| MICRO VESICLES Field of invention The invention relates to microvesicles and methods for
producing microvesicles, particularly microvesicles that are immunologically-matched autologous
microvesicles for use in therapeutic and cosmetic and other applications. Background of the invention
Microvesicles Microvesicles (MVs) are membrade-bound packets of cytoplasmic material shed by cells
in various physiological states, either natural or induced. Long regarded as cellular debris, recently
these structures have generated an evemigsf&ﬁ@re supporting the hypothesis that
microvesicles are an important inter cell g techanism (eg Ratajczak et at 2006). It has
been reported that elevated levels of microvesicles are found in blood and other body fluids in various
forms of paghglpgymAQsisaotably in cancers (reviewed Hoon & Taback, 2004). Consequently the value

of microvesicles as a diagnostic tool is well established. More recently, it has been noted that
microvesiclMﬁ%@%@gﬁ%tmévﬁﬂéﬁéWé“ﬁ%&r PrUMRNG SRICHNEHS Fstem cells (Aliotta et
al., 2007; RataisAakyahrke (i sDRregibisniimilo 2O nldicnadr autslogoup asitionssikie methods for
microvesiclf,- Productgnon ar(%.ava(#%ble a{ld kr&o%\%% igt ?Cgtg'(t).nlglowever, their origin (donor cell) is
nonautologé’ugs\flﬁ% e ré)cstrlrﬁ?elﬁtagelﬂ LPIHETISE in inducing phenotypic change may be
problematic for various human and animal applications. Microvesicles will carry donor cell markers,
and this m@a@@;&nﬁgdﬁﬁgqlﬁjgm%applications. Microvesicles are also known to transfer surface
molecules target cells (see Derigibus et al. 2007 and references therein) which will lead to those target
cells being tagged as "foreign" when non-autologous microvesicles are used. Further, it would be

difficult to obtigigvsigeldicant numbers of autologous derived microvesicies to alter the phenotype of a
recipient sigyn ol 01 (MY s sdossnous sl st Sliersninton. migrativnans iiggraton. 2

in various physiological states, either natural or induced. Long regarded as cellular

debris, recently these structures have generated an ever expanding literature supporting
the hypothesis that microvesicles are an important inter cellular signalling mechanism (eg
Ratajczak er al. 2006).

It has been reported that elevated levels of microvesicles are found in blood and other
body fluids in various forms of pathology, most notably in cancers (reviewed Hoon &
Taback, 2004). Consequently the value of microvesicles as a diagnostic tool is well
established. More recently, it has been noted that microvesicles may be used to induce
phenotypic changes in cells, specifically in stem cells (Aliotta ef al., 2007; Ratajczak et
al., 2006; Deregibus et al., 2007). Numerous compositions and methods for microvesicle
production are available and known in the art. However, their origin (donor cell) is non-
autologous with the intended recipient cell, thus their use in inducing phenotypic change
may be problematic for various human and animal applications. Microvesicles will carry
donor cell markers, and this may limit their use in clinical applications. Microvesicles
are also known to transfer surface molecules target cells (see Derigibus et al. 2007 and
references therein) which will lead to those target cells being tagged as “foreign” when
non-autologous microvesicles are used. Further, it would be difficult to obtain significant
numbers of autologous derived microvesicles to alter the phenotype of a recipient stem

cell, or stimulate endogenous stem cell differentiation, migration and integration.



Similarly, the use of microvesicles from a non-autologous source would carry significant risk of
transferring pathogens from donor cell to recipient cells. The present invention includes a method of
stimulating stem cell differentiation using techniques known in the art. Harvesting rnicrovesicles from
such treated cells can then be applied to a furth@r aliquot of the autologous stem cells. This method
would enable large numbers of immunologically matched autologous microvesicles to be produced
and applied,jg.stom gels. progeniior callsarexen tuly difiereniated cells g, and i vivo: While
is known that micrivesicles can cchange cell phencl)’types,%ﬂe tEchnical advance provided by the
present invaskiohtigngferzing ipptho gpaa drenedenas|ogjbiestenipiehieetiticrovesicles for communication with
autologous cell sources. This improves efficacy and safety for the applications of microvesicles in

regenerative medicine and many other applications. Disorders of cell deficiency and cell differentiation

A large nunBEPESHRIARYARLAR hidsr aitsthadkol stinyipting Hym sell difterenfatint Bihation. The

developmetichiiafiesi@sthdahaghyatn Hevestiaganhicol esitledtRatisachorganioeltepanikan the interplay
between cqmple thways of cell-to-cell signalling which gradually narrow the developmental
potential o(fJDaeg ﬁér)(cftrﬂ %ﬁ%ar}aﬁr%qéﬂ?ggﬁ%?el%figs?(go %%eﬁls 54 ‘geli?hiﬁg %mde%é)re‘ﬁ’ﬁg gdgnr%%a!?ure cell which
performs alspgsoifimhenctbimmowmaisativceatcbed| hwtd cgousasisholiysilites terfapeaiuced radr for the health

of the orgagjgsmeipibednaleialesh e iRt Biam ol RicRA AREFSIR hevmalalaihed. One of the

mechanisms by which this is achijeved is that the cell is provided with an appropriate environment to
maintain priger dhdedhisdmomnshetmirrayssicisristd dross rldieremsisls S5prstiate signals from
the extracelgNandvitxideti ey theprosesels dpasagsite signaltinginerneastisiarselisdratiocrine
signalling) %rld &ong pre. %ell o itselfa atfllt‘gvctinae ts' naIIirég?I Th(ra pre ﬁntiinvrentei:cs)ré tjfsclgglsed on an
appreciation tHat &t 1east some o ﬂ:’nsoslgnla ianols %ur?veyesg rom cell10C eﬂ)y mictovesicles. The
present invemtisafdty e theudaplcaiipiicabieittotissitrestitmeganefative ansdicmdaisoady shsaused by cell
deficiency ﬁﬂﬁh‘éiﬁﬁﬁ?s and disorders of cell differentiation. 3 Such diseases and disorders have in
common the tact that they share an absence of appropriately differentiated cells and therefore proper
cellular function. In diseases and disorders of cell deficiency, those cells are absent or depleted. In
diseases amgsdigersler s« &git @HtsrantiadivniftbeadLrRls are present, but lack the correct differentiated
phenotype. Symmary,of inyention Tl Rresiept vention provides, 2 methorl (o aencrating
microvesicles aé?oqogous o stem cells, progenltaor ceifs o T Iyy erentiated cefe y a multi stage
process. SUtie dexelemyoers pricessedicie soemdith entbgenselatmitiiketimleharmesim desipient cells with:

L. Minimal {mrunalagiahSRRSEUEE pmpssauantost ahamelsels.aleidansplantation.

narrow the developmental potential of a cell from an original totipotent stem cell to a

terminally differentiated mature cell which performs a specific function. However once a
cell has successfully differentiated, in order for the health of the organism to be
maintained, the differentiation of the cell needs to be maintained. One of the mechanisms
by which this is achieved is that the cell is provided with an appropriate environment to
maintain proper differentiation. Such an appropriate environment comprises appropriate
signals from the extracellular matrix, other nearby cells (paracrine signalling), more
distant cells (endocrine signalling) and from one cell to itself (autocrine signalling). The
present invention is based on an appreciation that at least some of this signalling is

conveyed from cell to cell by microvesicles.

The present invention is particularly applicable to the treatment of diseases and disorders

caused by cell deficiency and diseases and disorders of cell differentiation.



2. Reduce risk of pathogen transfer with microvesicles. 3. Enable autologous microvesicles and their
derivatives to be used for a variety of clinical, veterinary, cosmetic, agricultural or research
applications. The principles of the present invention are summarised in the following diagram:-
Diagram 1: Principles of the invention Stage 1 Microvesicles / Conditioned media/ Cell extract, etc.
known in the art to induce specific cell differentiation (Product A) harvested from a specific appropriate

cell source e RIS R 3848, R EUSRLEON B AR SHeqpERLTATE e, ing

. roduct (A to a first population of cells (B) to produce differentiated cells
(C) these rﬁallglmléi‘ﬂaﬁéﬁﬁfﬁéPéWé?ﬂst%@dﬁEfﬁﬁoﬁﬁ prepsprelidar Swestiogp I iserssséetic pathology
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phenotype.

Summary of invention
The present invention provides a method for generating microvesicles autologous to stem
cells, progenitor cells or fully differentiated cells by a multi stage process. Such
autologous microvesicles could then be used to induce changes in recipient cells with:
1. Minimal immunological consequence to a subsequent host of such cells after
transplantation.
2. Reduce risk of pathogen transfer with microvesicles.
3. Enable autologous microvesicles and their derivatives to be used for a variety of
clinical, veterinary, cosmetic, agricultural or research applications.

The principles of the present invention are summarised in the following diagram:-

Diagram 1: Principles of the invention

Stage 1
Microvesicles / Conditioned media / Cell extract, etc. known in the art to induce specific
cell differentiation (Product A) harvested from a specific appropriate cell source eg cell

line, primary tissue, foetal cell source, animal tissue, post mortem tissue, living donor etc.

v

Stage 2

Product (A) added to a first population of cells (B) to produce differentiated cells (C)
these may be organotypic, system typical, or of a single cell phenotype for a specific
pathology target, eg Oligodendrocytes, Neurones, Motor Neurones, Pancreatic islet cells,
Type 1 or 2 Pneumocytes, Cardiomyocytes, Nephrons, etc. or a specific stem cell

phenotype eg Embryonic stem cell, Foetal mesenchymal stem cell, Neural stem cell




Mesenchymal stem cell etc. Stage 3 Differentiated cells (C) maintained in appropriate culture and
microvesicles (D) harvested. These microvesicles (D) would be autologous to the first population of
cells (B). 40 Stage 4 Microvesicles D could then be used to alter the phenotype of further populations
of cells, for example, stem cells, organs or tisstes of the donor of stem cell B. Such cells would now
have been modified by autologous microvesicles and could be used in a variety of applications where
intervenfiangdRifenalieoaiisepaterials would be safer or more desirable than foreign microvesicles.
Or, Micrgvesicles (D) could be used to stimulatgyany form of natural or induced tissue repair,
regenerdtion, rejuvenation by administration alone or in combination with other treatments such as cell
therapy gBeg#dinto the body avoiding the inherent immunological consequences of nontautologous

microvesigles, The fpalropuatianaheells SERgat LmIT aNe sises (QLmAnshen be uged in a variety

of applications including, but’not exclusive to, regenerative medicine, surgery, cosmetics, veterinary
medicin ,%Yﬁ%%%cﬁb?ﬁf@tﬁ@ﬁ%?@@?i@alm’%i‘éhﬁWERH’(&?HEIF@ thsdiestmertiatinissds. Atcording to
certain gng@pdiments of the invention, these cells may be stem cells intended for therapgutic,
non-therppeutic or cosmetic treatment, or bankigg of cells with a specific phenotype. Altérnatively,
these migcrovesicles (D) may be used as an injectable or implantable product to influenc¢ endogenous
stem cel|Stiedovesicles (D) may also be stored or banked for subsequent use. Microvesicles (D) may
be used of;He QU 7y 83,88 TRINBLIQR ML BLE RCHER S8 PEBE RIRRASSopRRHERsITRIALIgan repair

regenergtion or rejluvenation. Alternatively, autologous microvesicles may be produced fpr cosmetic
applicati Hpr example, stem cells, organs or tissues of the donor of stem cell B. Such cells would

now have been modified by autologous microvesicles and could be used in a variety of
applications where interventions using autologous materials would be safer or more
desirable than foreign microvesicles. Or, Microvesicles (D) could be used to stimulate
any form of natural or induced tissue repair, regeneration, rejuvenation by administration
alone or in combination with other treatments such as cell therapy directly into the body

avoiding the inherent immunological consequences of non-autologous microvesicles.

The final population of cells exposed to microvesicles (D) may then be used in a variety
of applications including, but not exclusive to, regenerative medicine, surgery, cosmetics,
veterinary medicine, reproductive medicine, agricultural and horticulture and clinical

diagnostics.

According to certain embodiments of the invention, these cells may be stem cells
intended for therapeutic, non-therapeutic or cosmetic treatment, or banking of cells with a
specific phenotype. Alternatively, these microvesicles (D) may be used as an injectable
or implantable product to influence endogenous stem cells. Microvesicles (D) may also

be stored or banked for subsequent use.

Microvesicles (D) may be used on their own or in combination with stem cells to treat
disease, induce tissue/organ repair regeneration or rejuvenation. Alternatively,

autologous microvesicles may be produced for cosmetic application.



5 According to a first aspect of the invention there is provided a method of producing a population of
differentiated cells comprising: a) inducing differentiation in a first population of cells by applying an
inducer to said cells, b) harvesting microvesicles produced from first population of cells, and c)
inducing differentiation in a second population df cells by applying said microvesicles or a derivative
thereof to said second population of cells wherein, said first population of cells is autologous to said

second populatign of cells and wherein the inducer applied. tg said fi ' cells is not
present or ‘E.)?{ﬁj)‘}ﬂéos%#ﬁhaﬁ%ege %{rﬁlgdﬁ}(se ?ﬁ%“aﬁ‘&e’éee% ﬁ%vbégﬁﬁj g%%llﬁlgg?) ggﬁ}ég%%%%orgdmg to a second
aspect of thepuledmtiofdififerenisamdotdled emprtingd of producing microvesicles comprising: a) inducing

diferentiaion in g3} pgRHERAI&RIS: Y ARRIUBAARGIVESS 5 Spishilsnandikharvesting

microvesicles pro uced from said first population of cells, wherein said first population of cells is
autologqus to sa@%Rﬁ’ﬂ&vesicles_ and wherein said inducer applied to said first population of cells is not
present in said MigroveRisieg AitsoveiicReseduded e Amquptdatacofdiily,.tand third aspect of the

vention there is provided a methd of reolng 8 56t dh JFQUEh L iRisgkgomPrising
microvesicles or a derivative thereof to said second population of cells
wherein, said first population of cells is autologous to said second population of
cells and wherein the inducer applied to said first population of cells is not present

or is only present in trace amounts in said second population of cells.

According to a second aspect of the invention there is provided a method of producing
microvesicles comprising:
a) inducing differentiation in a first population of cells by applying an inducer to
said cells, and
b) harvesting microvesicles produced from said first population of cells,
wherein said first population of cells is autologous to said microvesicles and
wherein said inducer applied to said first population of cells is not present in said

microvesicles or is only present in trace amounts.

According to a third aspect of the invention there is provided a method of treating a
disease or disorder in a subject comprising:
a) inducing differentiation in a first population of cells by applying an inducer to
said cells,
b) harvesting microvesicles produced from said first population of cells, and
¢) administering said microvesicles or a derivative thereof to a subject,
wherein said first population of cells are autologous to said subject and wherein
the inducer applied to said first population of cells in not present in said

microvesicles or derivative thereof or is only present in trace amounts.



a) inducing differentiation in a first population of cells by applying an inducer to said cells, b) harvesting
microvesicles produced from said first population of cells, and c) administering said microvesicles or a
derivative thereof to a subject, wherein said first population of cells are autologous to said subject and
wherein the inducer applied to said first populatéon of cells in not present in said microvesicles or
derivative thereof or is only present in trace amounts. 6 According to a fourth aspect of the invention

there is provided.a method of treating a disease or, disorder in,a.subj [Sing; @) inducing
differentigtﬁ)???ﬁgé{lﬁfgtap@ﬁ ke %(te 8! ;V/eg%ﬁ?y.l%%eaﬂﬁ ods %Lg%g%ﬁgﬁlggﬁh%?vesﬂng
microvesiclésgroautiestdeoin fissbrspodaipisioRcells, and c) inducing differentiation in a second

population of ‘?e'@b?{nﬁ%ﬂ}’ 'Qﬂf&%ﬁtmﬂﬁﬁ?}{f?éiﬁl@ﬁﬁf)ﬁa@ﬁﬂ@@\éﬁsm?r@@iiﬁ:@@iﬂiﬁm@bpopuIation of
ce!ls ql) admlnlstg Ing said Second population of cells or a derivative thereof to said subject, wherein,
said first population stidepsand said second population of cells autologous to said subject and wherein

the inducer is notyyregaRrkimsaitrsesibpppdlataiohdaiis mpdtivatofedieraat or is only present in
frace amounts. ¢) inducing differentiation in a second population of cells by applying said
microvesicles or a derivative thereof to said second population of cells
d) administering said second population of cells or a derivative thereof to said
subject,
wherein, said first population of cells and said second population of cells autologous to
said subject and wherein the inducer is not present in said second population of cells or

derivative thereof or is only present in trace amounts.

According to fifth and sixth aspects of the invention there are provided microvesicles and
differentiated cells and derivatives thereof produced according to the first or second

aspects of the invention.

According to a seventh aspect of the invention there is provided a composition
comprising microvesicles or differentiated cells of the invention or a derivative of either
thereof in combination with a pharmaceutically acceptable carrier; and also a cosmetic
agent comprising microvesicles or differentiated cells of the invention in combination

with a cosmetic base.

According to an eighth aspect of the invention there is provided microvesicles,
differentiated cells or a derivative of either thereof or a composition of the invention for

use as a medicament.

According to a ninth aspect of the invention there is provided microvesicles,
differentiated cells, or a derivative of either thereof or compositions of the invention for
the manufacture of a medicament for the treatment of a disease or disorder of cell

deficiency or a disease or disorder of cell differentiation.



According to fifth and sixth aspects of the invention there are provided microvesicles and differentiated
cells and derivatives thereof produced according to the first or second aspects of the invention.
According to a seventh aspect of the invention there is provided a composition comprising
microvesicles or differentiated cells of the inverition or a derivative of either thereof in combination with
a pharmaceutically acceptable carrier; and also a cosmetic agent comprising microvesicles or
differentiated cells of the invention in combination with a cosmetic base. According to an eighth aspect
of the invention there is provided microvesicles, differentiated cells or a derivative of either thereof or a
compositickeefitliegnventiuh fspassefabednyrtioathentismsedethes methadefraapdBgdiote invention

there is pr%}@%§gu%9§g¥[ﬁ§gﬁ{qg,aﬁﬁgm@ﬁggsqgg_s, or a derivative of either thereof or compositions of

the invention for the manufacture of’a medicament for the treatment (H‘%? disease or diforder of cell

deficiency or a diedBausigidbarsnHriQn IBAEFRARISHIOR A SRHS i GRRANS ARHISRS ST

of the invention
there is provided a nggthegh@f providing non-therapeutic treatment to a subject comprising: a) inducing

differentiation in a first populatian of cells b lying an i id cefls.ik) harvesting
microvesicles prgauggﬁ?%ﬁg%‘aﬁ% ‘%ﬁ%s Iﬁ?c?ﬁgo?%% set%drf%g ﬁ?‘?&?ﬁ%ﬁ‘s‘t@rﬁg _s’aid microvesicles or a
derivative thereotjo alsitjeeting sedtistermsdesamatsrivetiseehesafddirsupisstinasaidiicells are

autologous to said sygheﬁgﬁﬂgﬁqlherein the inducer applied to said first population of cells in not

present in said microvesicles or derivative thereof or is only present in frace amounts.
wherein said first population of cells are autologous to said subject and wherein

the inducer applied to said first population of cells in not present in said

microvesicles or derivative thereof or is only present in trace amounts.

According to an eleventh aspect of the invention there is provided a method of providing
non-therapeutic treatment to a subject comprising:
a) inducing differentiation in a first population of cells by applying an inducer to
said cells,
b) harvesting microvesicles produced from first population of cells, and
¢) inducing differentiation in a second population of cells by applying said
microvesicles or a derivative thereof to said second population of cells
d) administering said second population of cells or a derivative thereof to said
subject,
wherein, said first population of cells and said second population of cells autologous to
said subject and wherein the inducer is not present in said second population of cells or

derivative thereof or is only present in trace amounts.

According to a twelfth aspect of the invention there is provided a composition comprising

stem cells in combination with microvesicles and a pharmaceutically acceptable carrier.

Definitions
“Microvesicles” have at various times in their history been known as “exosomes”,

“secretory exosomes”, “argosomes” and “microparticles”. They can be distinguished



According to an eleventh aspect of the invention there is provided a method of providing
non-therapeutic treatment to a subject comprising: a) inducing differentiation in a first population of
cells by applying an inducer to said cells, b) harvesting microvesicles produced from first
population of cells, and c¢) inducing differentiatio® in a second population of cells by applying said
microvesicles or a derivative thereof to said second population of cells d) administering said second

population gl celi L2 HUKALY MBIROLIRSA shRleth WhSLEnaaldl dphaaRulgfian of cells and said
e 0 Salid subjec i I i t

second popLﬂrgtlrg%r%f cells aufgol’ogoust ) t and wherein the inducer is not present in said
second popaladontifesaitodicad tysslis ehbsesaiontacconily biekvngireltac %’rﬁﬁ%ﬁ%&ti&cording to a

twelfth aspegt 6f RGPV HRaE] is RiexidashRceMyQstion uwptisingisienealigin combination
with microvesicles and a pharmaceutically acceptable carrizr. DefiniIioHs " icr%?%si%les" have at

various timB&ifiheex R He A QTS M aRbEHRES s (s B Ayl 49 A58

_ _ ragosomes" and
"micropartio@sm fthyneaerbeidistibgiisiatingty (typically 1 to 1.4 g/ml, more typically about

1.1 to about 1.2 g/m). They typically lack markers of lysosomes, mitochondia and

cavedae.

“Autologous” refers to cells, tissues, proteins on microvesicles that are re-implanted into
the same individual as they came from. In the context of the present application, the term
is used to mean that the population of cells and/or microvesicles referred to as
“autologous” to each other do not contain any material which could be regarded as

allogenic or xenogenic, that is to say derived from a “foreign” cellular source.

A “cosmetic” method or product is not directed to the therapy of a disease but is, rather,
directed to the improvement of an individual’s aesthetic appearance, particularly the
appearance of the skin or hair of an individual. Examples of cosmetic effects include a
reduction in skin wrinkles, an increase in skin firmness, an increase in hair growth or
shine, a reduction in grey hairs, a regrowth of hair in cases of baldness (especially male
pattern baldness), an aesthetic enhancement of breast size or shape, and a reduction in
cellulite. Cosmetic effects also include a reduction in hair growth (especially facial hair

growth).

An “inducer” is any molecule or other substance capable of inducing a change in the fate

of differentiation of a cell to which it is applied.

