1 METHODS OF MONITORING CELLULAR STATES FIELD The present invention relates to
the fields of medicine, cell biology, molecular biology and genetics. This invention relates to the field of
medicine. 5In particular, it relates to methods of monitoring the physiological or pathological state of a
cell or organism. The invention also relates to the dialgnosis and treatment of diseases such as cancer.
Reference is made to United States Patent Application Numbers 60/713,992, 12/065,549, 12/065,551,

60/878,222, 12/377,398, 6&4 %ﬁ; g@@%@%%ﬁ ﬁ@é&ggﬁ is also made to
International Patent Applical%n u]n}w%ers /00 % ) 63%00233,
PCT/5G2006/000232, PCT/5G2007/000257 and PCT/5G2009/000062. The foregoing applications,
and each H8&&Rnent cited or referenced in each of the present and foregoing applications, including
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and any manufacturer's instructions 150r catalogues for any products cite mentioned in e&th of the
foregoing applicatiors Ehd artiviesmrdaitesatytiof fleddagpticdtioncand article cited documents, are
hereby incorporated herein by reference. Furthermore, all documents cited in this text, and all
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such as cancer.

Reference is made to United States Patent Application Numbers 60/713,992,
12/065,549, 12/065,551, 60/878,222, 12/377,398, 61/066,671, 61/227,865 and 61/257,121.
10 Reference is also made to International Patent Application Numbers PCT/GB2005/003206,
PCT/SG2006/000233, PCT/SG2006/000232, PCT/SG2007/000257 and PCT/SG2009/000062.

The foregoing applications, and each document cited or referenced in each of the
present and foregoing applications, including during the prosecution of each of the foregoing
applications (‘application and article cited documents’), and any manufacturer’s instructions

15  or catalogues for any products cited or mentioned in each of the foregoing applications and
articles and in any of the application and article cited documents, are hereby incorporated
herein by reference. Furthermore, all documents cited in this text, and all documents cited or
reference in documents cited in this text, and any manufacturer’s instructions or catalogues for
any products cited or mentioned in this text or in any document hereby incorporated into this

20  text, are hereby incorporated herein by reference. Documents incorporated by reference into
this text or any teachings therein may be used in the practice of this invention. Documents

incorporated by reference into this text are not admitted to be prior art.

SUMMARY

According to a 1** aspect of the present invention, we provide a method of monitoring
25  the state of a cell, the method comprising establishing, for a selected microRNA (miRNA)
species secreted by the cell, a ratio of: (a) a precursor form of the miRNA species (pre-
miRNA); to (b) a mature form of the miRNA species (mature miRNA); in which the pre- to

mature miRNA ratio so established is indicative of the state of the cell.

The cell may be comprised in a cell mass, tissue, organ or organism and the pre- to

30  mature miRNA ratio is indicative of the state of the respective cell mass, tissue, organ or



this text or any teachings therein may be used in the practice of this invention. Documents
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a precursor form of the miRNA species (premiRNA); to (b) a mature form of the miRNA species
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plurality of pre- to mature miRNA ratios for a_plurality of selected miRNA species, each indicative of
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of probes sapedll€at Pindinericcandidistingisis RID- Peryeen precursor and mature forms of the plurality
of the selected miRNA species. 15The state of the cell may comprise a physiological state, such as a
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the cell. The profile may be established by hybridisation to an array comprising a plurality of

probes capable of binding to and distinguishing between precursor and mature forms of the

plurality of the selected miRNA species.

15 The state of the cell may comprise a physiological state, such as a cell cycle state, a
differentiation state, a development state or a metabolic state or a pathological state, such as a
disease state, a human disease state, a diabetic state, an immune disorder state, a

neurodegenerative disorder state, an oncogenic state, a cancerous state or a tumour state.

There is provided, according to a 2" aspect of the present invention, a method: (a) for

20  detecting a change in state of a cell, the method comprising detecting a change in a pre- to
mature miRNA ratio of the cell (or a profile comprising such a ratio), in which such a change
indicates a change in state of the cell. We provide for a method for establishing that a cell is in
a particular state, the method comprising comparing a pre- to mature miRNA ratio of the cell
(or a profile comprising such a ratio) with a pre- to mature miRNA ratio (or a profile

25  comprising such a ratio) of a cell known to be in that particular state. We provide for a method
of monitoring the state of an organism, the method comprising obtaining a sample from or of
that organism, performing a method according to any preceding claim on the sample, and
establishing the state of the organism from the pre- to mature miRNA ratio thereby obtained.
We provide for a method of detecting a disease in an organism, the method comprising

30  obtaining a sample from or of that organism, performing a method according to any preceding

claim on the sample, and comparing the pre- to mature miRNA ratio thereby obtained with a



There is provided, according to a rd aspect of the present invention, a method: (a) for 20detecting a
change in state of a cell, the method comprising detecting a change in a pre- to mature miRNA ratio of
the cell (or a profile comprising such a ratio), in which such a change indicates a change in state of the
cell. We provide for a method for establishing that a gell is in a particular state, the method comprising
comparing a pre- to mature miRNA ratio of the cell (or a profile comprising such a ratio) with a pre- to
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may be 2.®highanin adtansigreoathsiatio compatedio maosnpbsimie. Any combination of the above
may be possible. 10We provide, according to a 3"d aspect of the present invention, an array
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(MSC); ang, ) IRtERdUFNg 373 Hﬁgggn@fm%ﬁgtg}%%_senchymal stem cell to thereby transform it; in

which the transformed mesenchymal’stem cell does not secrete a gene product of the oncogene into a
medium in which jt is ggown. ﬁTéhe oncogene may comprise c-g%‘g. Thgém senchgmal stem cell
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stem cell does not secrete a gene product of the oncogene into a medium in which it is grown.

The oncogene may comprise c-myc. The mesenchymal stem cell (MSC) may comprise
an established cell line such as huES9.E1. The mesenchymal stem cell (MSC) may be derived

from umbilical cord.

20 The transformed mesenchymal stem cell may be capable of bypassing senescence. The
transformed mesenchymal stem cell may have an increased proliferation rate as compared to a
mesenchymal stem cell that has not been transformed. The transformed mesenchymal stem
cell may have a decreased population doubling time such as 24 hours, as compared to a
mesenchymal stem cell that has not been transformed. The transformed mesenchymal stem

25  cell may have an increased telomerase activity as compared to a mesenchymal stem cell that

has not been transformed.

We provide, according to a 5™ aspect of the present invention, a method of providing a
conditioned medium, the method comprising the steps set out above, followed by culturing the
transformed mesenchymal stem cell, or a descendent thereof, in a cell culture medium to

30  condition it, and separating the conditioned from the transformed mesenchymal stem cell.
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MSC-CM or exosome, as the case may be, with a pharmaceutically acceptable carrier or

15  diluent.

The transformed mesenchymal stem cell, the conditioned medium, exosome or
pharmaceutical composition may comprise at least one biological property of a mesenchymal
stem cell. The biological property may comprise cardioprotection. The conditioned medium,
exosome or pharmaceutical composition may be capable of reducing infarct size for example

20  asassayed in a mouse or pig model of myocardial ischemia and reperfusion injury. The
conditioned medium, exosome or pharmaceutical composition may be capable of reducing
oxidative stress for example as assayed in an in vitro assay of hydrogen peroxide (H,O,)-

induced cell death.

According to an 8" aspect of the present invention, we provide an immortalised
25  mesenchymal stem cell, a conditioned medium, an exosome or a pharmaceutical composition

obtainable by methods described above.

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, microbiology, recombinant DNA
and immunology, which are within the capabilities of a person of ordinary skill in the art.

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

and T. Maniatis, 1989, Molecular Cloning: A Laboratory Manual, Second Edition, Books 1-3,
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Lab Ref: A Handbook of Recipes, Reagents, and Other Reference Tools for Use at the Bench,

15  Edited Jane Roskams and Linda Rodgers, 2002, Cold Spring Harbor Laboratory, ISBN 0-

87969-630-3. Each of these general texts is herein incorporated by reference.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1A, Figure 1B, Figure 1C, Figure 1D, Figure 1E and Figure 1F are diagrams
showing transformation of hESC-MSC.

20 Figure 1A. PCR analysis of cellular DNA from myc-transfected HuES9.E1 MSCs (E1-
myc 21.1), GFP transfected HUES9.E1 MSCs (E1-GFP) and the parental MSCs, HUES9.E1
(E1). DNA was amplified using primers specific for exon 2 and exon 3, respectively. The
expected PCR fragment size for the endogenous myc gene was1.7kb and for the transfected

myc cDNA was 0.36kb as represented by the amplified fragment from the myc-lentivirus.
25 Figure 1B. Cell Morphology of transfected MSCs as observed under light microscopy.

Figure 1C. Quantitative RT-PCR was performed on RNA from different passages of
El-myc 21.1 and GFP-MSCs for the level of c-myc mRNA. The relative myc-transcript level
was normalized to that in GFP-MSCs.

Figure 1D. Relative telomerase activity. 1 pg of cell lysate protein was first used to

30 extend a TS primer by telomerase activity and the telomerase product was then quantitated by



Figure 1A, Figure 1B, Figure 1C, Figure 1D, Figure IE and Figure 1F are diagrams showing
transformation of hESC-MSC. 20Figure 1A. PCR analysis of cellular DNA from myc-transfected
HUES9.E1 MSCs (El- myc 21.1), GFP transfected HUES9.E1 MSCs (EI-GFP) and the parental MSCs,
HUES9.E1 (El). DNA was amplified using primers spgcific for exon 2 and exon 3, respectively. The
expected PCR fragment size for the endogenous myc gene wasl.7kb and for the transfected myc

cDNA was 0.36kb epresented by the amplified fragment. from the m c-(%gntivir s. 25Figuyre 1B. Cell
O G e iy sk el e A g T e
RT-PCR wadipetfpmasdooiiNé febomdifferect passadesipfakd-myc 21.1 and GFP-MSCs for the level

of c-myc mRNA. The relative myc-transcript level was normalized to that in GFP-MSCs. 6 real time

PCR. The Ct valyggigpreserigddhe cimaniisaitelnmeare Prdumaaachyas therefore indirectly
proportional to telomerase activity in the lysate. Figure 1E. Karyotpye analysis of EI-myc 16.3 by
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MSCs werpe stained with a specitic antibody conjugated to a tfluorescent dye an alyzed by 10FACS.
The fluoredessmibe dfrEMatyvals B dvdksthedsverage cellular fluorescence of cells at p16 or p6.
Nonspecific fluorescence was assessed by incubating the cells with isotype-matched mouse
monoclonal antibpigigs 2 is FigredAhbiguiesdBarpddtigeieEilaie. tagsus shavingdiffesentiation

of HUs9E1 El-myc 16.3 MSCs. MSCs were induced to yndergo (Figure 3A) osteogenesis and then
setained Mt L OITR SEAR A g6 A8 CHOLRULHELE s eI SRS AR ARIAEINE, (Figure
3C) adipogaEsignhgieesoane b6 Blamg s BhMRGS svare @thoseluia adiprg@mnesis imdsigion
medium for tWGOT(\anXS' ) . . e

or p6. Nonspecific fluorescence was assessed by incubating the cells with isotype-matched

mouse monoclonal antibodies

Figure 3A, Figure 3B and Figure 3C are diagrams showing differentiation of Hus9E1

and E1-myc 16.3 MSCs. MSCs were induced to undergo (Figure 3A) osteogenesis and then

15  stained with von Kossa stain; (Figure 3B) chondrogenesis and then stained with Alcian blue;
(Figure 3C) adipogenesis where E1-myc 16.3 and Hus9E1 MSCs were exposed to

adipogenesis induction medium for two days.

Figure 4A, Figure 4B and Figure 4C are diagrams showing gene expression analysis.
RNA from Hus9E1 and E1-myc 16.3 MSCs were hybridized to Sentrix HumanRef-8
20  Expression BeadChip Version 3 and analysed by Beadstudio and Genespring GX 10.

Figure 4A. Pairwise comparison of gene expression between HuES9.E1 and E1-myc

16.3 MSCs using Beadstudio analysis.

Figure 4B and Figure 4C. PANTHER analysis. 161 genes that were over-expressed by
> 2-fold and 226 under-expressed genes that were under-expressed by > 2-fold in E1-myc
25  16.3 MSCs were analyzed using PANTHER algorithm. The observed frequency of genes for
each biological process in each gene set was compared with the reference frequency which, in
this case is the frequency of genes for that biological process in the NCBI database. Those
biological processes whose observed frequency exceeds the reference frequency with a p <

0.05 are considered significant.



Figure 4A, Figure 4B and Figure 4C are diagrams showing gene expression analysis. RNA from
Hus9E1 and El-myc 16.3 MSCs were hybridized to Sentrix HumanRef-8 20 Expression BeadChip
Version 3 and analysed by Beadstudio and Genespring GX 10. Figure 4A. Pairwise comparison of
gene expression between HUES9.E1 and El-myc 16,.;3 MSCs using Beadstudio analysis. Figure
4B and Figure 4C. PANTHER analysis. 161 genes that were over-expressed by > 2-fold and 226
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and Figure 5C are diagrams_showing analysis of secretion. Figure 5A. Western blot analysis.

Proteins frIM RQPRASHEE RBidIsHaRtediin e Rmy -4 rapiikediesified exosomes of EIMSCs or
EImyc-MSCs were separated on SDS-PAGE and probed with anti-myc, anti-Actin, and anti-CD9
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percentage of the-area at risk (AAR) upon treatment with saline (n=10); 15 exosomes from El myc
21.1 (n=5)sshareiospmésipormm@imyc 16.3 (n=4) were measured. The relative infarct size (IS/AAR) in
mice treated with EI-myc 21.1 exosome or EI-myc 16.3 exosome was 23.4 8.2%, and 22.6 4.5%,
respectively and Higiir¢elatioe infarmiszeanifiseé signticanilydadairikandhamtelativeuitjaich size of 38.5

i5.6% in saline-treat ice (p<0.001 <0.002, respectively). 20Figure 6 is a diagram showing
ansformaIvb SECASEE LA G UK R 8 01 Lot s BRAGR PRI Lo aiteg
MSCs (myiaf&G)z&IFP) tramptectach MIE theGFR-MEK) (@208Rhepparesiahbhd GahHuEREL (MSC).
DNA was amplified using primers specific for exon2 and exon. 3, respectively. The expected PCR
ftagrhont SOE TSP ERGOUERAL U QLR LGAC R TR I Tl HE Lot MR AL 6k
relative infarct size (IS/AAR) in mice treated with E1-myc 21.1 exosome or E1-myc 16.3
exosome was 23.4 + 8.2%, and 22.6 + 4.5%, respectively and their relative infarct sizes were
significantly lower than the relative infarct size of 38.5 £5.6% in saline-treated mice (p<0.001

and p<0.002, respectively).

20 Figure 6 is a diagram showing transformation of hESC-MSC. Figure 6 shows PCR
analysis of cellular DNA from myc-transfected MSCs (myc-MSC), GFP transfected MSCs
(GFP-MSC) and the parental MSCs, HUES9.E1 (MSC). DNA was amplified using primers
specific for exon2 and exon 3, respectively. The expected PCR fragment size for the

endogenous myc gene was 1.7kb and for the transfected myc cDNA was 0.36kb.

25 Figure 7 shows quantitative RT-PCR performed on RNA from myc-MSCs or GFP-
MSCs for c-myc mRNA.

Figure 8 shows cell Morphology of hESC-MSC:s after transfection. HuES9.E1 ESC-
MSCs at passage 22 were transfected with either c-myc or GFP containing lentiviral vectors.
The morphology of c-myc or GFP transfected cells were observed under light microscopy

30  after transfection at passage 22 and then one passage later at passage 23.



25Figure 7 shows quantitative RT-PCR performed on RNA from myc-MSCs or GFP- MSCs for c-myc
MRNA. Figure 8 shows cell Morphology of hESC-MSCs after transfection. HUES9.E1 ESCMSCs
at passage 22 were transfected with either c-myc or GFP containing lentiviral vectors. The morphology
of c-myc or GFP transfected cells were observed under light microscopy 30after transfection at
passage 22 and then one passage later at passage 23. 8 Figure 9 shows relative telomerase
activity. 1 jig of C%IIJ Ilyﬁsaée rtlnroteirnl as ftir t nldsred to f(tlpsr']dha TSfpri[pFr b telotrqgrase lrc%ivi%/ a%nd the
telomerase producgwgs then’ (Squ%\ﬁ latec yereelséef i PcRrM Re Et valie Rimch rgﬁrsesesn%les 4h%
amount ofeeiorierdSepproeiucy veisibesefacavitgisadtigreaportianaptodeto mes alsenagtivitiarediey lysate.

5Figure 10 is a dia owjngratio,of precursor to mature miR&:}lt in cell secretion. Culture medium
conitone iy By bl R Vs e e R e LR S TR i then
assayed fonareditueerainct @he puoportmifRNA t€uraatiativa1 R Ty BORewas tperformed on the RNA using
primers specific for the pre- and mature forms of hsa-let-7b (miRBase Accession Number: MIO0O00063)

and hsa-let-7g mirhifis1and shid@tich QherananstidQ Mrbdrsosdlalathd MRBRasmAecnassiendNumber:
MI0000063) and hsa-let-7g miRNA calculated. Figure 11 is a diagram showing the design of

primers tofHEHERY SRR 98B HRRIMer parentatMYes10r e dYifra SR AMNE IS BERgtFor

primers tofiglemtify RraaHEROEANAS B ARANRNA preculSGUERIR AS @ dliagiamsRIVIOR thasdesign of
primers to identify mature forms of miRNA. DETAILED DESCRIPTION Mesenchymal stem cells

(MSCs) aReHRIFSERM RGN Cet B A HRgS sPRRtedosHR2BromIKt PoferiSTB Rk ERaHE P into

mesenchymak Saldynasssich HdinpeytRE0000063pa)tEEsae I eaRNess MWhinegligegiskeiteratoma
formation. MSC transplantation has been used i
10 mature hsa-let-7b (miRBase Accession Number: MI0000063) and hsa-let-7g miRNA

calculated.

Figure 11 is a diagram showing the design of primers to identify primary forms of

miRNA.

Figure 12 is a diagram showing the design of primers to identify precursor forms of

15 miRNA.

Figure 13 is a diagram showing the design of primers to identify mature forms of

miRNA.

DETAILED DESCRIPTION

Mesenchymal stem cells (MSCs) are multipotent stem cells that have a limited but

20  robust potential to differentiate into mesenchymal cell types, e.g. adipocytes, chondrocytes
and osteocytes, with negligible risk of teratoma formation. MSC transplantation has been used
to treat musculoskeletal injuries, improve cardiac function in cardiovascular disease and
ameliorate the severity of graft-versus-host-disease [1]. In recent years, MSC transplantations
have demonstrated therapeutic efficacy in treating different diseases but the underlying

25  mechanism has been controversial [2,3,4,5,6,7,8,9]. Some reports have suggested that factors
secreted by MSCs [10] were responsible for the therapeutic effect on arteriogenesis [11], stem
cell crypt in the intestine [12], ischemic injury [9,13,14,15,16,17,18], and hematopoiesis
[19,20]. In support of this paracrine hypothesis, many studies have observed that MSCs
secrete cytokines, chemokines and growth factors that could potentially repair injured cardiac

30 tissue mainly through cardiac and vascular tissue growth and regeneration [21,22]. This

paracrine hypothesis could potentially provide for a non-cell based alternative for using MSC



to treat musculoskeletal injuries, improve cardiac function in cardiovascular disease and ameliorate the
severity of graft-versus-host-disease [1]. In recent years, MSC transplantations have demonstrated
therapeutic efficacy in treating different diseases but the underlying 25mechanism has been
controversial [2,3,4,5,6,7,8,9]. Some reports have su&gested that factors secreted by MSCs [10] were
responsible for the therapeutic effect on arteriogenesis [11], stem cell crypt in the intestine [12],

ischemic injury [9,13,14,15 16,17 nd he oiesis [19,20]. In support of thig paracrine
ypothesidt T Bt e o S E Tt Rl R e et racrors
that could thotemitiadyer epairahjuces aardiam3Cicsseeambandys tiico g th ep edtacoand atds anthddisetie growth
and regenee}riz&t{'c%rr]}1 1[gul 22 ,e'l'mgnparacrine hypothesis could potentially provide for a non-cell based
alternative tor using Rﬁé 9" treatment of cardiovascular disease [23]. Non-cell based therapies as

opposed to cell-based therapies are generally easier to manufacture and are safer as they are

non-viable and d&VSdP¥RdHRShedepatsiFtad hpp e vrsARK dorbHeneddy thatashiraadhedium

condionegddy (BES NSt Nl $ier daliveMBashiiaivatBrssivasfromIRWh et mnkenic stem cells
or fetal tissue%24 25,2%0uld protect the heart from myocardial ischemia/reperfusion injury and

reduce infRAZ@ IS BUthPBRieS hth s RsAE IAdBK SRR SEhG Ry o PRSI PSIBE Riidrie LS Ries

demonstratggkthatzthis saidinpraiectionwan derbated/R)iguas prees o miipRafiikiestadiapout 50-100
rim in diameter and these microparticles carry both protein and RNA load 10[24,25,26,27,28]. These

exosomesIEBIIBHA RS dAs ATHEIRIATHOBrRERHELOY Srosames AEREPaTLiSiexeh &8Hton

HPLC [2526] 006\ ke Hugach IR EGISIREs @ dTspase e dah o oM ibieiny ;aiabqut mdenth of the dosage
of the conditioned medium The identification of exosomes as the therapeutic agent in.the MSC

secréflon EGhitP POl PRevdBeTomas oGRS Pathdsdias panulaien trhomRstoRshatc Unlike

cells, 15 gxpsameas depekelisibawierrnuyns rejestiprand daingdenwyiabiendnsemiscissnaller. They
pose less safety risks such as theg}‘oigr%nﬁti?g) of tumor or embolism. Unlike cell-based therapies where
there is a NE&Y B WRaAHAR WiadArP pldRefostse UibeordgoBehBirUiliBle exosomes is less complex

and therefore less costly. Besides being therapeutic agents, exosomes have been advocated as
'natural' drug deliVbeydestiibikasippo)f Tressankpiasbeidlespoiiid dgend ety WHHC secretion could

potentially provides for a biologic- rather than cell-based treatment modality. Unlike cells,

15 exosomes do not elicit acute immune rejection and being non-viable and much smaller. They
pose less safety risks such as the formation of tumor or embolism. Unlike cell-based therapies
where there is a need to maintain viability, manufacture and storage of non-viable exosomes is
less complex and therefore less costly. Besides being therapeutic agents, exosomes have been
advocated as ‘natural’ drug delivery vehicles [29]. These lipid vesicles could be loaded with

20  therapeutic agents and be used to deliver the agents in a cell type specific manner. hRESC-
MSCs could be the ideal cellular source for the efficient production of exosomes. We have
demonstrated that these cells could be grown in a chemically defined during the production
and harvest of exosomes and these exosomes could be purified by HPLC to generate a
population of homogenously sized particles [25,26,27]. Another advantage is that these cells

25  were derived from hESC, an infinitely expansible cell source.

While hESC-MSCs are also highly expansible in culture, they unlike their parental
hESC can undergo only a finite number of cell divisions before their growth is arrested and
they senesce. Therefore there will be a need to constantly derive new batches of MSCs from
hESC:s to replenish the cell source of exosomes with each derivation necessitating recurring

30  cost of derivation, testing and validation. To circumvent this need for re-derivation and ensure
an infinite supply of identical MSCs for commercially sustainable production of exosomes as

therapeutic agents or delivery vehicle, we explore the use of oncogenic transformation to



20 therapeutic agents and be used to deliver the agents in a cell type specific manner hESCMSCs
could be the ideal cellular source for the efficient production of exosomes. We have demonstrated that
these cells could be grown in a chemically defined during the production and harvest of exosomes and
these exosomes could be purified by HPLC to generﬁ}e a population of homogenously sized particles
[25,26,27]. Another advantage is that these cells 25were derived from hESC, an infinitely expansible
cell source, While hESC-MSCs are alsq hi éi‘}l ex ible i lture E#Ie like their parental
NESC can RS0 S e P sar B L Ao e R ey e e K Riie S ey
senesce. hffecetboepthdretill tetlze peeckta carfsiantyoderive. hiewmabatchesdf MPQsettomthESCs to
replenish E?&&%'Jx?&#é v-‘%gggfoér?”1%%%'%91‘T\i‘gkﬁglenﬁ'r‘ﬁ%“r%ﬁ%fz%%“t%%séte il %&’é’é%?%ué”rotﬁé’s.‘ of
derivation, testing and validation. To circumvent this need for re-derivation and ensure an infinite
supply of ifimadticanVSEs o sy tbiaty\bEtaiBabldprocuctiams fifcexbs iengsied thetapeutictagents
or delpvery vehicle, we explore the use, of enic.transfgrmation to, 10 bypass,s nce.
Oncogents T cRer e oL Dol am Iy o TR B BiarS o S S S Sr LA R or the
propertiesMfSthe[2%bsopaesigit Wasndréditustyaeponteddiedtdrtisfeatidrinésindgpgeletintdefetal MSCs
immortalized the cglls but did not Iter%t/he funda t characteristics, of these M % Here we
ranstecte S SIS ate B € B R BT e
previouslyniescdbdemuizS9i1EliMSCd $24][al passaben?2danddbértmge nerfie apasiedroélidioe and

three inde en i on LH r i : j t sfqr s
according??g%e’lgéggm\iﬁ%gladgﬁﬁge éﬁéﬁf}%@ggéy[ ﬁ%%férgeiy p a’s%?ggﬁgrr@r%ggs—%%abe
antigeh prafifepofeBixg 9e- dGlorkhtiaC 0 adi 5104 e+ IODI0E e CDUGH AV | H, he B4efiGDd5 and
HLADR . 40, and pqienial in difRrentiaiei adipacdss.chopdionutes and asieasytesu e
secretion of these cells was evaluated for the presence of exosomes an the t erapeutic efficacy of
these exosynsemoserenetizddmaa mouse mstie b fygoudidiasdbcheaiepraperfusionuin(ivl/MI4R) as
previously d %ﬂ dd ZI] IR FORMED MESENCHYMAL STEM CELLS 15Exosomes or
secreted tﬁﬁ\?}d \?(,S"sic%%es If]?omf%s’u]?nan ESC-derived mesenchymal stem cells (hESC-MSCs) have been
showntor | ischemia/reperfusion injury in animal models. However as hESC-MSCs
are not infrtte Xpart i otrof these exosomes would require replenishment of

NESESMSC through derivaipt, G S5 A NGUA SR HIERG 35tS o esting ans yaliatinp of each

new batch. 20Here we investigate if c-myc immortalization of hESC-MSC would circumvent this

constraint SRIhORIEREribR6miditi threp rbauEtiv edupR PG Al ySehoaieiteRs HROSONHYYTY in
Myc-transiormed MaGs latgrivaaramledide PareiRlRmeiMIEmuBh malgr dliersaeesRENY

reduced plastic adherence, faster growth, failure to senesce, increased myc expression and loss of in

vitro adipotfeRRspereptiarthao e efsaify eelsaeTenaneofr iR SforMel daipyigl ¢shapsVioas.

