁnﬁéﬁﬁﬁﬁﬁB?éwﬂeﬂ&a di rer of two chains terned the A chain
and B chain, can be present as AA or BB honodi ners or as an AB heterodi ner.

Human PDGF- ABEGE23s 25&4&-%;59&@9%@&@%, m{%&@m, e G Bbr1thiOfactbs it kDa A
chain and 12.2 B chain. PDGF AB nay be obtained comrercially, for exanple

f r om Pepexnresshd aRovKyvel in manyetissuesrang\erll tysyred greshasthigheansgrtsations iitbrags

FGF2 and_opt. onal | AB, . . At ] . i entrations
of ab%ut aﬂcgﬁlﬁlﬁ%rrﬁ ',PBGSPSZ([:??%E%G% “ﬁﬁaggd‘géf‘ﬁﬁ%gﬁgfmf%‘%@tm ﬁ%{?ﬁﬁgﬁs uch as
about 2ngfdetsses ikdludifig Bhdulevaopheht, apicdenasis, atiatl héaljigrind sinedr gaswebout
5ng/mM . |In sone enbodi nents, the nediun1contains,FGF2(%L aggyt 5qgﬁﬂ1. The
medi um mEGFaIngy keorhtained emaperspllysior gxanaplg drogh BiyitregsgrGipeo dorapd {fl#ndn§ewel | s
Cells in ﬁbture will generally continue growing until confluence, when
contact inhi'bition causes cessation of cell division and growth. Such cells

may then be dissociated fromthe substrate or flask, and "split",
subcul t ured oPlaletddybed (Bowih Fastord RDIGH) ¢s 2 patsignidegen fpea wga raRgaiaeell

repl g i “ajﬁezﬁlnﬁigﬁﬂegﬁs ,rgg?o%mg@a& iclr?(i]éorﬁl%&?\rei tggjgeé ﬁi’;ﬁe(ﬁ, TR RELES B

conprise’passagi ng, or splitting durrng culture. s In the ce
cul ture phydiwscrdltwd cldinaterraéd the & chhiRaat B ebaia, canlbelpressntlassAAsud@B as 1: 4,

1:5 or nore. The term "passage” desjgnates roce consi sting in. taking
an ali tu?me‘n%?r%%rrﬁslﬁ?egg ?‘Eﬁﬁf‘{dﬂl‘_ pgr. g#%?né)g?(l}lg%e%@afsﬁ ?PBBBV‘Q i_“ilﬁ%r‘htﬂﬂl fresh
medi um @&%\1/%% %‘f”l;i.lﬂrldﬂthtchﬁnlah@¢2.‘2rl§ Ehail PDE P A Rap be SBakfed tbRidrially,

obt ai ned. 5012 053976PCT/ S(2011/ 000362 26 Sel ection, Screening or

Sorting Sirepample fror¥Reprotach ¢RockayHilluNewelerssphpri se a sel ection or sorting
step, to further isolate or select for nmesenchynmal stem cells.

15 The growth factor(s), such as FGF2 and optionally PDGF AB, may be present in the
medium at concentrations of about 100pg/ml, such as about 500pg/ml, such as about 1ng/ml,
such as about 2ng/ml, such as about 3ng/ml, such as about 4ng/ml, such as about 5ng/ml. In
some embodiments, the medium contains FGF2 at about Sng/ml. The medium may also

contain PDGF AB, such as at about 5ng/ml.

20 Splitting Cells

Cells in culture will generally continue growing until confluence, when contact
inhibition causes cessation of cell division and growth. Such cells may then be dissociated
from the substrate or flask, and “split™, subcultured or passaged, by dilution into tissue culture

medium and replating.

25 The methods and compositions described here may therefore comprise passaging, or
splitting during culture. The cells in the cell culture may be split at a ratio of 1:2 or more, such
as 1:3, such as 1:4, 1:5 or more. The term “passage”™ designates the process consisting in
taking an aliquot of a confluent culture of a cell line, in inoculating into fresh medium, and in

culturing the line until confluence or saturation is obtained.



The selection or sorting step may conprise sel ecting nmesenchymal stemcells
(MsC) 5fromthe cell culture by neans of one or nore surface antigen

mar kers. wbeouzs3wb a selection or sorting step further pensancamnoidse
stringency of sorting and selection specificity for MSCs and furthernore
potentially reduces possible contam natZn from enbryonic stemcells such
as hESCs and ot her hESC-derivatives fromthe starting material. This would

t hen further Sgaygm,&b@mﬁM@krs&qm?sapona formation and further increase the
clinical relevance of the_ protocol,k we

Odescri be, unber  of t hods
are known forT %n@&pﬁwwr@%rr%wsaééacm (Hﬁf’ftﬁ“gr?teékﬂ)r@étgf’ro'ﬁ?laﬁrﬂi Sgﬁﬁt of
t hese naxnggmg%%Ankpm&g%egglection or sorting step described here. The
selection or sorting nay be achi eved by nmeans of fluorescence activated

cell sorting (FACS). Thus, as known in the art, FACS involves eﬁposi
cel s to a repbe sdection gg ROrHigg tep Ay OBWPrisH 6516 mg messpFhyvar! pemgs!ls éMaSEg

| abel s apt.] . Ctyl I i es
and 1 bolPITIC FHERTLF BE et St pore ML dLB R R e ol P
f or exanpt @riimg $tey Huheaahahassehe SHagael lof satieg tinkselgraios epedificipuigh MEEACS

machi ne, which sorts the cells from_each ot her. based on the | abel]in
Al t er nat peiuthgsmarg pa@atl%lfyorﬁfiu%a@ﬂﬁﬁe CRIINALPR fIQR! QRARYIC SEM BeéJSéHg'? Y ed

to sort pheceald StherdP-NaY RN EMrbRARE §ihding Wttt ATMYWRGIM Bén ARME FALE
surface antigens known to be associ at ed mn?h M5Cs e.g. CD105, CDr73, ANPEP,

| TGA4 ( O49itk of RDEFRA fosmtenand firtheBCrenss thei dinisal wlavineseofdhe prptorsl weg.
CD29(?nd CD4§e are also highly expressed in ES cells such as hESCs and

t hei I exf¥688Fon are verified by FACS analysis. The association of a
surface antigen with MSCs may not be sufficient to qualify the antigen as a
sel ect abl e naAkemiREHOHmettods ateikmgwiB@sselaction BSsarthg bassd oh anggdnES@ression,

Accordingly, t sel ectiion or sorti step_ may enpl o ti S i.ch are
differ eng‘i“g‘myfq&ﬁ?fj uyhe ‘ﬁg‘?\'&%ﬁ S‘fﬂ}ﬁ‘%gma%§8@§gc§éqplr@.scr¥beg here? 'PFH% Se\é%tg’&qron or
sorting §irRe ffay BelachiBlROs) MBnsRIFIubieédnke aevaedd defifsoNRgeRASYEI st &m cel | s
based on the expression of antigens. Such antigens may be identified by,

for exanjheyn oohparti FyCB ey ofjeasesxposingeetis éha penoricr. suctods higtledangbedsSCVECs .
In particular..30enbodi ments.. the sel egt | i I § y..make
|0 P SRR TR s PG B0l SRR 5O bl
2012/ 05381 HREJUiDEARELF @O s3Meporters are known in the art, and described for example in

Harlow and Lane. The cells are then passed through a FACS machine, which sorts the cells

from each other based on the labelling. Alternatively or in addition, magnetic cell sorting

(MACS) may be employed to sort the cells.

20 We have realised that while a number of candidate surface antigens known to be
associated with MSCs e.g. CD105, CD73, ANPEP, ITGA4 (CD49d), PDGFRA, some of the
MSC associated surface antigens e.g. CD29 and CD49e are also highly expressed in ES cells
such as hESCs and their expression are verified by FACS analysis. The association of a
surface antigen with MSCs may not be sufficient to qualify the antigen as a selectable marker
25  forisolating MSCs from ES cells such as hESC. Accordingly, the selection or sorting step

may employ antigens which are differentially expressed between MSCs and ES cells.

The selection or sorting step of our method may positively select for mesenchymal
stem cells based on the expression of antigens. Such antigens may be identified by, for
example, comparing the gene expression profiles of hESCs and hESCMSCs. In particular

30 embodiments, the selection or sorting may specifically make use of any of the antigens shown

in Table E1A and E1B below.



27 The selection or sorting step of our nethod may positively sel ect
for mesenchymal stem cells based on the expression of antigens which are
i denti fi egtoasixspyressed on MSCs, but not expressed on EBcegiGhe1i1sueds? as
hESCs. CD73 is highly expressed on MSCs, while being not highly expressed
on hESCs. Both 5 CD73 and CD105 are hi ghly expressed surface antigens in
MSCs and are anong the top 20 highly expressed surface antigens in

hESC- MBCs r el Thé Y@edtionRESSHInE RRpWS ubietiibll Aely fobllideyrseletdd n{es¢nchoinh) as
sel ectabl e marker for putative MSCs will be equally effective in sortjn

for put attemeclsbased ondhaedaessipn@if pridgens whigh aig 1dentilied asgxpesssd or/MSE s, ngi n
addi ti 0nn%tt£§{f§§éd%t]’ét?@el%rsuél?ﬁﬁlﬁ@bét ep may negatively sel ect against 10
as on sur

anti gens ace antigens that are highly expressed as surface
antigen on enbryonic stemcells (ES cells) such as hESCs, and not
nmesenchymal stEMBdehighlyecxgressadrmoMPEs, wisdg leaing aet ighly sxpresigd eR\ESEspBe®d on
kno or Vi identifie - i fi rf j M BP,
(Top1bpaCTTa oK st E el SO SRR e SHNBEE T BRI %0, Vo,

on hESC highlyn&prdsbsdGuMats antidehizr e SU-81SCMtiva Yy hESOsheussofaitheg@Di7y er
selection or sorting marker either on its own, qr . .in cci junction with CD105
as a posfD10é (erdhatleyasiselectablemparkerdpr puaive Mg s putl be iequa cHyg sorting

di fferentj.af)| ﬁq%ﬁfg ERESEME, | TIONS 20The exosome
corrposit?d(g%hklgisel nc u%égle%lt%f@’r?ler. As used herein "carrier" describes a
materi al that does not cause significant irritation to an organi sm and does
not abrogate HWemstivelpgirdnpdditien.the seleghign g spyeing step nay negaliwlinadert ggainst
descyh be rri f £ f4.Cl i I .

sur 1101 o hF aseR ohis Bl B M e R ar by Byt et BREwBhionie, | e
mammal  bsemgells €88 edlls) divd as hiEISOsy anclatot besénehymal semictllcag, hBSCadSC.

25pharmageuti cal bepefits, cosmetic benefits or .both. Sa
none i 1 SFRgoras oS EY Wb SR ARpRBRor Bt onsy ditied AES oSO sutfoss

agent s ohndUeHE GlcRMHs MIBH 1 2BABYBPS RFd ROBINIS anB@524c0Ndi tioni ng agents,
chel ating agents, preservatives, enulsifiers, thickeners, solubilizing

agents, penetration enhancers, anti-irritant colgrants ctants.
WD 2012/ 053976PER 251100 G%%@eféprﬁgsl%%fg&ﬁg en ﬁEgci’r%P%tﬁﬂ%éWSagent "is
a su ?t a'?ﬁ?ref‘d?@,tC@ﬂpﬁxa be LG R ER eI SeWeGot 8r {dinSHhfker BERT 8R8RIA, ¥Lin
exanpl es of noisturizing or hurrecfgant agents t include, wthout limtation,
guani di negnjghotioalvwith @Di A5 analpefitpeoickcablaharkey fr grolaimgpuiative 345Cs ot

quat er nar,y..al kyl. a iumsalt), aloe vera in any of its variety of forns
(e.g., F‘ﬁ@%ﬂ%h%gﬁac m‘rﬁf‘rt oi n, 5urazole, polyhydroxy al cohols such as

sorbitol, glycerol, hexanetriol, propylene glycol,

ExX0SOME COMPOSITIONS

20 The exosome composition may include a carrier. As used herein “carrier” describes a
material that does not cause significant irritation to an organism and does not abrogate the
biological activity and properties of the exosomes described here. Carriers must be of
sufficiently high purity and of sufficiently low toxicity to render them suitable for
administration to the mammal being treated. The carrier can be inert, or it can possess

25  pharmaceutical benefits, cosmetic benefits or both.