“Derivative thereof” includes a fraction or extract (especially those containing RNA
and/or DNA and/or protein) of the original microvesicle or population of cells which
retains at least some biological activity (especially the ability to induce differentiation
and/or the ability to provide therapeutic benefit) of the original. Also included by the

term are complexed, encapsulated or formulated microvesicles or cells (for example,



from mere "cell debris", which is typically larger and denser. Microvesicles are lipid-bound entities
produced by cells either spontaneously by living cells, at an accelerated rate by living cells subjected
to certain stimuli or by artificial disintegration of cellular material. They are typically 10 nm to 1 pm in
diameter (more typically about 30 to about 90 nfn in diameter) with a buoyant density (typically 1 to 1.4
g/ml, more typically about 1.1 to about 1.2 g/m). They typically lack markers of lysosomes,

mitochondia and cavedae, | ADlogals: e fele 0. Sol LIS IR IR TOYsaINes that are
t
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baldness), that ael$ teticgemitenoshipsatestdarastiis biologishsEvilid a reduction in cellulite. Cosmetic
effects also include a reduction in hair growth (especially facial hair growth). An "inducer" is any
molecule or other substance capable of inducing a change in the fate of cﬁffe entiation of a cell to
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intact cells and microvesicles or derivatives containing intact cells or microvesicles are used.
According @ 6ﬁ@ﬁ€?ﬁ56bﬂﬂﬁ@?ﬁ§t&mﬁﬁv§§rﬁéﬂ’@§’mcﬁﬁﬁﬁﬁé?égsﬁ?fdrh?ﬂﬁgﬁ’@ﬁ%ltes may be
used. SuchsggTivaiive shaseathpnasianiageniab thenmayrtie sosipptaistodviibrabiample they may be
stored at room femperatures). The. literature on live cell ther. demonst at cell homogenates
and Iysates‘?ﬂ#‘}?f’g%(%?gfda%gp% f\?ﬁ%/%‘D%rt'levrﬁ |\1/‘éesyoﬂlcee éfiléqérol?nncﬂ%%?eeggéﬁ?ﬁ?oned medium in which
said cell hadelzetblgieveh. In certain of the claims herein, the feature of the inducer not present or is
only present in trace amounts in a product is a feature. Whilst the presence of a de minimis level of
inducer is permitted by such claim language, it is required that the inducer is not present in a materially

significant AARSGHIOTEY AP SHE R CBPIE IR SRS R S s S GRRERS Pinduce an

immune respaRse @itk uasr taramaiegeniceivtivcunlets. ibichxtepiadii teslidadministered.
Alternativegé, the ind%cerés not gresent ata dete(i}%ltl)(lf: level. | ad(}itli%n‘ tglff S u?ﬂ? l’tre%%tments,
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example, a e gnitive ysical property of thé subject. For example, treatment to increase muscle

mass may BeassaBREbeidesitdirP iR ioVEBIRTERhiabn AP HTARRIMEY ImBrBRY B PSP function may be

desired to ingkeRsERAoRthE;IAalityineRd s eaMAaN dilmprad et raimpedesitijo enhance

reproductive function, . .
P may be é)esired to enhance reproductive function.

Detailed description of the invention
The invention provides products, methods and medicaments for the production of
autologous microvesicles for application to cell populations which may be banked,

maintained in culture, transplanted to a recipient organism, or cells, tissues, organs or



Detailed description of the invention The invention provides products, methods and medicaments for
the production of autologous microvesicles for application to cell populations which may be banked,
maintained in culture, transplanted to a recipient organism, or cells, tissues, organs or 10 fluid
environments which may be resident in a recipignt organism. The methods provide techniques to
generate autologous microvesicles to modify cells for various applications. The methods of the

invention fyrther reduce the rjsks associated with the use of nonauto LS igLoyESigles. The
microvesicﬂé’éﬁ%?@ﬁ%’ﬂ’}?}lfﬁ ll%:')lénta n %%51%’5’15(%3@ elPIteon%cr)\r ar%%%’blggr% bound%a'rticle, cytoplasmic
or nuclear trelotiquesorggametiae meéciagmisistigtaresiclsdiemodiffresdtidarorsayssprlicatioitbrane bound or

complexedygntity exiraciahle, iam D AR CRhNRTRIRRSIRS ksaissis el adiluids, extra cellular

fluids, cell cuﬁures, organ cultures or embryo cultures or any cell, tissue, organ. or organism. Further
the term inapiidegeneBlaeraReles e snereneiisrefatritaAdhiSRAtalARIAR L¥EbRance with the
invention ngy Renfurihe beisipindRNeyplesacapsuredrirtingsegaaslie; complexed artificially with
other molecular co nents to facilitate uptake into.a recipient cell, ti ellular space,
fluid or WhB?@%?B’QEg QU IBPNTR %%5‘1 P SEBRLCE eﬁ%ﬁ%\%‘h ?c?noltﬁgf(ﬁ%sbg{g\%%éﬁ aﬁniethod of
producing expegttatitionfmtfiereatl iedogehsten dysrisinserapirrdduiflyidsfexeateativlatin a first population

of cells by %B@Q{i%gl%ﬂlmpe C5llq SR ES S MM ERIIRG BigR9 eRiGissuBroglaged from first population
C)In

of cells, an ucing differentiation in a second Populatior_l of cells b){ a%p@tlgyén said microvesicles
rs I

or a derivagiganisarcbuibesahe SeroRPHeOiSERS eoRb AR s AT S5igH Bn of cells is
autologous ip.gRickierE R ddReRIRkaM @ e isvenibwherseihs fhehadiiaepedpliedbtasaid first population

of cels Is ot B I S Second Bopyiation AR Galls Skds ARl REFSSR- ISR Ay nts-
facilitate uptake into a recipient cell, tissue, organ, extracellular space, fluid or whole

organism.

According to a first aspect of the invention there is provided a method of producing a
population of differentiated cells comprising:
a) inducing differentiation in a first population of cells by applying an inducer to
said cells,
b) harvesting microvesicles produced from first population of cells, and
¢) inducing differentiation in a second population of cells by applying said
microvesicles or a derivative thereof to said second population of cells
wherein, said first population of cells is autologous to said second population of
cells and wherein the inducer applied to said first population of cells is not present

in said second population of cells or is only present in trace amounts.

Such a method may be carried out in vivo or in vitro. According to certain preferred
embodiments the first population of cells are a population of stem cells (for example,
bone marrow derived stem cells). Preceding step a) of the above method of the first
aspect of the invention, and optionally incorporated into that method there may optionally
be the step of obtaining said first population of cells, for example stem cells from a

subject. The first and second population of cells are autologous with respect to each



Such a method may be carried out in vivo or in vitro. According to certain preferred embodiments the
first population of cells are a population of stem cells (for example, bone marrow derived stem cells).
Preceding step a) of the above method of the first aspect of the invention, and optionally incorporated
into that method there may optionally be the stdp of obtaining said first population of cells, for example
stem cells from a subject. The first and second population of cells are autologous with respect to each

11 other. Accordi g]% ertain embodi %nt f|r (?nd d'secon é)%’ff‘ a{:\?g@gf%gﬁseggéare obtained
S

from the sam&'in %u(bfggtanfﬁm Ir an secon popu?a ion Cells may be obtained from the
same subjebtandtirsartte Sane dndivigual shijecintEhedirabrnd sersné vepuiasismd §olb EeYain

embodiments e U3 RAPHISUANLLERL ek DERAIRIDBAJINM adibdidHpbpayeral years (for

example, more than 1 5 or 20 years) before the second population o %s ohtained. The

first popuIaﬁ@WWé&@@ﬂ%&d‘b%ﬁ&é@BP%ﬂH@%gﬁ@rﬁﬁ8?88%‘8&%@ kovDa s PaBstation of cells

having beegdaapkaehinidel Im%w@%nmﬁexﬁh@mmbmtmneﬁm aspra0ofeire) ivafertion provides
the advantage that a population_of cells (t led "seco folele lation. of " duced to
differentiat Bﬁe(‘f%&gmﬁf l%{h?&% Sdssorgr’]% erlalﬁ(?}ﬁygfﬁﬁ Ol%lllc%veglli; etfsPS or a ue enrlﬁlea%t@égthereof)
Contact wittr théeincitive thrarevbitietneiHiomeahsapelation pbrelisibafonrzhecmbrited 18 B¢ immunogenic
or an infectf&grgglﬁﬁg gliminated or mitigated. According to a second aspect of the invention there is
provided a met f producing microvesicles comprising: a) inducing differentiation in a first
population of cells by applying an inducer to said cells, and b) harvesting microvesicles produced from

said first pogdatiaroalsrels fitdhaspéat sRigd irﬁm@ulﬁtwmw tel ksi{&mugelﬂgomdpmidnﬂicrovesicles

and wherein sa ducer Jed to aldf IIs n ntin g icrovesicles or
is only pres‘?afﬁ:lﬁ & §e°§3 o n?e mayﬁ o?lowe % 8\%@{%#35‘[&" q%/ophlllsmg said

mlcrovesmlws;hla)atrphgmatmatenalwbbf (meamgrﬂmsugl@e @I@r@@y@f@ﬁhﬁmﬂomyl@ch a method
may be caried QLR URAIIR YR AGFOtRS (6Raln RISIR TR &P ROSUARIR e dest populaton o

cells are a population of stem cells (for example, bone marrow derived stem cells). Preceding step a)
of the meth@foﬂ@ﬂtf@tmgtrﬁ&pééh@ﬂnated or mitigated.

According to a second aspect of the invention there is provided a method of producing
microvesicles comprising:
a) inducing differentiation in a first population of cells by applying an inducer to
said cells, and
b) harvesting microvesicles produced from said first population of cells,
wherein said first population of cells is autologous to said microvesicles and
wherein said inducer applied to said first population of cells is not present in said

microvesicles or is only present in trace amounts.

Said method may be followed by a further step of:

¢) lyophilising said microvesicles. Lyophilisation may be used to improve

storage of said microvesicles.

Such a method may be carried out iz vivo or in vitro. According to certain preferred
embodiments the first population of cells are a population of stem cells (for example,

bone marrow derived stem cells). Preceding step a) of the method of the first aspect of



12 the invention, and optionally incorporated into that method there may optionally be the step of
obtaining said first population of cells, for example stem cells from a subject in order to obtain said first
population of cells. The method of the second aspect of the invention provides the advantage that it
provides a useful inducer of cell differentiation f&r application to a second population of cells which is
autologous to the subject from which the first population of cells is obtained. The microvesicles

produced apd.deriyatives thereof are substantially f f incly ' )e | Nis means that
the microvaé 3 é’S“g‘r?a’&é‘ﬂ\?g{?\?é‘%l feteor fac eé:‘ﬁgﬂﬁ%ﬁﬁé%%ﬁ&gggﬁ??’%é ?r#g?i%qn Ffisk which might

be associasey witbthisinghait Arsaswulrtigne teellindagrenndt s sobnfiommabisstifovided a method

of treating g fiSIder.al disPriarbhaisshieriepmprising: a) inducing differentiation in a first population
of cells by applying an inducer to said cells, b) harvesting microvesicles produced from said first

popu_lation of cells, and c) administering said microvesicles or a derivative thereof to a subject in need
of said treafanbisaid tibd wativielnmggdoe fiiy satentionpamyddatehér advona gedraicit ordyidphilate. wherein
said first p%pP%L | {;‘m%fc%ﬁl% caeﬁ?(ﬁﬁie?é%got‘fént OPS"dh'fl“e‘AEb%%t %ﬁ&é’&ﬁ&@g&@ﬁ&ﬁ%e&ké\pp"ed to said first
population or cells In not present in said microvesicles or derivative thereof or Is only present in trace

amounts. Prbidiabiyiokidosaliebrisvhisttiffon whisdbedirsamenrdainefcells is obtained.

The microvesicles produced and derivatives thereof are substantially free of the inducer
used in step a). This means that the microvesicles and derivatives thereof lack any

immunogenic material or infection risk which might be associated with the inducer.

According to a third aspect of the invention there is provided a method of treating a
disorder or disorder in a subject comprising:
a) inducing differentiation in a first population of cells by applying an inducer to
said cells,
b) harvesting microvesicles produced from said first population of cells, and
¢) administering said microvesicles or a derivative thereof to a subject in need of
said treatment,

said derivative may be a lysate, homogenate fraction, extract or lyophilate.

wherein said first population of cells are autologous to said subject and wherein
the inducer applied to said first population of cells in not present in said

microvesicles or derivative thereof or is only present in trace amounts.
Preferably said subject is a subject of need of said treatment.
Preceding step a) of the method of the third aspect of the invention, and optionally

incorporated into that method there may optionally be the step of obtaining said first

population of cells, for example stem cells from the subject.



Preceding step a) of the method of the third aspect of the invention, and optionally incorporated into
that method there may optionally be the step of obtaining said first population of cells, for example
stem cells from the subject. 13 Disorders of cell differentiation contemplated by the present invention
include and disease or disorder wherein cells ot3he body partially or fully loose their normal function
required for health (as is the case with neurodegenerative disease) or wherein they acquire a function

which is hagil (o tempalies. alen calsarie PIANSIILIER 5 BRisAsA-IdARgen: Specific
examples or diseases and disorders are given below. According to a fourth aspect of the invention

there is proliitest arristhdet whersitting e ddigeaasopetidier flly s tiedorapRlAgcPhducing
differentiatigip<a fissheoRyatiemelasi!s, R ARRMAOR ARIRALIEESR Said Rallsn Bdparvesting

microvesicles produced_fror_n first population of cells, and c) i ucig% differentiation ina second

population HAEERLEYSHPMTAYEARIATRIBLSSESAY S AERRISRVE IR ETR SR ST BE 5

Fechs’ nd population of
cells d) adrpdsistesingesnid sasnadpapiiatodisfsellsmdrdiscdenativeiveerbebio. said subject, wherein,
said first population of cells and said second population of cells autologous to said subject and wherein

the inducer js Aol RESSRLINRADST HULARRHANPRAL Selib 0faded VRUYE R RALAE I8 nly present in

trace amoun rding to certain embodiments the derivative may be a conditioned medium,
lyophilate, Hisaasgyendisordeadtio v eivrrarepiiyiite.
a) inducing differentiation in a first population of cells by applying an inducer to
said cells,
b) harvesting microvesicles produced from first population of cells, and
¢) inducing differentiation in a second population of cells by applying said
microvesicles or a derivative thereof to said second population of cells
d) administering said second population of cells or a derivative thereof to said
subject,
wherein, said first population of cells and said second population of cells autologous to

said subject and wherein the inducer is not present in said second population of cells or

derivative thereof or is only present in trace amounts.

According to certain embodiments the derivative may be a conditioned medium,

lyophilate, homogenate, fraction, extract or lysate.

Current methods of live cell therapy, which are based on the research of Dr Paul Niehans
of Switzerland, involve the injection of animal tissue into humans for therapeutic
purposes. The injections include lyophilates of animal tissue. The present invention
provides an improvement to such methods because although animal tissue may be used as
the initial inducer of differentiation of the first population of cells, the material to be
introduced to the human subject is absent of animal material and therefore lacks the

drawbacks associated with the use of animal material in humans.

Preferably said subject is a subject in need of said treatment.



Current methods of live cell therapy, which are based on the research of Dr Paul Niehans of
Switzerland, involve the injection of animal tissue into humans for therapeutic purposes. The injections
include lyophilates of animal tissue. The present invention provides an improvement to such methods
because although animal tissue may be used d4 the initial inducer of differentiation of the first
population of cells, the material to be introduced to the human subject is absent of animal material and
therefore lacks the drawbagks asspciat w i erjak i s. Preferably said
subject is rgﬁ%({glgﬁr? hée h]‘esal tra:‘a mé"nitlc’“%hﬂ ﬁe%tg) %%Qg%ﬁg?%f&{%{%%{ﬁ%ﬁ of the fourth aspect
of the inveintiomoaateddptichal iméthest fratedyowsicnatiatscsteres shmpaiRAidiFshe the step of

obtaining $@ égll, st POPMALIGR, Ak atlge gggn%gqgg}gnﬂﬁgggg@tfrom the subject. Preferably said disease
or disorder | sease or disorder of cell deficiency or a disease or disorder of cell differentiation.

Specific examples of such diseases are given below. According to certain embodiments the disorder
may be a paraaiy H&iﬁf&i&bww ﬂ[édf@érexami@basamadi@iﬂéﬂtaf celbdefjidencyoundiseaseeed or repair

and/or regeneration. Pre dis .Qr disor S Il deficiency,
§ %{%85%e gfﬁl Sorderis 2 ChaaBiel & Qudk ‘ﬂ?éf%de%a%%q{’gl%%%

alternatlveﬂf s A disease or sorder of ce erentiation. Specific diseases
or disorders relevant to the invention are given below along with suggested target tissue to be treated

and suggegted SQHree JAG A SrimuiNGRd DR AREiGRIyBaY. Qﬁ&%ﬂﬂ;u%oweﬁﬁlﬁdl@f&argets The

suggested source fissue for use in the Present invention depe H@? on the tar et tissue in which it is
desired to exXserla raaasifentalessorien W?&h&%ﬂﬁ%‘ilg&eﬁgge R QBUrce tissues for specific

target tissue and should be viewed as examples rather than being in any way limiting.
Preferably said disease or disorder is a disease or disorder of cell deficiency, alternatively

said disease or disorder is a disease or disorder of cell differentiation.
Specific diseases or disorders relevant to the invention are given below along with
suggested target tissue to be treated and suggested source material from which the

inducer may be derived.

Sources and Targets

The suggested source tissue for use in the present invention depends on the target tissue
in which it is desired to effect a treatment response. The following lists describe example
source tissues for specific target tissue and should be viewed as examples rather than

being in any way limiting.

i) Central Nervous System (CNS)

Tissues of the CNS will constitute the target tissue in various CNS-related conditions.

Examples of CNS-related conditions that may be treated by the methods and products of
the present invention include motor neurone disease, multiple sclerosis, degenerative
diseases of the CNS, dementive illnesses such as Alzheimer’s disease, age related
dysfunction of the CNS, Parkinson’s disease, cerebrovascular accidents, epilepsy,
temporary ischaemic accidents, disorders of mood, psychotic ilinesses, specific lobe

dysfunction, pressure related injury, cognitive dysfunction or impairments, deafness,



i)Central Nervous System (CNS) Tissues of the CNS will constitute the target tissue in various
CNS-related conditions. Examples of CNS-related conditions that may be treated by the methods and
products of the present invention include motor neurone disease, multiple sclerosis, degenerative
diseases of the CNS, dementive illnesses such &is Alzheimer's disease, age related dysfunction of the
CNS, Parkinson's disease, cerebrovascular accidents, epilepsy, temporary ischaemic accidents,
disorders of mood, psychotic. ilinesses, specific lobe dysfunctien, pr. related injury, cognitive
dysfunctio%lﬁdﬂﬁ?fa%)l’ﬂyfgﬁ?s,g gg?ﬁse%?s%,h %’%Cﬁ%%sr?gss%s’a%lgtgrrn%g&%tsszsé%sﬁgs fd'fﬁieai%%lg?g senses, motor
deficits, seinjiosyadéficitspdieaticing. dvictrdanmd wakects NEhe/weseRiSHSAINHRGERS the present
invention rgay. also, e sedio.aNARGS braindiistion atisrerlioriesleficangies at @ functional level or
to facilitate post surgical repair of the CNS. Source tissue for the treatment of such CNS-related
conditions feriliiae o sveceeri eara LubeSMBonents of the CNS such as whole brain, frontal lobes,
parietal lobes, temporal lobes, limbic system, hippocampus, hypothalamus, thalamus, pituitary gland,
pineal gland, sub-ventrjcular zone, olfactor , uchqc{efineg ical Fe@ian nuclei or
pathway ( Tgf&téﬁsﬁ&ﬁ%ﬁ%ttereﬁhn&%‘ll, %ﬁsﬁgﬁgﬂ (5—{%?%?%% ficu |s,1 S%E?\ggl?fgg%%g%?nd substantia
nigra), cerabsthmpomatiudiEinBigateh ponbokdveiifignial dobe s cedeiablnbetdenPefthe brain stem,
whole or PR, AL UAAL{OHS SRS RYBGhIRIN U MEIRS, BreimpMERd iaMmalter, specific

a

cranial nerves, corpus osum, optic chiasim and meningeal structures. In some embodiments,

e
source tissglénhay tupmsiRdaneRvr oHreem ) BRs BV rh lgﬁiﬁﬁm&agﬁ&?ﬁc%ﬁh%es. Examples

of such celhiypesyifsusteraesinoasicandish seiical pmefieionevligndis deenb oyt gengbnes,
inter-neurones, purkinje ¢ells and amidaé lls, Other examples. incl [ cifically
astroglia, O%ﬁ@ﬁ%@i‘g,g‘;ﬁ?t:?Sbl ,lrlénﬁprélﬁ ‘f(;lr%éﬂbcl:% ?t%’e‘f%nfb?rsﬁ%ng 1ttllﬂge%g ooﬁdég%ﬁﬁt?%rier and the
choroids plexitsiyCthrdiosiasteraveydtamparisd fesitdthef dareliovdstifddvingd BraimstEdiieparticular the
heart, may consti L’i?E?ﬁf j y. ' isQr f dipyassamsaystem. Examples of
disorders o?ﬁ'?e%:%r%fo‘?@sou ar sys e%ﬁ'%h}z%rr_lrggé %ﬁbqagti%@bi/mtﬁﬁéi%ﬁs_and, ro]du s of the
present invEaRBETAlITHR R hERTAS SARRSHEITN L ARICbIT UG TRAS (RS Ntk c(’fifricarditis,
congestivedpart fisgasasondivar lajedinablegies, Bivagiedial sectdadhtylied anthpericardial
dysfunctions or degen ratio_irz], ﬁ%e-related cardiovaggul%re diggergel-rréérglya{y% [o] kgﬁaé;eneration or
diseases, SUBTYSE ARG ek gnb(ft%ﬁ\%rﬂg%ss,s ibro<iS of cardiac musc e, decline’in cardiac reserve,
congenital cgfesis pfthailisantite dbetatonymysiedndalsiomhepreifigefivagiogtise heart or circulatory
system, rengl o hROXe Sr0SEIA s femods HiRodursertdRmRoRaRreariavasauar diseases or
dysfunctlonifgg 1 ar’%glria, IsSected aorta, thrombotic damage, aneurysm, atherosclerosis, emboli
damage andethetoptobleths associated with blood flow, pressure or impediment). Methods and
products of the present invention may also be used to enhance cardiovascular function or health and
to revascularise tissues. Moreover, methods and products of the present invention may be used to
repair, mod‘i‘r%/, en Y traumatic damage to the heart or blood vessels and as a
technique tTiesileant ehthartivapdahiatyotetimmpdntatioticofaa tvhberbmyan wnstyartike Bsganples of this
atier emboginent DElsde SALLARIABOn Al SyRBlRCEIRH SHsBesRT ptaRgation of
prosthetic devices and the deve opment of novel surgical techniques.

cardiovascular system that may be treated by the methods and products of the present

invention include arrhythmias, myocardial infarction and other heart attacks, pericarditis,
congestive heart diseases, valve-related pathologies, myocardial, endocardial and
pericardial dysfunctions or degeneration, age-related cardiovascular disorders,
dysfunctions, degeneration or diseases, sclerosis and thickening of valve flaps, fibrosis of
cardiac muscle, decline in cardiac reserve, congenital defects of the heart or circulatory
system, developmental defects of the heart or circulatory system, repair of hypoxic or

necrotic damage, blood vessel damage and cardiovascular diseases or dysfunction (eg



Source tissue for the treatment of such disorders of the cardiovascular system includes whole heart or
blood vessels, or subcomponents of the heart or blood vessels such as myocardium, endocardium,
pericardium, cardiac muscle bundle, left and/or right atrial tissue, left and/or right ventrical tissue, valve
derived tissue, trabeculae carneae, papillary muscles, chordiae tenineae, sinoatrial node, atrioventral
node, atrioventricular bundle (bundle of His), aortic tissues, interventricular sulcus (including/excluding
interventricular artery), superior or inferjor,vena cava and s athetic.and/or parasympathetic nervous
tissues. Otﬂ@%ﬂéfﬁ?@tg‘gﬁ%@’t@éﬂg |ﬂté?uc}§‘(rensa5veh%rllgu5¥lsplﬂla%@% \?esfne(r)?%%tg% 8ssue%ég;ub-components
of these tissidashénphodlagdissveief twitlchldotbfloa (eredotretivimpadinsnsuideibiedsendl layer), internal
elastic lamipg, [y0iSAMBHlc. S IHIRLR ARl wlamiaand UHER etmnAalosamaarBRediments, the

