1 METHOD AND COMPOSITION FIELD The present invention relates to the fields of medicine,
cell biology, molecular biology and genetics. This invention also relates to the field of cosmetics and
medicine. 5 BACKGROUND Androgenic alopecia (also known as androgenetic alopecia or
alopecia androgenetica) is the most common cause ?f hair loss in humans. Variants appear in both
men and women. It also occurs in chimpanzees, and orangutans. In humans, this condition is also

commonly known as male pattern baﬂ%aﬁidﬁ} %ﬁﬁi&&%@?&tﬁma@%s, hair is lost in a well-defined
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pattern, beginning above both temples e crown of the head. Often a rim of hair
around the sides and rear of the head is left. This type of pattern is dubbed "Hippocratic balding" and
may rarelﬁé@é@ress to complete baldness. Women do not suffer classic male pattern baldness,
instead the hair bgcomes thinner arou tfgqovmglﬁeﬁsalcﬁ, ag(g the haiﬁlitple does n e. Thisis
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apparently play a role in androgenic alopecia. Although researchers have long studied the factors that
may contrigutacioribisvgondition, many remain unknown. Minimally, pattern hair loss is related to
hormones 20called androgens, particularly dihydrotestosterone (DHT). Androgens are important for
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Male pattern baldness is caused by a genetic sensitivity of hair follicles to DHT. This hormone causes

follicles to BpRiARCHFS' HiAlaMPREEeH AfrorHIsWhRTtens their lifespan and 25 prevents them from
producing hair normally. Recently the existing theories have been challenged on the ground that while
the In humans, this condition is also commonly known as male pattern baldness. In classic

10 pattern baldness, hair is lost in a well-defined pattern, beginning above both temples. Hair also
thins at the crown of the head. Often a rim of hair around the sides and rear of the head is left.
This type of pattern is dubbed “Hippocratic balding” and may rarely progress to complete
baldness. Women do not suffer classic male pattern baldness, instead the hair becomes thinner
around the whole scalp, and the hairline does not recede. This is dubbed “female pattern

15  baldness” and may occur in males. This variety 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.



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 30changes leading to
structural changes in skin and scalp which in turn cayse hair loss. 2 Treatment of alopecia ranges
from camouflage measures, such as hairpieces and Wigs, colouring the scalp to disguise thinning, and
cosmetic thickeni roduct ive the illusion of greater hair volumes, through to medical .
iervention, such SR, ABGS (6 ATASI IR GATUNH RS B THE LR g ARt e
Administratidou(fig Al daslapprowed antlyitvin Hmedicatons i thenireaprodnt o ftonsile: pdtdraskaldness;
minoxidil ( aine),and finasteride (}I%Dro ecia). . .Minoxidil (Rogaine) is a vasodilator originally used
2 2 oral B D et RNk T e ST S TREL s ect o nave the
side effectt@hhaingroithlagd. Bwetsinghoatt et HrEoAskouenthtidn (RBADBBsapppioled Gdyporation
received FD?.lOa raval.to market ical solution that contained.2% minoxidil to.be used to treat
patingss AR AL e R A e AR S T (AR S e
shows thathropexia)l is effective for treatment of male-pattern hair loss in both the frontal areas and the
vertex area of the scalp. At the conclusion of a 48 week study, improvements were seen in the vertex

area regions of SM{q»l@;time(R%%mgé% iRl AgHaHS 084 % MinRXidituant chité PiPirsebo
users. Amon%/these men, moderate to great increases in hair growth were seen in the frontal scalp
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vascular smooth muscle potassium channels or "K-channels”, perhaps 20 through mimicking the most
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cause folliglephmitiesielogerphasaikabeds Rusalhesarilde de teghaced by new, thicker hairs. As the
hair-growth-stimulating effect is temporary and does not seem to change the follicle in any other way,
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effects with
loss in both the frontal areas and the vertex area of the scalp. At the conclusion of a 48 week

study, improvements were seen in the vertex area regions of 51% of men using 5% minoxidil,
15  42% using 2% minoxidil, 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 using 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) is a 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.



25minoxidil include pruritus and contact allergic dermatitis. Finasteride (marketed by Merck under
the trade names Propecia and Proscar) is a 5 alpha-reductase inhibitor of the type Il 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. 3 It
was originally FDA approved for treatment of benign%rostatic hyperplasia (BPH) and works by binding
to 5-a|pha-reductﬂse the. enZﬁm sponsible for the conversion.of free te%st%sterorlle 10 %Elﬁ In 1997,
finasteride was apﬁ?’éw& %1§/12f & RP3Fthe Iill(re%atgﬁl At 8 gfénp%??éf'?‘llgbé{f%%rgsag} aA( -ye)ar study
revealed thad & ofkkbmeindalgng Siagsierrdéuctanegitdayhexpeniespeedivisibie ttestdis/ (446n of firen taking
Propecia ex eri[enced n@%ther hair loss while 48% experienced no further hair loss and hair
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regrowth). i 8f‘|r?fé)§]lestt(ﬂ es, finasteride, like minoxidil, was shown to work on both the crown area and

the hairline area, but is most successful in the crown area. Side effects of finasteride include lowered

male libido and 10ete@tidiagesiitaivas PRIVt el shERoAN HaitedEitaddnsisinalearide in
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compositions have been found to be entirely satisfactory. Given the high prevalence of premature hair
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treatment thatcentainsoatdaiat Rhil B ool teHyndeOveHRPMPouNds WDIRRs MR REQMide jsafer
alternative to the treatments currentl){ﬁavailable, and which retain usability and suitable aesthetic
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Examples also 20 show that such a composition can also aid wound healing. According to a 1st aspect
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compositigpsto HOMale REAaNGR Al HraWH. thharysnergeutical composition may further enhance
would healing.

None of these hair loss compositions have been found to be entirely satisfactory.
Given the high prevalence of premature hair loss and the psychological impact it has on
sufferers, there exists a need for a more effective hair loss treatment that contains natural or
15 naturally-derived compounds which may provide a safer alternative to the treatments currently

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).



25The 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). 4 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 may be 50% or higher. It may be 55% or higher, such as 60% or higher, such as

65% or higher, such as 70% or higher, such as 75% or higher. 5Th e gf a group of control
animals o which 118 GHAFRAEEOIRATEO RS Gt ARSI DR SO JSU BIICR, strarght
hair may bemM¥thergbaver cuckzs@bpowtidovieapplicl ahidh¥how Igwernhseftthiak, 26%bghr takver, such
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wound closure) in"a‘tes anima aceutic mposition’ s applied may be 90% or
shorter thadmngiine, thoneh tak@0? farr doghple tacicsritd Yaesurghera control animal on which the

pharmaceutical composition is not applied. The time taken may be 85% or shorter, 80% or shorter,
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wound healing in a group of test animals to which 15 the pharmaceutic(gl composition is a Olied may
be 90% or'sABtIRthHhic iy iRt ke SpES HIH O Bodlre & 19 ¥BheBERYASLP 6f Unimals

on which thﬁv@ﬂ%ﬁﬁ@ﬁ@@ﬁ%b?%ﬂ&@,séﬁ@ﬁ 48 E‘S%&Fiﬂ@%&ér,"' HRIMRDLi0e W@f,‘ May Re 8§6Yp.0r shorter,
80% or shorter, 75% or shorter, 70% or shorter, 65% or shorter or 50% or shorter. The mean

time for colﬁﬁﬁ?éte 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 dfttesinaninkals foray womgrise(@hpl €8y Be#b (cfanmmitcmousd . Cldsangburaitestly comprise

a biopgy p %PJOJ\Z%SH%}%%'S MAIALPLREURd) £ RAY AL R SYMAF_HEGRL GomResition

containing IOps or less, such as 5ps or
time taken for complete wound closure in a control animal on which the pharmaceutical

composition is not applied. The 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 taken for complete wound 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 ug/ml or less of exosome.

The pharmaceutical composition may be subcutaneously injected or applied topically.



25less, such as 2ps or less, such as Ips or less, such as 0.5ps or less, such as 0.3 ps of exosome may
be applied to the test animal. The pharmaceutical composition may comprise 40 ps/ml or less, 20
ps/ml or less, 8 ps/ml or less, 4 ps/ml or less, 2 ps/ml or less or 1.2 ps/ml or less of exosome. 5

The exosome may have a size of between 50 nm and 100 nm as determined by electron microscopy.
The exosome may comprise a complex of molecular'weight >100 kDa, for example comprising

proteins of <100 kDa. 5The exosome may corpprise a ¢ lex qQf molecular,weight > 300 kDa, for
example comprisllfrllh)ge 6?‘8?&?? 51 38 l?D%Z. rpegg%%%lnﬁn nrﬁ%ﬂ%a)rlr?g;fls% 3Scdoeﬁ%5%el>r<l%df olecular
weight > 1€l6@dkdDanicrosthgyexosome may have 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
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cut-off of 10 kDa.  The exosome may have a hydrodynamic radius of below 100 nm, such as
between aBBIRBY RIS Gt Y K2 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
150r dynamic lighthscatterng. Mine quraptice of theppre o€ nalecattiomerghtendody D s s othgriaise

indicated, gnt@l npalj ¢ ni fkcﬁemistry, molecular biology, microbiology, recombinant DNA
and immur%‘gﬁ%% I?IV\%‘I cr?ﬁgrégvéﬁﬁﬁe cgioabilities of a person of ordinary skill in the art. Such

techniques are e>_}%lained in the literature. See, for example, J. Sambrook, E. F. Fritsch,
e exosome may comprise a complex of molecular weight >1000 kDa.

The exosome may have 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
10  filtration against a 0.2uM filter and concentration against a membrane with a molecular

weight cut-off of 10 kDa.

The exosome 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, Itl Press; D. M. J. Lilley and J. E. Dahlberg,
1992, Methods of Enzymology: DNA Structure Part A: Synthesis and Physical Analysis of
DNA Methods in Enzymology, Academic Press; Using Antibodies : A Laboratory Manual :
Portable Protocol NO. I by Edward Harlow, David Lane, Ed Harlow (1999, Cold Spring

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



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 Seaéjencing: Essential Techniques, John Wiley &

Sons; J. M. Polak and James O'D. McGee, 1990, In Situ 25Hybridization: Principles and Practice;
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87969-314-2. 55. Handbook qf Dr creeni dj Ramakrishna,Seethal havathi B.
Fernanded G501 N VR WA Db 1B B b3 oS 6 AR TSt e A ancbook of
Recipes, REageti)-dnd©bhe tRefegenealToxisifdrddse aicthhpddgndbysdelitedeJane Roskams and
Linda Rodgers, 2002, Cold Spring Harbor Laboratory, ISBN 0- 87969-630-3. Each of these general
texts is hemtndnpaRatatedRoeiaerscuRIRIEF DESCRIPTION OF THE FIGURES Figure 1is a
diagram showing a representative mouse treated with either exosome (A) or saline (B) at day 0 (DO),
day 3 (D3) and d&eg0r¢09) 4 ORigrare shisvangdiageansshtwirngnzoushipatisbwith théenta afoweudd
closure be i X r . Based on digital images of the wound
taken dailéﬁ%ﬁﬁ?ﬁﬁsﬁ?a&%ﬁﬁ%ur§91§,1 @éi@ﬁ?gg%e@gfeach mouse for each treatment group was
measured and normalized against the initial wound area. Figure 3 is ? diagram showing enhanced
wound closure afd®H55r oty SFW%%MM?HH:O&%%JP&%‘? P BRAGLF e P FONF GLiadrants

with 10 waunds, eavi auadsanbmdesabadsioipe Bgkidipparduadrantyver el eaiadiwitlecanmitioned
medium from huES9.E1 MSCs (EI.CM), the right lower quadrant with saline, the left upper quadrant
e IR

with exosGhETRSNHBES S E181HS T B AR FoWer GdtrAM BB 8o Stihe from
myctransfaisasskdtaRh BV 566 {Fays ekesame) weiidagaight columns representative wounds 20
from each of the quadrant two weeks after WOL_Jnding of the skin. The scab from the Wou.nds were
removed and phatpgraphgd, cﬁ&@féiﬂ%ﬂ%@«ﬁ?%ﬁh@é@%%ﬁﬁﬂ"ﬁﬂéﬁ?é%ﬁd’?ﬁ%@h@%éﬁcreased

S

epithelial coverage and hair growth (arrows).
15  Middle column: dorsum of pig divided into four quadrants with 10 wounds per quadrant. The

wounds in the right upper quadrant were treated with conditioned medium from huES9.E1
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%.



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 25supravital dye,
hematoxylin. Digital images were taken. Figure 5 is a diagram showing enhanced wound closure on
human skin. Wound area of each skin sample treateq 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 19)0%. 7 DETAILED DESCRIPTION This invention is based on the surprising
: iiEElt‘AlLED ESCRIPTION
discovery from and secreted by stem cells such as mesenchymal stem cells

are c;apable of pr@MQiMﬁ&ﬂﬁ%@B@oﬁ%ﬂq@ ﬁi@&ﬁ@c%%@ﬁpmﬁse%%?@&a@ﬁ@d%m%ﬂg wound
healing. 5We therefore describe a composition for the treatment or prevention of hair loss and/or the

promotionSSEIFAH R PERITEEnIPr RigRE EehEBIRES il S Ghatgra ki ok RESIB I RN EHEDE
carrier.  h\eRisedsseHRe aMmahad fRbietieainantiar Weyentieniakhair loss and/or the

promotion of hair regrowth, which method comprises the application to the skin of a 10composition as

described above. Most commo Ly the areat.of tPe kir% to Whi(;[h the com[posit' nis ag)solie&j/ will be
. 'We theretore descF% a corapom 10n 101 fhe. treatmen (ﬁ EPrever; n 0 611‘hlo and/or
the scalp, i.e., the composition will be used'to combat hair loss on the user's head Other areas may be

suitable fothapplivatiom, é6hexangpievtd prorposenthengrowtimefayeipomiliirg deeyeialsigesillysin addition
to treating agg%&%¢@g5§iggir 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 descriBé A8AAFERIBE mRRad e RO HERIMTG Lt dp R arHo8 Al h 35 RS BBFLYaY from

exosomesp Packagesripiirataitdliatiion nithss eeiafeRW il insprusiivns @ehdsing Bre consumer how

to use the product to promote_hajr growth.
10 c%mposition%s describe% above.

Most commonly, the area of the skin to which the composition is applied will be the
scalp, i.e., the composition will be used to combat hair loss on the user's head. Other areas
may be suitable for application, for example to promote 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



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 25subject
(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 fo thgse areas in whjch hair is absent, or thinning The dose 8
il vary, B A A REhE B B Lo S UTFB B CEAEIY et AIOEIER rmutation
comprisingeamelmanotogipalin g ccépiablel caitradly incacparblewnioéfiannttibiat L fidm Do) and the
dermatological formulation will b ied to the area to be treated from 1 to 4 time ily. Mare
ypically, ts o beaHtdRetnr e R EERL R Dt el BT e 4 e b pe
applied ontemedwidey dsdhyre typithidyiatmulationssmeayl dlsproecnsachtquiaeatypafiitots Wivo3hake not yet
expergencg/d ha(i{toss but believl(-f‘ that tqleé(/iarecggrri%léiof gogr#,g so. Examples of such patients include
u

those Wwho Wifl be uen?:Ikeorsg%nl[}legS ‘cvallnc?eera emotherapy With & g regimen known to induce alopecia.

Young adults experiencing mental distress at the thought of balding, especially those with a 10 family

history of baldneddieniRlaleE WsHBRY REMRSUEIS HEB PIFRIHCHS TR ARV S DEh S SR FaRRe trBakment is
encompasiggl Byt tha temMhRRMPIRGNANIPNSRE so. ERARMELIRE MRl SEawiR iiRtHddesssiruiating an

increase in total hair mass and/or length. Such increase includes increased length and/or growth rate
of hair shaftdl(pe URslRERey)S iFrte <G RAMTAP LI BHETBF RERIHARNHAIFAHIG YRGB Methods of

assessing psamoiian: 9 thsirigremihacatkn@tiell thenathanghis gesered Relawyanssinig Examples.
A straightforward method for assessing improvement in hair growth is by taking a a%leotograph of a test

areald thdaRily besirey ahdasssappriatembsnelibiome edmpertidsr tirHec e thayrehtionally be
shaved fopRishpliaRSee AR R WiaRIMiSataKe By TRE oA tHRIM iSiHeMir rowth”.

“Promoting hair growth” includes stimulating an increase in total hair mass and/or
length. Such increase includes increased length and/or growth rate of hair shafts (i.e. follicles),

increased number of hairs, and/or increased hair thickness.

15 Methods of assessing promotion of hair growth are known in the art and are described

below and in the Examples.

A straightforward method for assessing improvement in hair growth is by taking a
photograph of a test area of the skin before and after application of exosome composition. The
skin may optionally be shaved for this purpose. A photograph is taken. The treatment is then

20  applied. A second photograph is then taken. The increase in hair growth may be quantified by
counting any combination of: (a) number of hairs appearing; (b) length of hair appearing; (c)
thickness of hair appearing; (d) straightness of hair appearing; (e) 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



20 applied. A second photograph is then taken. The increase in hair growth may be quantified by
counting any combination of: (a) number of hairs appearing; (b) length of hair appearing; (c) thickness
of hair appearing; (d) straightness of hair appearing; (e) 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, ihcrease in 25thickness of hair, increase in
straightness of.?ai nd increase.in area of hair growth. . For example, hair growth may, be
ssemsed VPR BT A e S o b o R 8Bred may
display enparnvadchhgibgresdized byneasveedinddnipmdltbethbriaonsterip hidsdrib éonabobe aofeatdéast 5%,
at least 10%, atilnear\st 1/5%1, at I]g?st 20% tl?t least 25%, at least 30%, at least 35%, at least 40%, at
least 45%, atieast’s o, Afeds @6%&‘3}3/, 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 anA8 EIARRIAXEWHicA ZiUpredrisricaimaly Bampoaneitsd totdsatinisdiraduathe
enhanced DRiEIYFAVARIRRY haidasasred Ry RuMbemnefadsitioRrl Rrdhick Arsvalaftdaisads may be

assessed by an increased area of hair growth. As a further example, a group of test animals may be
assessed o’ it frmrifduigs s\RiBrtraehRie stea Rt Frafrvgmatsider sximals mdPhd@lide any

suitable animals. mleh BSviRAEAGhiemaleumigee dhSoRRIGE I ag B RUABIOK RHOWESH AHaRlkH: fRT

example C57BL/6J female miC(O-:-, to which the harm(gceuti,cal compositionois applied which show
growth of BRIgNPAIGRIAYATE ks Bé@é%foﬂﬁgﬁéé%{ﬁéﬁ BigBeos Ui REY° QicHEAS 6098 shigher,

such as 6%%90bNghess, SUeh 2570070 Phigighesushal 74 oVhRhBighiRh 8480939 BRAMNEF, Righeals such
as 1085% or higher, such as 90% or higher, such as 95% or higher, such as 100% or higher.

Whet8 a FothbisReLRARSIEEmpIdVaReT Pt dntagy Biehst: sitinaid WhieArduehst display thick,

straight hair in the non-treatment group may also be assessed. The percentage of a group of control
animals to which Yeephagrageficat eompbsitionmjdoyet ajhplwdosticge st destgromtisof twbldstraight

hair may %f‘@i%%ﬁ& '%%%[’ﬁ%? RRatri ML %ﬁd%?[m%%?@/g%gﬁgl\%ﬁé%%"é’@ [ SUGHAg g0 or lower,

such as 20% or lower, suc 15% or ower, such as 10 r, such as 5% or onver, such as 2%
or lower, sprsheatagowbe lpwep. Sonndrol ailinikhts adook theprovermesitticshndvepastiienesingy prolonging

or aCtivat"Ag esaqsmqmgw H%ﬁh‘?@ﬁf‘&ﬁ&%ﬁ%&ﬁ%‘%p@é OO SNG QY %ﬁﬁ%@s%%?atage” and

telogen ph 20Hair growth results from a dynamic cyclic process of hair follicles and many

comiion lower, such as 30% or lower, such as 25% or lower, such as 20% or lower, such as 15% or

lower, such as 10% or lower, such as 5% or lower, such as 2% or lower, such as 1% or lower.

Some or all of the 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.