Some non-limiting representative examples of carriers include moisturizing agents or
humectants, pH adjusting agents, hair conditioning agents, chelating agents, preservatives,
emulsifiers, thickeners, solubilizing agents, penetration enhancers, anti-irritants, colorants and

surfactants.



butyl ene glycol, hexylene glycol and the |like, polyethylene glycols, sugars
and starches, sugar and starch derivatives (e.g., al koxylated gl ucose),

hyal ur oniwoasimhssd7act ami de nonoet hanol ani ne, acet ami de wFomsetianodzani ne and
any conbination thereof As is widely recognized in the art, since the pH of
the skin is 5.5, conpositions for 10top2&al skin application (to avoid
irritation) can have a pH val ue of between about pH 4.0 and about pH 7.0,

or between abagtus@ithdreifl aamsbigth@ihg pEER: 3.0 substaRRUhatRbidSodrestores wisittant toal | y
pl-1 5.5. Hence, a pH adjusting conposition is typically added to bring the
pH of t hthesbipBsprepaiativs cxpaplgs of metstwrdingor hmectahpessis {iBelyde. wathoubr e nay

be formul.at a vV f Sl j I agent s
i ncl ude, Lﬁ%tgﬂ%x%rl%@e@eb%}? %e{lrcggcﬁg%n %lﬁ%%?ée{% Sé{lg%e'gh%{h@?ﬁ@m%ﬁ e&gj(ﬂlb%fec aci ds,

gl ?f]?' nesalkgl dmmoniaei git), @) wirain dydifosivadsty offignesk gmabdeurtrngeiptallsitbincat es,
agents. t RO RO BB dSocs parels cleh of caebila st BRETSHIGrePata e,
cationic I 5 i e ' ' ' Leane
Pl yol 5. e e R P S Py i y el e
clolr<rpoulrld?nddéaﬁxahgemydtazbeg;.gt:aalbmwd atee ;gk_mcosﬁ,hyalukmyhcaﬂ]eldctamthoI f] :

al koxyl ated a s,. sor an derivatives, esters, polynerjc ethers,

gl yceryl m@é‘?“etpﬁr}(ﬁ?ﬂnnﬁrﬁfe_ B W&P?%ﬁ@“’i’%?‘%ﬁ?& al}-‘{adfornﬂ)s}?%{mldé?rf% agents may
be added to the conpositions described here. For exanple Procapil (FR 2 791
684 and WO005334¢idetyoreov@szedhe tha &t, Binee dppdhohthe skinfis 61 cheposasinehsffot | er

cynt Hs: sl 306 arBkeabig doqyoRHEEHIIER AN AL PR ORREPETE R L FAAor
to the skjdyt Bgv.é,ﬁg%{g&%ntaeo&;mggb ahB@bhRIpH 6.0! b dbbBEPITBIEorfsubsthitiallg pipe

scal p. U S 5, 861, 077 describes nethods to protect keratindus
fibers fpdonHente; ampsi asljuinagempesngr issypicalbpplded & brang b pHorfpbe tarhpesstion

conpri si at, l.east . on | ant extract.. For exappl e, .a pbl.ant _extract

conpos edg’gtihe Sﬁsrlf ivélhlegﬁ}ég%od?%(fsﬁfoﬁ‘g gAY F? %m%%t?detgglg%’%? Bgsv P anum
t uber osugbdut 7125 SGRABIR Hiaﬂjdst{ng'léiﬁnkﬁhblﬁdé(fmf &@mMpREBERMAnol idited fo, aR€68) as
Dernol ectine and Capilectine. ANCRIN (Sederma), a hydroglycolic solution

cont & ni myroedipiclagidyyglyenemeitig atidsicpleiugehxdrepddes: 8GR ai r | oss by

enonn t 0 EiNEAERS st BT B Bt BB MB0UG2 25" protei m r ot cul &t on

in the scalp and hel p anchor the hair to the scal p. Capisone (Sederma) is a
| i posome t hat Suidehle hajeeordlifiamingadents tha-ragy broysed prehedes {ar eypmpleaeier meye
bacterial filtrate of bi hpol,qqi I gL d i at

cont ai noclgen Bl st LR ARARRRlRE Bidheihd 3EH TRERLLE pLIE

met hi oni geatédddryCansthenin gy, coatpbundy, halegaistddapateysayg atatonies cofeands,

20 alkoxylated carboxylic acids, alkoxylated alcohols, alkoxylated amides, sorbitan derivatives,

esters, polymeric ethers, glyceryl esters, or any combinations thereof.

Hair stimulating agents may be added to the compositions described here. For example

Procapil (FR 2 791 684 and WO0058347) promotes the visible appearance of thicker and
fuller hair ahd prevents premature hair thinning and hair loss by boosting the synthesis of

25  components at the epidermal junction where the hair anchors to the skin, which helps to
anchor the hair follicles more firmly to the scalp. U.S. Pat. No. 6,861,077 describes methods
to protect keratinous fibers from extrinsic damages comprising application of compositions
comprising at least one plant extract. For example, a plant extract composed of purified
glycoproteins obtained from white potatoes (Solanum tuberosum L. is commercially available

30 from SEDERMA, Inc. (France) as Dermolectine and Capilectine. ANCRIN (Sederma), a
hydroglycolic solution containing octylbutyrate and glutamine peptide, reduces hair loss by

supplying a vegetable substrate to transglutaminases, a group of enzymes known to increase



5U.S. Pat. No. 6,376,557, incorporated herein by reference). Capigen
(Sederma), is a conplex that conprises honotaurine (3-am nopropane sulfonic
acid), aweebherisadiesfiltrate obtained froma strain of nipcrSoRgANIERES
cultured in a nmedium conprising selected peptides, with the filtrate

contai ning high levels of peptides, and2®% sul f onuycopol ysacchari de of
marine origin, which is a conplex of sulfated pol ysaccharides that are

sol ubl e pivtorat@icuRfion af tefsedlpand Relp AgcHD G eChithesdalps Sapisamd (Sydeamapis a
fluids. Follicusan (Chemishes LaboratoriumDr. Kurt Richter .Gngl—l) S
conpos ed!lipgsomesthaicomprisesdiamasenrined hamingproans pplfonin peidd 2 barisral filyatep{q

sul fur-c f.d ] i al-¥ £t ¥ide I BIIeNi ne in
an aqueod s BB A b S B R B B PR e o

whi t e swadfuricopiaiténg &pinol deidsinetlibnisy and cFtéindyland indvino aolddpdlpsaech2€ites ¢beet i on
of dimethylsilanedigl salicilate in hutylenes glycal w .

T5t 11 Bt b e 6 WG HERPPS AT EY Pt eBrodh Go EGMSLerai: s ACPBIPence
of the n&%p&&@ﬁseé W&hbauﬁﬁ@g;-érﬁﬁl%@paé@ﬂnfaqma%id),sa baIGdl ARtAS ob@ifcA%roai ds,
phyt ost er ol s, cins, polyacetyl enes, and ses quiterpenes. Ml kagni is an
extract eftraiihef seedergahisas esltand irf & mediugn ofmprireng selestddepsptidesewith@he¢ ast r us
pani cul a and cont ai tannins,. mneral salts, saponjns nd iridic

O yoost Bty e BiatuexctEnh g™ 350 Fui e FonPREREpHe o Herineighigh.
conpr i seghfhtis #ebspRk o QuithEEpolpdaeiiagidedihahate BlBleH vRddr@adBle folRd fethe
(Lawsonia inerms), and venus hair gAdI atium capill us-veneris). The

essehl i aromsiettivsftissueangd syoavial teids. Hellicsaeitihembishesdiabeptierian Dankjug Righter

COMPOUNS, b HICIs| SRS s YFANBN AR orh WAHORIS1 BAAIR BositoD Ehd AR

| ut eol i n€ and” 1I°aXant ones, princrpally 'awséne:” Venus 'hair i1s a small fir
native t corthiaingGuiibo adidFMracaylcidteinaandiNedcetyl medtiohieerii dn @pubowsctlcohioliy .

Pept i de- copper conpl exes contai ning di peptides or tri p,eg'gé' dﬁg i hel ak ed to
copper stefiuminaggline (GHahkaenipinsangxgactprgm whte syeefdupiga. L pIHisi{(Exsypgt - No.

6,017, 888, M%%&Q%@é)qga%%%mmﬁ JrRhRERPSRAned I EARMGe'i A BLAGSITE Blycb & HRPY

(HRT), incl'uding adm’nistration of mcrohized progesterone pills and creans
and &St r agghmnplaniise. Mahaoimetsents an iestrarg efl thedlawesnendaintloegemet ptthalnepwdica f or

wonen. er. such nts are. known by per.sons .of . skill .in the art.

30Chel aﬁ%ﬂ%%ﬁ%&g?e)@naﬁf’?tawaff‘s?“ 8%3@(?“_?‘80 ?ﬂgs’é’%é’ﬁ{%(’l%m&si’ti ons so as
t o enhangglyhfigy1BKRSA/IMVAS hMierPénchl MIaRAYALS XiPcpet 8Mhe Ok AbAVR an@ABHErstdTat
are mld agent’s, such as, for exanple, ethylenediam netetraacetic acid

(EDTA), tTatctestitieat Celagiruspanignipta) end roriaing fnninsr mireral salts, papopins angirigic
useful. WD 2012/,053976P Q11 | e,y i fgr use
in the 05%8%3(?5? (c:)lgo ucr)é6 &S%gog‘ﬁ%‘ ent H%g%g%’s“. eidgﬁh"i;"ﬁ%h%{ea, C%vﬁnﬁ{rﬁ%%ﬁ%?tﬁiotqati on,
one 25 nNré: plhkelciu (Buchdbatosri] Rernat(hywsimidinamisy ahé verasdairahdjatiukDTA

salts, EDTA fatty acid conjugates, isothiazolinone, parabens suc
met hy| pafambys-yararipr §pg Fi?ﬁlﬂté’g@H,Of brelpqoptranshg iespanic %@ fiwa?fé%lpfﬂﬁg%lﬁ"

derivati ¥&ﬁg&ﬂﬁi@ PR 1%5\%% Ok h&aWBhtal ﬁﬁonﬁrpigﬁgﬁ{ts,qgﬂghi'ﬂgtlﬁtg&ﬁle_tzﬂlﬁr eof .

"Enul sifrer as used herein pronote the fo tion and-stabilization of an
enul si onlaxSotho@ads| prisipdllyilhweme. Weyusdeimst small firabevd @lths sdutnef Fradéeyiitded

solids, qQr synthetic.materi.alsg. tural emnulsifyi agepts .. be derjved

rom e t Auretindarmadery agotiSh PeriBisoeay STRSE® FrbinEi g aer proBotTilel ude

gel aps n, cRASted B ¥oppElsifhilate WAR lordvith (s@IU SNPAERL 5,938 94 ARIFU IS, PHR. No.
6,017,888, incorporated herein by reference). Hormone replacement therapy (HRT), including
administration of micronized progesterone pills and creams and estrogen pills and creams, is

used to treat androgenetic alopecia for women. Other such agents are known by persons of

skill in the art.

30 Chelating agents are optionally added to the exosome compositions so as to enhance
the preservative or preservative system. Chelating agents that are mild agents, such as, for
example, ethylenediaminetetraacetic acid (EDTA), EDTA derivatives, or any combination

thereof, are particularly useful.



10veget abl e sources include acacia, tragacanth, chondrus, or pectin.

Veget abl e sources specifically fromcellul ose derivatives include nethyl

cel | ul osewendimasdrexynet hyl cellul ose to increase the vipegssimoodEsnel y

di vided enul sifiers include bentonite, nagnesi um hydroxi de, alum num
hydroxi de, or magnesiumtrisilicate. Sy#lhetic agents include anionic,
cationic or nonionic agents. Particularly useful are sodiumlauryl sulfate,
benzal koni um shitsblé pRs@vathlep Grist hyihe semgbsitons otake pnegmt:eapaﬁieon ocluny
combi nati ons thereo "Thi ckeners” used herein re to a ents that make
t he exos &)’r*r‘é%‘dt%’é@loﬁ o YRYE aBﬁanQIiSs‘i‘&%urP R é‘?t@(léﬂ"é{iam@ﬁ iftegrdate),

t hi ckene bl e
pol yrer sﬁ?uc':ég%ts dr oxyetg (ﬂ g@wﬂ%&%ﬂ?%%ﬁn%g@ é?a api’rﬁas&gl:l ?%%‘I@{e}@t[tpr?géeﬂrd’lt he

Tr ademar knd\b\rtoppl@atabaﬁ@r@pylaﬁ(gtycod:asdrbalbs; unzt derivaivasisheh godigzmindinylioteaasr

Pol yquat 37 20(.comer CI aIH y avail abl e under the Trademark Synthal en CN),
fatty al apheArabingigns ghereqfys — anj onic pol ymers, and their alkali salts and
m xtures thereof. As used her ei n, the term"solubilizing agents”
refers to thosEmalsifidrénsased hatingnambe tsofartmation andistatsibratien oIRap eamibsidrat i ve

exanpl es of solubilizin ent s that l.ude,
| i mrr}t)atl §Hlta@%ﬁ*ﬁ}ﬂéﬁeﬁ)‘iﬂ%¥ %n%tBT%Hlanr?gﬁg ééiglll‘)t‘”g%‘l ﬁ?’tdﬁ’l% 2:\e ‘Ef‘c Phaterials,
et hyl enetlt ﬁg&el%ﬁ Ils%ﬁhﬁ»‘go %%e"ﬂ & 6o da%ammremmbat@gem%%meg Pdse.

urea, cyclo vi nyl'pyrrolidone, diethylamoni um ortho-benzoate,
and mi celidogr dromai smgrcs:simbldelgbttls, Qg@mlla$a§an£@wxé|ﬁd @}:ﬁalnktsteé)lgThOSﬂf\fEEN 80.