. T J T A .
source tissUe may% ntinuous capillaries, fenestrated capillaries or sinusoids. In some

embodimehesltbendde rwyasenlase SismptisMarenvia artoftind LHLER FEL SN for specific cell
types. Examplagaf aus Beoabdioasmel usiaza dinannuscleseatis:pukinetfitienandoaheothelial cells. In

a specific embodiment, conquction deficjts, may be,treated with the use of ti rom he SA node or
internodal PERFRED IO SR ESY %ﬁ%.“fﬁi’&}%‘ﬁ]é’reéﬂp}%%ﬁ E%r%%%s ?%ne{%? ?%lcr;naﬁ %%f?:tlf?catfgn type

arteriosclerebiteragyiber ite ated Wity assé hisshisotmbmdaient gldudetheatunica media as source
tissue. 17 {RSARIIGL SYSLI0h I SRURR Bl (SRR ARG BIOLMAN GRORLiRLR target tissue in
various disorders o?t IS system. Examples of disorders of the respiratory system that may be treated
by the metidovicameprodiryel srigicapedriiiivention include damage, pathology, ageing and trauma
of the nose and paranasal sinuses, nasopharynx, oropharynx, laryngopharynx, larynx, vocal ligaments,

vocal cords, vestibular folds, glottis, epiglottis,.trachea, mucocilliary mucosa, tr gl %%gs muscle,
primary brotRUSeIETSHF ERpHEHTe g@?ﬂ%ﬁ%\? rg?‘fgﬁ‘%{se?rfn{lﬂl%f Crég% Xl%nfeaé,s S%E?rgltonrly zone structures

and plural masibliases: Bxadpiesbf susihadapagatinefitelobston blived pghrbnishdkseases, restrictive
disorders, emphysema. ehiomis hiondhlinuRHIBonADRERRRastimauheless. genetic
disorders (ed’cys IC fibrosis), gas exchange problems, burns, barotraumas and disorders affecting
blood supplistestheftrenivarel spatdenl fiatnondaderlfieatsciR s irRoprasnP RS ion may also

be used to jgRajk MRk ABRa05E QhsegRNEsA HievanRil Aty sysiesmtivitwingdamage. Moreover,
methods and products of the present lnventionﬁ}ln‘@ya%%?llés : r(ljcﬁl%ﬁ% t;%%]pi ue to enhance the
r e

transplantaffSwAln SRR S: iees FREEHAYS S OTgans of théir parts. Examples of
source tissugdeeibtctilenimean),chpedbr disnfados whthave spit ayorpathstieanitetudes the entire
respiratory system and its whale, PAILS. Or b FQ@B@%W& SUGR AR RASORABIY BpiRsapharynx or
IaryngophaPynx, Wynx, vocal Igaments, vocal cords, vestibular folds, glottis, epiglottis, trachea,
mucocilliaryeineosterhyisinecs srilxgamoanps abthese sasneeinciimp Hivtes 8- ormniculate cartilage,

respiratory [RGOSAnSRBIAR SR BHYRRERoBIMAN I IhinloRaIshEanea SeaRemaligronchi, terminal
bronchioles, respiratory zone structures and pIurﬁltmembrag% S. In sogﬁl]e embodiments, source tissue

may comprizécahsiatha kemesed BIigARrSe R LI RP AR R Rt DAL REIRAIZE of such cell
types includg soueasalsapiiieliedss @isspasddastiatifie dradiusoitr, nolommembodisnédts epithelial cells,

smooth muscle, type | alveolar cells, type,ll pluolar.c6lis, AlvaolarmagBPGaRSs, pimonary capilary,

YA
diaphragm ﬁ%llsrLéJ%s SRd IRtercostals muscle. 18 1 specific embodiment, cystic fibrosis may be

treated withtihes.uBseofntecoinicinel tise deduds ediccmussirodiscprkinisfthiesatthay ameliorate the
respiratory prablems ang damage associated with this condition. The treatment could be
supplemented by the use of GI tract mucosa, thymus, thyroid and/or epithelial tissue of the
reproductive tract as source of inducer in the methods to target specific deficits in function associated
with the congitigredif)éasbiiniestitahtiaaicanitfksoaintbd gtatdsvith the use of tissue from

the SA node or internodal pathways as source tissue. In another specific embodiment,
focal calcification type arteriosclerosis may be treated with the use of smooth muscle

cells of the tunica media as source tissue.



Tissues of the gastrointestinal tract (and associated glands) may constitute the target tissue in various
disorders of the gastrointestinal tract. Examples of disorders of the gastrointestinal tract and
associated glands that may be treated by the methods and medicaments of the present invention
include disorders, damage and age related chaliges of both the gastrointestinal tract and the large
accessory glands (liver and pancreas), salivary glands, mouth, teeth, oesophagus, stomach,
duodenum,.jejunym, ileum as%:ending colon, transverse colon, descending colon, sigmoid colon,
rectum andlgnal &F%% nervous system of the canal. In specific embodiments, these
disorders, Tinmvagefinciresp rainterstivanpysimstitie theritageisats Permiusdiseiderasé, deglutition
problems, ygersy s R S uReRESS HefieiRapiRt MalibHRTPlAmSaRaksiy dysfunction of

absorption or absorptive surfaces, diverticulosis, inflammatory bowel problems, he%%titis, cirrhosis and

portal hyperehefsinfesedugis ahMrRIGReaRRYREIGR fel it dampes RBATISIP 028128 S used to repair,
modify, enhansR 6f IRARRE e fhargssitiintestinsbtacyie) owjhgrsam kyen gpberyrsed as a technique
to enhance any of these processes following surger C re ' tomach, ileostomy and
reconstrucﬁ?fé’éﬁ?’é’gaﬁt%%q élosar\{gf?tlj)ﬁg tre): %‘%ﬁr%ﬁ%@%ﬁﬁéﬁa%?%m %%%L}n%%t include
reconstructivesstitiemrimvostinpdpetifinassitopnivarshigoalhielobrrtheo bl isgB1sarhs labia, vestibule,
oral cavity groner, (e manigithJabial fregpiumhaid RalisRalaliprReRessafiealate, uvula, tongue,

intrinsic muscles of the tongue and extrinsic muscles of the tongue. Source tissue for the treatment of

such disorderamsenef gacdimassinalideRbsTycive QURerPET Here s ay RS MeERte
gastrointesgingh fkaetatel disoeleins palituary Ifcctonpatnts, nbkrdihgsi)edacge accessory glands
(liver and pancreas), salivary.glands, mouth, oeso us, stomac Jeidnum, ileum,
ascending %ﬁ?rﬁ ?%%S%Ce%c% on %Sceexr?gflﬁléec%l%%lﬁ%sg r‘?wlg? ’c% gﬁrg#er%%% gyggggggﬁgcanal and
enteric neratistmestod SEpaimpiehofatiatayisasimsdeteods sné mrdisamaps efidtissues or cells
defined by S{EU{HR ARUPHRNRYQL BSGanah 5B ARAHaIR0GE «spbIIEaRS, submucosal glands,

myenteric rierve plexus, submucosal nerve plexus, musclularis, serosa and specific glands of the
digestive triRspirAiQastepeioHe s SMANH YRR KB uREhRds BRI BE LR SRR LR specific oral
structures tg.{Rgliiadapin, eatinulescialtariynprapethd adnidagiadaliitepfentikmofhard palate
palatine bones sofﬁ:_glate, uvula, ton ue, intrir%ﬁiclsrma%cles of the tongue, extrinsic muscles of the
tongue. In DI SRR T HELUIES QP U LS, 0 mayrcomprise individual cell types or cultures enriched
for specific cell types. In a specific embodiment, diverticulosis may be treated in methods employing

tissue Obtaﬁ]%gprgsge@oﬁ%gg&%sﬁe'fa? e insusaxbpGianrRRURGHIRIsAbY Ugasa, or derivatives

thereof, as the inducer. iv)Integumentary system Tissues of the integumentary system may constitute

the target tiseslisen thasatizs arspiatas oY HHE ANGITIERIE RMLS StaHb-B3BAPRAS TR BY ders of the

integumentarpuatem, dpmmhketieatePathexmatiodsaatlipetiaaneants ofitle present invention
include disorders, daﬁ)n ge.and age {elated (ggan es of the skin and int%gurper{i\f Yy, system, such as
c

age related GECAHE PPN RIOEL, B RIRIoRe IS 8RR 1§Wergltlcg(15aaﬁc}ilgn “sébacéous glands,

piloerectile siysinvidtioatilolis warepiobieat]dpeiclosiubgickantiiageisspietaisaisessof the dermis or

hypodermis, RS G830 SRR BSEHIdaIRAS anshoredurtaalithaiasent invention may
era

also be used to enhance, reg or repair skin structures or functions, for example in plastic

reconstructianduslereiRspEBIITY FARSSFEFHBCRRNGBI MeBMENsHolLIAMS FBPRHMCRS and in the
treatment of sitHiagisseDAMhesApRs Aeddidal tWiRgheiaiNcu sk eptuled st thedifipeellement of blood
SRl 0 e o hongion o such bl ypes HREiode Fiscaldl S RRERSIVCHY FRLRR iR Used to enhance
columnar, columnar, cuboidal epithelial cells, smooth muscle, type I alveolar cells, type
II alveolar cells, alveolar macrophages, pulmonary capillary, diaphragm tissues and

intercostals muscle.



20 grafts, surgical reconstruction, cosmetic surgical procedures, wound healing and cosmetic
appearance. Source tissue for the treatment of such disorders of the integumentary system includes
whole skin, cultured skin, components of the integumentary system, the epidermis, dermis,
hypodermis, subcutaneous fats, hair follicles, gl#nds and associated structures. In some
embodiments, source tissue may comprise individual cell types or cultures enriched for specific cell
ypes. In a,snecilic Sbadimant WUV RNESS RS ahS Hieaiedlneibads mifigloying the use of
whole skin Or derivatives ﬂwereo“’a the inducer. V)Musculoskeletal system Tissues of the
musculoskaletasayssertcmiassioriib etiprimsn aarsaneliorya fsus wesug R AR Iams Adsculoskeletal

system. Examples,ofdiseidens afithediseulaskeleiahsysientbatuppihentsdaiethbydbe methods and
products of the present invention include disg(ase, %%rgﬂa]ae andta e relratgl%gpeapg&sésof the
musculoskeidthHFERNGOTH S5MmLSe HIESMARNO AR B I E8HhORents of the axial skeleton,
including theuskebf drawdenn faceethads assogateddindsictsditdmabsickssciajsiavisbles sternum, ribs,
vertebrae, ggc([lﬁr(r)]nand coccyx. In other embodiments they may be in components of the appendicular
skeleton, incflljdlng'the clavicle, scapula, humerus, radius, ulna, carpal bones, metacarpal bones,
phalanges (proximal, middle, distal), pelvic girdle, femur, patella, tibia, fibula, tarsal bones and

metatarsal jpnescMathindsant REpIMeisQLiRRPERBART invention may also be used to correct
problems associated with ossification and osé:ogenesﬁlrs, sugg as intrarp mbyanous ossification,

. e
endochondFaisBes AfdhRSAS eSS RS A LGOSt 8 BYROEPLS UM SASAPESS, rickets, pagets
disease, rhessmsitismraosl dstadiis oftheaereaninnatinad sandBroopiessob it dsre séthénvention may be

fibrocartila&gsé,r?cl)rllﬂg ones, short bones, fldt bones and irregular bones. 21 Examples of source tissue
for the treatmedisewkatsci thsorersnt wivemsion dnelursslispsdsrsyarargaapil e ISR f388tToskeletal

system and, {53 BC QARORRIER -5 HaB as SRR AiflcREEE B MusERINerIMaMigissHRs),In some

embodiments, source tissue may comprise individual ¢e aes or cyltures enriched for specific cell

I ty
types. ExafieEneiends, man iy iethinerserh Az RieRe At Lo SLRBrEEAN SERSEL vi) Other systems of
the body Disekdiig eflothaasyeicesbhiliesatinpaylte tigatad dwydheartethedd amad products of the

present invention. For example, the present inventi e . lop or treat
C (I)an(!: enteric nepv us S(\é%Pem O%IHIG Cat%hgfoﬁll S "élé"ltl?c e#?ﬁ%QB{gg%{}J;r?gggﬁ%ag%%%al senses,

disease, daﬁ%le%ge and age related changes in other systems of the boc S
endocrine siastege,dydmghatietey stemgesrineinde Jentatcanigsspgtiedortadydissnseadeshitiieftions in
metabo"s%m@eﬁﬁ?ﬁ%%%nzymaﬁc disturbances/deficiencies, motility problems, paralysis,

dysfunction of absorption or absorptive surfaces, diverticulosis, inflammatory bowel

problems, hepatitis, cirrhosis and portal hypertension. Methods and medicaments of the
present invention may also be used to repair, modify, enhance or regenerate the
gastrointestinal tract following damage, or be used as a technique to enhance any of these
processes following surgery, such as resection of the stomach, ileostomy and
reconstructive surgery (eg ileoanal juncture). Examples of this latter embodiment include
reconstructive surgery involving specific anatomical structures of the mouth, such as
labia, vestibule, oral cavity proper, red margin, labial frenulum, hard palate palatine
bones, soft palate, uvula, tongue, intrinsic muscles of the tongue and extrinsic muscles of

the tongue.

Source tissue for the treatment of such disorders of the gastrointestinal tract and

associated glands may include the entire gastrointestinal tract and its whole parts or sub-



Source tissue for the treatment of such disorders may be obtained from whole organs,
sub-components of organs, specific cell types and groups of cells, wherein said source tissue is
related to the relevant target tissue. vii) Treatment of general age-related degeneration Methods and
products of the present invention may be usedlfb treat, ameliorate, reduce or compensate for general
age-related degeneration. Similarly, methods and products of the present invention can be used to

retain youthful functions of the pbody. Moreover, methods and.pr I invention ma
) y be
used to tréSTEIBEN Mgluring g SCIs ﬁgf?j,%? |o&ﬁ@ﬁ%rha3g %g%ﬁ?% e%%n%ﬁ?r@ggg hearing loss, loss

of visual agiivity, esogerine, kunacn cesdskeis iz ohangleymnesteading FefyodiR§Ve Binction. Source

issue fOr Sych URSS. Y, 0R R0 O CLE AT 450 n QR A faBREnSY0GOM ponens of such
organ(s) and groups of C Ié'gpes, wherein said source tissue is_értglated to the l%Igv nt farget tissue, as
I

discussedsaBieve. Exprp)pscfiRfhsaierimlrsaurs e dnfiyrs tRactly FSE AR SR EDY Making an extract,

fraction, dggivativRreopditiensrsaeadismudysatessioptilgiamds, bimogesatatofithessburce tissue.

Alternatively, the source.tissue may be ysed as an inducer substanti ' t_Preferably said di
or disordegtl@gﬁfﬁe&f‘%?ce&gﬁ?pﬂf%f S%bl?gc?sa “e‘K"'é’ raing t sﬁﬂfé@{&’é% ahd 4 diSe856 Or

_ _ ampie, M stoma. According to certain embodiments said disease or
disorder |$§alﬁm@dhﬁmﬁﬂsdxgemsﬁngtoﬂmaumaﬁlb@drﬁe gmbadiasts,dbhFaBTRY HEN injury and
age-relateg %y 88&5"{‘3%‘&81%%@%‘&%9 paferiRinenbatimentathe dissare auidisarger is infertility or
subfertlllty]?l either males or males?.

proper, red margin, labila frenulum, hard palate palatine bones, soft palate, uvula, tongue,

intrinsic muscles of the tongue, extrinsic muscles of the tongue. In certain embodiments,

source tissue may comprise individual cell types or cultures enriched for specific cell

types.

In a specific embodiment, diverticulosis may be treated in methods employing tissue
obtained from the whole colon or tissue extracted from muscularis and mucosa, or

derivatives thereof, as the inducer.

iv) Integumentaty system

Tissues of the integumentary system may constitute the target tissue in various disorders
of the integumentary system. Examples of disorders of the integumentary system that
may be treated by the methods and medicaments of the present invention include
disorders, damage and age related changes of the skin and integumentary system, such as
age related decline in thickness or function, disorders of sweat gland and sebaceous
glands, piloerectile dysfunction, follicular problems, hair loss, epidermal disease, diseases
of the dermis or hypodermis, burns, ulcers, sores and infections. Methods and products
of the present invention may also be used to enhance, regenerate or repair skin structures
or functions, for example in plastic reconstruction, cosmetic repair, tattoo removal,
wound healing, modulation of wrinkles and in the treatment of striae, seborrhoea,
rosacea, port wine stains, skin colour and the improvement of blood supply to the skin.

Moreover, methods and products of the present invention may be used to enhance skin



According to fifth and sixth aspects of the invention there are provided microvesicles and differentiated
cells produced according to the first or second aspects of the invention and also derivatives of said
microvesicles and differentiated cells. According to a seventh aspect of the invention there is provided
a composition comprising microvesicles or diffe2@ntiated cells of the invention or a derivative of either
thereof in combination with a pharmaceutically acceptable carrier. Specific examples of compositions
are given beigw: SoamRolions. e MGIHENMAK (ABHER A SBIRY HEAHIRERAAAIR wound
dressing, a%rlmpre ated surgical suture, a tisste g“’e, an oinfment or cream or a composition for
injection. Thppgeseht invention also provides a cosmetic agent comprising microvesicles or
differentiated cells of the invention in combination with a cosmetic base. Preferably said cosmetic base
is a cream, ointment, bath gel, shower 9el, soap, shampoo, spray, injectable agent or dermatological
filler. 23 ACCBFERAt &F dhgriEprLepE Al SPERE RIERHOf TfclE BV E SHRHRP, 8[;’%?35, differentiated
cells or a detyribkenotdiilied sreieafmprngosititthedhtbgmeaatiosy Sty sheapidemaidicament. Preferably
caid medicamen! [RiRnNgatmantola disepsedidiolehdl sa'sasoapkdiseass orisorder as
described fUTREr RErai. ACEOr INng to a ninth aspect of the invention there is provided microvesicles,
differentiatsohwetisbodimelsscaivecdissithmelmamprissy indivigoaivel ypetins sHiErcHThe
manufacturg,qf a-fRedigamsat for the treatment of a disease or disorder of cell deficiency or a disease
or disorder of cell differentiation. Preferably said disease or disorder is as described further herein.
According to a tenth aspect of the invention there is provided a method of providing non-therapeutic
treatment tQna Spejifict cepboplineng.: full thickness burns may be treated in methods employing the

use of whole skin or derivatives thereof as the inducer.

V) Musculoskeletal system

Tissues of the musculoskeletal system may constitute the target tissue in various
disorders of the musculoskeletal system. Examples of disorders of the musculoskeletal
system that may be treated by the methods and products of the present invention include
disease, damage and age related changes of the musculoskeletal system. In some
embodiment, these may be in components of the axial skeleton, including the skull,
cranium, face, skull associated bones, auditory ossicles, hyoid bone, sternum, ribs,
vertebrae, sacrum and coccyx. In other embodiments they may be in components of the
appendicular skeleton, including the clavicle, scapula, humerus, radius, ulna, carpal
bones, metacarpal bones, phalanges (proximal, middle, distal), pelvic girdle, femur,
patella, tibia, fibula, tarsal bones and metatarsal bones. Methods and products of the
present invention may also be used to correct problems associated with ossification and
osteogenesis, such as intramembranous ossification, endochondral ossification, bone
remodelling and repair, osteoporosis, osteomalacia, rickets, pagets disease, rheumatism
and arthritis. Moreover, methods and products of the present invention may be used to
treat disease, damage and age related changes of the skeletal muscle, elastic cartilages,

fibrocartilages, long bones, short bones, flat bones and irregular bones.



a) inducing differentiation in a first population of cells by applying an inducer to said cells, b) harvesting
microvesicles produced from said first population of cells, and c) administering said microvesicles or a
derivative thereof to a subject in need of said treatment, wherein said first population of cells are
autologous to said subject and wherein the indu&kr applied to said first population of cells in not
present in said microvesicles or derivative thereof or is only present in trace amounts. Preferably said

non-therapeuERIPRILS ACRPREN IR SreleRbiNePld SRRl gaEaTt s @ veatment

for improvin appearance of the skin or hair of said subject. 24 According to an eleventh aspect of

the inventiotvisardnysiovierie musfatoskeiota ayviemanddis-sHercasarancieatirl At t8esibtbject
comprising:ponePor fidOIEE LiliaT eRtAONHRArsh pedHatie s afree isddy applybagpaseinducer to said

cels R T e s T R G ed P et Rt RS s 8 heh cet

types include individual musculoskeletal cell types.

vi)  Other systems of the body

Disorders of other systems of the body may be treated by the methods and products of the
present invention. For example, the present invention may be used to enhance function
or treat disease, damage and age related changes in other systems of the body, including
special senses, endocrine system, lymphatic system, urinary system, reproductive system

and alterations in metabolism and energetics.
Source tissue for the treatment of such disorders may be obtained from whole organs,
sub-components of organs, specific cell types and groups of cells, wherein said source

tissue is related to the relevant target tissue.

vii)  Treatment of general age-related degeneration

Methods and products of the present invention may be used to treat, ameliorate, reduce or
compensate for general age-related degeneration. Similarly, methods and products of the
present invention can be used to retain youthful functions of the body. Moreover,
methods and products of the present invention may be used to treat specific age related
system dysfunction, such as cognitive impairment, hearing loss, loss of visual activity,

endocrine imbalances, skeletal changes and loss of reproductive function.

Source tissue for such uses may be obtained from whole organs, groups of organs, sub-
components of such organ(s) and groups of cell types, wherein said source tissue is

related to the relevant target tissue, as discussed above.



¢) inducing differentiation in a second population of cells by applying said microvesicles or a derivative
thereof to said second population of cells, and d) administering said second population of cells or a
derivative thereof to said subject, wherein, said first population of cells and said second population of
cells autologous to said subject and wherein th&2inducer is not present in said second population of
cells or derivative thereof or is only present in trace amounts. Preferably said non-therapeutic

reatment is 3 copmeti teatment, Accarding oamelaeds, ot Rl aRd plRveiasRgEs of the
invention, ang optionally incorporated Into salg methods there may optionally be the step of obtaining
said first pdputative obustitionedmesdinmp|bysatertyerhidateomheraossnfir eIARTIHEFR UL twelfth aspect of

the inventioy thereisPiavidece samnasiien cemprisinasenstininispmbination with microvesicles
and a pharmaceutically acceptable carrier. In such a combination product said stem cells are

preferably autologous to said stem cells. Said microvesicles are preferably derived from differentiated
cells (as eregnesl) byidhispiasandicopdeniariatsnfoctidifiske ntatibigsmnchas such display different
differentiation markers to the stem cells. Said stem cells are preferably bone-marrow derived stem
cells and are preferably human. The following description is applicable to all aspects of the invention.
Where feattiresrdinthio wevisitiontadiniesticsishdissasrorfiprrdesitasiested feoasplst of the invention, it is
to be unde@mﬁggﬂthey may also relate to other aspects of the invention. 25 Preferably said first

and second populations of cells are animal cells, more preferably, human cells.
- traumatic injury, radiation damaging, brain injury and age-related

degeneration.

According to certain embodiments the disease or disorder is infertility or subfertility (in

either males or females).

According to fifth and sixth aspects of the invention there are provided microvesicles and
differentiated cells produced according to the first or second aspects of the invention and

also derivatives of said microvesicles and differentiated cells.

According to a seventh aspect of the invention there is provided a composition
comprising microvesicles or differentiated cells of the invention or a derivative of either
thereof in combination with a pharmaceutically acceptable carrier. Specific examples of

compositions are given below.

Compositions of the invention may comprise a spray, an impregnated wound dressing, an
impregnated surgical suture, a tissue glue, an ointment or cream or a composition for

injection.

The present invention also provides a cosmetic agent comprising microvesicles or
differentiated cells of the invention in combination with a cosmetic base. Preferably said
cosmetic base is a cream, ointment, bath gel, shower gel, soap, shampoo, spray, injectable

agent or dermatological filler.