Neverthelgss;@xasPmes: Fam-nhEHaesiprmes Magsuareable adrdugasiglative infarct size in a
mouse model of myocardial ischemia/reperfusion injury indicating that the capacity for producing

therapeuic exospines was preseved. , W therslore s iovids for 4 rapelomed mesenchymal
stem cell. The transformed mesenc ymar stem cell may be obtainable or aerivable trom a
mesenchyenattsiémwelpstucdngsomising the production of therapeutically efficacious exosomes.

Myec-transformed MSCs largely resembled the parental hESC-MSCs with major differences
being reduced plastic adherence, faster growth, failure to senesce, increased myc expression
and loss of in vitro adipogenic potential that technically rendered the transformed cells as non-
25  MSCs. Nevertheless, exosomes from myc-transformed MSCs were able to reduce relative
infarct size in a mouse model of myocardial ischemia/reperfusion injury indicating that the

capacity for producing therapeutic exosomes was preserved.

We therefore first provide for a transformed mesenchymal stem cell. The transformed
mesenchymal stem cell may be obtainable or derivable from a mesenchymal stem cell, such as
30 by transformation with a suitable transforming agent, such as an oncogene. We further provide
a descendent of such a transformed mesenchymal stem cell, a cell culture or a cell line

comprising either. Such cells may be referred to in this document as ‘transformed



30 by transformation with a suitable transforming agent, such as an oncogene. We further provide a
descendent of such a transformed mesenchymal stem cell, a cell culture or a cell line comprising
either. Such cells may be referred to in this document as 'transformed 11 mesenchymal stem cells' or
a transformed mesenchymal stem cells obtained by fl?(e methods described in this document. We
therefore describe a method comprising the steps of. (a) providing a mesenchymal stem cell (MSC);

and (0) intiochicing am oncoaene nto fhe mesencymal stem cell (o Gergby, siransform iy ipwhich the
transformed mesenchymal stem cell'does not secreté a gene product of the oncogene Into a medium
in which itdssgrive i thesalvoogemé may comprise c-myc. The mesenchymal stem cell (MSC) may

comprise an established cell line such as huES9.E1. 10The mesenchymal stem cell (MSC) may be

derived from umbyligahG@rere desIH@e“éﬁ%fﬁ&D6&@%?{%@%@@&@@(5}3&6@&@@&ﬁfé@&l@l@z&b&{paﬁi”9

senescence as compared to a mesenchymal stem cell that has not been transformed. The

transformetFMESEAMB marati®) daiodivdng et praithedneirrahymal sSiapssldadhgreby

mesepchymatamicell athasneiResmidasiarmeadmhhadraosioanghsrssaoehy malsiesake!l may
have a 15 decreased population doubling time such as 24 hours as compared to a mesenchymal stem

cell that h&% H5tEaEHE IR AT HRdYERD ihie 8" enchymal stem cell may have an increased
telomerase activity as compared to a mesenchymal stem cell that has not been transformed. We
describe a methdthefoprogitiagnascormitivseeet mysdium, the method comprising the steps set out above,
followed by culturing the transformed mesenchymal stem cell, or a 20descendent thereof, in a cell
culture medium tolgondiiacHyaacsapasatiMSOemendiiape st fiaresthid iviassiernmied saesaschymal
stem cell. é{g further describe a method of providing an exosome, the method comprising: (a)
obtaining H‘fﬁ §:T1Ic:hymal stem cell conditioned medium (MSC-CM) by a method as set out above; (b)
concentrating the mesenchymal stem cell conditioned medium, for example by 25 ultrafiltration over a

>1000 kDa memBrnacserdupjud sirtisel cavibntrags batessiveHypmarsibiieérednditioned medium to

size exclusion chromatography, such as using a a TSK Guard column SWXL, 6 x 40 mm or a TSK gel
1114000 SWXL, Thd ¥aB6mmdolesenthanthdeselettimgibé afsdrivarfifypationg stokcexaicyde, at 220

nm, that extibit dynamic lght scatisring, sugh as Hetesise by @ quashelpst Tant satteying (QELS); i
which step ‘(H}Pﬁ‘)r
mesenchymal stem cell have an increased proliferation rate as compared to a mesenchymal
stem cell that has not been transformed. The transformed mesenchymal stem cell may have a
15  decreased population doubling time such as 24 hours as compared to a mesenchymal stem cell

that has not been transformed. The transformed mesenchymal stem cell may have an increased

telomerase activity as compared to a mesenchymal stem cell that has not been transformed.

We describe a method of providing a conditioned medium, the method comprising the
steps set out above, followed by culturing the transformed mesenchymal stem cell, or a
20  descendent thereof, in a cell culture medium to condition it, and separating the conditioned

from the transformed mesenchymal stem cell.

We further describe a method of providing an exosome, the method comprising: (a)
obtaining a mesenchymal stem cell conditioned medium (MSC-CM) by a method as set out
above; (b) concentrating the mesenchymal stem cell conditioned medium, for example by

25  ultrafiltration over a >1000 kDa membrane; (c) subjecting the concentrated mesenchymal
stem cell conditioned medium to size exclusion chromatography, such as using a a TSK Guard
column SWXL, 6 x 40 mm or a TSK gel G4000 SWXL, 7.8 x 300 mm column; and (d)
selecting UV absorbant fractions, for example, at 220 nm, that exhibit dynamic light

scattering, such as detected by a quasi-elastic light scattering (QELS); in which step (d) for



12 example comprises collecting fractions which elute with a retention time of 11-13 minutes, such as
12 minutes. We further describe a method of preparing a pharmaceutical composition, the method
comprising obtaining a mesenchymal stem cell conditioned medium (MSC-CM) by a method 5 as set
out above or an exosome by a method as set out ab&ve and admixing the MSC-CM or exosome, as
the case may be, with a pharmaceutically acceptablecarrier or diluent. The conditioned medium,

exosome or phamageliical comansiion may comprise 2t eastone idlogica rpnarivofa,
mesenchymal stem cell such as a biological activity 6f a'mesenchymal stem cell conditioneéd medium
(MSC-CMjpbbrasxanmpheuczdioprotection. 10The conditioned medium, exosome or pharmaceutical

composition may be capable of reducing infarct size for example as assayed in a mouse or pig model

of myocardial ischesmia#aedKapabsiaiaindanst BrapAlics s erahieoh sadusind aridative siarsi for
example as assayed in an in vitro assay of hydrogen peroxide (H202)-induced cell death. The

conditionetP RS A%k8gEe Biepeninaad st cdrhpaditiorehay GumVibie fOr i Bra sisigod

diseage selegtedirapd B AR ORI BN btksddiasdaiiures Snmiariowitis@asgsekiodisgase,
burns and degenerative diseases such as diabetes, Alzheimer's disease, Parkinson's disease, cancer,

myocardiaTATAFeo, heeashBBYD GOV 2 R e MRS aRsSFaLIL!S erFiRLRsIBERS esion, dermatitis,

psoriasis, condyloma, verruca, hemangioma, keloid, skin cancer, atopic dermatitis, Behcet disease,
chronic granulomBtousmigease, RoduaneveMeet harplacatical coratiosifiampeaihotogipalscandition

characteri initial injury. i ingdnf i ' i i ronic
tissue rem%%%ﬁ%ﬁgg}ﬁ(ﬁg%yﬁgé%%@agﬁg Ilﬁgégg? l?r%:ﬁgge{g;%%r%gﬁ%ﬁgﬁ{%g é:f/%t%gl r%)gigs, sinusitis
and rhinitisveseasonmid piasdiectiseadisiorah alepaudddSo-4ihvdonek hualin garstepradeiction, bone
formation, a bone graft or bone marrow transplantation in an individual, or (i) in the regulation 250f a
pathw@y selectedrrogvadiyiiel efdaiare, ektherfellovphgneydoskelbtanipgsitasiomby iRhagabliease, cell

cycle, integrin signalling pathway, Inflammation mediated by chemoking & cytokine signaling pathway,
At A G ey R e e
cascade, hlabttsadguitationuglycolyisish iligpiiteprbtedasanpeopathiva)staesroyeauiifie Hiasyntbésis,
TCA cycle, phenylalanine biosynthesis, 30heme higsynthesis; (ii) in the regulation of processes
It T ST e T R B e SR ehroatre, ool
communication, cell motility, cell

The condit¥0ned medium, exosome or pharmaceutical composition may be suitable for

15 treating: a disease selected from the group consisting of: cardiac failure, bone marrow disease,
skin disease, burns and degenerative diseases such as diabetes, Alzheimer’s disease,
Parkinson’s disease, cancer, myocardial infarction, a cutaneous wound, a dermatologic
disorder, a dermatological lesion, dermatitis, psoriasis, condyloma, verruca, hemangioma,
keloid, skin cancer, atopic dermatitis, Behcet disease, chronic granulomatous disease,

20  cutaneous T cell lymphoma, ulceration, a pathological condition characterised by initial injury
inducing inflammation and immune dysregulation leading to chronic tissue remodeling
including fibrosis and loss of function, renal ischemic injury, cystic fibrosis, sinusitis and
rhinitis or an orthopaedic disease or may be used to aid wound healing, scar reduction, bone
formation, a bone graft or bone marrow transplantation in an individual, or (i) in the regulation

25  of a pathway selected from any one or more of the following: cytoskeletal regulation by Rho
GTPase, cell cycle, integrin signalling pathway, Inflammation mediated by chemokine &
cytokine signaling pathway, FGF signaling pathway, EGF receptor signaling pathway,
angiogenesis, plasminogen activating cascade, blood coagulation, glycolysis, ubiquitin
proteasome pathway, de novo purine biosynthesis, TCA cycle, phenylalanine biosynthesis,

30  heme biosynthesis; (ii) in the regulation of processes including any one or more of the

following: cell structure and motility, cell structure, cell communication, cell motility, cell



13 adhesion, endocytosis, mitosis, exocytosis, cytokinesis, cell cycle, immunity and defense,
cytokine/chemokine mediated immunity, macrophage-mediated immunity, granulocyte-mediated
immunity, ligand-mediated signaling, cytokine and chemokine mediated signaling pathway, signal
transduction, extracellular matrix protein-mediated s'i%naling, growth factor 5homeostasis, receptor
protein tyrosine kinase signaling pathway, cell adhesion-mediated signaling, cell surface receptor

mediated siglnal trans&iuctj[on, JAK-STAT cascade %qyoxidatioi’i anol free radix%al r%oyal
a es*on enaocytosis, %]IltOSdS F)i?c O(Sjls CGYO lneS{S CCll CYCIC. 1Immunity, an en%e
homeostasis, stress response; blood clotting, developmentdl processes, mesoderm development,

skeletal deyadpreehtnavigieganésisdmusalei te velopipkeatc-midcled amiraction goaotdaeyretabolism and
modification, proteolysis, 10protein folding, protein complex ass ly, amino acid activation,
race S e e B e e e T R BT e
biosynthe pisthpragenngdid uthdedispioereseacicfianmearb phydiatmedeteldclignighycolysid, factor
pentose-phosphate shunt, other polysaccharide metabolism, purine metabolism, requlation of
el SRRl Rt e AR S N i
translatiomragnefofatiel shfvR Kaeppdicingdiatedinignaheasugplyiof flA&ISAAINcludatty.any one or more
of the following, signalingyalegyic, chemoling, grauih faior cuolne: erleukiaygiher oytokine,
extracellular matrix, ex racellular matrix structura protein; other extracellular matrix, gxtracellular
matrix glycepebipingprd ieasessere takopdoteadecbohercptotkalsés, foratleasemhibigargenetalloprotease
inhibitor, serine protease inhibitor, oxidoreductase, dehydrogenase, 20peroxidase, chapegrone,
chaperon i g SR e L e AR R ARSI A SRS FORBARE, o
calcilion bipdifegnpiateig, anoioacyiRiNAsygnthbtaseiiyase] istivarasanotivetlidenpechse, tATIR,
Synhase, Qudrise TAATNER L eleL A SRS A RUB IR SieLReITEL A ALo Y plecule.
actin binding cytoskeleta progem, cytoskeletal protein, non-motor adtn%lnléllng rotein, dctin and actin
related protieinfidensxirerasbotiestcel] o5hdhedian mefdmlienagtire dliysiinganioter protehatdrstemtediate
filament, ri RAu rol'ﬁ:'ﬂ i ﬁl pro I fran |1? t r -hi 'qlg ?i histone,
calmodulir(lg re%a%gyprg%e%,t&e%%%@ogt p oﬁ[%]flﬁ. eé\l%e %ﬁ%ﬁﬁﬁﬁgﬁggﬂgﬁﬂ%%rtaﬁ%gé 1r#;el"senchymal
stem cell obtzinabietbhaisnethnitasedttoosaibtassas, 30t RINth eradesvrbetwedaiditiohegwasdinm

obtajable, eAMBINGLLASSEH P ARUFHNY S HINIRL HERTIDA APPSR P RIBIR AR LYo AR as

set out above.
signaling molecule, chemokine, growth factor, cytokine, interleukin, other cytokine,

extracellular matrix, extracellular matrix structural protein, other extracellular matrix,
extracellular matrix glycoprotein, protease, metalloprotease, other proteases, protease
inhibitor, metalloprotease inhibitor, serine protease inhibitor, oxidoreductase, dehydrogenase,

20  peroxidase, chaperone, chaperonin, Hsp 70 family chaperone, other chaperones, synthetase,
synthase and synthetase, select calcium binding protein, aminoacyl-tRNA synthetase, lyase,
isomerase, other isomerase, ATP synthase, hydratase, transaminase, other lyase, other enzyme
regulator, select regulatory molecule, actin binding cytoskeletal protein, cytoskeletal protein,
non-motor actin binding protein, actin and actin related protein, annexin, tubulin, cell

25  adhesion molecule, actin binding motor protein, intermediate filament, ribonucleoprotein,
ribosomal protein, translation factor, other RNA-binding protein, histone, calmodulin related

protein, vesicle coat protein.

We further describe an immortalised mesenchymal stem cell obtainable by a method

as set out above.
30 We further describe a conditioned medium obtainable by a method as set out above.

We further describe aexosome obtainable by a method as set out above.



14 We further describe a pharmaceutical composition obtainable by a method as set out above. We
further describe a delivery system for delivering a conditioned medium, an exosome or a
pharmaceutical composition, comprising a source of conditioned medium as set 5out above, a source
of an exosome as set out above, or a source of a phgymaceutical composition as set out above,
together with a dispenser operable to deliver the conditioned medium, exosome or pharmaceutical

compositon (0 a fprget, We furthet desrine g use of 3 delveny ssiem g set gyt pbovg in a method
of dellverlng a conditioned medium, eéxosome of a pharmaceutiCal composition to a target. The

transformatianesenchymal stem cell, cell culture or cell line may comprise cardioprotective activity.
The cardioprotective activity may be assayed in a mouse model of acute myocardial infarction (AMI).

The transformed e sgmeyidealsiem &albeslbeitinreopuerldiia maymaehtainakir Ry dransforming a

mesenchymal stem cell obtained by any means. The mesenchymal stem cell 15 cell from which the

transform&dHRIBERERPRATTBASAY e ROBMSSEP In 50 BB Sy SptanBditiossAdnsiapstessticell, for
example darved M3t eMITyeBio st selbtdieatrivec b suchis areasiavaiicdegtal cell or any other

suitable tissue source. The mesenchymal stem _cell may be obtained or derived from an embryonic

stem cell IFRERASHRIEAASEENU AR oS ipgAh cthwithah SfepPRnser PR aRtag Al ies i ceandisiopre

establisheghdmamadnesene By plaligrerl g gies exaumatgethe mesenchymal stem cell may be
established from an embryonic stem cell or embryonic stem cell line as described in for example,

W02007/027157 Q1 WORAOHOZAAS. s T, MFREASYINA S Gl AV A150 B gigfisned from a

pre-natal cell, such as a foetal cell w Is a first or trimester foeta oetal cell may
comprise dasliponscangdisonad imetiemiorxesampiy apharRagedicb smmbsieekso Thrrgoktal cell may
comprise a cell from any tissue such as a limb cell, a kidney cell or a liver cell. The pre-natal cell from
whichothe mesenThymahsftemeethisaehyadineynhe icaspisadrinon tdstae The Essysisay be derived
from a cadaveric foetus. The mesﬁrgcha/rg.al stem cell ma comgrli)se a ma(rinmalian, rimadtel or human
mesen Chy?ﬁ 1gPé%e88|‘f.e activity. The cardioprotective activity may be assayed in a mouse model o

acute myocardial infarction (AMI).

The transformed mesenchymal stem cell, cell culture or cell line may be obtainable by
transforming a mesenchymal stem cell obtained by any means. The mesenchymal stem cell
15  cell from which the transformed mesenchymal stem cell is derived may comprise any suitable
mesenchymal stem cell, for example derived from an embryonic stem cell, a foetal cell, such
as a cadaveric foetal cell or any other suitable tissue source. The mesenchymal stem cell may
be obtained or derived from an embryonic stem cell line, or a foetal cell line. Similarly, the

transformed mesenchymal stem cell may be established from a mesenchymal stem cell line.

20 For example, the mesenchymal stem cell may be established from an embryonic stem
cell or embryonic stem cell line as described in for example, WO2007/027157 or
W02007/027156.

The mesenchymal stem cell may also be established from a pre-natal cell, such as a
foetal cell which is a first or second trimester foetal cell. The foetal cell may comprise a cell of
25  any suitable age, for example up to 2, 4, 8, 16 or 24 weeks. The foetal cell may comprise a cell
from any tissue such as a limb cell, a kidney cell or a liver cell. The pre-natal cell from which
the mesenchymal stem cell is derived may be comprised in a tissue. The tissue may be derived
from a cadaveric foetus. The mesenchymal stem cell may comprise a mammalian, primate or

human mesenchymal stem cell.



15 The method may further comprise culturing the mesenchymal stem cell in a serum free
medium. The serum free medium may comprise serum-free culture medium such as Knockout DMEM
medium. This may be supplemented with 10% serum replacement media. It may be supplemented
with non-essential amino acids. It may be supplemented with 10 ng/ml FGF2. It 5 may be
supplemented with 1 Ong/ml Recombinant Human F It may be supplemented with 55RM

13-mercapto ethaln The tr %ormed mese %stem cell ceI lture rceII line ay be
rt rse g emesenc %1 m ¢¢ }? rum re
such that the transl}orme mesk chyma el |sp §ys oneor m retof the it

characteristizinih & hkastsfonnfied mmia’enchmm abstpriscsthimayrekspliyro mmedmmm]msrﬁlmlﬂgjnal
characteri 10mesench mal tem cells. Suc cteristic m inclu ef pr|nt horl at
ﬂi}%%ﬁ r(? %X %e Su eleme ye ‘W1 %hﬁ{@ St% aH% Br%%fv‘aé?%npﬁleno ype. q_)h‘é,

confluency may IRclude forming an adheren monoayerw
transformeadpplesemetyy mah stemessihtee lhcutio peids. dehlﬂayd)m;pplemamblwmlﬁ athgrimty Ko pladtic. The

transformed m senc mal stem I ce ture ceI e ma ave i!atl

doubllgr)1g time §F bep\ﬁeen ?(?Wérg“hou mi rans orme m%§e1§r10 1¥lrr?'nPgtseur%é(i:erfﬁ cel cuciure or
cell line ma§rdveplaycacsptéatemsoitigen profile comprising expression of one or more, such as all, of the
following: CD29, CD44, CD49a, CD49e, CD105, CD166, MHC I. It may display a reduced or absent

expression of ong ¥ fMakEoRiEfRleMIngh stk Bol C R3Acang EHARIMIR tansbernadmesanchymal
stem cell, cell culture or cell line may be CD29+, CD44+, CD49a+ CD49e+, CD 105+, CD 166+, MHC

I+, 20 CD3ABHrEEskEeseRehRL RSt &a! i AvhyRsATSReFF Qe ditiantiie SrEidr el Misplay

a reducedtgRressiaNHéRAE M RNEHEN @&y adispldy bids M6k loppiidSical WdrattanstidE 2.
The transformed mesenchymal stem cell, cell culture or cell line may display a reduced expression of

one & moreseneRaRLcst esiT SRR aci sy bt HuTERHSG WhoskHERHEF ANl tcell,

cell culturenay ¢edlline faayslispladineddetactiaing @lkating phosphaiapreactiity.  The transformed
mesenchymal stem cell, cell culture or cell line may be maintainable in cell culture for greater than 10,

20, 30, 40 or morg generalionss ThedreRsieimEsoesenshymak S Drallnc sl ire ap eelpline may

have a substantially stable karyotype or 30 chromosome number when maintained in' cell culture for at
least 10 geflegtitierig plaséic. The transformed mesenchymal stem cell, cell culture or cell line may

display an average population doubling time of between 72 to 96 hours. The transformed
15  mesenchymal stem cell, cell culture or cell line may display a surface antigen profile
comprising expression of one or more, such as all, of the following: CD29, CD44, CD49a,
CDA49e, CD105, CD166, MHC 1. It may display a reduced or absent expression of one or more
of the following: HLA-DR, CD34 and CD45. The transformed mesenchymal stem cell, cell
culture or cell line may be CD29+, CD44+, CD49a+ CD49¢+, CD105+, CD166+, MHC I+,
20 CD34 and CD45 .

The transformed mesenchymal stem cell, cell culture or cell line may display a
reduced expression of one or more, such as all, of HESX1, POUFLS5, SOX-2, UTF-1 and
ZFP42. The transformed mesenchymal stem cell, cell culture or cell line may display a
reduced expression of one or more, such as all, of OCT4, NANOG and SOX2. The

25  transformed mesenchymal stem cell, cell culture or cell line may display no detectable

alkaline phosphatase activity.

The transformed mesenchymal stem cell, cell culture or cell line may be maintainable
in cell culture for greater than 10, 20, 30, 40 or more generations. The transformed
mesenchymal stem cell, cell culture or cell line may have a substantially stable karyotype or

30  chromosome number when maintained in cell culture for at least 10 generations. The

transformed mesenchymal stem cell, cell culture or cell line may be such that it does not



transformed mesenchymal stem cell, cell culture or cell line may be such that it does not 16
substantially induce formation of teratoma when transplanted to a recipient animal. The recipient
animal may comprise an immune compromised recipient animal. The time period may be after 3
weeks, such as after 2 to 9 months. The transformeqénesenchymal stem cell, cell culture or cell line
may be such that it not teratogenic when implanted in"SCID mice. 5The transformed mesenchymal

stem cell, il el of £el e, may b such atit s negative o mouse. spedifc ¢ mps repeat
sequenceS and positive Tor human specific alu repeat sequences. The transformed nesenchymal
stem cell, celipiedtuneoncelhyirempaisbencapablie obupdergsidgeogieogenasid, Abephge pesisdor
chondrogenesis, spch.as capable of differentiating into osteocytes, adipocytes,or chondrocytes. The
ranstorma e e e ot o, LR o T e o i e S TE A S gene
expressiongibttérmrérontelehecation bo gehdtati amotherdtagsiormbeenmepkmoiy maStBmasll, cell
culture or cell line may be such that any two or more, such as all, transformed mesenchymal stem

cells gbtainable byhthemethed exiubihephstantialciie sitaudane R XRIERICM S olilege Altmay: e such

that the gene 15expression correlation coefficient between any two or more isolates of transformed

mesenchyPR&MYEHPEENUSHERREH Dy e FeeftbRUgReatenthBes bive foRfaymIs SRRHTIR4IAFRPERIo or
more, suckeggclteisalnéas.atfoansirrpasmesRnshivialistem seltsreiatenhladmihemamotae

substantially similar or identical (such as homogenous) with each gther. It may be such that the gene

expressiod MTRHASENSTRIEN BURpSERES Tl iBRHeg RS RERY A arsbis Al RIFTsEAA AR by the

method angeelset adarapst pulwieciogieaistethandidinsforméeiieRstormed measenthynal stem
cell, cell culture or cell line may comprise a mammalian, such as a mouse or human, transformed

meséRchyrHEPSamcediliReINalRaNs AsERHHHE Y 98It 5 rotRES TP REFd R S TR to
comprisingéhediitn. conditioned by a 25transformed mesenchymal stem cell, cell culture or cell line as
described above. Also provided

The transformed mesenchymal stem cell, cell culture or cell line may be such that any
two or more, such as all, transformed mesenchymal stem cells obtainable by the method
exhibit substantially identical gene expression profiles. It may be such that the gene

15  expression correlation coefficient between any two or more isolates of transformed
mesenchymal stem cells obtained by the method is greater than 0.9. It may be such that any
two or more, such as all, isolates of transformed mesenchymal stem cells obtainable by the
method are substantially similar or identical (such as homogenous) with each other. It may be
such that the gene expression correlation coefficient between a transformed mesenchymal

20  stem cell obtainable by the method and cells of a parental culture is greater than 0.8.

The transformed mesenchymal stem cell, cell culture or cell line may comprise a
mammalian, such as a mouse or human, transformed mesenchymal stem cell, cell culture or

cell line.

We further provide for a conditioned medium comprising medium conditioned by a
25  transformed mesenchymal stem cell, cell culture or cell line as described above. Also provided
for is a particle secreted by a transformed mesenchymal stem cell as described above and
comprising at least one biological property of a transformed mesenchymal stem cell such as a
biological activity of a transformed mesenchymal stem cell conditioned medium (MSC-CM),

for example cardioprotection. These are described in further detail below.

30 We also provide for a transformed mesenchymal stem cell, cell culture, cell line,

conditioned medium or particle as set out above for use in a method of treatment of a disease.



for is a particle secreted by a transformed mesenchymal stem cell as described above and comprising
at least one biological property of a transformed mesenchymal stem cell such as a biological activity of
a transformed mesenchymal stem cell conditioned medium (MSC-CM), for example cardioprotection.
These are described in further detail below. 17 The disease may be selected from the group
consisting of: cardiac failure, bone marrow disease, skin disease, burns and degenerative diseases
such as diapetes, Alzheimer's dise Parkinson's disease, cancer, a disease associated with
ccomulati O GOt g S eg S R e e A R R i cemse ana
alcoholic lliseadiseshsedbEive, disaasamidogbecseaiectdidcrom sinch gradipbetsssisfirig ofcrmydcandéal
infarction, 3, guiangaus wound, & dematoloaic disarder aydetmatglodioal ssion, detmatifs, psoriasis,
condyloma, verruca, hemangioma,’ke 0|8, skin cancetr, altoplc ermatitis, %lhce{ncﬁgéage, chronic
granulomatousdlskase, cxtitardols TeoeldyRypttorpdonikcdration aadpdtobldgidalarahstition characterised
by initial injury inducing inflammation and immune dysregulation 10leading to chronic tissue
remodeling including dibsesisaRdlosgLiddmrsianhsenaljsehamicnbsnmysiit firasisesbaysitis and
rhinitis or an orthopaedic disease. The transformed mesenchymal stem cell, cell culture, cell line,

conditionetMRRALTT O perAdermaly In8it diipidenia drstririnsatldesionr fetztith, N5oHasSrmation, a

bone graft-ghfPRmmatioued dsRiaNaiankdehekiRpsiesm e preganeinaBsiRm arlbasell culture,
cell line, conditioned medium or particle may be used to requlate or assist in the regulation of a

pathway sEEEHSHIIGM BHE BFsarsre WRRTAUD Tothih{r RPRER M SSF IRt SABY PP E TPase, cell
cycle, integsiy gigRalling Ratveyy nflnmptio maesiatadiomn shemokie shitekips sianalsng pathway,
FGF signaling pathway, EGF receptor signaling pathway, angio%enesis, plasminogen 20activating

caschlle, BIB0Y & 5GSBS SRCEPILCAMrIHPSERES S HAAW A/, HBHSDo BT HEBIR nthesis,

TCA cycleinphgnylataniig digsyiihesisaiemebiosy sihesidpacdid iisdignsformed mesenchymal stem
cell, cell culture, cell line, conditioned medium or particle may be used in the regulation of processes

including any onerpr mare ahie follawing Gl SHuchre.And Mottt Ga{L SEYEHISA &P he dium or

communication, cell motility, cell 25adhesion, endocytosis, mitosis, exocytosis, cytokinesis, cell cycle,
immunity @atidefersebeytoifeiihamokdicahiadizesd Tadvtiiity bercrophiitaLrmagiatedafhaiunity,
granulocyigsmediated, mqyﬁmmaﬁgg‘nd-mediated signaling, cytokine and chemokine mediated
signaling pathway, signal transduction, extracellular matrix protein-mediated signaling, growth factor

oS tasS, e e e K nas P S alng. PR aYe Rt e o e e um or
particle may be used to regulate or assist in the regulation of a pathway selected from any one
or more of the following: cytoskeletal regulation by Rho GTPase, cell cycle, integrin
signalling pathway, Inflammation mediated by chemokine & cytokine signaling pathway,
FGF signaling pathway, EGF receptor signaling pathway, angiogenesis, plasminogen
20  activating cascade, blood coagulation, glycolysis, ubiquitin proteasome pathway, de novo

purine biosynthesis, TCA cycle, phenylalanine biosynthesis, heme biosynthesis.