O her sol ubilizers tha re us blef he co scri hed here are,
f or i(;(ar’rt‘ﬁ?t"é’ta %?%Wé‘?chﬁéﬁéc‘@o aa[ﬁhfc 9‘?‘17“%{ Be(ég]t grggetg@f:)%%ﬁ%% hyl ene
n-al kyl  ghdeically FronfédiMilos@ At AeateOcHAS ,memg,mc@mmm @FPRPMethSDLMRNG 2,
such as acetone; phospholipids and 30c Xtrins

2012/ 05397BPCTShe §ises0u0BEERly3livided emulfiiery wehide ertenite magpeswn dndexides
used here n.ref a r

subst ancguth?% %ﬁgltoﬁpde E %Qg Elqu‘P @\Qﬁlcgfe%ne ‘ltt{% %Elgtﬁﬁt%ﬁ%%gsnﬁ?{ﬁ%%ﬁggm@but are
not |im h@ﬁoht@,aganty%etﬁ@ﬂlirl@/ wetul aﬁlﬂbﬁlum laaryl I’Sﬁllfaxd,d)entaikommarmlcmdesmf fl ower
oil, cottonseed oil and corn oil. 5Additio t hi ckeners, penetration
enhahZer olAEY ISR &lycabf manesieafe. 95 ARY 8?‘1’6‘“5%0“56@&{80 n Remington's

Phar maceuti cal Sciences, 18th or 19th editions, published by the Mck

Publ i shi ng COmpﬁt@h(eriéf's’ﬁ@%haﬂleraﬁ-reféhioCel’gehtS tlhaﬁ@fukp@l’ieaémdorheb@hp()sﬁnyon dense

reference. As used herein, an "anti-irritant” refers to an agenﬁ t hat
prevent Sobylsqa(g{gu@égnsgs&r@ﬁe%tgtable thickeners that may be used include, for example, non-

ionic water-soluble polymers such as hydroxyethylcellulose (commercially available under the
Trademark Natrosol 250 or 350), cationic water-soluble polymers such as Polyquat 37
20  (commercially available under the Trademark Synthalen CN), fatty alcohols, fatty acids,

anionic polymers, and their alkali salts and mixtures thereof.

As used herein, the term “solubilizing agents™ refers to those substances that enable
solutes to dissolve. Representative examples of solubilizing agents that are usable include,
without limitation, complex-forming solubilizers such as citric acid, ethylenediamine-

25  tetraacetate, sodium meta-phosphate, succinic acid, urea, cyclodextrin, polyvinylpyrrolidone,
diethylammonium-ortho-benzoate, and micelle-forming solubilizers such as TWEEN and
spans, e.g., TWEEN 80. Other solubilizers that are usable for the compositions described here
are, for example, polyoxyethylene sorbitan fatty acid ester, polyoxyethylene n-alkyl ethers, n-
alkyl amine n-oxides, polyoxamers, organic solvents, such as acetone, phospholipids and

30  cyclodextrins.



roughness, or inflammation of a bodily part. Suitable anti-irritants
i nclude, for exanple, 10steroidal and non steroidal anti-inflammtory
agents orwotberosemseri als such as al oe vera, chanonil e, palricashijosessp! ol ,

cola nitida extract, green tea extract, tea tree oil, licorice extract,
al l antoin, caffeine or other xanthines,3flycyrrhizic acid and its
derivatives. The presently known anti-irritants can be divided into

wat er - sol ubl e ThBtdrmi ‘fpehdtaitios eathcieitag isddiscedit béfersantah apértikhawh $o accelerate
Represent ati ve exanpl es of such conE,osi tions are described, for 15exanpl e,
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of pi gnmendém dihcl ude, but are not limted to, iron oxides, and titanium

oxi des. Suitable dyes include FD&C approved col orants, D&C approved

col orants, an 0 / i r : m on,
b M randpoo ST ERPRYE hehaylh EnhlheligaR SuRpRIIAR NS B 7
Devi ces, faiind if Bemh@8dn'HBPhe#macéuicalr Suderets d 8tyorr@tlesditioss) publisked By the'Madlor "
as used herein refers to the quality of an object or suhstance with respect
to |ight PHshing Gempany 0 sst9adl %W}Fﬂb‘sélﬂﬁo&qra%ﬁ?ﬁgrﬁﬁls'?yaﬁ NPhe t hree
characteristics of color are hue, intensity, and value. "Hue" refers to a
gradation, ti nfs,us€d hetdini &t Yantitiritasolrfers to laRtagaigithat prevenfifod Aalucesedodieness,
"saturation" are 25used inter chang,eabl to.refer to the a%‘r engt h (i)r

shar pnes &oughnessceyiBilammation ek a badifypart. Spitablg akireiantsngludt or arpleand

unm xgd. o " idf? afli’ AR Sier RlardRIKNES 35 hiBe FeG0! OF -
The ?gr msteééﬁéri#ggggﬁ% g&r%é%aqﬁgté gﬁg?tﬁ&%éfeegs&?o gura]I ace- act |§§/e gu%sfances,
such as ahaiedreilgaltyiha-tSnbblib celsnitidaettemct, gréenctardaracth tia teeeilnicorideraxtradt, t o,
sarcosi nates,. gl ytamat es, -sodji um al kyl sul fates,.a ni.um al kyl sul fates,
sodi um aF‘{l’s‘ﬂt%‘Phc {?I"feeﬁré’él]eré H’ieﬁrrﬁlﬁ%“k"ihfzé? ﬂC‘éﬁg‘Eﬂt? g%[é)"?,“v%ﬁ‘moni um

| auret h-n-sul fates, sodium |l aureth-n-sulfates, isothionates, glycerylether
sul fonat es, saht pisetiynaions annidindtaniicambe dividedhintoendter-sbhelamtéirritants and
surfactant may be sel ected WD 2012/ 053976PCT/ ?C‘*%gll/ 000362 32 fro.@éhfe

gr oup cof‘i‘@?eétlﬁﬁ’éu%? A GHTIANS B‘GPTSWmaé‘é’F(?_ES%‘PH]SF@, SYEH S8R HRAP AR aéﬁ_rdssgﬂ” cd, for

gl ut pgat @xanﬁ@g] W0 8! B! NG W AR £ wWEREH R Eh dhdb¥portdll bpk&srens@di um al kyl et h
sul fates, a nium al kyl eth sul fates, and conbi nationS thereof. A

phar maceutical |y acceptable carrier may al so be jncluded in the

conposi tion. Alaudamayetseihs usebin (e REMpPRToRtcERIoraA nglude pighrenty & dyss PY er
refers t Q c@f?%insd'dgr? BRIk thé d38Retic benefit requires. Examples of pigments include, but are

not limited to, iron oxides, and titanium oxides. Suitable dyes include FD&C approved
colorants, D&C approved colorants, and those approved for use in Europe and Japan (see
20  Marmion, D. M., Handbook of US Colorants for Food, Drugs, Cosmetics, and Medical
Devices, 3rd ed, 1991 herein incorporated by reference). The term “color” as used herein
refers to the quality of an object or substance with respect to light reflected or absorbed by the
object or substance. The three characteristics of color are hue, intensity, and value. “Hue”
refers to a gradation, tint, or variety of a color. “Intensity”, “chroma”, and “‘saturation” are

25  used interchangeably to refer to the strength or sharpness of a color. A color is full in intensity

only when pure and unmixed. “Value” refers to a degree of lightness or darkness in a color.

The term “surfactants” as used herein refers to surface-active substances, such as a
detergent. Suitable surfactants include, but are not limited to, sarcosinates, glutamates, sodium
alkyl sulfates, ammonium alkyl sulfates, sodium alkyleth sulfates, ammonium alkyleth

30 sulfates, ammonium laureth-n-sulfates, sodium laureth-n-sulfates, isothionates, glycerylether

sulfonates, sulfosuccinates and combinations thereof. The anionic surfactant may be selected



toxic carrier conventionally useable for topical admnistration of

phar maceuticals in which the exosone will remain stable and bi oavail abl e
when applwedothioseesl y to skin or nmucosal surfaces. The ooNBEG211i006532

descri bed here may include a cosnetically acceptable carrier. As 10used
herein the phrase "cosnetically acceptalde carrier" refers to a
substantially non-toxic carrier, conventionally useable for the topical

adm ni st franl A gﬂfup%@ﬁﬁﬁlﬂg&&so&‘ﬂuﬁﬂamlytihrﬁisﬁﬁ&miﬁ)nmddlumdﬁmd)y‘l glitaibbe, and

bi oavail able. It will be understood that cosnetically acceptable carrj

and phar fredeneikyhrul{atese amproainpalkyl suligtes. sodping pllayleglh suliaes ypmgpiugha kyleth

i dentica e pharmaceutically acceptable carriers

i ncl ude aéﬁh% &ﬂ}#ﬁ@?gﬁﬁﬁyhfﬁgk(vasellne) petrol eum mineral oi

vegetable oil, animal oil, organic and inorgani¢ waxes, such as
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sustai ned rel ease or del ayed release carrier. The carri can be any

mat eri al ewsalswll&m@aﬁaﬁlm Ripavgdpbly adren aplieddirgetly FPes BSHHESPo provi de
a nore e%ﬁr Lent adm nistration resulting in less frequent and/or decreased
dosage of the exosone, ease of handling, and extended or del ayed effects on

epithelial-rel ated conditions. Non- Ilnltlna exanpl es of such carriers
i ncl ude |i pos&hesompesitianssigsriibsd %ﬁ?@r‘ﬁglﬁ %a@gsm%waﬂa/ a¢cseRplS agicrofs

nat uyal Q leick ,L _ nce
e 18R L R R e S B R e e
from a vadrtiet, yomfenfibmsiyhsbate ﬂfr,thesuophalaaimuhmtretscbreasfodo,smstita;am'rﬂhamhides or
phosphatldylchollnes itab cosnetically acceptable.carriers are
descri befXgsAMERWilEmenin ﬁ&a@mﬁ%@&aﬁl %&E&s‘ﬁ'cbel W@Fé&i(’é‘ﬁﬁglﬁ(’@??% ary and
Handbook, cc%Rﬂbﬁ:@af‘ri&@an@ﬂia}ﬁgcegﬁcéf@%b%le aidic AU ShRaPaT Yot oft -Ehf?d@gﬁ%ﬁ‘le'[ IC,
Toiletry, d Fragrance ‘Associ ation, Inc Washi ngt on, D.C.,

2012/ 05391@@@E/ SG2011/ 000362 33 2000), which is herein |ncorporated by
reference. Also included are the carriers described herei nabove. The

conppgitions Spal a4 Mﬁﬁl cédagélgsdgcceﬂsble ama;ﬁnaﬂqé WaRPleroRURALID! € active

i ngredi ents, re al me provi di ng the conposition w th another
phar mace(@Wasehhs). ﬁetaﬂralmommenab ail, vegetobls et aromef didairgariiqardigptdaote waxeshat

provi ded by a exosomne ﬁilbbe" as. used rej n neans tF
conponent¥gF “%'ﬁ‘iﬂ‘iryétayb‘ﬁ"png ik &ZBCGEH%%FEI‘%‘I‘ML%(? WY e ﬁ%éaﬂ'/\ﬁ?r}?s’each
ot her i no@afiRNBRAI0SUEHIIiRAL starbﬁer& gufn 418bit HI&HE, pefokshaid metke Also

substantlall reduce the eff i cacy of the conp05|t|on under ordinary use
condi ti omslu hejearieng@escribed hereinabove.
20 The pharmaceutically acceptable carrier may include a sustained release or delayed

release carrier. The carrier can be any material capable of sustained or delayed release of the
exosome to provide a more efficient administration resulting in less frequent and/or decreased
dosage of the exosome, ease of handling, and extended or delayed effects on epithelial-related
conditions. Non-limiting examples of such carriers include liposomes, microsponges,

25  microspheres, or microcapsules of natural and synthetic polymers and the like. Liposomes
which may enhance the localized delivery of the exosomes within skin layers, may be formed

from a variety of phospholipids, such as cholesterol, stearylamines or phosphatidylcholines.