Preferably said inducer is not autologous to said first population of cells, for example inducer may be
xenogenic to said first population of cells. Preferably said first population of cells comprises stem cells.
Preferably said stem cells are bone marrow derived stem cells. According to certain embodiments of
the methods of the invention there is between 28eps a) and b), steps b) and c¢) and/or steps c) and d)
the further step(s) of: banking the product of the immediately preceding step following by retrieving
said product from said bank said banking may involve freezing said cells or microvesicles or
alternatively freeze-drying or lyophillization of said cells or microvesicles. Alternatively a derivative of
said cells ercmidiogasishesdlitr sparpfdhe iraenden heraistpirvidedanerevesisitfitioned medium, lysate or

Hga&%ré@?g-d%\g%fﬂmw@ﬂ@émm@é' pisiioh methodsatitiefinveation production

Iyophilate)d;.gl%}(e

of microvesicles by said first population of cells may be enhanced by one of the following techniques:
stressing Said MeiEERRMation of cells heat shocking said first population of cells killing said first
population of cells changing the temperature, CO2 concentration, 02 concentration, medium

CompOSItloPr}eofgrgg g/nseaf \r/r?e!ﬁi}:grr\{\gr]lltclrs] tso%lgef i rsé[a rr?gn"élg% ig Higgagg 'J% Jl?sgél%?%?gategory of

disease or disorder as described further herein.

According to a ninth aspect of the invention there is provided microvesicles,
differentiated cells, or a derivative of either thereof or compositions of the invention for
the manufacture of a medicament for the treatment of a disease or disorder of cell

deficiency or a disease or disorder of cell differentiation.
Preferably said disease or disorder is as described further herein.

According to a tenth aspect of the invention there is provided a method of providing non-
therapeutic treatment to a subject comprising:
a) inducing differentiation in a first population of cells by applying an inducer to
said cells,
b) harvesting microvesicles produced from said first population of cells, and
¢) administering said microvesicles or a derivative thereof to a subject in need of
said treatment,
wherein said first population of cells are autologous to said subject and wherein
the inducer applied to said first population of cells in not present in said

microvesicles or derivative thereof or is only present in trace amounts.
Preferably said non-therapeutic treatment is a cosmetic treatment.

Preferably said cosmetic treatment is a treatment for improving the appearance of the skin

or hair of said subject.



26 According to certain embodiments of methods of the invention which involve a step of
administration of a product to a subject, said administration comprises or consists of intravenous
administration. Alternatively, said administration comprises or consists of surgical implantation.
Alternatively, said administration comprises orZbnsists of topical administration. Inducers of
differentiation of first population of cells (illustrated as Product A in diagram 1) applied to a population

of stem cells to jnduce specific differentiation of the fits j f The rs used in
accordancSKit lﬂ%etc?r?\r/leer%‘(’)eﬁl tr%g?ﬁcepg%% Yjeggl%né eéﬁ%ﬁ# ergﬁgt%%doﬁ%ﬁ%ﬁ@%an. Ina
preferred casdtrepentidnesnsentdy beuhivctsoadidizharvested from a specific cell type, developing

cell type (eg immgtyre cells)agaenesatne st Qlopuanesifiss bave tyrppBsificanheniestne of stem cell or

progenitor cell or any cellular, tissue, organ or whole body source. These microvesicles may be
ha_lrvesteql spishselle media used to grow or maintain the microvesicle generating cells. The
microvesicles may hg.gesaigiadiatsialy hydhecaienditheqeilstvayivellscmded to shed

microvesicles by techniques wn .in.the art. Accordin rial ' the inducer may be a
nucleic acid vectér dgg#f% épﬁ%g%tlg ;505161& |cser?83£?8%g?é?o o(%r)tte%ﬁgaﬁrsﬁp gd %Eltlglaﬁgé%gion factor in the
cells. When such amiiaiaeesiitesised dirsntutdhseenbie seifl seeandopamptionrittddis®flthe invention the

transfected cell ignotyiifcibiapRiRAtedRephiashionesd of iieaimant iaesrdinghi, the risks

inherer]t in making genomic modifications of organisms is avoided. The inducer may be autologous,
according to certain BRiBEdiments. According to certain other embodiments the inducer may be

non-autologgesirAssardingptp erifaie shosithendsectoadpdpakitiosyfloel b kugengowr trenogenic. 27
said subject and wherein the inducer is not present in said second population of cells or

derivative thereof or is only present in trace amounts.
Preferably said non-therapeutic treatment is a cosmetic treatment.

According to methods of tenth and eleventh aspects of the invention, and optionally
incorporated into said methods there may optionally be the step of obtaining said first

population of cells, for example, stem cells from the subject.

According to a twelfth aspect of the invention there is provided a composition comprising

stem cells in combination with microvesicles and a pharmaceutically acceptable carrier.

In such a combination product said stem cells are preferably autologous to said stem
cells. Said microvesicles are preferably derived from differentiated cells (as evidenced
by the presence of markers of cell differentiation) and as such display different
differentiation markers to the stem cells. Said stem cells are preferably bone-marrow

derived stem cells and are preferably human.

The following description is applicable to all aspects of the invention. Where features of
the invention are disclosed above in the context of one aspect of the invention, it is to be

understood that they may also relate to other aspects of the invention.



According to certain embodiments, the inducer may be a known and characterised inducer of cell
differentiation. However, such an inducer may not always be available or desirable. According to
certain embodiments the inducer may simply be a differentiated cell type showing the same
differentiation state which it is desired to produ@é in the second population of cells or a product derived
from that differentiated cell type (for example, microvesicles conditioned medium or a cell lysate,
extract or homogenate). For example, if the second population of cells is desired to be pancreatic beta
cells, the inducer may be an extract of pancreatic beta cells or conditioned medium produced by
cultured pairefertity baithftstlsndrsecoatiiapuaticastodictjisate anirmpbdeilsrmpreriurdembliieta cells or
microvesicles produced by pancreatic beta cells. Such an approach means that it is possible to use
the method of the present invention to treat any disease or disorder of cell deficiency or cell
differentiation. The only technical requirement is that the identity of the absent cell type or the cell type

showing ahggeRbyifiskeniimtandnknawsogodstiadib eietiscputititi efcsiisive ofaagrirectly differentiated

healthy cells gcorrleggo din%to tnhlzélttceallliéyigfest Tohelg 1rgle(():ftl(;’/eﬁifferentiated healthy cells used as or to
derive the HGtE %y & Obtaned from hepsgtl)ljec?ln heed of treatment, alternatively they may be

obtained from another individual. Preferably the inducer is derived from the same species as the

subject to Q‘?etfe?%ﬁgsa'i'ﬁoﬂ}‘?t‘l’ﬁf AeRAILNE N CeAAIAeMRed tBeNts, the inducer may be derived from a
' e Por reasons of ease of availability of material). Further examples of

different species (for examp
source tissue for the inducer are given above in the discussion of diseases and disorders to which the
present invepiigarRayilSaRRiad aldwomRathads atthedsuanteitsavoids exposing inducer material to
the second population of cells, thereby problems with immune reactions and transmissions of
zoonoses which are usually present when xenographic material is used as eliminated and thereby
make a far Mdedisngeatinternbodiateticiziaiedshods pfithe myantiekhrreigervreen sEon skilled in
the art to s%fﬂdagz ig{%&(tﬁ;&i Yridaiy thysﬁfﬁ{@afi%%rﬂéms)ﬂf? inducer may be microvesicles
non-autolo ' '

(which may be ogous microvesicles) alternatively, the inducer may be conditioned medium,
cell homogenates; oPaginEhfRrodis| Al ipEPUARB ARsrEAT SHE R IOSPUERIOIT BFEE%s may be

induced to differentiaigidyreanditioncshimbsh@. Specifically, cells of a desired phenotype may be
cultured in media; the medig may then be callected and lied.to stem.cells to.in pecific
differentiation of the ﬁ?ﬂ%%ﬁiﬂ&%%yﬂ%? se.(%fﬁe)%le a?%lir %E’rspglfn grlr‘ﬁeglr?tl,e the |rgfn§§ga ation of cells
may be induced to differentistapprdyephiilidatipthe satiselisoamiampyesiplieste tissue type. Still further,
they may be induced to differentiate by exposure to cell extracts of a specific cell type or
macromolecular fractions of such extracts. Yet further, the cells may be induced to differentiate by

culturing thévtemasiatuerdriretiae Rftstid rallops Biseratislen(for axaely e APEHGE: KIS method the
secretory fagRisEa, Rersriaied fhemuat!issal9e naysRstdyamiihe banigegells introduced into the stem
cell culture environments for example, but not limited to, well inserts, raft systems, separating
membrane structures or any technique known in the art. The inducer may be obtained from primary
tissue sourcespatmans ceatitirashddimortadibadtvedsof det divigdismspradwitivonies, regenerating tissues,
any type of stem cel I ' iall Iy gl I ther cell, organ,
system or Wlﬂlgfgvggé%%%ﬁ%%@g? %I c@%ﬁﬁggﬁﬁgﬁ%gﬁ%ﬁ%ﬁ%&ﬁlﬁgﬁﬂf r%/qg)ao{%ﬁ:agsised that
inducers degstidveth differentiated cells may be particularly suitable for use in methods suitable for
the restoration of functieqiak 3-sinitey spesifieriifesaptiated cell type and that inducers derived from
less differentiated cells (for example stem cells gr fo talncells) may be particularly suitable for use in
methods suitable for B8 RYAESADFFSHRARHALR JLita variety of cell types, for example for use in
methods in reversingkikingraliddesipdpcktaesfiaghs. In certain preferred embodiments the source of
the inducer is h”ma”cﬁ'&n%mg'ih%%%iﬁé@&%?é@ k!}%&ﬁfa&rﬂ@rx 88 5P A 205 HEaRSource. In other
may be obtained from p

embodiments the inducerma _ ants or other organisms. In preferred embodiments
the inducer is from likampisition py sxies ensbvaimastsubirdpeaation BESHETRPMWEM dead tissues.
In still further embodiments, damaged or regenerating tissues may be used. 29



First population of cells The first population of cells used in the methods of invention may be a
population of stem cells or progenitor cells. The cells may be human, plant or non-human animal
derived dependant upon the desired application. In a preferred embodiment the stem cells are stem
cells derived from an adult, juvenile, infant, neo?fate or foetus. In other embodiments, the stem cells
are derived from the umbilical cord, umbilical cord blood, amniotic fluid or placenta. In certain specific

embodiments 6 s430LE5kR MAYbR AR RIS atPH A alnashsiRaaleiseliaalpd from bone

marrow asplrg?éslo% such cells mobilised into peripheral blood for collection by phlebotomy techniques
known in thdminjssgtinn ofe pOGTSP 2iubipchiid emiviirin sIRPLEeHP LEISER Ymbryonic stem
cells. Cell syfare Meskpis;nay.de used to isolate and purify any stem cells used in the invention and
the stem cells may be expanded in number prior to application of the inducer, or expanded subsequent
to the application of the inducer or expanded while in the process of the addition of the inducer. The
exposure te\thenmtiede sabydhendssinighe comptints arcosissudissigicdésy buttiome. The first population
of cells are gultured in vitrg usin n i L indugerin vitro. They are
typically thejzgnf’fl &l ﬁlyeecf}’ Tg?lggtﬁg}é%%é]gri?@ %@%r%(é?f‘?rggﬁgrgefﬁt%%g%@)% t1£<e plag'e or be induced (for
example, 20 minutes to 1 hour, 30 minutes to 2 hours, 1 to 2 hours, 1 to 3 hours, 2 to 6 hours, 2 to 10

hours, 3 to gl @R nBRUE: dOHRPHPRINGed BriceAd(hRistmdd o Prdays: & 19 5 days, 3to 7
days, 5 to 14 days, 7 to 21 days, 14 to 21 ag/s, 510 28.d ‘@,{él t&) 2$§a St'ztl to %ﬁldays or more
than 14, 1819aragy Deplind) (a4 RonL o S PR ST O A FrAVEN 18R Me: fhe signal
required to finglyepihsioaibierenticTionindayeoniyedde doaiblenap pliddtheriavrakitivelyySirorter period of
time. Ethical gnd legal %traintts on saurce. o ceﬂg The inventor and applicant are fully aware of

. NAaucers CEC. ifferentiation OWI 1 (§) . i
potential ethiCal an legal iIssues surroungl?lg the use of stems cells and surrounding the use of
material derived from embryos and foetuses. Those issues are particularly acute when the material is

derived 30rfQm&ifadlssE BREEIHN MRy MaRRr IR INERIRR8d APRIEaRcHl éamply with the
recognised legal frameworks in each country in which they work. The applicant disclaims any subject
matter excli@SaIFETIOPAETHA BIRE B LRI bR ERHES &7 o s%t%‘?é%srl%pg’f%ublic policy (ordre
public). In ppeididahdhe RGN Kedesy prifgenightel vesatryotadinjanftitseslaigas of Whslapplication (or
parts of claiggg ggd}%‘r:oducts recited in the claims) to non-animal or non-human applications, non-animal
or nonhuman products or to the use of non-animal or non-human cells or cell-derived products, to

disclaim the use of embryonic stem (ES) cells and to disclaim commercial and/or industrial uses of

human embyas. SimjlRbudb R APRIRaREEsERES dhafiaht isdigciain orefaad.af medical treatment
carried out on the human or animal body in jurisdictions wherein suc claimiya(\)ﬁe restri@ted by law, by
b AT

attaching aBISKEFHER @rams o aslsr BY By HArS My ShepEre iR ot any method
disclosed hgraib esits 6aiyiee iadided Rithed anigovthriapeyticipiguesknand/ar tweadarried out in vitro
rather than on the human or animal body (for example carried out on a sample or product previously
obtained from a human or animal body or carried out in vitro prior to application to the human or
animal bodyWc@ntagingduitnenetmidignts the inducer may be a nucleic acid vector used to

express a specific nucleic acid, for example a transcription factor in the cells. When such
an inducer is used, it should be noted that according to methods of the invention the
transfected cell is not directly applied to the subject in need of treatment. Accordingly,

the risks inherent in making genomic modifications of organisms is avoided.

The inducer may be autologous, according to certain embodiments. According to certain
other embodiments the inducer may be non-autologous. According to certain

embodiments, the inducer may be allogenic or xenogenic.



The differentiated first population of cells (C) obtained in steps of methods of the invention that
correspond to stage 2 of diagram 1 is maintained in any appropriate culture conditions and
microvesicles produced from them (D) harvested. These microvesicles (D) will be autologous to the
first population of cells. Microvesicles according’to the invention may be any membrane bound
particles obtainable from the supporting media of the cells, or by artificially disrupting, damaging or
stressing the cells in culture. Microvesicles ma | #, | ich they are
produced éﬁca?r é?%ﬁ’/ %ﬁ%lghertﬁéﬁgls Iﬁ%&ﬁeihnﬁ%)%rlfﬁ %c?ﬁgeg(amp g@g%ﬁ%ﬁ‘ﬁtﬁ’i cézg?ltrifugation and/or
density-gradieveradaifdifitionyatne Howleverssnidua inteestmearratis MayRsAdblRQ cell culture and

centrifugegiee atdBAR P daiAR imiaRAHHE iRiiemans seiplabdalaitictidl-free fluid or
supernatant is then ultracentrifuged at 25,000 rpm at 4,({%for 3 hours. From this %yi)in the supernatant is

discarded cahdsehaiviog & srmeshiramiton Haifol Sl St SHEPPSQ REBANEEA W sterile Phosphate
buffered saliagdAipkeairoeaiwishOradtivout206d Trionbé: HofeatniGtéd c0 tymie (s, the microvesicle

suspension is centrifuged at 14,000, com ﬁlg'dtuflorc%g%'éjﬁ'l gﬁtﬁe%@a&gg@&jﬂ&ﬁ%{g}%m stored at an

- ovesicles ton _
approprlatgxfléﬂl? eellgt e U%'I%Ill use. In certain embodiments, the microvesicles or derivatives thereof

may be stesethidagftérensdpprhgofreletienchcrllsinidpsirecly Broprnfeatioheinaeisviiuum. The
microvesicleg gengrated.and haresisd iniRissiagnaseauipiraeumiaile fisdwepulation of cells.

Microvesicles may be harvested continually through the tissue, cuItLé[r]%(Process of. a{g any specific time
of the cultf8tusshparfietHe %ﬂ§ﬁ@ﬁé?a‘fﬁ*é%€’fﬁﬁ‘?’o?fe‘§?@l@sdf‘ﬁ]§§ BLREAEHE PFzen at any stage
for subsequgRtd#saidRoveREERtIglacio bgpaRvittinesiails. Sinh Airstpopadaticrasitbelld, in common

with all cells, will spontanepusly pbe. producing microvesi into.thej £ 4164i4gr The rate at
which micrg\Pé’SFégé%tgr'és%'f%%lﬁ%é%crlnoa@gg rleongﬁflnggnéﬁﬁg%nsgjé% Bg}s‘g%%%urt;reﬁment of the cells, for
example byetixjudisigecpfotheit diferondidtigroxIbo e tealiyienlsestiranednetheddsntiid Mierovesicles

Microvesiclgs;ar. derivativesheranf ey he HsashipBligaihehencives B RasoRdiaansation of cells.

This secon(?\?populatlon of Cells may be cells cultured in vitro or cells in situ i?{}a sub'ea%t to be treated.

Such cells i RERilable @i eHESiAEEPHY A ST A RS L rel o PR A8 ot may be used
in a variety:efi a3l CaHODS G S) difteMenidhcalibing Relivtdgn s wdteivalthisishfesranayore desirable

than foreign or ngnaytologous microvesicles. The microvesicle the | tEQJ? goRununicate, interact
or deliver s%%%rbeéﬁ PP o?%et%lﬁl, Iilﬁgérﬁsféﬁg%én o b‘%’e uéié"%j.’a hg}gg{(%ﬁ% pqgulation of cells, which
may be stefiveelis)tberdiffévishtibt@debatblyrthganiteree éiderivag Sisits tepeame seAsiSraMother cell type

or types i (iRt hyien SUCARIRCIRBAR DR RORAR YRs-hA S seRtinaRuiayar of cells, change

the developmental stage of the second population of cells rejuvenate theﬁ&cond 1population of cells or

otherwise isingyl fiiensa Siiersns SRASIFS AFor CErEPle i Fersvedienss YryalRitPelthereof delivered to
the secondpaptiptian.hseliainpl erebircyinssmdyrireanhaecart Bivencowedsitien or by preparing 32
the microvesicles, in appropriate gels, splutions,.formulation mat{.icers}1 ents, et o fagilitate
communic éid%%lwm P(E -B%ﬁ?scaéllgs?hsord%rs 1!0 W 1c% he presen§ invention a%l %S - .

methods of the invention avoids exposing inducer material to the second population of

cells, thereby problems with immune reactions and transmissions of zoonoses which are

usually present when xenographic material is used as eliminated and thereby make a far

wider range of inducer material available for use and make it easy for a person skilled in

the art to select an inducer for virtually any differentiation pathway.

The inducer may be microvesicles (which may be non-autologous microvesicles)

alternatively, the inducer may be conditioned medium, cell homogenates, or cell lysates.



According to certain embodiments, the autologous microvesicle enhanced or altered second
population of cells may be used for any application. In certain preferred embodiments the cells may be
stored for subsequent applications. The cells may be used whole or disrupted to produce a derivative
thereof, for example, a cell extract, conditioned2fhedium, lyophilate, homogenate or macromolecular
fraction eg protein, peptides, RNA, DNA, lipids or combinations thereof for subsequent applications.
Preparatiop of expradts eLMadOMaRRMIALIARRRS (RYRA B ARKIESINHE KRRWIN the art
According 10 certain émbo |mehEs 0 t?wcglﬁventlon, said second population of cells is'in situ in a

human or asiditibhestipediecTpraigicelberelln ofindesishplanebme My becskursbiBunaiih of cells is in
vitro and the. Meliod8f the By eniQi-arimapicomrise sdncaddlitienglsstap of administering the

second population of cells to a human or animal body following application of said microvesicles or
derivative (ireatizrienef (e br RAALAB S1SE s, The microvesicles of the invention and/or the

second population of cells and/or derivatives of either thereof may be used to stimulate tissue repair,

regeneration éﬁgut\ﬁ%%ygnbord%gr?tnﬁ%r%?s@t Pﬁfu‘fﬁ[%%to%éY%%&?_@&ﬁﬂuW@ﬁfé@ﬁ&&@Promised .
tissues eithir SIAAE Se ACOIOGB A THICrOves les or in combination with any other technique known in
the art to fapilitatsltisingthesalls Rihmiptosaraiptnseting: 2P hBrilieid 1o Ptherapy, stem cell

therapy, organ UARSHIateHSRE 6 TApRIAN S IS RRIBRODE. KIRIARY coNligiRdrepair, cosmetic
applications etc. Medicaments and methods for treag"rﬁlﬁ%apati]?nts The rn{}cro\éesicc; s, or second
i} ol may

population BrEemOlFHariliantes of sheferiiasso st ott8 tRLSIMA T % used in the
manufactugmfdedicemeinisiapdheroiacolade trithtsecraton ércafrslsoratets] bylvredested origin of both the

microvesicien A e Recou dhrRopuatRnalas|sds RElsrRbIANARRASIRdRsubIeCt of the
e’mic cel '

treatment. TheRferovesicles, secon population o Is or derivatives of either thereof may be

delivered térantby Lnipgpgite pricnducsdtatoftbrsigaryed a\teigevirnmsria iR snamPeePin preferred
embodiments faAGIDiaRNis LRAIR QYRS epRRin ieAbemR sl alihefiss pepuigtion of cells was

derived. In certain preferred embodiments the second population of cells, microvesicles or derivatives
of either th&pedtdPrdertelivered, delivered subsequent, or delivered prior to other agents known to
influence tissue regeneration, repair, rejuvenation or tissue enhancement (eg stem cells or any cell

therapy). The invention m loy @ number of approaches 9 végﬁ mggicaments to treat
disorders. | Bél}ﬂe%% 5??%@%%&%#3%% 3 t%rénbarrg&ﬁcgz{t% %?q[ﬁégsi’nvgﬁﬁlgo’n to 51;1 subject to be treated may
be used forirteoftdlivedrrglpu foetsbtissues, adult tissues, regenerating tissues, any type of stem

cells, progenitor cells, and partially or fully differentiated cells or any other cell, organ,
system or whole body source or placenta, umbilical cord or amniotic fluid. It is
hypothesised that inducers derived from differentiated cells may be particularly suitable
for use in methods suitable for the restoration of function of a similar specific
differentiated cell type and that inducers derived from less differentiated cells (for
example stem cells or foetal cells) may be particularly suitable for use in methods
suitable for the restoration of function to a wider variety of cell types, for example for use

in methods in reversing general age-induced damage.

In certain preferred embodiments the source of the inducer is human. In other
embodiments the inducer may be from a non-human source. In other embodiments the
inducer may be obtained from plants or other organisms. In preferred embodiments the
inducer is from living tissue. In other embodiments the inducer may be obtained from

dead tissues. In still further embodiments, damaged or regenerating tissues may be used.



Administration of autologous cells treated or enhanced or altered by autologous microvesicles Use of
microvesicles to transfer autologous surface marker molecules to non-autologous cells or tissue (for
example, cells or tissue for use in xenographs or allographs) in order to make the non-autologous cells
or tissues less likely to be rejected by the immu@¥e system. Such a treatment of non-autologous cells
and tissues is likely to be temporary, but will give the transplant time to become established and for
other mechanisms of immune tolerance to take place. Co-administration of autologous stem cells and
autologous derived microvesicles Subsequent administration of autologous microvesicles after stem
cell therap¥iesthpopalittiogeleeds non-autologous Manufacture of autologous cell types from stem cells

by the procggsepliths Inveon-iar adaipisHairmiAsssifs: Hags veapbsusambsration of cell types
eg neurones, astrocytes, oligodendrocytes etc or single cell %%eno'g/

e eg islet cells, oligodendrocytes,
cardiomyo&irasells onRrogntR edr n Al 5F bt BN BRI, R EN S ?%F\lé i

ré&ﬂl@[ll?nportance in vitro

and in vivojdiavaditRingams tpcrovesiclasdapplifaiinrdd inpsifigecabdlimsermtthd steniagram 1) or stem

cells altered py the man [a tured icroves['hchtg
t an a eu )

stem cells derived from Sllu%?ﬂéjfﬁiﬁﬂfn% %OAP%%WOA%&‘E”S’ cell extracts,

cytoplasm,cg oaﬁfasmlc cosmponen S or molecutar acfion.s't ereof for therapeutic, or any commercial
applicationemboktivats.chintrerd gelinpte duiisdfyoautbronehiigbraihientilierbeedidlesdgenes, DNA,
RNA, protejns, ar: paRiASS, ey Oes melestifiotkosiinalons slmear das Bewdin vitro and in vivo

Any other application or potential application of microvesicle mediated inter ce Iulalécommunication,

delivery or bR maareare pathlerd Fere Gl Gellested Som §oRR PRERNF AR B HSUSE8es may offer an
advantage @bk ssafietdhanphenialtodgausineaibnds Khiebawinthechniques known in the art,

eg by use of GCSF etc. In other embodiments the stem cells are embryonic stem cells.
Cell surface markers may be used to isolate and purify any stem cells used in the
invention and the stem cells may be expanded in number prior to application of the
inducer, or expanded subsequent to the application of the inducer or expanded while in
the process of the addition of the inducer. The exposure to the inducer may be a single,

multiple or continuous process over time.