The transformed mesenchymal stem cell, cell culture, cell line, conditioned medium or
particle may be used in the regulation of processes including any one or more of the
following: cell structure and motility, cell structure, cell communication, cell motility, cell

25  adhesion, endocytosis, mitosis, exocytosis, cytokinesis, cell cycle, immunity and defense,
cytokine/chemokine mediated immunity, macrophage-mediated immunity, granulocyte-
mediated immunity, ligand-mediated signaling, cytokine and chemokine mediated signaling
pathway, signal transduction, extracellular matrix protein-mediated signaling, growth factor
homeostasis, receptor protein tyrosine kinase signaling pathway, cell adhesion-mediated

30  signaling, cell surface receptor mediated signal transduction, JAK-STAT cascade,

antioxidation and free radical removal, homeostasis, stress response, blood clotting,



30signaling, cell surface receptor mediated signal transduction, JAK-STAT cascade, antioxidation and
free radical removal, homeostasis, stress response, blood clotting, 18 developmental processes,
mesoderm development, skeletal development, angiogenesis, muscle development, muscle
contraction, protein metabolism and modification, pr?%eolysis, protein folding, protein complex
assembly, amino acid activation, intracellular protein traffic, other protein targeting and localization,
amino acid metabolisny, protein biosynthesis, rateinodisyliderisomerase reation, carbohydrate
metabolism; g yggllysis, é)entose-p]ﬁlosp ate s ungp(r)?ﬁer’ po?ysacc 5rige metfa%ﬁls%, purine
metabolismuseudatiolomhpito spisate cnetalbobarmroittaminerakodbolisnd, mmiife@cid, hiosyolheasis,

pre-mRNA processing, translational regulation,, mRNA splicing.. The transfor me enc‘P al stem
e R SR G E saNE pe  MR R e chr e

including anlyeopeotrimiargethhantbltaalingtisignaling acclevoieh divem pkitan driowthtfiactomoptakine,

interleuking gthes cytokio extiagelluar mayis, eiacelien may stucluel prgjein aibe,
extracellular matrix, extracsllutar matfix glycoprotein. protease, metalloprotease, other proteases,

protease intiibitpo]ysetciopioteasdahkibjtonrise nne ghdieas ecgpiivitor o pidsrdutctasebdbhiidrogenase,

Loperoxidgag, chAPSIBORyENS %{8”%'%50%[%1 HaUly, CNARRIANS, QS chgggsrt%ggrslalsy gHRRe:

T
synthase and si/nnt etase, Select cafcium b Ing protein, amin ac;clﬁ%ﬂ%A synthetase, ?)%ase,
isomerasenBiNér spbmegase, ATP synthase, hydratase, transaminase, other lyase, other enzyme
regulator, select regulatory molecule, actin binding cytoskeletal protein, cytoskeletal protein, non-motor

actin binding proteii, tagtifoamnd BelRdialRiach DRieIdc RNAEXHI fUbEI Galt, 2Q0adhrsien maReles actin
binding motor, protein, intermediate filament, ribonucleoprotein, ribosomal protein, translation factor,

othel RNAHHH G R R cHistdhS SN RIUHRTEAREE THSHER 208 SRFCETRTEBEERS. FO1OWAIgo provided

is a delivegypayEignmigieslabyersgokiaengit e thiiedityoRinparticiecwan piistngydokentsce of
conditioned medjum or patrticle as described above together with a 25dispenser operable to deliver the

conditionetkFRSAIH oM AR HicfS 13 % A pleDa X R RIAEPLOTS ST B arst YRS A K delivery system

in a methag @i dgliveringtacandidignednadidmonpaiticle-deeastatgrér protdheEe psoadageprovided a
method of obtaining a differentiated mesenchymal cell, the method comprising providing a transformed

mesenchyHAPSRnTER, RIPLHErBIBP i PSS SURAS B Ao S74 AT i re ARBY G $FRASS:
trangformedrngsenchynpatstenieglbreaih CHIEPre0Gamily chaperone, other chaperones, synthetase,

synthase and synthetase, select calcium binding protein, aminoacyl-tRNA synthetase, lyase,
isomerase, other isomerase, ATP synthase, hydratase, transaminase, other lyase, other enzyme
regulator, select regulatory molecule, actin binding cytoskeletal protein, cytoskeletal protein,
non-motor actin binding protein, actin and actin related protein, annexin, tubulin, cell

20  adhesion molecule, actin binding motor protein, intermediate filament, ribonucleoprotein,
ribosomal protein, translation factor, other RNA-binding protein, histone, calmodulin related

protein, vesicle coat protein.

Also provided is a delivery system for delivering a conditioned medium or particle,
comprising a source of conditioned medium or particle as described above together with a

25  dispenser operable to deliver the conditioned medium or particle to a target.

We further provide for the use of such a delivery system in a method of delivering a

conditioned medium or particle to a target.

There is also provided a method of obtaining a differentiated mesenchymal cell, the
method comprising providing a transformed mesenchymal stem cell, cell culture or cell line as
30  described above and differentiating the transformed mesenchymal stem cell, cell culture or

cell line into an osteocyte, an adipocyte or a chondrocyte.



cell line into an osteocyte, an adipocyte or a chondrocyte. 19 We further provide a differentiated
mesenchymal cell obtainable by such a method. Also provided is a pharmaceutical composition
comprising a transformed mesenchymal stem cell, cell culture, cell line, conditioned medium or particle
as set out above or a conditioned medium as descril?sd, together with a pharmaceutically acceptable
excipient 5or carrier. We provide for a method of conditioning a cell culture medium, the method

comprising cultuing g fansformed mesencivmal stem sell Gell pulirs opjeal ine,as desgriped in a
cell culture medium and optionally isolating the cell Cu ure medrum. We turtner provide a méethod of

treatment of a disease comprising obtaining a 10 transformed mesenchymal stem cell, cell culture,
cell line, conditioRdePrAERilsisfd pahiemass Wb GoaBevE ah BoRpHINGS R I Bsthsformed

mesenchymakatehealbisalbeulties cdihinec fanditinreined W RiRtisle: b0 A Patititabovel he
disease may be selected from the diseases set out above. OBTAINING TRANSFORMED

MESENCHYMARIEBRe eeiug) £5 frapdRsmiagsHiss srEnjmbisans i nagr epiabitGheaieh derived
using4he geathers and compositions described here from a mesenchymal stem cell, such as by
genetic engineering. The genetic engineering may comprise transformation with a suitable

transforming agegyf, e%# _Ui&‘égp 30&%9%%{‘& condit‘{Xﬁiﬁg‘n%[ %%?fﬁﬁ%?&@?@df@%ﬂ%@?nf&%@morta”zmg or

transforming such cell lines 0 transfecting a mesenc stem ce a vector comprising at

least one rampfisming eneg a traBsampddswsitrrisfoahitgrgeribs dhctutiere 0y peltlesr tncogenes such

as v-myc, Ji\é@&ﬁye?i fanyigen ﬁﬂé%@@iﬁrﬁ%‘iﬁ? A RIHT %HQéﬁggetﬂ@@EhS&ﬁ‘t&}e% {9fp) Neuron
1:439-448; Bartlett, P. et al. (1988) Proc. Natl. Acad. Sci. USA™85:3255-3259, and Snyder, E. Y. et al.

25(1992) Cell 68:33-51), (2) cytoplasmic oncqgenes such as. bcr-abl and neurqgfibromin (Solomon, E.
ol (101) Sciol A aahes D b AT b S LR HEL RV BE oo A S,
A. (1891) Heisnaen2dmtdddthied])steh) taaeHURPassoel)Enescetahiasamuiaditipbor padivietant Rb

(retinoblastoma) (Weinberg, R, A. (1991) Scienge 254:1138-1146), and (5) other transformjng genes
pibspnsti bk AR e e R A
oncogenesdnditioeed-mydidandiparbivikQnicantigesnt.

The disease may be selected from the diseases set out above.

OBTAINING TRANSFORMED MESENCHYMAL STEM CELLS

15 Transformed mesenchymal stem cells may be obtained or derived using the methods
and compositions described here from a mesenchymal stem cell, such as by genetic
engineering. The genetic engineering may comprise transformation with a suitable

transforming agent, such as an oncogene.

We therefore describe methods for immortalizing or transforming such cell lines by
20  transfecting a mesenchymal stem cells with a vector comprising at least one transforming

gene.

Examples of transforming genes include: (1) nuclear oncogenes such as v-myc, N-
myc, T antigen and Ewing’s sarcoma oncogene (Fredericksen et al. (1988) Neuron 1:439-448;
Bartlett, P. et al. (1988) Proc. Natl. Acad. Sci. USA 85:3255-3259, and Snyder, E. Y. et al.

25 (1992) Cell 68:33-51), (2) cytoplasmic oncogenes such as ber-abl and neurofibromin
(Solomon, E. et al. (1991) Science 254:1153-1160), (3) membrane oncogenes such as neu and
ret (Aaronson, A. S. A. (1991) Science 254:1153-1161), (4) tumor suppressor genes such as
mutant p53 and mutant Rb (retinoblastoma) (Weinberg, R. A. (1991) Science 254:1138-1146),
and (5) other transforming genes such as Notch dominant negative (Coffman, C. R. et al.

30 (1993) Cell 23:659-671). Examples of oncogenes include v-myc and the SV40 T antigen.



20 Transforming genes may further include telomerase gene (Ted) as well as oncogenes such as
Aid, ras, EGF receptor etc. Foreign (heterologous) nucleic acid such as encoding transforming genes
may be introduced or transfected into mesenchymal stem cell. A mesenchymal stem cell which 5
harbors foreign DNA is said to be a genetically-engi%ered cell. The foreign DNA may be introduced
using a variety of techniques. In one embodiment, foreign DNA, including DNA encoding a

wansforming geng s Jattaduced into mesenchymal stem cellueing e teghniqus of retroviral
transfection. RecOMDINANL TEtFoVirUSes har oring fe gengzss 5F imterest are used to introduce marker
genes, sushcasish&kE .reslHisfataciasidase (lacZ) gene, or oncogenes. The 10recombinant retroviruses

are produced in packaging cell lines to produce culture supernatants having a high titer of virus

particles (generafiyLim iR RfLsY) nhbRitesImMRIORRSE Mﬂé’écﬁﬁgtiﬁkﬁﬁ%ﬁfﬁlufgege%éﬁfﬁ?twﬂums of the

mesenchymal stem cell by incubating the cell cultures with medium containing the viral particles and 8

ps/ml polyBHEXNFSH @8 dpitoRisedartsfsmeetion mesemiyar! Meseeetnthithtured in
standard magisifotéied DRigGiedidaishare dhenianglyaeddes-the-sptake fredexprrResianyobdhe foreign

DNA. The cells may be subjected to selective conditions which select for cells that have taken up and

expressed HOSRAGA B A IGR RE techniqussoih 8Re ARRASHE (RPN b AR roduced

using the teghaigue ahasisiuiphesphataroediaterhisansiestioma saieivenbpsphate MragiRitate
containing DNA 20encoding the %ene(s of interest, such a transforming gene, is prepared using the

technique Y NAgIATA{TaNsFe 79y NN O SEISEFIATY BT PE B SRS (B QhiREESE e used

mesenchyimalistan eathacer gstaklishadanttis wie sulgusal sishiegastWroD) i houss dfieh&lating the
cells, the calcium phosphate precipitate containing approximately 20 ps/ml of the foreign DNA is

adddd. THEUNSBARHREDENECaRFE AR JERsPdPRArk¥EN 26 FHiHutE 40 Prosiys ceitiie sbgriatants
25containifg, 3 R Meshiaseapingiissaddeds apchthasel s ase itgybates oneraighthad: Girkiollowing

transfection, the cells are analyzed for the uptake and expression of the foreign DNA. The cells may

be subjeci6lseReeisrdsaltehalimehdhscirseremmhtrayecthReGpPaHaENSeeed a

Se|eCtab_|ecﬁlﬁﬂ@%i‘ﬁﬂﬁwﬂﬁﬁﬁ@&fh@ﬁﬁi@tﬂ%&l%éﬁ%e@ angfonmadiGRlishrapans: ¢rlls Whieh are able
to grow In
J Following retroviral infection, the cells are rinsed and cultured in standard medium. The

15  infected cells are then analyzed for the uptake and expression of the foreign DNA. The cells
may be subjected to selective conditions which select for cells that have taken up and

expressed a selectable marker gene.

In another embodiment, the foreign DNA may be introduced using the technique of

calcium-phosphate-mediated transfection. A calcium-phosphate precipitate containing DNA

20  encoding the gene(s) of interest, such a transforming gene, is prepared using the technique of
Wigler et al. (1979) Proc. Natl. Acad. Sci. USA 76:1373-1376. Cultures of the mesenchymal
stem cell are established in tissue culture dishes. Twenty four hours after plating the cells, the
calcium phosphate precipitate containing approximately 20 ug/ml of the foreign DNA is
added. The cells are incubated at room temperature for 20 minutes. Tissue culture medium

25  containing 30 uM chloroquine is added and the cells are incubated overnight at 37° C.
Following transfection, the cells are analyzed for the uptake and expression of the foreign
DNA. The cells may be subjected to selection conditions which select for cells that have taken

up and expressed a selectable marker gene.

As used herein, the term ‘non-transformed cells’ means cells which are able to grow in
30  vitro without the need to immortalize the cells by introduction of a virus or portions of a viral
genome containing an oncogene(s) which confers altered growth properties upon cells by

virtue of the expression of viral genes within the transformed cells. These viral genes typically



30vitro without the need to immortalize the cells by introduction of a virus or portions of a viral genome
containing an oncogene(s) which confers altered growth properties upon cells by virtue of the
expression of viral genes within the transformed cells. These viral genes typically 21 have been
introduced into cells by means of viral infection or b means of transfection with DNA vectors
containing isolated viral genes. As used herein, the ferm “genetically-engineered cell' refers to a cell

into whicha foreign ., norsnaturally peeuing) nuelpic acid, .0, DNA, has beeplnitodyced. The
5f0re|gn nucleic aclid may be introduced-by a variety of techniques, including, but nhot limited to,

calcium-physphatetorediated irg nsibctid v BliEgAResnediated transfection, microinjection, retroviral
transformation, protoplast fusion and lipofection. The genetically-engineered cell may express the

foreign nucleic agld iR&Qithaes iansent QERAgaIey nyaRaet eoengsal.ransie i XpRagsion occurs
when foreign DNA does not stably integrate into the chromosomal 10 DNA of the transfected cell. In

contrast, I6MGLE R exPraIBHBRORSIERINAVSILE AS ine 8- tHENOrd1gh s RPAHERI Besch Thsbly
integratedfsiqdhaceamesPmal BNAidhedrapsfesiRéycatkechnifsdsrlinaiN banmnmer@lized cell

or a 'transformed cell' means a cell which is capable of growing indefinitely in culture due to the

introductidf- SRR IMRSRRIIHE G birapsfestitiRg gEracdiaied tantidignerRiggiviRet Properties
upon the Gett&yindirive sbhaanbre psiRcpRistTasIIMeIdalizsie: Qb il AR euRUig 8 na{shedibindhe

genetically engineered cell Immortalizing genes and transforminé; genes can be introduced into cells

by means BRVIFAPHRERBA05TBY PHELS A4S ber 8 AranHFOLREIRY B dFZI MABNEL It EIRAFF nucleic

acid encogingRAERHBNRPBEQFSReRNMiHSES DNArdbe£008HES aif selvGiad Wbigh alevofesthe
immortalization but preferably not the transformation of cells Immortalized cells may be such 20 that

they Grow iTerfiths Hansirgird sei-d8 AeREatislORgRiar RS irrotulose D NanASTersnehiled herein,

the term 'transéespe el Hafereiaanieliitaying ditfanstosRisig gent limrodugatdntgmitfantdd@tring the
ability to grow indefinitely in culture. 'Transformation' refers to the generation of a transformed cell.

As used herein, an ‘immortalized cell’ or a ‘transformed cell’ means a cell which is
capable of growing indefinitely in culture due to the introduction of an ‘immortalizing gene’
or ‘transforming gene’ which confers altered growth properties upon the cell by virtue of

15  expression of the immortalizing or transforming gene(s) within the genetically engineered
cell. Immortalizing genes and transforming genes can be introduced into cells by means of
viral infection or by means of transfection with vectors containing isolated viral nucleic acid
encoding one or more oncogenes. Viruses or viral oncogenes are selected which allow for the
immortalization but preferably not the transformation of cells. Immortalized cells may be such

20  that they grow indefinitely in culture but do not cause tumors when introduced into animals.

As used herein, the term ‘transformed cell’ refers to a cell having a transforming gene
introduced into it and having the ability to grow indefinitely in culture. ‘Transformation’

refers to the generation of a transformed cell.

TRANSFORMED MESENCHYMAL STEM CELL CULTURES AND CELL LINES

25 It will be evident that such a transformed mesenchymal stem cell that is obtained by
the methods described here may be maintained as a cell or developed into a cell culture or a

cell line.

Accordingly, in this document, and where appropriate, the term ‘transformed
mesenchymal stem cell’ should be taken also to include reference to a corresponding cell
30 culture, i.e., a transformed mesenchymal stem cell culture or a corresponding cell line, i.e., a

transformed mesenchymal stem cell line. In general, the transformed mesenchymal stem cell,



TRANSFORMED MESENCHYMAL STEM CELL CULTURES AND CELL LINES 25It will be evident
that such a transformed mesenchymal stem cell that is obtained by the methods described here may
be maintained as a cell or developed into a cell culture or a cell line. Accordingly, in this document,
and where appropriate, the term ‘transformed mese%hymal stem cell' should be taken also to include
reference to a correspondlng cell 30culture, i.e., a transformed mesenchymal stem cell culture or a
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conditionscaitdreultede mvathiscabaeduritkedadowa fonderivation. TRANSFORMED MESENCHYMAL
STEM CELL CONDITIONED MEDIUM We further provide a medium which is conditioned by culture of

the transforgad boiasep MR GieM LekseSUCRIa. HdBIeNedh 8¢iwiuis referred to in this document

as a 'transformed mesenchymal stem cell conditioned medium' and is described in further detail below.
Such a condition@ﬂerﬁeﬂimpmaiyl@ampdhanwdiédlﬁesmﬁ@mﬂ lexcréted, abtbasedsorotierwise

produged e iranslameddessneynalaism etlssThe.condiened medium.af iy gomprise one

or more mo ecu e the tran mesenchymal stem cells, for examp ypeptl es, nucleic
acids, carbwmmmmmwlmmémm%m@ﬂheaodnelmsdawhedﬁun&lmagﬁtaléo
comprise gpg Qr more activities of the transformed mesenchymal stem cells. The conditioned medium
may be used in place of, in addition to, or to supplement the transformed mesenchymal stem cells

themselves. Thus, Ey pur ose for 15 which transformed ngselnch%/f%nal tem cell suitable for use
in, conditioned matid i PEA MRS 7Sy SRRPHSFJBatscules § SRS FRSE, and
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polquptldggyr(r:lg%pt}?sg (S)g(ej (E? r?lléPeP Ie(r)rf&rlll ég%f the transformed mesenchymal stem cells, for
example, polypeptides, nucleic acids, carbohydrates or other complex or simple molecules.
The conditioned medium may also comprise one or more activities of the transformed
mesenchymal stem cells. The conditioned medium may be used in place of, in addition to, or
to supplement the transformed mesenchymal stem cells themselves. Thus, any purpose for

15  which transformed mesenchymal stem cells are suitable for use in, conditioned media may

similarly be used for that purpose.

Such a conditioned medium, and combinations of any of the molecules comprised
therein, including in particular proteins or polypeptides, may be used to supplement the
activity of, or in place of, the transformed mesenchymal stem cells, for the purpose of for

20  example treating or preventing a disease. Thus, where it is stated that the transformed
mesenchymal stem cells obtained by the methods described here may be used for a particular
purpose, it will be evident that media conditioned by such transformed mesenchymal stem

cells may be equally used for that purpose.

Conditioned medium may be made by any suitable method. For example, it may be
25  made by culturing transformed mesenchymal stem cells in a medium, such as a cell culture
medium, for a predetermined length of time. Any number of methods of preparing conditioned
medium may be employed, including the ‘Conditioned Medium Preparation Protocol” set out

below.

The transformed mesenchymal stem cells may in particular comprise those produced

30 by any of the methods described in this document. The conditioned medium will comprise



activity of, or in place of, the transformed mesenchymal stem cells, for the purpose of for 20example
treating or preventing a disease. Thus, where it is stated that the transformed mesenchymal stem cells
obtained by the methods described here may be used for a particular purpose, it will be evident that
media conditioned by such transformed mesenchynﬁj stem cells may be equally used for that
purpose. Conditioned medium may be made by any Suitable method. For example, it may be 25 made

by culturing fransformed mesenchymal stem cells in a medium, such as a cell culture medium, for a
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employed Exwlydisg the '‘Conditioned Medium Preparation Protocol’ set out below. The

transformed mesenchymal stem cells may in particular comprise those produced 30 by any of the

methods describedjay g #QSUMBR of B cROIIRNgHd Jaed ke MlliGORRAMREd % PRIYRARIIHES Ssecreted
by the transformed mesenchymal stem cells, as described in the Examples. A particular example
of a protodBiRAtIr bR IE88ditieR & EYium, which is not intended to be limiting, is as follows. 5An
example protocol for preparing conditioned medium from transformed mesenchymal stem cells may
compfise a 'Condiiotrednbie ditnto fridparatiparirgotonditjonbichéd iasfoonga TRANSFORMED

MESENCHMM, 315 M%Fé&l%ﬁ%%%ﬁ%%@ Mé%iﬁ%&%%ﬁ%ﬂ%&k%%ﬁ@%&% ARG

secretion may repared by gro transformed MSCs In a chemica ned sérum
culture masliamtoldesisree days as described above and in the Examples, and also in reference 25. 80%
confluent cultures may be washed three times with PBS, and then cultured overnight in a chemically

defined mainRs coRsIsHN IER VB Meslia witiiut Qbenot iedesLPHeoenad: AR TISN
InsuIin-Trgpsferrin-SeIenoprotein, 10ng/m1 Recombinant 15 Human FGF2, |IOng/m1 Recombinant
Human E IB,(’I(?(Céfhtamine-peniciIIin-streptomycin, and 55RMI3-mercaptoethanol overnight. The

cults may ther e uasHE {iERIRESILPES e TshusriRaliidedngd medmppay then be

added. All medium components may be obtaine nvitrogen. The cultures may be maintained in

this mediutaffaedisesaraaies. cothisre apiitivn der ieesudayamylerrbaderp peceoibtréle Ersifielghy
centrifugatjon » (ONRERIRIGHSs 2800 n es HRIRS: anastdial Ao ltafianmitb Y cHiroFHY, 134 kDa

(Satorius, Goettingen, Germany) and sterilized by filtration through a 220 nm filter.
then cultured overnight in a chemically defined medium consisting of DMEM media without

phenol red supplemented with 1 X Insulin-Transferrin-Selenoprotein, 10ng/ml Recombinant

15  Human FGF2, 10ng/ml Recombinant Human EGF, 1 x glutamine-penicillin-streptomycin, and
55uM B—mercaptoethanol overnight. The cultures may then be washed three times with PBS
and fresh chemically defined medium may then be added. All medium components may be
obtained from Invitrogen. The cultures may be maintained in this medium for three days. This
conditioned medium (CM) may then be collected, clarified by centrifugation, concentrated 50

20  times using tangential flow filtration with MW cut-off of 100 kDa (Satorius, Goettingen,
Germany) and sterilized by filtration through a 220 nm filter.

The conditioned medium may be used in therapy as is, or after one or more treatment
steps. For example, the conditioned medium may be UV treated, filter sterilised, etc. One or
more purification steps may be employed. In particular, the conditioned media may be

25  concentrated, for example by dialysis or ultrafiltration. For example, the medium may be
concentrated using membrane ultrafiltration with a nominal molecular weight limit (NMWL)

of for example 3K.

For the purposes described in this document, for example, treatment or prevention of
disease, a dosage of conditioned medium comprising15-750 mg protein/100 kg body weight

30 may be administered to a patient in need of such treatment.



The conditioned medium may be used in therapy as is, or after one or more treatment steps. For
example, the conditioned medium may be UV treated, filter sterilised, etc. One or more purification
steps may be employed. In particular, the conditioned media may be 25concentrated, for example by
dialysis or ultrafiltration. For example, the medium may be concentrated using membrane ultrafiltration

with a nominal molecular weight limit (NMWL) of for'@xample 3K. For the purposes described in
this documlent for examq{&trea ment orprey tion pf disease, a dosage of conditioned medium
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comprising&§%o%%Ep90telﬁf k’&'%éy WeigfwiH’, may be administered to a patient in need of such
treatment. 24 TRANKEQRMER MESENGHY WAk STEM S Ea RARTIG R sencMyadessribe.a particle

which is derivable from a transformed mesenchymal stem cell (MSC). Such a patrticle is referred to in
this docuni¥ht(aks Bt BSHASASTRISEREH IRt clocEBIER LR et isRetheTet e mas¥Rthy mal
stem cell RartigketRy, be derivable from the transformed MSC by any of several means, for example
by secretion, budding or dispersal from the transformed MSC. For example, the transformed

meseqchymal stef ol eaiole mavche Riadusest et RMILed ofaad e dransiomed

MSC. Where the transforme transtormed mesenchymal stem cell particle
may be seicreséetingd Viibebyethy witisry errdangams, forExrenlndiorewdivmdenichyaral dspereell particle
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an exosome. The transforme esenchyma stem ce esCrl ere may comprise any one
or more ofhg by ppedtiesdot xiud asly suttreisod ek edilhesantib ectirans STine d i fo Waderiasactfpmaddtem
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mesenchymal stem cell particle may comprise diameters of 40-100 hm The transformed mesenchymal
steml Bell saeticik enliyrbenfshwidd by inward budding of the endosomal membrane. The transformed
mesenchymal stem cell particle may have a density of -1.13 - 1.19 g/ml and may float on sucrose
gradients. The 20 Hansfeforactmassnchymal siemcetbpattielenaiain peraoiiahednipaholesteratand
sphingomyelin, and lipid raft markers such as GM1, GMS3, flotillin and the src protein kinase Lyn. The
ranstorma AR SIS SO0 15 s SRR SrORae BreSet s
transformedkseasenahysaahsieiperiid oddsanbidrhresmessicpiisealnstent oehreadititred medium
(transformed MS.CS-C%E/&,ﬁs]uch as a grote'n glgaracteristic or specific to 25 the transformed MSC or

transform&HORFEES: eé(f ?%151)750 Fprise RRA for example miRNA.