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. 25Anagen is 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, t redomjnant
component of had THEGB LR WG b BHSd TS AT B i 0B e o 1
Catagen isvibuddransitio nad sh kse ding iswnaikie d] iy cifosy de st oine gt ahptdslswCatagen 30 generally
lasts from about two to three weeks. 10 Telogen is the resting phase in which the hair is retained

within the scalp ff HRank2WegkSwHE| i ds diRp! pew falligiai ArawHifrage ineRGatr Below.

In humans, this growth cycle is not synchronized. An individual will have thousands of follicles in each
of these tHidEGHFageachSivitves, e PbRRe HaW sStelBosymitshcihatdoliilse i Bhbristhn Hegrny

youngsad;m%sm@mg@ iR ialogen i cRaRe ashighasidcdn bt RANIGLAID with alppecia, this

ratio is reduced to as low as 2:1. The most common form of hair loss is androgenic alopecia, a

hereditary Bderdyals sftbaloRaria s datn RardvericerbiPEntdgkns in genetically predisposed men
and women. This condition is also commonly referred to as male pattern baldness and female pattern

10 baldness. Whildanustgensrane fassocidtad nith sandefemmsabifizaidindgh drediphysietoeisalof

mechanis high thi ' IS i own. However, it is.know t hajr growth is altered
in individurg?s?%?g}%%ih \1/1\/%1]({};%%%%?3% %%He%x%{s}gérgeggsvré% nee\%%fg Pé‘%& U g@tﬁ]@ éL ?ré‘g’ﬁ:ﬁo promote
hair growtf insinalividival ss suftecimriany it tygkto halopkahattévinide lthe s aosbieresl vk tteost typically be

used fp a"@éﬁ@@s@‘f‘@ﬁ%?eeﬂ&‘df%%&%%?e 5@?&59&?&? ﬁ}?ESrHQthJHHEe?%%f@iE ?H?ecgir%%'i‘ 'Eic%'l‘- The

exosomes may be used to alleviate any type of alopecia. Examples of hdh-androgenic alopecia
include alopedianasediy,veopedis Hai tossadiotherapyt snewentbomeragpyitsedmingdlmpdeia gotrets

related alopecia. gt¢. As.usedin this IGRtON, o ia" tQ pastial 8 hair.lass on
tne soatp, te e e o e B
20Thus, theakesonesroait beiagisied iopictiNydis kheuscaipeainonh disdypeedieriopseialleviate balding.

Further, the exosomes can be applied topically in order to induce or promote the growth of hair on the

scalp. While the exosomes will most typically be used to alleviate androgenic alopecia, their

15  uses are not limited to this specific condition. The exosomes may be used to alleviate any type
of alopecia. Examples of non-androgenic alopecia include alopecia areata, alopecia due to
radiotherapy or chemotherapy, scarring alopecia, stress related alopecia, etc. As used in this
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



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. Alopecﬁ areata is an autoimmune disorder which initially
presents with hair lossina  rounded patch on the scalp. It can progress to the loss of all scalp hair,
which is known a .BOﬂopecia totalis arqtg to ti%)e loss of.all scalp and body hair wlrllich is known as
alopecia T1'URVEIEalid TREPEXSSIMeES Ay &0%%Wf%%é%ﬁ?%%?ﬁar%oﬁﬁe%a% |otnSSFot¥r%e§t‘iﬁese types
of alopecialopecitraumatic alopecia is the result of injury to the hair follicle. It is also commonly referred
to as "scarring alopecia". Psychogenic alopecia occurs due to acute emotional stress. 5 By inducing

anagen, the eXOSﬁ%ﬁﬁéfE%ﬁﬁ&%@ iﬁi@'r@@dﬂ%??f%?%o%@'ﬁﬂ??@l%\%”s TRYSotmbsKs of the
exosomes are not limited to treating androgenetic alopecia. The exosomes can be used to

manufactUid§sreh it a6 ons B elRRES AmP RSB eRIGRIgBSC1a OCPHE BRp 4 AfakerARP hrNALEERHS:
manufactuss peRARIANS LA RROISARIE SURWELIMSLREN amyalyphesitasfudmansydomaxample,

the exosomes may be used with farm animals 10 such as sheep, in which fir (hair) growth would
exhibit an BEGHSHIE BESREOTIS Bty Ry Heipe yukagenstimtiRreckail BFSRAIaMeDPanion

animals sughasidegsasatiotGRr PsHRiiohh e dORIURS ARFWIRMLIChaRktRIg this effect will fit within the

guidelines described above. Likewise, the exosomes may be administered using formulations typically

used for veterinary applications, 1akind J0iq accou éch%evtﬁ’eegé’lfaﬁﬂﬂé‘% 6??%%&%%%?2{(9&&6{11 .
applications of the 15exosomes 0 promote hair growth will become re ﬂy apparer to one skilled in
the art basgbenpumine!slistivkyleuofaiiskapshieatign, dndlesiostiachmephsiderd dvithderansomplssed by

topioLly. e i e T rendton. Such
areas maynnaglade bhyssditalslenarkéssuchray therscalpasyebrows) eyethshalnasteats, gerbils,
etc. The dosages required to obtain this effect will fit within the guidelines described above.
Likewise, the exosomes may be administered using formulations typically used for veterinary
applications, taking into account the type of animal being treated. Other applications of the
15  exosomes to promote hair growth will become readily apparent to one skilled in the art based

upon the disclosure of this application and should be considered to be encompassed by the

claims.

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  an important facilitative function in communication, strengthening facial expressions such as

surprise, confusion, or anger.



"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 ipn,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 is such as.dandruff and ather small objects from falling into the
Cyos. as ol as DV IEITY atHre s L S IR GBS BUTIGHERF tHa Byt T sy
insects. Eyehrows alsthdedg: 3dalei nypetitaby dasiitatpretéantdtioey infeomdetnicatio pretiéngthening facial
expressions such as surprise, confusion, or anger., 12 . The terms "eyelash’ and "lash" are used
torchanguAdl o areh Eies SR e She g i SRR S e T S et he
eye from defieisietigl)provide a warning that an object (such as an insect or dust mite) is near the eye
(which then is closed reflexively). 5 ADMINISTRATION The exosome composition may be applied to
skin and hapsiigraryatable treatment regime The exosome composition may be applied at
least once a week, such as at least every two days, or at least once each day. For example,
application may Béheveivespar danpiingeneydbetapatrod i sisingnithéexosomenyompdditiveatiesctibed
here may pe%l%qgtinued indefinitely. Alternatively, the treatment may be repeated only for a limited
period, e.g. Several weeks or months. Treatment may then be repeated for a similar period at a later
date. After application to the skin, the comgosition may be rinsed off, or may be left on the skin
(and hair) If the cORTFEOtIRGS A B HIRLEHHY &fﬁé’ﬂ’gﬁf)ﬁéi‘??éﬁ Oft8 EAHipbsiehInal HUB TEY on for a
minimum peoedyaf tme ketomeinsion dAn BxaexaierelighpELinos isapnbeathenp &conds, such as
more than 1 minute, such as more than 3 minutes. The product may be massaged into the skin,

most gommonly ipfo. tRe. eI, ARG ARPHRAIONAME D AT IRV AIRRIE ARAGRRE S RHEE @ iffuaY least

20 seconds. Particularly beneficial results may be obtained by the use of two or more different 20

forms of céﬂﬂp@fsﬁtﬁh’} Adtrenptsredly. méﬁ@ﬁﬁﬂmtépﬁdrhhéen@ﬁ%@ﬁbb@mﬁéﬁm‘meﬁﬁ@iﬁl@ss and/or the
promotion af bair {1k Wi dhe ieatnhtRRE M Waskh Lagin Rl Wil BSHaTBRAP ARt INeRUSE @

conditioner, both the shampoo and the conditidoner constituting exosome compositions, the user

massaging each product into their scalp before rinsing. The user may suhsequently apply another form
of exosome comAuLTt AR UISERHRAR Herds B I SSPBHIRHign may be Hinted offof may befefPor 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.



25directly to the scalp with gentle massage, that composition being left on the head until the user next
washes their hair. 13 EXOSOMES The exosome composition may be made from an exosome.
The exosome may be derivable from a stem cell such as a mesenchymal stem cell (MSC), as
described below and in WO 2009/105044. 5The eXOf me may be derivable from a MSC by any of
several means, for example by secretion, budding or dispersal from the MSC. For example, the
exosome mpay beMDroduced, exuded, emitted or shed from the MSC. Where the MSC is in cell culture,
XOSOMES . . : . :
the exosome may De secreted into the cell culture medium. The exosome may in particular comprise a

vesicle. 10The EXAROERE Y &%ﬂé@lﬁﬁaﬂ%' R ﬁ(a%é'ﬁ%ﬁf‘ﬁgéfé@%!iﬂ@&@éfoﬁqgmﬁ?%@yer- The
exosome may comprise diameters of 40-100 nm The exosome may be formed by inward budding of

the endos@fibiatEediBradstemeckasdme hasreray Balstramyre MBS ). pndesgrediringandan on

sucrose gradiernigo/fog@osome may be enriched in cholesterol and sphingomyelin, and lipid raft
markers such as GM1, GM3, flotillin and the src protein kinase 15 Lyn. The exosome may comprise

one or more proteins present in mesenchymal.stem r mesepchymal stem cell conditioned
i (M- C e e S B e R R R e ey
comprise RiN#ktifor, bxdhpieomiiRNaAsal fromelprddife Hexosomewhictkosmmprises beerodmede genes
or gene prodiets founein MRGERRMAdIRARIGNS fngiened DY AU O MICS. oL yse n
enhancing hair growth 20 or promoting wound healing or both. The exosome may comprise folecules
secreted etk STin8udle atllexdsuwenmedchcombinations 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 exaseuMayneMpHaeidliiesdhprieoieissterdnd in cytoskeleton e.g. tubulin, 25actin
and actin-binding proteins, intracellular membrane fusions and transport e.g. annexins and rab

protgips, signal trafsaUGHARAIIC I G MRIRI KINASAS A3 P RIE RSIRIQBIMEHG FHRIQENS.

metabolic enzymes e.g. peroxidases, pyruvate and lipid kinases, and enolase-1 and the family of
tetraspanid$egosny, THEIamsd ¢innmse! #)-gaRicnlal hexeseosrmuyrie feonedriseionardr more

tetfaspa”iﬂﬁd&'ﬂg SHARCAESBIAN %éﬂﬁfﬂéﬁeﬁ%'écﬂm{% Mﬁ?ﬁgé‘density of ~1.13 - 1.19 g/ml

and may float on sucrose gradients. The exosome may be enriched in cholesterol and

sphingomyelin, and lipid raft markers such as GM1, GM3, flotillin and the src protein kinase
15  Lyn. The exosome may comprise one or more proteins present in mesenchymal stem cells or

mesenchymal stem cell conditioned medium (MSC-CM), such as a protein characteristic or

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

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.



14 The exosome may be something that is isolatable from a mesenchymal stem cell (MSC) or
mesenchymal stem cell conditioned medium (MSC-CM). The exosome may be responsible for at least
an activity of the MSC or MSC-CM. The exosome may be responsible for, and carry out, substantially
most or all of the functions of the MSC or MSC-CM. E{)r 5 example, the exosome may be a substitute
(or biological substitute) for the MSC or MSC-CM. The exosome preferably has at least one
property of a mesenchymal stem cell. The exospme may have a biological property, such as a
biological activity] PhE SRS VAN Bt M AR AR B B SE el lexosome
may for exanyale dravesarittermpestimarcibstathtivecdatieityuof @1MSOM] OlMecexosammapndy be isolated
from a mesenchymal stem cell conditioned.medi M%ﬁ- senchymal Stemm Cell Conditioned
eI i Rl S e U R B

Medium ( - ium such as a Mesenchym I
ConditionedrMediomrM&Csahivthmiall e cdhitaidicdol yhe v citigna ofidse MY maMIerCoelIHddSC), a 15
descepdent RClra selhine dorved ereliomin acaltarura medim and solatia e ce!
culturé mediunt. The mesenchymal stem cell may be produced by a process comprising obtaining a
cell by dispersing a embryonic stem (ES) cell colony. The cell, or a descendent thereof, may be

propagated in thel ABSEARRNST RIS TEtARIYdAS At dereh AT QU IRRIAY PR TBIsISHEHgNEbstm seliddiénchymal
Stem Cell ExRs8@hay hﬂteaeai‘aﬁ‘}giﬁlfﬁﬁ%p&%g%ﬁ@h'%@ BldRRRIANAPUNHREKBE MY TS YRR &
I

method may comprise isolating the exosome from a mesenchymal stem cell (MSC). Such a method
may comptiSedsHiafie It ehassurnesRIANIM Re eicriARRINSEIRY daN estiRibhaYeR TR IS C-CM).
25The exqsa@gonmaydeisatatethions@mple by being separated from non-associated components
based on any property of the exosome. For example, the exosome may be isolated based on

molegylar Weigh%ﬁ?@é&%ﬁﬁ%ﬂ@?ﬁ%?@d%mLo%g@n%ﬁgi}ﬂ%stem-EQﬁ SONFHIgNAdfRegiym may be

filtered or concentrated or ring, prior to or subsequent to separation. For example, it may be
filtered throM§& €oMembrane, for example 15 one with a size or molecular weight cut-off It may be
subject to tangential force filtration or ultrafiltration.

Mesenchymal Stem Cell Conditioned Medium (MSC-CM)

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

FGF2.

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



For example, filtration with a membrane of a suitable molecular weight or size cutoff, as described in
the Assays for Molecular Weight elsewhere in this document, may be used. 5The conditioned medium,
optionally filtered or concentrated or both, may be subject to further separation means, such as column
chromatography. For example, high performance qu(r#d chromatography (HPLC) with various columns
may be used. The columns may be size exclusion cofumns or binding columns. One or more

properties or biolpgical activities gf the exosome be used to track its 10 activit rn
ractionat SR TS A ST B e B M S R A AUETR gt
scatteringutetrlttatdoindex, dynamic light scattering or LW-visible detectors may be used to follow the
exosome. For example, a therapeutic activity such as cardioprotective activity may be used to track

the activity duringepelaRMioMiltration With FPHQWiBeh RAAY 3R R Vit @ SRREIHG: @¥amP & Rfhow a
mesenchymal stem cell 15 exosome may be obtained. A mesenchymal stem cell exosome may be

produced By 4SSRUBRG ESensmadricerlrs WY egheelswheredhthittotPrumpstnieseheHytHal stem
cells may comprise HUES9.E1 cells. The medium may comprise DMEM. The DMEM may be such that

it doe§ not compflde phehiobred. midbume dpimmaly hikesupptaverigd wivirsulinmirahsfenhecoto
selenoprotein, 20 (ITS),.or an mbipationthereof It m omprise. EGFE2.. It comprise PDGF AB.
The concatien ATt A R I R 8 Sl PR e about
5 ng/ml. Theudeditmmanzgraom e glusathineipenicillimst epty e/eiedIbhmerbaptoetharts soreany

combinati%gctm(g[%_ fcg_llﬂ?nﬁ I(L§ m}gé/riﬁ%e %%%5%('1 forabout 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 days or more, for 25

example 3 days. The conditione ium 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 membr2A& O MPTHEFRBFERES Y A8RiFras BAtRS S KISLRERHIST DA% Py Hecddrdiashds

medilm mayibieycanaaniratédmboutdlHimes ichignel siénsephaastdhey BedisadMsaaeyample, a
TSK Guard column SWXI_, 6 x 40 mm or a TSK gedﬁllh?looo,s VXL, 7.8 x 300 mm magﬁge employed.
The eluent SifferATED Corsplse e ShiEBdledPirEarbireaycH B sSRfE TRy ¢oWiiihe 20 mM

phosphatedbutiesyithyl6OuIM tof idéwl tt pkblodel Ferchianatogiaphyp systartiviay saeteguilibrated at

a flow rate of 0.5 5 ml/min The elution mode may he jsocratic. UV absorbance.at 220 nm may be used
o track thE UL BRI SFTHB Sy S O 1 R ESHGPE Ctoring (DL ) uing

guasi-elastic light scattering (QELS) detector.
The following paragraphs provide a specific example of how a mesenchymal stem cell

15 exosome may be obtained.

A mesenchymal stem cell exosome may be produced by culturing mesenchymal stem
cells in a medium to condition it. The mesenchymal stem cells may comprise HUES9.E1 cells.
The medium may comprise DMEM. The DMEM may be such that it does not comprise
phenol red. The medium may be supplemented with insulin, transferrin, or selenoprotein
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 HPLC. The

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



Fractions which are found to exhibit dynamic light scattering may be retained. For example, a fraction
which is produced by the general method as described above, and which 10elutes with a retention
time of 11-13 minutes, such as 12 minutes, is found to exhibit dynamic light scattering. The rh of
exosomes in this peak is about 45-55 nm Such fractilﬁéns comprise mesenchymal stem cell exosomes.
Exosome Molecular Weight The exosome may have a molecular weight of greater than 100 kDa.

It may have a 15 molecular wejght of greater tha 0 kDa. For ex , Itmay have a cular
weight of G PTA T PR S TR b R B SR e ey SPBhe A
principle, toe GdOOBAY Miejgiht mafoheardetasnbieech by wide Trectioaationffanchiiltratioprityaugh a
membrane with the.relevant molecular weight cut-off The exgso ize may then be.de ined by 20
tacking SEUSULE UGB ALK oG VS SR QY AT oPagle ATty LS
Molecular MWaigit ftypHDTS-PAG Ehromdtogrepbg opsemayah dee: quihiblactd ait wéightrefegr@ter than 100

kDa. Eor ex le, the exosome.,may be such that st prateins o{ exosome with Jless than 100
oa moled e T o e 0 SRR B 38 B e e N ek o
when 25stilgootodiltraficintiSimileadyiondimnyshid eetedital fitiratymnmiitHi ghteeatimane (WIS pus6E kDa cut

off, most proteing of.the exosome wi ﬁtﬁ‘ than 500 kDa molecular weight may segregate into the
greater thgﬁlngsﬁﬁﬂgqﬁ%ﬁe%%%?w é rz?sér?teg g?f)r%iction. This indicates that the exosome may have a
molecular weight of more than 500 kDa. Assay of Molecular Weight by Biological Activity 30The
exosome may ha‘@@%{%mveu@r%faﬂ%f%?étm%% e sedaing e khecBebhg may be

such that whgRp$s!bigedd@otiltration Wi auneneh ra e With.aieeieaWatescribed above, and which

10 elutes with a retention time of 11-13 minutes, such as 12 minutes, is found to exhibit dynamic
light scattering. The i, of exosomes in this peak is about 45-55 nm. Such fractions comprise

mesenchymal stem cell exosomes.

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



17 weight cutoff of 1000 kDa, the relevant biological activity substantially or predominantly remains in
the retentate fraction. Alternatively or in addition, biological activity may be absent in the filtrate
fraction. The biological activity may comprise any of the biological activities of the exosome described
elsewhere in this document. 5Assay of Molecular Wejght by Infarct Size For example, the
biological activity may comprise reduction of infarct size, as assayed in any suitable model of

myocardia ischemi reperfysion injury. For example, the.biolggical .agtivity may be assayed in a
Mgt bt e S R R A
by 30 minutesleftiaahenatynadte fya@ticA ) Aldaeatiisibndpyrsaddiedig dlicio ged repeifusian tx nbtiated by
removal of sytur .Wc are tre e%Wilth li lIlid 0 tainingcthe exosome, ﬁs ch as.uqfracti nate
MSC-CMy T A TR A G 0 B LS FABKERY YoIERate (Buch S BoBBEchIG LMD or
saline intrave noeshnvidetiveibad vBwleminuies defoneereperfusion. 24 hours later, the hearts are
excised. Before excision, the Area At Risk (AAR) is determined by religating the LCA and then

perfuging Evans hlue,15thiouahithenaesia by AR §3-defined as the area not stained by the dye and
is expressed as a percentage of the left ventricular wall area, Infarct size is . assessed 24 hours |ater

using Evans blue"Rh@* Pl anhe Rlalog FaARIEY 1Rf ey SORREISSdiRatinn Yedirstsizaaimsiatrdated
with mesepchynalstaemsadecondifonadimrdismiiMRC<pMiansh theuigtaniate sy aa >1000 kD)

fraction 20 when compared to saline, this indicates that the exosome has a molecular wejght which is
higher thaR'HMREReISHY B0 %ﬁéSPrYéﬂwB}éﬂBO&E"gf’,@’éa%ﬁﬁra?P 6‘6426‘5‘} E\i@s%%%?éég““- 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, 30msAMaRMIBY BRIdN] TiFharsoiulniey hade misizeoiefs grerast abary 166 A, such

as grepterdand0muiie f’cﬂ{%&‘}%e%\é?oﬁ‘ el %?%%H@Uéﬁ %‘P@&Eﬁ’e‘?féﬂ&%ﬁ%&r@ﬁ%

exosome may have a range of sizes, such as between 2 nm td 20 nm, 2 nm to 50 nm, 2 nm to 100

nm, 2 nm withEIHHA @maimﬂg)ﬂmmmmm(%w%?m@mwfe%mmm@ssﬁ W9, 20
nm to 100 ar0d8 R AQARA NI R '@éﬁctl‘\)za%g/ol gnm EB&A0-RAe5 Ma e HAVER RS Reeen S0

nm to 100nm, 50um to 150 nm or 50 nm to n
tail vein, 5 minutes before reperfusion. 24 hours later, the hearts are excised. Before excision,

the Area At Risk (AAR) is determined by religating the LCA and then perfusing Evans blue
15  through the aorta.