The first population of cells are cultured in vitro using known techniques and exposed to
the inducer in vitro. They are typically then cultured for a sufficient period of time for
differentiation to take place or be induced (for example, 20 minutes to 1 hour, 30 minutes
to 2 hours, 1 to 2 hours, 1 to 3 hours, 2 to 6 hours, 2 to 10 hours, 3 to 12 hours, 6 to 10
hours, 10 to 20 hours, 15 to 24 hours, 1 to 3 days, 2 to 5 days, 3 to 7 days, 5 to 14 days, 7
to 21 days, 14 to 21 days, 5 to 28 days, 21 to 28 days, 21 to 48 days or more than 14, 18,
21, or 28 days). Whilst full differentiation may take a relatively long time, the signal
required to induce that differentiation may only need to be applied for a relatively shorter

period of time.

Ethical and legal constraints on source of cells
The inventor and applicant are fully aware of potential ethical and legal issues
surrounding the use of stems cells and surrounding the use of material derived from

embryos and foetuses. Those issues are particularly acute when the material is derived



Administration of any integers of the invention to improve tissue repair, restoration, rejuvenation,
regeneration or enhancement Combinations of the above integers may also be employed. In some
embodiments it may be desired to use the invention to generate autologous microvesicles (or
derivatives thereof) to induce the second popudtion of cells (which are preferably stem cells) to
differentiate to a specific type of cell to ameliorate disease, repair damage or rejuvenate or regenerate
tissues, organs or whole sys of the body.. Ta achieve thi k} | ' : ed in a variety
of ways, t ?Hﬁﬂﬁl;e ?Bf‘é{?ﬁﬁ?ﬁh}f\l Hege ar{}}(e) fgégrh{grsat%%%épeﬁ %ﬂ%&%&%ﬁ%@n king,
microvesicieanikett lgatifreramkicimeat s ey dcyhich b vaetaTbe areliea8mbodiments, a patient
may elect c%larsc ax{r?s%g%gu Eél& hanesied fiamiheishafbiRty sy Rilicat ears sthRgheuiBosn infant or any

e r

other suita onor Source or cell line. Such cells would be expanded in the Iaborﬁltory and divided

into aliquote tereteresef WhliRInakioH derda Ry ke RS Y (R R RUCRBYTEFE bY Mmethods known in
the art. Thgsg; golissuetta; Bembelaiarc fatiasppEtmier (esiatost Gaidsmicrovésities would now have
membranes autologous to t?e donor .35 of the stem cellsn;I'Qe% rlp(;ﬁ[ i‘?r?a.lﬂ)ersh@%[ a derivative
thereof) WB"(ﬂﬁe%@rﬁt‘?ec A P@%@é@ghgéﬁ?&ﬁo oS8R Gells trom t%é same patient to induce the
specific diffierentiptidncautatotieuseniororesichetwmentoingo el senseliFAx iyrfrEdistdd stem cell
could then, beusetl e Gy dpeifBRibhRRIAYRYS daR BRY @1aiRa:sl G Arslechupiiverdganked in an
appropriate ce 0

ank for further use. A patient may elect to bank specific cell types or derivatives
thereof in tindustrial vies 9E bz sarseos: SimailarhiiihhABYGBt FFaFReesihed %égpi%:}%y elect to bank
critical cell jypas 68 R8MEANeSRIdIGmQLYiesn Basvieativigsinedlimdyrie yaisdidémsnephrons,
hepatocytes, keratingcytes, muscle cells, ete, thus having the.ahility to L critigal cell types in an
autologou%ﬁ‘?é?&h%gﬁﬂ%rﬁtr 3%[}?@685 ol g%"éh@&%%hﬁ%é%ﬁ qr? g)é%f tﬁ%@v"%ﬁ%gg@r many
advantagespeviéy tHarrant stpror cethbamkinmyofsienicefanyn metbededizstesebhereHeapntastittnay elect to

store their own auf '9%%%-%%@8%%{&% AR dangs ol auiaiRaQus Misovesislas o siasyatives thereof

which had preterably been produced from differentiated cells for later diﬁerentiaTon of their stem cells.

Such an apuroacr BaEd dedr EptsyanRle GRIFS R PEA R RRIG R A SPRIIR¥Med under conditions

to ensure cpiinL@d yiaRilivnaater asienaf boisy oy esialeBsoat ferivatpeas thepplirsiinfikahe to be less
technically demanding b(fc%ﬁe viability will not need to be maintained. The microvesicles and

derivativesh¥BrBSF BPHRE Ation also offer the opportunity for direct application to ameliorate
disease by direct injection into the body as they will have autologous membrane markers. This may be

done alone gr.in com}pﬂnation mtp stem cell injections thus exploiting the full capacities of

. . taining Microvesi . . . .
microvesicles Withou provoking Immune reaction or rejection in the host. This may be used to direct

stem cells fisrdiftensiatey frsepensistigiont arks ERRRRIACA AR AR RSEEEIN S %fa{h?aged tissues and
facilitate engrafifagntintetbeaRPIopHAS YUaR:ARe Riesantinve iiany prprigenmeaniusdvantages

over the use of non-autologous mjcrovesicles_in sych e diments.-ln angther ex. le, the
autologouscﬁﬂel%Q}éss?Bng”&Foa'gﬂ\?Eﬁ\Pég‘fﬁceer%gP glrg‘%nsléﬁ foﬁ) aéﬁ%%éé%%egﬁg%y%évg?%gﬁcer stem cells.

Thus, the a@iplogonsamitoguesiolds Girdgupatisien @8ells. Microvesicles according to the
invention may be any membrane bound particles obtainable from the supporting media of

the cells, or by artificially disrupting, damaging or stressing the cells in culture.

Microvesicles may be isolated from the culture in which they are produced by a variety of
techniques known in the art (for example, differential centrifugation and/or density-
gradient centrifugation). One such technique takes the media derived from the cell
culture and centrifuges it twice at 1800 rpm for 20 minutes at 4 °C to remove cellular
debris. The cell-free fluid or supernatant is then ultracentrifuged at 25,000 rpm at 4 °C

for 3 hours. From this spin the supernatant is discarded, and the microvesicle containing



thereof may be used to differentiate tumourous material into normal healthy tissues. In such an
application, the microvesicles or derivatives thereof may be injected by any route, delivered surgically
or injected directly into the tumour. In this application the microvesicles or derivatives thereof may be
used on their own, in combination with cell therapy or as an adjunct to other therapy, eg chemotherapy
or radiotherapy, surgical ablation etc. When used in combination with other therapies for cancer (for
example, conventional chemotherapy or radjo eraﬁ&t e microvesicles.or ge@ﬁ%ﬂygﬁtﬁnay be used
for their arRENSHIEISARR ‘(ﬁﬁ‘m?ﬂ%%déggée]f i%t%gs cereu%%fp{ﬁdrﬁ%{ﬁ%d% grg%pergite the microvesicles
preferably hasith@ite6 D s E¥paddadaoihamnitindhaorcoerrsolo suspersititype previously
exhibited by igstmoun. iy igmativel g fddiioralbrihe Mcauesisiasar aialeador indeed

e

differentiated cellS of the invention) may be used (optionally in combination with stem cells) to repair or

prevent dafRBKPTHEtD JRTRSERTISS LIRS -t Spp PetiTR ISR the fiETRVEFIRIES Chemotherapy or
radiotherapi{inivRiIh&GaSEntBS badired 1eseddrnBetiigdsdagenaminifryricrovesicles, differentiated

cells or derivatjves of either thereof is preferably has a phenoty orre in ealthy bystander
cells or is dY?B%B?WG‘ H rﬂ?%'t‘éfﬂ’dggcee écfgﬁe‘ﬂ%gr%é) TS a}%%tﬁ fo'5e ‘It)(r%%?él(lig Bgé%rgr%hemo or
radiotherapythaghsan siaftesd popdadimheicelamyleroxgsidiermaydy breeessdspnibmatly aged stem cells

back to & yaunag QAL BiRfENRe.coddyihhape:Mera mansnpn diniam galie back to focta

mesenchyma(f emc rapy or banking, thus improving their own autologous stem cells for

regenerativellsr serrEnEgaisEsicles et bs PResAgRdrer Karrnab ey Srshd f8¥Fhay be used in

anti-ageinglgeqlgi'ggﬁ@rﬁﬂ@ mAsRusatisveiRIeng human life or reverse age related damage. In a yet
further specific embodiment, the invention may be used to improve reproductive tissues by

replacement with autologous stem cells mediated; autologous microvesicles, or a combination thereof
This wouldTie 6ifgeaukaioe of cejsain cegenaratibral ceipladk spentaof onvalyihe RisdueB®r testicular

tissues in the treatMent o infariin.s hdheNegernobiiny sist AL edsedigennance repair,

i
regeneration, and rejuvenation in any tissues of the body caused by trauma, disease, ageing or other

effects on thesudipnailz pertiecedibomeaishrap@ b ehifis Fellsy [Perternle Py SRS Qhitologous cell

extracts, whple«sells. £ 15peRi6 UepappllipIamesic aRiesmsRIY. preserved cells and products or any other
product for use in the general field of organotherapy, live cell therapy or glandular therapy; broadly

defined but not limited to, the use of cells or cell fractions currently obtained from foetal organs of
animals to Tentsdidddike@esichgduce an anti-ageing effect in humans. A novel aspect of the invention

would be (e manleEe ALauoIIRHRME UL QAR SNPIFD MYHIPE Palesdp Lse and have better

effects in the recipient organism. %e and microvesicle banking According to certain preferred
embodimemepolatinn wletlisd SThistrreonddnnslationeeé Gells e bhcellsiyrad érpyram a16F Leps b) and c)

and/or steps, ¢yanf.dLde; idrtRereateRstabpthakinenthsvendnehafitha tnmesliagels preceding step

followed by r_elocati_n? said product from sfaid bgnk. . . .
microvesicles or derivatives thereof may be used in a variety of applications where

interventions using autologous materials is safer or more desirable than foreign or non-
autologous microvesicles. The microvesicles of the invention communicate, interact or
deliver specific cellular information, instructions or products to the second population of
cells, which may be stem cells, or differentiated cell, progenitor cells, egg cells, sperm
cells or any other cell type or types in vitro or in vivo, such as to change the phenotype of
the second population of cells, change the developmental stage of the second population
of cells rejuvenate the second population of cells or otherwise modify the second
population of cells. The microvesicles or derivatives thereof delivered to the second

population of cells in vitro or in vivo may be enhanced by a composition or by preparing



Preferably, said banking involves freezing said cells or microvesicles or derivative of either thereof.
Alternatively, said banking involves freeze drying or lyophillization of said cells or microvesicles or
derivative of either thereof. Compositions The present invention provides pharmaceutical
compositions. Such compositions comprise a tB2rapeutically effective amount of a Therapeutic, and a
pharmaceutically acceptable carrier. In a specific embodiment, the term "pharmaceutically acceptable™
means approved by a regulatory agency of government or listed in the U copeia, the
European H‘relf]’kc'ig %ggcgbaé?g}/%? o%ﬁ'eéé E;SénS%g)Fgl?fllsfeggaHl%{éo %hrg%ﬁg%cségieg@%{rg&%e in animals, and
more particaddithtdcdomansaticnertishrecpaeniestllsfers to a diluent, adjuvant, excipient, or vehicle with
which the Therapeutic is administered. The 38 composition, if desired, can also contain minor
amounts of wetting or emulsifying agents, or pH buffering agen_t%. These co‘ginj%?sitg)ns can take the
form of soldserrding iofsHiain e imsis, heaurlogans R FYESS , AbtsiRed-release
formulationgang ghsuliter Formrnp esa9bs uwiiedlerpgappltetiten| lnawsienis arefaesiribed in "Remington's
Pharmaceutical Sciences" by E.W. Martin., Such compasitions will ¢ i jgally effective
amount of ?Hg’eldﬁlé‘ﬁ%setgﬁ ,%Fé?@?’a%?ﬁ%r%du% i8a’ie “é,)qoad’é’ C?Fl\?\ﬂ?hogﬁs%%a @%%E%%%f carrier so as
to provide thiefoomdismpreber mdduvicestdztivatie therpefiifrite FmptorArabgsiiashould suit the mode of
administration,:|n, & RIRIAHSH FORAANSBmiecRBPRaiombtIm tatedn @sraetiance with routine

procedures as a pharmaceuftical composition adapted for intravenous administration to human beings.

Typically, dehijsissifona.ONAxr Hpidson sombinaionsthsteaf d e shhssaem %?éﬁf@tf%%nic aqueous buffer.

Where necggparmidhecamaassiondnanaleaindidtoasolblisiygageohaindekioral anaesthetic such
as lignocaine to ease pain at the site of the injection. The amount of the Therapeutic of the invention

which will B&&fective in the treatment of a particular disease or disorder will depend on the nature of
the disease or disorder, and can be determined by standard clinical techniques. In addition, in vitro

and in Vi"oﬁ&%%%%@@%e HODANL &6 SMAIPYRA 10-heNR, I dartibeQRIBph AAsAGE daRaes, However,

suitable dosage ranges for intravenous administration are generally about 20-500 micrograms of

active compiniart yarat g raim R welgrerans ire oL AHE GRS 53858 A dministration are
generally aoui£:6H 578419 i oslyimeightde henpiketindinveaighi opfieatlyedosessmby be extrapolated

from dose-response curves derived from in vitrg or ani lOarlll Mad fsl ggs systems, A M:ﬂg dose for a

human mighiHe18 HER8 AT THE SHTaRE LB 8P R TR RS B NG breferably 40 pg to 2 mg, preferably 100

pg to 1 mg feitefanatiyptibatindb suid (catoutatddsaithieripaivgisoenf Weigjdsescad total dose per

individual). Suggggitorfigab enerally contain an active ingredient in the range of 0.5% to 10% by weight;

oral formul&G6ns prrtla?era y contain 10% to 95% active ingredient.
The microvesicles of the invention and/or the second population of cells and/or
derivatives of either thereof may be used to stimulate tissue repair, regeneration,
rejuvenation or enhancement by direct delivery to aged, damaged or compromised tissues
either alone as autologous microvesicles or in combination with any other technique
known in the art to facilitate tissue repair. Examples may include but are not limited to
cell therapy, stem cell therapy, organ transplant, tissue transplantation, hormone therapy,

surgical repair, cosmetic applications etc.

Medicaments and methods for treating patients
The microvesicles, or second population of cells or derivatives of either thereof according
to the invention may be used in the manufacture of medicaments and protocols to treat a

number of disorders, where the origin of both the microvesicles and the second



39 Pharmaceutical preparations for topical and local use are, for example, for the treatment of the skin,
lotions and creams which comprise a liquid or semi-solid oil-in-water or water-in-oil emulsion, and
ointments (which preferably comprise a preservative). Suitable for the treatment of the eyes are eye
drops which comprise the active ingredient in adifeous or oily solution, and eye ointments which are
preferably manufactured in sterile form. Suitable for the treatment of the nose are aerosols and sprays

(similar to thaseyserin.the T SABERHPLHEERIRNGITASY oA BEAAWAE R Which are administered

by rapid inhalation through the nostrils, and especially nose drops which comprise the active ingredient

in aqueous BYGRYestsigticRc i eulrsiombebsehe A derivasiarebeideen thatrel B Redslyeeedinich

comprise the actiyeipappeiprbio dumeeSigREaseMybistgid0iinpRatatiod. ureatadic or tragacanth, to
which flavourings 1311a%bb%.add(gsdt,hg}ndcpasrﬂlEta\%h\évhit%(t;l c%rl?sp%an th% a}%‘iﬂ% in%?tdc;?ﬂlteiﬁr% inert mass,
for examplepgf gréfat?ne and" g?ycennrg 1'l%ugglr and gL? arabic. PRAMacedtical preparations suitable
for administpativlatinnthéclswes derivsd!sio cerinmdorradriveb ddinswmiintescsontpieytimmaceutically
acceptable SplARL U RARIESHERAN LI BPSHAINMRIR 2 0 CA MRIK& OciHhegolvents. They may,

as necessary, comprise other pharmaceutical adjuncts, such as non-ionic or anionic surface-active
agents, em HaRICHner Selbifeh Brightp AbsTR860E Tl ermsmBsRmReeasiatio8pecially
advantageoksphirtheyeantida orieshydine peppel l@alsgns colictr agpeeingdrasyynder elevated pressure
or especially with a readily volatile liquid, preferably a liquid that boils under normal atmospheric
pressure below customary room temperature (for example from approximately -30 to + 10 C), such as
an at least paiaiieiftimorinayeuhpblyhalogdeatd dipwathaidareo dlamedicamenfsigdietiguids. Such
pharmaceutigal MEParAHioRs IR RHERR Bradosinags ARdHRRSales QbR e spixtures for the
preparation of the corresponding medicaments in finished form, comprise the active ingredient
customarily f§aied shrochrusid dos trofpllaping ArERRET 0.1 to approximately 10% by weight, especially
from approximately 0.3 to approximately 3% by weight. For the preparation of medicaments in finished
form, such a pharmaceutjcal preparation is introduced into suitable containers, such as flacons and
pressurised bottle$, whi d&?@‘ﬁf’%\'ﬂ%ﬁ%ﬂ?‘?lggﬂﬁ 5p 39??&?%‘5 8’?%:9!%5 §ﬁﬁ§5‘i@f such purposes.
The valve is preferably canstogotsdrivitneesizins of a metering valve which on operation releases a
predetermined amount o{lligg}d f:c?(r)(%gtp n ion% atnos gﬁq%t%ﬁlmisne% éjeo%gr grthe 1%891%‘3 ti(glgredient. In the
preparation of the finished medicamen orm, It's aiso pos‘%lbfe for correspor?&?ng amounts of the
pharmaceutical preparation-gntstageowotalioarfbssmedifer oxamelpropltdiantsebéormipeduced separately into
the containers and to be ixed Wit ONGBRBIRE Ak Alhaks e GoritaeiRdMIBisIation Delivery of

products of the invention to a subject to be treated may be achieved by providin%the product locally,
such as to the appropriafSteslesbiirian besriessthyd e iemRhisysiFftion sk thEAIBElct may be
intravenous, rectal, oral, éfitiseLdatoiogiansstodnd iisaeatidiialy initanpuspolar, suboilbgieous,
cutaneous, intradermal, {piragranial, laraihaccal, uaperionsal donical. IARleUralinira-orbital,
intra-cerebrospinal fluid, meiranoaﬁr,lm{rﬂa esional, Hrans ermal, In ranasalr?or other mucosa, pulmonary,
or by inhalation to a site infinreedsterfnee todealecplacay, for example, be provided by local injection. The
product may be provided Ry, Inig A% B0 R RIRRLIRSIEHUALNGE WeRsELINEAAS to the desired
target site. The product may be administered by local injection to the deSired tissue. The product may
be administered by any SHfiRVESIES mentioned herein such as infra-muscular injection or by ballistic

delivery. In some Gases fipdasrlinedislalivenidnay HeRalievartRRcaURS thetesuslis provided in a

form that specifically targ%ets the product to the chosen cells. For example, the product may be
provided in liposomes or-BTHEY SARFEBUQIREOHS FE A SHIRIgEMIecules for the specific desired stem cell
type. In many circémstandesufaitioy 68 ilesogoaseells gt feoin\santieplwibynatalbecaitin surface
molecules for targeted deliyery, n prefetred embodiments e productmay, i admintered via direct
organ injection, vascular access, or via intramuscular, intra-peritonedl, or sub-cutaneous routes.

Veterinary use Products @hdypesthgadswbnhs astreation otiggdspdusifivaieloonsgiptisdéll veterinary and
agricultural applications %éfﬁﬁ%@g&%iﬁ@@@éﬁ%@%& HASERAE JEYE Sk age related



41 damage, improve reproductive function and extend reproductive life of valuable animals, for
example endangered animals or stud animals. Cancer Treatment The conventional view of
tumourigenesis is that a cell must accumulate a number of harmful mutations to particular genetic loci
(specifically tumour-suppressor and protooncogdnes) and that such an accumulation of mutations is
required and sufficient for the cell to become a tumour. Such a view underplays the role that the

environment to which a eil is exposed to and the. signals that a, cell receives from other cells has in
the development of canéf e #8?‘81%{:;{?{5%1 é&)%&%?ﬁ%ug sscitr?ge Fseﬁlgl %115 rﬁ%m %erénof a cellular
community wherein the saohumdeémbier isaepoivghneigraperiolss mensiaaedbhstaghéréatells in the

community. Itis hypothqgised,that Manu AN 9S8 SIANAISALe.ARRHRY S RYIBiGFaYesicles. Example 6

demonstrates that cancer can be treated by providing microvesicles-conveyed signals to cancer cells
to bring them back into FRIETOTRSIFIStIC uses "Cosmetic use” includes products and methods involving

placing active aggnts in paptactvild eaxdssbef R IB XK abBersas, efibidastbject's body (that is to
say, the epidermis, hair system, nails, lips and exte ng}la%%lital or%ﬁ;lns%fotr \rNLﬁh the ttcleet(t]rand mucous
membranes of the oral &é{%ﬁﬁ)ﬂﬁfﬁf?&‘{ﬂ%ﬁbﬁ&éﬁ@fﬁ" ARPES BRERIHG themP he

Ing them, perfuming them,
changing their appearantg,oroteetiiag dhedivatiejuvenating them, keeping them in good condition or
correcting body odours exceptuhers suehleanig. BeAING.LIRIRGHRG. SRARAIDGkeeping or
correcting is Wholfy for the purpose o]; freating or preventing disease. Cosmetic uses and products
include products and segeisshe:. e torrieidsas pepithues s OB AYRIemi-invasive aesthetic

products and services (examRlaR Al SHERIRVAN¥ERR I UHBYVASVE aesthetic products and services
include (but are not limited to) wrinkle fillers, collagen fillers; body lifts; face lifts; eye-lifts; neck-lifts;

arm lifts; hand lifte; and & Iteer2pRlisation or eeriiah apr A RiBFuETivs Red#ad botox (or
substitutes) 42 injectiongisyiflalyiRvniatiecaset, dshierng samrhdrefitialwhaade imstheir human
appearance. Examples of autologous manufactured microvesicles may offer an advantage or be
safer than non-autologous methods known in the art

° Administration of any integers of the invention to improve tissue repair,

restoration, rejuvenation, regeneration or enhancement
Combinations of the above integers may also be employed.