15 The transformed mesenchymal stem cell particle may comprise vesicles or a flattened
sphere limited by a lipid bilayer. The transformed mesenchymal stem cell particle may
comprise diameters of 40-100 nm. The transformed mesenchymal stem cell particle may be
formed by inward budding of the endosomal membrane. The transformed mesenchymal stem
cell particle may have a density of ~1.13 — 1.19 g/ml and may float on sucrose gradients. The

20  transformed mesenchymal stem cell particle may be enriched in cholesterol and
sphingomyelin, and lipid raft markers such as GM1, GM3, flotillin and the src protein kinase
Lyn. The transformed mesenchymal stem cell particle may comprise one or more proteins
present in transformed mesenchymal stem cells or transformed mesenchymal stem cell
conditioned medium (transformed MSC-CM), such as a protein characteristic or specific to

25  the transformed MSC or transformed MSC-CM. They may comprise RNA, for example
miRNA.

We provide a transformed mesenchymal stem cell particle which comprises one or
more genes or gene products found in transformed MSCs or medium which is conditioned by
culture of transformed MSCs. The transformed mesenchymal stem cell particle may comprise

30  molecules secreted by the transformed MSC. Such a transformed mesenchymal stem cell

particle, and combinations of any of the molecules comprised therein, including in particular



We provide a transformed mesenchymal stem cell particle which comprises one or more genes or
gene products found in transformed MSCs or medium which is conditioned by culture of transformed
MSCs. The transformed mesenchymal stem cell particle may comprise 30 molecules secreted by the
transformed MSC. Such a transformed mesenchymal_stem cell particle, and combinations of any of
the molecules comprised therein, including in particdlar 25 proteins or polypeptides, may be used to
supplement the activity of, or in place of, the transformed MSCs or. medium conditio by the
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actin and %%gn'?iengle% Iprc())treligrrles‘,/eiQElr%lfg%II 1Isaera gre]embrane fusions and transport e.g. annexins and rab
proteins, signal transduction’proteinswe.g. protein kinases, 14-3-3 and heterotrimeric G proteins,
metabolic enzymes e.g. peroxidases, pgruvate and Ii[iid kinases, and enolase-1 and the family of

tetraspanins e.g. OO RN EHSLASBEBEICIA (Al Retiiste (A CHPSITH A HROMSAHGHRHE stem cell

partick M&yueampeiaeReR©h th:MekalialmsRaniscliisiRNsigPethinasenenmahsism &l particles
may comprise mMRNA and/or microRNA. The term 'particle’ as used in this document may be taken

to mean afHePeRNE SHRYSPARECFA IS ARG 4B ISR SRS HeBRABTISTHRNS & rBrAted

mesenchymaisstenicehl dransiernacMR@) protansiprnadnesepshymal stepxerlicopgitionsd
medium (transformed 15 MSC-CM). The transformed mesenchymal stem cellgarticle may he

responsibRMfoRIEIERESeh 2GiGRY BTHARL G JAREY MSRIEPRARSBRMER MSEL M BRE tnsformed
mesenchyoaéstenpericpritic mayfeniesparsiipyivhl anshcamypattickRubsiaasiallyigsesterall of the

functions of the transformed MSC or transformed MSC-CM. For example, the transformed
meséRchyRiedERsRRNpS Aif M Bmedmaisrete T Biorgribpatisiiaray rapressoRNéformed
MSC or trapgfermestdN@-CM. The transformed mesenchymal stem cell particle may be used for any
of the therapeutic purposes that the transformed MSC or transformed MSC-CM may be put to use.

The transformed figsenshymal sa celt RRIFAMAN SRS AhieRst e RoBRr oA fipnsformed

mesenchymal stem cell. The transformed mesenchymal stemn cell particle may 25have a biological

property, Mﬁ@b@@gh@m@ﬁ%ygﬁm tisais@ﬂjahiéd“rmémmmeﬁt@mseeﬂfpmbmm&ylhav_e any
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may for example have a therapeutic or restorative activity of an transformed MSC. The biological

activity mé\ﬂ%@rﬁ@fﬁb_éf hamﬁmeﬁm¢%¢wm$mlm&mb®;@m@@%fﬂéret_hq@sy be
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myocardial ischemia and reperfusion injury.
stem cell particle may be responsible for, and carry out, substantially most or all of the

functions of the transformed MSC or transformed MSC-CM. For example, the transformed
mesenchymal stem cell particle may be a substitute (or biological substitute) for the

20  transformed MSC or transformed MSC-CM.

The transformed mesenchymal stem cell particle may be used for any of the

therapeutic purposes that the transformed MSC or transformed MSC-CM may be put to use.

The transformed mesenchymal stem cell particle may comprise at least one property of
a transformed mesenchymal stem cell. The transformed mesenchymal stem cell particle may
25  have a biological property, such as a biological activity. The transformed mesenchymal stem
cell particle may have any of the biological activities of an transformed MSC. The
transformed mesenchymal stem cell particle may for example have a therapeutic or restorative
activity of an transformed MSC. The biological activity may comprise cardioprotection. The
transformed mesenchymal stem cell particle may be capable of reducing infarct size.
30  Reduction of infarct may be assayed in a mouse or pig model of myocardial ischemia and

reperfusion injury.



26 The transformed mesenchymal stem cell particle may be capable of reducing oxidative stress. The
reduction of oxidative stress may be assayed in an in vitro assay of hydrogen peroxide (H202)-induced
cell death. The transformed mesenchymal stem cell particle comprise a vesicle. The transformed
5 mesenchymal stem cell particle may comprise an gxosome. The transformed mesenchymal stem
cell particle may contain at least 70% of proteins in an mesenchymal stem cell conditioned medium

(MSC-CM) or a trgnsformed mesenchymal stem cell.conditioned mediu %ra sfarmed MSC-CM). The

tansformed mesLIEL T S CETE BN iy AL BOK & EBESBReS PRt eI 100

kDa. The somplé&hofedottionlal weiltve 4063kmDayrhapcaepydriseproteins afsal 00 IkRinoddne particle

may comprisgqucogirgfg_pnf mol(icuhar vgﬁight >300 kDa. The complex of molecular weight > 100 kDa
teins of 5k dleh

T IS . .
may compl?lse pro e transformed mesenchymal stem cell particle may comprise

a complex of molecular weight > 1000 kDa.The particle may have a size of between 2 nm and 200 nm
The 15 transform@bemé@%fﬁ%meé?@ﬁhmlpﬁm@%@m%%%%% bestifkee d BsOvRRSAANES0 nm

The tmnsfgrnedimeseschyal piemicellRacdslsrivaxhaxarize of between between 50 nm and 100
nm The size of the transformed mesenchymal stem cell particle may be determined by filtration

against a 0.21tM fltey, ad, %‘?ﬁ%@e@%ﬂ@%‘ %&E@ﬁ%&ﬁ‘@&%&% ?Aeag%%rs@%%%@ F Gl of 10
kDa. The size of the transtormed mesentchymal stem cell particle may be determined by electron
microscopi an mesgnetamsibstnetcalbseambhiyneal wehvee(MSHCIY ey comyngocal eiaodhmaalic

radius of té%ﬂWc&lQQdHﬁ‘iﬁ%ﬁ@&@ﬂ?ﬂﬂ?ﬁﬁﬁ%%ﬁ%@%ﬁgius of between about 30 nm and about 70

nm It may be between about 40 nm and about 60 nm, such’as between about 45 nm and 25 about 55
nm The transformed mesenchymal stem cell particle may comprise a hydrodynamic radius of about 50
. The hydrody MEFHTTSEHR Y M CBERTIIER £ |BLH R4S S BF o5 A HPNGhD boattering

The t@nsfeisnediaresspthynml BERMTERI cpaibRie Maytaipriseighipidl s6leTig chiipBoithsigeoup
consisting of: phosphqlipid, phgsphatidyl serine, phosphatidyl jnositol, phosphatidyl 30 ing,
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The complex of molecular weight > 100 kDa may comprise proteins of < 300 kDa.

The transformed mesenchymal stem cell particle may comprise a complex of
molecular weight > 1000 kDa.The particle may have a size of between 2 nm and 200 nm. The
15  transformed mesenchymal stem cell particle may have a size of between 50nm and 150 nm.

The transformed mesenchymal stem cell particle may have a size of between between 50 nm

and 100 nm.

The size of the transformed mesenchymal stem cell particle may be determined by
filtration against a 0.2uM filter and concentration against a membrane with a molecular
20  weight cut-off of 10 kDa. The size of the transformed mesenchymal stem cell particle may be

determined by electron microscopy.

The transformed mesenchymal stem cell particle may comprise a hydrodynamic radius
of below 100 nm. It may comprise a hydrodynamic radius of between about 30 nm and about
70 nm. It may be between about 40 nm and about 60 nm, such as between about 45 nm and
25  about 55 nm. The transformed mesenchymal stem cell particle may comprise a hydrodynamic
radius of about 50 nm. The hydrodynamic radius may be determined by laser diffraction or

dynamic light scattering.

The transformed mesenchymal stem cell particle may comprise a lipid selected from
the group consisting of: phospholipid, phosphatidyl serine, phosphatidyl inositol, phosphatidyl

30 choline, shingomyelin, ceramides, glycolipid, cerebroside, steroids, cholesterol. The



cholesterol-phospholipid ratio may be greater than 0.3-0.4 (mol/mol). The transformed mesenchymal
stem cell particle may comprise a lipid raft. The transformed mesenchymal stem cell particle may be
insoluble in non-ionic detergent, such as Triton-X100. The transformed mesenchymal stem cell particle
may be such 5 that proteins of the molecular Weigh%specified substantially remain in the complexes
of the molecular weights specified, when the transformed mesenchymal stem cell particle is treated

with a non-jonic detergent. .. . Tgetran ormed mesenchy szst Il particle may be sensitive to
ey clotoxtC I I R R e D LB o KR Dele may be
such 10thatdseathyamt] witmayadl griettlinmoay ses pukstalpial @i solution of the complexes specified.

The transformed mesenchymal stem cell particle may comprise ribonucleic acid (RNA). The particle

may have an abSPlE@%ﬁ@f@ﬂ%&ﬁe&&@%@@t@ﬂ&ﬁﬁﬁ%@ﬂsﬁﬁmim@m&'ﬁymﬁi-ﬁiﬁi@ cell particle
may comprise a surface antigen selected from the group consistln% of: CD9, CD109 and thy-1. 15We

further deSEiBE R Jr5Paat MYy ShedrerinHBecmssen siaahTdbnastirepashisdchbed

above; thameihadicoBIHS G ISQlRiRetERransitaeduNesensh nai sRhebRItcs fomea
transformed mesenchymal stem cell conditioned medium (MSC-C The method may
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on moleculdfmveightisize dsfaarat composition or biological activity. The weight may be selected
from the weights set out above. The size may be selected from the sizes set out above. The

composition may: r iti T ' ic jvity;may be
selected from the %o%ﬁ%%é@%%%%ﬁ%@%%%%&%gg&v%@ﬁ%ﬁ%élfrllﬁtg{eglag grr(l'%e %gag#%r%jducing a
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the transformed mesenchymal stem cell conditioned medium. The transformed mesenchymal stem
cell conditioned medium may be concentrated by ultrafiltration over a >1000_kDa membrane. The 30
method may com BRI RAGFE KR R IRk L RAFIF B ELBREISG HRP BRI Cafd

(RNA). The particle may have an absorbance ratio of 1.9 (260:280 nm). The transformed
mesenchymal stem cell particle may comprise a surface antigen selected from the group

consisting of: CD9, CD109 and thy-1.

15 We further describe a method of producing a transformed mesenchymal stem cell
particle as described above, the method comprising isolating the transformed mesenchymal
stem cell particle from a transformed mesenchymal stem cell conditioned medium (MSC-

CM).

The method may comprise separating the transformed mesenchymal stem cell particle
20  from other components based on molecular weight, size, shape, composition or biological

activity.

The weight may be selected from the weights set out above. The size may be selected
from the sizes set out above. The composition may be selected from the compositions set out

above. The biological activity may be selected from the biological activities set out above.

25 We further describe a method of producing a transformed mesenchymal stem cell
particle as described above. The method may comprise obtaining a transformed mesenchymal
stem cell conditioned medium (MSC-CM). It may comprise concentrating the transformed
mesenchymal stem cell conditioned medium. The transformed mesenchymal stem cell
conditioned medium may be concentrated by ultrafiltration over a >1000 kDa membrane. The

30  method may comprise subjecting the concentrated transformed mesenchymal stem cell



28 conditioned medium to size exclusion chromatography. A TSK Guard column SWXL, 6 x 40 mm or
a TSK gel 1114000 SWXL, 7.8 x 300 mm column may be employed. The method may comprise
selecting UV absorbent fractions, for example, at 220 nm, that exhibit dynamic light scattering. The
dynamic light scattering may be detected by a quasi-(glastic light scattering 5(QELS) detector. The
method may comprise collecting fractions which eluté with a retention time of 11-13 minutes, such as

12 minutes. further provide a pharmaceutical composition rising,a transf (ﬁ esenchymal
stem coll SR A A G S BRI ATty e A LB Gt ST EACET carier
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stem gell peyiiple oin.ameitiod afueatment of adisepoe n andadiidyaly, oy, Thegiseass may be
selected f group consisting ot: cardiac falluré, bonearrow disease, skin disease, burns and
degeneratireedisddsk3 wumiias siictbetds, lpheimer's disease, Parkinson's disease and cancer. The

disease may be selected from the group consisting of: myocardial infarction, a 20cutaneous wound, a
dermatologic disaydefheeproataloginaliasientidarsaatitissinsedasiprisRRdy lemsoyerEca,
hemangioma, keloid, skin cancer, atopic dermatitis, Behcet disease, chronic granulomatous disease,

cutaneous™ et yMMBhRR celbrrsiclh 28 esHiegicecty dtBhedir R ISR Y 4R6R1RIGry inducing

inflammatigitipnshindmuie eysiagsation leading to chronic tissue remodeling including fibrosis and
loss of function, renal ischemic 25injury, cystic fibrosis, sinusitis and rhinitis or an orthopaedic disease.

The fignsformed esaACVRAl e Gell PATEIRTIRNDENSRIA aityioudlhealing et reduction.

bone formation, a bone graft or bone marrow transplantation’in an individual.
pharmaceutical composition for use in a method of treating a disease.
We further provide for the use of such a transformed mesenchymal stem cell particle

for the preparation of a pharmaceutical composition for the treatment of a disease.

We further provide for the use of such a transformed mesenchymal stem cell particle

15 in a method of treatment of a disease in an individual.

The disease may be selected from the group consisting of: cardiac failure, bone
marrow disease, skin disease, burns and degenerative diseases such as diabetes, Alzheimer’s

disease, Parkinson’s disease and cancer.

The disease may be selected from the group consisting of: myocardial infarction, a
20  cutaneous wound, a dermatologic disorder, a dermatological lesion, dermatitis, psoriasis,
condyloma, verruca, hemangioma, keloid, skin cancer, atopic dermatitis, Behcet disease,
chronic granulomatous disease, cutaneous T cell lymphoma, ulceration, a pathological
condition characterised by initial injury inducing inflammation and immune dysregulation
leading to chronic tissue remodeling including fibrosis and loss of function, renal ischemic

25  1injury, cystic fibrosis, sinusitis and rhinitis or an orthopaedic disease.

The transformed mesenchymal stem cell particle may be used to aid wound healing,

scar reduction, bone formation, a bone graft or bone marrow transplantation in an individual.

The transformed mesenchymal stem cell particle may be used (i) in the regulation of a

pathway selected from any one or more of the following: cytoskeletal regulation by Rho



29 GTPase, cell cycle, integrin signalling pathway, Inflammation mediated by chemokine & cytokine
signaling pathway, FGF signaling pathway, EGF receptor signaling pathway, angiogenesis,
plasminogen activating cascade, blood coagulation, glycolysis, ubiquitin proteasome pathway, de novo
purine biosynthesis, TCA cycle, phenylalanine biosyﬁhesis, 5heme biosynthesis; (ii) in the regulation
of processes including any one or more of the following: cell structure and motility, cell structure, cell

communicatign, cell motility,.cell adhesion, endacytosi itosis, exocytosis, cytokinesis, cell cycle,
mmunity hi ARt NS e LB ety TR R BB By,
granulocyteruiadatenhahmyynifywlgahGdmeghateg pighadayg EGfokireptandighdmgimbwagdiated
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glycolysis cptrkinsaiphoshinatmahatet] othewpoly saccbpiige-methdtotlsmppuninegrastdbojism, regulation
of phosphate metabalism, 20vitamin metabolism, aming acid biosynthesis, pre-mRNA proeessing,
ransiator N S AR e o
the followipgthsignaliggahtolesdiieficheenokired ugmomti fapiote nytokéiecthsegtalikin, othethdptokine,
extracellular matix,; extracellylar pari stHeral protein, of %{h‘%&‘&ga%gﬂ%gféél‘% i exgragellular
matrix glycoprotein, protease, metalloprotease, otherproteases, protease 25inhibitor, metalloprotease
inhibitor, segndipgotedisaiifdvbiters pridordhictsenddhytibyenasé Befdddasescelaperone,

chaperoniq, LiSn (0 JAmly FOAREanE AINCHHBRSIRNER: SUINSIAsE SYRIASE Al synthetase, select

calcium binding protein, aminoacyl-tRNA synthetase, lyase, isomerase, other isomerdse, ATP
synthase, dgrdlatasentrbproamitasecstdertydees opneme rkphata k dgutdnomesieutziegetatary molecule,

i el T e e mediate
filament, riyoriclEdgregeimotiio sommlcptssinmbiransiknio acddctotiivatives RNAcHInBinpreiteiraffistone,
Ca'mOd“'i%&?é%‘?gt&@{&@et‘{n‘?g %8 ﬁ)%%l%ﬂ%quanﬁgo acid metabolism, protein biosynthesis, protein
disulfide-isomerase reaction, carbohydrate metabolism, glycolysis, pentose-phosphate shunt,
other polysaccharide metabolism, purine metabolism, regulation of phosphate metabolism,

20  vitamin metabolism, amino acid biosynthesis, pre-mRNA processing, translational regulation,
mRNA splicing; or (ii1) in the supply of functions including any one or more of the following:
signaling molecule, chemokine, growth factor, cytokine, interleukin, other cytokine,
extracellular matrix, extracellular matrix structural protein, other extracellular matrix,
extracellular matrix glycoprotein, protease, metalloprotease, other proteases, protease

25  inhibitor, metalloprotease inhibitor, serine protease inhibitor, oxidoreductase, dehydrogenase,
peroxidase, chaperone, chaperonin, Hsp 70 family chaperone, other chaperones, synthetase,
synthase and synthetase, select calcium binding protein, aminoacyl-tRNA synthetase, lyase,
isomerase, other isomerase, ATP synthase, hydratase, transaminase, other lyase, other enzyme
regulator, select regulatory molecule, actin binding cytoskeletal protein, cytoskeletal protein,

30  non-motor actin binding protein, actin and actin related protein, annexin, tubulin, cell
adhesion molecule, actin binding motor protein, intermediate filament, ribonucleoprotein,
ribosomal protein, translation factor, other RNA-binding protein, histone, calmodulin related

protein, vesicle coat protein.



We further provide for a delivery system for delivering a transformed mesenchymal stem cell particle,
comprising a source of transformed mesenchymal stem cell particle together with a dispenser
operable to deliver the particle to a target. We further provide use of such a delivery system in a
method of delivering a particle 5to a target. The t6ansformed mesenchymal stem cells may
mediate cardioprotective effects through secreted Iarge complexes of -50-100 nm in diameter. Such

complexes or paRgﬁlesrma the otre b%Lised for ther tIF means, InC|l,fld % or cardrﬁ) rotlectlon in
€ 1u or,a System OI"Z?1 1vering a'tran fn
place of the cells themselv he transformed Mmesenc ymal stem cell partic es complexes or

exosomesstaaychid pmﬁdléommqanmtgg afqourpe)séa;asemrasdtmeamehymabﬂwenub mpdaiadardgther heart
diseases Such as. ischaemia cglrd ac, infla atio or he eart failure. They may also be used for repair
1 CFT §1 icletoat

Spenser 1ver ar
following pe usronrfnjury dia conditione ransformed-MsCs (such as transformed

mesenchymal stem cell 15 condltloned media or transformed MSC-CM, as described below) may
comprise biologicHPAutRR"BY e NeforhugMSIe ey swsieapianst b efidriig o 8arifisformed
MSCs thepselygst. The biological property or biological activity of an transformed MSC may therefore
correspond to a biological property or activity of a transformed mesenchymal stem cell conditioned

medium. Accorduitgg/ ! agtlr Jf‘k‘?@gpﬁgﬁmiﬁt&%% ({?ﬁrtlgée n%?yoge%ﬁﬁ,gt ?smone or more

biological properties or act|V|t| sformed mesenchymal stem celt con edium
(transformigdoNbGeCvikd largT hentplngitiaried ¢diPGuitare disuiien. Sch agnaplcxesiorpreticles
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25therefrofalip thaveskebidsure medium; and isolating the cell culture medium. The transformed
mesenchymal stem cell may be produced by a process comprising obtaining a cell by dispersing a

embiyonic stem (E}%)tﬁmﬂf@(ﬁtﬁéd/m-ﬁb&ﬁﬁﬂnﬁﬂ aaﬁmrmntmempmm e prepagatadinthe absence
of co-culture ip a serum free.medium comprising FGF2. Further det ils are. provided elsewhere in this
document 89 G AT AN LR PRAN I RME RRELE TR NIAL TR e PR

such as ischaemia, cardiac inflammation or heart failure. They may also be used for repair

following perfusion injury.

Media conditioned by transformed MSCs (such as transformed mesenchymal stem cell
15  conditioned media or transformed MSC-CM, as described below) may comprise biological
activities of transformed MSC and are capable of substituting for the transformed MSCs
themselves. The biological property or biological activity of an transformed MSC may
therefore correspond to a biological property or activity of a transformed mesenchymal stem
cell conditioned medium. Accordingly, the transformed mesenchymal stem cell particle may
20  comprise one or more biological properties or activities of a transformed mesenchymal stem

cell conditioned medium (transformed MSC-CM).

The conditioned cell culture medium such as a transformed Mesenchymal Stem Cell
Conditioned Medium (transformed MSC-CM) may be obtained by culturing a transformed
mesenchymal stem cell (transformed MSC), a descendent thereof or a cell line derived
25  therefrom in a cell culture medium; and isolating the cell culture medium. The transformed
mesenchymal stem cell may be produced by a process comprising obtaining a cell by
dispersing a embryonic stem (ES) cell colony. The cell, or a descendent thereof, may be
propagated in the absence of co-culture in a serum free medium comprising FGF2. Further

details are provided elsewhere in this document.



The transformed MSC particle may be produced or isolated in a number of ways. Such a method may
comprise isolating the particle from a transformed mesenchymal stem cell (transformed MSC). Such a
method may comprise isolating the transformed MSC patrticle 5 from a transformed mesenchymal
stem cell conditioned medium (transformed MSC-C ? The transformed MSC particle may be isolated
for example by being separated from non-associated components based on any property of the

wansformed 136 Rariels, Fexammse e tansiomed MG papicls may be isolated based on
molecular'weight, size, shape, composition or biological activity e conditioned medium may be

filtered or concentiatedRrhatB oMY pRFRIdeHAY SebeaMEaNRt §0 SeRAALPR fufiRKIMRISsitdnay be
filtered through a membrane, for example one with a size or molecular weight cut-off It may be subject

to tangentfal YRS MPNHORBF St siRFHoihe Particle Figynp 3 AR HIGA MG AR HSHBY SRR of a
suitable melegiieaiINR Of. Saencipéthd@asgesshinesd RdhamssrMstardtaleeMacMaightelsewhere

in this_ document, ma)[( be used. The conditioned medium, optionally filtered or concentrated or
both, Mmay B ALjRR R REdHBRFSOsAY R TR 4R condiiguebmsAR R bmategrap Y SEcH Mample, high

performance liquid chromatography (HPLC) with various columns may be used. The columns may be
size exclusion colimtrewfdimdihlyS56lwantis]2 0@mdotsvloted Sropariaslobhivtoyicabastivitibenf the

”a”Sform%%ll\!h%&)BQ‘(é%f'@o _ nQStéJﬁS&g%Hﬁgg aB?@S%\f%éf%@%f%?ﬂ%ﬁa&mfa%‘?ﬁaﬁﬁf ormed
mesenchymal stem cell conditioned medium nstormed MSC-CM). As an example, light scattering,
refractive gxdexldytharmiankifshsshiMsrinpaotidlvvmagibie sidatast based ap beolesathtoviolibiy size,
transform%alg@(c‘,oﬂiﬁiﬁ@& _gpsigm\eacﬁ\;nﬁrapeutic activity such as cardioprotective activity may

be 25used to track the activity during fractionation. The following paragraphs provide a specific
Elal stem cell particle su h@s an exosome may be
it A

example of how g transfQqrmed MS .mesencEn
vl ioiapiy bttt b et e
transformedbsnepeAchysephsicon. daliscinmphe diun b edditdnlitonfie drapaibrmedfeOcmessiechymal

stem cells may comprise transformed HUES9.E lls. The medium may 32 comprise DMEM. The
OMEN Mo NI ADIBEIGS HEH Pl Bt Ao M AR A EFA) UorCt LM with

insulin, traisfefitingteonselenoprotein (ITS), or any combination thereof It may comprise FGF2. It may
comprise PDGF AB. The concentration of FGF2 may be about 5 ng/ml FGF2. The concentration of

PDGF AB may bergpeulinghd/Miratl WRAINMembrane of a suitable molecular weight or size cutoff,

15  as described in the Assays for Molecular Weight elsewhere in this document, may be used.

The conditioned medium, optionally filtered or concentrated or both, may be subject to
further separation means, such as column chromatography. For example, high performance
liquid chromatography (HPLC) with various columns may be used. The columns may be size

exclusion columns or binding columns.

20 One or more properties or biological activities of the transformed MSC particle may be
used to track its activity during fractionation of the transformed mesenchymal stem cell
conditioned medium (transformed MSC-CM). As an example, light scattering, refractive
index, dynamic light scattering or UV-visible detectors may be used to follow the transformed
MSC particles. For example, a therapeutic activity such as cardioprotective activity may be

25  used to track the activity during fractionation.