AAR is defined as the area not stained by the dye and is expressed as a percentage of
the left ventricular wall area. Infarct size is assessed 24 hours later using Evans blue and TTC.
Where the relative infarct size is significantly reduced in animals treated with mesenchymal
stem cell conditioned medium (MSC-CM) and the retentate (such as a >1000 kD) fraction

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.



18 The exosome may have a size between 100 nm to 150 nm or 100 nm to 200 nm The exosome may
have a size between 150 nm to 200 nm The size may be determined by various means. In
principle, the size may be determined by size fractionation and filtration through a membrane with the
relevant size cut- 5 off The exosome size may then lgg determined by tracking segregation of
component proteins with SDS-PAGE or by a biological assay. The size may also be determined by

electron mjcroscopy. The size may.comprise drod ic radius. The hydrodynamic radius of the
aoma S SO T R e e R R b Ao A sgosone
hydrodynamig hadius sinap e batwéenabo200Gimm and about 60 nm, such as between about 45 nm

and about 55 nm The hydrodynamic radius may be about 50 nm. The hydrodynamic radius of the

exosome may berggtepingd l?é’&'i%%%@ﬂ%/ @!ﬁﬁﬁ@&@aﬁ%%%dﬁ&rtﬁgﬁ%t}%ﬁe@ynawC Ii_ght
scattering. An example of a dynamic light scattering method to determine hydrodynamic radius is

described FKtoURY Firsoliactionatigs srk fltrafign Syrtigh raemRiia eniBrasd Jesided s fted in
late egdocytic pRMRBEIHRNS MY RSIBdAReMRRl e heerATIRA I PEsaaretath BN JftjsUlem4es in

1983 and subsequently found to be secreted by many cells types including various haematopoietic
cells, tumdtitd sHBMEopbRYIR BiolsicAbitopoietic origin and epithelial cells. They are distinct 20
entities from the more recently described “ribonuclease complex' also named exosome. Exosomes
may be defined bijha sigenibey ofsmbephttopioatidndelioche micadwammeters. Accordingly, the exosome
described here may comprise one or more of these morphological or biochemical parameters.

Exosomes are classicayigfioadmscsonpaiolikpamesiatasomadin@oadnsplierdimitet?s by a lipid
bilayer with diameters of 40-100 nm and are formed by inward budding of the endosomal membrane.

Like all lipFORERSRaARF Bty LP9:BMH- dbBraghide Brast Abe Yol A ARt thhpArel ieased by
apoptotic ¢gliso&xasaivesdnave s demsiy air dbbdt-4D. hth gl od e AN suErasBegkadicasut

Exosomes are enriched in_cholesteral and sphingomyelin, angﬁli id ra%%markers such as GM1, GM3,
flotillin ancfl%f@%f’r? ﬂﬁ‘é%ﬁﬁgge %hhéfff THALZDNAY éﬁ?fﬁpa 8%re enriched in lipid rafts.
The hydrodynamic radius of the exosome may be determined by any suitable means,

for example, laser diffraction or dynamic light scattering. An example of a dynamic light

scattering method to determine hydrodynamic radius is described in WO 2009/105044.

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.



19 The molecular composition of exosomes from different cell types and of different species has
been examined. In general, exosomes contain ubiquitous proteins that appear to be common to all
exosomes and proteins that are cell-type specific. Also, proteins in exosomes from the same cell-type
but of different species are highly conserved. The uq;?uitous 5exosome-associated proteins include
cytosolic proteins found in cytoskeleton e.g. tubulin, actin and actin-binding proteins, intracellular

membrane fusions and transport e g annexips and rab proteins, signal transductio teins e.g.
orotein Kinases, TR ISTATEIIBHERG € BIORINE HeB A S A e g oA REER: pyrovate
and lipid kipasies,han ) enciaseheanththentan)lyxotdeiraspaninsbiguiEit, [tddbds Chx8ibped GD82. The
tetraspannins are %gqlly 10 enriched in e%xosq%ﬁzs andlﬁ[[e known tIo % involvted in.the organization of
large moleCUTAP Tomplexes and hembrane Subitiditains. ¥ P BXampies ot ef-type'Sp&8ic proteins in
exosomesfara Mkl Giclassl Htppel bauteliffaxasopnes fromhighls abassriledxpheasiignitelis, CD86 in
dendr%tic cell-dergv_ed exg)%ogers L—lc?rlll E[egept(%rs n T;c?ll-d%rivrelgl £X0s0mes tetc. Nog%bl}/ihexosomes
do no con?é?r%oprgtglsrslgco% T5RUC ea?, mitdchohdna ,Cepnaoep Ssmicereticultimor glo?g%-'a%p%ratus origin
Also, highhcabuandantiplasnimgrenbranmpretdinhancatisent fiossxosandessyggesigngrthatitisey are
not simply fr ents of the pl a membrane, Many of the reported ubjguifous exosomeassociated
proteing AL IS8 BIOSRY AT DS bPATIE Y T PEGL Mt e et DB AR o
known to gootaims miRNAcdiecmioreRNA, whighlesas, pydetiverad BPtd kanedbsracdlkrahd cdratd
functional jn this new location. The physiglogical f ions some, remain poorly defined. It is
thought 0 oIS B At R frrdios s e b ol (RS AT particles
suchléls priansteddxsesnéndndecompliemeriiaesisiand & fhciitgtaimmune telkcelbbtmodarunication
and transmit cell signaling. Exosomes have been used in immunotherapy for treatment of cancer.
250btainir(1:8 ees)éenc%%)flmrga rt\)(]ec’gr%e Sﬁd?mg 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 cortdfiBHEH behitl-BRF eREFEEMBOTHEY Bertesar e 5mY IHEtRBESd SRt Art.
In particulakoybales iy PEHD U DN -REPRagaling:AscelDBstainke diitidisprreng &l IRBFBMYQNIC stem

(ES) cell colony, or a descendent thereof, in the absence of co-culture in a serum free medium

comprising FEREPIHEIR desllitedvsf FSsrmete SAWIBRY pergipmss do not contain proteins of

15  nuclear, mitochondrial, endoplasmic-reticulum or Golgi-apparatus origin. Also, highly

abundant plasma membrane proteins are absent in exosomes suggesting that they are not
simply fragments of the plasma membrane. Many of the reported ubiquitous exosome-

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

Exosomes are also known to contain mRNA and microRNA, which can be delivered
20  to another cell, and can be functional in this new location. The physiological functions of
exosome remain poorly defined. It is thought to help eradicate obsolete proteins, recycle
proteins, mediate tramission of infectious particles such as prions and viruses, induce
complement resistance, facilitate immune cell-cell communication and transmit cell signaling.

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 prior art methods of obtaining mesenchymal stem cells (MSC) or MSC-like cells from hESCs
involve either transfection of a human telomerase reverse transcriptase (hTERT) gene into
differentiating hESCs (Xu et al., 2004) or coculture with mouse OP9 cell line (Barberi et al., 2005). The
use of exogenous genetic material and mouse cells in these 5derivation protocols introduces
unacceptable risks of tumorigenicity or infection of xénozootic infectious agents. The exosomes

may therefore be made from MSCs defived.by the use of a clinically relevant.and r ucible protocol
for solating siAPGP AR ILATAER ST A DB B RO R Mo SRR L oG,
general, theomeétB8d comgrisestiisparsifegtiid 0€mbuyanicdtemerisS)evetsc otamyc tijiaeallsT HRE)cells
are then plated. out ropaga he cells ar agated jn the.gabsence o-culture in a serum
froe mech b S AL R oh L 2 s S b G LEF S storn ool
(MSCs). (Barhes ethe. p20sgoTdeasenat vecydnesegaiitivseacfrimoasbuelisaelieneticsaanipulations

and requires less manipulation d time, and is therefore highly scalable. The protocol may 15 be
e o A A A B B G RS S B Rt o
Hes-3. HuméxtoSscalbasrived MSCs (hESC-MSCs) obtained by the methods and compositions

described here are remarkably similar to bone-marrow derived MSCs (BMMSCs). The embryonic stem

cell culture may coHBRKSSPBUMANMRERIICHE SIRID £6Hh (NESSE H&eeitHianhe usé bR LaRMPpdiment, a

method of generatin mesencthal stem cells (MSC) comprises trypsinizing and propagating hESCs

without fe &g fSRrAsigik s pEpiRsRE e AN e iRV Iaer idical{spthar R eraBrEorting for
CD105+CN&#E g6fislalibasmetinQ o ¢HRIESeRIting ik DS GRA s HHS anpipsinized

hESCs 25 one week after feeder-free propagation in a media supplemented with FGF2 and optionally

PDGH ABSHilgeRk stend ihrsiheolomeists ffdE Tha callfuts ihabibHes ouhand sroragtier: dde
substantialiyglhrepathaghedia At ddgrical ksHe massbRmopeneisallm eastpANe! fibrodlkg MSCs

produced by this method may be used to produce mesenchymal stem cell conditioned medium

(MSC-CMETRBH (BReRAHE D dRIgshie e gnegachymal stem cells (MSCs).

Thus, the protocol does not require serum, use of mouse cells or genetic manipulations
and requires less manipulations and time, and is therefore highly scalable. The protocol may
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.



Disaggregating Embryonic Stem Cell Colonies One method of producing mesenchymal stem cells
may comprise dispersing or disaggregating an embryonic stem cell colony into cells. The embryonic
stem cell colony may comprise a huES9 colony (Cowan CA, 5 Klimanskaya I, McMahon J, Atienza J,
Witmyer J, et al. (2004)Derivation of embryonic sterr%-tlcell lines from human blastocysts. N Engl J Med
350: 1353-1356) or a H1 ESC colony (Thomson JA,1tskovitz-Eldor J, Shapiro SS, Waknitz MA,
Swiergiel JJ, et ab 1998gﬁEmbr)éorz')c Stem Cell&,i?}e? erived from Human Blastocysts. Science 282:
1145-1147.). ABLEAL IR 6&%6 r‘ﬁtg)’/n be“di é)g%;%eﬁated or dispersed to a substantial extent,

i.e., 10at least intomtunegsodldiepcodonin e dee diigag b segaiad omdis pengaus talthee esxerirthat all the
cells in the colonag are siglglem{).e. thesgé)logé(uisc&om Ietelé/eﬁissaggregated. The disaggregation may be

achieved vc\il}ﬁ%go%r p(lanrgingeage t(.mll%e d%persmgog érrlwtto 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 e (PRSP GHRESTEH BURNEERAYARMATSE8IBRY S3rBlNeErPeaishd a substrate, or

both. Fhe HisRRINKG AUEMCMANEOINAKZAA Proeaseer Thet diSPRIsSINTRESL DAY eRBRIbSErypsin. The
treatment Withé%ﬁsin may last for example for 3 minutes or thereabouts at 37 degrees C. The cells

may then B&/ReGtidiied cadiurgell avacrasudbEndbiMehedlu’ berbieRIgtiad oSS Bhethod
may comprigRaisREraiNgskGanilBaiy:Ilatapidussamarbny anic sierereriigwitharypsyzand plating the

cells out. The disaggregation may comprise af least some of the following seguence _of steps:
aspirauon,’%'f#gﬂaa?lﬁ?@gm&ggéémﬁﬁ%Rﬁégﬁ%ﬂa@%%@%ﬁm ,C}alzgséé%gl %‘dﬁ%ubung. The
following protocol is adapted from the Hedrick Lab, UC San Diego ‘ '
25(http://hedrickldbuedlds édl thP eolonsIrco Se distagipgateder depiestvdrictepibyiantdistiéstaspirated or

geneyglly %%%Qyﬁﬂtﬁ%ﬁﬂrﬂb%."ﬁ%@&lony may be disaggregated or dispersed to the extent that all the

cells in the colony are single, i.e., the colony is completely disaggregated.
The disaggregation may be achieved with a dispersing agent.

The dispersing agent may be anything that is capable of detaching at least some
embryonic stem cells in a colony from each other. The dispersing agent may comprise a
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



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 2+ and Mg 2+. 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 t% oat the growing surface with the dispersing
agent solution. For example, 1 ml of trypsin in Hank'SBSS may be added to a flask. In the incubation

step, the cells are left for so ime aintained temperature. For 5example, the cells may be left
2 37C for SRR DA LRGN 1 Bt e UG Eraeb RO e Bt BB e by
mechanicala@ationyithrtiexdisydesing ageapioguaobyRuhacking dhe side afyifxnviaddehkitiBaSharng The
cells shoulgecgglﬁ?gf irhsg](eets and slide down the surface. In the quenching step, a volume of
medium is added 10 the frask. The medium may 10comprise a neutralising agent to stop the action of
the dispersing agent. For example, if the disper%&gent is a_protease such as trypsin, the medium

may contain a préfift 5RO Sepulcseiert VANRSOEMFR Rt tiAt) o tEiBDSFBeEsECTn a
particylar %355@51@&@&1@5 RRLHR RIDRINPE ?&"a%%*%fﬂ%@&%i?%@%#ﬁu@é?)ﬂﬁ%&o make up a

total of 4 mls. The cells may be pipetted to dislodge or disperse the cells. 15In the re-seeding step, the

cells are rdislodging istep ftesisdlney besheledgad Mesrechagicrhagderdonaramplerior seapiegivigs may
be made &}, differanh SRt GHOS FRXATRIEh YR0!IT AL IREHR3EE H65 &b irsHULUCOR RBfL/S

dilution. In & particular example, the cells may be re-seeded by adding 1 drop of cells into a 25cm2
flask and JeNEIEerE@E®ther to reseed the culture, and 7-8 mls media is then added to each to
provide for 1/15 dilution and 1/5 20dilution from for example a 75cm2 flask. In the aliquoting step, the
cells may be aliqliotad gutmciangdishes osluhaieeedalih ratidds desihed] akd Thediadidaeday In a

specjfic embodiment, the method includes the following steps. human ES cells are fir
g g o S b o bt i e ] E i

1S 1 t,For et % ?mén
es éﬁégssl.gﬁ%edlday old EBs are tien
trypsinizedibpéosmglating ias aditeasntwallssanygeiatihe ocediechtissyexuiture Roptatesuddaindenance as
Cell Cur[urs%rum protein, which will mop up the activity of the protease. In a particular example, 3 ml of
serum containing cell culture medium is added to the flask to make up a total of 4 mls. The

cells may be pipetted to dislodge or disperse the cells.

15 In the re-seeding step, the cells are re-seeded into fresh culture vessels and fresh
medium added. A number of re-seedings may be made at different split ratios. For example,
the cells may be reseeded at 1/15 dilution and 1/5 dilution. In a particular example, the cells
may be re-seeded by adding 1 drop of cells into a 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.



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 30absence of feeder cells. 23 The cells
in the cell culture may be grown in a serum-free mediym which is supplemented by one or more
growth factors such as fibroblast growth factor 2 (FGF2) and optionally platelet-derived growth factor

AB (PDGF AB), at for example 5ng/ml. The cells in the cell culture.may be split or subcultured 1:4
ihen confluent. BE ST Al B e S R e Bl re - The
cells may béppidineettdbthenahsence: @i cothulickes Tiehtaey fibioblasd ey tiefecst® dHGIKY) randf two or
more different kinds of cells that are groywn together le, stromal feeder cells, 10Thus, in
oioa) Ee RPN B R N O R & S s BT T b o
mouse emheyaiicskincely thaijiave baenltieatiett4o/bleaycovitlunoit diyideafhenteederrigysen,provides

an adglerent smrface 0 erllatll:)le the ES cells to attach and grow. In addition, the feeder cells release

nutrients into thecculture’ medrim which are required for ES cell growth. In the methods and

compositions described here, the ES and MSC cells 15may be cultured in the absence of such
co-culture. THEEIRE Ry DEiiiGred as a monolayer or in the absence of feeder cells. The

embryonic stem qeliscerynke Geltiesdd thendbsepee: ofiesdeiaellThe astablishcmesenahivmab stem
cells (MSC). The dissociated or di ,aggre ated embryonic stem cells ma beflated directsg onto a

20culture SUBSHR OIS RbRprdLAE Sty S5 CEAEIR Gs SRR dish.

The vessefdniry &glpre-treated. The cells may be plated onto, and grow on, a gelatinised tissue culture
plate. An example protocol for the gelatin coating of dishes follows. A solution of 0.1%

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

15  may be cultured in the absence of such co-culture.

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

stem cells (MSC).

The dissociated or disaggregated embryonic stem cells may be plated directly onto 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 example protocol for the gelatin coating of dishes follows. A solution of 0.1%
gelatin in distilled water is made and autoclaved. This may be stored at room temp. The
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.



gelatin in distilled water is made and autoclaved. This may be stored at room temp. The 25bottom 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 disaggr%gated embryonic stem cells may be cultured in a
medium 30 which may comprise a serum-free medium. 24 The term "serum-free media" may

comprise cell cultyre medja which. is free of,serum proteins, e.g., fetal calf serum. Serum-free media
e Know m e W (SRS AU TAP AT DR LM e S g s e D g
Serum-freprmeidiq are, CenairedfGiathna\Sritableiffo meditn examplen GildeoaBRIndlaxtdegeaihedidre

serum-free media m S?ﬁ rotein {0 that i | rot ins,hqdrol sates, and components of
ko SDRGED TR ol e oy s R e e g ST whio

componerdgailabe drknodor ekanmitglGivactBitL Clneiiegdly):-defined serum-free media is advantageous
as it provides a completely defined system which eliminates variability allows for improved

reprogucibility angipesgsRpgistaptineHaymapsse Hoand gagirases Prsiibilipkcrpasmisaton by
adventitious agents. The serum-free media may comprise Knockout DMEM media

(InvitrogerieSiSeBINeRSHE FISAkNNav yBRoSition THE servmiitserdiliaavas B dsp phsmEsaibe with one

Or more CQRPRNERMIRIISHE VAR BRIVB KERIAGRTIBRR AR Al RERRENHAIOR of fehsxarpRIsiRd%, 10%,
15%, etc. The serum- 15 free media may comprise or be supplemented with 10% serum replacement

media froreTHUSE R HbiER fEraRgaia s INSQVEsHA © I deftped syptsanskhigh-free medium in

which the gissp@iRtehAREITRAISERIRS RRPESYENICSISHN GBS R CHIBHED MAY-RO PRI/ N Or more
growth factors. A number of growth factors are 20 known in the art, including PDGF, EGF, TGF-a,

FGFINGREerrepsinrssiE L f eanipaprersr iy advepHitddtactor may comprise fibroblast
growth factor 2 (FGF2). The medium may also contain other growth factors such as platelet-derived
growth factor AB TROGERABjcBokof thoseogromnsth KaouhsualeMAdhvmédithdranitr deahidthad may

comprise eyiHRG S8 NBRY ork).

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

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

Growth Factor
The serum-free medium in which the dissociated or disaggregated embryonic stem
cells are cultured may comprise one or more growth factors. A number of growth factors are
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.



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 knownzi the art, and is referred to as symbol EGF, Alt.
Symbols URG, 30 Entrez 1950, HUGO 3229, OMIM 131530, RefSeq NM 001963, UniProt PO1133.