Suitable cosmetically acceptable carriers are described in the CTFA International
Cosmetic Ingredient Dictionary and Handbook, 8th edition, edited by Wenninger and
30  Canterbery, (The Cosmetic, Toiletry, and Fragrance Association, Inc., Washington, D.C.,



10We describe the use of an exosone a nmethod for pronoting healing of a
wound (including optionally of pronmoting hair growth) in an animal such as
a manmal Wwo 0eead3d7her eof . The met hod for pronoting heal iPog/sckoa/ovesend nay
conprise admnistering to the animal such as a manmal in need thereof, an
effective anount of an exosone. The ter® "pronoting healing of a wound" as
used in this docunent refers to 15 augnenting, inproving, increasing, or

i nduci ng200®mswhieh iiedtincorfirated PRiréfehcd@ Aeumdiudédurdhbeatiengleb&ibed
considered to be pronoted, for exanple, if the tine of healing a wound
treated WFEWabX6sone conpared to a wound not treated with exosone is
decreased by about 10% such as decreased by about 25% such as decreased

by about 50% THélE6mASsi EHEMRASREEYInABEbne/S%nordl ddeftidakli coaiprtible@dfice heal i ng
is considered to be pronpted if the tinme and extent of re- 20 acquisition

of muscl ngeesientaathich arg abmed dtpretidiag the wampogitigntrthesnetharphaainsantcal.t o a
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ascertai n_whet her wound healing is pronoted. Thus, the terns "treating" and
"t r eat meMith eaelbother Bragangr E}@hgbﬁéh%aw lager@%weﬁlﬂatwua%ws@amlm gt ng to

a subj ecme%fﬁ&%y%ﬁ%téoﬁﬁ!okmoﬁm&tdrmﬁa@{tﬁyeancgﬁo@sn exosome conposi tion so

that the subjec as an I nprovenent In e di sease. The inprovenent may
conprise _any inprovenment or renediation of the synptons. The i nprovenent
may compMQENRHEABEY: vabl e or neasurabl e i nprovenent. Thus, a treatnent nay

i nprove the disease.condition, but may nat be a conplete.cure for the
di selle. WO NPREHOBTE Bier9 SR PI9TOP S IdA Or R R e T R be
pronot ed LA uling oPROTHY dprémSHERNr AbWIBYE an Pt X@MIsQ themiBPi deBg wound

heal i ng may be pronotéd by pronoting regeneration of skeletal nuscle.
Muscl e t thesaod Trermeethpd formegraoienghealing ofie meved may poiprissadmiomtdrag tedhel | ite

cells. The satellite cells. are i cal | y.found distributed throughout
nuscl e t 8135 ﬁsﬁﬁmﬁﬁ,\l& i e‘%&ﬁ% $o ’taﬁlee\f?ﬁﬁ}'eo?’rfl?lilnstgi WP te cells are
qui escent in that they neither differentiate nor undergo cell division.
Fol | owi ng nusFhe tdrmj ‘ipromatingchealingjof woved yasfusedrindhisalpsementatiskd ot e cel | s

- the cell, l.e, .proliferat d, ent i sting. le fi
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into existing nuscle fibres, thereby increasing fibre girth.
exosome compared to a wound not treatéd with exosome 1s decreased by about 10%, such as

decreased by about 25%, such as decreased by about 50%, such as decreased by about 75%.

Alternatively, wound healing is considered to be promoted if the time and extent of re-
20  acquisition of muscle contractility and function treated with exosome compared to a wound
not treated with exosome is improved by about by about 10%, such as improved by about
25%, such as improved by about 50%, and such as improved by about 75%. Conversely, the

degree of scar formation can be used to ascertain whether wound healing is promoted.

Thus, the terms “treating” and “treatment” should broadly be considered as referring to
25 administering to a subject a therapeutically effective amount of an exosome composition so
that the subject has an improvement in the disease. The improvement may comprise any
improvement or remediation of the symptoms. The improvement may comprise an observable
or measurable improvement. Thus, a treatment may improve the disease condition, but may

not be a complete cure for the disease.



Thus, the term "regeneration of skeletal nuscle" may be used to refer to

t he process by which new skeletal nmuscle fibres formfrom nuscle progenitor
cells. Theonewwkeket al nmuscle fibres can be new skel et acTveachi®odishr es
that replace injured or damaged nuscle fjbres or new skeletal fibres that
fuse into existing nuscle fibres. 15Skef®t al nuscl e regeneration may be
considered to be pronoted if the nunber of new fibres is increased at | east
about 1% suchhawoand hesdiog nimy telwomordds thewrnimaldymynumber e say ainetexsople

The wound healin | ternativel r in addition be.pr t.ed, in the
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refer todaisiémcrease in the 25anmount of collagen produced. Any net hod known
to those skilled in the art can use used to determ ne whether the
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col | agencdlycyesd, pebliférate, Sxdenidrexidiag sl fibrédor uh@érgo iffieteRBACR intt C.
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of col | agaHinuslepiganeeiules vichformaest myseds tibreod he mypblagts sepptuallyadeldpy about
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WU e wound can be an Inter an ‘ext er na d found
in any location of an animal such as a mamal . A wound is typically caused
by physical néhws thestgun “weenasatinarfckeletab mapsleamay bp yeaddp irefer toghe prasessty

means. %ﬂ&%%eme lta%% gl.e%gessetg 19¥r gfﬁliugcﬁgb%’rgeﬁiy&tleﬁé e nlly s?gféiaqﬁﬂfsclea
fall, injuries sustalned 1n bat I'e 8 eep lacerations and anputations In
sol di er s}ibregtcan bOnewykdetnighasle fibres daurepiace snjofed @s dapegedneascle Shreger yow
organ transplants, anmputations, and |npl antations of prosthetics, such as
joint an qiﬁtﬂ%?ﬂ tgﬁ'gfph‘%%'tn,to SHYNETAGGIMES can be an open wound or cl osed
wound. 100pen wounds refers to wounds in which the skin is broken. Open

woungs i ncl udgkelé@l maxdadigenerativi BaPBS cdrisidered totbe pismoed Withe humber sfkiiew i s
br oken b% for instance, a cutting instrunent Ee. o, Knife, raieor etc.)),
| acer at i BRESS 5 ingreaseglsty st abRuikecTich Realleash by & ?‘9%10({%511‘&}1 asrhyiad feastaboud i |
or blunt chpstrunment), abrasions (e.g., generally a superficial wound in
whi ch the topnost |ayers of the skin are scraped off), puncture wounds

(typically caused by an object i i . ) i
The wound healing may alternatively or in addition be promoted in the animal such as

a mammal by promoting collagen production. Collagen is a fibrous structural protein and a
20  major component of the extracellular matrix. Any type of collagen may be promoted.
Examples of types of collagen include, but are not limited to, collagen types I-XXVIII. For

example, the collagen may comprise type I, collagen type 111, collagen type IV, or collagen

type VI

The term “promoting collagen production” may be used to refer to an increase in the
25  amount of collagen produced. Any method known to those skilled in the art can use used to
determine whether the production of collagen is increased. For example, an increase in
collagen production can be determined by analyzing for increased expression of collagen by
using, for example, Northern Blot, real time RTPCR, etc. Typically, collagen production is
considered to be promoted if the amount of collagen is increased by at least about 1%, such as

30  atleast by about 10%, such as by at least about 20%.



15puncturing the skin, such as nail or needle), penetration wounds (e.qg.,
caused by an object such as a knife), and gunshot wounds. Cl osed
wounds arwoty/sad7by wounds in which the skin is not brekesc2é/oecsanpl e of
a closed wound is a contusion. The wound may conprise an acute wound. An
"acute wound" as used in this 20 docune®dd nmay refer to a wound that heals
in arelatively short anmount of tine. Acute wounds have a relatively rapid
rate of Mealmmg, especially in healthy subjects. However, in the elderly or
i mmunoconprom sed healing can be prolonged. Healing is al so prolonged if

t he wound becdhesvound eat dan nteang) vasindfor ac externabwnoisd foued irday lovdticerad anot
limted to ?rtial-thickn ss burn, laceration, bullet wound or infected
wound. ZBWHg'wﬁﬁﬁﬁaﬁﬁ?nE%ﬁprise an chroni c wound. A "chronic wound" as used
in this docunent may refer to wounds that take a long tine to heal or that
do not heal waA Would igxjpcaiialcaustidebyjhybicalmmeast, dubh hsmetiemjcal chémamal,c wound

can al so_ include jnfected wounds that take a |ong tinme to heal. WD
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total la structural organization and functional coordination Wt
nor mal t swgicel probedundsc swburs dperoheartruagsry, qngaietr@smantsp@nw@tamsyam assified

into three major types: diabetic ulcers..venous stasis.ulcers, decubitus or
br essur e MPEEREons g iRERthetics Sigh & Wyt Aaf hipIERRCERETL Sissckhe Yol gifl DAL SEET ¢
state and,oRA@br bseiossurfdontrol results in poor peripheral circulation and
m crocirculation due to progressive arteriosclerosis; neuropathic changes

that result in an insensate extrem.t rone to.trauma,. and intrinsi.c
derebd e in ¢ hOMBHURORITp NPUEsLL WhbRe s/ D iib QrEh NOMASSI RS BE and
response ot a0l iheikdhs greo,\%égmg@ﬁ{ Whith theskilB hai&d Wi foreneiie W GRfisg Venous

hypertension causes di sturbed m crocircul ation 10and pat hol ogi cal ~changes
of the capiuingni @, kelifevrarerdciga). dacsrasions (ievevaunds ipwhbich thd imisttppigally

cyt oki ne nd,prot eases. .Fi brobl ast senesce and r.espond [ ess. t [ oWt
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i nhi bi t ok t@ﬁﬁoétm%rﬁ@mel skiPafssrdped uht;,amcme@%ume{typsdaily chigset d§lan object
pressure w thout nmovenent to allow blood flow for 8-12 hours, 15The wound

may tdnpPreduEngiie skifpthel as sgil Ar dpsdirdspengiratine weuwndp (- ecayiged By an ABiect i ni t ed
to full _-tslp(j c&gqﬁfemﬂﬁgﬁn&ggwggﬁ&[ al -t hi ckness wounds. Full-thickness
e’’co

wounds invol ve ete renoval of epiderms and derms to the depth of

fasci al planes or subcutaneous . ) o
Closed wounds are typically wounds in which the skin is not broken. An example of a

closed wound is a contusion.

The wound may comprise an acute wound. An “acute wound” as used in this
20  document may refer to a wound that heals in a relatively short amount of time. Acute wounds
have a relatively rapid rate of healing, especially in healthy subjects. However, in the elderly
or immunocompromised healing can be prolonged. Healing is also prolonged if the wound
becomes infected. Examples of acute wounds include, but are not limited to partial-thickness

burn, laceration, bullet wound or infected wound.

25 The wound may comprise an chronic wound. A “chronic wound” as used in this
document may refer to wounds that take a long time to heal or that do not heal without
external intervention. Still further, a chronic wound can also include infected wounds that take

a long time to heal.

Examples of chronic wounds or chronic ulcers include, but are not limited to diabetic

30 ulcers, venous stasis ulcers, decubitus or pressure ulcers. Yet further, chronic wounds can also



fat. In the | oose-skinned species, the thin nuscul ature of the pannicul us
carnosus, which firmy adheres to the base of the derms, is usually
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docunent theldoenplete removal of epidermis and dermis to the depth of fascial planes or subcutaneous
fat. In the loose-skinned species, the thin musculature of the panniculus carnosus, which
firmly adheres to the base of the dermis, is usually removed as well. In partial-thickness
20  wounds a substantial amount of dermis, mostly reticular, is left behind, and, more importantly,

the bases of most epidermal appendages (sebaceous and sweat glands, hair follicles) remain

intact.

The term “wound” as used here may therefore include any injury to any portion of the
body of a subject including, but not limited to, acute conditions such as thermal burns,

25  chemical burns, radiation burns, burns caused by excess exposure to ultraviolet radiation such
as sunburn, damage to bodily tissues such as the perineum as a result of labor and childbirth,
including injuries sustained during medical procedures such as episiotomies, trauma-induced
injuries including cuts, incisions, excoriations, those injuries sustained in automobile and
other mechanical accidents, and those caused by bullets, knives and other weapons, ulcer such

30 as pressure ulcer, plaster ulcer and decubitus ulcer, and post-surgical injuries, as well as

chronic conditions such as pressure sores, bedsores, conditions related to diabetes and poor
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mul tiple tinmes a we )
methods and compositions described here are practiced.

For example, the exosome composition may be employed to treat a human subject.

THERAPEUTIC METHODS

An exosome may be orally, topically, or parenterally administered to a subject

20  suspected of or having a wound.

One of skill in the art can determine the therapeutically effective amount of the
composition to be administered to a subject based upon several considerations, such as
absorption, metabolism, method of delivery, age, weight, disease severity and response to the
therapy. Oral administration of the composition includes oral, buccal, enteral or intragastric

25  administration. It is also envisioned that the composition may be used as a food additive. For
example, the composition is sprinkled on food or added to a liquid prior to ingestion. Topical
administration of the composition includes topical, dermal, epidermal, or subcutaneous
administration. Parenteral administration includes, but is not limited to intramuscular,
intravenous, intraperitoneal, intraoccular or intraarticular administration or administration into

30 asurgical field.
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20 For topical administration, a gel formulation comprising exosomes may be used to coat
fibres of an absorbent gauze dressing to form a wound healing bandage which may then be
placed on a wound. A low viscosity formulation may be used. The wound healing bandage
may be prepared by soaking a gauze dressing with an aqueous gel solution comprising
€xosomes héving wound healing activity. The bandage can then be applied to the wound so

25  that the coated fibres of the gauze contacts the wound and stimulate the rate of wound healing.