The following paragraphs provide a specific example of how a transformed MSC

mesenchymal stem cell particle such as an exosome may be obtained.

A transformed mesenchymal stem cell particle may be produced by culturing
transformed mesenchymal stem cells in a medium to condition it. The transformed

30  mesenchymal stem cells may comprise transformed HuES9.E1 cells. The medium may



5may comprise glutamine-penicillin-streptomycin or b-mercaptoethanol, or any combination thereof
The cells may be cultured for about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 days or more, for example 3 days. The
conditioned medium may be obtained by separating the cells from the medium. The conditioned
medium may be centrifuged, for example at 500 g. iéguay be 10 concentrated by filtration through a
membrane. The membrane may comprise a> 1000 kDa membrame. The conditioned medium may be

concentrated abou ' or . The copdijtioned medium may be subject tq liquid ..
Chromatog PRy SN B DR s R R oS BP0 LOSAIEHiA ™y
size exclusian beatrppEuctnas] Sefthasoda, maysiietsast. sAkarpexam plé Sy, dSiGemndicatiumn SWXL, 6
x40 mm qr a TSK 15 gel 11140 L, 7.8 x 300 m y loyed. The el E ffer may
comprise SRy TR St e AT R BT i 150
mM of NaGd aboptd hg/nHeGrchhatograptisasysteP @y Bdegaylibrated af adlow e me@udnml/min.

The e%utlon mode magl b? {socratlc. W)V ﬁ\b_sé rreb nce at 22% nm ma¥8g§) usri\d to traclé I’%elz r@{g Iress of

elutioR. Fractions | raltyet%eue%ghr”llfﬁg?hc)lrl dr;l/na E:Oﬁaﬁtlrégét érlﬁrgc%P) %%?ﬁgog%qcuasrea c light

scattering tf@&€bS) detector. Fractions which are found to exhibit dynamic light scattering may be
retained. For example, a fraction which is produced by the general method as described above, and

which elutes withrsetantionytinee efidrbdlR MBS, sughias B2 minutes) mfeuwnansr&xpibit dynamic
light scattering. The rh offarticles, in this peak is about 55-65 nm Such fractions comprise 25

transform&SANBLE AlendhyhatSiioRedM MR BR L herpHeiagd omerarping hegetipieom the

TRANSFQRMIER. MECBARDeURR diuml heiianstatitadoN $6r pritigRs8S Glescriles iBethis document
may be delivered to the human or animal body by any suitable means. We therefore describe a

delivEly syQrsHt e Retgton Ao s RiEe perf e EARE SrBEECMRARS doc RNt a target

cell, tissuanergamanirhaldaditionsimanbe b onaihadadoabsing thamelanosystem to deliver
transformed MSC patrticles to a target. 33 The delivery system may comprise a source of

transformed MSGpaflicles: S6Mh 23RS BE GO/ ﬁﬁ‘@éﬁ%ﬁ%@%ﬂdﬁ%@%%ﬁ%ﬁ%

delivery system may comprise a dispenser for dispensing the transformed MSC particles to a target.
conditioned medium may be separated by size exclusion. Any size exclusion matrix such as
Sepharose may be used. As an example, a TSK Guard column SWXL, 6 x 40 mm or a TSK

15  gel G4000 SWXL, 7.8 x 300 mm may be employed. The eluent buffer may comprise any

physiological medium such as saline. It may comprise 20 mM phosphate buffer with 150 mM
of NaCl at pH 7.2. The chromatography system may be equilibrated at a flow rate of 0.5
ml/min. The elution mode may be isocratic. UV absorbance at 220 nm may be used to track

the progress of elution. Fractions may be examined for dynamic light scattering (DLS) using a

20  quasi-elastic light scattering (QELS) detector.

Fractions which are found to exhibit dynamic light scattering may be retained. For
example, a fraction which is produced by the general method as described above, and which
elutes with a retention time of 11-13 minutes, such as 12 minutes, is found to exhibit dynamic
light scattering. The 1, of particles in this peak is about 55-65 nm. Such fractions comprise

25  transformed MSC mesenchymal stem cell particles such as exosomes.

DELIVERY OF TRANSFORMED MSC PARTICLES

The transformed MSC particles as described in this document may be delivered to the

human or animal body by any suitable means.

We therefore describe a delivery system for delivering a transformed MSC particle as
30  described in this document to a target cell, tissue, organ, animal body or human body, and

methods for using the delivery system to deliver transformed MSC particles to a target.



Accordingly, we provide a delivery system for delivering a transformed MSC particle, 5comprising a
source of transformed MSC particles as described in this document together with a dispenser operable
to deliver the transformed MSC particles to a target. We further provide for the use of such a
delivery system in a method of delivering transformegd MSC patrticles to a target. Delivery systems for
delivering fluid into the body are known in the art, and include 10injection, surgical drips, cathethers
(including perfusion cathethers) such as those.described in. United Stat tent 6,139,524, for
example. g del oy et L LS L b GEHES e T LS BB 1
Delivery tetheinagsotandasglthassagiesnind IMEQgpmtiakeasihe dilieryy mayehenachimvegtissing for
example a,nasal spray,.puffer, inhaler, etc as in the art (for example as shown 15in United
States DegllgS;%e %aetlgr?ttylglgﬁ?ég]ﬁ Hle? ré#\%&?/%%%%&%ﬁ@g%%% a(regeeaat:'hieved using an intra-aortic
renal delivery catheter, such as that described in United States Patent 7,241,273. It will be

evident that the paffeifinedeivemreridsia ixenmyitamdrodabngenaw rasiipencdhbrinparticle,
transformedivppicimaiticlerabiitaRBraRaaesIOtpsyR db ArdedciopaghieiesZRRntival fsgateewitd he

transformed MSC patrticles may for example be used for the treatment or prevention of
atheroscletGLBeMSFOPSERIS ISl YRsARedrATSEPIRSE MG dadifley D@ BB intravenously to stabilize

atherosclerotic plaques or reduce inflammation in the plaques. The transformed MSC particles may be
used for the treate fitthqsrexeondio fooflsepticodiock bydbietyayetrousmpenfation of Helivansformed

MSC parti%megw%g%gﬁg {b [t or prevention of heart failure. This may be achieved by
chronic intracoronary or intramyocardially perfusion of transformed MSC particles to retard remodeling

or retard heart fajlure. The transformed.MSC .
Del?very systems for ggivering fluid into the body are known in the art, and include
10  injection, surgical drips, cathethers (including perfusion cathethers) such as those described in
United States Patent 6,139,524, for example, drug delivery catheters such as those described

in United States Patent 7,122,019.

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

15  in United States Design Patent D544,957.

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

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

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

20  optimal treatment.

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

25  intravenous perfusion.

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

transformed MSC particles to retard remodeling or retard heart failure. The transformed MSC



34 particles may be used for the treatment or prevention of lung inflammation by intranasal delivery.
The transformed MSC particles may be used for the treatment or prevention of dermatological
conditions e.g. psoriasis. Long term delivery of transformed MSC particles 5may be employed using
transdermal microinjection needles until the condition is resolved. It will be evident that the delivery
method will depend on the particular organ to which'the transformed MSC particles is to be delivered,

and the skilled ?erson \éleI” beedaflgle to det{erml e which means.to emﬁlol}{ accorqégggﬁ. As an example, in

the treatm%%qlg Rardrad wﬁamm%%%r{r%én ﬁ%n%rfBFFrYSHtM% le%alr?lc esnﬁfllg)(?rb Nored for example

to the cardieltviésgue (i.e., myocardium, pericardium, or endocardium) by direct intracoronary injection
through the chest wall or using standard percutaneous catheter based methods under fluoroscopic

guidance for dire¢hiigaligninta NESOS S8 SHEHINOSAIIR: e tfision:Gfrevetitihitar from a stent

or catheter which is inserted into a bodily lumen. 15Any variety of coronary catheter, or a perfusion

catheter, g8 Rgderts RiARSE RS P isETokoRSIRIB St 06 taREISTEIRAEN hepeidfSrmed

MSC partigles reaynptosediasherimranates@din;stenhthetdePlagRAND D ROIRNAIY reSSRU.
OBTAINING MESENCHYMAL STEM CELLS (MSC) The transformed mesenchymal stem cells

described here may heseled YRR 20 IRMAMSSANEINMAL A Sl MESEARNTAstem

cells suitable for use In the production of transformed mesenchymal stent cells may any
method krtbeviranstherad. MSApgtrieulatoMS G inessdbanchtides byl gt o esgatingl deeliloltained by

dispersingdgtgmpﬁg%ﬂ%ﬁtg{gag@ &%gﬁglggé/orggr%g,escendent thereof, in the absence of co-culture in

a serum free medium comprising FGF2."As a furthier example, mesenchymal stem cells may be

25derived from pre-natal tisspe. The pre-natal tissue, such as a foetal tissue, ma 8 cessed, such
2 by dissection, ‘MBI RabhiAG 5P 4T L MU o THETB AR PS8 bed in further
detailon theag@tionmbelodelid&red for example to the cardiac tissue (i.e., myocardium, pericardium, or

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

inserted into a bodily lumen.

15 Any variety of coronary catheter, or a perfusion catheter, may be used to administer
the transformed MSC particles. Alternatively the transformed MSC particles may be coated or

impregnated on a stent that is placed in a coronary vessel.

OBTAINING MESENCHYMAL STEM CELLS (MSC)

The transformed mesenchymal stem cells described here may be isolated or produced
20  from mesenchymal stem cells. Mesenchymal stem cells suitable for use in the production of

transformed mesenchymal stem cells may be made by any method known in the art.

In particular, MSCs may be made by propagating a cell obtained by dispersing a
embryonic stem (ES) cell colony, or a descendent thereof, in the absence of co-culture in a
serum free medium comprising FGF2. As a further example, mesenchymal stem cells may be
25  derived from pre-natal tissue. The pre-natal tissue, such as a foetal tissue, may be processed,

such as by dissection, mincing or washing, or any combination thereof.

Each of these is described in further detail in the sections below.



Mesenchymal Stem Cells from Embryonic Stem Cell Sources The prior art methods of obtaining
mesenchymal stem cells (MSC) or MSC-like cells from hESCs involve either transfection of a human
telomerase reverse transcriptase (hTERT) gene into differentiating hESCs (Xu et al., 2004) or
coculture with mouse 0P9 cell line 5(Barberi et al., 2%)5). The use of exogenous genetic material and
mouse cells in these derivation protocols introduces unacceptable risks of tumorigenicity or infection of

xenozootic infect us a %%l g tﬁ}ﬁT%I?jrs()en%}%‘rﬁ})lﬁge te%eg,seﬁ%a%l }pc%sderlved by the use of a
clinically relevantan repvro ucible protocol for isolating similar or identical (such as homogenous)

MSC 1OQopuIatioTiEfpmr dtﬂfmeﬂn@dﬂw@ hiE80sgImerenehainthetenetvdld AdSPriseddispersioe)la
embryo”'%ﬁ%’ﬂé@% GRILRRINY Dt aﬁ%lé%ﬁlﬁ%fcaeﬂﬁl%%% R ¥%§%(%e%‘é¥s%’19a§é88§}%§‘é T *ﬂfrfe”s are
propagated In the absence of co-culture in'a serum free medium comprising fibroblast growth factor 2
(FGF2), ingerdento &fieen ¢ivertdbyosaPaternat e RO () SCs)cTlturs, wwhid provse §fd eslNataequire

seruny, us C ' j i ndr ire pulati and time, and
is th?efor%%ﬁ%@ga{l%@S%%%%W%@g %%eén} ?grq{ﬁzgfi%ilg%!fr% (%))ﬁl%? g% ro?n{étivxe/o different
hESC linedeHaES9rntbédls i dusosarthiveepiad] Heskso Humeinges atbl adenifesti M SCse(ltESTAVISCs)

obtained %gﬁgﬂgg%q%and compositions described here are remarkably similar to bone-marrow
derived MSCs (BMMSCs). 20The embryonic stem cell culture may comprise a human embryonic stem

cell (hESC) culture. In a one embodiment, a method of geperating mesenchymal stem cells (MSC)
joiiesoegue T A s M S e S A RS
FGF2 andreptianaibyFiséide SBdeioraisgrting teroc [E06¢C R1éh selsniztheud)edtiid may comprise
sorting for CD 105+, CD24- cells from trypsinized hESCs one week after feeder-free propagation in a
ol s BTBHAHE TR GBS ot LSty BiSEReTie D AFe) S e drRT sl M CMSC. con
culture in wiialy @titeasts@Be colicblanysiisiantialihalc s alt ceds pleeedinilamdrpetgaidaaldstcd as
homogenous) to each other. The MSCs pr?duced by this method may be u%eggj%t%&gbguce

mesenchyial SES QRHEAt Lon A Shed SediGrm ISE 1B Ay s oM BRI Ry ast

growth factor 2 (FGF2), in order to obtain mesenchymal stem cells (MSCs).

Thus, the protocol does not require serum, use of mouse cells or genetic manipulations
15  and requires less manipulations and time, and is therefore highly scalable. The protocol may
be used for the isolation of MSCs from two different hESC lines, HUES9 and H-1 and also a
third one, Hes-3. Human ES cell derived MSCs (hESC-MSCs) obtained by the methods and
compositions described here are remarkably similar to bone-marrow derived MSCs (BM-

MSCs).

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

culture.

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

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

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

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

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



36 Disaggregating Embryonic Stem Cell Colonies One method of producing mesenchymal stem
cells may comprise dispersing or disaggregating an embryonic stem cell colony into cells. The
embryonic stem cell colony may comprise a huES9 colony (Cowan CA, 5 Klimanskaya |, McMahon J,
Atienza J, Witmyer J, et al. (2004) Derivation of em gonic stem-cell lines from human blastocysts. N
Engl J Med 350: 1353-1356) or a H1 ESC colony (Thomson JA, Itskovitz-Eldor J, Shapiro SS, Waknitz

MA, Swiergiel JJF%aaI. 5192&9%) Em%rﬁgmg %te%&ﬁl‘gtoip%?egerived from Human Blastocysts. Science

282: 1145-1147.): gregated or dispersed to a substantial

extent, i.e., 10at leastintbocl winpm.dibie g olessnohaynbkestlisagg e gate doondispdrsed o ghe extent that all

the cells i I re single, i.e., th i y disaggregated. The disaggregation may
%g&\%%gg%g h IPonT: 51&?1% c2lPOYI G S ARPISHR!

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

comprise a 15reag¥rtWHRPHisIERSTHEUARLSEN BURDESH LBHE N SO, BYdietviten cells and a
substmte, QhwaHRkINEI IMPRIShHg A0ehEmay, ovnpkiseIaprtieases)Ibe dishersfgagephmnay
comprise tr)/psin. The tt§atm nt Wi:%trypsin ma élﬁg}tf far exargple for 3 minutes or thereahouts at 37

degrees Cahs eendPh8HBY EaIanLEy, dg¥edan? rddadpeh@edtin Mbditn 99498 plating
out. 20TheThethash 1NQYICROVESE] disPe StingiR S vektiptiaerg S srgie eI keynicsigm cells with

trypsin an ting th J . .
ypsina %}315’%)/0%1’0 ftecn? 5e?l%ines Derived from Human Blastocysts. Science 282: 1145-1147.).

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

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

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

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

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

centrifuged and resuspended in medium before plating out.

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

with trypsin and plating the cells out.

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

25  (http://hedricklab.ucsd.edu/Protocol/COSCell.html).

In the aspiration step, the media is aspirated or generally removed from the vessel,
such as a flask. In the rinsing step, the cells are rinsed with a volume, for example 5-10 mls, of
a buffered medium, which is may be free from Ca>" and Mg”". For example, the cells may be

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



The disaggregation may comprise at least some of the following sequence of steps: aspiration, rinsing,
trypsinization, incubation, dislodging, quenching, re-seeding and aliquoting. The following protocol is
adapted from the Hedrick Lab, UC San Diego 25(http://hedricklab.ucsd.edu/Protocol/COSCell.html). In
the aspiration step, the media is aspirated or gener?ily removed from the vessel, such as a flask. In
the rinsing step, the cells are rinsed with a volume, for example 5-10 mls, of a buffered medium, which

is may be free from Ca2+.and Mg2+. For,example, the cells may be rinsed with calcium and
magnesiul e PG e IS s P S eI S AR s adced
to the vessetfardiite thesEgpeniieg 4geaoabitegrbdmirg suplacé withftirerdisperbingagBRs sohytion. For
example, emhglééry{pgiﬁg&Hank's BSS may be added to a flask. In the incubation step, the cells are
left for some time at 4 maintained temperature. For 5example, the cells may be left at 37C for a few

minutes (e.g., 2 to 5 minutes), In the dislodging step, the cells may be dislodged by mechanical action,

for example by s&rdPRGTIBY WSy $rdlsifs I ther seuelipfR A HaMatad (MO ERBUR EBe off
in shegts aRgnsHre HewIthasUbtaRS: 40 IhecoieralingnsiaRsa &elume efmigetisyy is added to the flask.

The medium may 10comprise a neutralisig&)ggent to stop the action of the dispersing agent. For
example, Highedgisgasishdhsges imay e tislsd gaichyauaspriralthe ifib drisxatap e itseRRIPEStein, such

as a serurgypyatedRivhichs il SpaR yestee pai Al the PIRIRESR U _AREIAVIATEXaRI il of
serum containing cell culture medium is added to the flask to make up a total of 4 mls. The cells may

be pipetted W HIBRHAYESF disperse the cells. 15In the re-seeding step, the cells are re-seeded into
fresh culture vessels and fresh medium added. A number of re-seedings may be made at different split
ratios. For exampteththqueaktsinmytdpe resdeced tintdibndilsitiddednd théiGisltidihe Imed pamtivaar

example, th lls m re-seed y adding. 1. dro s into a 25cm2.flask and 3.drops into
o o B S e TR o ane
1/5 20diluticzpéromefogeasmppecte@Ecsnhflasiy peith ¢haligeditimg rstap; dhieioslproiem baidligsiated into
new dishes_or wh er split ratip is desired, and.medi specific e iment, the
othon mSh R EIE SR i RS AL RIU Rt 110 BARECILE STRBR A Al
manner tosfomm eonitariyoitg isolied {(EBs) Ul idaydsd to the flask to make up a total of 4 mls. The

cells may be pipetted to dislodge or disperse the cells.

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

20  dilution from for example a 75cm” flask. In the aliquoting step, the cells may be aliquoted into

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

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

25  plates.

Maintenance as Cell Culture

The cells such as the disaggregated cells or the mesenchymal stem cells may be plated

and maintained as a cell culture.



EBs are then trypsinized before plating as adherent cells on gelatine coated tissue culture 25plates.
Maintenance as Cell Culture The cells such as the disaggregated cells or the mesenchymal stem
cells may be plated and maintained as a cell culture. 38 The cells may be plated onto a culture
vessel or substrate such as a gelatinized plate. Crucg'glly, the cells are grown and propagated without
the presence of co-culture, e.g., in the absence of feeder cells. The cells in the cell culture may be
grown in a serum=free medium. The medium may 5 be supplemented by one or more growth factors
Suich a5 epidermal 5/ SIHTAES L) CBASHLY 5 v ALHOP D (RG] Ahd BHAURLfY P
platelet-definedh yovhih dadtt arAB (P& pidpagbfal exhmpleh&Spgisahct Sigénl]thbng/ml, iz @reg/ml,
25ng/m1 O%Bé?lggérp&,eérﬁe ce lfss in the cell culture may be split or subcultured when confluent. They
may be spli Sby any sui able méans, such as treatment with trypsin, washing and replating. The split
ratio may comprise for 10example 1:4. The mesenchymal stem cells may be maintained as a cell line.

Absence of Co-CUFEIir s 8 & LhiBBBIREHsPS SFBHOR SSVBHAS AN MY e Mt aB¥nce of
Co- cultureyelpPRAEGEHEBEHHE (B KRfQI Sisnanmhstore QIR epinerediffetantiingselamls that are

grown together, for example, stromal feeder cells. Thus, in tygical‘ ES cell culture, the inner surface of

the culturd QORI LSRR daciRsc WitH - 1euderntiges b Pirieiss deriBporvdlifre I RATIRE been
treated so Ay withnetMidtes e ferdgriayes mavidesamadbsrent surfasatmEnakiedneif deells to

attach and . , .
cell culture may be split or subcultured when confluent. They may be split by any suitable
means, such as treatment with trypsin, washing and replating. The split ratio may comprise for

10  example 1:4.
The mesenchymal stem cells may be maintained as a cell line.

Absence of Co-Culture

In some embodiments, our methods involve culturing cells in the absence of co-

culture.

15 The term ‘co-culture’ refers to a mixture of two or more different kinds of cells that

are grown together, for example, stromal feeder cells.

Thus, in typical ES cell culture, the inner surface of the culture dish is usually coated
with a feeder layer of mouse embryonic skin cells that have been treated so they will not
divide. The feeder layer provides an adherent surface to enable the ES cells to attach and

20  grow. In addition, the feeder cells release nutrients into the culture medium which are required
for ES cell growth. In the methods and compositions described here, the ES and MSC cells

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

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

25  stem cells (MSC). The MSCs themselves may be cultured in the absence of feeder cells.

The dissociated or disaggregated embryonic stem cells may be plated directly onto a
culture substrate. The mesenchymal stem cells may be cultured on a culture substrate. The
culture substrate may comprise a tissue culture vessel, such as a Petri dish. The vessel may be

pre-treated. The cells may be plated onto, and grow on, a gelatinised tissue culture plate.



20grow. In addition, the feeder cells release nutrients into the culture medium which are required for
ES cell growth. In the methods and compositions described here, the ES and MSC cells may be
cultured in the absence of such co-culture. The cells may be cultured as a monolayer or in the
absence of feeder cells. The embryonic stem cells né%y be cultured in the absence of feeder cells to
establish mesenchymal 25stem cells (MSC). The MSCs themselves may be cultured in the absence of

feeder cells. The dissociated or disaggregated embryopic ste lIs m e plat grig ctly onto a
culture substrate T LB  ST G ey DB i ol O ek SRRl THe cuttre
substrate gedaticamprisdal tvesee isultude aresseiodactda$laRedy Hisktoldieavesseal tomay. Bdgre-treated.

i 39 A1y xaple protocol

The cells be plated onto, and grow on, a gelatinjsed tissue gulture

fo the GeR LS S S e ol S o B TS g e ST
autoclaved® ehiusagalabe stdneldted acomatdmp usdeVativmm shbalti dsuel deditbedodéesind b rgowete dowith the
gelatig solu}i%rgnd ig%%ll%gliegigor 5-15min. Remove gelatin and plates are ready to use. Medium

should beAdde B\é?ore ad&fng'cells to 5prevent hypotonic lysis. Serum Free Media The
dissociated or disaggregated embryonic stem cells may be cultured in a medium which may comprise
a serum-free meéﬁiﬁ?ﬁgﬁ%@mchymal stem cells may be cultured in a medium which may comprise

a serum-free medigniidddthecteomdisegdragied ssslisomaytaangiismoebeuitiecipdiawdichis free of
serum proteins, e.g., fetal calf serum. Serum-free media are known in the art, and are described for
example i DI SEF RS oS4TS B e RS PSR U ABS from,
for examplaefribeo-BRLMyisagaive 4 besarare iieelimnadia may be protein free, in that it may lack
proteins, hydrolysates, 15 and components of unknown composition. The serum-free media may

compjse chemically-gefined-mediadmuhiehal cCompRASOs PaYe:& KBaW R AReIGA SHHGHIE:

Chemically-defined serum-free media is advantageous as it provides a completely defined system

which elinfifrigassvagatitig]l sibwertor-iTfprovatreapedaudib it WA ditr aréonsisterdqsertesthiavice, and
decreases,passhifivial pariaTinasionsvaducsiitiovs auRnisRAMERRHTGR M may comprise
Knockout DM media (Invitrogen-Gibco, Grand Island, New York).
available from, for example, Gibco-BRL (Invitrogen).
The serum-free media may be protein free, in that it may lack proteins, hydrolysates,
15  and components of unknown composition. The serum-free media may comprise chemically-
defined media in which all components have a known chemical structure. Chemically-defined
serum-free media is advantageous as it provides a completely defined system which
eliminates variability allows for improved reproducibility and more consistent performance,

and decreases possibility of contamination by adventitious agents.

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

Grand Island, New York).

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

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

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

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



The serum-free media may be supplemented with one or more components, such as serum
replacement media, at a concentration of for example, 5%, 10%, 15%, etc. The serum- free media
may comprise or be supplemented with 10% serum replacement media from 25Invitrogen- Gibco
(Grand Island, New York). Growth Factor The seruql(-)free medium in which the dissociated or
disaggregated embryonic stem cells are cultured may comprise one or more growth factors. The

serum-free mediym in mesenchymal.stem cells reﬂfé % y r more growth
tactors. A L Bbl G S oG e R e G P B R Taroa, FOF, NGF.
Erythropoietyihiadienn GF andGGH-dhd IGH-He growth factor may comprise fibroblast growth factor 2

(FGF2). The medium may also contain other growth factors such as platelet-derived growth factor AB

(PDGF AB). Bothriefuthiess BrawthiaciorsRIe nawnda thew dhsmethormman commise awturing

cells in a medium comprising both FGF2 and PDGF AB. Alternatively, or in addition, the medium

may compH&® SfaiPeoRdMERTRpRIS tHeh g RlAlseidsr rEs Rt AP Y Enndhe B effowth of
MSCs EGIf inay b usedhairyrewitaig aoneatratienmiohaxamp e pp:&oeimhEzRehGh may be

used in place of PDGF. 10 EGF is a protein well known in the art, and is referred to as symbol EGF,

Alt. Symb&isdiescampriinedih iGEG a8 @M 131530, RefSeq NM 001963, UniProt P01133.
Thus, we disclose the use of media comprising (i) FGF2, (ii) FGF2 and PDGF and (iii) FGF2 and EGF
and other combirfslioms!iFe digmagitieosp dutmndmitogenicyapyisgeriotkerd omprog sphicrfastor that

s Lsexpregacdption avele mmaniseyes aneel MRsHAEARRSI PRGN, e3GRHigRS in brain
and pituitary. FGFZQ%ag%eE)h?jrr%hcate in %mu telltu of pR?/Slologlc'and pat o?)ogl% HS?
suitable concentration, for example 5-10 ng/ml EGF. EGF may be used in place of PDGF.
10  EGF is a protein well known in the art, and is referred to as symbol EGF, Alt. Symbols URG,
Entrez 1950, HUGO 3229, OMIM 131530, RefSeq NM_ 001963, UniProt P01133.

Thus, we disclose the use of media comprising (1) FGF2, (i1) FGF2 and PDGF and (ii1)
FGF2 and EGF and other combinations.

FGF2 is a wide-spectrum mitogenic, angiogenic, and neurotrophic factor that is
15  expressed at low levels in many tissues and cell types and reaches high concentrations in brain
and pituitary. FGF2 has been implicated in a multitude of physiologic and pathologic
processes, including limb development, angiogenesis, wound healing, and tumor growth.
FGF2 may be obtained commercially, for example from Invitrogen-Gibco (Grand Island, New

York).