25 Thus, iscl t f medi ising (1).FGE2, (i F PD d (i) FEGF2
and EGF :id\,\(l)?hercsg?ﬁ%ﬁi}gﬁ%%%. mei l?s %ﬂ%&i%%&ﬁ%@%{%%%& )anél%g%rﬁ(i@ %@éq élél)%ilophic

factor thati$;E2 prebE€it ainldwthevetsihimanydissues and cell types and reaches high concentrations in
brain 5and pituitary. FGF2 has been implicated in a multitude of physiologic and pathologic processes,

including limb deyelppmeniyiang %ﬁw%ma hraRgnRNEHUMeRQreprl faG52may be obtained
commercially, for example from Invitrogen-Gibco (Grand Island, New York). Platelet Derived Growth

Factor (PIS&YIged poRNt avRisgaimmativides dikhee bt fodysehpsdhigh g MsHELEeRs st
muscle anghaqineetyerissr e PRGTMIEhE compased & srdinebRfdvakhsinsispied the A chain

and B chain, can be present as AA or BB homodimers or as an AB heterodimer. Human PDGF-AB is a
25.5 kDa [6PsEHFRepHtHIg UBivsisislypmentsareia s tasiinaitd herl e twprs erRsthay be

obtained commeraialy, Jof ArABRIEk B e PratecinRe akyniit MRwederseyd. (brihe IsrmuthNastor(s),

such as FGF2 and optionally PDGF AB, may be present in the medium at concentrations of about
100pg/mI,gﬂﬂﬂ-as about 500pg/ml, such as about Ing/ml, such as about 2ng/ml, such as about 3ng/ml,
such as about 4ng/ml, such as about 5ng/ml. In some embodiments, the medium contains FGF2 at
about 5ng/ml. ThBlanddidParimey @reovtdohta PIOERAB, spetersratagsodbbagyide 20Splitiierd] Cells

Cells i culture wi ral ' | i|.co - ipitio
cesssla%]on%ce% I‘/Xg #\ﬁggg %%%%%?ﬁ%%@h%@%gg ﬁrwagngb%%?ﬁi%ggted ro’r%’ﬁ?éﬁls% éls)t%t@%? flask,
and "split"pﬁab&uﬂwquw pb@sag@mwwmiohamt@nﬁls‘@mamltg@e menﬁsm@sdﬁrémmﬁfg. 25The
methods 3, ComRYSHPRS HeRE PGE DR N M IS SR E N BRI RASRBY NI Bhimer protein
consisting of 13.3 kDa A chain and 12.2 B chain. PDGF AB may be obtained commercially,

for example from Peprotech (Rocky Hill, New Jersey).

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 S5Sng/ml. The medium may also

contain PDGF AB, such as at about Sng/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.



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. 26 Selection, %(éreening or Sorting Step The method may
further comprise a selection or sorting step, to furtherisolate or select for mesenchymal stem cells.

The selection or gnginﬁ; st?,),p ng comg,rise segstacting mesenchymal stem cells (MSC) 5 from the cell
culture by means §F6He o rmere daita é)rélﬁqﬁgeﬁpmarkers. The use of a selection or sorting step

further enhancesThe strihgé ney dtigbetingrapdsselectioh speciiciipdotdi SC fuathdrfisdlaésmoselect

potentlallyi{)ercrirtljecsees ossﬂflse{ contamination from embryonic stem cells such as hESCs and other

hESC-derivatives from the s?{anrtlng material. This would then further reduce the risk of teratoma
formation and further increase the clinical relevance of the protocol we 10describe. A number of

methods are knoWF T SHHQBIRST VLG HTE BaE S BRIl LB FRessBrn Ry sipdretidd3Gdy be
used i thersaieREQBIDEEAIE SIRAMASTHRES hesR Shfselpttion Aassting meaxderachirvaeby

means of fluorescence activated cell sorting (FACS). Thus, as known in the art, FACS involves

exposing QEIROTENS AP rhaRess st aSsRE B Sdy TR 15159598 SRS AHEIdYMRE s
expressedahy theehdvieibedsaipreducignafisietidadiesanddahalivetiesanf R0 KeRRHES are

known in the art, and described for example in Harlow and Lane. The cells are then passed through a

FACS madhing® WS te Sei¥ASf HQBh B HASARH e At el Al AUV GP T

addition, naagrsitic Crlaseming iMAGS haafae:e Mplayedie datichedelis e dpxadeslised that
while nu1%ts)er of candidate surface antigens known to be associated with MSCs e.g. CD105, CD73,
I

ANP ,&Q%Dwd), 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. Thawsbecidtivatedds suefeerantigenlodtioms ceringybastdrensurfigrarterefisilify the

antigen as,g selectphle markes 2Rlel BRI MRS ik« 3 SUABATBES fhARTEiAgy. the

selection or sorting step
sorting may be achieved by means of fluorescence activated cell sorting (FACS). Thus, as

known in the art, FACS involves exposing cells to a reporter, such as a labelled antibody,

15  which binds to and labels antigens expressed by the cell. Methods of production of antibodies
and labelling thereof to form reporters are known in the art, and described for example in
Harlow and Lane. The cells are then passed through a FACS 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  for isolating MSCs from ES cells such as hESC. Accordingly, the selection or sorting step

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

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

30 embodiments, the selection or sorting may specifically make use of any of the antigens shown
in Table E1A and E1B below.



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 p? icular 30 embodiments, the selection or sorting
may specifically make use of any of the antigens shéwn in Table EIA and EI B below. 27 The
selection or sorting step of. our method may positively select for mesenchymal stem cells based on the
cxpresaion of antgS ICHIGH araTEET BN 2o Bk HECE N FHSIS B LA b B TS el
such as hkStiseQOFRdd bigthly expesssach Dankise@syivhiteabeidgnndiclighbx gxpsed sadMBBEIRES.

Both 5 CDgi% gnd CD&QE%%Q@%%?@@_%% surface antigens in MSCs and are among the top 20

highly expré)sségrgﬁsr ace antigens in Cs relative to hESC, the use of either CD73 or CD 105

(or both) as selectable marker for putative MSCs will be equally effective in sorting for putative MSCs

generated by diffeffdidtihtg e souessrd Pmiiatys. oriH brirmActhizbbicxmses tiddtiny Ste Baiby

negativelysplerhagainihi antigrRSRpradkan sy fach antigenavikataredhighiyexpressed ag surface
antigen on embryonic stem cells (ES cells) such as hESCs, and not mesenchymal stem cells e.g.,

hESC-Mstighly|s¥nesisse syHieg Arapans HabEderVialotisla e itkty fhentsred pithsedpetmic

surface antipg0s &yabbad MIRakiGBARR3Ad v Atk GRRY. EiMaDarrlysie ¢R96 Mg the
expression of CD24 on hESC but not hESC-MSCs. 15Therefore, CD24 may be used as a negative

selection SPSBIAHEG FIRER 8rRRIREH ¥ ST aristesd)iRton with CD 105 as a positive selectable
marker for isolating putative MSCs from differentiating hESC cultures. EXOSOME COMPOSITIONS
20The exosome édtepesitidy, wain imddifte atloasdbectie oseortiegeiter caapiex'gdeschbedeatmgaanial that

q ; SO 0L o te the.biclogi N d
orom b e B R R A oA AR ey o
sufficientlystow ¢colticitiStoalén dechirsrhiEitabledop tuesenishratiohstorthee hyamgmhEDEing $feated. The

carrier canR INGH oPLAHHRE Y5 He T &RPORIRAG R HGAL DRNEISa SARAYGEReNGIIS AL BOMHce

antigens such as MIBP, ITGB1BP3 and PODXL, and CD24.

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

differentiating hESC cultures.

EXOSOME 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.



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. 28 As used herein
a "moisturizing agent” is a substance that adds or re%ores moisture to the skin. Representative
examples of moisturizing or humectant agents t incldde, without limitation, guanidine, glycolic acid and
glycolate salts (e.g. ammonium salt and quaternary, alkyl gmmoniym s é% aloe vera in any of its
Variety of forms (&b SImRC LRI gd EHFAAR IS 12 BBy GBI LhR RoB T,
glycerol, hiéxathéiriBkpreopylsine glyaah]bubdfl endsglycohghexylere tghtegleand ineltide, wohwihylene
glycols, sugars and starches, sugar,.and.starch deriyatives (e.qg., alkoxylated gjuc se}l hyaluronic acid,
e LR T G AR & B B LR S s ety
recognizedlkythenardnsimeealne gibt oktherskiy isf oSy adenposivomns forel QAliepicah gkin, afplication (to

avoid jrritation) can have a pH value.of between abqut pH 4.0 and abaut pH 7.0, or hetween about pH
e i S et
typically atddgdete kv e pyeat thle cdrpbsiti dik¢optbly adbgiead yyieds, Bogareo mplositiohssflkegefore
may be formul teq%t have a pH value of ahout 7.2. Suitable pH. adjusting agents include, for example,
ot are noP AR oo R Rt RO R ST R rovices,
magnesiumaivetivonatasiticatgsidéfersnor haydambinatid asythendohatioiBiitadl€ hair conditioning
agents that may be used include, for example, one or more collagens, cationic surfactants, modified

silicones, proteing,skgratiigy dénthisQne PRVRLS s Rida @Sy ATHO S SOMRUisRifialggenated
guaternary ammonium compounds, 20alkoxylated carboxylic acids, alkoxylated alcohals, alkoxylated

amidkh, soPpicah arioRRUeRi (iR aVoil A ORI has e NalisofeamseacthRim RibHY Mkkeof

Hair stimulaiéng f#9e1sineytRe-aduediteHMLcamResiions deseihssudere sHosexdipiefrpeapil (FR 2
791 684 and W00058347) promotes the visible appearance of thicker and fuller hair and prevents

premature’maif iR AP Hrd NSine S8 B WAt L YREE AN fitkdlsd 197 Bisothip BHeM S5 BRI AMAl
junction whetkethes had aneh orsd e dh ity i RPEEY be formulated to have a pH value of

about 7.2. Suitable pH adjusting agents include, for example, but are not limited to, one or
15  more adipic acids, glycines, citric acids, calcium hydroxides, magnesium

aluminometasilicates, buffers or any combinations thereof.

Suitable hair conditioning agents that may be used include, for example, one or more
collagens, cationic surfactants, modified silicones, proteins, keratins, dimethicone polyols,
quaternary ammonium compounds, halogenated quaternary ammonium compounds,

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 and 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



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 avggable 30 from SEDERMA, Inc. (France) as
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exosome compositions so as to en € preservative or preservatlve Ssysie elating agents

that e th@g@ﬁt@s é@}tﬂh@@t@r@kmaﬁhmmmmmeﬂcaadudecmm),(BDrmudenvatuves,
orany COr@?ﬂﬂ%@@e@&[@?&%@s@%ﬁ%@“Xf{‘fﬁﬁ:ﬁ’lﬂ'contains the terpenic oil diosphenol and sulfur

compounds. The leaves of henna contain flavonic pigments, including luteoline and
laxanthones, principally lawsone. Venus hair is a small fir native to the south of France; it has
diuretic and emollient activity. Peptide-copper complexes containing dipeptides or tripeptides
25  chelated to copper stimulate hair growth (see U.S. Pat. No. 5,538,945 and U.S. Pat. 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.



30 Suitable preservatives for use in the compositions of the present composition include, without

limitation, one or more alkanols, disodium EDTA (ethylenediamine tetraacetate), EDTA salts, EDTA

fatty acid conjugates, isothiazolinone, parabens such as methylparaben and propylparaben, propylene

glycols, sorbates, urea derivatives such as diazolindinyl urea, or 5 any combinations thereof

"Emulsifiers" as used herein promote the formation and stabilization of an emulsion. Suitable

emulsifiers may %en tural materjals, finely divided solids, or synthetic materials. Natural emulsifying
I finely divide ¥ M

agents may be d %}3 ?rg%seéri?’ﬁg?' %1 raﬂggrl{ll gefgﬁg%%%?gég %eogﬁesf?ghc%rﬁlﬁﬁglusogdpcce ficlude
gelatin, eggiyalks taseitipwookfat, nocholesidso didddaa fEDT AQuegétablitastuscesinchtate)acacia,

tragacant ndrus, ctin. Vegetable sources specifically from cellulose derivatjves jinclude
ety celILED Sy A NS I A S Heh S A s

include bemidmitep yhagaesiuprdpydeoxigle calsimonbuted) yaeaxddey ati veag rdsis i dvisiliciite] Syatheatic
agent incllrJlde an'olpli%i %at' nric Qr nonionic agents. Particularly useful are sodium lauryl sulfate,
benzalkonitim ChIoHdE of 1 ep(%?yiathylene glycol 400 monostearate, or any combinations thereof
"Thickeners" as used herein refer to agents that make the exosome composition dense or viscous in

consistency. SuitabIBURIEREN 1S e RSESI bR oReiEi i daEm fsieBeampirbiHaMHigRie\paEMEIgBIe
polymers sighisis fvdigneihviselvloseteommertiativ ayailahleduier ae sTragamankdiatrgsol 250 or

350), cationic water-soluble polymers such as Po%quat 37 20 (commerciallﬁavailable under the

TrademarRV&VithsTBH NN AEF HfBRSIRe SRt sdilemhritisicapBRAh R Y egridblsaipuisesi ShR&and

mixtures thefgofhima\SoURed MeleiR. dhaiarapesalubiliziac 2g6biFatefetadRihese sHbsanaas that
enable solutes to dissolve. Representative examples of solubilizing agents that are usable include,

withdQt limfEssEPIE SIS TR G Csidnagrerativir BNERtRe HoRFCHIYSRERRIFIRBISStetraacetate,
sodium mefRPHEARN Bin VeteIite Ay AIess FyHRdexbilny1RUNYIBN P KNS methyl cellulose

diethylammaonium-ortho-benzoate, and micelle-formiqg solubilizers such as TWEEN and spans, e.g.,

TWEEN 8t BReissShepifisorithingly danrd Spuiicshnslide hetetrinaener By by HsPEdsmple,

polyoxyethyignigsarkiiaofatty acifagateruPolisxyatbyisnenbral kbt pisube alkyhamniagdniexiees,
polyoxamers, organic solvents, such as acetone, phospholipids and 30cyclodextrins..
nonionic agents. Particularly useful are sodium lauryl sulfate, benzalkonium chloride or

15  polyethylene glycol 400 monostearate, or any combinations thereof.

“Thickeners” as used herein refer to agents that make the exosome composition dense
or viscous in consistency. Suitable 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.



31 The term "penetration enhancer" as used herein refers to an agent known to accelerate the
delivery of a substance through the skin. Suitable penetration enhancers include, but are not limited to,
a vegetable oil. Such oils include, for example, safflower oil, cottonseed oil and corn oil. 5Additional
thickeners, penetration enhancers and other adjuva3 may generally be found in Remington's
Pharmaceutical Sciences, 18th or 19th editions, pubfished by the Mack Publishing Company of

Easton, Pa. whic%}ils incorporattedtherei l:%}/ referencg.hAs usecti he{einﬂ an "argti-irritant" reflerstto an
agent that preven seotiplfr@erldL}?:eerlg SOran&ss? rgﬁrghar?e%ss?, ol inflaniniaton of §el% ﬁ)?‘ﬁrérlt(.) &itanie”
anti-irritantidnigliday fof €xamapleclibstahidad sind.rSritshés pictaitanivindidnmoatoiycagrntaioamether

materials sueh a5 ajoe vera, snamomile; AlBhashisabolpl, cola nfida exlract oreen, ea. extract, pa ree
oil, licorice extract, allantoif; cafteine or other xanthines, glycyrrhizic acid and its derivatives. The
presently knawsilanti-irritants can be divided into water-soluble anti-irritants and water-insoluble

anti-irritants. Representative examples of such compositions are described, for 15example, in U.S.

Pat. Np. 5,482, 7109McRaIS NSRS I GRRAFARH BYHERIESRNERE otheCRIRMING max Aaehgured in the

compositions. Colorants include pigments or dyes or a combination thereof as the cosmetic benefit

requires. EXEgREINHIgNRHRRaNae 3 Srdenstsinhitdtol I s biriss paRbsheshiyhe e,
Suitable dpgsiigeinsle GRS A ARPRaVRd, aRlownts: B &coapaved solrantsfaastthose approved for use

in Europe and Japan (see 20 Marmion, D. M., Handbook of US Colorants for Food, Drugs, Cosmetics,

and Medical Deviges d; 1991 herein incor t refer .Thet “color” ed herein
refers to the qual§yg 8?%?1 (Sg[)ejiené'?l c%r s%%{slt{glﬁgrg W%%%zggctal%eﬁgﬁ{&?ﬁgz%q §l{ 2%(15110% %esgégyr}%t e object
or substarcegiies theentlharaeteristiCs bbdidjopaareSuitebintnsityjtantd valude, Huexasfpls to a

gradggon, d Q%iﬁ&l"ﬁﬂfﬁ%@%@r%?&gf an N ma oi!gé‘ﬁts dys @%%é?ﬁ'fsag cg}?%'%%je ipigrchangeably
to reter to the strengt or sharpness of a color. A coldt is full In lntenS|ty only wnen pure and unmixed.
"Value" refdwtonsildegise-dididinlodss brdtidaedsin, greetolea extract, tea tree oil, licorice extract,

allantoin, caffeine or other xanthines, glycyrrhizic acid and its derivatives.

The presently known anti-irritants can be divided into water-soluble anti-irritants and
water-insoluble anti-irritants. Representative examples of such compositions are described, for

15  example, in U.S. Pat. No. 5,482,710 which is herein incorporated by reference.

Colorants may also be used in the compositions. Colorants include pigments or dyes or

a combination thereof as the cosmetic 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



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 30sulfates, ammonium
laureth-n-sulfates, sodium laureth-n-sulfates, isothiopates, glycerylether sulfonates, sulfosuccinates
and combinations thereof The anionic surfactant ma%/1 e selected 32 from the group consisting of
sodium layroyl sarcosinate, monosadium layroyl glutamate, sodium alky| sulfates, ammonium alkyl
culfates, sOATUT GRGIMR SUAHAE S PRAHIT VLA i Cumakednamer S gr s Cabrston
pharmacesuidialy @kt pidiatescaniaoniay alkglbealtiacisdediimidkgtetipodition, Aabhuseanhekegiletthe
term pharq]‘tﬁ.ceutlcaél)éoz%ncgerpttable @arggfr refers to any substantially non- toxic carrier conventionally

sultates. an 101S the . . . . . .
useable for oplcaﬁa ministration o pﬁarmaceutlcals in which the exosome will remain stable and

bioavailable when applied directly to skin or mucosal surfaces. The compositions described here may

include a cosmetit ARPERREHUEAEYCATFRINARIS SORSEIRERNY PRoiprrdsd "B dBARMBRRT iR eptable

carries’ reﬁ%&@e@eﬁﬁﬁ%@éﬁi@”}éﬁh@&ﬂ@éﬁﬁ@ﬁ[ﬂ%Ec@ﬁ@%fé“&%ﬁ%uy&?&@@Jﬁaﬁ%’ {hsstepiaalagdministration
of cosmetics, with which exosomes will remain stable and bioavailable. It will be understood that

cosmeticalficedpeinenaniratndiaalefacéonicalphrivaritabnm cirhsnars Wigtlaimrhétioren

identical, i@x@@&i‘i@-ﬁﬁ$&%@%ﬁbﬁ%@%ﬂ%‘ﬂm%ﬁ@%l%lffd'ﬁf&i[iﬁ{bl@ﬁiW@%@ﬁu@@éEﬂ’|eum jelly
(Vaseline), petroleum, mineral oil, vegetable oil, animal oil, organic and inorganic waxes, such as

microcryst?i}ﬁﬁ'@%araffin and ozocerite wax, natural polymers, such as xanthanes, gelatin, cellulose,
collagen, starch, or gum arabic, alcohols, polyols, and the like. Also included are the carriers described
hereinabove. 20THe phanmsitent celiyrdoceptebieayaniérdnay imuoiadenysusteptaderelease 45 delayed

releasye caier TG ATk sa-0s.An mrteLiRl seable, f sustained ar dplayed release afthe

exosome to proviae a more e iclent a nres tlng N 1ess requent an ecreased dosage
of the exosarrier, sasecofinnaldlingszic foxténdepici ddhaiesirefientsf cnsepithuslialifemtadhconditions.

o imiing XAMElGR S SAUTE SN Rgsomes BUYRIRGNARS ZTHesRNRes, o

microcapsules of natural an etic polymers and the like. Liposomes which may ehhance the
localized dekvpigblst cheriexosuhidewitervskihl yayeseptabis doer fosraeadsfrotiara Waneoftof pirkshblipids,
such as chglesterol, stearylamines or phosphatidylicholines.