Where a gel comprising exosomes is applied to an internal or incisional wound, the gel
forming polymer may be biodegradable. The naturally occurring polymers are generally
biodegradable. Examples of these are collagen, the glycosaminoglycans, gelatin and starch.
The cellulosics are not biodegradable. The synthetic polymers such as the vinyl polymers are

30 not degradable. The biodegradability of the polymers described herein is well known to those
skilled in the art.
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macr ophages, dendritic cells,
stimulate production of immune cells For example, interleukin-18 enhances natural killer

cells or T lymphocytes, which can kill bacteria infecting a wound. For example, interleukin-18
(IL-18) enhances CD4+, CD8+ and CD3+ cells. It is known by those of skill in the art that IL-
18 is a Th.sub.1 cytokine that acts in synergy with interleukin-12 and interleukin-2 in the

25  stimulation of lymphocyte IFN-gamma production. Other cytokines or chemokines may also
be enhanced for example, but not limited to IL-12, [L-1b, MIP-3a, MIP-1a., or IFN-gamma.
Other cytokines or enzymes may be inhibited for example, but not limited to IL-2, IL-4, IL-5,
IL-10, TNF-a, or matrix metalloproteinases. It is further contemplated that IL-18 or GM-CSF
stimulate the production or activity of cells involved in wound repair, for example, but not

30 limited to keratinocytes, endothelial cells, dendritic cells, fibroblasts, and myofibroblasts. Yet
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Cytokines, for example, interleukin-18 or granulocyte/macrophage colony-stimulating
factor, can stimulate the production or activity of immune cells. The immune cells include, but
are not limited to T lymphocytes, natural killer cells, macrophages, dendritic cells, and

20  polymorphonuclear cells. More specifically, the polymorphonuclear cells are neutrophils and

the T lymphocytes are selected from the group consisting of CD4+, CD8+ and CD3+ T cells.

Cytokines, for example, interleukin-18 or granulocyte/macrophage colony-stimulating
factor, can also stimulate the production or activity of cells involved in wound repair. The
cells involved in wound repair include, but are not limited to keratinocytes, endothelial cells,

25  fibroblasts, dendritic cells, and myofibroblasts. The inhibition of TNF-alpha further inhibits

the migration and maturation of dendritic cells. The dendritic cells can be Langerhans cells.

ADMINISTRATION

We disclose method of treating a skin wound (and/or of promoting hair growth), the

method comprising the step of administering a therapeutically effective amount of a exosome
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t he agent and exosone conposition woul d sti be able to exer

advant ageedehmeno i wownef hirimal ose. Pharmesewidhal ¢ompasitions pest doserdled intfurther

cont enpl at eﬁbtlhat one may contact the wound w th/adm nister both nodalities
within aBtat °#'°?4 days of each other 25 and, such as, within about 12-24
hours of each other. In sone situations, it nay be desirable to extend the
time period fdm dffeetivarmnours iof thiefexosmmd, puchavie wepharmdventicab ewepeditidaysay(be, 3,

4, 5, 6 or 7) to.several weeks.(2 .3, 4. 5, 7 of 8 apse ween t he
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growbl f afehiRyds st edarth pRAMERRE o meENATH SdminfiedrbdlSystedMbMly @16cdI9t fdrieRhmpr t O
Regranex. TM (Becapl ermi n-BB gel ), ‘AuTol o- Gel (autol ogous activated
by injection.
The systemic administration of the exosome may be by intravenous, subcutaneous,
intraperitoneal, intramuscular, intrathecal or oral administration. Alternatively, the exosome

may be applied topically in appropriate situations. Such situations include, for example, skin

25  abrasions and surface wounds.

An effective amount of a pharmaceutical composition described here may comprise
any amount that is effective to achieve its purpose. The effective amount, usually expressed in
mg/kg can be determined by routine methods during pre-clinical and clinical trials by those of

skill in the art.



pl atel et rel easate), Procuren (autol ogous thronbin-induced pl atel et

rel easate). G owh factors WD 2012/ 053976PCT/ SG2011/ 000362 43 act wi t hout
| i mitati owokyizusesvet i ng granul ation or the formati on of poewchighbyse2
vascul ari zed connective tissue; stinmulating proliferation, differentiation
and migration of epithelial cells, vasc#lar endothelial cells and other
skin cells; enhancing the production of collagen, collagenase, and

ext r acel IQomvegiNARION RHERSH N Repl acenment Ther apy Exanpl es i ncl ude but
are not limted to Apligraf (bilayered living skin), Trancyte (Human

fi brobl ast - dein vedr toeingreasartlye efféativendss bf thaerysonideromgmpssion ip eraydeealesirable

one-layer skin sybstitute), Epicel .(Iliving one-layer. artificial skin
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artifici glehsiigRoWRAGCtbfsORiR We%ﬂﬁlﬂ@ﬂa?};engﬁﬁatﬁd and elsical Qebiliddm&d, moist
artificial skin). Enzymatic and Surgical” Debri denent Debridenment is a

process woupd dsssingse cleansetseantitiigledtserri ¢ or dead tissue. Enzymatic debriders
i ncl ude Accuzyne papai n-urea debriding ointment and Col | agenase Santyl .

Surgi cal debr iggﬁfrt&'_ﬂﬁnd Rlafihg aé%tspé]% %gﬁ'ﬂe 61?{Eg¥l@sllel§9£ff@ctting @avdundah b sabjethe

ischemc or d Issue I n a 1lbwound. Debridenent may be repeated, for
exanpl e, faaample, bpent@inciag ths gréwtlorate7ofokyscellsr augwenting theblo®l supplyangkm
weeks or ery 1,.2, 3, 4, 5 6, 7, 8,9, 10, 11  or 12 ths. ,Enzymati c
dobr | dentnls. progiingandmaiipe Bispghse e bR ininghe SRuRE R AL anc
conposi t iRAsiIng eRAEhRaAsRE g%nlmmgahé Slofifte 68 &} WaundONjordEdreaillyMHebe Ghgy mat i C
or surgical debridenent. essi ngs 20Wwund heal ing therapies include a

vari €@y wfound bealimgreeentp arsarovdedinesesimbysed ppewy eHectivatie girmets therhaaliggobut
are not ghphhgd t o anor phous hydrogel s, hydrogel sheets, absorptives,

al gi nates, Dbi ol ogi cal and synthetic dressings, collagens, conposites,
contact |ayers, elastic gauzes, foans, gauzes and non-woven dressings,
hydr ocol | oi ds Thismpeceghamer invleesasinripisterigg (theexesome Forg pesitian anl; thg agent(s) or

dr essi ng

s, . transpa né films,. wound filler .quhf = | i ncl ude
but ar o HBYURIF SRERE(ET et hgsungimey KHE mag sl hy alitilermp ingtc
composition or pharmacological formulation that includes both agents, or by administering
15  two distinct compositions or formulations, at the same time, or at times close enough so as to
result in an overlap of this effect, wherein one composition includes the exosome composition

and the other includes the second agent(s).

Alternatively, the exosome composition may precede or follow the other wound
healing agent treatment by intervals ranging from minutes to weeks. Where the other wound
20  healing agent and exosome composition are administered or applied separately to the wound,
one would generally ensure that a significant period of time did not expire between the time of
each delivery, such that the agent and exosome composition would still be able to exert an
advantageously combined effect on the wound. In such instances, it is contemplated that one
may contact the wound with/administer both modalities within about 1-14 days of each other
25  and, such as, within about 12-24 hours of each other. In some situations, it may be desirable to
extend the time period for treatment significantly, however, where several days (2, 3,4, 5, 6 or

7) to several weeks (2, 3, 4, 5, 6, 7 or 8) lapse between the respective administrations.

Growth Factors
Wound healing therapies include growth factor based treatments. Examples include,
30  but are not limited to Regranex.TM. (Becaplermin-BB gel), AuTolo-Gel (autologous activated

platelet releasate), Procuren (autologous thrombin-induced platelet releasate). Growth factors



Care, CarraKlenz, D aB Klenz, McroKl enz, Radi aCare Klenz, UtraKlenz,

Conf ee SeaC ens, Optipore Sponge, Saf-d ens, Shur-d ens, Dernmagran,

Der maKl engo 2083976 Cene Kl enz, GRX, Allclenz, Restore, kygpschonoddsti Tech,
Skintegrity, MPM Antim crobial, 30CinsWund, Septicare, Lobana Saline. WO
2012/ 053976PCT/ SG2011/ 000362 44 Anti m cédbi al s Exanpl es of include
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sul f adi agitReithout BERNEGERY pRE TR RAHion @€ the (BXAMIINGS nefv Highly 3vsutited
antimcrobials include but are not limted to impenenicilastatin,

P- | act anfpnregidveatifase s§mukitini peelferatipmidiffercntigtion|apd anigration of epithelial cells,
) . iy ' ) tin
er i soxristia} BRQRTHF ABF St 986 S ERT e e RO BoflEAR RMERRO T L0
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produgts, andcyarj ous antifungal creans and powders. 10Conpressi on
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pat i g(ﬁt f'blt‘gF‘f* a&bt?(il?j Sgg'é)l'degree angle, for one patient to sit up to 90
degree angle, for nore than one patient to be treated sinultaneously.
20Exampl es of Fupmaizlanb\NpegibdrDabriokygen t her apy i nclude but are not [imted

to di sposabl e_{ ppi,cal hyperbaric oxygen, syste far extremt | cers
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described here may also be used in conjunction with enzymatic or surgical debridement.

Dressings
20 Wound healing therapies include a variety of treatments based on dressings. Dressing
categories include but are not limited to amorphous hydrogels, hydrogel sheets, absorptives,
alginates, biological and synthetic dressings, collagens, composites, contact layers, elastic
gauzes, foams, gauzes and non-woven dressings, hydrocolloids, impregnated dressings,

silicone gelvsheets, silver dressings, transparent films, wound fillers

25 Cleansers
Examples include but are not limited to Biolex, Lamin, Wound Wash Saline, Techni-
Care, CarraKlenz, DiaB Klenz, MicroKlenz, RadiaCare Klenz, UltraKlenz, Comfee Sea-
Clens, Optipore Sponge, Saf-Clens, Shur-Clens, Dermagran, DermaKlenz, Dumex, Gene
Klenz, GRX, Allclenz, Restore, Hyperion, Medi Tech, Skintegrity, MPM Antimicrobial,
30  ClinsWound, Septicare, L.obana Saline.



30treatment of various wounds with variety of tips; various wound
irrigation and whirlpool systens. WO 2012/053976PCT/ SG011/000362 45
Nutriti ongb 20tpas8gy Product s Exanpl es include but are netTlsicrti®dosco
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Dynamic compression examples, include pumps and sleeves such as but not limited to
ArtAssist, ArterialFlow, EdemaFlow, PulStar, Circulator Boot, Flowplus, Flowpress,
Flowtron. Static compression include but are not limited to leg wrappings, gloves, socks, leg
wears, leg supports, arm sleeves, stasis pads, compression hosieries, non-elastic bands, high

15  compression bandages, zinc impregnated bandages, elastic bandages.

Oxygen Therapy

Examples of systemic hyperbaric oxygen therapy include but are not limited to
compartments for one patient to lay down, for one patient to sit up to 25 degree angle, for one
patient to sit up to 90 degree angle, for more than one patient to be treated simultaneously.

20  Examples of topical hyperbaric oxygen therapy include but are not limited to disposable
topical hyperbaric oxygen systems for extremity ulcers, disposable topical hyperbaric oxygen

systems for decubitis, post-op and trauma wounds.

Hydrotherapy, Electric Therapy
Exafnples include but are not limited to dry hydrotherapy machines; non-contact
25  thermal wound care systems for use on partial- and full-thickness wounds that maintain
warmth and humidity in the wound area; systems that provide non-thermal, pulsed high
frequency, high peak power, electromagnetic energy to treat edema and pain in acute and
chronic wounds; systems that use controlled, localized negative pressure and support for moist
wound healing; pulsatile irrigators with controllable pressures below 15 psi for site-specific
30 treatment of various wounds with variety of tips; various wound irrigation and whirlpool

systems.



provided in the formof a pharmaceutical conposition. A exosone
conposition suitable for adm nistration is provided may be provided in a
phar macewvbealdossmecept abl e carrier with or wthout an ipoesGaeitjouesst. The
carrier may be assimlable and includes liquid, sem-solid, i.e., pastes,
or solid 25carriers. Except insofar as 4nmy conventional nedia, agent,
diluent or carrier is detrinental to the recipient or to the therapeutic
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gel atin capsul .ablets, or pills are enterically coated. Enteric
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and other cytokine analogs; or MIP-1, MIP-1beta, MCP-1, RANTES, and other chemokines.
PHARMACEUTICAL COMPOSITIONS
20 The exosome composition may be contained in a pharmaceutical carrier. [t may be

provided in the form of a pharmaceutical composition.