20 Platelet Derived Growth Factor (PDGF) is a potent mitogen for a wide range of cell
types including fibroblasts, smooth muscle and connective tissue. PDGF, which is composed
of a dimer of two chains termed the A chain and B chain, can be present as AA or BB
homodimers or as an AB heterodimer. Human PDGF-AB is a 25.5 kDa homodimer protein
consisting of 13.3 kDa A chain and 12.2 B chain. PDGF AB may be obtained commercially,

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

Epidermal growth factor or EGF is a growth factor that plays an important role in the
regulation of cell growth, proliferation, and differentiation by binding to its receptor EGFR.
Human EGF is a 6045-Da protein with 53 amino acid residues and three intramolecular
disulfide bonds. EGF acts by binding with high affinity to epidermal growth factor receptor

30  (EGFR) on the cell surface and stimulating the intrinsic protein-tyrosine kinase activity of the



processes, including limb development, angiogenesis, wound healing, and tumor growth. FGF2 may
be obtained commercially, for example from Invitrogen-Gibco (Grand Island, New York). 20Platelet
Derived Growth Factor (PDGF) is a potent mitogen for a wide range of cell types including fibroblasts,
smooth muscle and connective tissue. PDGF, Which4if composed of a dimer of two chains termed the
A chain and B chain, can be present as AA or BB homodimers or as an AB heterodimer. Human
PDGF-AB is a 25.5 kDa homodimer protein consisting of 13.3 kDa A chagin and 12.2 B chain. PDGF
AB ey b SOl Eo IO 5 or B TS A ket R e i)
Epidermalrggolgtimfactoicdy EGkoishengikahmth fagte mthbinplay sedin impertant trateliluthe atgutation of cell
arowth, prelferation. and difiereniiation by, Binding o ts fepeptor EOFR, HUBANEGE fo.2,0045-Da
protein wit 53 ammo acid residues and three intramolecular disuitide bonds: EGF adts Byablnding with
high affinityeteepidedna thogeie fhctbBGiER e ptort BD{EGEIR ) cd thddeN symfhessandl stithulating the
inringic protsiphiresingdinase RSN, oS A eesRIot The, Masnerinase, ey, in tum, iniiates
a signal trAnsduction cascade that results in a varle{y of biochemica c%anges within the cell - arise in
intracellular calcium levels, increased gl C?F%Sis and protein synthesis, and increases in the expression

of certain genes Mﬁw‘ﬁtmﬁéﬂ@f& GRR and iRt YA DR arenbfadiessidedies

proliferatiafe &ifafr snaymbenatainedapmmeviptniromea smbet sdopanufasisiatSabout The/@Iowth
factor(s), such as FGF2 and optionally PDGF ABgma be present in the medium at concentrations of
a"Efc)fiR

about 1005R S SReHt 20 B P SBORPRAVSIRH ] JAGAT QeeR L2 susB S5O RYIMIESRtH As about

3ng/ml, suimaserdodidagsthSHlamalAuiROGHNH? it s60€ BipkadTheRtedine MAiHRbCoNtains
FGF2 at about 5ng/ml. The medium may also 10 contain PDGF AB, such as at about 5ng/ml. Splitting

celld?  Een@ip &\WHsgEh &t Ay R 8rowing until confluence, when contact inhibition
causes cessation of cell division and growth. Such cells may then be dissociated from the substrate or
flask, and 'split', Suthittitaifeellsr passaged, by dilution into tissue culture 15medium and replating.

The methods ang-cRmMRQYHERSARSKIREHIDRIS MAY 1IBTRING SATRHRERRSSRAINC RsRliting during

culture. The cells in the cell culture may be split at a ratio of 1:2 or more, such as 1:3, such as 1:4, 1:5
or more. THBIBtON sadsageseriing pdteddltAB isioeand semsiBtingan calksiyarhanbodrectsediuent
culture of g Gl oG, HRIARCHTHY, A Fpsi eciumrand i B0 NG R JReDEL GRnéanEe or
saturation is obtained.
15 medium and replating.
The methods and compositions described here may therefore comprise passaging, or
splitting during culture. The cells in the cell culture may be split at a ratio of 1:2 or more, such
as 1:3, such as 1:4, 1:5 or more. The term ‘passage’ designates the process consisting in taking

an aliquot of a confluent culture of a cell line, in inoculating into fresh medium, and in

20 culturing the line until confluence or saturation is obtained.

Selection, Screening or Sorting Step

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

for mesenchymal stem cells.

The selection or sorting step may comprise selecting mesenchymal stem cells (MSC)
25  from the cell culture by means of one or more surface antigen markers. The use of a selection
or sorting step further enhances the stringency of sorting and selection specificity for MSCs
and furthermore potentially reduces possible contamination from embryonic stem cells such as
hESCs and other hESC-derivatives from the starting material. This would then further reduce
the risk of teratoma formation and further increase the clinical relevance of the protocol we

30  describe.



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

embryonic stem (Aells s%ch hESCs and other hESC-derivative frqut starting material. This
nu eI‘(?.| metho arc Know or selection 81‘ sorting.nased on 1 nenges§10n
would then further reduce the risk of teratoma formation and furthefincrease the<linical relevance of

the protocahdvang@deserthaaydz usedAmihinizgeafomethodsnaretdmdesorfbedbiectibhearekatimgdnased on
antigen expression, AR any.of dhse mavbasedin e selectipn o soring stendepgibed here. The

selection or sorting may be achie y means of fluorescence acti orting Cag). Thus, as
known in theoan, iIRAEC S1inFAvES iexpbsmgrpelis focal lefporten atoh sastadabédisdl e tiboblyd bwhich binds

to and labels.antigens ex by the cell. Methpds of pr tion of antibqdies and labglling thereof
o ror e A A R N P AT SR BRI e
then passeddiwbeifhgat kA tmEommepwhichasokisaive tetle fadmmeddbsottred dasexhompthenlabelling.

Alternativ r in_addition, magnetic cell sortin ACS%)m wi Pe employed to sort the cells, 10We
e raay D RCURR: PO oA e R Gk A B R M Vs
e.g. CD1060007d) s BRsed Griho @bAbd). RDGERIA¢lsomencidhe ST gssociatédastirface antigens

e.g. CD29(%P£C§5)§H%e %Eee%'ﬁ%?é%'%!}’s%i‘e"tﬁ%s eeﬂjs.in ES cells such as hESCs and their expression are

verified by analysis. Theassociation of a surface antigen with MSCs may not be sufficient to
gualify the antigen as a selectable marker 15for jsolating MSCs from ES cells such as hESC.

Accdilingly, the SEFANSH ERLSE TG SIHTARFEIRBIAT SRS SsfercAr GRSy ERPressed

between M§esapd kthodhes e.g. CD105, CD73, ANPEP, ITGA4 (CD49d), PDGFRA, some of the
MSC associated surface antigens e.g. CD29 and CD49e are also highly expressed in ES cells
such as hESCs and their expression are verified by FACS analysis. The association of a
surface antigen with MSCs may not be sufficient to qualify the antigen as a selectable marker
15  for isolating MSCs from ES cells such as hESC. Accordingly, the selection or sorting step

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

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

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

in Table E1A and E1B below.

The selection or sorting step of our method may positively select for mesenchymal
stem cells based on the expression of antigens which are identified as expressed on MSCs, but

not expressed on ES cells such as hESCs.

25 CD73 is highly expressed on MSCs, while being not highly expressed on hESCs. Both
CD73 and CD105 are highly expressed surface antigens in MSCs and are among the top 20
highly expressed surface antigens in hESC-MSC:s relative to hESC, the use of either CD73 or
CD105 (or both) as selectable marker for putative MSCs will be equally effective in sorting
for putative MSCs generated by differentiating hESCs.

30 Alternatively, or in addition, the selection or sorting step may negatively select against

antigens based on surface antigens that are highly expressed as surface antigen on embryonic



The selection or sorting step of our method may positively select for mesenchymal stem cells based
on the expression of antigens. Such antigens may be identified by, for example, comparing the gene
expression profiles of hESCs and hESCMSCs. In particular 20 embodiments, the selection or sorting
may specifically make use of any of the antigens sh%/n in Table EIA and EIB below. The selection
or sorting step of our method may positively select for mesenchymal stem cells based on the

expression of anti w cﬂ are identified as gxpressed on MSCs, but not EXPIRSS ES cells
such as hétg st %Ei;ﬁa‘ss iglgl ?yaéi%rgeggéa (()Frri1 Ss(?nv(i/%P(e %i%ﬁ&“ r?giliin%’ﬁly expre?gfse on hESCs.
Both CD73dediGDdi0baneshigiylpekpredsaksovnace priviansyindMEGsdaditSareme finguhadop 20

highly expressed surface antigens | g I@%ﬁ% @tivet [ﬁ C, the use of either CD73 or CD 105
(or both) a%nglgfélgt%ie ?ﬁeﬁﬁgi%foﬂfﬁﬁg i\%C S wﬁ ’eagai?a gzgffective in sorting for putative MSCs
generated by differentiating hESCs. 43 stem cells (ES cells) such as hESCs, and not mesenchymal

stem cells e.g., hESES SEARRHHRINE SrTES Y B AL R oWH Brtdrevfotdl dentified

hESGsspetifigguriaceantigensstsd as MIBRiVGBIERA ansbRAP Mariandidiodn kAGwnasalisis
confirms the expression of CD24 on hESC but not hLESC-MSCs. 5Therefore, CD24 may%be used as a

negative sBRISHO SR ARrRE A AMUNGHEGINE BlrrkCdRfed RPN YS G l5opbsitive
selectabledikatifgmisalesiogpuiasive MSCs from differentiating hESC cultures. Mesenchymal Stem
Cells from Pre-Natal Sources The mesenchymal stem cells, from which the transformed mesenchymal

stem cells 10 m%gggn%%l@%%tte%ﬁéeﬂ\é%gﬁ;gm,&rag-gﬁ%&ssue. The pre-natal tissue, such as a

foetal tissue, may be processed, such as by dissection, mincing or washing, or any combination

thereof  The MisBISsRYPhsMteTieBetcHiajip@ tdricetherornsiocmedppresaaeayizdeenbeds on any
suitaije PrARGHY RN ﬁﬁfﬁ%@éﬁ%ﬁ'fﬁ&ﬂ%@ﬁaﬁpﬁ%@nﬁﬁi@ Pl MASERARYNEL SEtsgHimay 15be

selected based on its ability to adhere to a substrate. The substrate may for example comprise plastic.
Accordingisstife mfasehBriaefardisHeiz el Pyadissectervedni o Gresataptissasysealibnatgthe
mesenchymalstem cells in the pre-natal tissue mass to adhere to plastic. For this purpose, the tissue
may be placed on a vessel with one or more plastic surfaces. Such a vessel may comprise a culture
vessel, for exam Hjﬁeangeséseylgh%/%%irsepnlqa(tzgllm% Y)%S(feerivrgg ¥r(t))r% such a pre-natal tissue based on any
suitable property, such as preferential adhesion. For example, the mesenchymal stem cell may
15  be selected based on its ability to adhere to a substrate. The substrate may for example
comprise plastic. Accordingly, the mesenchymal stem cell may be derived from pre-natal
tissue by allowing the mesenchymal stem cells in the pre-natal tissue mass to adhere to plastic.
For this purpose, the tissue may be placed on a vessel with one or more plastic surfaces. Such
a vessel may comprise a culture vessel, for example a tissue culture plate. The vessel may be
20  gelatinised. The mesenchymal stem cells may be allowed to migrate out of the tissue mass.
They may be allowed to adhere to the surface of the vessel. The rest of the pre-natal tissue
may be removed, such as by washing off. Thus, the bulk of the tissue pieces may then be

washed off, leaving a homogenous cell culture.

The tissue may be cultured in any suitable medium, such as Dulbecco’s Modified
25  Eagle Medium. The medium may be supplemented with any suitable supplement, such as
serum replacement medium, EGF, FGF2, etc. The serum replacement medium, where present,
may be included at any suitable concentration such as 10%. EGF, where present, may be
included at any suitable concentration such as 5, 10, 15 or 20 ng/ml. FGF2, where present,

may be included at any suitable concentration such as 5, 10, 15 or 20 ng/ml.

30 A specific protocol which may be used for deriving pre-natal mesenchymal stem cells

may comprise the following. The cultures may be cultured in either serum-free or serum-



20 gelatinised. The mesenchymal stem cells may be allowed to migrate out of the tissue mass. They
may be allowed to adhere to the surface of the vessel. The rest of the pre-natal tissue may be
removed, such as by washing off Thus, the bulk of the tissue pieces may then be washed off, leaving a
homogenous cell culture. The tissue may be culturegun any suitable medium, such as Dulbecco's
Modified 25 Eagle Medium. The medium may be supplemented with any suitable supplement, such as

serum replacement medium, EGF F2, etc, The serum replacement medi where present, may
P includes NP AtHe et Wi SR B R e T RS R
suitable congentraiigrasdidieas@itiiog tbchra2 @tnigAwin kGH2tinvhea! ¢ presartpraglabe Secluoldctat any
suitable concentratign such as 5, 10, 15 or 20 ng/m|. ntaining culture medium q$ confluent,
the cultre g e R e m SRDRR U AN Sorulans o S0
gelatinizededstenculturedpl atenSssantdt @enoultac el nédingnmh 8¢ B2, ifaggnipRet mbokaou DM &M

medi sg%q}em ith 10% serum replacement media, non-essential amino acids, 10 ng/ml
A gt e e i M O e S S
medium nlaylEdmaigh glnafsd Miivuhgditaghice seppltnorttedusathipen sulplestngyiteotywith L-
penicillin-streptomycin, Lglutamine, non-essentjgl aming.acids and 10% fetal.calf. serum. Instead of, or
I acitiorg O B A i R s SRl R T S A B T

absence dfGb;dtNGe psycbeaséd.the 10absence of feeder cells. For this purpose, the mesenchymal
stem cell may be cultured without a feeder cell layer. This is described in further detail below. The

mesenchymal stemecalltiiayg eeripeiddur eptignaliiselesting diveseockynahstieruerlhfranmether
cells based on expression of a cell surface marker, as described in further detail below. The cell may

therdfdre aptIaIRE heedelicaliu B HufRmg Sres i SRAPEEVO NP L5 FPBX BRI HE 1B cession

Number NM&Q04 4811 s CIMTSBi{AesasséanMNurakerddiv102526.1), or both. The cell may be further
optionally selected by detecting a reduced expression of CD24 (Accession Number NM 013230.1).

Thus, the mesengivmalsiem sel Ay o ablaineddy se Relipa eneelauuhish ae. GRATHHCD24-

The mesenchymal stem cell may be selected by labelling the cell with an antibody against the

appropriatéesn el drantigderagin dasel/anecsprestion b 9l odicscsesrackivmrsdiesdridsaingf¢FATS) or
mgﬁ Egﬁc aethiyRg, (VRGN &Mﬁe%ﬁ&&% '?ﬁ%&@]%%sﬂ%é%% RMESENCRYMALSHEM

C The transformed mesenchymal stem célls obtained by the methods and compositions

deschibed foe exanmlaiidpidl dAecsssioord wrtse e 8PehbFdoteristirBdrpesseinehymabetem 25cells.
NM_002526.1), or both. The cell may be further optionally selected by detecting a reduced

expression of CD24 (Accession Number NM_013230.1). Thus, the mesenchymal stem cell
may be obtained by selecting for cells which are CD105+ CD24-. The mesenchymal stem cell
may be selected by labelling the cell with an antibody against the appropriate surface antigen

20  and may be selected by fluorescence activated cell sorting (FACS) or magnetic cell sorting

(MACS).

CHARACTERISTICS OF TRANSFORMED MESENCHYMAL STEM CELLS

The transformed mesenchymal stem cells obtained by the methods and compositions
described here may display one or more properties or characteristics of mesenchymal stem

25  cells.

They may satisfy any one or more of the morphologic, phenotypic and functional
criteria commonly used to identify mesenchymal stem cells °, as known in the art. The
properties or characteristics may be as defined by The International Society for Cellular
Therapy. In particular, they may display one or more characteristics as set out in Dominici et

30 al (2006).



They may satisfy any one or more of the morphologic, phenotypic and functional criteria commonly
used to identify mesenchymal stem cells 9, as known in the art. The properties or characteristics may
be as defined by The International Society for Cellular Therapy. In particular, they may display one or
more characteristics as set out in Dominici et 30al (%4()506). 45 Morphology The transformed
mesenchymal stem cells obtained by the methods and compositions described here may exhibit one
or more morphol%lica characteristics of mesenchymal stem cells. 5The transformed mesenchymal
stem cells obtaineé”lg)y fh&*ethods described here may display a typical fingerprint whorl at
confluency. THeetransformetimesserighysh slestarel sellsaitdibg dhmang fords andadineresitimenolayer

with a fibrohlasti otype. The transfor tem cell. e ble_of ering to
Plastc, 10T e B B TRl opama
culture masglie at 25% to 85% confluency or 15-50,000 cells per cm2. Antigen Profile Furthermore,

the transformed mesenchymal stem cells obtained may display a surface antigen profile which is

similag or identicalie trasereiimalsstemy aellstdh TRt tmsivdsdineasemedymalsiesn Eellsreptained
by the methods described_here may | gh%gfdis I‘ga%}reduced expression of one or more pluripotency

marker, sURFPHY SrUEY TEERRINGK “&xample at the polypeptide level. They may
display transcript expression of one or both of OCT4 and SOX2, but at reduced levels compared to

embryonic stem Jé!@st%fp%qmﬂmﬁaES@QWHéQbM@ﬁmf@%@m gy e mnﬁb@/%wer, 5
times 20 Iquer Of O HAEs |NRSOpM IR CamRaRGddMERRENORISI SIEM GalithalNe CRRINEd s
transformeghmese?ch mtal stem cCells may display a 'typical' MSC-like

adhering to plastic.

10 They may have an average population doubling time of between 72 to 96 hours. The

optimal culture may be at 25% to 85% confluency or 15-50,000 cells per cm?.

Antigen Profile
Furthermore, the transformed mesenchymal stem cells obtained may display a surface

antigen profile which is similar or identical to mesenchymal stem cells.

15 The transformed mesenchymal stem cells obtained by the methods described here may
lack or display reduced expression of one or more pluripotency marker, such as of Oct-4,
SSEA-4 and TRal-60, for example at the polypeptide level. They may display transcript
expression of one or both of OCT4 and SOX2, but at reduced levels compared to embryonic
stem cells such as hES3 human ESCs. The levels of expression may be 2 times lower, 5 times

20  lower or 10 times lower or more compared to embryonic stem cells.

The obtained transformed mesenchymal stem cells may display a ‘typical’ MSC-like
surface antigen profile. They may for example show expression of one or more markers
associated with mesenchymal stem cells. These may include expression of any one or more of
the following: CD29, CD44, CD49a, CD49¢, CD105, CD166, MHC 1. The transformed

25  mesenchymal stem cells may for example show reduced or absent expression of any one or
more markers whose absence of expression is associated with mesenchymal stem cells. Thus,
the transformed mesenchymal stem cells may display reduced or lack of expression of any one
or more of HLA-DR, CD34 and CD45. The transformed mesenchymal stem cells may in
particular comprise CD29+, CD44+, CD49a+ CD49¢+, CD105+, CD166+, MHC 1+, CD34

30  and CD45 cells.



surface antigen profile. They may for example show expression of one or more markers associated
with mesenchymal stem cells. These may include expression of any one or more of the following:
CD29, CD44, CD49a, CD49e, CD105, CD166, MHC I. The transformed 25 mesenchymal stem cells
may for example show reduced or absent expression of any one or more markers whose absence of
expression is associated with mesenchymal stem cé S. Thus, the transformed mesenchymal stem
cells may displayTr}(;:'dtL%cgdfor Ia&lﬁlof eﬁg;r)lrenslsio? of ari one,or more of rLA-DR,_ CD3l and CD45. The
transformed mesenecme/lmsa?rsrpeem &ile mgy i E)gr IcUiar cagmﬁrlseéa(tfﬁez +,I]Ef85fe4§l,) ¢ X§a¢1(5D49e+,
CD105+, cipisiGeqidhics anCRB4i30anchGbabspetiffic4Bu repedhsetpanstormaday bseaphlyimal stem cell

may be nelgladtive for mouse-specific cimos re eat sequences and ag)sit've for humaH srpecific alu
eE%omﬁan one I‘mO]E%O Steogenesis, a r%)O €Nnes1S or Cnon ro&enesm and 1 . .
repeat sequences. ft may be capable of undergoing any one or more of osteogehesis, adipogenesis or

chondrogenesis]andrnmparicapablit ofalyfieaapabieiofodifigrentiating ot asiaryteoy atipe yits
osteogytes %g@n%ggte% gor chondrocytes. Differentiation Potential The transformed mesenchymal
aine

stem gells 0B (r:ﬁ/aey be differentiated into any mesenchymal lineage, using methods known in the

art and described below. Thus, the transformed mesenchymal stem cells obtained by the methods and
compositions deddissertiatiere /igy@splay a differentiation potential that include adipogenesis,
chondrogenesis and estsagangsiscSeiiglifenalive capasttiined mietsalstasmedsnaaengyymal stem

cells obtained as described can have a substantial projiferative capacity.in yitro. In some

R e R S T R e L L
populatiorudastelings wialenohgimtaining acnowbaliakaloidtkaniotpds dlectmpsiiineddaiesssg¢hymal
stem cells may be capable of undergaing at least 20-30 populgtion doublings while majntaining a
mormh 10 R COTEY th e ISR AGHIE] 182 LGP A BE S AT B oA iaplay 2
stable genssexspeassioh and surface antigen profile throughout this time. 20The transformed
mesenchymal stem cells obtained may be such that they do not

Proliferative Capacity
The transformed mesenchymal stem cells obtained as described can have a substantial
proliferative capacity in vitro. In some embodiments, the transformed mesenchymal stem cells
15  obtained may undergo at least 10 population doublings while maintaining a normal diploid
karyotype. The transformed mesenchymal stem cells may be capable of undergoing at least
20-30 population doublings while maintaining a normal diploid karyotype. In some
embodiments, the transformed mesenchymal stem cells display a stable gene expression and

surface antigen profile throughout this time.

20 The transformed mesenchymal stem cells obtained may be such that they do not
display any defects, such as chromosomal aberrations and/or alterations in gene expression. In
some embodiments, such defects are not evident until after 10 passages, such as after 13

passages, for example after 15 passages.

Homogeneity
25 The transformed mesenchymal stem cells obtained may display a high degree of
uniformity. In other words, the transformed mesenchymal stem cells obtained from different
sources may display one or more, such as a plurality, of uniform or distinct characteristics that

are shared with each other.

They may display one or more, such as a plurality, of uniform or distinct

30  characteristics that are shared with other mesenchymal stem cells, such as a human embryonic



display any defects, such as chromosomal aberrations and/or alterations in gene expression. In some
embodiments, such defects are not evident until after 10 passages, such as after 13 passages, for
example after 15 passages. Homogeneity 25The transformed mesenchymal stem cells obtained may
display a high degree of uniformity. In other words, t!‘?; transformed mesenchymal stem cells obtained
from different sources may display one or more, such'as a plurality, of uniform or distinct

characteristics that are shared with e t}fother @ﬁ%ﬂeriv d mese c? maJ stem cells
e A e R s M oM LAV BE s o, anstormed
mesenchyWia2eiEnO2ells oo MO0 BYIREl ftethod described here may be similar or identical (such as
homogenous) in nature. That is to say, transformed 5mesenchymal stem cell clones isolated by the

protocol may shoyya igbraieere el Siomanty Lidentifywiibeady albencmbeiacRbenatypicaly or
otherwise. Sjmilarli%?or,identity may be gauged by a number of ways and measured by one or

more charBtimeRELr Adidicahipieh 8E1P) BENgiitar BridINIER- iIFAsEBSression. For
example, faestiRSRENaeMQILACRYIBbRIRTKAIR MAYobs! sshsIal amdMa-erMeraihisHeh as all,

transformed mesenchymal stem cells produced by the method exhibit substantially similar or identical
gene exprasieRiYotitscirholbeh A therBheBRERtRI5E BORRINIE of genes expressed and the level

to which they are expressed. The gene expression correlation coefficient between any two or more
isolates of transféimdaresenichyitnahsiehn galigedibtaimednnetind mathoddnesaheagrbmtendioan 0.8,

such as 15qreater an QRS 70 & HNsOans. pRESRIPB.LamSIAon §9s lgishtastuesn. any,wo or
s ¢ i ¥

more different passages, such as successive passages, of transformed mesenchymal stem cells
obtained Hyotrexanutitothmagnbiognedtmesansh@rBalsticn sslijraaebersanolss anotgoThengene

EXPregSIon, CRrielaon. CORIGIG TREMGSMa LARF I %‘i’o’&lf‘c%%@g%ﬂ@%e%%@ sallqplaneshinipe
method and hESC-MSCs, such as for example described in W02007/027157 or

similar or identical gene expression profiles, that is to say, a combination of the identity of

genes expressed and the level to which they are expressed.

The gene expression correlation coefficient between any two or more isolates of
transformed mesenchymal stem cells obtained by the method may be greater than 0.8, such as
15  greater than 0.85 or 0.9. The gene expression correlation coefficient between any two or more
different passages, such as successive passages, of transformed mesenchymal stem cells
obtained by the method may be greater than 0.8, such as greater than 0.85 or 0.9. The gene
expression correlation coefficient between a transformed mesenchymal stem cell obtained by
the method and hESC-MSCs, such as for example described in WO2007/027157 or
20 'W02007/027156, may be greater than 0.8, such as greater than 0.85 or 0.9.

Homogeneity of gene expression may be measured by a number of methods. Genome-
wide gene profiling may be conducted using, for example, array hybridisation of extracted
RNA as described in the Examples. Total RNA may be extracted and converted into cDNA,
which is hybridised to an array chip comprising a plurality of gene sequences from a relevant
25  genome. The array may comprise NCBI Reference Sequence (RefSeq) genes, which are well
characterised genes validated, annotated and curated on an ongoing basis by National Center

for Biotechnology Information (NCBI) staff and collaborators.

Gene expression between samples may then be compared using analysis software. In
one embodiment, the similarity or identity of gene expression may be expressed as a
30  ‘correlation coefficient’. In such measures, a high correlation coefficient between two samples

indicates a high degree of similarity between the pattern of gene expression in the two



20W02007/027156, may be greater than 0.8, such as greater than 0.85 or 0.9. Homogeneity of
gene expression may be measured by a number of methods. Genomewide gene profiling may be
conducted using, for example, array hybridisation of extracted RNA as described in the Examples.
Total RNA may be extracted and converted into CDI%\, which is hybridised to an array chip comprising
a plurality of gene sequences from a relevant 25 genome. The array may comprise NCBI Reference

Sequence (Ref3eq) genes, whigh e well harasierised genes validated, annatated apd, curated on
an ongoing B}%B'by dtionar SenterYor Biotes no}ogytln ormation (m}f’s%a aha Colfaborators.
Gene expregsienbetwiantghotples thayp thembad gom paedssisininahalysisssofphear® dmaheation
embodiment, the similarity, or identity of gene. expression be expressed as a 30'correjation
Coetfient i Be e R R R e B S S R Vi
degree of kimilatite betweerbtivk grattedrbol ypnerexplassiorynshe two 48 samples. Conversely, a low

correlation coefficient between two samples indicates a low degree of similarity between the pattern of

gene gxpression i Higate sampiesNmalisatienman e &onduciadia remaye sksiematic variations
or bias (including intensity bias ?ﬁ\tial bias, plate bias and background bias) prior to data analysis.