15 Suitable pharmaceutically acceptable carriers include water, petroleum jelly
(Vaseline), petroleum, mineral oil, vegetable oil, animal oil, organic and inorganic waxes,
such as microcrystalline, paraffin and ozocerite wax, natural polymers, such as xanthanes,
gelatin, cellulose, collagen, starch, or gum arabic, alcohols, polyols, and the like. Also

included are the carriers described 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.,



Suitable cosmetically acceptable carriers are described in the CTFA International Cosmetic Ingredient
Dictionary and Handbook, 8th edition, edited by Wenninger and 30Canterbery, (The Cosmetic,
Toiletry, and Fragrance Association, Inc., Washington, D.C., 33 2000), which is herein incorporated by
reference. Also included are the carriers described ;5 einabove. The compositions may further include
one or more additional compatible active ingredients, which are aimed at providing the composition

with anoth éﬂ%har aceutical, 5 cosmeceuytical qr cosmetic effect, in addition to.that provided by a
exosome. S0 o L UL R RO R ST N Br B ST AT GT SR e capable
of being chmbingebwith each other in a manner such that there is no interaction that would
substantially reduce the efficacy of the composition under ordinary use conditions. WOUND HEALING

10We describe the,bsg b RRIAMTAMEethHRILIRr RIOBaHER hedingaf @ warnsldinglyging optionally
of promoting hair growth) in an animal such as a mammal in need thereof The method for promoting

healing of R&RAIFEMADIEB RS et Protating thetherapamieaiath 2o ot haaptaIarcHE Y thereof, an

effectiye apgomet QftRAISQRME: T bgteIT Fematinae s enyaundsandisedifpiisidogyment
refers to 15 augmenting, improving, increasing, or inducing closure, healing, or repair of a wound.

Wound he®iffgresme Yo SrBRNEEES flsBXRMPAEIRPHECHAE SRPRRARMY RelbssRintidstd with

exosome GAMRARhIAA WaUnshnet HRAtek Wit &X0sO Me i dRer 8aseb ki abeuhA @0y St as
decreased by about 25%, such as decreased by about 50%, such as decreased by about 75%.

Alternativellf FHEHY RELH IS PBHERIEROG T BEABMSERPIMEme and extent of re- 20 acquisition of

muscle contractility and function treated with exosome compared to a wound not treated with exosome
is improveWowabdEANBout 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
b QEPTIHRSHIOfei b

ascetthin whethe!f RIRERRYSS PrBRst LrqpRing e EPL ke should
broadly beieensiteregtamsaiesingciacbadminisiering 1o amsubiedtadhampeiutiaally iaffeetive amount of
an exosome co sition so : . . .

thereof. The method for promoting healing of a wound may comprise administering to the

animal such as a mammal in need thereof, an effective amount of an exosome.

The term “promoting healing of a wound” as used in this document refers to
15  augmenting, improving, increasing, or inducing closure, healing, or repair of a wound. Wound
healing is considered to be promoted, for example, if the time of healing a wound treated with
exosome compared to a wound not treated with exosome is 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.



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. 34 The wound healing may be pror(;_l ted in the animal by a number of ways. One
example is that the wound healing may be promoted by promoting regeneration of skeletal muscle.

Muscle tissue geq,gratlyly re&%nelr.ate fror% reserve myo Iasts.calll d satellite cer;llls. The satellite cells are
typically found disttibUted! S%Q%Hi%ugafé’ HESEe A O S’goa MUEAE, e %a%%ﬁf%afnsl% ®llite
cells are qgisidsteh¢ wdnad thalimeithgrbdipesentiede neramnoengogeheivisinnf skeldtdliowsog.muscle

injury or dying ecovery from disease, satglite cells e enigr e, cpll evclay prolferaie. and spter
existing muscle fibres or undergo différentiation into mulfinucleate myotubes which form new muscle
fibre. The celishlasimpextiyttiallydyielaiborepthcepienitmiuscle filnes br dudeniateéxisiiolg, thescle fibres,
therelyy increasing fibre girth. Thus, the term "regeneration keletal muscle" ma used to
rofer © the IDHBE By ST e S L L SRR SRS s BHRERE T e
skeletal mdsaieofibres can be new skeletal muscle fibres that replace injured or damaged muscle fibres
or new skeletal fibres that fuse into existing muscle fibres. 15Skeletal muscle regeneration may be

considered to be pypmatedifulignHmResfurew HRISRIS IRcheanedsal srshrRUt Fhmucihas at least
by about 20%, such as ,b% at least about 50%. The wound healing may alternatively or in addition

be promotedlifvte G ANSLRIFR SHIPHARHY FOFIRISY Yomedspidkietgatiebitgen is a fibrous

structural gretei abstemibriBierAaPRMANM &l thaserdiasellutae Mabbrastiviw briee.f Gelirgen may be
promated. Examples of types_of colla%%w include, but are not limited to, collagen types I-)OCVIII. For

example, IFRIRGHRGRNHES CORTBRISE s BHsHER Bis s e s fi%é“ﬁ??%&%ﬁ&&’eﬁi‘iﬁ}be VI. The
term "promoting collagen production” may be used to refer to an increase in the 25 amount of collagen
produced. Any méthedtkaitanm tocgrssaskitled skaletn bniewieliseaydedisodietecfirie thhptioeeshby

pm“““”gﬁ@&?ﬂ%%&é?e' Fﬁﬁ?gﬁﬁfés%ﬂﬂ‘%magadc@gjgg@% 'HiFo‘%'_@l‘E”ﬁ{é)Qé‘&t%%l%'ﬂ Biscle

determined by analyzing for increased expression y using, for example, Northern Blot,

real time RIDRGRarebe. meypiiaigtat olesgénipned tetionico nyiderker ate gndmusely ifibines amemt of

collagen igingreased.0yat i‘ﬁé‘éﬁﬁ@%‘;{{sﬁ"ﬂ% shchasigRat least by about 10%, such as by at least
about 20%.

15 Skeletal muscle regeneration may be considered to be promoted if the number of new

fibres is increased at least about 1%, such as at least by about 20%, such as by at least about

50%.

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 III, collagen type IV, or collagen

type VL

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%.



35 WOUNDS The wound can be an internal wound or an external wound found in any location of
an animal such as a mammal. A wound is typically caused by physical means, such as mechanical,
chemical, 5 bacterial, or thermal means. Wounds can also be caused by accidents, such as a car
accident, a fall, injuries sustained in battle (deep lacerations and amputations in soldiers), etc. or by
surgical procedures, such as open heart surgery, org n transplants, amputations, and implantations of
prostheticg, such as joint and hip replacement, etc. The wound can be an open wound or closed
wound. 10 péjrl?“\?vsounds refers to wounds in which the skin is broken. Open wounds include, for

example, inCiSionﬁh@-%@ﬂﬂﬁ%ﬁ%%ﬁ/m@&ﬂﬁﬁxﬁ%ﬂdﬁﬁ%k&&ebﬂ{alfwm%ﬁﬁd%%yﬁ&ﬁlﬁﬁﬂ%‘f’%ﬁt (e.g.,
knife, razor, etc.)), lacerations (i.e., wounds in which the skin is typically broken by a dull or blunt

instrumen®iakadieh&y@. §aygBldrally a superficial wound in which the topmost layers of the skin are
scraped off), puncture wounds (typically caused by an object 15puncturing the skin, such as nail or
needle), penetratiowumouhdsyjeollrassed by phystj@ohsach ash dnifeyhand guctshotcalounds.
Closed waunds.are bpically wouRdsn ek e skin. is.not prokenan example of.a dlosgdyigund i
a contusion. The wound may comprise an acute WounRd. An "acute wound® as used in this 20
document fiasl Byneiieestouateroerhch theitlh édéspr mesiatve Andhorpaiatoustiofstiderdcetie wdunds have a
relatively rapid rat é‘%ﬁ%‘l ially 4 [thy subjects, r,.in the elderly qr
immunocoé;j‘h{%&r(g%iﬁre8 eg |$i§%$fn%g§%ér%fggﬁg§%&#e 1|§§% 5@%@@8@9 ki %ﬁé%\%o%lrad becomes
infected. Braraples @fsaduteosrbents indiusg oitaarchmptdiricethentpartialthisknedsbubhe, daceeation,
bullet WOU% d%frea%esgd/\(g '25The 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 18 heal. 36 BRI GHRSSERISROGRERU RS BTEY6BLREIS P S hoRie tHREHE POCreBslP s doFso
extremely stamiple aindisfoaw(partiaboendetal vaakiofhstsuaiusadolganizatiananthéengianal coordination

instrument (e.g., knife, razor, etc.)), lacerations (i.e., wounds in which the skin is typically

broken by a dull or blunt instrument), abrasions (e.g., generally a superficial wound in which

the topmost layers of the skin are scraped off), puncture wounds (typically caused by an object
15  puncturing the skin, such as nail or needle), penetration wounds (e.g., caused by an object

such as a knife), and gunshot wounds.

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



with normal tissue. Chronic wounds or chronic ulcers can be broadly classified into three major types:
diabetic ulcers, venous stasis ulcers, decubitus or pressure ulcers. Diabetic ulcers 5often occur on a
foot. Chronic diabetic state and poor glucose control results in poor peripheral circulation and
microcirculation due to progressive arteriosclerosis; gguropathic changes that result in an insensate
extremity prone to trauma; and intrinsic defects in the"'wound healing process that may include
reduced apnurfd§ni% an resgrg(ps%ﬁ? %?Ilular 1%ﬁowth factr? S, In the case oflrvern us ulcterrsn,l venous
hypertensio ¢ segcé? OrREY PricroRirEulatio %Lﬁrgn‘?ﬁobla ofbaéiggl &tla?ng‘esoo %éoc%)bll‘farfeg, elevated
persistent dewelg, ahprarind amtiadiarocytikines andtoreleasas zitibrodusetiesdecanditesjpond less to
growth facto&sl, Whict? distrib&e unfavora%lgl. Prﬁ)teolgti enzymes gnd Ipeir inhi ité)rs are imbalanced.
VYI norma tlSﬁ]lle. ronic WOdln Oor cnronic WICers can be I‘O% a/ch'dSSl 1 tﬁt refe _
Pressure ulcers occur When sKin Is'under pressure without movement to allow blood flow Tor 8-12
hours. 15Thgavousd :rdapadmibeise, asiinswodisdiskin, Wetirds funtipetssorapitsesb i @vetioatl tienited to
fuII-thig:kne wounds andf art'&]l-thickne s, wounds. FuII-thiqkness wounds inyolve the complete
en,occur on a, got. I n]t?] d1 etﬂ;} S and O?rﬁ ucose control results l_Fl PO|OI‘
removal of)epldermls and dermis to the depth of Tascial plarres or subcutaneous fat. In the
loose-skinpedpbpediescthwitmamiuscuteivrel af dhelpatinpeogressamaseso whicks irmeyaghthies to the

base of thghderrgsléh usuall r%mosveda s well. In partlal-thtckness 2Q wounds §‘% tse%?sltgr&yal amount of

i :
dermis, mos?lnygretlcﬂTarre,S}%s et Benin ,Sa%g,)%ecr)?éwr%%nr%ﬁt {/2,“% &’ 5ases of mo epi ermai
appendages\isdirobop pandssweangignudptairctbllictes)radanie mmdctsponsd toectéhmal \wouwidl” as used
here may pgtrefso&% i[ﬂce:lude apy injur any %Qrtimﬂ of the body ofs% S&E@%QH"“{QJ@& blllttﬂé)ntblimited
y

a . asSc Ol venous uicers usS N ension-ca tcula
to, acute conc?lflons sucn as therma burnsj§ C em?]@zﬁrburns, radiation ourns, ourns cause

excel$ expodprthidagical/idietgedidtibe sychaas s whbated garmagatteddidf tissuedasuohtas/the

perineum g agsull o Jaior And el igries Susalned g ediggprocedures

li)irtth includin
) roplast senesce, a fﬁ .
such as episiotomies, ttauma-induced injurieés including cuts, incisiofis, excoriatiohs, those injuries

sustained énsatiomobiteyard It reagharicaimec mentis; ianththivss eauseh oy dndl dbs;skmives and

other weapani, ylcer SHCh 30AS.PIEISHLE-UERL MIASIST HISe! AN destubiiuR UleRL, AR aps-surgical

. ?occ when S dl 2
Injuries, as well as chronic conditions s as pressure sores, peasores, con itions related to diabetes
and poor hours.

15 The wound may comprise a skin wound. Skin wounds further comprise but are not
limited to full-thickness wounds and partial-thickness wounds. Full-thickness wounds involve
the complete 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



37 circulation, and all types of acne. In addition, said wound includes dermatitis such as impetigo,
intertrigo, folliculitis and eczema. Other examples of wounds include, but are not limited to skin
wound, internal wound, gastrointestinal wound, oral wound, bone wounds, ophthalmic wound, surgical
wound, or any 5 combination thereof Wounds can b cj{ound on but not limited to skin, internal organs,
stomach and intestines (gastrointestinal), oral mucog , and eye (ophthalmic wounds, e.g., corneal

ulcers, radiokeratotomy, corneal transplants, epikeratophakia and other surgically induced wounds in
the eye) GESHIY DD BRoodL ks et L oS i B M S R bR L e ms bur are
not limiteditopktGisianadrvigon s liextiisiemal avatmals, diabetic 10 ulcers, venous stasis ulcers, decubitus
or pressure ulcers, chemical wounds, and burn wounds. Areas of the body which can be treated

may include, bl_Jt BeRkimiird &@vv’?‘&ﬂdm%ﬁi@e%gt@}@mhﬁﬁ%ﬂ% skirAWuﬁG!mﬁ‘é%@Qvéﬁrﬂ,
mammal suffering from a wound, such as those described above, may be considered in need of

promoting SAYRIAREEIH Ve e SErbauRdhenfovariKt oPhialene P vadpiueeisray HedeSraBe used
to refer to @ HyRANSRY dewasranialRrMhMIeI B thads ansisampQritiontdsscsiaadshere are

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

THERAPEMechanftgsanes (gasppiniesdphle oy B Stamrdspicanhtbr phsekeerdly @@ministered to
a subject 28auspgeted pirbhavibeRyvesntaQRaGIsiY ipiheattaridairrating thetbarapeutically

effective amount of the composition to be administered to a subject based upon several

consideratiHe S FAHEHBSBHEEN; MErakdReANHSRERS & dRH/ENSaghe WeargHts: areyads Sverity and
response {as4BtBRk3RYe bR RIStNAHR PIdhe COMRPSITAN chkidas ak dihesaliignigeal or

intragastric 25administration. It is also envisioned that the composition may be used as a food additive.
For dXamplECtfeYEBAYS SRS SRR BhH FBEF SHESE to DAl pYRIE A E SHER VeI
administration of the composition includes topical, dermal, epidermal, or subcutaneous administration.
Parenteral administeasiohthrchedesybwhisandiditriseet tovaytraghubse il aintmavénotes!, iotskpsritoneal,
intraoccular or intrageticular %qggmi_stration or administration into 30a surgical field.

Any animal such as a mammal suffering from a wound, such as those described above,
may be considered in need of promoting wound healing as described in this document. The
15  term “subject” may therefore be used to refer to a human or lower animal on whom the

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.



38 The exosome may be administered in an effective amount to seal, to close, to improve or to
repair the wound. Also, it is envisioned that the composition described here may also decrease,
reduce, or inhibit, bacterial infections of the wound, which aid in the healing process of a wound.
5Treatment regimens may vary as well, and often d %end on wound type, wound location, wound
and/or healing progression, and health and age of the patient. Obviously, certain types of wounds will
require more aggressive treatmen%w ile. at the same tiﬂne certain atientslc nnlot tolerate more
taxing protocols. e CMYTian Wi be enénéﬂﬁ%eéf {8 ?ﬁlaekeegﬂgﬁ Yer &5}9558%132%Coﬁsﬁﬁéoléﬁl&%vgfficacy
and toxicityr(ib aey)ioflib e therhpdubici fliofermisilaitehthat theldvenporipasdisoribay e givendis@ single
dose or mylt é%s‘éorse‘%ﬁg?l,h& ?ﬁ%ﬁé‘%r %%%Pa"ﬁn?eec %g{f‘s}ﬁisﬁ% ed daily, ot m ‘élg%etﬂghee%ﬁn@b?ésrs““'“p'e
times a week, of monthly’or multipfe timés a month. The composition may be given in a<series of
doses. Thefsewesmaf.doses may be administered daily, or multiple times a day, weekly, or multiple
times a week, or 15monthly, or multiple times a month. Thus, one of skill in the art realizes that

depenging upon maxuﬁan%ggﬁeﬂ@%maﬁ%lme@tmwei@%&maﬂ%ﬁﬁ&@@@, GRIR@SItion
described here may be administered for any given period of time until the wound is healed at least by

5%, 10%, Pgoko8owRunsbaEeuhesHYs OTHCHER, shhcathandaws a5ds iRy iH0% or any

range in beiygany gEFOr JRRicd AUMiEisiRANe geldQinuURIANSRMAIRIRG BXQa/PaMEIaY be used
to coat fibres of an absorbent gauze dressing to form a wound healing bandage which may then be

placed on ENRERALANTS RAURIISIEF FtrMOTatBH M Ay vecaked Peisidan & HERRRS b AW may be

prepared by,%eakiHOdRGAYES LHRIHAGIWI kL AR PERALY AR GRIKIONEAMPriT: exasphes having
wound healing activity. The bandage can then be applied to the wound so 25 that the coated fibres of

the gélize O6MEECHSe 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 occlirdrgppbgitiersraag beporllinbicdueatiabler Bxbmsdo st tHdses mgadiisgeny the

glycosami an inand stareh. The.cellylosics are.npt bi egra ble. Thegynipetic polymers
such as th%g\%ny pgfﬁ%eé%é%%oﬁﬁéﬁggﬁaﬁ%@ %‘hbe B%S}é%%atgfé%hty o%%’]é poé}rﬁneﬂb described
herein is welllknwmes thosaidkillbd gort®sitton may be given in a series of doses. The series of

doses may be administered daily, or multiple times a day, weekly, or multiple times a week, or
15  monthly, or multiple times a month. Thus, one of skill in the art realizes that depending upon
the wound type, location, health of the subject, etc., the exosome composition described here
may be administered for any given period of time until the wound is healed at least by 5%,
10%, 20%, 30%, 40%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 100% or

any range in between.

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
exosomes having 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.