In some embodiments it may be desired to use the invention to generate autologous
microvesicles (or derivatives thereof) to induce the second population of cells (which are
preferably stem cells) to differentiate to a specific type of cell to ameliorate disease,
repair damage or rejuvenate or regenerate tissues, organs or whole systems of the body.
To achieve this, the invention may be used in a variety of ways, these include but are not
limited to autologous stem cell therapy, stem cell banking, microvesicle and derivative
banking and storage etc. In further detail of these embodiments, a patient may elect to
have stem cells harvested from their body, or umbilical cord of a newborn infant or any
other suitable donor source or cell line. Such cells would be expanded in the laboratory
and divided into aliquots. One aliquot would be induced to differentiate to a desired cell
type by methods known in the art. These cells would then be used to harvest

microvesicles. Said microvesicles would now have membranes autologous to the donor



The invention is demonstrated by means of the following non-limiting examples: Example | Improved
differentiation of stem cells mediated by autologous microvesicles manufactured by a method of the
invention compared to non-autologous microvesicles prepared by methods known in the art. Aim To
test the potential benefit of autologous microve&icles compared to non-autologous microvesicles in
inducing stem cells to differentiate to a specific fate. It was hypothesised that the surface membrane
properties of microvesicles may influence their ef(#g:lenc in fusing wit inl rther, that
autologoué’%&ﬁ%@s‘?ﬁ%s %%Wb‘iﬂ?ﬁ%%?&&f&ré‘e fhvsﬁ%%eéqﬂrl\e et%%%”%‘é%@n%%g%gg\%%ggimulam for
specific stesaelktiiffererftiatione BténmtiitsStepittatib s tieoverifisdigiHalidtem cells were

harvested Jéﬁﬂﬁg%?%%%@%@é&?ﬁ%ﬂh@o@%‘%kﬂa%'8155.0%@%@a’&{tfﬁé&@wm gaakiliaaiion of these cells

using GC Into a 174 ml plastic culture flask iFaIcon) in alpha—mgm media with 1%
&

penicillin abelusadpisailcin whellyouiodoaeas dhsrastanthecalls RRAer YRS Rt B8 Atter 48 hours,
culture megligyanrhanasdiand celiewashadoitnREy ofdherbnikpatfichyihgpstem cells were
retained and fed with fres# culture media. %ell%were rrrl%' é[z%ineij iﬁﬁ S%grltucrf %Qttiié&ﬂ;?y reached 75%
confluence SHRATYAS LRI B CaEH R REE G AP B1at85 Sekded Tor experimentation. 43 Microvesicle
preparatiodileaalisgnomps ¢hicroyemiklestivareslbtinte degfhreur o, corditioyray e BCIORIa was

ﬁa&ﬂ% Ach& Rramevadeliiadelris:d hinusell-free fluid or
e

centrifuged icel até;l%glg,‘gg go
| ). . .
supernatarlﬁ Sva(fgt r11]u tracgefcltn?u d at 25,000 rpm at 4 C for 3 hours. From this spin the supernatant

was discarbisdnathe #hdinitrdoakitlecttisahasthy prsiora e e S d R deL SR i sterile phosphate

buffered saling (RBSerRilen i ardnankith 2 Roiaa offd0Q-al4dviar3esirntesrditstricrovesicle

suspension was further centrifuged at 14,000 rpm at 4 C for 1 hour. The product was stored at 4 C
until use. cell banking practices.

Tn another example, the patient may elect to store their own autologous stem cells and a
range of autologous microvesicles or derivatives thereof which had preferably been
produced from differentiated cells for later differentiation of their stem cells. Such an
approach has the advantage that only stem cells will need to be maintained under
conditions to ensure continued viability. Storage of microvesicles or derivatives
therefore is likely to be less technically demanding because viability will not need to be

maintained.

The microvesicles and derivatives thereof of the invention also offer the opportunity for
direct application to ameliorate disease by direct injection into the body as they will have
autologous membrane markers. This may be done alone or in combination with stem cell
injections thus exploiting the full capacities of microvesicles without provoking immune
reaction or rejection in the host. This may be used to direct stem cells more efficiently in
terms of their differentiation and/or migration to damaged tissues and facilitate
engraftment into the appropriate organ. The present invention provides many advantages

over the use of non-autologous microvesicles in such embodiments.

In another example, the autologous microvesicles or derivatives thereof are used to alter

the phenotype of cancer stem cells. Thus, the autologous microvesicles or derivatives



Experimental design Autologous microvesicle treatment group: One six well plate of mesenchymal
stem cells, prepared as above, was induced to differentiate to a neural phenotype by adding 1 ml of
media conditioned by brain extract. Brain conditioned media was prepared by homogenizing a
postnatal day 5 whole brain in 30 ml of a-mem fitedium for 15 hours. Supernatant was prepared by
spinning the media for 20 min at 3000 rpm in a bench centrifuge. Clear supernatant was collected and

was double filtered to.ensure. it cell free. Conditio e? ia %1' ft 'mj e.Siem 1%ell cultures for
24 hours, cte geev%nrlgytﬁgrlll S\/?/aé é\{(figrr? tbtgctglg(l)ﬁr M .8 erléig%g%gola. A eélr a%rst er 24 hours the fresh
media fromsedicinagilioftioe, e mzkiavesields stedarbaliy ey skerrafumaydet iviestred by @sitle extraction as

above. ThesemigVESIER faMitohaye-ibemempraray alii &f themeginalaiameslis and thus be

autologous in nature to the receiving stem cells. Non-autglogous microvesicle tregiment group:

MicrovesiclBiCiRuesi I SaAeH LNF L HRetenb ey PE USeH FBRHT Siin'R SRTAIAYER WERTHA unrelated

Hooded Lisiefdigy whesa stgmtelsihacthessykaikansitierapyideriitaihecnditiangidainedia to induce
differentiation. These microvesicles were lied.to nor%uer 6 well plate ’3%781. '[éal stem cells and
thus the migl%l\tlleogice;sf%s%a?&l eegﬁ%ﬁ?glu 8%%%{% &)otﬁg inal Pé%ﬁg?err%ltal%‘:eﬁf;{fg on &%efentiated
autologoussteimtetia chematbdraniceovedivlesamnidhevaisicleesipispoplep st 818y s ditRsrentiated

autologous stem;cells fronsuPediaAineshag aschrvaRE: aBRIiRteRas €0 shatielgous culture of

stem cells. 44 All rgcelving stem cells were from the same original ,sam[ljlle. 72 hours after treatment

cells were STSJEYFEITIES RYATTATOR ISt RRBASRILPS A FSROBLNG AR S B AN ST H @ Entiation (NeuN,
Map2). Thephetivlpe pievedssBxpBissiapby tikeiacheskienatt e liiswalydingrediyriting the number of
expressing r%ﬁ:lll‘g e(s:firclveiéS gl‘a ligirpi‘\l/%t?\;seg (Oo/f" i%'&‘e:eed'3&?&9&%&?&%5@%&% {}Ilsgnl}&ol\r/ll?r%%y be used

(optionally in combination with stem cells) to repair or prevent damage to bystander cells

and thereby reduce the side effects of the chemotherapy or radiotherapy (in which case

the inducer used in methods to generate the microvesicles, differentiated cells or

derivatives of either thereof is preferably has a phenotype corresponding to healthy

bystander cells or is or is derived from bystander cells taken from the subject to be treated

before chemo or radiotherapy has been started.

In a further example, a patient may elect to rejuvenate aged stem cells back to a younger
form or phenotype eg adult bone marrow mesenchymal stem cells back to foetal
mesenchymal stem cells for therapy or banking, thus improving their own autologous
stem cells for regenerative or rejuventative therapy now or in the future. All integers of
the invention may be used in anti-ageing medicine and may be used to prolong human

life or reverse age related damage.

In a yet further specific embodiment, the invention may be used to improve reproductive
tissues by replacement with autologous stem cells mediated; autologous microvesicles, or
a combination thereof. This would be of great value in repair, regeneration or

replacement of ovarian tissues or testicular tissues in the treatment of infertility.



% Neutral expressing cells Autologous Microvesiele Group 79% 81% Non-autologous Microvesiele
Group 26% 22% Stem cell Microvesicle Group 0%
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The integers of the invention may be used to enhance repair, regeneration, and
rejuvenation in any tissues of the body caused by trauma, disease, ageing or other effects

on the body.

In a specific embodiment, the invention may be used to generate autologous cell extracts,
whole cells, freeze dried cell products, cryonically preserved cells and products or any
other product for use in the general field of organotherapy, live cell therapy or glandular
therapy; broadly defined but not limited to, the use of cells or cell fractions currently
obtained from foetal organs of animals to treat disease or produce an anti-ageing effect in
humans. A novel aspect of the invention would be the manufacture of autologous live

cell extracts which would be safer to use and have better effects in the recipient organism.

Cell and microvesicle banking
According to certain preferred embodiments of the methods of the invention, there is
between steps a) and b) and/or steps b) and c) and/or steps ¢) and d), the further steps(s)
of

- banking the product of the immediately preceding step followed by

relocating said product from said bank.

Preferably, said banking involves freezing said cells or microvesicles or derivative of
either thereof. Alternatively, said banking involves freeze drying or lyophillization of

said cells or microvesicles or derivative of either thereof.

Compositions

The present invention provides pharmaceutical compositions. Such compositions
comprise a therapeutically effective amount of a Therapeutic, and a pharmaceutically
acceptable carrier. In a specific embodiment, the term “pharmaceutically acceptable”
means approved by a regulatory agency of government or listed in the US Pharmacopeia,
the European or UK Pharmacopeia or other generally recognised pharmacopeia for use in
animals, and more particularly in humans. The term “carrier” refers to a diluent,

adjuvant, excipient, or vehicle with which the Therapeutic is administered. The



0% Discussion: It can be clearly seen that the use of microvesicles can induce differentiation of stem
cells confirming the findings of (Aliotta et al. 2007; Ratajczak etal., 2006). However, the use of
microvesicles generated by a method of the invention, a two stage process of inducing stem cells to
differentiate to a specific cell type, then harvestir{bgmicrovesicles from these cells after differentiation
for induction of a second aliquot of autologous stem cells, produces a profoundly better inductive

jsignal. dFBftV@fmﬁﬂﬁﬂ&ﬁ?ﬁ?@&ﬁ&ﬂﬂé&ﬁéﬁd&ﬂl@i&ﬁ;ﬂé@%ﬁﬂé @l@e'ﬁgfg:lﬂcea[@@fﬁ&ﬁﬁg @@ﬂt!}j‘Ve l()jeen
induced by aut ous.microvesicles thus proyiding a stem cejl and/or stem cell generated product
which woul GRS R AR LTS P URGE D LA TSP wos sl
noted that yndilﬁﬂei@ntﬁatbtk,atﬂm c@bgbﬂ@mwmmadasﬂ;iele@dmigﬂmm@m&ﬂdkative e_ff_ect on
stem cells '”E%H{-Hl@s mﬁ Bhé%ﬁaﬁ!é{ﬁiQQ%Hﬁlig}Lcé%Vféi‘,%%e%riWﬁgeﬁ{ g@ induced repair in aged

rat compared to existing non-autologous equivalent methods. Having established an advantage to the

methods clafEmasanicahveisnses fdrRabioetinmisedasmaesifonced feRigdmbation, their efficacy in

an in vivo magedpvascexplaredivié Wasuypothe piseshbthat Nasradbpad pusindereuasicladngduced
differentiation, known jn the art m é/chan e the surf%é:e cf%graclft?eristics of a recipient cell by the nature
of their contABLkAA LI AL AL CHRIE SR ALFP S S 1R 5 PERPELABIBI SR Ring their full

potential of rdpaatiesgfter itionietiotishondp suativeriodetif adnsisistatipicells may be destroyed by the
host immune system. The test employed was a cognitive test of spatial memory, the Morris water
maze. Aged rats are known to be poor at both learning and recalling this task. In brief the water maze

is a plastic tAmR Aremeh ephadkbrgnfiidg orrpositoniafermmlaedinaperarage BithsRIiEy the addition of

powdered mpoéedeeRcRal shivpiden sevargesiescanpdiriipiniocatad damifixgdideassion in the pool
relative to oalffvious Iandmasrks,in he laborator .Fach rat in training, received 3 trials of maximum 60
f 'd‘?i%/fs 0

second duratiSAABECHSy by RN ssemRoattaRion R Ry e RAdmEstaTD ASa SR RS latform is
recorded. If tierikrisvtahfadquenicdatffaheVpheitonmedssargehntlyompdsddo ity pladforciudend is allowed 15

seconds on e Rk LI AN bea tuatimale AieR IR Re R BALIG R ARG qiso alowed the
same orientation period.” At the termination of each trial, animals are returned to a communal drying
cage for a rdBi9gEeibd of 15 minutes prior to their next trial. At the end of the three day training period
animals were maintained in communal home cages before having a single recall test 1 month post

training to assess Ionit%rm emory of the task. Ypun(%t‘[gts readily learn this task over the 9
acquisition tiaf2BAYEA e%l@éﬁ@?ﬂtf%Bgfpﬁ‘Wﬁ@“Pé‘rm BrY b cftesilvenp s Bertmegtfition
evidenced by pacicabirdipeasecondivoedervilhteperdianty tatirdothaddildase pladissrdeanadoor long term
recall becaugg, %(% %@%Jrﬁlﬁéﬁs‘?&f%ﬁﬁg&%ﬁg@ﬁ%&%&%ﬁﬂ&n- RS 5eSL A Sy, wetg 2!l Sprague
Dawley rats aged between 501 an ays.

may optionally be employed to help identify optimal dosage ranges. However, suitable

dosage ranges for intravenous administration are generally about 20-500 micrograms of

active component per kilogram body weight. Suitable dosage ranges for intranasal

administration are generally about 0.01 pg/kg body weight to 1 mg/kg body weight.

Effective doses may be extrapolated from dose-response curves derived from ir vitro or

animal model test systems. A typical dose for a human might be 10 pg to 10 mg,

preferably 20 mg to 5 mg, preferably 40 pg to 2 mg, preferably 100 pg to 1 mg,

preferably about 0.5 mg (calculated either per kg body weight or as total dose per

individual).

Suppositories generally contain an active ingredient in the range of 0.5% to 10% by

weight; oral formulations preferably contain 10% to 95% active ingredient.



46 General methods: Three groups of animals were studied: Group |: Autologous microvesicle
stimulated autologous stem cells Group 2: Non-autologous microvesicle stimulated autologous stem
cells Group 3: Autologous stem cells only Stem cells were injected intravenously into the tail vein of
the autologous animal. 300,000 approx. cells ir8& 0.3 ml injection using a 27G needle. General
procedure: Autologous mesenchymal stem cells were obtained from peripheral blood of each identified
animal. Cells were maintained in culture and expanded into 175 ml plastic culture flask as outlined in
example 1. For each animal in each group the method was as follows: Group 1: One flask of
autologousPhtemacellici iempaetiont fovaspmahsad tocdifies ardidoes erempleuifar Bl tsAERRIY pes by the

administraog, ot aglull ealnL DRLIIAVH TR AR R SHRPC: AbAKSoRYBLFR NG B Mecia was

collected from these cells and processed for microvesicles as described. Microvesicles from induced
stem cell popEatiopileerione and SEtmE s Hhish PRREERAPRHPRBHIE A RESEEENTY autologous stem cell
population §giemcRISR rddiRse: BieEe gsiciasessb drlgsoonidirdhpriie uativaine ingleditierentiation signal

as they are now generated from neural phenot byt. their membranes will b tologous to the
second batl&f‘%lfegi rc%‘ﬁ%ﬁﬂ)%ﬂ%ld %%elg?eoﬁl%?reﬁép ﬁ%&%‘égﬂepp ?%%@}ﬂglsaﬁ%g %%rr;%-%ﬁ[ologous stem cells
(stem cellss}itecfrprinSeitdolcftfetertietenitoofierabseil phanstus byrae (atmilati&ration of adult
brain condigigned magiaefaReHRGARROYRAF i bR daNamegigged from these cells and

administered by rapid inhalation through the nostrils, and especially nose drops which
comprise the active ingredient in aqueous or oily solution; suitable for local treatment of
the buccal cavity are lozenges which comprise the active ingredient in a mass generally
formed of sugar and gum arabic or tragacanth, to which flavourings may be added, and
pastilles which comprise the active ingredient in an inert mass, for example of gelatine

and glycerine or sugar and gum arabic.

Pharmaceutical preparations suitable for administration in the form of aerosols or sprays
comprise, for example, suitable pharmaceutically acceptable solvent, such as, especially,
ethanol and water, or a mixture of such solvents. They may, as necessary, comprise other
pharmaceutical adjuncts, such as non-ionic or anionic surface-active agents, emulsifiers
and stabilisers, and also active ingredients of other kinds, and especially advantageously
they can be mixed with a propellant gas, such as an inert as under elevated pressure or
especially with a readily volatile liquid, preferably a liquid that boils under normal
atmospheric pressure below customary room temperature (for example from
approximately -30 to + 10 °C), such as an at least partially fluorinated polyhalogenated
lower alkane, or a mixture of such liquids. Such pharmaceutical preparations, which are
used predominantly as intermediates or stock mixtures for the preparation of the
corresponding medicaments in finished form, comprise the active ingredient customarily
in a concentration of from approximately 0.1 to approximately 10% by weight, especially
from approximately 0.3 to approximately 3% by weight. For the preparation of
medicaments in finished form, such a pharmaceutical preparation is introduced into

suitable containers, such as flacons and pressurised bottles, which are provided with a



47 processed for microvesicles as described. Microvesicles from induced stem cell population A were
resuspended in fresh media and applied to a second (host autologous) stem cell population (stern
cells B) identical to group 1. These microvesicles should contain the inductive neural differentiation
signal as they are now generated from neural pHenotype but their membranes will be partly
non-autologous to the second batch of stem cells (B) and the intended host. Group 3: Autologous stem

cells (stem cells B) were cylture scribed but nottreated wit IC icles. All three groups
were compsal'?réléf i%}/rll%eno r(‘alélit‘_ée g%aé%?%%%cﬁuec Bgrr?t?%elsartﬁtrﬁwea%?v é% r?%%&é%%%ﬁ%ﬁht identified
animals. Tdbtifigrofofrenastiriagsvebinminked Queition jsieashsje otieteirRainatameymieEussion Untreated

aged rats Sﬁ@ﬂ@%&%ﬁ&gﬂg@ﬁg% IMRAMEMERIIRIQCARE SheveIBlR AR ethR Branaktiviion trials, with

a mean latency on tria 6 seconds. Similarly, they showed no long term memory at 1 month
(mean 60 fdiejshatemedisagns b it fdtidl et ?f‘@a&%faea?ﬁr}%% @?Bﬁ‘ﬁ%ﬁrp&%y show some
improvemepiiBiattticinprépaeaivainialcR ywasicd feancmnds)fbhd shpeleatiobe lacatlwedr 3 days and
this learning curve wa or compared istorical data far ng rat '% an approx. 6-8
seconds). Ee Siia ,teg}'olﬂ%%ggﬁg\?&gl er%ts)%‘r}]%o}}éerrnﬁu%(g?:glﬁgt%%afgrﬁlggt i e%gt%%sr%%éls in group 2, treated
with autologous stem cells primed with non-autologous microvesicles did show some improvement by
trial 9 (meag 24 seeRndsiiaubshowed poor recall at the 1 month retest (52 seconds). Animals in Group

1, treated with autologous stem cells primed with autologous microvesicles shoywed excellent
acquisition Be#YEYPERLICE Ridhe Mverg o tam Htiesidn §)?r%?ﬂ1@ﬁyth%§°ilfﬁ¥\ﬁghyexcelIent recall of
the task at fhevidin@b pri¢sst ey, blchesandr)appropriate tissue or organ. For example, the

administration of the product may be intravenous, rectal, oral, auricular, intraosseous,
intra-arterial, intramuscular, subcutaneous, cutaneous, intradermal, intracranial,
intratheccal, intraperitoneal, topical, intrapleural, intra-orbital, intra-cerebrospinal fluid,
intranodal, intralesional, transdermal, intranasal (or other mucosal), pulmonary, or by
inhalation to a site of interest. The product may, for example, be provided by local
injection. The product may be provided by injection into a blood vessel or other vessel
that leads to the desired target site. The product may be administered by local injection to
the desired tissue. The product may be administered by any of the routes mentioned
herein such as intra-muscular injection or by ballistic delivery. In some cases the
localised delivery may be achieved because the product is provided in a form that
specifically targets the product to the chosen cells. For example, the product may be
provided in liposomes or other particles that have targeting molecules for the specific
desired stem cell type. In many circumstances microvesicles and cells of the invention
will naturally contain surface molecules for targeted delivery. In preferred embodiments
the product may be administered via direct organ injection, vascular access, or via intra-

muscular, intra-peritoneal, or sub-cutaneous routes.

Veterinary use
Products and methods of the invention may specifically be applied in veterinary and

agricultural applications to treat damaged tissues, ameliorate disease, reverse age related



48 These data demonstrate convincingly the benefit of controlling stem cells by the novel approach of
priming differentiation using autologous microvesicles. Their efficacy in this pre clinical model of
dementia was significantly improved (p<0.0001) compared to existing microvesicle mediated stem cell
technology. Similarly, results have been obtaindd in in vivo pancreatic repair models, where
autologous microvesicle treated autologous stem cells produced by the method of the invention
produced normal blood sugar levels in.rats. which were maintained jndefinitely, (over 4 months).
Animals tre tR88%itARSHS SPcr)?og‘fgﬁ‘s'erﬂfgﬁ)l\?géafé e stmuig faoég %‘fté‘r’r? Llrglgtls a(?\}\;/{ggg%rrﬁggﬁormalisation of
blood sugafdiosxtwplyeads gost iméotbrobsitdrinble. stem cell mediated effect failed. It is apparent
from examples 1 and 2 that the autologous nature of the microvesicles to the second batch of stem
cells (and the eventual host animal) improves communication of signal (eg fusion), enhances the
microvesiclE3nerRIcEEERMBERfe of cell characteristic, and enhances engraftment of the stem cell in the
host thus yigidiashveRestal vepasttiveeiiesinerdisshas ieeNivasExrnpai Reestdhnfmuch interest has
focused on micrtﬁvesicles inava .iet}/ of areas of ioelcc)g.igﬁl and medical science;as a diagnostic, an
inducer of éﬁﬁ’ﬂ lg‘i’i"éﬁﬁéoﬁésntﬁéf?oﬁc 1 58 e diatorss 1\/arl%usnbloﬁogulrt):%lfae%(t)ecfls.%ﬂ existent
technology docogeties) adiitationchedie sconmdation Wl ogtrimisregdiefeand seissentifnotgous

microvesiclgs,wonld (eanigRemesabihe RAVIGRISIAD ARG Y IRRMaRd e SRmANE mdicultured in vitro

to generate autologous microvesicles. This invention surmounts that issue with a novel two step

approach. Pt exRrss\egrbthssigarls tarasrllrrersven firmeathst eelilasdh feherate products which
could be injgsiggpRiphesiceranismdas ihisiaregsialedwiddissosty hentesirefed by immune

reaction. The,jnvention discloged in this patent lication gets around that problem.and provides
methods to HVESHREHIL VAR %%e%gfé & 5‘?%% Sr%e :ftilrn(igrl‘:fnaengl ragfaﬁ)rr\?grrﬁ?&??ﬁlggag%ﬂla example is
provided invéstigeditsgritiee sotemtialiyf Liohygohssisidribataistaoithdicsembditgorsshtdsue repair,

regeneratiop, gL eNaRANOD i 6 YEhAARIGAUAR AL oXeSIcR IR VlagM g autologous stem

cells primed-to differentiate into specific cell types as %;glerators of autologous membrane 49 coated

microvesiclBEoreVFlBeanpIRAHEARITACARSE SrYatndrnstBra LMt Wiplications in regenerative
medicine. To this end, example 2 was repeated with three groups of 8 aged (569-600 day old) rats
treated as follows: :

Cosmetic uses

“Cosmetic use” includes products and methods involving placing active agents in contact
with any part of the external surfaces of the subject’s body (that is to say, the epidermis,
hair system, nails, lips and external genital organs) or with the teeth and mucous
membranes of the oral cavity with a view exclusively or mainly to cleaning them,
perfuming them, changing their appearance, protecting them, rejuvenating them, keeping
them in good condition or correcting body odours except where such cleaning,
perfuming, protecting, changing, keeping or correcting is wholly for the purpose of

treating or preventing disease.