5CorrelatidRSEElEdHbIRhSTATIIFHE L afaliAwishe B T2 avtBdisss et axd daelasiarn for

example HithtSo % trawickiiE 1625106) s&1alisios: Melmsts andmpipticasinnge Stalaoliliviga, OK, ISBN:
1884233597 (also StatSoft, Inc. (2006?. Electronic Statistics Textbook. Tulsa, OK: StatSoft. WEB:

http:/iwww/. €4b861¢ dottiteRibodidisiath D Retererisol fayisWPRA RS Bimboos, A
stepwise framewReki{anibe damalization af Toasay G datp RV e Boinf matics208om 6/274. An
Intra-class correlation coefficient (ICC) may also be conducted, as described in Khojasteh et al, supra.

For efam@iea ULt s BMGRIOIBE EBAtt04 200 e b At 18tBadAss AL ehHian fortEsticient. A

correlationcueffigigniiof beliidicates andegntedligats pxpiessinspattern. For such purposes, the
cDNA may be hybridised to a Sentrix HumanRef-8 Expression 15BeadChip and scanned using a

lllumina BeadStaFi&neéQ%'lél: Q@Qﬁ%ﬁ“‘%&%%%%ﬂducted to generate a Pearson’s correlation

coefficient. A correlation coefficient of 1.0 indicates an identical gene expression pattern.

For such purposes, the cDNA may be hybridised to a Sentrix HumanRef-8 Expression
15  BeadChip and scanned using a [llumina BeadStation 500x. The data may be extracted,
normalised and analysed using Illumina BeadStudio (Illumina, Inc, San Diego, CA, USA). It
will be clear to the reader however that any suitable chip and scanning hardware and software
(which outputs a correlation measurement) may be used to assay similarity of gene expression

profile.

20 The gene expression correlation coefficient between any two isolates as for example
measured by the above means may be 0.65 or more. The gene expression correlation
coefficient may be 0.70 or more, such as 0.80 or more, such as 0.85 or more, such as 0.90 or
more. The coefficient may be 0.91 or more, 0.92 or more, 0.93 or more, 0.94 or more, 0.95 or

more, 0.96 or more, 0.97 or more, 0.98 or more, 0.99 or more or 1.0.

25 In some embodiments, the method described here generates transformed mesenchymal
stem cells whose gene expression correlation coefficient between any two or more isolates of
transformed mesenchymal stem cells so obtained is in the same order as, or slightly less than,
the correlation coefficient between technical replicates of the same RNA sample, performed a
period of time apart such as 1 month apart. For example, the gene expression correlation

30  coefficient between any two or more isolates of transformed mesenchymal stem cells may be

0.70 or more, such as 0.80 or more, such as 0.85 or more, such as 0.90 or more. The



normalised and analysed using lllumina BeadStudio (lllumina, Inc, San Diego, CA, USA). It will be
clear to the reader however that any suitable chip and scanning hardware and software (which outputs
a correlation measurement) may be used to assay similarity of gene expression profile. 20The gene
expression correlation coefficient between any two iﬁglates as for example measured by the above
means may be 0.65 or more. The gene expression correlation coefficient may be 0.70 or more, such

as 0.80 or m .such as, 0. c? r more %121 as 0.90 or.more. The fficient be 0.91 ore,
062 or e e R G a e D ST B P b s D G e
0.99 or memenwrd, 0. P5in monee(EP3bodiments Sthermetlead tdscribed here generates transformed

mesenchymal stem cells whose gene expression correlation coefficient between any two or more

isolates of transfanped taegpREUNbEIENISE ko SPiabiaiNasyiSiNtRe FAMS; S dsF adisarrlightly less
than, the correlation coefficient between technical replicates of the same RNA sample, performed a

period of A PSR E0h tHS dermhipnapripction W:eontink PiRecduredespibedidhP¥erdiaisi =0

coeffigsient-Rphuarih ABMIWARY dverecisptaiasyebiranrsieines BrassR&Y Rirhsien ¢adiaiiambe kb 70 or
more, such as 0.80 or more, such as 0.85 or more, such as 0.90 or more. The 49 coefficient may be

0.91 or mRSUEYERFShore, 0.93 or more, 0.94 or more, 0.95 or more, 0.96 or more, 0.97 or more,

0.98 or more, 0.99 or more or 1.0. The gene expression correlation coefficients may be in such ranges
for cells which hatecardiegiionecthes didkiviationmeiblet tid gamesvintr prefostiadenissorhpdadisttve. The

gene 59Xp&9f§191'i‘1&95"r%'%A?#Sﬁ%%gé%ﬁﬁﬁ\ggﬁ?&ﬁ% TRy R&d%&%@%%ﬁsj%ﬁl %?w%l oFRiatER, may be

in such ranges. Accordi provi a method of generating transformed mesenchymal
stem cellsitpitts areysdibglamaaippsidenscar ddentspicgsionhrieflemogenous) with each other. The
isolates may display a near identical gene expression profile. 10As well as the 'internal' homogeneity
described above Asexdiamegengitynaetiaaodhieigolriesibdransio(inecthoiaseaaliynatstemiaells from

the method), homogeneity may also be assessed between such isolates and other cells gr cell types.
pyd e e e R R b A
as a humanseSsed Mdeeetltuch (fotexampleths degeubed linyPée2R07/AR 1L AR5 My 1e6). In
some 15embodiments, therefore, the transformed mesenchymal stem cells pbtain t ethods
0 compHBRG AT PRI Gl S SERE R, PGS RHLTGe HHCH R AT R bgenous
with, or identiosd Withesiaaipk AsdaorbSCHMS 020070 7 THusr Weneriamed)nasenzhymal stem
cells.gbtained may show a correlation coefficient of gene expression of greater. than 0.5, such as
e G S R G e R
with such andwmapdsBHiCab&EScoblidie:(éadipiampleas apsessiadpro OB QAL fikhiTadto,
W02007/ Z(Zn]igg nous with, or identical with such a human ESC-MSC culture. Thus, the transformed
mesenchymal stem cells obtained may show a correlation coefficient of gene expression of
greater than 0.5, such as greater than 0.6, such as greater than 0.7, such as greater than 0.8,

20  such as greater than 0.9, as with such a human ESC-MSC culture (for example as described in

W02007/027157 or WO2007/027156).

Telomerase Activity
The transformed mesenchymal stem cells so derived may comprise telomerase
activity. The telomerase activity may be elevated or up-regulated compared to a control cell
25  such as a cell which is not a mesenchymal stem cell. For example, the control cell may
comprise a differentiated cell, such as a differentiated cell in the mesenchymal lineage, for

example, an osteocyte, adipocyte or chondrocyte.

Telomerase activity may be determined by means known in the art, for example, using
TRAP activity assay (Kim et al., Science 266:2011, 1997), using a commercially available kit
30 (TRAPeze.RTM. XK Telomerase Detection Kit, Cat. s7707; Intergen Co., Purchase N.Y.; or
TeloTAGGG.TM. Telomerase PCR ELISA plus, Cat. 2,013,89; Roche Diagnostics,



Telomerase Activity The transformed mesenchymal stem cells so derived may comprise telomerase
activity. The telomerase activity may be elevated or up-regulated compared to a control cell 25such as
a cell which is not a mesenchymal stem cell. For example, the control cell may comprise a
differentiated cell, such as a differentiated cell in theg&esenchymal lineage, for example, an osteocyte,
adipocyte or chondrocyte. Telomerase activity may be determined by means known in the art, for

example, using TRAR activity.assay (Kim et al., Science 266:2011 ), Usi ercially
e P P SRR LTS e B ISP B AR AT
N.Y.: or TlEFAGEE. TMoTABGEEN FURE|jSAfius;i Gakin(018 BO] RotheRDiagdstinsstEs)

Indianapoliészfvhi[%i{T eépres(gicilp ﬁnrgéggr e evaluated at the mRNA level by RT-PCR. The
loTAGBE TN ATE

LightCycIelr quanti iCation kit (Cat. 3,012,344; Roche Diagnostics) is available
commercially for research purposes. For example, relative telomerase activity may be measured by

real time quantitatRieeSABIBHRe et BISSA IS FTTCARIBAT Bt PrFAS RN S5ab Hna s¥ap ek hifies
produst gepriater irRpaticRpIElemePse @etyityHN FeNt ipatha ssynplranfinespIative: ielasarase

activity which is directly proportional to the amount of telomerase products may be assessed by the

threshold EyEEADMISETSFAE Sy iBrcsFR Psthsmpissh st 2N meAsFrettEl praishifsly
described E3y WopsttiogabritEknisiA R RAMRME YR ki ARY 68lhingsddhsy@hyalHgerdl0 each

fetal MSCs may be taken as a mean for multiple passages, for examFEie, 2, 3, 4 etc passages. The

passages ™Y BHRBEIHIE burtdariARSs B Rsatsi sel hepiss iPugs? 18265‘?{8 AP EYHY control

cells, suchyag FeSRHS & I MERRIRY B HOK MMRURASSAAB S FHER BRH 2R RNHS2Re ThE AgSRYMay be
performed multiple times, such as in triplicate, for each passage. A specific example of a telomerase

detettion FRthEERISNERGV deRY etk ebainpreanttsT Ha HiRlsdrersgatl B dervécE sy the methods
described figta 0ayrhay8staeds may for example comprise three passages, such as P16, P18, and P20.

For the control cells, such as Hues9.E1 the mean may be for two passages, such as P20 and

P22. The assay may be performed multiple times, such as in triplicate, for each passage.
A specific example of a telomerase detection method is provided in the Examples.

15 The mesenchymal stem cells derived by the methods described here may have a Ct
value, as assayed by such a method, of 25 or more, such as 26 or more or 27 or more. The Ct

value may be for example 28 or more, 29 or more, 30 or more, 31 or more or 32 or more.

Maintenance of Self-Renewal

The transformed mesenchymal stem cells may be able to maintain self-renewal.

20 The transformed mesenchymal stem cells and cell lines (or the differentiated cells
derived from them) may be such that they do not display one or more characteristics of
embryonic stem cells. Such characteristics may include expression of the OCT4 gene, the
SSEA-4 gene, the Tral-60 gene and alkaline phosphatase activity. The mesenchymal stem cell
may exhibit reduced expression of one or more characteristic markers of pluripotency. Such

25  pluripotency markers may include Nanog, BMP4, FGF5, Oct4, Sox-2 and Utfl, etc

Transformed mesenchymal stem cells made by the methods described here may be

non-tumorigenic or non-teratogenic or both.

Accordingly, the transformed mesenchymal stem cells may be such that they do not

substantially induce formation of teratoma when transplanted to a recipient animal. The



value, as assayed by such a method, of 25 or more, such as 26 or more or 27 or more. The Ct value
may be for example 28 or more, 29 or more, 30 or more, 31 or more or 32 or more. Maintenance of
Self-Renewal The transformed mesenchymal stem cells may be able to maintain self-renewal. 20The
transformed mesenchymal stem cells and cell lines %qr the differentiated cells derived from them) may
be such that they do not display one or more characteristics of embryonic stem cells. Such

characteristics may Nolude sxpresion ofihe OGTA gang. e SPTAs dens, he Tralog,gene and
alkaline phosphatase acﬁ?/rllty. e mesencf%ymgll stem ce F'may exhiBitfeduced expression of one or
more charaotgrstioseotensnodpideipatan tysSucm25dpluopetericin moarkers may include Nanog, BMP4,

FGF5, Oct4, Sox-2 and Utfl , etc Transformed mesenchymal stem cells made by the methods

described here may becRghtumarigems espnsteiatrganiceRoRfbriissidingilathsitiansipemed
mesenchymal stem cells may be such that they do not substantially induce formation of teratoma

when tran¥BRHISE RTUBIBTERT ARMBROFRECIER N8 IR I SeMBRpmMASSENRENEASY be such
that when raplantechini® TRJRENWAL GRBRMses-e¢ frmunesafliciesthnshanimaleaeat result in

tumours. The recipient animal may comprise an immune compromised recipient animal. The immune

compromiS¥dSeiml bR reibat Hastiarmad drsy i sexbianmatienios RGP RrBade. The

cell may bgrsis dhat & reapiRRt &Maab fﬁBhﬁHQ%ll@%@Sﬁﬁﬁﬁﬁﬁhﬁ&S%@hﬂﬁ%ﬁﬁéﬂ cellis
transformed, does not show teratoma formation for a suitable period of time such as 3 weeks, or 2to 9

months, fORGYHGHRBIET 6HISTRARIERHEY hiysEnBRy MEPHAuR CeRITRr dasdPiiathel do

not form tumeldrsatar RreHeRgeeRe RS DHeRiaiAimpUCtrafGreate? anids\weaekssierearample

greater than 2 months, such as greater
10 than 9 months.

A detailed protocol for tumourigenicity testing follows.

1x10° embryonic stem cells are transplanted subcutaneously into SCID mice. At three
weeks when embryonic stem cell-derived tumors are about 1 cm in diameter, transformed
mesenchymal stem cells labeled with Qdot® nanocrystals (655 nm emission) using a
15  Qtracker® Cell Labeling Kit (Quantum Dot Corp, Hayward, CA) are injected into the

embryonic stem cell-derived teratoma.

Three days later, the mice are euthanized with an overdose of anesthesia and the
tumors are removed. The tumors are fixed in 4% paraformaldehyde and cryosectioned at 20
um thickness. The sections are assayed for pecam-1 immunoreactivity using rat anit-pecam1
20  (Pharmingen, San Diego, California) followed by FITC-conjugated rabbit anti-rat antibody
(Chemicon, Temecula, California), and counterstained with DAPI. The sections are analyzed

by confocal microscopy.

Transformed mesenchymal stem cells made by the methods described here are may

also display one or more of the following characteristics. The transformed mesenchymal stem
25  cells may be maintainable in cell culture for a prolonged period, such as greater than 40

generations. They may have a substantially stable karyotype as assessed by chromosome

number, such when maintained in cell culture for at least 10 generations. They also may

display a substantially stable gene expression pattern from generation to generation. By this

we mean that the expression levels one or more, such as substantially all, of a chosen set of
30  genes does not vary significantly between a transformed mesenchymal stem cells in one

generation and transformed mesenchymal stem cells in the next generation.



10 than 9 months. A detailed protocol for tumourigenicity testing follows. 1 x106 embryonic stem cells
are transplanted subcutaneously into SCID mice. At three weeks when embryonic stem cell-derived
tumors are about 1 cm in diameter, transformed mesenchymal stem cells labeled with QdotO
nanocrystals (655 nm emission) using a 15 QtrackerQ, Cell Labeling Kit (Quantum Dot Corp, Hayward,
CA) are injected into the embryonic stem cell-derivedteratoma. Three days later, the mice are

euthanized with 3 overdpse of ancsthesiaand he lumors arg removed The Jymors, are fiked n 4%
paraformaldehyde 1] cry%sec%ionétf at'so p.m thickness* The Sectidns"are assayedn for pecam-1

immunorgé(&ﬁnﬁyn]sm«g:eaiigmmmmlmmamﬁﬁ@mﬂfﬁmmég?ﬂ)CEm_Bm(éi)eﬁBImkeﬁcbys'sion .
FITC-conjygated [abibentifatparioog (ehgmicon, Temesuia, Callomia). 20d counterstained with

DAPI. The sections are arialyzed by confocal micréscopy-. storme mesen(r:]hryl/%'al stem cells
made by thdvin@thdds, dssEived Netedar&may dlzmdiskdaycoemion moreNM tHEFOHOWKIG 763,
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chosen seAof30igenes d0ds (201098 Siggnfic A1§30dB0e B A7 Ahsf MK M OsBaEdMEL stem cells in

one ge”erﬁ%%fz@/t@ﬁ%@é%%ff BiSeE D o@fﬂq%@ﬂé%n%@%ﬂ%ﬂﬁmég fhe set of

genes may comprisé one or more, a Subset, rus (Gen r%cﬁccession nos:
NM 009831;0ABaBk 286 AkO3DE7 N M- ABF {GexiRaik Addd38igBros SR ) DBHAS 0 ( HGHR¢E,

AY523818, AY523819), i S: 4 41937.1.10409), Gata-1
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15 X67553, X71426, D13738, BC050824).

The methods described here enable the production of transformed mesenchymal stem
cells as well as differentiated cells, which comprise clonal descendants of transformed
mesenchymal stem cells. The term ‘clonal descendant’ of a cell refers to descendants of the
cells which have not undergone substantially any transforming treatment or genetic alteration.

20 Such clonal descendants have not undergone substantial genomic changes are substantially
genetically identical to the parent cell, or an ancestor, such as the transformed mesenchymal
stem cell. The term ‘transformed mesenchymal stem cells’ should also be taken to include cell
lines derived from transformed mesenchymal stem cells, i.e., transformed mesenchymal stem

cell lines, and vice versa.

25 Long-Term Maintenance in Culture
The transformed mesenchymal stem cells or their descendants may be cultured for

more than one generation.

For example, the cells may be cultured for more than 5, more than 10, more than 15,
more than 20, more than 25, more than 50, more than 40, more than 45, more than 50, more
30  than 100, more than 200, more than 500 or more than 800 generations. In particular, the cell
lines may be maintained for 1, 2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40,
45, 50, 75, 100, 200, 500 or more generations.



10 (GenBank Accession nos: NM 013633, X52437, M34381, BC068268), Runxl (GenBank Accession
nos: NM 009821, D26532, BC069929, AK051758), Sox17 (GenBank Accession nos: NM 011441,
D49474, L29085, AK004781), Sox2 (GenBank Accession nos: NM 011443, U31967, AB108673),
Brachyury (NM 009309, X51683), TDGF1 (GenBan)%Accession nos: NM 011562, M87321) and Tie-2
(GenBank Accession nos: NM 013690, 15X67553, X71426, D13738, BCO50824). The methods
described here eeaﬁle the roducltlion of tli nsformed mesenchl}/rpal sHam cells as well as differentiated
. clis iy culture wi ghcra afgontl Caoving U ti] con yenee wheipc tac .
cells, which comprise clonal déscendants of transformed mesenchymal stér cells.” The term 'clonal
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nét& fres% rg% af}ll% a’ng' ?n clfﬂtshn tge lgne %n?}?ﬁgnfmgnge 0 sailggﬁon 1% %Q%lg%(%n more 30 than

more than more t 5, more than 50, more tha , more than 45, more tha
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maintained for 1, 21earapsforgned mesenghympl gigm gellyderiy odqicsardipg &asthegmaiiogs deseribsd 200,

500 or morgrg ener abaRserBe mairftasd Toewltdredvill apaesalivkomniicnie oromdensteanitugrce,
when contact inhibition causes cessation of cell division ané%growth. Such cells may then be
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process cSHUREHEH BikiAPHA hIitRist WA SROERTS Shavans  AGRINE, IRABEL R IRk Hdsh

medium, ahd iBiliytuwipe ierdiRetiofiliaenfidenceraisaiinipn fgaliaingd. On rdhiaasiaimed
mesenchymal stem cells derived according to the methods described here may however be
maintaine@#¥a ?B?Bé?ﬁfnq ; @i’ﬂ&?&@&?&e&ﬂ?ﬁ% gﬁ’r@r IS ARAS S8R b REhed that

'normal’ (i gasdapt@asionnradsematia)taals. derived directly from an organism are not immortal. In other
words, such somatic cells have a limited life span in culture (they are mortal). They will not continue

growing indefinitely. Bt TG o IRSE: LRTAINGLo IR A ifidh AP R AAT RrRRer of

generations. On reachinga ‘crisis phase' such cells die after about 50 genérations. Thus, such somatic
cells may brfipasetad frisvaiethen ipRigcasiatoner bf e mbodiments, the transformed

mesenchymal stem cells may be propagated indefinitely as transformed mesenchymal stem

cell lines. The transformed mesenchymal stem cells and transformed mesenchymal stem cells
20  lines may be lineage restricted. In particular, they may be such that they are not capable of

giving rise to all three germ layers. In some embodiments, the transformed mesenchymal stem

cells lines may be non-pluripotent.

We further provide a composition comprising a plurality of cells, wherein a majority
of the cells are mesenchymal stem cells. For example, at least 60% of the cells may comprise
25  mesenchymal stem cells. In addition, we provide an isolated mesenchymal stem cell. The term
cell line may be taken to refer to cells that can be maintained and grown in culture and display

an immortal or indefinite life span.

CARDIOPROTECTIVE ABILITY

The transformed mesenchymal stem cell so derived or a medium conditioned by such a

30  cell may comprise cardioprotective ability, as described in the Examples. The cardioprotection



According to the methods described here, transformed mesenchymal stem cells may be propagated
for more than 50 generations. In some embodiments, the transformed mesenchymal stem cells may
be propagated indefinitely as transformed mesenchymal stem cell lines. The transformed
mesenchymal stem cells and transformed mesench% al stem cells 20lines may be lineage restricted.
In particular, they may be such that they are not capable of giving rise to all three germ layers. In some
embodiments, (e transformed mesenchymal stem cells incs mav,e non:plurpotent, _ We further
provide a co%posﬂtjlon comprising a Ifﬂuraﬁfi/ ofce IS, whereina majorlﬂgo? e CofSare mesenchymal
stem cellsrdperfesiample, at least 60% of the cells may comprise 25 mesenchymal stem cells. In
addition, we provide an isolated mesenchymal stem cell. The term cell line may be taken to refer to
cells that can be mainkHRRS.ADA MEGWSR iGykHTR and dispiy Abdenmartal uindeliniio lite sramp:
CARDIOPROTECTIVE ABILITY The transformed mesenchymal stem cell so derived or a
medium cEhARMHEY B5AELiehiafasEaR MY Dok SHSR Enraidprotthivendiiney, ‘adHes BitearmInaRt
ExamplesiigheoaatinpIetestienopAditan Gap s ISad§Siakalion @strmpienante of GridMCc fumstion
during ischemia and/or reperfusion. Cardioprotection may be assayed in any suitable model

system, stcR'as BlHitise’ Rdbel teatlitd Mytcatbitht (APAADSH Qavilialin SHER A R Exal S AR Y

induced inmdigR hy pRmANSIEtaRilidaHRN ) iheieh AptpERMIRRESNCIRD CararAnsAranoRs3described in
Salto-Tellez M, Yung Lim S, El-Oakley RM, Tang TP, ZA AL, et al. (2004) Myocardial infarction in the

C57BL/6J Phouse: a guantifiable and highly reproducible experimental model. Cardiovasc Pathol 13:

91- 97. 100 pl of 10 X concentrated conditioned medium or non-conditioned medium 10 (control) made
as described aboM¥iglthéhlaraimistereatetbotel e dimetuos etotinplomp titacé dnad e jugular vein

over e nexfn (oAU Se EL%&JHQEH%&(_%%%%M&%ﬂ%&%%%e&?%Mﬂiﬁ‘{lﬁ%é’x\é?o‘%lg/éé‘ﬂié- .
b d / eperfusion

Cardioprotection may also be assayed in a pig/mouse model of myocardial ischemi
(MI/R) injuria¢Tinmnibegugulamvsiko yorsibnex e ah et dttioh fohdBomyptmdiativfasassesecdypyiuman
mesenchypal ster gellicoggifioned medium. Stem Cell Research. 2008;1:129-137). In this assay,
injury is induced by a temporary occlusion of the left circumflex artery in pig or the LAD in mouse
followed by remo¥al dof occlusion to iniﬁiat reperfusion. . .
ardioprotection may also be assayed 1n a pig/mouse model of myocardial
ischemia/reperfusion (MI/R) injury (Timmers L, Lim S-K, Arslan F, et al. Reduction of
15  myocardial infarct size by human mesenchymal stem cell conditioned medium. Stem Cell
Research. 2008;1:129-137). In this assay, injury is induced by a temporary occlusion of the
left circumflex artery in pig or the LAD in mouse followed by removal of occlusion to initiate

reperfusion.

The cardioprotection assays described above may also be used to test for
20  cardioprotection especially in chronic ischemia. This and the other MI/R injury model

essentially evaluate cardioprotection in different clinical indications.

The transformed mesenchymal stem cell so derived or a medium conditioned by such a
cell or a particle isolated therefrom may be capable of alleviating reperfusion injury. This may

be assayed using a porcine model of ischemia-reperfusion as described in W0O2008/020815.

25 A brief protocol for assaying cardioprotective ability of mesenchymal stem cell
(including transformed mesenchymal stem cell) conditioned medium follows. MI may be
induced by 30 minutes occlusion of left coronary artery (LCA) by ligating the artery with a
suture. Subsequent reperfusion may be initiated by releasing the suture. Five minutes before
reperfusion, mice may be intravenously infused with 200 pl saline diluted conditioned

30  medium containing 3 pg protein for Hues9.E1 (hESC-MSC) CM or 150 ug protein for fetal



The cardioprotection assays described above may also be used to test for 20cardioprotection
especially in chronic ischemia. This and the other MI/R injury model essentially evaluate
cardioprotection in different clinical indications. The transformed mesenchymal stem cell so
derived or a medium conditioned by such a cell or aﬁarticle isolated therefrom may be capable of
alleviating reperfusion injury. This may be assayed using a porcine model of ischemia-reperfusion as

e R B ol R esspa crulpuigled(ug abily gfmesgnehymal
stem cell (inclu ngrans?orme mesenchymal stem %eﬁ) condiioned medidim Tonows. 1may be
induced byepérfnsatemtectusonISh kftqanronatagadé e heAptyshgating theaptie nswitled subgre.
Subsequept [epegflsian A ReiRteR oy [Rleasing (he sulhce: Elve minyles beloss reperfusion.
mice may be intraven slyjln used with 20 p?sgiine dilited cBnaditioned 36" medium containing 3 pg
protein for Hues9.E1 (hESC-MSC) CM or 150 !.1.8 protein for fetal 55 MSC CM via the tail vein.

Control animals RE§He RFSEPTIT IO HPELMBeART Y sAakTsthsddridrsy, Birsrdigsisd asas a
percentagmoithecampoRidisk i\ R MNAVIE ARSARSEELURINGCE YARIHRING- AV INREUONRRA TE

staining as described previously in reference 26. Briefly, just before excision of the heart for analysis,

the LCA nfigfibrelidy sigaorstinged aGeash sfuschismidemeanamnthaydnsgibrlitdsdasito the

aorta and {h&ibmd MY ikadafileskRyathedaked matstaingtbyybyaasuhluesthiged hel Boarrmay then be
excised and cross sections of the heart may be stained with TTC. Viable myocardium is stained red by

TTC while I Pl th ol REEH e s Netaiiire dRBRIAURS ARG Size My TreMraseelats e #e%area of
non-viableomyQcaisiiwmiietstaingchby staifediativEdedhg VAR HiSK dafivier iufithel akemd frat stained

by Evans' blue dye. Infarct Size The transformed mesenchymal stem cell so derived or a medium
condiflone®Ph§eA B daliakay sl the ability to reduce infarct size. The infarct size may be reduced
by 10% or more, 20% or more, 30% or more, 40% or more, 50% or more, 60% or more or 70% or
more 15compareltiwiti Siaeanimal that is treated with a non-conditioned medium or saline. Assay for

Infarct Size The transformed mesenchymal stem cell so derived or a medium conditioned by such a

cell may have the ability to reduce infarct size. The infarct size may be reduced by 10% or
more, 20% or more, 30% or more, 40% or more, 50% or more, 60% or more or 70% or more

15  compared with an animal that is treated with a non-conditioned medium or saline.