39 We further describe a method of treating a wound comprising the step of supplementing the
local immune system by increasing the amount of exosome in the vicinity of the wound. The exosomes
may be administered topically to the wound. We also describe a method of treating a wound
comprising the step of supplementing 5 the systemic, jmmune system by increasing the amount of
exosome in the systemic circulation. The exosomesmay be administered via a parenteral route, which
includes, but is n%li@i}&d t intr%muscut?r, inpavenous, intra(i)eritoneal, i traocculf':\r, intraarticular or
into a surgical fiel & M ERIFIRE dISE o%c}aoa Hwegfhn&iao\?’?ﬁé% i‘ﬁ%mdj Wolh Sgﬁﬁgﬁsing the step of
supplementipgl¢hemiugaballinuhimesystemechy bpdreasing ghkeaamount of ex@somes thethecinity

10gastr0|nt?%|en%l trg&t ?Léhe sut%hect. We descrlbr%(fltmet d of ﬁgk&v%rl}l%gg the immune system of a

subject su?ferlng ffom a woﬁ)r(\(c)isgy %Wn?ﬁigfe?ﬂrl%l 65% e su(fﬁécc gntoeg(osome composition. Depending
upon the mode of administration, different arms of the immune system are enhanced For example,

topical administrali§i 6P s bR goBRBATeE IR iR &R MNES RemPEsthe sl th o §RteHNg.e., in

15thesvicinity gfsthgivempciRairnter sl adoministiatienafdhe epmpgsitionrarulisithaphacapment of the
systemic immune system. Yet further, oral administration of the composition results in enhancement of

the mucoshPfFSARS) Stenbaadiinidrredogdetntsnieipsionic Bfédtdnsdude brhs moklimiEes Sem,

whether logalaSYStRMIC RErAaeaa imaydlrARIRNGRLbBYEORAMSS SiIRWAtNG &)\iakingsrang/or
chemokines. Exemplary cytokines include interleukin- 2018 and GM-CSF in the gastrointestinal tract,

which are known nce. immune.cell imulate production of i n lls. For example,
interleukin-18 enr\;g%%%%ﬁﬁgtgdég%ﬁgr%% s8 (({))r&fﬁ%?rt{p gc&é%ﬁv%ﬁﬁ%ﬁﬁ%fﬁa@é% infecting a wound.
For examplepphtexdetikinti8niitcdd) enhamcey GDdby GogasargitiDBIousllsf ixigsknewmbiethose of

skill iythe Qarst_tf!}%zttélsﬁﬂaq_{-%@tEPtﬁE?L@}%\@Pkme that acts in synergy with interleukin-12 and

interleukin=2 in the 25 stimulation o phocyte IFN-gamma production. Other cytokines or
chemokines may alsq be enhanced for example, but not limited to IL-12, IL-|b, MIP-3a, MIP-la, or
IFN-gamma. Oth&Y ESESRIESAIPERogAESHA B8 Fﬁﬁiﬁ’i‘r@&l?Sﬂé%%Sﬁ%B B Jﬁ%&ﬁﬂﬁﬁ@&%%rﬂ_@i} IL-4,
IL-5, IL-10wdhhi-8y admiaiiemgladl ey oipiRases eldsoiutbemposiespbépdiiai ipd8 e GMde SF
stimulate th roductionéi)irggctivit of cells involved in wound repair, for example, but not 30limited to

keratinocytd BRYBHHRA HETe ARl R IR I BYSE Y F BT Hob ST RIE. topica

administration of the composition results in enhancement of the local immune system, i.e., in
15  the vicinity of the wound. Parenteral administration of the composition results in enhancement
of the systemic immune system. Yet further, oral administration of the composition results in

enhancement of the mucosal immune system, which can also result in systemic effects as well.

The immune system, whether local, systemic or mucosal, may be enhanced by

exosomes stimulating cytokines and/or chemokines. Exemplary cytokines include interleukin-

20 18 and GM-CSF in the gastrointestinal tract, which are known to enhance immune cells or
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, IL-1b, MIP-3c, 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



40 further, it is envisioned that exosomes inhibit the production of TNF-alpha, which inhibits cells
involved in inflammation. The local immune system in a subject may be boosted by administering
topically a therapeutically effective amount of an exosome composition in the vicinity of the wound can
5result in the killing of bacteria infecting the Wound.r%é)pical administration of an exosome composition
may stimulate the production of a cytokine or a chemokine. Exemplary cytokines that can be
stimulated Y,eX080mes .ma% [ rlllutde, but are.not li tited to interleukin-18 {I -18 hin{}erlﬁubkin-lz
(IL-12), gra u]?SE’ylttel/Srﬁgg}%B %@% o) ())(ﬂfl(-)g%ﬁ%ﬁl?ah 1@ égc%?d&f 2E8F), and %aarh LRy &h (IFN-y).
Exemplarydhemakingsiingitldenimticare not limited to macrophage 10 inflammatory protein 3 alpha
(MIP-3a), macrophage inflammatory protein 1 alpha (MIP-1a), or macrophage inflammatory protein

beta (MIP-10). ThEh%c%%ﬁEﬁﬁe%%?@ﬁ%i%%ﬁBﬁn)éﬁ%@éHHdﬂéﬂW?iﬁi&ﬁiﬁfs@eﬁ)ﬁ kiprAr,chemokine
The cytokines include, but are not limited to interleukin-2 (IL-2), interleukin-4 (IL-4), interleukin-5 (IL-5),

interleukintITARELIOH s HBRHRBSR! R ERBRaCcOrNIosIiOB N HisriilehFy wiclisaygumbean
compssitigRsGANAIRG KMl SheRieEx GliRp: ARt womrialioprateiaas R MME Sk an eloybakines, for

example, interleukin-18 or granulocyte/macrophage colony-stimulating factor, can stimulate the

productiorfBMREEVIEN srdn iR flac PrRAVFIADNE tENOIHBR B2 BitarkRGt Fsterl sy EXRkBScytes,

natural killgracelis basranhaes: dendrifis aallsirndidbrelynwsphenialeaneslisuMems speafsally,
the polymorphonuclear cells are neutrophils and the T lymphocytes are selected from the group

consisting BFEEBKINEHEL ARy epraHopHe(RaetgRikiBR O RNeXAMPRINE BAIKHEM ), and
9fanU|OCyt§Jmﬁ%f99&@&%§§PN¥7 tmlapngyfaaiohok R Alsestianblate-dhe PraducliR et Astivilye of cells

involved in'wound repair. The cells involved in wound repair inciude, but are not limited to

kerafifocyteRBamnudone paptsans, Astin(OhiBsts:) devariiheed| s mamaietiiretirasts aiphe (MiBiton. of

TNF-aIphq);%t‘;@{)mg tﬁﬁ%‘ﬁl‘fﬂ%ﬁ&?ﬂ@%@g g@@é[g(lmfprll@f dendritic cells. The dendritic cells can be

Langerhans cells. ADMINISTRATI 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 exos é:gcosome composmorP may glso resulltjln 1ralh1[l:T>11t10n otj a‘cytokine gr cL:Jhemo ine.
The cytokines include, but are not limited to interleukin-2 (IL-2), interleukin-4 (IL-4),
interleukin-5 (IL-5), interleukin-10 (IL-10), and tumor necrosis factor alpha (TNF-a). Still
15  further, the exosome composition can also inhibit the production of matrix metalloproteinases

(MMPs).

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



41 to a subject having the skin wound to result in an improvement or a remediation of a symptom of
the skin wound. The exosome may be applied in any suitable quantity. For example, a
composition containing 10ps or less, such as 5ps or less, such as 2ps or less, such as Ips or less, such
as 50.5ps or less, such as 0.3 ps of exosome may be applied to subject. The pharmaceutical
composition may comprise 40 ps/ml or less, 20 ps/mlor less, 8 ps/ml or less, 4 ps/ml or less, 2 ps/ml
or less or %.2 pséml %Iess of expsome. ThF composition may be adminjstered for any g,uitable
length of tiH8 SBHET A% LR AN BHE WRBKS dRae vk %PWS%?%%%% TBROEBHE tha s rgrptom
administereftttmaiiaonopride any 10suitable amount, such as about 0.0001 milligram to about 100 g per
day. The exosome may be administered to an animal such as a mammal in need thereof The

animal may be afam animal e BEsH1808h B SRiRide QUERNY AFBELNPR, SUshpssAigRY or cat; a
laboratory animal, such as a mouse, rat, or guinea pig; or a primate, such as a monkey, orangutan,
ape, chimsansangrl Qugmanless sadaatplegthel piarhtaRIamn AR Sehunieh. a5 OIS ofHencn be

incorporatgd j [ it i s_a,medicament, for human or animal
[ S%gg%ﬂ'éﬁsé@ﬁ‘&‘?ﬂé 6 g%@@%@%@% fl‘?}&%@rﬂgﬁ% séb?%‘éﬁ'

use. Pharmaceutical compositions are described | etall below. An effective amount of the
exosome, such as in a pharmaceutical composition, may be administered to a human or an animal in

need thereof by arif BRATAGRHEC S RBIPRMERM DOV RRtHIHS Hbrexalrplestneddkg 8y Rk R Soe
administergd sy sternically onpeallyssior examplady fiectighmi or ThE systesig@dministration of the

exosome may be by intravenous, subcutaneous, intraperitoneal, intramuscular, intrathecal or oral

administration. Alfernatively, the exosome may be lied topically.in appropriate situations. Such
Ciuations includel 6, DA TSR ARPRTSI o SRa UL ARG o R 02 At of a
pharmaceuticaednoposiion wedcriibd hexantay eamprisehanis admimiiténat inasfiectipadoaghieve its

purpose. The effective amount, usual ssed in mg/kg ca é) determined by routine methods
Gt pre RS AT S e ey O S B A 40 ¢ Fer

The exosome may be administered to an animal such as a mammal in need thereof.
The animal may be a farm animal, such as a goat, horse, pig, or cow; a pet animal, such as a
dog or cat; a laboratory animal, such as a mouse, rat, or guinea pig; or a primate, such as a

monkey, orangutan, ape, chimpanzee, or human. For example, the mammal may be a human.

15 The exosome can be incorporated in a pharmaceutical composition suitable for use as a
medicament, for human or animal use. Pharmaceutical compositions are described in further

detail below.

An effective amount of the exosome, such as in a pharmaceutical composition, may be
administered to a human or an animal in need thereof by any of a number of well-known
20  methods. For example, the exosome may be administered systemically or locally, for example

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.



COMBINATION THERAPY In order to increase the effectiveness of the exosome composition, it
may be desirable to combine the exosome composition with other agents effective in the treatment of
wounds, such as growth factors, skin replacement therapy, enzymatic and surgical debridement, moist
5wound dressings, cleansers, antibiotics. Such 8und healing agents are capable of negatively
affecting a wound in a subject, for example, by enhancing the growth rate of skin cells, augmenting the
blood supply to :;:kin cellshg)romoting an immune response against bacteria infecting the wound, killing

bacteria, c eal\r%gN/f‘sT(‘!Rgmchs%@é, promoting the closure of the wound. More generally, these other 10

wound healing ageRigIare REeMI&I IR arfQINIREd sMmAu @&%ﬁ@%@@&mtﬁ theyhraling:gfia wound.
This process may involve administering the exosome composition and the agent(s) or multiple

factor(s) ataserehine thaRXOPATES KA PRSHIH eVl BYcadsnnis &Rty ¥edmble Eertperigbivernds,
pharmacolegical faudiatien thalincludasheth Agemts, A AdRINSRIbZa La-MRGIRINChoist

compositions or formulations, at the same time, or at times close enough so as to result in an overlap
of thigeffe¥CHRACKEHTBBY elsHsesitidifielifdes the exosome composition and the other includes the
second agent(s). Alternatively, the exosome composition may precede or follow the other wound
healing agent tre&trelemtoopdritenlials agengsryfiapnblineiesgawegkdfadthere haiotherasobredt20
healing agent X iti I mini r ' ratel he wound, one
would er e L B e v
delivery, scdistipatitivgingentiamtexosyvescogapusitiarfanioutdestiihp chabiotod keltizmbadicaitageously
combined n instances. it i e to y e wound
/s B R e A b
12-240hoursoohéhchlnegessomersitdations, Gombipdsbadesinisiéadizs tornt ehe tirties herlboifof
treatment gignificantly, 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 Regrapex.TM,
(Becaplermin-BB g4 PRITS BRI ALS AUBTR LEH 08 FREnIBE SRR B e ANl ous

thrombin-ingueer plateled) relaasate): @rewihitasioy Heddiset vatbpuiimtatiandy prgreoting granulation

or the formation of new highly vascularized connective tissue; stimulating proljferation,. differentiation
el migralCH B L A GER e SUORHBIAEbI ORI S e ARG e
produgtionwb ciitageroagirgenase; @nehextiacs llarematiocimSkin K ephrcennentddigiagy as to
Examples inclfjde but arg notéji?ﬁite%%to A‘%?raf (bilayered Iivinﬂ skin), Trancyte (Human . .
fibroblast-BeVed ArRBETAR LRI ST et s, BRI PRE SPAF RS HREARHHISH DRG0 ST SOBRRIHS” Epicel
(living onealay/éreartificialdkite) tinisgrandaliages):based skin regeneration template), AlloDerm
(single-layer artificial skin made from human cadavers), CCS (living,

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



10cultured, artificial skin). Enzymatic and Surgical Debridement Debridement is a process or
procedure to clean ischemic or dead tissue Enzymatic debriders include Accuzyme papain-urea
debriding ointment and Collagenase Santyl. Surgical debridement refers to physical removal of at least
part of the ischemic or dead tissue in a 15wound. Dg@ridement may be repeated, for example, every 1,
2,3,4,5,6,or7days,orevery 1, 2, 3,4, and 5weeks orevery 1, 2,3,4,5,6,7,8,9, 10, 11, or 12
months Enzymatic debridement treatments may be of varying dosages.as well.. The methads and
Mol QS b R O e e N
DressingscdWiéotine tisadingithelapig piotilieceianvdityenfitiéairmehinibasec ofi aidsdiagselRressing
categories inelde bt argapLIipited ta amerphons huhoacls. hvdrogel shiests, fbsorpiives, alginates,
biological ana synﬁwe ic gressmgs, coﬁagens, composites, ¢ %aclpfayers, BI85t ga%zés, foams,
gauzes anchbhagemasvemdressingdlbydratcodloids, impregnated dressings, silicone gel sheets, silver
dressings, transparent films, wound fillers 25Cleansers Examples include but are not limited to Biolex,
Lamirs Wound Wash Raling.&amizfpye, CarraKlenz, DiaB Klenz, MicroKlenz, RadiaCare Klenz,
UltraKlenz, Comfee SeaClens, Optipore Sponge, Saf-Clens, Shur-Clens, Dermagran, DermakKlenz,

Dumex, Gene KI&R2MBRKINKIRE bt precighdinuinsinghn etefi Prarerstiltdrgitk PN AR ficrobial, 30
ClinsWounHubRRtiwsish hahins Sl oty SRIMiGEeRIals), Dermagraf (permanent, one-layer skin

substitute), Epicel (living one-layer artificial skin), Integra (collagen-based skin regeneration
template), AlloDerm (single-layer artificial skin made from human cadavers), CCS (living,

10 cultured, artificial skin).

Enzymatic and Surgical Debridement
Debridement is a process or procedure to clean ischemic or dead tissue. Enzymatic
debriders include Accuzyme papain-urea debriding ointment and Collagenase Santyl. Surgical
debridement refers to physical removal of at least part of the ischemic or dead tissue in a
15  wound. Debridement may be repeated, for example, every 1, 2, 3, 4, 5, 6, or 7 days, or every
1,2,3,4,and 5 weeks or every 1,2, 3,4,5,6,7,8,9, 10, 11, or 12 months. Enzymatic
debridement treatments may be of varying dosages as well. The methods and compositions

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 gel sheets, 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, Lobana Saline.



Examples of include but are not limited to Sulfamylon Cream, Thermazene Cream (1% silver
sulfadiazine), cadexomer-iodine pads or gel. Examples of intravenous antimicrobials include but are
not limited to imipenem/cilastatin, p-lactam/P-lactamase 5inhibitors (ampicillin/sulbactam,

piperacillin/tazobactam), and broad-spectrum cephal%sporins (cefoxitin, ceftizoxime, ceftazidime).
Other examples include, but are not limited to Bensal HP, Barn-Care, Care-Creme, Formula Magic,

Bozo, Micro-GuaIQj, _Ca-R%zzl Diabet-X products, Mitrazol Powder, PiercingCare, Triple Care products,
and various antifuﬁiélgflgfg i€ and powders. 10Compression Dynamic compression examples,
include pumps arixsigdeesSuchids utanonhriaddd wrbaEsisty|AntEhied FloWh dedereaé ICwaiul Star,

Circulator ot Flouplus: Eiowuprese, bloution, Stalie comareseipn inclyde but grgnot imited to leg
wrappings, gloves, socks, 1ég wears, leg Supports: arm sfeeves, stasis pads, compression hosieries,
non-elastiamanasobigh ihbhake pre sstambhnd@deas, izipeirpredgsadad, fahdage$ - Blastinimndages.
Oxygen Ther Examples of systemic hyperbaric pxygen the include but are not limited to
compartmTD Koo RIS v e G PRSP TRl e g el P B Btiont
to sit up to@dwegneecingieimer cetireitiare 0eheatkeaiiol dsdichatetbaimtdtandouiiyd ROHexamples of
topical hyperbaric oxygen-ther include but gre not limited. to disposaple {0 ic‘;ﬂ.h aric oxygen
Syatems QT e T e B A b oet (2EBIES, post.op and
trauma wqundsctsiydiatimidhyy &deRitw clingrapy BExplaplas imcdatesh abdramotdianitidanie deyeams
hydrother%% moa%{]:gleinses; non-contact 25 thermal wound care systems for use on partial- and
full-thicknéss WOUNAS 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 aclile and chronf\ikIHEE; systems that use controlled, localized negative pressure and support for

moist wound heaigapisas ey ieigidio s M SO MEplablr PiRssT e BRI WD R EOhsItEmsRELHC 30
treatment of various wounds with variety of ti§3' various wound irri%cz;lFtion and whirlpool systems. 45

Nutritional iarsish ARt ey pmariodu ST e roaionRaetd testBhiv, HigRmstStein,

fibre-contaimiRg@rB#dStatic 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
Examples 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.



feedings to support wound healing; high-protein, cholesterol-free nutritional supplements. Cohesives,
Glues, Sealants, Patches SExamples include but are not limited to Dermabond, CoStasis, CoSeal,
BioGlue, FibRx, FocalSeal, FloSeal, AutoSeal, Indermil, Syvek, LiquiSheild, LiquiBand, Quixil,
CryoSeal, VIGuard Fibrin Sealant, and various tapea, closures, and securement products. Topical
Wound Healing Promoters Examples include but are %ot limited to topical aerosols which stimulate the
capillary 10bed of chronic nds; %(in rotectants with zinc-nutrient formulations; topical gels to help
scars feel softer Ak’ gf’%%meﬁrﬁ%ror ifi&"Dintments that cleanse degraded proteins, promote healthy
granulation, contiiidogaésnflahmadtionramd rédute! wontodohsgloikadavabtee\woniathidesding
emulsionsthat selectively recruit macroph . Other Bjothera ents 15Adjuvant therapy may also
be used i o e A R A Y e o
immunomodulatory agents include, but are not limited to tumor necrosis factor; interferon alpha, beta,
and gamma; IL-2HOYREr Enekined ook bther cytokine analogs: or MIP-1, MIP-lbeta, MCP-1,
RANTES, and otrgasiptsnokiner. it AR NAGR W] GADGRIYRASTTRINS, 2 Beel ERQSGIE composition

may be contained in a pharmaceuytical carrier. If may be provided in t rm.of a gzarm ceutical
CompoaiOioo BRSSO A AT SO LSRRI Mo BB Trovided in a
pharmaceiigalyahceeptalicRibirines enithtoavd thaidiandpeyt disaet, 1hée seatiahenaypldrssimilable and
includes liquid, semi-solid, i.e., pastes, or solid 25carriers. Except insofar as any conventional media,

agent, diluent or eapie iy gRHIMRINAN JPromoters
Examples include but are not limited to topical aerosols which stimulate the capillary
10 bed of chronic wounds; skin protectants with zinc-nutrient formulations; topical gels to help
scars feel softer and smoother; hydrophilic ointments that cleanse degraded proteins, promote
healthy granulation, control local inflammation and reduce wound odors; oil-and-water wound

dressing emulsions that selectively recruit macrophages.

Other Biotherapy Agents
15 Adjuvant therapy may also be used in conjunction with the methods and compositions
described here. The use of adjuvants or immunomodulatory agents include, but are not limited
to tumor necrosis factor; interferon alpha, beta, and gamma; IL-2 and other cytokines; F42K

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. It 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.