Cosmetic uses and products include products and services that are intended as substitutes
for invasive and semi-invasive aesthetic products and services (examples of such invasive
and semi-invasive aesthetic products and services include (but are not limited to) wrinkle
fillers, collagen fillers; body lifts; face lifts; eye-lifts; neck-lifts; arm lifts; hand lifts; and

the like; as well as microdermabrasion; laser treatments; and, botox (or substitutes)



Group 1: Microvesicles were prepared from embryo rat (non-autologous) day 18 brain tissue
maintained in tissue culture by standard culture techniques. Media was collected and microvesicles
harvested as described above. These non-autologous microvesicles were resuspended in media and
applied for 24 hours to a population of host autdidgous stem cells derived as described above. These
microvesicle treated autologous stem cells were observed to differentiate to a neural like phenotype
and thelr Mofeg ane WARVERIRD i ARRATSLIGRINGHL dhedperiBaias ifleffilyffiered and the cell
free media '0¥EH 10 generate PhiCrovesicies of a reural ceN phenotype encapsulated in an autologous
cell membrapyeaiheeresultant microvesicles were resuspended in 0.3 ml PBS and injected into tail
veins of the appropriate autologous host animal. Group 2: Microvesicles were prepared from embryo
rat (non-auig}gg,%@ day 18 brain tissue maintained in tissue culture by standard culture techniques.
Media was collected and microvesicles harvested as described above. These non autologous
microvesiclesenrentRausiaendes iicd B matusetiddsitireakingactioitite @xaaipkstologous host animal
in a 0.3 ml tail vein injection. Group 3: Vehicle injection control animals. These animals received a tail
vein injection of 0.3 ml PBS. Training on the Morris water maze was as reported in the previous
example and commenced 14 days post injection. Results and discussion 50 Group 3 animals showed
no learning evidenced by any savings in latency to reach the hidden platform (Trial 9 mean 57
seconds). Similarly, they showed no long term memory of the training assessed 1 month post training
(retest trial E&éﬁﬂ’lﬁdseconds). Further, the non-autologous microvesicle treated group also showed no
effect on trgippevddialiferenantha sesRndsIRNddataiicsy attnogisrmicrevasigeimean 60 seconds).
However, excelﬁgt Ieamn was fo nii tiﬁl the aLitoLo onllearm rtc())vlclaglilgge r ugu(sTrial 9 mean 5 seconds)
with clear eTHARRSTRFSH,BY S BTG e Hyentien Fampar %8 LE20nds atthe 1 month retest). These
data clearlynsicoavesietesprojpged bynesthaelsidirewnamthactied by the methods of the invention show
an excellent ameliorative effect on age related cognitive decline. To my knowledge this is the first such
demonstratigg,of direct microvesicle mediated tissue repair in vivo and is made possible by the
autologous membrane structure. This experiment, along with others from our laboratory (unpublished),
shows a pramigiehepvteApRI BasdtitoVaiioligareascaivadeastatiyarahtb igjuvanstgeunedicine as well
as other applications such as, but not restricted o, cosmetics. It.i clyded that the autologous
nature of th 1@%"?(8?5%88%1%r8\°/‘£§i8i%@ g\e/ésl(fg ddgeé,ce: |§%teb§(/) &%’?ﬁ%%lﬁfﬁge's;f/&\éar% of the host, and the
large numbaypajbesivatdthithvisofaboneinbranepputetitabbiisionesmitsiowy Thduenerilellso
Comp'eme”étﬁlgeﬁli? SRR WRrESEP G UNING, RHG S AR dBRR B endiBlasma, Recent reviews
aback,

(egHoon & T 2004) show that microvesicles survive prolonged periods in the blood of animals
and humanshandmpereased! fisisamad Boboamasrnaevaaal simment s shesil /188t&&ting hypotheses
of why thesgjriciangsieles are released. My hypothesis is that such membrane bound particles are
part of a natural repair process which can be significantly enhanced by this technology. Example 4

Stem cells

Stimulated bone marrow mesenchymal stem cells were harvested from peripheral blood
of an adult male Hooded Lister rat following mobilisation of these cells using GCSF and
plated into a 174 ml plastic culture flask (Falcon) in alpha-mem media with 1% penicillin
and streptomycin and 10% foetal calf serum. Cells were incubated at 37 °C. After 48
hours, culture media was changed and cells washed with PBS. Adherent mesenchymal
stem cells were retained and fed with fresh culture media. Cells were maintained in
culture until they reached 75% confluence then passaged out to separate 6 well plates

seeded for experimentation.



One area of historical interest to regenerative medicine is the now almost abandoned area of live cell
therapy. This technique pioneered by Prof. Neihans in Switzerland in the 1930s and practised in many
countries ever since, uses the principle of "like cures like". Such therapies involve injecting (intra
muscular or subcutaneous) cellular homogenat#% 51 (fresh or freeze dried) derived from embryonic
animals (eg reviewed Schmid & Stein, 1967). Despite an expansive literature from European and

Russian pr;@;(t:lrtcl)%nggié tr%s a{;}ggroach known as live cell or organotypic therapy continues to meet

resistance ine due to the xenographic nature of the injected material. The

present invgnlion. NANENSE IRKOERA AENELMRIIYeRgRBRRRNAIEy gel products from
e metiated cell

microvesic ell transformation where the transformed cell could be homogenised, lysed or

otherwise GREiSagadbi?e aLERDA URSIEHRR MRMEs| FhfoSueEeme \Ar e atiiita bt “Bkample 4

investigategdhinRasisHRFARMGMIORRY ManiasiEn g Dsooeliiherapipraduntadom transformed
autologous stem cells in an animal model of motqr neurone.disease. The mouse model employed in
this exam pfé‘\ﬁa@lﬁw%’ggﬁf%%ﬁ%ténéWﬁmdﬁﬁaf&%e%’ea\?gl%ibesngﬁrgxéeﬁ}8(?565?\%3 OrmESt fr%%gtor neurone
disease resetiinedinndaraiyspindertiie sidyild @adsph@teawffayéualmygliﬁ)ag’eﬁﬂ pessuienionitbf these
animals wag,malniaigerhin A 1E94Rg RN o ARINCIAaIels SRlRsladigEinclusion in the study

developed hind limb paralysis by 80 days of age. These animals were divided into three experimental

conditions eentefieasd aGkbQBOIPRDRAhIhAR hiQuiubsguedusbras Harrdd hdsertthyfal stem cells

stimulated into peripheral blood, harvested and expanded as reported in previous examples. Cultured
mesenchymabsteisned!esare maintained in 175 ml plastic culture flasks and treated with spinal cord
tissue conditioned media derived from embryonic (day 16) foetuses for 24 hours. Conditioned media

was filtereAainel @gnisifnizecvesi de teribadnhgesam plnitsiensiirplitayd sncetnfrlaxametisteo application to
autologous SR ABIRJASESASASIRAER' aprsaead NP maRTRlagsalianoes resembling

neural tissues aft this stage media was harvested and microvesicles prepared as stated

above. Therhidrovdisicentisiones tmbieinmrTackoRrgbuorditionsd meedisuyasengisdiied in media and
applied to & &R6aMRMAPH Yianal aieloseusoeialincslimioT 48etiisedTiis ecomdyepulation of

autologous stem cells showed extensive neural differentiation. 5 lIs were removed from the
culture envivGIFREREHY ?:%ﬂr%?éeée yaﬁ%‘ﬂ‘&%%‘ﬁé’ﬁ?iaﬁ?ﬁ @éﬁifé %é@?olprsnuglsae%%néﬁt injection to the
original dorwmﬁfﬁhge. mareaﬂerr.ﬁtmmwék c:dummaig w&rddubmﬁdtqﬁimtwenﬁtim_iah@e IfQHergpy product
namely, homogeniSed emPrONIC,(Hai §) drstalweltrl fridissua HoheyBIRLRRHEiaN criteria

washed and placed in 3 ml of fresh media. After a further 24 hours the fresh media from

each well of the neural induced stem cells was harvested for microvesicle extraction as
above. These microvesicles would have the membrane profile of the original stem cells

and thus be autologous in nature to the receiving stem cells.

Non-autologous microvesicle treatment group: Microvesicles were prepared as in the

above group but from stem cells derived from an unrelated Hooded Lister rat whose stem
cells had been treated with an identical conditioned media to induce differentiation.
These microvesicles were applied to another 6 well plate of the original stem cells and

thus the microvesicles would be non-autologous to the final recipient cells.

Non differentiated autologous stem cell generated microvesicles:

Microvesicles were prepared from undifferentjated autologous stem cells from media

harvested as above and applied to a second autologous culture of stem cells.



Group 3: 20 animals meeting paralysis criteria by 80 days received a PBS only injection. All injections
were performed sub-cutaneously at day 80 with a total injected volume of 1 ml mediated in pinched
skin of the neck. The number of animals surviving each day post injection was recorded and each
animal was assessed for paralysis/improvemenrtdoy a walk test every day post injection. Results &
Discussion Data summary following injection at day 80. Number of surviving animals (number showing
improvement of paralysis) Age 80 100 120 150

All receiving stem cells were from the same original sample. 72 hours after treatment
cells were subjected to immunohistochemical analysis using markers of neural

differentiation (NeuN, Map2). The number of cells expressing markers was estimated

visually by counting the number of expressing cells per visual field as a % of cells in that

field.

Results

% Neutral expressing cells NeuN Map?2
Autologous Microvesicle Group 79% 81%
Non-autologous Microvesicle Group 26% 22%
Stem cell Microvesicle Group 0% 0%

Discussion: It can be clearly seen that the use of microvesicles can induce differentiation
of stem cells confirming the findings of (Aliotta et al. 2007; Ratajczak et al., 2006).
However, the use of microvesicles generated by a method of the invention, a two stage
process of inducing stem cells to differentiate to a specific cell type, then harvesting
microvesicles from these cells after differentiation for induction of a second aliquot of
autologous stem cells, produces a profoundly better inductive signal. Further, such
treated stem cells would be autologous to a specific organism, and have been induced by
autologous microvesicles thus providing a stem cell and/or stem cell generated product
which would have any advantages in many varied applications both in vitro and in vivo.
It was also noted that undifferentiated stem cell generated microvesicles had a significant

proliferative effect on stem cells in culture.

Example 2



180 200 250 300 days Group 1 20(0) 20(5) 20(9) 20(11) 19(17) 18(15)
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Autologous microvesicle primed stem cell induced repair in aged rat compared to

existing non-autologous equivalent methods.

Having established an advantage to the methods claimed in the invention for autologous
microvesicle induced differentiation, their efficacy in an in vivo model was explored. It
was hypothesised that non-autologous microvesicle induced differentiation, known in the
art may change the surface characteristics of a recipient cell by the nature of their
contributed cell membrane. Thus, such stem cells may not be capable of reaching their
full potential of repair, regeneration or other reparative functions as many cells may be

destroyed by the host immune system.

The test employed was a cognitive test of spatial memory, the Morris water maze. Aged
rats are known to be poor at both learning and recalling this task. In brief the water maze
is a plastic tank 1.8 m in diameter filled with 21 °C water. The water is made opaque by
the addition of powdered milk to conceal a hidden submerged escape platform located in
a fixed position in the pool relative to obvious landmarks in the laboratory. Each rat in
training received 3 trials of maximum 60 second duration per day for 3 consecutive days.
On each trial the latency to locate the platform is recorded. If the animal fails to locate
the platform it is gently guided to the platform and is allowed 15 seconds on the platform
to orient itself. Animals successfully locating the platform are also allowed the same
orientation period. At the termination of each trial, animals are returned to a communal
drying cage for a rest period of 15 minutes prior to their next trial. At the end of the three
day training period animals were maintained in communal home cages before having a
single recall test 1 month post training to assess long term memory of the task. Young
rats readily learn this task over the 9 acquisition trials, and show excellent recall in long
term testing. Old rats show poor acquisition evidenced by lack of improvement over
trials in latency to find the hidden platform and poor long term recall because of age

related neurological degeneration.

Animals used in this study were all Sprague Dawley rats aged between 501 and 546 days.
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46

General methods:

Three groups of animals were studied:

Group 1: Autologous microvesicle stimulated autologous stem cells

Group 2: Non-autologous microvesicle stimulated autologous stem cells

Group 3: Autologous stem cells only

Stem cells were injected intravenously into the tail vein of the autologous animal.

300,000 approx. cells in a 0.3 ml injection using a 27G needle.

General procedure:

Autologous mesenchymal stem cells were obtained from peripheral blood of each
identified animal. Cells were maintained in culture and expanded into 175 ml plastic
culture flask as outlined in example 1. For each animal in each group the method was as

follows:

Group 1: One flask of autologous stem cells (stem cells A) was primed to differentiate
into neural cell phenotypes by the administration of adult brain conditioned media as
described above. Afier 72 hours media was collected from these cells and processed for
microvesicles as described. Microvesicles from induced stem cell population A were
resuspended in fresh media and applied to a second autologous stem cell population (stem
cells B). These microvesicles should contain the inductive neural differentiation signal as
they are now generated from neural phenotype but their membranes will be autologous to

the second batch of stem cells (B) and the intended host.

Group 2: One flask of non-autologous stem cells (stem cells A) was primed to
differentiate into neural cell phenotypes by the administration of adult brain conditioned

media as described above. After 72 hours media was collected from these cells and



Group 3 20(0) 19(0) 10(0) 0(0) 0(0) 0(0) 0(0) 0(0) The SOD1 mouse is a well established animal
model of aggressive motor neurone disease. Autologous live cell therapy products manufactured by
the invention showed extensive amelioration of disease in group 1 compared to both traditional live cell
treated (group 2) and vehicle control (group 3). &hese results show clearly, potential new approaches
to the interesting results obtained with various live cell products in the past, and offer the advantage of

reducing thgrcgi:selésgfi SEly \%:silec eisne];seﬁgsoc%biéﬁ%(gmgqalegrﬁ%% ﬁ}ltcﬁlced stem cell
population A were resuspended in fresh media and applied to a second (host autologous)
stem cell population (stem cells B) identical to group 1. These microvesicles should
contain the inductive neural differentiation signal as they are now generated from neural
phenotype but their membranes will be partly non-autologous to the second batch of stem

cells (B) and the intended host.

Group 3: Autologous stem cells (stem cells B) were cultured as described but not treated

with any microvesicles.

All three groups were compared to non treated age matched control animals. Each group

comprised eight identified animals.
Testing of the animals commenced 24 days post injection.

Results and discussion

Untreated aged rats showed no significant improvement in locating the platform over the
9 acquisition trials, with a mean latency on trial 9 of 56 seconds. Similarly, they showed
no long term memory at 1 month (mean 60 seconds). Interestingly, autologous stem cell
treated animals (group 3) did show some improvement over training (mean at trial 9 was
34 seconds) but showed poor recall over 3 days and this learning curve was poor
compared to historical data for young rats trial 9 mean approx. 6-8 seconds). Again,

group 3 showed no long term recall at the 1 month retest.

Animals in group 2, treated with autologous stem cells primed with non-autologous
microvesicles did show some improvement by trial 9 (mean 24 seconds) but showed poor
recall at the 1 month retest (52 seconds). Animals in Group 1, treated with autologous
stem cells primed with autologous microvesicles showed excellent acquisition of the task
over 9 trials (trial 9 mean 4 seconds). Further, they showed excellent recall of the task at

the 1 month retest (mean 11 seconds).



53 In this application of the invention is the potential to produce fresh autologous live cell extracts,
frozen, lyophilised or other stored live cell extracts. It offers the further potential of using the method to
produce organotypic, multiple organotypic or individual cell type specific extracts for application as a
product by practitioners in live cell therapy thus 4fllowing this interesting area of medicine to realise its
full potential with improved efficacy and greater safety. Example 5 The above experiment was

repeated wiiou' e SS0N0ANASE ST Asaons ARy PRk AURIBgRSSte cels ie using

non-autologoUs of xenogenically sourced me to prime autoldgous stem™cells to induce
differentiatiepptoeth b pibpiasi deinentigtorntingyislegeusamictovsriside Bhplecditpedrapy product.

Animals selggiil 1 RclYRiRR S S AR VEIATRAIP TR QArpltRIB by BNl age. These

animals were divided into three experimental conditions as follows: Group 1: 20 animals had
autologous W’@Wﬁﬁgmmt%ﬁ?ﬁ@‘f&%ﬁﬂ%ra%@%%p@ﬁ‘blﬁg??ﬂ%%%, harvested and
expanded asttaliaddripsgdaniisatixanpplemodeliuvberemnasanghysmacsiessideltseaaie maintained in

175 ml plastic culture flasks.and treated with spj ey wee maint
embryonic (08 P TS T e e e A o e

described inugraleysls in totendich aramadairired ipiriinidelpisiieadonashsidadosls Beatedcells. The

treated steryaeliSRRARSRERAIMHRIGLHRRAMNAQDISH CORNIRMRERIME BnMAKAaLHSIUSS after 48
hours. Cells were remgved from the culture environment bér%e” scraper%%fpé)t?og&msed in sterile

PBS for subRflseiHRE et ot gRatignhyt BrtHbstism eell ek als were treated

with traditional cell therapy product namely, homogenised embryonic (day 16) foetal spinal cord tissue

if they met inclusion criteria. 54 Group. 3: imal tin ralysis criteria by, 8Q days received a
PBS only inlggelét?gﬁér/i?l iﬁ"e%t%ﬁ?%lv%srlg %nedr%%ln%gg esﬁst?réb%glrl\s_e%ﬁﬁﬁaéaﬁéa&l é%%ﬁ_é%p?al injected
volume of 1theisenersidwiehi e frireoheellskinbitheyertoil Ikisbanimabdmptelsinvarssumeoting ehch day post

i(;u‘ection wagotReRIslacRRS arhRiImAESs aseRIAGAr Mgl si/UmpraMRmeaidDYR Walk test every
t tion.
4y pos Injgrf:hgr)lges engraftment of the stem cell in the host thus yielding a better reparative effect

on tissues in vivo.

Example 3
Recently, much interest has focused on microvesicles in a variety of areas of biological

and medical science as a diagnostic, an inducer of stem cell differentiation and as
mediators of various biological effects. All existent technology for cell modification
relies on non-autologous microvesicles because autologous microvesicles would require
some of the patients’ damaged tissues to be removed and cultured in vifro to generate
autologous microvesicles. This invention surmounts that issue with a novel two step
approach. Further, microvesicle methods currently known in the art could not generate
products which could be injected into a host organism as the microvesicles would mostly
be destroyed by immune reaction. The invention disclosed in this patent application gets
around that problem and provides methods to investigate microvesicle mediated direct
repair in an organism. Thus a third example is provided investigating the potential of
autologous microvesicles as direct mediators of tissue repair, regeneration or
rejuvenation. This novel application of microvesicle technology using autologous stem

cells primed to differentiate into specific cell types as generators of autologous membrane



Results & Discussion Number of surviving animals (number showing improvement of paralysis) Age 80
100 120 150 180 200 250
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coated microvesicles for various applications in a host organism offers a host of

applications in regenerative medicine.

To this end, example 2 was repeated with three groups of 8 aged (569-600 day old) rats

treated as follows:

Group 1: Microvesicles were prepared from embryo rat (non-autologous) day 18 brain
tissue maintained in tissue culture by standard culture techniques. Media was collec;ted
and microvesicles harvested as described above. These non-autologous microvesicles
were resuspended in media and applied for 24 hours to a population of host autologous
stem cells derived as described above. These microvesicle treated autologous stem cells
were observed to differentiate to a neural like phenotype and their media was harvested 4
days after treatment. The media was collected, filtered and the cell free media used to
generate microvesicles of a neural cell phenotype encapsulated in an autologous cell
membrane. The resultant microvesicles were resuspended in 0.3 ml PBS and injected

into tail veins of the appropriate autologous host animal.

Group 2: Microvesicles were prepared from embryo rat (non-autologous) day 18 brain
tissue maintained in tissue culture by standard culture techniques. Media was collected
and microvesicles harvested as described above. These non autologous microvesicles
were resuspended in PBS and used for direct injection to a non autologous host animal in

a 0.3 ml tail vein injection.

Group 3: Vehicle injection control animals. These animals received a tail vein injection
0f 0.3 ml PBS.

Training on the Morris water maze was as reported in the previous example and

commenced 14 days post injection.

Results and discussion




300 days Group 1 20(0) 20(5) 20(6) 20(19) 1902) 1802) 1501) 1301) Group 2
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Group 3 animals showed no learning evidenced by any savings in latency to reach the
hidden platform (Trial 9 mean 57 seconds). Similarly, they showed no long term
memory of the training assessed 1 month post training (retest trial mean 60 seconds).
Further, the non-autologous microvesicle treated group also showed no effect on training
(Trial 9 mean 52 seconds) and no effect on long term memory (mean 60 seconds).
However, excellent learning was found in the autologous microvesicle group (Trial 9
mean 5 seconds) with clear evidence of improved long term memory function (8 seconds

at the 1 month retest).

These data clearly show that autologous microvesicles manufactured by the methods of
the invention show an excellent ameliorative effect on age related cognitive decline. To
my knowledge this is the first such demonstration of direct microvesicle mediated tissue

repair in vivo and is made possible by the autologous membrane structure.

This experiment, along with others from our laboratory (unpublished), shows a promising
new approach to various areas of regenerative and rejuvenative medicine as well as other
applications such as, but not restricted to, cosmetics. It is concluded that the autologous
nature of the generated microvesicles avoids detection by the immune system of the host,
and the large numbers generated in vitro show the true potential of microvesicles. These
data also complement the increasing interest in circulating nucleic acids in serum and
plasma. Recent reviews (eg Hoon & Taback, 2004) show that microvesicles survive
prolonged periods in the blood of animals and humans when released by damaged or
cancerous tissues and offer many interesting hypotheses of why these microvesicles are
released. My hypothesis is that such membrane bound particles are part of a natural

repair process which can be significantly enhanced by this technology.

Example 4
One area of historical interest to regenerative medicine is the now almost abandoned area

of live cell therapy. This technique pioneered by Prof. Neihans in Switzerland in the
1930s and practised in many countries ever since, uses the principle of “like cures like”.

Such therapies involve injecting (intra muscular or subcutaneous) cellular homogenates



20(0) 12(0) 9(0) 8(2) 2(0) 0(0) 0(0) 0(0) Group 3 20(0) 19(0)
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(fresh or freeze dried) derived from embryonic animals (eg reviewed Schmid & Stein,
1967). Despite an expansive literature from European and Russian practitioners, this
approach known as live cell or organotypic therapy continues to meet resistance by main
stream medicine due to the xenographic nature of the injected material. The present
invention, however, provides a novel method for generating various live cell products
from microvesicle mediated cell transformation where the transformed cell could be
homogenised, lysed or otherwise disrupted to produce autologous live cell products for

various applications.

Example 4 investigated this particular application by manufacturing live cell therapy
products from transformed autologous stem cells in an animal model of motor neurone

disease.

The mouse model employed in this example was the SOD1 mouse strain which develops
an aggressive form of motor neurone disease resulting in paralysis and early death usually
by 140 days of age. A population of these animals was maintained in a breeding colony
in our facility. Animals selected for inclusion in the study developed hind limb paralysis
by 80 days of age. These animals were divided into three experimental conditions as

follows:

Group 1: 20 animals had autologous bone marrow mesenchymal stem cells stimulated
into peripheral blood, harvested and expanded as reported in previous examples.
Cultured mesenchymal stem cells were maintained in 175 ml plastic culture flasks and
treated with spinal cord tissue conditioned media derived from embryonic (day 16)
foetuses for 24 hours. Conditioned media was filtered and centrifuged as described in
example 1 to ensure it was cell free prior to application to autologous stem cells. The
treated stem cells appeared to undergo morphological changes resembling neural tissues
after 48 hours. At this stage media was harvested and microvesicles prepared as stated
above. The microvesicle fraction (now with autologous membranes) was resuspended in
media and applied to a second population of autologous stem cells for 48 hours. This

second population of autologous stem cells showed extensive neural differentiation.