A exosome composition suitable for administration is provided may be provided in a

pharmaceutically acceptable carrier with or without an inert diluent.

The carrier may be assimilable and includes liquid, semi-solid, i.e., pastes, or solid
25  carriers. Except insofar as any conventional media, agent, diluent or carrier is detrimental to
the recipient or to the therapeutic effectiveness of a the composition contained therein, its use
in administrable composition for use in practicing the methods described here may be
appropriate. Examples of carriers or diluents include fats, oils, water, saline solutions, lipids,

liposomes, resins, binders, fillers and the like, or combinations thereof.



Further, the conposition for topical adm nistration which is conbined with
a sem- solid carrier can be further formulated into a gel ointnent. An
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Further, the composition for topical administration which is combined with a semi-

solid carrier can be further formulated into a gel ointment. An example of a carrier for the
formation of a gel ointment is a gel polymer. Gel polymers prevent denaturation of the
composition in the open skin by serum proteases. The gel formulation also provides a

25  controlled delivery system for exosome or its activity on a wound site. Controlled delivery
refers to drug release or activity release sufficient to maintain a therapeutic level over an
extended period of time, such as up to 24 hours or more, such as in the range of 1 to 12 hours.
The present gel formulation increases the contact time of the exosome at the wound site and
provides a sustained release dosage form necessary to achieve a significant increase in the rate

30  of wound healing. This is an important advantage because it permits less frequent application
of the formulation to the wound and thereby permits fewer disturbances to the wound and its

cellular components.



Vi scous aqueous sol ution or non-water soluble, water swellable polyners
(e.g., collagen), which can also forma viscous solution. Swellable
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but may be water-swellable. Therefore, #7oss-linked forns of the polyner
are envisaged. Cross-linking refers to covalently bonding polyner chains
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dextran, starch, and chitosan. Starch occurs in two forps, a-any Iosg and
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chondr oi ate, dermatan sulfate, keratan ate epar| n s effate
and hepadefned'laseh@ﬂayo«»famwm@htymm guhyo B clraranse Visasdy hanthe diwensibrisedl | ng

in combinati vvlth form he.protei ns. may .be
sel ect edqf’?‘ﬁ t/R-syp % ﬁé‘?"?? ‘?ﬂja{ﬁreé dé&@%poﬁ%lﬁie %‘RS‘??EP’W b%‘?é%& n.
The acrylapirdetolrkdAB e sTBcARP fHd@tda0hMak wﬁtw&@cwaswaxma hgigpyl an de
pol yners. Bi oconpat i bl e polyacryl am de pol ymers may be used. Carboners may

conp2d s e Bpodkyfmbt yllsqmlfd@ Ml\ymmty @umatsfoamée@pmam ieeg-Ha2gteemst Ecul ar

wei ght pg% nmer.s cry gross linked with either al kyl esters of

sucrose B%rﬁ?a ﬁ?’slotﬂEﬁrWlsg cf%\%?e commercial |y avail abl e grades of
car boner include Carbopol 910, Carbopol 934P, Carbopol 940, Carbopol 941,
Car bopol 971PThé:gcltfopninggﬂaaéi,ialmabdvp(_watfgaolubteap@wpoﬂs cgprble Qﬁﬁomjptgl a 1342,

opi cal SPeTALFORaP B0 b BRI Rav b ke aicccaetty! py el antbfbitlne
range 1, Q@@chlc?an%%f@ﬁﬂ aGRRodd sol@Rm Sﬁ/@ll’eﬂﬂ@bd}lfyﬂlersﬂi'@thﬂs§£}ﬁ§aﬂs}érl{ whQerdly be
25  than dissolve in water. Cross-linked forms of the polymer described herein may not be water
soluble but may be water-swellable. Therefore, cross-linked forms of the polymer are
envisaged. Cross-linking refers to covalently bonding polymer chains together with a
bifunctional reagent such as glutaraldehyde. Also, it is understood by those skilled in the art
that certain polymers may have to be used in the salt form or partially neutralized in order to
30  be made water soluble. For example, hyaluronic acid may be used as sodium hyaluronate to

provide suitable water solubility.



50, 000- 2, 000, 000. The topical gel formulation may conprise 0.01-5% by

wei ght pol yacrylic acid having an average nol ecul ar wei ght of about

450, 000- 400012088976 The pol yacrylic acid WD 2012/ 053976PCT/s6e@Ahdd3 90362 49
may be present at 0.5-1.5% by wei ght and has an average nol ecul ar wei ght of
2,000, 000- 4, 000, 000. The pH of the pol4&crylic acid gel should be within
the range 4.5-8 such as in the range 6.5-7.5. The incisional gel may

conprise 15- 6QPshbuqueuglat] fofmalapedsyfox ypiday bicinisichplohyaxhtraliny ltenpolpmec k
copol ymer having an average nol ecul ar wei ght of about 500-50, 000. The bl ock
copol ymemajdy splectsd é@éh‘theﬂfOLlP@m!G}%Wf\AémalﬂOIYé'?ﬁiS»H)&Jb@Xéﬁhé]\‘?E‘F'age nol ecul ar

wei ght i - . cOp re: - known
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or i nci spelyalersgeld depyathaspr sAs thertef. RGYuhdersimodythtt @fly @thy&nkakide)einplatigsrer 10
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aci d 15havi an average nol ecul ar, wei,ght .in.the ra 500, 000 to

B 000, o0gTks ohy huPane ey B hRyeHEiiibdni dh PRI BOMS MG and < ne
average BBHsBEIhARhANRhABE diaincdR3h OF meh®BlideddR Chddflerior chambACTrvthanawle

pol ymers may be useful for all types of wound healing, &artlcul arly in the

anlt et or l\/ish@ﬂjfme?qtﬁﬁwﬁémel}éc)nsdfﬁr nissiarophbekmisorapnd kedingp Bleygebforminge h as
i t Ut i d
o Yo ¥ BffThidRs iR e 888 o9 BT SHAS idailithdl Moufl RERM GRER A SYSLem® Use

i n opht hy ganr} i‘ons, al uroni c aci acryl am de
pol yrer s polgetindue anide\nedyage beobelcul ar wei ght in the range 1-13 million,
such as about 4-6 mllion. The wei ght percent of the acrylam de polyner in

the gel may be,2-5% such as_3.5- % t] Iyl Q rs,
B R e ek L
in the apblhictacsiiambill psllvinhep@ididoanatpoly anydacdel. Thelpolsaschasiddsanuhas
the followng characteristics: any products of the djssolution or
degr hat beselefted famdbe grpapyongstingof selbulassrrsglleloghderidtiNet cl og t he
trabecul Br.%i{l & t%‘i Eltir, S1oPAE bR dekihh ARFOR 08 ChitdaA. $BRhIRLUSED be
left in gh’@ an réér‘@gr "Eh n%g)r \l/d’t lrggfﬁt cahsel&ng adverse CH ni c'aSF effects such
as an unage &finsbdaniyiek @aad amiytopectitl. dihe giyessanii@oglycans may be selected from the
group consisting of hyaluronic acid, chondroitin, chondroitin-4-sulfate, chondroitin-6-sulfate,
dermatan sulfate, keratan sulfate, heparin sulfate and heparin. The glycosaminoglycans may
20  be used to enhance wound healing in combination with any other gel-forming polymer. The
proteins may be selected from the group consisting of collagen, gelatin and fibronectin. The
acrylamide polymers may comprise polyacrylamide or polymethacrylamide polymers.
Biocompatible polyacrylamide polymers may be used. Carbomers may comprise
polyacrylamide polymer. Carbomers are synthetic high molecular weight polymers of acrylic
25  acid cross linked with either alkyl esters of sucrose or pentaerythritol. Suitable commercially
available grades of carbomer include Carbopol 910, Carbopol 934P, Carbopol 940, Carbopol
941, Carbopo! 971P, Carbopol 974P, Carbopol 980, Carbopol 981, Carbopol 1342, Rheogic

252L, Rheogic 250H, and Hostacerin PN73.

In the gel formulation for topical or incisional wound healing, the viscosity may be
30  within the range 1,000-12,000,000 cps at room temperature. The viscosity range may be
50,000-2,000,000. The topical gel formulation may comprise 0.01-5% by weight polyacrylic
acid having an average molecular weight of about 450,000-4,000,000. The polyacrylic acid



WO 2012/ 053976PCT/ SG2011/ 000362 50 It wll be readily apparent to
one skilled in the art that the desired viscosity range nmay be achi eved by
varyi ng twe wmm@sukar wei ght and percent concentration etrisbeonebyeer in
the formul ati on. For exanple, a gel having a | ow viscosity may be achieved
by using a | ow nol ecul ar wei ght pol yner4%r a | ower percent concentration or
a conbi nation of the two. A 5high viscosity gel may be achieved by using a
hi gher malag el ppsser@it OF-1 B9 by REigaNghdehabiaf heéragemorRtilac aBihNbT 200@000-
I nternediate viscosities may be achi eved by varying the nol ecul ar wei ght
and per cé4M0008AcE R of the Pabiaervdir gidygel should berwighinghe tange 498 suc@s i fén nay
conpri se %g§527 % by wei ght polyacrylic acid having an nol ecul ar wei ght of
about 106, -4,000, 000. The polymer may be present at 0.05-0.5% 10 The
dilute viscous solution may conprise 2-40% by weight of a pol yoxyethyl ene-
pol yoxypr opy| dhe insisiena) gelrmayasanryisar S0P&0 hyaveiebit eg@: pelyoxysitlytiencof
500- 500, 000. The cgoncent,r at i J - 209 i I
1, 000° 15 P00 A PAF R PR sl MhyiRE o LB EREI U, TRLEFHE SoutS0di3t 00g
cel | ul osghpelotRRbpalmér RaYbapebshiaat NH46%®| weighedndirivgbi avragdmolecular
80, 000- 240, 000. The concentration nay be in the range of 1-10% ]’he dilute
15vi scoudvesaht i themangsyl - Q9§ &k The Blogk gopalymeksiagheorppankykaara 23 Ay oRisyi ng
an avera j . 00- 8, 000, 000. The concentration
may be Ogg?%p%&gghgﬁ?lﬁ% %gglggnelégg?rgg%?g%ﬂmi ght is 1,000, 000-6, 000, 000. If
the dilute viscous solution is to be used as eye drops, the viscosity may
be in the rande lopighotinsisianpl gel may qegrise bto 85%&}}/ weight of sGelnlose pelyfens
soaki ng . i i i - j
ur t 11 e R BER R s AT ARG QRPN 6 Pod 0, HREEIdLE priti . be Bisent
conpat i bke2-8v4 by whighdaskigs ahavempamotoulandcight BLthé range $0100624000.
therapeutically effective to result in an inprov or renedi ation of the
synpt oms Ceitpless pelmessingde hydcoxspeenymetiy ‘fﬁ”é‘[‘@? Zﬁsp{?)aca\?é‘?’?y&%hydfe@‘b@ Hge
forms suegh anQ 953y RERuISQ @i pns, drug rel ease capsul es, gel ointnents
and the 't ke.” Sone variation in dosage can occur depending on the condition
of the subject being treated. The 25person res q)n%iybl e for a%n‘i ni st r,(?ti on
can, in any eJbatopiepkand memionaheel aayreopmrise 8-2qb%a by gyeigifof hyglpipns api
subj egt . i j ' idiaty,
gener 51~ BT Hera o B R B PP R A Y e
st andar dsnayfHdRpTER AIPECTS by weight and the Fueragremoksplec wsighhid geedtedharent s of
the inventj] grb gre now set out in the follow ng 30nunbered paragraphs; it is
to be undd8Y98d that the invention enconpasses these aspects: WO
2012/ 053976PCT/ SG2011/ 000362

Acrylamide polymers may be useful for all types of wound healing, particularly in the

anterior chamber of the eye. An absorbable acrylamide polymer, such as polyacrylamide, may

20  be a good substitute for present carrier systems used in ophthalmic applications, such as
hyaluronic acid. The acrylamide polymers may have an average molecular weight in the range
1-13 million, such as about 4-6 million. The weight percent of the acrylamide polymer in the
gel may be 2-5%, such as 3.5-4.5%. Substituted acrylamide polymers, such as methyl and

alkyl substituted polymers may also be used.

25 For use in the anterior chamber of the eye, an acrylamide gel delivery system has the
following characteristics: any products of the dissolution or degradation of the delivery matrix
are nontoxic and do not clog the trabecular mesh work; the gel is optically transparent; and the
gel can be left in the anterior chamber without causing adverse clinical effects such as an

unacceptable increase in ocular pressure.