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 46 The exosome composition may be combined

with the carrier in any convenient and practical manner, i.e., by solution, suspension, emulsification,

admixture, encapsulation, absorlgtion and the [ike. S%chﬁarocg)d#res are routine for those skilled in the
I t

art. For example, t %65((5)%10[% |%npr%sé§}061er%ac¥ ined of fixe grS%réﬁﬁll{/lvﬂWaf%%Yﬁﬂlsegﬁ& or solid

carrier. Thermikingneamée icareddutioh ansponvaniemuisdivagosuchastgréndingpSiabivizing agents

can be alsqbadd?d in ti('ﬁ mixing pracess in order to grgtec the co i(tiion rom loss of therapeutic
.o . a %) 1?n a{l he { (o %IC gr%cedureﬁ]arer utine 1or gmse sKilled 1n t art. o
activity, i.e., dehaturation In thé stomach or in the open wound environment Examiples of stabilizers for

use in an the comgosition include buffers, amino acids such as glycine and lysine, carbohydrates such

as dextrose, manfis& gt othe MRISEON TDRCRE SOMRIBRSY, THXRE SBoroBEityIVithARRBY-sekd
proteglyticleRaMEaIRRIPHAS naRM thaulir. ARt anoaralh Ad upisiared camResilianstbeiakilizer can

also include antagonists to the secretion of stomach acids. Yet further, for a topically administered
compositioH2HEFRERHFYP cah tasdmendsd HnhiyBdRe @ QsGss dRigkder fR RISHRPJERIBAMBP YN

administraigm WRICH it erpRined Wity semisatid Aotk iSsRirsc L anRentusiher umuylated into
hard or soft shell gelatin capsules, tablets, or pills. For example, gelatin capsules, tablets, or pills are

enterically RS HENTE Rt ARG S TRBUMS HEN At 4 6R BerRasibosirsuAcRRIGE AR upper
bowel wheygadheuehlds @gidife SRElySitk, ddBoRatrNg.-sad2R A0l dipompashina thasmatuintastines,

the basic pH therein dissolves the coating and permits the exosome composition to be released and

absotBed By 19ospriciaseains, e gbibitanaltehteiocies bt Fayme sk Rreams Bakker, the
compositignfahtepitaladminisiatiesmypbishds, cReeiBad-withrsemictrlideaipisrisandgdurther
formulated into a gel ointment. An example of a carrier for the formation of a gel ointment is_a gel
polymer. GEHiSHRMUrEBRIGBACHisn IR AN LA tapBliRdm iRt I raroRstifr sttt pidtehses.
The gel fopanhdpmisee Riayidese Sgentiolied 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 pye 'E:&%ﬁ&%ﬁ?ﬂ&ﬁ%&%ﬁ%’dﬁﬁﬂﬁlﬁt%@ﬁ%}% DB AN MEFS: SHEN A SR dhe

range of 1 to 12 hours. The present gel formulation increases the contact time of the exosome at the

wound siteamdnmaviiciiahsndtainelites eeiochdussageofo shehhgektgaegnsntashiebista, sigpiflsaheincrease

in the r‘Elteexample, gelatin capsules, tablets, or pills are enterically coated. Enteric coatings prevent

denaturation of the composition in the stomach or upper bowel where the pH is acidic. See,
e.g., U.S. Pat. No. 5,629,001. Upon reaching the small intestines, the basic pH therein
dissolves the coating and permits the exosome composition to be released and absorbed by

20  specialized cells, e.g., epithelial enterocytes and Peyer's patch M cells.

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.



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. 47 The gel formulation described here may adhere to a wound and conform to
irregular body or wound contours. The gels may be 29plied directly to a wound site or in conjunction
with a compliant porous or microporous substrate, for'example in the form of a coating, to be applied
to the wound siteT}CISeIslhfave the. further d\/@[‘ltaeges of %vin%a high \éi/ate cor}tent 5(which1 keeps the
wound moist), the aebﬁﬁy {5 aBSOIE WEUAE ExUbatd) Eal S%p chtion't6 A\WSah %Irll&o elgse§?eairr1oval by
washing. Gedls baveoanchal feriingivbigalapplyest tapalive dndaddshus candinccease patjenttbamfort and
acceptance ﬂ{ the forﬁnulgtionhe%peciall%/ on sen itiye unnds. The a eciu%ﬁ;eis desgribe{j ere have
different visCOSItaS Gepenting on the SHBREEG 105pplcation ofthe Jal ViSEBsRY S &Ml of the
resistanceappAditueichtovilemdltite deéikda astheeugtior alltmtabheannpasiress ligthe artecofshearing. The
shearsstreis |§[1 resiagtgnce o&theili U{H tobfm}/v un er the ianH‘?nce o{ an applie 1fotricrel,ti.e., the
molecular r&SiStance wi iHV%uBodr)}oo?) oan% AnexXtemal force. 18 Shearétre88Rs Gefined &s the ratio
of the forcertnriiemteasshearedh] Whenshihguidels bheanssohoh$stiminghamapatifidve, dheoaydendf the
iquid mov, 1581 different rates, The relaiye fate.of motion,ofhe avers is.0nlk,A0e fagion n the rate of
shear. The Other IS the ais ance, or ¢ carance betveen the shearing p(fahe?. ug/, gheariats is
defined aswhbendstio of the velocity of the gel to the clearance. Viscosity has the dimensions of
dynes/sec/cm.sup.2. These dimensions are referred to as poise. The dimensions of viscosity referred

to herein, unless praeiyviss NcitaleshrassdinGe MUPO ISEEE: 35 BISARYIED HisiNt: > ARr ankiiedd
viscometer. All viscosity values are at room temperature, e.g., 22.degree. C.- 25.degree. C., unless

otheMlise HRakcREen ThivggrtoMintry idictineisy ehvdrstsimenrs poigwidre Eapatidsasdrftng a
VISCOUS agidaRe!$atiolgtiah: QhaginwalessSe) hlaawalEsRweNabie » ohviialis:s B tolagemesdtich can

also form a viscous solution. Swellable polymers are those that absorb water rather 25 than dissolve in

water. Cro$&- ki foliny BReE BB HER RSP RETEiFPHiZy Fot B RAFSH Lo SIS HIERA] Be

water-swellabley dhsaferan erasatinkaddformssatihenRelyingsfaredenvisaged SFrassdinkingtrefers to
covalently bonding polymer chains together with a bifunctignal reagent such as_glutaraldehyde. Also, it

is understd&d BYetiode LRARE Haudisguedatsmmaymerenfigrh e iy e of<0d e BaYGorm or
partialy neutiatizedtimngantorsdbe naderwiessefublelhersexamplend pdionienagiddnay be used

as sodium hyaluronate to provide suitable water sojubility. ) .
shear. The other is the distance, or clearance between the shearing planes. Thus, shear rate is
defined as the ratio of the velocity of the gel to the clearance. Viscosity has the dimensions of
dynes/sec/cm.sup.2. These dimensions are referred to as poise. The dimensions of viscosity
referred to herein, unless otherwise indicated, are in centipoise (cP) as measured using a

20  Brookfield viscometer. All viscosity values are at room temperature, e.g., 22.degree. C.-

25.degree. C., unless otherwise indicated.

The gel forming materials may be water-soluble polymers capable of forming a
viscous aqueous solution or non-water soluble, water swellable polymers (e.g., collagen),
which can also form a viscous solution. Swellable polymers are those that absorb water rather

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.



48 In the aqueous gel formulations for topical or incisional wound healing, the polymer may be
selected from the group consisting of vinyl polymers, polyoxyethylenepolyoxypropylene copolymers,
polysaccharides, proteins, poly(ethylene oxide), acrylamide polymers and derivatives or salts thereof It
is understood that poly(ethyleneoxide) includes 5 pc;l)%ethylene glycol. Where the gel formulations are
for use in healing wounds in the anterior chamber of the eye, the polymers may be the same except

the polyoxyethylenepolyoxypropylene copol rs or. pgly(ethylene oxide).should not be used. Also, for
anterio chamben DA0° T H0R By TR MDA RIS IR UOANTERE HOLRE R ATEts
constituentsaghbt sellediaddrainehlefgponeconeiabgliaédiitytipe lgniarippdparyedrylknthe low 10 viscosity,

aqueous formulations for use in.ophthalmic wound healing,.the gel formjng polymers be the same
e Tor BT LY T, ke e e e R S R ™ The
vinyl polyrpelgnmayand detaetectfromdhe theocyf. donsistdegs tigdalyagylic abidepalyidexhadndes acid,
Polyviey! pyrrolidons and paiyinvl alconlThe paliseccharides may. 1o selssted from the group
consisting‘of ce HIGSE or cellulose derl\)goltlves, glycosaminoglycans, agar; pectin, a]ilglnlc acid, dextran,
starch, andhehifesant. thtansh) thequrl inewmbgrbestha-samyl esecanthapyliopsetiny (e
glycosaminoglycans may be selected from the group consisti hyaluroni id, chondroitin,
Chondror T L B e MR Sua e P Pl e
heparin. THeaglyeosaminogbigars may(bbelesrddd enleagnte Wduedk kipatimgin bamibiésation with any
other gel-forming polimer. e Rreleins mavbe selected ram, e droun. ponsisting gl gallagen, gelatin
and fibronectin. The acrylamide polymers may comprise polyacrylamide or polymethacrylamide
polyiers. Bsoositypadideysdiyacuydsiond ¢opolame kp htbal e weach dedimmears g yoomprise
polyacrylamide polymer. Carbomers are synthetic.high mqlecular yveight polym f acrylic 25 acid
Cross linket WK SAGY B exibre B SLpsaar AarrAa e e YRy avaiable
grades of palyethelemchxddeCanyops| i@1dedarbopol 934P, Carbopol 940, Carbopol 941, Carbopol
971P, Carbopol 974P, Carbopol 980, Carbopol 981, Carbopol 1342, Rheogic 252L, Rheogic 250H,

and Hostacerin PME3sitiythelgeldarmalasioniaitéanionl eidpeisiprahwaund realingihe wisgosity may
be 30 within the range 1,000-12,000,000 cps at room temperature. The viscosity range may be

50,000-2, BO6/BREFRE o et RV TR REGH ARG T hROHSETY 01890 by DreRghY BERAEAR T8I having

an aysraggduelasedaf e gt 2bap eoh 450 PR LANG. cENel pelyReviiGwasid 49 may be present at
0.5-1.5% by weight and has an average molecular wejght of 2,000,000- 4,000,000. The pH of the

polyacryliCHEa AR LA Be AR 3HyRia 3518- Lrsira ﬁﬁafﬁg’r%{}‘flg@&‘!‘:??ﬁ'Bs.tﬁ‘fE RiCidHAI gel
may compriaefbRROM MyNRIM PhepuxethdesOcosaminoglycans 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, Carbopol 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



5 polyoxypropylene block copolymer having an average molecular weight of about 500-50,000. The
block copolymer may be present at 15-40% by weight and have an average molecular weight in the
range 1,000-15,000. The block copolymers are commonly known as Pluronics. Examples of Pluronics
are Pluronic F88 and F127. The topical or incisional gel may comprise 1 to 20% by weight of a
cellulose polymer 10 having a molecular weight of about 50,000 to 700,000. The cellulose polymer

may be present at 2-8% by wejght and has an average molecular weight in.the r 00-240,000.
Celose EO TR A Ards RS e e e bR LR Ee (oM
and methyt,0601008eTIMGH dhentopmityd canlicincigdigelad gl drisyvooimptirerfhgeldSe8ynuheig b die
hyaluronicrgr(l:id %%r_n?\ging an average molecular weight in the range 500,000 to 8,000,000. The
hyaluronic Eli] may beé present at 1.5-6.0% by weight and the average molecular weight is greater

than 1,000,000. Acrylamide polymers may be useful for all types of wound healing, particularly in
the anterior chaniBtrBf Hans) e IR FurpEBsfe ac)l4Riny seRinbr RAlEAYSBYlgE%TyIamide, may 20

be a gpodRUPStIIB f0T-RESIBBK CBPIEYAYS IR 43R d VB SRNINAIBISARRIGAI BN Sb SHCHVASSDYRIgronic

acid. The acrylamide polymers maei/élave an average molecular Weirggt in the range 1-13 million, such

as about 418556k cCaPRIXNMSHRRY e EFsERtIRE ReAHantiy e pelhniar ibriserB e RiageIB DS YA such as
3.5-4.5%. Qubsiitutad asylamide-pelyore hSurliasopsiikand alhsioRsiiisd Pdmmatmmay also

be used. 25For use in the anterior chamber of the eye, an acrylamide gel delivery system has the
following c%’é?r’é?@ﬁ@?igﬂri&?&wcﬁr%{GL%tg%l?rfpeg@iggglﬁii%?r 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 anteriodbhdopbe withoisi osalsinknaajverswulinit4d Eftchy suciglioan enibdosppalieimcrease

: . it wl . o : ) i
rang B e B B e
the formulatiar by evaghtlendhge khavierg g lowl sésbosityi ghaynib cchiey 80, (9063H¢80ow molecular

weight polymel QL3 QWRERS C%EFf%Q B0 iRlMGPRARTALO WRHONDRIGR YiSGRTEYg€!
may be acﬁg(]eved{ %? ug‘ﬁg a I&%ﬁ%er o} ecgélr%\?e%ﬁt gopyémer an aﬁg@’er pe?cznt%centra(%(on.
IntermedidfeNisteritiowindycdldutnsisiéVEd by varying the molecular weight and percent concentration
accordingly. The low viscosity solution may comprise 0.01-2.0% by weight polyacrylic acid having

an molecular weight efEbaunH080H0n41 QRO A cJprie Y ErIVRyybedrRs6Nh 71 Q0O
15  having an average molecular weight in the range 500,000 to 8,000,000. The hyaluronic acid
may be present at 1.5-6.0% by weight and the average molecular weight is greater than

1,000,000.

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.



10 The dilute viscous solution may comprise 2-40% by weight of a polyoxyethylene- polyoxypropylene
copolymer having an average molecular weight of 500-500,000. The concentration may be 2-20% and
the molecular weight is 1,000-15,000. Alternatively, the dilute viscous solution may comprise a
cellulose polymer at 1-20% and having a molecular \gfight of about 80,000-240,000. The
concentration may be in the range of 1-10%. The diltte 15 viscous solution may comprise 0.5-5.0% by

weight hyaluronig acid having.an average molecular weight of aboyt 500,000-8,000,000. The

o antation mal DRI S SR T L L e e BB 06 5080, 668 Wate cliute
viscous sdiatiehits/éd be uagthgsheyadeopky theiyiscositycmayt bercetheatiangd thd POlwpsr khitlis used
for other applications, such as spakin bandage, then any viscosity in the, range 1.0-5,000 will be
suitabie, SBOBOR A o A SR AR R e s R it T8 Hoenge
formulatiomahdiitasueigatpolyhasds dhevap@aticalty efteciitveida tesutbintanatioprof/éend oA
remediatign of the symptgms. The formulations.are easjly administered.in a variety of dosage forms
e 2 S S By e e B R RS T B S e St R RS

dosage careaent coepanding omthenediaditiancofitis sutyjdet dobirgctdatedryihe tibperkonlaesponsible

for administg?t'&%nag n&ne%px %\éerrll&ag%tnearégg%ltgq appropriate dose for the individual subject.
Moreover,vf[orgnumanp adminis raﬁon, prepara{iong Meet sterility, general safety and purity standards as

required by FDA Office of Biologics standards. FURTHER ASPECTS Further aspects and
embodiments of theilRVERSA%Re Sl QR I SRS T8 bNirg (30 Puvtighs Y 4raBrp RSHIhR iB%he

understooghthas HaglHiveaEan ENGOMPBBSEFLAGRR) BBVEHT polymer RaROEAREsEntlE® Oban y0some
for the preparation of a pharmaceutical compasition to gomote or enhance wound healing and hair

growtf in diGrlilauaicous seArtgRaBRYC NN ise otlind Yo rsisabrhgralymymiieiettes exosome is

derived frgyp1ostigibpelbneRefRYyARM L AGRRIMNONe I EanagkaaBIg oNsohisbabestent cell
comprises a mesenchymal stem cell (MSC). Paragraph 4. Use accordinm Paragraph 1, 2 or 3, in

which the EXSSHHRIRELES E‘ézd?%%%\?(v}@%wgﬁlﬂmcﬁﬁﬂ WS 408k Pl d HyTBRLBESh Mfcroscopy.

Paragraphifiuldsgse66oEdingde may e6agaiing edaimo o puhiaieine PROSOMR aaipsisesokoia) a
complex of molecular weight >100 kDa, for example comprising proteins of <100 kDa; ﬁﬁ) a complex of

molecular W s iB08r 6 0-00B1 Be SRS Broatag bt b Seprriss: ‘&ﬁ']('cl)og/"cg kot

molepular yWwaight sok klg-comprise 0.5-5.0% by weight hyaluronic acid having an average
molecular weight of about 500,000-8,000,000. The concentration may be 0.5-2.0% and the
average molecular weight 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 range 1-100 cps. If it is used for other applications,

such as 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 Office 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:



Paragraph 6. Use according to any preceding claim, in which the exosome 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 1550 nm and 100 nm,
for example as determined by filtration against a 0.21tM filter and concentration against a membrane
with a molecular weight cut-off of 10 kDa, or a hydro§11ynamic 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]fbout 5§ Jﬂg su%h as about EfD nm, for exatmglefas cgetermined lP)é laser c%iffraction or
dynamic light sca f’é?’%réP P ng?af’)% efoﬁpsnéeaé)gorgi%e%rgﬁ? p?egéj |ﬁréngl%elﬂlil, i whieh thetime
taken for aoyounoto camipetelybead fcahmgetediaimaaiobunanimditedtanimal to which the
pharmaceutical composition is applied is 90% or shorter, 85% or shorter, 80% or shorter, 75% or

shorter, 70% or shgHer 596 194ShURTRE RPPAAEARAMET AN henine ke flsRPIRRWouNnd

closure in a control animal on which the pharmaceutical composition is not applied. 25Paragraph 8.
Use accordfifig ?Slény 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
shortér, 80% or sPwrgrpibds dseshoriahng(voParaitapte?, 65Wharhsthorsemor8006ropskerter than the

mean time&g&w@&wg&@@m&gg closure in a control group of animals on which the
o [ t

pharmaceutical composition is not applied. 52 Paragraph 9. Use according to Paragraph 7 or 8, 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 meah¥R§E*R LonTBREEVWHIHLHEARBGRA & grolip: OF COHERD TSNS hdaié® 8f both.

Paragraplbd@vddees @eeotingdo Maragiaehnin8ddySldr tdtichiassteplanimal or group 5 of test
animals comprise(s) a C57BL/6J female mouse and the wound comprises a biopsy punch of 177 mm2

(15-mm diameteryaund), BarRgrand i HseAcsordinm i,k Of GR!0 i Whis AR amount

of pharmaceutical composition containing IOps-or less, stuch as 5ps or less, such as 2ps or less, such

as IpKor légka sqomkex o.fapglmu@gsy@igbh %115)0 13% @mm@mﬁﬁ@@ nmtﬁm@ﬁﬂ@@dﬂ%@ :
Paragraph gy, &&%ﬁﬁ&%f‘?ﬁlﬁe&ﬁ%@@&eﬁ%‘f@@ £ é%@ﬁﬁlé%ﬁ:ﬂﬁ%gﬁ%l&ﬁé SPURBELHA.

comprises 40 ps/ml or less, 20 ps/ml or less, 8 ps/ml or less, 4 ps/ml or leSs, 2 ps/ml or less or 1.2
ps/ml or lews(eF &geBwhss of molecular weight > 1000 kDa.
Paragraph 6. Use according to any preceding claim, in which the exosome 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
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.



Paragraph 13. Use according to any preceding claim, in which the pharmaceutical 15composition is
subcutaneously injected or applied topically. Paragraph 14. 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 gwth 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 animalE THIAITh I SSHS TSR A EesrBb o Wt b sAe R oy SoBlRIRsf hick,
straight hawdsndd%atinpiner gaughodsesbinioralovser4 sudiy as3B/dorslaweat, vehich g 2&%maime@wer, such
as 20% ordower, sueh, a5 1350 lower, 286araqranh, 16, tse acearding Lo any,preceding claim, in
which the p%armé)ceutica composition |§ca63a% € of enhancing Raif ngV\?tﬂ and wound repair
simultaneously. EXAMPLES We have previously demonstrated that culture medium conditioned

by MSCs derived’ & Hih&n EraBAFoEeEn T e adhiét tdubshigh BE 485t 200m3 PLEEA.,
2010 Lapete3imimA90LOMbERIS) Rroteas they @aﬁmérmmﬁaiﬂl@\fdsm@éﬁ{%meﬁ%@@uch as

myocardial ischemia. Infusjon of the CM reduced infarct size in both pig and mouse models of
myocardiaf$eHeaiiA/ & PErfUS SHM FRMAIEHYBYH0% and -50%, respectively (Timmers et al., 2008).
Subsequent studies demonstrated that this cardioprotection was mediated by 5exosomes or
microparticles of Bivegtdpd- 100 maccdidmgteraand tidsersxosohe sncahy lhatmateimand RNA load

(Chen et al,, 2010; Lai ?t 2010a; Lai et algjglob' ze et %asz 07). heseliﬁﬁoa(s%oines could be
L

al. :
purified asa oS SR O S O O ey N SRR o on arid Teduced

infarct sizeuohaashuserntwdaluwhMd/R Ingioy Risabouhadehgihedasagesabfilidonditased medium
(Lais?é)al., 2010?; Lai et al., 2010b). Exosomes are 10 bi-lipid membrane vesicles of 50-100 nm that
are cretgﬂlm many cell types (reviewed (Thery et al., 2009)). They belong to a class of secreted
cellular products known as microparticles which broadly encompasses all secreted membrane
vesicles. Other tHatgkedbied) !iaespditigiosinc Rigecing slasiciesnhiob-heoh#myceetssbmes

(50-200nm), GRS AAACIes R P LspRomeiaesicles (%5 aad angatctiovesidles

(50- 15500 nm). The major distinguishing parameter for these different classes of microparticles is
ug/ml or less or 1.2 ug/ml or less of exosome.