11(0) O(0) O(0) O(0) O(0) 0(0) Autologous stem cells can be induced to differentiate by conditioned
media. These cells can then be homogenised and used for direct injection to homologous host to
ameliorate damage. This method of the invention can clearly be seen to be advantageous to traditional
methods again, with fewer risks than traditional @ethods known in the art. Example 6 Autologous
microvesicle effects on cancer. The methods of the invention provide interesting opporttmities to

develop products useful in the mana en&g)‘-lcancer. Micrevesicl reknown to.be shed by cancer
cells. Similg’cr‘j:flg/ll,S itIe We 8‘§?§§%ﬂaé%ﬁ%‘?£‘fﬁicm{,8§%f§§ %rgﬁﬁa%?ﬁ%g?ﬁ%%oanrlﬁgg%e aﬁseful diagnostic
for cancer {uoidn BT fyoksanen) iertoartothraeriginahdesristishe sternedincers of various types
contain stem cells. Given these properties of both microvesicles and cancers, a programme of

research was initiated in my laboratory tqQ st,ud%/ if cancers could be differentiated back to normal
I

tissues by SE0R o2 BiRlS e EeRted with traditional cell therapy product namely,

homogenised embryonic (day 16) foetal spinal cord tissue if they met inclusion criteria.

Group 3: 20 animals meeting paralysis criteria by 80 days received a PBS only

injection.

All injections were performed sub-cutaneously at day 80 with a total injected volume of 1
ml mediated in pinched skin of the neck. The number of animals surviving each day post
injection was recorded and each animal was assessed for paralysis/improvement by a

walk test every day post injection.

Results & Discussion

Data summary following injection at day 80.

Number of surviving animals
(number showing improvement of paralysis)

Age 80 100 120 150 180 200 250 300 days
Group1 20(0) 20(5) 2009) 20(11) 19(17) 18(15) 15(15) 15(15)

Group2 20(0) 17(0) 130) 82  1(0)  00)  00)  0(0)

Group3  20(0) 19(0) 1000) 0(0)  00)  00)  00)  0(0)

The SOD1 mouse is a well established animal model of aggressive motor neurone
disease. Autologous live cell therapy products manufactured by the invention showed
extensive amelioration of disease in group 1 compared to both traditional live cell treated
(group 2) and vehicle control (group 3). These results show clearly, potential new
approaches to the interesting results obtained with various live cell products in the past,
and offer the advantage of reducing the risk of cross species infection, immunological

crisis, etc.



55 A commercially available tumour cell line B16 melanoma was acquired and cultured in 75 ml tissue
culture flasks as per suppliers' instructions. This particular cell line of melanoma, actively secretes
melanin into the media which turns a distinctive black colour. Further, on inoculation into SCID
immuno-deficient mice they produce palpable ahd measurable tumour masses at the site of injection.
In the initial phase of the experiment, melanoma cells were passaged into 6 well plates after initial
expansion. Seeding density was 200,000 cells in 3 ml of media per well. Two groups of cells were
maintained in 6 well formats as follows: Group 1: Melanoma cells were treated with microvesicles

derived frorfh shénaridipatisapidbetr vimden itithenptentiel s easeedivels apiglagersVesierds from a primary

culture of museigCelsNiFPIaaicles vare RIRRRIRM ag1deaatibed rexamPier-thand applied to the
tumour line in 1 ml of media for 24 hours. Group 2. Melagnoma cells were m_aintaineddas per

manufacturBPSTHELRf R AR R a8 s P BRI IRY s R P [P A BHOYP ISR Y ¥led and stained
for immunobestogieaspisifie totmtstieapphcifiomzarkprodietdin prlavtyisiarh éalryealedlithanppody) and
inspected vighallyJar Ao R SIANS LLISSIE dlTGLenIaiRg RAsM IS SiscuRSIaR Guoup 2 cells
maintained their tumour phenotype %y visual Inspection and discoluration of media. However, after 5
days mediacfiaeyapdisiratenmienscoloured and clear evidence of muscle like differentiation of the
melanoma cells was evidenced. Further, original melanoma cells in Group 1, in all six wells, strongly
expressed myosin heavy chain marker. This suggests that the melanoma cells have differentiated into
muscle cellgusipdethe methods of the invention. 56

The above experiment was repeated without the second phase of treating a second

population of autologous stem cells ie using non-autologous or xenogenically sourced
material to prime autologous stem cells to induce differentiation then homogenise the
differentiated stem cells to provide a live cell therapy product. Animals selected for
inclusion in the study developed hind limb paralysis by 80 days of age. These animals

were divided into three experimental conditions as follows:

Group 1: 20 animals had autologous bone marrow mesenchymal stem cells stimulated
into peripheral blood, harvested and expanded as reported in previous examples.
Cultured mesenchymal stem cells were maintained in 175 ml plastic culture flasks and
treated with spinal cord tissue conditioned media derived from embry;mic (day 16)
foetuses for 24 hours. Conditioned media was filtered and centrifuged as described in
example 1 to ensure it was cell free prior to application to autologous stem cells. The
treated stem cells appeared to undergo morphological changes resembling neural tissues
after 48 hours. Cells were removed from the culture environment by cell scraper and
homogenised in sterile PBS for subsequent injection to the original donor of the stem

cells.

Group 2: 20 animals were treated with traditional cell therapy product namely,

homogenised embryonic (day 16) foetal spinal cord tissue if they met inclusion criteria.



To further test this, cells extractable from all treated wells were harvested by cell scraper and
inoculated intramuscularly into the right thigh of two groups (n=3) of SCID mice. Untreated tumour
cells produced an obvious tumour in 6 days. No palpable mass was evidenced in group 1 treated
melanoma cells at any stage of the study. Thesel data suggest a novel approach to tumour, namely
differentiating tumours back to a normal cell type rather than the traditional approach of trying to
inefficiently kill the tymour cell, eg chemotherapy, radiotherapy. Thus it i '%ust ated that microvesicles
manufactu%'a’ﬁ%% Lr??rﬁqgfléi%me%gﬂg %%5%#,%3&%83%%&%%‘%%&%6}% 8%% o%ntlei%y of neoplasia. These
examples pngeetited in the drawings sections show novel methods for the production of autologous
microvesicles from stem cells for various applications, such microvesicles may be used directly in vitro
or in vivo, or in further embodiments of the invention, may be used on a second population of
autologousAdldnieedamsty BropiEITRed At iBncausky 6 darRRY it miefat dscigshrie ih any field of
medicine, ygigiiaRs PR plichcaQRIMSIES: feiltyenatinmbensoahieiie saonintogidsdanpather fields of
commercia) and scientific ?Lgci;av(ﬁur. These examgles e prgviﬂg% /tlo iIIrus'gag%t%orge aspects of the
invention, BEEHE B SR A P IR B AR S Bt IR N B HRA R Where 1t provides a novel
solution to eghkalieeverp ddgefestanpetorliotta, J.M. et at (2007) Alteration of marrow gene expression,
protein production and engrailment into lung by lung derived microvesicles: a novel mechanism for
phenotype godwatiens glefghcells 25(9):2245-56 Hoon, D.S.B. (2004) Circulating nucleic acids in
plasma/serum TIT and serum proteomics. (Eds). Annals of the New York Academy of Sciences.
1022:1-8 Ratajczak, J. et at (2006) ErvapBaiGosianyiselgdaiiMads microvesicles reprogram

haematopoietic progenitors: evigemeerfeldwikiganiptsvansiet af paRNAind protein delivery. Leukaemia.
20, 847-856. Schmid, F. & Stein, J. (1967). Cell research & cellular therapy. Ott Publishing House.

Switzerland ., §0 100 120 150 180 200 250 300 days
Groupl 200) 20(5) 20(6) 20(19) 19(12) 18(12) 15(11) 13(11)

Group2  20(0) 12(0) 90) 82  20)  0©0)  00) 000
Group3 20(0) 19(0) 11(0) 0@0)  00)  00©)  00)  0(0)

Autologous stem cells can be induced to differentiate by conditioned media. These cells
can then be homogenised and used for direct injection to homologous host to ameliorate
damage. This method of the invention can clearly be seen to be advantageous to

traditional methods again, with fewer risks than traditional methods known in the art.

Example 6

Autologous microvesicle effects on cancer.

The methods of the invention provide interesting opportunities to develop products useful
in the management of cancer. Microvesicles are known to be shed by cancer cells.
Similarly, it is well established that microvesicles circulating in blood may be a useful
diagnostic for cancer (Hoon & Taback, 2004). Further, it has been established that
cancers of various types contain stem cells. Given these properties of both microvesicles
and cancers, a programme of research was initiated in my laboratory to study if cancers

could be differentiated back to normal tissues by the methods of the invention.



Deregibus, C. (2007). Endothelial progenitor cell-derived microvesicles activate an angiogenic
program in endothelial cells by a horizontal transfer of mMRNA. Blood: 110(7): 2440-2448 58 CLAIMS
1. An in vitro method of producing microvesicles comprising: (a) inducing differentiation in a first
population of human cells by applying an induceisto the cells, and 5(b) harvesting microvesicles
produced from the first population of human cells, in which the first population of human cells is
autologous to the microvesicles. 2. An in vitro method of producing a population of differentiated cells
comprising the step of inducing differentiation in a population of human cells by applying microvesicles
obtained byAacrastiencialycavafilaglegu@iaimct tdint 8 fomelation o irrnguired kadrevituicsd ihe 10population

of human celis,isRIIGIAGRKS Hasﬁtkeag};gfgxﬁﬁﬁgﬁsinstmctions. This particular cell line of

melanoma, actively secretes melanin into the media which turns a distinctive black
colour. Further, on inoculation into SCID immuno-deficient mice they produce palpable

and measurable tumour masses at the site of injection.

In the initial phase of the experiment, melanoma cells were passaged into 6 well plates
after initial expansion. Seeding density was 200,000 cells in 3 ml of media per well.

Two groups of cells were maintained in 6 well formats as follows:

Group 1: Melanoma cells were treated with microvesicles derived from stem cells
induced to differentiate into muscle by harvesting microvesicles from a primary culture
of muscle cells. Microvesicles were prepared as described in example 1 and applied to

the tumour line in 1 ml of media for 24 hours.

Group 2: Melanoma cells were maintained as per manufacturer’s instruction and were

not treated.
Five days after treatment, cells were fixed and stained for immunohistochemistry for
muscle specific marker proteins (myosin heavy chain antibody) and inspected visually for

obvious signs of muscle differentiation.

Resulis & Discussion

Group 2 cells maintained their tumour phenotype by visual inspection and discolouration
of media. However, after 5 days media in Group 1 was not discoloured and clear
evidence of muscle like differentiation of the melanoma cells was evidenced. Further,
original melanoma cells in Group 1, in all six wells, strongly expressed myosin heavy
chain marker. This suggests that the melanoma cells have differentiated into muscle cells

using the methods of the invention.



3. A method according to any preceding claim, in which the inducer is not autologous to the first
population of cells. 4. A method according to any preceding claim, in which the first population of cells
comprises non-embryonic stem cells. 155.A mgthod according to Claim 4, in which the stem cells are
bone marrow derived stem cells. 6.A method according to any preceding claim, in which production of
microvesicles by the first population of human cells is enhanced by one of the following techniques: (i)
stressing the first population of human cells; 20(ii) heat shocking the first population of human cells;

(iif) killing Lpoe ﬁflilrf?ltep QR 4ﬁ‘1té?9eﬁg Qx DA lﬁ%n?m treated wells were harvested by cell scraper

and inoculated intramuscularly into the right thigh of two groups (n=3) of SCID mice.

Untreated tumour cells produced an obvious tumour in 6 days. No palpable mass was
evidenced in group 1 treated melanoma cells at any stage of the study. These data
suggest a novel approach to tumour, namely differentiating tumours back to a normal cell
type rather than the traditional approach of trying to inefficiently kill the tumour cell, eg
chemotherapy, radiotherapy. Thus it is illustrated that microvesicles manufactured from

normal stem cells may have beneficial effects in the ontogeny of neoplasia.

These examples provided in the drawings sections show novel methods for the
production of autologous microvesicles from stem cells for various applications, such
microvesicles may be used directly in vitro or in vivo, or in further embodiments of the
invention, may be used on a second population of autologous stem cells to produce
products of value to various commercial applications in any field of medicine, veterinary
practice, cosmetics, rejuvenation, reproductive technologies and other fields of
commercial and scientific endeavour. These examples are provided to illustrate some
aspects of the invention, but are not restrictive and the invention may be used in any field

where it provides a novel solution to a problem.



(iv) changing the temperature, CO2 concentration, 02 concentration, medium composition or saline
levels to which the first population of human cells is exposed. 7.Microvesicles obtained from a method
according to any preceding claim. 258.Differen§' ted cells obtained by a method according to Claim 2.
59 9. A pharmaceutical composition comprising microvesicles according to Claim 7 or differentiated
cells according to Claim 8 in combination with a pharmaceutically acceptable carrier. 10. A
pharmaceRefalepcpsposition according to Claim 9, in which the composition further 5comprises
non-embryggic stem cells. ' S [ I i Claim 7 or
Ciforenta e o Al Shdn | pGERLOIr (o

engraftment into lung by lung derived microvesicles: a novel mechanism for phenotype

modulation. Stem cells 25(9):2245-56

Hoon, D.S.B. (2004) Circulating nucleic acids in plasma/serum III and serum

proteomics. (Eds). Annals of the New York Academy of Sciences. 1022:1-8

Ratajczak, J. et al. (2006) Embryonic stem cell-derived microvesicles reprogram
haematopoietic progenitors: evidence for horizontal transfer of mRNA and protein
delivery. Leukaemia. 20, 847-856.

Schmid, F. & Stein, J. (1967). Cell research & cellular therapy. Ott Publishing House.

Switzerland.

Deregibus, C. (2007). Endothelial progenitor cell-derived microvesicles activate an
angiogenic program in endothelial cells by a horizontal transfer of mRNA. Blood:
110(7): 2440-2448



12. Microvesicles according to Claim 8 or differentiated cells according to Claim 9 for use as a
medicament in treating a disease or disorder. 1013.Use of microvesicles according to Claim 8 or
differentiated cells according to Claim 9 for the man (Egcture of a medicament for the treatment of a
disease or disorder. 14.Microvesicles or differentiated cells according to Claim 12 for a use as
specified therein or the use of microvesicles or differentiated cells according to Claim 13 in which the
disease or &5 is a disease or disorder of cell deficiency or a disease or disorder of cell

15differenti:iqion s%gg}ge‘gf,{ho&mgdl%(ep%gﬁﬁgltli%gﬁ%‘fq%%@fépg&ﬁ Qlesig's_ease, multiple sclerosis,
z

degenerative diseases of the CNS, dementia, eimer's Disease, Parkinson's Disease,
cerebrovascular accidents, epilepsy, temporary ischaemic accidents, mood disarders, psychotic
liness, specifc lo&8 YLIGHETBHC B RLAPA PEAE RREHRFST BGRR G B NARRNARE LRSS
blindness, anosmiwm, tirotellglefidits, sensory deficits, head injury, trauma 20to the CNS, arrhythmias,
myocardial infarction, pericarditis, congestive heart disease, valve related pathologies, myocardial
dysfunétion, endotertiayelfutamnaton cpistivardidiehdsfrome tioh{isd|peoslstind thigkening leof valve flaps,
fibrosis of cardiac muscle, decline in cardiac reserve, congenital defects of the heart or circulatory

system, developmBrtRitietecty gmerian Jrivirinadiy isyatelpceristie srireeisid damage, blood

vessel damage, cardiovascular disease . . . : .
gg %n in vitro method of producing a population of differentiated cells comprising the

step of inducing differentiation in a population of human cells by applying microvesicles
obtained by a method according to Claim 1 to the population of human cells in which the

10 population of human cells is autologous to the microvesicles.

3. A method according to any preceding claim, in which the inducer is not autologous to

the first population of cells.

4. A method according to any preceding claim, in which the first population of cells

comprises non-embryonic stem cells.

15 5. A method according to Claim 4, in which the stem cells are bone marrow derived stem
cells.
6. A method according to any preceding claim, in which production of microvesicles by

the first population of human cells is enhanced by one of the following techniques:

(1) stressing the first population of human cells;
20 (i1) heat shocking the first population of human cells;
(111) killing the first population of human cells; and

(iv) changing the temperature, CO2 concentration, O2 concentration, medium

composition or saline levels to which the first population of human cells is exposed.

7. Microvesicles obtained from a method according to any preceding claim.

25 8. Differentiated cells obtained by a method according to Claim 2.



25(for example, angina, dissected aorta, thrombotic damage, aneurysm, atherosclerosis, emboli
damage), disorders of the sweat gland, disorders of the sebaceous gland, piloerectile dysfunction,
follicular problems, hair loss, epidermal disease, disggse of the dermis or hypodermis, burns, ulcers,
sores, infections, striae, seborrhoea, rosacea, port wine stains, disorders of the musculoskeletal

system inclyding disgaseand Aamags RiliSees ANl LGS 0apdocndirl Rssifiration

osteoporosis, osteomalacia, rickets, pagets disease, rhieumatism, arthritis, diseases of the endocrine
system, dis6HEBeNdRtPE IGhs FReRidisgse atst i eqralifiéiog Vit iathasyseshii@ibe acepigbipe
reproductivg;system, metabolic diseases, diseases of the sinus, diseases of the nasopharynx,
diseases of the oropharynx, diseases of the laryngopharynx, diseases of the larynx, diseases of the

ligaments, digeases a%é’&ﬁ?c'a‘i’%ﬂ%pc}é%?&r?k{é%f& «HAi SRIDIORIS: HRARHINHSH AIREY

mucosa, trachealis muscles, emphysema, chronic 5Sbronchitis, pulmonary infection, asthma,
tubercuiosis CByIRe fibPOsIE IEErRG sl BcgHS
11. A cosmetic agent comprising microvesicles according to Claim 7 or differentiated cells

according to Claim 8 in combination with a cosmetic base.

12. Microvesicles according to Claim 8 or differentiated cells according to Claim 9 for use

as a medicament in treating a disease or disorder.

10 13.  Use of microvesicles according to Claim 8 or differentiated cells according to Claim 9

for the manufacture of a medicament for the treatment of a disease or disorder.

14. Microvesicles or differentiated cells according to Claim 12 for a use as specified
therein or the use of microvesicles or differentiated cells according to Claim 13 in which the
disease or disorder is a disease or disorder of cell deficiency or a disease or disorder of cell
15  differentiation selected from the list consisting of: motor-neurone disease, multiple sclerosis,
degenerative diseases of the CNS, dementia, Alzheimer's Disease, Parkinson's Disease,
cerebrovascular accidents, epilepsy, temporary ischaemic accidents, mood disorders,
psychotic illness, specific lobe dysfunction, pressure related CNS injury, cognitive
dysfunction, deafness, blindness, anosmia, motor deficits, sensory deficits, head injury, trauma
20  to the CNS, arrhythmias, myocardial infarction, pericarditis, congestive heart disease, valve
related pathologies, myocardial dysfunction, endocardial dysfunction, pericardial dysfunction,
sclerosis and thickening of valve flaps, fibrosis of cardiac muscle, decline in cardiac reserve,
congenital defects of the heart or circulatory system, developmental defects of the heart or
circulatory system, hypoxic or necrotic damage, blood vessel damage, cardiovascular disease
25  (for example, angina, dissected aorta, thrombotic damage, aneurysm, atherosclerosis, emboli
damage), disorders of the sweat gland, disorders of the sebaceous gland, piloerectile
dysfunction, follicular problems, hair loss, epidermal disease, disease of the dermis or
hypodermis, burns, ulcers, sores, infections, striae, seborrhoea, rosacea, port wine stains,
disorders of the musculoskeletal system including disease and damage to muscles and bones,
30  endocondral ossification, osteoporosis, osteomalacia, rickets, pagets disease, rheumatism,

arthritis, diseases of the endocrine system, diseases of the lymphatic system, diseases of the



exchange, burns, barotraumas, dental care, periodontal disease, deglutination problems, ulcers,
enzymatic disturbances/deficiencies, fertility problems, paralysis, dysfunction of absorption or
absorptive services, diverticulosis, inflammatory bowe| disease, hepatitis, cirrhosis, portal
hypertension, diseases of sight, cancer, infertility or subfertility, traumatic injury, radiation 10damaging,

brain injury &ﬂ%ﬁ%‘s‘t@lﬂ}%Qa%gseﬁﬁﬁ?éi%r&cﬁxé&é%’g{é&mﬁéﬂ%@&f RQLNCING. 3 RARMRILONL

differentiated cells Comprising: (a) inducing differentiation in a first population of cells by applying an

inducer to sHigasens! {15 1rappbatit rdiesarre €IS prorliersiiidnsBestdhtlanoyamesigtand 15(c)

inducing diffgentiatiominaaacond Repsfation Hheells ByarpldnehsaiskMmicrrnesislas i aglivative
thereof to said second population of cells wherein, said first population of cells is autologous to said

second popdlritisrFBiebfis: dRgNihdrasP S ARHIREP st BRSRERYI S BIBSRISY, SBIIISEER-GHERNE is not

presentin SgishseeRNEuRapkdaiaiTRties]|ssamis, aibéRIesSaatdsiacerom) diisaseddHAn in vitro method
of producing microvesicles comprising: (ag?'nducin differentiation in a_first population of cells by
appiying an HHGEET " Chor CETEAARE 5 T LS RACIOL SO FalH Ra e BT BBpclation
of cells, wheneimgaiddissirpaputadictic @hcels fist@itoiogblemiopaidy siicdyvasicles af dbadiptiein said
inducer 25applied:ta said st RoRHIANOROf felE. 308 RIGRPAL. 2K MIFHOVERRISR Yorta
hypertension, diseases of sight, cancer, infertility or subfertility, traumatic injury, radiation

10  damaging, brain injury and age-related degeneration.
15. An in vitro method of producing a population of differentiated cells comprising:

(a) inducing differentiation in a first population of cells by applying an inducer to said

cells,
(b) harvesting microvesicles produced from first population of cells, and

15 (c) inducing differentiation in a second population of cells by applying said
microvesicles or a derivative thereof to said second population of cells wherein, said
first population of cells is autologous to said second population of cells and wherein
the inducer applied to said first population of cells is not present in said second

population of cells or is only present in trace amounts.

20 16. An in vitro method of producing microvesicles comprising:

(a) inducing differentiation in a first population of cells by applying an inducer to said

cells, and

(b) harvesting microvesicles produced from said first population of cells, wherein said
first population of cells is autologous to said microvesicles and wherein said inducer
25 applied to said first population of cells is not present in said microvesicles or

derivative thereof or is only present in trace amounts.

17. Microvesicles according to Claim 15 or differentiated cells according to Claim 16 for

use as a medicament in treating a disease or disorder.



derivative thereof or is only present in trace amounts. 17.Microvesicles according to Claim 15 or
differentiated cells according to Claim 16 for use as a medicament in treating a disease or disorder.
61 18. A method for providing cosmetic treatment tgﬂa subject comprising the steps of administering
microvesicles according to Claim 15 or differentiated cells according to Claim 16 to said subject. 19.
The method @‘CCOVQ'H&&%HE’;PB&%%@%&&&H@ FORmaHG I eAIREN IS HHEFIRENL IR SHProve

appearance of the skin or hair of said subject.
administering microvesicles according to Claim 15 or differentiated cells according to Claim

16 to said subject.

19. The method according to Claim 18, wherein the cosmetic treatment is a treatment to

5 improve appearance of the skin or hair of said subject.