51 Paragraph 1. Use of an exosone for the preparation of a
phar maceuti cal conposition to pronote or enhance wound heal ing and hair

growt h i nwenoizng@saisdual . Par agraph 2. Use accor di rgTtisa26aragsaph |1,
in which the exosone is derived froma stemcell. 5Paragraph 3. Use

according to Paragraph 2, in which the 88emcell conprises a nesenchynal
stemcell (MSCO). Par agraph 4. Use according to Paragraph 1, 2 or 3,

in which the axgsitRaciily apparicatio@he BiEilleg &Nnthd@rtnhataidddsfod Mist@stydet@ iy ed
by el ectron mi croscopy Pa@(gra ph 5., Use according to any Frecedl ng claim
i n whi chbe pehiesed oy varyingrheimelscularovgight and peigniesensgntizhp el hﬁrpoxlfbé’ﬂ‘ﬁﬁfl they 0o

kDa, for r

nol ecul a?oq@e%?’g?ﬁﬁ ﬁ&ggghéhég g?l }&W{ rhsloalfewsc’fctl))?rprhlg?r?a%g%lgfed B‘i ofgx< 300 kDa;

or (c) anmdrrmlaemcg‘ht polyeeu bad lomm@bxtcem cba&htiaban or a combiRati@gofapt teo. Alse
accordin 0.any preceding cla i N whi ch t he exosone, has a sizge of

bet veen DTSN 0E T eﬁﬁhﬁvaﬁwgv&% iefherpleuAr SEehhpolriion s mRieher o
size of g Om%ehé\%ﬁﬁtlmlﬁt@gnéﬁae Difodiis BaAPPABIARd 8§ W aFy T 8E n}{lﬂedcdlzirt ration

agai nst ter and concentration“agai nst a nenbbrane wt
mol ecul awewtgmtpetrcﬂmoblﬁceofratml dDardingly.a hydr odynamni ¢ radi us of beI ow 100
nm such as between about 30 nm and about 70 nm between about 40 nm and

about 60 nm g4 fh\A%isDRIWeERy e@%}, SRORT 999 2R, el Ro fe@hc%ld%%’fg S0

nm for exanple as deter aser fraction or-dynam
scat t er i agmoRkRhr agrghp hf z?bouUﬂ;@O a@ité,lﬂﬂ() ﬁgO t hegqnoyymerevadbeagresdinaatg. 05-16 Sihi ch

the 'ne a n for und to co | et.e eal 0 d closure) in a
test i Bte\?(lfﬁ"@f‘? Y fsie 466/65 ééhg gRPPé’ Oﬁ%%ﬁﬁgﬁ i's 90%3 or
short er @1?&%@%{4&@1&%/%%@ B@a&&a% &5?&@1& &B@h{@ﬂsoomﬁﬁm sherter,

65% or sRorter or 50% or “shorter than the time taken for conpl ete wound

cl osure poncgntecdivnroty banZ-R8% and thihmeteculae weiehit valc@t-1 5800. éﬁ?ﬁp@%iVﬁlYoﬁlq s not

| i ed. ,25P di 0 h th
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whi ch t hgepihabNEs@YB0,000-24@0PQ S icORcdnSrafidphiae Be hISthQQ%garofs hi% €The @hfte or
shorter, 80% or shorter, 75% or shorter, 70% or shorter, 65% or shorter or
50% bt s HeQusrsofutign mayeomyaise 0ion 0edneweight hyabipris peid having apayeiee in a

o2, WO T g el Bt oo

accor di ngvdragadRaokegulapieighois 18)00;000\1630(11}0(1%& thediute wmodmlﬂmnpk at lm wwednd

healing in a group of test aninal |s 14, S 13 S i.n which the
Toan § 3 £ O HIectis R RaY HeaR ganes Tt o GhrprTar scaset DY pthshrpRlftative 7
days, or sR@tdd-soaking a bandage, then any viscosity in the range 1.0-5,000 will be suitable.

20 Upon formulation, solutions are administered in a manner compatible with the dosage
formulation and in such amount as is therapeutically effective to result in an improvement or
remediation of the symptoms. The formulations are easily administered in a variety of dosage
forms such as ingestible solutions, drug release capsules, gel ointments and the like. Some
variation in'dosage can occur depending on the condition of the subject being treated. The

25  person responsible for administration can, in any event, determine the appropriate dose for the
individual subject. Moreover, for human administration, preparations meet sterility, general

safety and purity standards as required by FDA Oftfice of Biologics standards.

FURTHER ASPECTS

Further aspects and embodiments of the invention are now set out in the following

30 numbered paragraphs; it is to be understood that the invention encompasses these aspects:



Par agraph 10. Use according to Paragraph 7, 8 or 9, in which the test
ani mal or group 5of test animals conprise(s) a C57BL/6J fenmal e nouse and

t he woundwoumrisses a bi opsy punch of 177 mmR2 (15- nm di ROEISER0MMUGED) .
Paragraph 11. Use according to any of Cains 7 to 10, in which an anmount of
phar maceuti cal conposition containing 191A g or less, such as 51,tg or

| ess, such as 21.1g or less, such as Ilig or less, such as 0.5pg or |ess,

such as 0.3 t Pgra@fapki BB dnSexapdth¢ 6 thdpieprati@sdf dlPamina®dutical compoklgibagr aph
12. Use according to any preceding claim 1n which the pharnaceuti cal
conposi t FoRFoBwiART egbanceound healingand haggrowtmingnigdividupless, 8 i g/ i or

less, 4 [ig/ml or less, 2 jig/nml or less or 1.21,tg/nml or |ess of exosone.

Par agr aph 13. pAagrapk QOUSK N@ofdingidyPapag st N8 whiich tie ekdboreii€ Berii@ from a
pharmaceuti cal 1bconposition is subcutaneously injected or applied

t opi cal | ytemmgHagr aph 14. Use according to any preceding claim in which the
percentage of a group of test animals, for exanple C57BL/6J female mce, to

whi chs t he phapgagseph3CBke £QURRS {o MadrBpABRA WALHRE SRmSRAWBTRMENa Of thi ck,
straight hair is 50%or higher, such as 55% or hi gher, such as 60% or

hi gher, swgeinchgmalsierocelhih€d., such as 70% or higher, such as 2075% or
hi gher . Par agraph 15. Use according to Paragraph 14, in which the

percent age of pg,gf.gHR. Ofe Q&B;&%to"’mﬁ@ﬁﬁl 1.0 WY, GhwhiRf (ROGIIBRE hi & 8ilze of
conposition is not applied whi ch show growth of thick, straight hair is 40%

or | ower betswgern S@sm351eh 100 nnpesedetersundd Bysel@dsmaonicraseepy. such as 25% or | ower,
such as 20%or |ower, such as 15%or |ower. 25Paragraph 16. Use according
Lo any precedphg &gﬂlsrm d Becifilliol i PORUABCRHI FANERIRASLIAADCARpRaRAD! ©
of enhanci ng A r growth and woun pai r Sinultaneously. EXAI\/PLESp e
havelpr e) aushplaerfondeaddredeighitat! 00 kiDay for eradple mompnding iposteids b <MBUsDa;

derived from human ryoni c .ste |1s or fetal tissues I an —
2007) (L4 2domier ofpasian bt SGEKS 157 peSik e st 0se G
2010b) cgpicy aRbRbR& lof lifediRRMeidHtSMJojkIay i n a degenerative disease such
as nyocardi al ischema. Infusion of the CMreduced infarct size in both pig

ZRS [ngosﬁ)e Fgggérggfagggz gé?—é%égs a]a%?p?écregi?l%rcﬁal{rsrli, l%nW iMl /thlz\é)exiogémué Xasbe}/ si-ze6 8?0
between 2 nm and 200 nm, such as a size of between 50 nm and 150 nm or a size of between
15 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 cut-off of 10 kDa, or 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.

20 Paragraph 7. Use according to any preceding claim, in which the time taken for a
wound to completely heal (complete wound closure) in a test animal to which the
pharmaceutical composition is applied is 90% or shorter, 85% or shorter, 80% or shorter, 75%
or shorter, 70% or shorter, 65% or shorter or 50% or shorter than the time taken for complete

wound closure in a control animal on which the pharmaceutical composition is not applied.

25 Paragraph 8. Use according to any preceding claim, in which the mean time taken for
complete wound healing in a group of test animals to which the pharmaceutical composition is
applied is 90% or shorter, 85% or shorter, 80% or shorter, 75% or shorter, 70% or shorter,
65% or shorter or 50% or shorter than the mean time taken for complete wound closure in a

control group of animals on which the pharmaceutical composition is not applied.



al ., 2008). Subsequent studies denonstrated that this cardi oprotecti on was
nmedi at ed by 5exosones or mcroparticles of about 50-100 rimin dianeter and
t hese exosomer/Baw76y both protein and RNA | oad (Chen et palrisc22@b0osctai et
al ., 2010a; Lai et al., 2010b; Sze et al., 2007). These exosones could be
purified as a popul ati on of honpgenousl §2si zed particles by size exclusion
on HPLC and reduced infarct size in a nouse nodel of M/R injury at about a
tenth of the faegeehof Ushseccortitl to Runsittapte bri8) if baiictethe alean tididlidacohpleteet
al ., 2010b). Exosones are 10bi-1ipid nmenbrane vesicles of 50-100 nmt hat
are secr #oaad healing Ay a gequp qfwégmma&ﬁﬁ dthddlayTrrt dasts. o in whigplip yneanrigye

bel ong t ki roparticles

whi ch brgoar l@pﬁeﬁ}%gﬁ%%cggééagﬁgﬂf g L;;é&'g{f%‘%nt%l%ﬂ#ﬁ%%s&em F%bm&C her than
exosones, mcroparticles include mcrovesicles (100-1000 nm, . ectosones
(50-200nn), nBaBeenb 1825 aﬂce@n(%t@-l’ammh 7.8x6 Joirewhick dhotesfianimaal or 20050nm)
and op I r net er
for ?:ﬁesépg gt grrggln%'%?mgegg ?ﬁén}T/grf)%grl %Egdnl(aé}h‘?h@hh&]%@yang b?(ﬂ;e best
defi ned phlﬁthof|1577tnhﬁ2 @saamndismeBesooed. thel r size, exosones have a density
i n sucrose of 1.10 to 1.19 g/m, sedinented at 100, 0009, has a

chol esterol - nbra ne cont al o} cer e; lipid
rafts; expose arﬁﬁr&gﬁﬁgt °§8rr g0 3pRE Sﬁ]oce '10'1 lgi(vghsl%}ﬁ%n ‘?‘8‘8‘?&29 S is
conpl ex @Mmae&ﬁicmecsonwmloﬂ&omahﬁ@gcmugtﬂraéssrrﬁﬁhragsag dPtekashitast Higostdbsst he

bi osynthetic and endocytotic pathways. As evidence of this conpl ex

bi ogenesswh asHaghaldsseukh ae@dbug esless, sactoasdhd gg af exoranicds sppifed ttdrthe test
endoP(g;(lsm.c eti culum and the endosonmes such as Alix, Tsgl0l, Rab proteins,
etc. o8y are stored in nultivesicular bodies prior to release via
fusion of the multivesicular bodies (MBs) with the plasma nenbrane. 25Here
we deternine Phraptaphd2ME& &xosime® anhipadvediapcs@nin »p}hiyls'theajhlaynaheutiwhct
subcel lular entities containi g defi ned permutation of prot s and_RNAs
coul d enRARBLSIHULIXNIHISSS f*‘hgg/nﬂ@e oM Pr (56 & HEmbar e 4 1/ihot 8- 2 ono

was subcy\%un LIISS%rIII}] egltn?glr erI&% gg;]%‘l e nodel of full thi ckne_ss wound. The

rate of osur ¢ V&S enfiance unexpect ed enhanced hair growth in
the shaved dorsum of exosone-treated mce. 30 Exanple 1. Materials and
Met hods - Pr epanagtapbr 3of/seGpcording toping peaseding ¢laph, iHudseh B phefmaceatiehl

preparation of.Hu one were perforned as descri bed
D ev Tbustymp g5 ihgmlan SR I &EFo TR bty o178 PR W

2012/ 053976PCT/ S&011/ 000362 54 were concentrated 50 x by TFF using a
menbr ane wi t hPa@gtph 1MACR {c8arding fowsy pGeding wtpam, inGehintathe)perdentageroéd with a

(F))urZ:J][nl L;lg%oglh og gs%gﬁg% Otoaggargé}E?ﬁBL%ﬁgmaﬁ: nznce I\([%tw rlgzl?lhe p%ggnal\c/%atri]&ﬁjs i
composition is applied which show growth of thick, straight hair is 50% or higher, such as
55% or higher, such as 60% or higher, such as 65% or higher, such as 70% or higher, such as
20 75% or higher.