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

15  composition is subcutaneously injected or applied topically.

Paragraph 14. 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

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



their size and the best defined class is the exosomes. Besides their size, exosomes have a density in
sucrose of 1.10 to 1.19 g/ml, sedimented at 100,000g, has a cholesterol-rich lipid membrane
containing sphingomyelin, ceramide; lipid rafts; exposed phosphatidylserine. The process of exosome
biogenesis is complex and involves complex intracergglar membrane 20 traffic through the biosynthetic
and endocytotic pathways. As evidence of this complex biogenesis, the hallmark features of exosomes

are marker ndaplasmic reticulum.and the endospmes such as Alix, Tsg101, Rab proteins, etc.
i Y. 0 A e o RS M i
(MVBs) wiitthiaenjplasifigiorentfiltiia M 2btHexel ivdadet erraiimebib tthpireabtiGGoaxo sardels which represent

physically distinct subcellular entities containing a defined permutatiop, of proteins and. RNAs could
ehance O B e AT S B0 G e VR S HEISS Shjected
into a moude 200dE| Diftftdy thicksted e swiumchsTilae datenofhwsaand glesisoe vasanhediaed with unexpected

enhar%ced halrogrrlgwth in the SIQ%YedO o surg158f eﬁ)osomeéfraergt dmi ?h eSS% Examrgle 1. Materjals and

S abou UEg éﬂ er an erx

Methods -%Pesparat%rnngf ORI Phe &oftlird o cells and prepa ation 6f FUESYE1
conditionepronadiamd FNY) wadd @enfornakd249d etdsaribed (reltaushyi dtialn 20 80h ;2D %t Ske20d)., 2007).

The CM were concentratéj 50)< tg FF using,a memhrane with 100kDa, MW/ Sartorius,
Goetingon T SRR LIRS e el b A R AT AR S E R MRS
Methods -aRuhificatiom 8P E€XcsahredubydifthctExesomn esover enpdeifietMbl AL Cyas plsevicusiyth
described (Lai et al., 20 . The. 5 instrument setup ' of a liquid atography system with
oy b R R S TR0l & B 2 BT Yo
the Glass ViFipaftwanebfrae s hichad#ALo Cdfjfonatidrat Kigotesrdaddn) nidng Ghltypesdgraphedolumns

used were, I SK Guard W 6 x40 mm and TSK gel 000 SWXL, 7.8 x 300 mm from
ocon o ah AR EhoRedd I AN R AR i N LR AT T
10(refractivedngex) dedvichDchdzarncdipht seatifriegleredrmonhnactedsinlserigddolloming the
LW-visible detector. The last three detectors were fro echnpol Cor j alifornia,
Do anct e B D e by
size exclusiemhenghpaidrges (hoiees, wilbsdme-bkéorestblessipiif®nmplacidpsphitie shsahesiifber used

was g0 m'gpghi‘%ﬁf"ﬁ}g é% ‘?hﬂﬁﬁogl?&{@&"rﬁ%fa'r\'n%%% et%‘% R eV IRMIEE M RR SRR Ry uah @

pore size J.uan an egassedior Inutes ore
their size and the best defined class is the exosomes. Besides their size, exosomes have a

density in sucrose of 1.10 to 1.19 g/ml, sedimented at 100,000g, has a cholesterol-rich lipid
membrane containing sphingomyelin, ceramide; lipid rafts; exposed phosphatidylserine. The
process of exosome biogenesis is complex and involves complex intracellular membrane

20  traffic through the biosynthetic and endocytotic pathways. As evidence of this complex
biogenesis, the hallmark features of exosomes are markers of the endoplasmic reticulum and
the endosomes such as Alix, Tsgl101, Rab proteins, etc. Exosomes are stored in multivesicular
bodies prior to release via fusion of the multivesicular bodies (MVBs) with the plasma

membrane.

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



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 rim 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 fro EO to 100 pl. The % 20 area of the exosome
peak vs. all other peaks was integrated from the LW-visible detector. The hydrodynamic radius, Rhwas

computed by the QELS a dﬁ w 8;]1[ ctors. The tl; hest count W tr@e eak apex was
taken as tﬁ%glﬁﬁp é%eea trsatgﬂ t Esep a ggeg%lﬁlﬁ)%r%%l ggﬁg‘ﬁﬁ%%%gt T @Be %‘%I’I%%?ed as fractions
for further GharacgenzGtionastyiditkei2d xthmn e dnMatehels@ndovdgthadse. Animal Experimentation -
Mice All animal procedures were approved by A*Star's IACUC committee. 8 week old C57BL/6J

female miggRpLBaAieE TR FHEWIINR AP H@aIIReIssR VsnHINheled isoflurane (3%)
and subcutaneous Avertin (0.3m1). Following induction of anesthesia, the dorsum of the mice were

shaved. A biopsyounch of 177mm2¢15-mm giameter wound) jn 30 diameter wa de in the skin. At
wveskl intervals, EANCIAE) S B i R MR LY e
wound pernipitenpcthe tprntrokgtodipire dejvedclbbrsaoguphe sy dnjectibndofa2h O0rsplime alioanother
group, CM or its exosome fraction,was mix ith isseel glue (Baxter) a i igally on the
vount. DI S B o TR o
Results - Eofteraoe & anvovind @los Gierpdvicerbe mekapaimel for Coroplaiempbyndaiososeiwds 17.0d in

the control gr Od in the ajed yth su iniaction <0 B
Chn-derives e R M PN T o
respectiveRogp=@a®)¢HiguiBoky alepae Ztedfellthwiag detbetdra, IRgvph 8 <8 gft 3adysimgioOptilab

Com'ﬂ?”‘:? A a*aﬁ E&P@ 359[ /‘Q’Qﬂgﬁﬂlﬁéﬁ%ﬁp&%ﬁg}’% é?e“é&ﬂé@é‘ﬁeeﬂt{r?é‘é%‘és%?o%'ﬂg& M or
exosome 10(Figure 2). The mean wound closure time for mice treated with CM mixed with Tisseel
glue was 14\6ulivibIE310d dor tHbsdasetied datecsuboutemeous WenileSiwhabORY injepworisoft test, p =
0.48). A““@b‘iff&ﬂlﬁ%}&ﬁ g ‘Gé%ﬁe %%%f?{g%t&;ﬁy‘?%'é( RPN LIFRIRIIB NG RBrhRaIRlgSiZe.
this difference may reflect' some loss of the therapeutic agent during topical 15application as‘opposed
to injectionwere separated by size exclusion i.e. the larger molecules will elute before the smaller
molecules. The eluent buffer used was 20 mM phosphate buffer with 150 mM of NaCl at pH
15  7.2. This buffer was filtered through a pore size of 0.1 um and degassed for 15 minutes before
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 ul. The %
20  area of the exosome peak vs. all other peaks was integrated from the UV-visible detector. The

hydrodynamic radius, Rnwas computed by the QELS and Dawn 8 detectors. The highest count

rate (Hz) at the peak apex was

taken as the Ru. 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 (0.3pg) in 250ul

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



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 wijth a mixture.of Zo[l

til (6Gmg/kg) and Xylazine (O. /kQ). The darsum of the
o e S B R 2 S P e CI A sossit G0 Taowed by
alcohol wipex&dfinah dizebedl glip&3pray)wasd gdoiedttertediysharirtiortue dRikgtin gioapajplst defore

draping. . I\:V%rl%({ulletrréi%meesg §J§i é’&?&‘ﬁ}%‘v’ﬁlﬁ‘mm giarsneters were made in the dorsum of the
minipigs. ‘Fﬁe mean distance between each wound was 3¢m. 56 Each wound was injected at four

sites with a total volume of 20%% of one of the following: saline, conditioned medium from huES9.E1
MSCs, exdSemekednmBfsttsy-Enhpoeed WeunddLleswgo M exosome from myc-transformed
huES9.E1 MSCs (0.3 !.1.8 per 200 R1) with an average of 4 injections per wound. 5The injection was

carriefl out everythemBdagise for\Woupldtsiseuascimaasures Withl ancélépenitudé gergryl 49 ours and
imaged wi gital camera, Example 7. Ephanced Hair Gr W Closure - Pi
ﬁ%%fo E%rea%e tSWO?P S %CUP&%&(HJS. atﬂ? 15“%?&09@ 6%23\?3&% ¢ g’e?f%e(? C ](-)591%6

Figure 3 s the resu enhanced hair growth and enhance osure with 10 treatment
using exosomesecd wdnnhelosidd|® iy sendebottornas Snets(A¥IRigula. 3] thel ddsumsmictineslyi gpras

wore treatod Wik Lo g it RS BEE TS p Wi 1 UBR LS e At
saline, theveftndoipeating avhé a thvitteg pbeoreafrohsdmt ES9i B tB8&kWiEh either CM or exosome
10 (Figure 2).

The mean wound closure time for mice treated with CM mixed with Tisseel glue was
14.6d vs 13.0d for those treated with subcutaneous perilesional CM injections (t test, p =
0.48). Although this difference was not statistically significant due possibly to the small
sample size, this difference may reflect some loss of the therapeutic 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 (bmg/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.



15 exosome) and the left lower quadrant with exosome from myc-transformed huES9.E1 MSCs (myc
exosome). In the panels on either the left or right are representative wounds from each of the
guadrant two weeks after wounding of the skin. The scab from the wounds was removed and
photographed. 20Conditioned medium or exosome- gﬁated wounds showed increased epithelial
coverage and hair growth (arrows). Example 8. Enhanced Wound Closure - Human Skin

Wounding in human skin s les an S subsequent. culture we ep reV| ly described

(Ref. Eplasty. 2068 ST RSP, SUOOY A0 F13. SRS oA AS, e DBOT vor. 35

no. 5 693-bwibg: phbuaammmﬁnbritmé)dmmIﬁﬂﬁpmaléSbLEfBMS(Salmwaﬁa ifiieatedHRfoRhe edge of

each cent ound a ital i image f each skin s nple own in Figure 4
or Rt D oS e R e O ST MR TP B e

and Figure re'w S|gn| ican day
therefore i@@@aﬂwdth/amadeckgsmmmmmmmn\muhﬂe 5 Example 9. Dlscussmn Mesenchymal
stem cells from different tissue sources have been shown to enhance wound healing (reviewed (Cha

and Fglanga, 200).iMyhilR sone clvdigshave dempnsiaied that MSCs enhance wound healing by
differentiating and replacing damaged cells or tissues such as blood vessels(Wu et al., 2007a), sweat

gland cells (Li eta\y n%OSG g\r}vrréurﬁ‘%fugeﬁll 1 épga 5 gkln [4186}? vass r enggth%ah cells,

sebaceous duct cells, and epidermal cells ( uetal | et al. 158 mcreasmgly
reported thlagiMB@meediates wound healing through its secretion (Chen et aI., 2008 Kim et al., 2009;
Kim et al., 2007; Yoon et al., 2009). We recently demonstrated that exosomes secreted by human

ESC-derivEgdapleSWERh dincal Hapr @iectina ahawdanthClesage-atigslture medium conditioned by
these MSCs,

Figure 3 shows the results of enhanced hair growth and enhanced wound closure with

10  treatment using exosomes.

In the middle top and bottom panels of Figure 3, the dorsum of the pig was divided
into four quadrants with ten wounds per quadrant. The wounds in the right upper quadrant
were treated with conditioned medium from huES9.E1 MSCs (E1.CM), the right lower
quadrant with saline, the left upper quadrant with exosome from huES9.E1 MSCs (E1

15 exosome) and the left lower quadrant with exosome from myc-transformed huES9.E1 MSCs

(myc exosome).

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



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 cytopl\aﬁmic 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 al iated wound closyre and unexpectedly enhanced hair growth. The extent
bf enhanchl SYRTHA LA TR HAIP PR Pt b LR el . s e L SHAETh e
treated wittoR jigoGhd ped mdigite] comndirmirgdinak @xasgriewsasdpeuadtive protective agent in the CM.
25 REFERENCES Abdallah, B.M., and Kassem, M. (2009). The use of mesenchymal (skeletal) stem

cells for treatmeni of IRGRACEATNR dfi%‘ﬁaﬁﬁgi&Lﬂ%ﬁ@&ésﬁ%bﬁ%%ﬁﬁ&%ﬁﬁ‘?tﬂ%r 4eurnal afd
Cellular Physiology 218, 9-12. 58 Arthur, A., Zannettino, A., and Gronthos, S. (2009). The

therapeuti€shREAFSHESH rhomisRsh iR IRE: Hidksared BpyRths loms deilvpgikiasptuse repair. J
Cell Physiol 218, 237-245. Baer, P.C., and Geiger, H. (2010). Mesenchymal stem cell
interattionsxaiplg nwkriseimsiors on kidney repair. Curr Opin Nephrol Hypertens 19, 1-6. Caplan,
A.l.,, and Dennis, J E (2006). Mesenchymal stem cells as trophic mediators. J Cell Biochem 98,

1076-1084.  (Qi@scheidiflat slandrily fAAQIIreRieN SRS du fetaneRUsWoHyk healbngakdén Dermatol
25, 73-78. 10Chen, L., Tredget, E.E., Wu, P.Y., and Wu, Y. (2008). Paracrine factors of mesenchymal

stem cells YORRASDTHT pivs bR d A autfaiangm o908 e Ml S URA S B fdRmansgaisios ONE

3, €1886. that MSUgRnRaPee vdbuRdGealliag, BY dikfetenaatiAnBnd @pldoifh danth ddihe Sldo( B
Mesenchymal stem cell secretes microparticles enriched in pre - microRNAs. Nucleic Acids 15Res 38,

215-224. EHCAs plafy! YesIoIsQV gt dhg 280 7ah gVt RS Catsdby. st Ahanti QidnHHIRERG

10 types in the skin such as vascular endothelial cells, sebaceous duct cells, and epidermal cells
(Fu et al., 2006; Sasaki et al., 2008), it is increasingly reported that MSC mediates wound
healing through its secretion (Chen et al., 2008; Kim et al., 2009; Kim et al., 2007; Yoon et
al., 2009).

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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cited or referenced in each of the above applications and patents, including during the prosecution of
each of the applications and patents ("application cited documents") and any manufacturer's
instructions or catalogues for any products cited or mentioned in each of the applications and patents
and in any of the application cited documents, are h% eby 20 incorporated herein by reference.
Furthermore, all documents cited in this text, and all documents cited or referenced in documents cited
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s toxt B LT e e, o e B e e of th

described msethddsand system of the 25invention will be apparent to those skilled in the art without
departing from the scope and spirit of the invention. Although the invention has been described in

connection with speciicprefeiedembedinestaitsbouidde. widskiard iphibsduotian asrclaimed

should not be unduly limited to such’specific embodiments. [ndeed, various modifications of the

described HHEHES fSPRAMGINY SR end HVERBLA whicR Ate obvious to those skilled in molecular biology
30or related fields are intended to be within the scope of the claims. 61 CLAIMS 1. Use of an
exosame for the piepacatjdn, dfim phatnasedticaF compesiiign IS pidoedler drienbarcendairsgPoth. 2.

Use accordi C@i in hﬁhg\? harmaceuytical co ition enhances would 5healing. 3. Use
according LS Exdin TSR HSH K o L EEmiean e Do PG oY dh g s
wound healiteghgrhlnumambsingrowih stenbeth.céhdittenad cording tS tehaide ]l R2enidhid Whichl e
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50% or hiGherNsE PEaGERA HE khyresh<liEkTsatston snfiyhEpLsnerisas 65v4 slhighdbSudv 2% 70% or
higher, such as 75% or higher. 6. Use according to Claims, in which the percentage of a group of
contrdl animals toVif YWhidhatize jpHarona et caldcbragasitioR i$2007 b p Bied: whichwehderigedwttnof thick,

i iri 0, 0, 0, 0,
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Yoon, B.S., Moon, J.H., Jun, E.K., Kim, J., Maeng, 1., Kim, J.S., Lee, J.H., Baik, C.S.,
Kim, A., Cho, K.S., et al. (2009). Secretory Profiles and Wound Healing Effects of Human
Amniotic Fluid-derived Mesenchymal Stem Cells. Stem Cells Dev.

15 Each of the applications and patents mentioned in this document, and each document
cited or referenced in each of the above applications and patents, including during the
prosecution of each of the applications and patents (“application cited documents”) and any
manufacturer’s instructions or catalogues for any products cited or mentioned in each of the
applications and patents and in any of the application cited documents, are hereby

20  incorporated herein by reference. Furthermore, all documents cited in this text, and all
documents cited or referenced in documents cited in this text, and any manufacturer’s
instructions or catalogues for any products cited or mentioned in this text, are hereby

incorporated herein by reference.

Various modifications and variations of the described methods and system of the
25  invention will be apparent to those skilled in the art without departing from the scope and
spirit of the invention. Although the invention has been described in connection with specific
preferred embodiments, it should be understood that the invention as claimed should not be
unduly limited to such specific embodiments. Indeed, various modifications of the described
modes for carrying out the invention which are obvious to those skilled in molecular biology

30  orrelated fields are intended to be within the scope of the claims.



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 20composition 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 WOLgld closure in a control animal on which the
pharmaceutical composition is not applied. 8. Use according to any preceding claim, in which the
mean timeéﬁk?ﬁsfor complete wound healing in a group of test animals to which the pharmaceutical
compositionis applied 25is 90% or shorter, 85% or shorter, 80% or shorter, 75% or shorter, 70% or

shorter, 65f% or Qe Af S AR SBPTR RARMRMEANJIMAIRKENAEAPRLAE 1By Rl e In a

control group of animals on which the pharmaceutical composition is not applied. 62 9. Use according
to any pre€BEAREEARIFETHhich 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 is217 daydsoadeotiding 10 Alism dcaordinchtthaphiqrnecsding Ctaimy osi v chlimects sy amlidnal or
groupsoft SUP nimals comprise(s) a C57BL/6J female mouse and the wound comprises a biopsy
punch of 177 mm2 (15-mm diameter wound). 11. Use according to any of Claims 5 to 10, in which an
amount ofgharmaceutical compaosition containing lI0ps or less, such as 5ps or less, such as 2ps or

less, suchas Ips BPILSSOLBR 1P oTieBs Y RIS R ATPACEH ERI e 9s HPP eS8 e est

animal. 10dnhAdsesaaaanding taanyapiecedinghelaimi igryighoieopharmaceutical composition
comprises 40 ps/ml or less, 20 ps/ml or less, 8 ps/ml or less, 4 ps/ml or less, 2 ps/ml or less or 1.2

ps/ml or legs of exQsame, did 45 AAHPIANG,LQ FRYRIEFALING HIAIAL NN W&PQ%‘{MS&‘F}E&'

composition is subcutaneously Injected or applied topically. 1514.Use according to any preceding
claim, in witigh ahe exsemhenayieaseldMESeh 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 <11@0 kD¥a; 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
1s 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 18 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.



(c) comprises a complex of molecular weight >300 kDa, for example comprising 20proteins 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 0.21tM fjlter and concentration against a membrane with
a molecular weight 25cut-off of 10 kDa; or 63 about 35 nm, such as about 50 nm, for example as
determined by laser diffraction or dynamic.light scattering. 15.A use substantiall hereinbefore
describe ith reTIOAES 1 3h A CHORITE TS 1 TS bR S S e B Age

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
5 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 Sug or less, such as 2ug or less, such as 1ug or

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

10 12.  Use according to any preceding claim, in which the pharmaceutical composition
comprises 40 ug/ml or less, 20 wg/ml or less, 8 ug/ml or less, 4 ug/ml or less, 2 ug/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.
15 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

20 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

25 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



63

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.