Paragraph 15. Use according to Paragraph 14, in which the percentage of a group of
control animals to which the pharmaceutical composition is not applied which show growth of
thick, straight hair is 40% or lower, such as 35% or lower, such as 30% or lower, such as 25%

or lower, such as 20% or lower, such as 15% or lower.

25 Paragraph 16. Use according to any preceding claim, in which the pharmaceutical

composition is capable of enhancing hair growth and wound repair simultaneously.

EXAMPLES

We have previously demonstrated that culture medium conditioned by MSCs derived

from human embryonic stem cells or fetal tissues (Lian et al., 2007) (Lai et al., 2010a; Lai et



Exosonmes were purified by HPLC as previously described (Lai et al., 2010a).
The 5instrunent setup consisted of a liquid chromatography systemwth a

bi nary puwp,208ms39760 i njector, a thernostated col unm oveoracdodobdéeyi si bl e
detector operated by the Cass VP software from Shimadzu Corporation
(Kyot o, Japan). The Chromat ography col ubhs used were TSK Guard col unm SWKL,
6 x 40 nmand TSK gel (4000 SWKL, 7.8 x 300 mm from Tosoh Cor poration
(Tokyo, drmanpbilwild plokcemhe hegefioat @fisy irbadegeBerfativgbisese audheds mgjcardiplt i | ab
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hydr 8@y nairlipidmagmbrene REsiclessofcdn A0 e they arersecreted Syamenyrselny Besdeaviregr s.  The
hi ghest gggegg?{eagaggé ITRY tERREREAKIIPS MR cellular hRAEG: RodAEs P Peaks

of the s nents visuall zed at I'mwere collected as
f ract i onsiéropartivlet hdiichchraadiy eevdnzabies all secrdicd snenttivarkexaisjeles. Othebttaar i al s and

Met hods - Animal Experinentation - Mc | ani mal procedures were
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2012/ 053976PCT/ SG2011/ 000362 55 subcut aneous injections of 250111 sali ne.

| n anot hatengrangron@iniog sphingasdionecrdmisiet lipd rafiss exposed phasphatidydseaiag. Hreue
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biogenesis, the hallmark features of exosomes are markers of the endoplasmic reticulum and
the endosomes such as Alix, Tsgl01, Rab proteins, etc. Exosomes are stored in multivesicular
bodies prior to release via fusion of the multivesicular bodies (MVBs) with the plasma

membrane.

25 Here we determine if these MSC exosomes which represent physically distinct
subcellular entities containing a defined permutation of proteins and RNAs could enhance
wound healing. MSC exosome diluted in saline or saline alone was subcutaneously injected
into a mouse model of full thickness wound. The rate of wound closure was enhanced with

unexpected enhanced hair growth in the shaved dorsum of exosome-treated mice.
30 Example 1. Materials and Methods - Preparation of CM

The culture of HUES9.E1 cells and preparation of HUES9.E1 conditioned medium
(CM) were performed as described previously (Lian et al., 2007; Sze et al., 2007). The CM



the group treated with subcutaneous CMinjection (p < 0.001). 0.3 lig
CM derived exosone enhanced wound closure to the sane extent as 3 pg CM

i.e. 12.3glows121i330d, respectively (p = 0.99) (Figure 1) pchiscaotioeassed Wit h
saline had a | ag phase of 3 days prior to commencenent of wound heal i ng
while this | ag phase was absent in miceS4reated with either CMor exosone
10(Figure 2). The nean wound closure tine for mce treated wwth CM m xed
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difference may reflect sone | oss of the therapeutic agent during topical
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ai st WhoerERTRE TR ORRS Sl D RRENGRSIR) noReRoRodl g TIRIBE I e
Each wouuw-wamlé dyteadreThatast thive detdcass wetehfram tWoyat Tacbholopy Cor@@ftionl of one
of the follow ng: sali rom E89 El MSCs, , exos rre

from huE@lﬁrnm&W@ng wqrég%g%éégnﬁfﬁﬁfﬁxéﬁh&% ? GoRgRENSof ity
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use. The chromatography system was equilibrated at a flow rate of 0.5 ml/min until the signal
in Dawn 8 stabilized at around 0.3 detector voltage units. The UV-visible detector was set at
220 nm and the column was oven equilibrated to 250C. The elution mode was isocratic and
the run time was 40 minutes. The volume of sample injected ranged from 50 to 100 pl. The %
20  area of the exosome peak vs. all other peaks was integrated from the UV-visible detector. The
hydrodynamic radius, Rwas computed by the QELS and Dawn 8 detectors. The highest count

rate (Hz) at the peak apex was

taken as the Ri. Peaks of the separated components visualized at 220 nm were

collected as fractions for further characterization studies.
25  Example 3. Materials and Methods - Animal Experimentation - Mice

All animal procedures were approved by A*Star’s IACUC committee. 8 week old

C57BL/6J female mice were used for the study. The animals were anesthetized using inhaled
isoflurane (3%) and subcutaneous Avertin (0.3ml). Following induction of anesthesia, the
dorsum of the mice were shaved. A biopsy punch of 177mm: (15-mm diameter wound) in

30 diameter was made in the skin. At weekly intervals, CM (3pg) and exosome (0.3ug) in 250ul

saline was injected subcutaneously at the wound periphery. The control group received



Figure 3 shows the results of enhanced hair growth and enhanced wound
closure with 10treatnent using exosones. In the mddle top and bottom
panel s ofwbi2gms3®s t he dorsum of the pig was divided i mco/siGaori/ogesazir ant s
with ten wounds per quadrant. The wounds in the right upper quadrant were
treated with conditioned nmedi um from hu&s9. E1 MsCs (EI .CM, the right

| ower quadrant with saline, the |left upper quadrant with exosone from
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i ncreased epithelial coverage and hair growh (arrows). Exanple 8. Enhanced
wound O Examgle 4.Results Sknhanced Wound\faviendMich human skin sanples and its
subsequent culture were perfornmed as previously described (Ref: Eplasty.

2009;59: e5; PpetheaH¥BbPlonple® AR ind2loshit wa 1 7TRKINGRE cadRbRwp, f8lgdst 2007
vol. 35 no. 5 693-701). WO 2012/053976PCT/ SG2011/000362 57 1..11 exosone

(0. 1111/ tHe)group wersehivith suttsytanepusdCNMahjeagomeps< P&k Osdug ﬁfvbdctrn@d@etg@rm each
central core i.tal e of e S apt yred. As
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human skin cul ture. npl e 9. Discussion Mesenchymal stemcells
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(revlf/scgl:g ayand Fal anga, 2007)). Wile sone studies have denonstrated
t hat nha%ce wound healing by differentiati ng and repl aci ng damaged
cells or tissues such as bl ood vessel s(Wi et al. % sweat gland cells
(Li et al., 20bemesn wound ploserediang fomlgﬂptéesatq%w'cﬂhgl\émw vidly Tisse) gueavay
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exosormes SYBRIF §\Z&d hisydiHersage IRyt F‘i S\?@H" R}E&ftb\‘fe&‘é%peum agent during topical

15  application as opposed to injection.
Example 5. Results - Enhanced Hair Growth - Mice

Mice treated with CM or exosome showed significant re-growth of hair with 15 of 20
mice (75%) showed growth of thick, straight hair similar to the unshaved hair, while 8 mice

(40%) in the control group showed very sparse re-growth of hair (Figure 1).
20  Example 6. Materials and Methods - Animal Experimentation - Pigs

Minipigs were fasted from the night prior to surgery. Each pig was housed in a single
cage. The pigs werew anesthesized with a mixture of Zoletil (6mg/kg) and Xylazine

(0.5mg/kg).

The dorsum of the animals were shaved and skin antisepsis performed with iodine or
25  chlorhexidine scrub followed by alcohol wipe. A final alcohol wipe/spray was done after

transfer into the operating room, just before draping.

Forty full thickness skin wound of 17-mm diameters were made in the dorsum of the

minipigs. The mean distance between each wound was 3cm.



15cardi oprotective at one-tenth dosage of culture medi um conditioned by
these MSCs, indicating that exosones are the active protective elenents in
t he secrewopamdsadrset al., 2010a; Lai et al., 2010b). UrCirlse20mnevizes
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In the panels on either the left or right are representative wounds from each of the
quadrant two weeks after wounding of the skin. The scab from the wounds was removed and

photographed.

20 Conditioned medium or exosome-treated wounds showed increased epithelial

coverage and hair growth (arrows).
Example 8. Enhanced Wound Closure — Human Skin

Wounding in human skin samples and its subsequent culture were performed as
previously described (Ref: Eplasty. 2009; 9: e5; Open Rheumatol J. 2008; 2: 17-22; Toxicol
25  Pathol August 2007 vol. 35 no. 5 693-701).

Briefly, human skin samples were trimmed before a centre core that included the

epidermis and the upper dermis was removed. Every day, the culture medium was changed, 20
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We recently demonstrated that exosomes secreted by human ESC-derived MSCs were

15  cardioprotective at one-tenth dosage of culture medium conditioned by these MSCs,
indicating that exosomes are the active protective elements in the secretion (Lai et al., 2010a;
Lai et al., 2010b). Unlike previous reports on the paracrine secretion of MSC which focus on
small secretory molecules such as chemokines and cytokines, exosomes are large particles of
about 50-100hm and contain proteins and RNAs that are generally cytoplasmic or membrane-

20  bound, and are not known to be secreted. Consistent with their role as the active protective
agent in MSC secretion, these purified exosomes also mediated wound closure and
unexpectedly enhanced hair growth. The extent of enhanced wound closure and hair growth at
0.3 pg exosome per mouse was similar to that in mice treated with 3 pg CM per mouse,

confirming that exosome was the active protective agent in the CM.
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CLAIMS

1. Use of an exosome for the preparation of a pharmaceutical composition to promote or

enhance hair growth.

2. Use according to Claim 1, in which the pharmaceutical composition enhances would

S healing.

3. Use according to Claim 1 or, in which the pharmaceutical composition promotes or

enhances human wound healing or human hair growth, or both.

4, Use according to Claim 1, 2 or 3, in which the exosome is derived from a stem cell,

such as a mesenchymal stem cell (MSC).

10 5. Use according to any preceding claim, in which the percentage of a group of test
animals, for example C57BL/6J female mice, to which the pharmaceutical composition is
applied which show growth of thick, straight hair is 50% or higher, such as 55% or higher,
such as 60% or higher, such as 65% or higher, such as 70% or higher, such as 75% or higher.

6. Use according to Claim 5, in which the percentage of a group of control animals to
15  which the pharmaceutical composition is not applied which show growth of thick, straight hair
is 40% or lower, such as 35% or lower, such as 30% or lower, such as 25% or lower, such as

20% or lower, such as 15% or lower.

7. Use according to any preceding claim, in which the time taken for a wound to
completely heal (complete wound closure) in a test animal to which the pharmaceutical

20  composition is applied is 90% or shorter, 85% or shorter, 80% or shorter, 75% or shorter, 70%
or shorter, 65% or shorter or 50% or shorter than the time taken for complete wound closure

in a control animal on which the pharmaceutical composition is not applied.

8. Use according to any preceding claim, in which the mean time taken for complete

wound healing in a group of test animals to which the pharmaceutical composition is applied
25  is 90% or shorter, 85% or shorter, 80% or shorter, 75% or shorter, 70% or shorter, 65% or

shorter or 50% or shorter than the mean time taken for complete wound closure in a control

group of animals on which the pharmaceutical composition is not applied.
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9. - Use according to any preceding claim, in which the mean time for complete wound
healing in a group of test animals is 14.6 days or 13 days, or in which the mean time for

complete wound healing in a group of control animals is 17 days, or both.

10.  Use according to any preceding claim, in which the test animal or group of test
animals comprise(s) a C57BL/6J female mouse and the wound comprises a biopsy punch of

177 mm? (15-mm diameter wound).

11. Use according to any of Claims 5 to 10, in which an amount of pharmaceutical
composition containing 10ug or less, such as 5ug or less, such as 2ug or less, such as 1pg or

less, such as 0.5ug or less, such as 0.3 ug of exosome is applied to the test animal.

12.  Use according to any preceding claim, in which the pharmaceutical composition
comprises 40 ug/ml or less, 20 pug/ml or less, 8 pg/ml or less, 4 ug/ml or less, 2 pg/ml or less

or 1.2 ug/ml or less of exosome.

13. Use according to any preceding claim, in which the pharmaceutical composition is

subcutaneously injected or applied topically.
14.  Use according to any preceding claim, in which the exosome:

(a) has a size of between 50 nm and 100 nm as determined by electron microscopy;

(b) comprises a complex of molecular weight >100 kDa, for example comprising

proteins of <100 kDa;

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

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

(e) 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

cut-off of 10 kDa; or

(f) 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
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about 55 nm, such as about 50 nm, for example as determined by laser diffraction or

dynamic light scattering.

15. A use substantially as hereinbefore described with reference to and as shown in

Figures 1 to 5 of the accompanying drawings.