Assay for Infarct Size

Infarct size may for example be assayed using the following method.

Just prior to excision of the heart, the LCxCA (pigs) or LCA (mice) is religated at
exactly the same spot as for the induction of the MI. Evans blue dye is infused through the
20  coronary system to delineate the area at risk (AAR).

The heart is then excised, the LV is isolated and cut into 5 slices from apex to base.
The slices are incubated in 1% triphenyltetrazolium chloride (TTC, Sigma-Aldrich Chemicals,
Zwijndrecht, the Netherlands) in 37°C Sorensen buffer (13.6 g/l KH,PO4 + 17.8 g/ Na,H

PO4 - 2H,0, pH 7.4) for 15 minutes to discriminate infarct tissue from viable myocardium.

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

and of the LV.



Infarct size may for example be assayed using the following method. Just prior to excision of the
heart, the LCxCA (pigs) or LCA (mice) is religated at exactly the same spot as for the induction of the
MI. Evans blue dye is infused through the 20coronary system to delineate the area at risk (AAR).
The heart is then excised, the LV is isolated and cutinto 5 slices from apex to base. The slices are
incubated in 1% triphenyltetrazolium chloride (TTC, Sigma-Aldrich Chemicals, Zwijndrecht, the
Netherlands) in 35C6§9rerssten buffer (13.6 g/L KH2PO4 + 17.8 g/L Na2H PO4 2H20, pH 7.4) for 15
minutes to discriminate 1farct tissue from viable myocardium. 25All slices are scanned from both
sides, and in eachhslitensferirdd ot smedjsred sipared wjtrodueeddtyridiec ardhihbdetalibedddry owe of

digital plarﬂ)iénc%agxﬁggwl%r&lg%ﬁg g?&iggﬁ%%grrection for the weight of the slices, infarct size is

calculated as a percentage 0 of the LV. 56 Oxidative Stress The transformed
mesenchymal stem cells produced by the method gescri ed here may be capable of reducing

oxidative stress. 11€ OXFHRHYG LR IMAY RSN HEDRR LA BPIDASH HEEPETS G0 &P HIRRES: 25% or

more,s5 30%WPbMeses, 40% 6F MeHe 59090 PHReIS5060% RlofRAETONY B mordnorsRariRaiidivith an
animal that isvgga;]gd with Fafli!gon-conditione .medium or saline. .. The reduction of oxidative stress

may be as8¥ S HReated LB A ORI SRS RS S 285 Snduced cell death. Assay for

Oxidative Stress 10The reduction of oxidative stress may for example be assayed using an in vitro
assay of hydrogehhgaeduidtorH2 0x)dpfdrceieesende Rthasspsetrimanty” hyideotjery peroxidegdn202)-
mediated gxidafive FUESEiIRINAHRH ihyman leukemic CEM cells and cell viability is monitored by

Trypan blue-exclusion. Human leukemic CEM cells are incubated with conditioned medium or
transformed mesgncgélfnag?tgm.ceg with saline as a control) and 15treated with 50 pM H202 to
induce oxidative Stréss°C l\/l%%ﬁ‘fty is"dssessed using Trypan Blue exclusion at 12, 24, 36 and 48
hoursOafter H202Theakdaction of oxidative stress may for example be assayed using an in vitro assay
of hydrogen peroxide (H,0;)-induced cell death. In summary, hydrogen peroxide (H,O,)-
mediated oxidative stress is induced in human leukemic CEM cells and cell viability is
monitored by Trypan blue-exclusion. Human leukemic CEM cells are incubated with
conditioned medium or transformed mesenchymal stem cell (with saline as a control) and
15  treated with 50 uM H,O, to induce oxidative stress. Cell viability is assessed using Trypan

Blue exclusion at 12, 24, 36 and 48 hours after H,O, treatment.

The reduction of oxidative stress may further be assayed using an in vivo assay of
DNA oxidation. /n vivo oxidative stress may also be assayed as follows. Pigs are treated with
the particle, conditioned medium or transformed mesenchymal stem cell (with saline as a
20  control). Tissue sections of pig heart are obtained. Nuclear oxidative stress in tissue sections
of treated and untreated pigs is quantified by 8-OHdG immunostaining for oxidized DNA.
The tissue sections are assayed for intense nuclear staining indicative of DNA oxidation and

oxidative stress.

USES

25 Transformed mesenchymal stem cells and differentiated cells made according to the
methods described here can be used for a variety of commercially important research,
diagnostic, and therapeutic purposes. These uses are generally well known in the art, but will

be described briefly here.

Mesenchymal stem cells and differentiated cell populations may be used for

30 regenerative therapy. Mesenchymal stem cells, such as transformed mesenchymal stem cells



The reduction of oxidative stress may further be assayed using an in vivo assay of DNA oxidation. In
vivo oxidative stress may also be assayed as follows. Pigs are treated with the particle, conditioned
medium or transformed mesenchymal stem cell (with saline as a 20control). Tissue sections of pig
heart are obtained. Nuclear oxidative stress in tissu ;ections of treated and untreated pigs is
guantified by 8-O0HdG immunostaining for oxidized DNA. The tissue sections are assayed for intense
nuclear stg}lr}ig%%geiggtit\é% %élPsNA ex'(gi‘ati n and oxidative sﬁ}egss. USES 25T.ransf%§me? mesenchymal

1 a creirom a C, ade ex, VIO eXpansiqn or direc
stem cells'an eren%a ed cells made accor |ngyto tﬁé methods 3escﬁ8ed%ere can used for a

variety of admmisteiedlynitopqritint téBeayr oy ydidgnostiseafio the repeytidaporpotésnipabassses are
generally \f\é&fﬂ){)(vnrcl)wtr%ailg the art, but will be described briefly here. 57 and differentiated cells made
therefrom, may ber macfgaby ex vivo expansion or directly administered into a patient. They may also

be used for the re-population of damaged tissue following trauma. Thus, adipocytes or fat tissues may
therefrom may be Haed 4PN CAVHdS BICSHBPTRIEENE MMRE rssdrstIEHS B Hrastic surgery.

Chongrocyigsdfambused foaaiilasr anaisnh e este achipd ey leisast ieaapedahaite The

transformed mesenchymal stem cells made by the methods and compositions described here may be

differentiatSBRAR B IR OsPRLes EmtpsesuhipLeertirte bhrdtasiogrsdpetsrehuntabiifsusdlsa
compositigasidesaibeaknfie: may dmpssiddas thepnadustiemnlyad Qdiffesantirietheeiipn theieatment

of, or the preparation of a pharmaceutical compagsition for the treatment of, any one of the following: a
disease trSS{BREHIILYebiatithe MEPSSss deschiRedailure, bone marrow disease, skin disease, burns,

degenerative disease such as diabetes, Alzheimer's disease, Parkinson's disease and cancer.

Transformed meiénfrahyth@sllss@@mqg@lisoaﬁwnﬁfmmﬁmbuecen@p@umﬁ@thmémﬁqg aband
compgsitiQNFHESCARE LIPS TN R MR b I 195 e AR AU R LL A RNRIRAGE ISR o for

the treatment of, any one of the following: a disease treatable by regenerative therapy, cardiac
failure, bone marrow disease, skin disease, burns, degenerative disease such as diabetes,

Alzheimer’s disease, Parkinson’s disease and cancer.

Transformed mesenchymal stem cells and differentiated cells produced by the methods
15 and compositions described here may be used for, or for the preparation of a pharmaceutical
composition for, the treatment of a disease. Such disease may comprise a disease treatable by
regenerative therapy, including cardiac failure, bone marrow disease, skin disease, burns,
degenerative disease such as diabetes, Alzheimer’s disease, Parkinson’s disease, etc and

cancer.

20 Stem cells, for example may be used as sources of mesenchymal stem cells and
differentiated cells for NK or dendritic cells for immunotherapy for cancer, which
mesenchymal stem cells and differentiated cells may be made by the methods and

compositions described here.

It will be evident that the methods and compositions described here enable the
25  production of transformed mesenchymal stem cells, which may of course be made to
differentiate using methods known in the art. Thus, any uses of differentiated cells will

equally attach to those transformed mesenchymal stem cells for which they are sources.

DIFFERENTIATED CELLS

Differentiated cells, such as terminally differentiated cells, may be derived from the

30 transformed mesenchymal stem cells or cell lines made according to the methods described.



composition for, the treatment of a disease. Such disease may comprise a disease treatable by
regenerative therapy, including cardiac failure, bone marrow disease, skin disease, burns,
degenerative disease such as diabetes, Alzheimer's disease, Parkinson's disease, etc and cancer.
20Stem cells, for example may be used as sources % mesenchymal stem cells and differentiated cells
for NK or dendritic cells for immunotherapy for cancér, which mesenchymal stem cells and

differentia ells may,be made he methods. and.compositions, described here. It will.be evident
that e mO I S B R e o e B e S nunic
mesenchygaatstiémn celisfounighmeagnohymatseehecaibde teltiiferemtidéscubied) andtiadsikgown in the

art. Thus, uses of differentiated c ill equally attach to those transformed mesench stem
ceis for v R L e  C S R AR S R R BETE b
terminally aiffexentiatecboeldssenbydieedenmedér ditfdtem Bl ddansiomped thesarthypal sténmseells or cell
lines @ad? a ordipkﬂ)to the m%thcpds described. 58 We therefore disclose methods for generating
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differéntiated ceIPs, & methods comprising generating transformed mesenchymal stem cells or cell
lines as described, and deriving differentiated cells from these. The transformed mesenchymal stem

cells made by th&hhEtsBtatsthecds hLdiTBMs o samed g inyresthadhteterbrdd ey Bpthese

cell types aruudsadypépnatherpreroRes thescribed. Differentiated cells which may be made
according to the methods described here may include any or all of the following: i) adipocyte: the

functional cel 60130t SHIPRTE AS.Inafis dundugnaowt e hor. parieuaU g the

skin. Adipocytes synthesize fat for energy, thermal 10 regulation and cushioning against

mechanicghshodk, partigyealdiorgodyekinhadinvctitesaitone solesyalhaiee dhtifer kaeigthtcathals it to
beatﬁPnti%gﬁéﬂ%ﬁaﬁdﬁmmiﬁﬁﬁg@gams@i&%@ﬁﬂﬁ&%ﬁ%&;we functional cell type that makes cartilage for

joints, ear canals, trachea, epiglottis, larynx, the discs between vertebrae and the ends of ribs
i1) cardiomyocytes: the functional muscle cell type of the heart that allows it to beat

continuously and rhythmically

11i1) chondrocyte: the functional cell type that makes cartilage for joints, ear canals,

trachea, epiglottis, larynx, the discs between vertebrae and the ends of ribs

15 1v) fibroblast: a connective or support cell found within most tissues of the body.
Fibroblasts provide an instructive support scaffold to help the functional cell types of a

specific organ perform correctly.

v) hepatocyte: the functional cell type of the liver that makes enzymes for detoxifying
metabolic waste, destroying red blood cells and reclaiming their constituents, and the

20  synthesis of proteins for the blood plasma

vi) hematopoietic cell: the functional cell type that makes blood. Hematopoietic cells
are found within the bone marrow of adults. In the fetus, hematopoietic cells are found within

the liver, spleen, bone marrow and support tissues surrounding the fe tus in the womb.
vii) myocyte: the functional cell type of muscles

25 viii) neuron: the functional cell type of the brain that is specialized in conducting

impulses

1x) osteoblast: the functional cell type responsible for making bone



15iv) fibroblast: a connective or support cell found within most tissues of the body. Fibroblasts provide
an instructive support scaffold to help the functional cell types of a specific organ perform correctly.
V) hepatocyte: the functional cell type of the liver that makes enzymes for detoxifying metabolic waste,
destroying red blood cells and reclaiming their const%téjents, and the 20synthesis of proteins for the
blood plasma vi) hematopoietic cell: the functional cell type that makes blood. Hematopoietic cells

are found within &'}%s*?é’t”ce 1&‘:‘%&%‘@&8&%‘%%11‘% Weggéﬂgﬁ%ema%?g%et&gﬁﬂé esonnd Wi%@'lﬂiﬁm_ ver,
spleen, bone marrow and support tissues surrounding the fe tus'in"the womb. viij"myocyte: the
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cell: the functionaf céll ot the pancreas that IS responsi or secreting nsulin, glucogon, gastrin and
somatostatiomadgether, these molecules regulate a number of processes including carbohydrate and

fat metabolism, blood glucose levels and acid secretions into the stomach. 5 USES OF

TRANSFQRER: WMeENSHW MeSidYhe Rl Sra @ R F-ERaENTHATRR &Rt BrLLsTransformed

mesenchymal stem cells and differentiated cells made according to the methods and compositions
described here miayiséonmed fogsanchyotyl sfaneaiepoididyfiopotizied cebeanete dimgndstidoahel
therapeuti r TR [ i ' 1o prepare
antibodiesﬁé%c%%sc%%%%anés t%?getgg%ggeél}ﬁcg{g% g%%?#g}g%ﬁé%%{gggr%%ﬁsgé@ eral techniques
used in raisipgriporifgsaerendiagndisiingadhtisoapsstiandmpesigsuse in immunoassays and
immunoisolation methods are described in Handbook of Experimental Immunology (Weir & Blackwell,
eds.); Current Pretacalsnip knpopniaglys(EialigRreati e dedly narycbdeibo ds ot parounidogicahAnalysis

(Maslsoeyef(':f&t\&l.ligg%és\/yg{l Qr%i rsrf):eyi%gl fgretﬂg%?f%gr?tlﬂegtég Sﬂeenrgltlype. General techniques used in
raising, purifying and modifying antibodies, and their use in immunoassays and
immunoisolation methods are described in Handbook of Experimental Immunology (Weir &
Blackwell, eds.); Current Protocols in Immunology (Coligan et al., eds.); and Methods of
Immunological Analysis (Masseyeff et al., eds., Weinheim: VCH Verlags GmbH). General

15  techniques involved in preparation of mRNA and cDNA libraries are described in RNA
Methodologies: A Laboratory Guide for Isolation and Characterization (R. E. Farrell,
Academic Press, 1998); cDNA Library Protocols (Cowell & Austin, eds., Humana Press); and
Functional Genomics (Hunt & Livesey, eds., 2000). Relatively homogeneous cell populations

are particularly suited for use in drug screening and therapeutic applications.

20 These and other uses of transformed mesenchymal stem cells and differentiated cells
are described in further detail below, and elsewhere in this document. The transformed
mesenchymal stem cells and differentiated cells may in particular be used for the preparation
of a pharmaceutical composition for the treatment of disease. Such disease may comprise a
disease treatable by regenerative therapy, including cardiac failure, bone marrow disease, skin

25  disease, burns, degenerative disease such as diabetes, Alzheimer’s disease, Parkinson’s

disease, etc and cancer.

The transformed mesenchymal stem cells made by the methods and compositions
described here have similar or identical properties to human embryonic stem cell derived
mesenchymal stem cells (hRESC-MSCs), for example as described in WO2007/027157 or

30 WO02007/027156. Therefore, the transformed mesenchymal stem cells, and any differentiated

cells made from these, may be used in any of the applications for which mesenchymal stem



15 techniques involved in preparation of mMRNA and cDNA libraries are described in RNA
Methodologies: A Laboratory Guide for Isolation and Characterization (R. E. Farrell, Academic Press,
1998); cDNA Library Protocols (Cowell & Austin, eds., Humana Press); and Functional Genomics
(Hunt & Livesey, eds., 2000). Relatively homogeneo&)s cell populations are particularly suited for use
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for the prefoarthtiontoba pearmaceutical composition for the treatment of disease. Such disease may
comprise a disease treatable by regenerative therapy, including cardiac failure, bone marrow disease,
skin 25dispasq; SERrgNIR@enerative disease such as diabetes, Alzheimer's disease, Parkinson's
disease, etc and cancer. The transformed mesenchymal stem cells made by the methods and
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DRUG SCREENING Transformed mesenchyma m ce rentiated cells made according to
the 5 methaaemudompusiipmeldésoritsdld dredilieraytaitsd bellssed to screen for factors (such as
solvents, small molecule drugs, peptides, polynucleotides, and the like) or environmental conditions

(such as culture ¢oRditioaspHichtvAR watisohthataiesictherehsrastesigdissdditfensionmoedells are
mes nchymaérstem cellf or differentiated cells. In.some ap Iicatio(?ﬁ transformed mesenchy?al stem
it 5 Ble

cells'dnd Eh RS GRS S P R S e S P YR LR R P B O R AP IBR e RS
proliferatigndanetiRaintengneenafistich. Coliskalaslg; i duturanirat ex &oRis, aandkaiganaturation
factors or growth factors are tested by adding them to transtormed mesenchymal ste lls or
cifforentadbt G TR FTENS, AR R SEER TR Ay R B LA HAELRe
according diffdesitabdtl el itdardiieinein tigdtuie pinchoseiofdnmgetisatbfulttharcoadigg@ne expression
profiling of tran%flormed mese crlmlymallstem cells anfd diffe[fantiated cells may be used to identify
receptors,q?gﬁ%cﬁp(ﬁgﬁr c%rél,rtar?(rjcslﬁﬁgiiﬁ% rH%?é’chéesc&ast are unique or highly expressed in these
cells. Specific ligands, small molecule inhibitors or activators for the receptors, transcription factors

and $iynaling mofeEthesorsy SraciSERr ¢65 B INPAANGI f1é fErARioRed iBrprBparmad Bemasdrorrted
mesenchymgl stam:ce ks g 20 ReNUAIRAGB) IR ceptors, transcription factors, and signaling

molecules that are unique or highly expressed in these cells. Specific ligands, small molecule
inhibitors or activators for the receptors, transcription factors and signaling molecules may be
used to modulate differentiation and properties of transformed mesenchymal stem cells and

20  differentiated cells.

Particular screening applications relate to the testing of pharmaceutical compounds in
drug research. The reader is referred generally to the standard textbook ‘In vitro Methods in
Pharmaceutical Research’, Academic Press, 1997, and U.S. Pat. No. 5,030,015), as well as the
general description of drug screens elsewhere in this document. Assessment of the activity of

25  candidate pharmaceutical compounds generally involves combining the differentiated cells
with the candidate compound, determining any change in the morphology, marker phenotype,
or metabolic activity of the cells that is attributable to the compound (compared with untreated
cells or cells treated with an inert compound), and then correlating the effect of the compound

with the observed change.

30 The screening may be done, for example, either because the compound is designed to

have a pharmacological effect on certain cell types, or because a compound designed to have



Particular screening applications relate to the testing of pharmaceutical compounds in drug research.
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methods %gﬁeqrgﬁggkg%ﬁ described here may be used to modulate the differentiation of stem cells.
Transformed mesenchymal stem cells and differentiated cells may be used for tissue engineering,
such as for the growing of skin grafts. Modulation of stem cell differentiation may be used for the
bioenginegﬁwgf%‘?ﬁﬁ%ﬁﬁé@gﬁs or tissues, or for prosthetics, such as stents. 25 CANCER

15 Transformed mesenchymal stem cells and differentiated cells made according to the
methods and compositions described here may also be used for tissue reconstitution or
regeneration in a human patient in need thereof. The cells are administered in a manner that
permits them to graft to the intended tissue site and reconstitute or regenerate the functionally

deficient area.

20 For example, the methods and compositions described here may be used to modulate
the differentiation of stem cells. Transformed mesenchymal stem cells and differentiated cells
may be used for tissue engineering, such as for the growing of skin grafts. Modulation of stem
cell differentiation may be used for the bioengineering of artificial organs or tissues, or for

prosthetics, such as stents.

25 CANCER

Transformed mesenchymal stem cells and differentiated cells made by the methods

and compositions described here may be used for the treatment of cancer.

The terms ‘cancer’ and ‘cancerous’ refer to or describe the physiological condition in
mammals that is typically characterized by unregulated cell growth. Examples of cancer

30  include but are not limited to, carcinoma, lymphoma, blastoma, sarcoma, and leukemia.



Transformed mesenchymal stem cells and differentiated cells made by the methods and compositions
described here may be used for the treatment of cancer. The terms 'cancer' and 'cancerous' refer to or
describe the physiological condition in ~ mammals that is typically characterized by unregulated cell
growth. Examples of cancer 30include but are not lipited to, carcinoma, lymphoma, blastoma,
sarcoma, and leukemia. 62 More particular examples of such cancers include squamous cell
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hepatic carcinoma and various types of head and heck cancer. Further examplés are solid tumor
cancer indidider calerchnpatiorbaebsiasacweriundotaranecaedl pragtiatencan eaxd dmeehddbpoietic
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and familiar adenoma ous% yposis. Furthér examples inClude brain neoplasms, colorectal
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pancreatic neqplasms oya1an feoplasTiiasialf RegRlass. Akin neaplasms, estigylar
neoplasms, neoplasms, bone neoplasms, tropﬂ%b astic neoplasms, fallopian tose neoplfasms, rectal
neoplasmgrestetticameplasmaokitiney mebgiasmes stomdiol lebprasmsndhdnphcatiayr dlddgkoplasms.
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or animal origin, agments thereo
lympyhoma, ovarian cancer, cervical cancer and biliary tract carcinoma are also included.
The transformed mesenchymal stem cells and differentiated cells made according to

the methods and compositions described here may also be used in combination with
anticancer agents such as endostatin and angiostatin or cytotoxic agents or chemotherapeutic

20  agent. For example, drugs such as such as adriamycin, daunomycin, cis-platinum, etoposide,
taxol, taxotere and alkaloids, such as vincristine, and antimetabolites such as methotrexate.
The term ‘cytotoxic agent’ as used herein refers to a substance that inhibits or prevents the
function of cells and/or causes destruction of cells. The term is intended to include radioactive
isotopes (e.g. I, Y, Pr), chemotherapeutic agents, and toxins such as enzymatically active

25  toxins of bacterial, fungal, plant or animal origin, or fragments thereof.

Also, the term includes oncogene product/tyrosine kinase inhibitors, such as the
bicyclic ansamycins disclosed in WO 94/22867; 1,2-bis(arylamino) benzoic acid derivatives
disclosed in EP 600832; 6,7-diamino-phthalazin-1-one derivatives disclosed in EP 600831;
4,5-bis(arylamino)-phthalimide derivatives as disclosed in EP 516598; or peptides which

30  inhibit binding of a tyrosine kinase to a SH2-containing substrate protein (see WO 94/07913,
for example). A ‘chemotherapeutic agent’ is a chemical compound useful in the treatment of

cancer. Examples of chemotherapeutic agents include Adriamycin, Doxorubicin, 5-



Also, the term includes oncogene product/tyrosine kinase inhibitors, such as the bicyclic ansamycins
disclosed in WO 94/22867; 1,2-bis(arylamino) benzoic acid derivatives disclosed in EP 600832;
6,7-diamino-phthalazin-1-one derivatives disclosed in EP 600831, 4,5-bis(arylamino)-phthalimide
derivatives as disclosed in EP 516598; or peptides QiCh 30 inhibit binding of a tyrosine kinase to a
SH2-containing substrate protein (see WO 94/07913, for example). A ‘chemotherapeutic agent' is a
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ot of s A R R B B IR 8 20071097167 or

W02007/027156. Thus, transformed mesenchymal stem cells derived by our methods may have
significant'BFOSESTSFNEMIS to their counterparts, e.g., in their 15ability to secrete paracrine factors.

Accordingly, the ?ﬁ@%ﬁ%%@?&ﬁﬂ%m ﬁ*%gikﬁ‘éﬁ MAESEHPEHINGISMAY RE SR IR ANY purpose

for which hESC-MSCs such as those describe 02007/027157 or W02007/027156 are suitable.

The tnsfédesaabashbsenalayrheksedyiecells may be used to treat diseases of metabolism, 20defense
response, and tissue differentiation including vascularization, hematopoiesis and skeletal
development, or Mrosandpaitedrii@ativieihin vaneseHs Yhosoehinal engflibhasenhigjegicrinpsestisses.

Similarly, the. proteins. expressed, such as secreted, by the t ans{}?ﬁ%f% senchymal. stem cells,
singly or i SERBTRAA K0 LR AR Ot L etbionist e Lay HEURIA 9 Lupplement the
activity of, WiOpooraee 1fs tha Madstam ey 156. Thus, transformed mesenchymal stem cells derived by

our methods may have significant biological similarities to their counterparts, e.g., in their

15  ability to secrete paracrine factors.

Accordingly, the transformed mesenchymal stem cells described here may be used for
any purpose for which hESC-MSCs such as those described in WO2007/027157 or
WO02007/027156 are suitable.

The transformed mesenchymal stem cells may be used to treat diseases of metabolism,
20  defense response, and tissue differentiation including vascularization, hematopoiesis and
skeletal development, or whose repair or treatment involves any one or more of these
biological processes. Similarly, the proteins expressed, such as secreted, by the transformed
mesenchymal stem cells, singly or in combination, such as in the form of a conditioned
medium, may be used to supplement the activity of, or in place of, the transformed

25  mesenchymal stem cells, for the purpose of for example treating or preventing such diseases.

The transformed mesenchymal stem cells may be used to activate signalling pathways
in cardiovascular biology, bone development and hematopoiesis such as Jak-STAT, MAPK,
Toll-like receptor, TGF-beta signalling and mTOR signaling pathways. Thus, the transformed
mesenchymal stem cells, proteins expressed by them, etc, may be used to prevent or treat a

30 disease in which any of these signalling pathways is involved, or whose aetiology involves

one or more defects in any one or more of these signalling pathways.



25mesenchymal stem cells, for the purpose of for example treating or preventing such diseases.

The transformed mesenchymal stem cells may be used to activate signalling pathways in
cardiovascular biology, bone development and hematopoiesis such as Jak-STAT, MAPK, Toll-like
receptor, TGF-beta signalling and mTOR signaling p&thways. Thus, the transformed mesenchymal
stem cells, proteins expressed by them, etc, may be used to prevent or treat a 30disease in which any
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ischemic TORGNIYMASEERBRORFNUISINRT K5iQithisiiii GRaT-GipRipstmatiie et diseazs may be
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transplantation in an individual, We provide for the use of transformed mesenchymal stem cells

obtained HORIHIBR FRERGIR 6 B SHEA BY SDCH G oM AR PRI R AP LRSI EA8URHRB regulation

of 15 pathways inelediogiamysanecdidngigOinthedalomsng SytaskelesaactibatiethbyiRhentd Pase, cell
cycle, integrin signalling pathway, Inflammation mediated by chemokine & cytokine signaling pathway,
FGF Sgndiypaiy HEeS I rdfEGT gAY AT SPHBIHE4SS plasminogen activating
cascade, blood coagulation, glycolysis, ubiquitin proteasome pathway, de novo purine biosynthesis,
TCA cycle, phenyibtariry biossedhiesis, Wennd bradipgtesisicdovtiens fenrid éoarsetion, thbansegofit

transformegd mggqp&@g@%ﬁ%@&g{j&%}@p%@@&g&@ or medium conditioned by such transformed

mesenchymal stem cells in the regulation of processes including any one or more of the following: cell

structure and motijlity, cell structure, cell communication, cell motility, cell adhesion, endocytosis,
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immunity, medium conditioned by such transformed mesenchymal stem cells in the regulation of
15  pathways including any one or more of the following: cytoskeletal regulation by Rho GTPase,
cell cycle, integrin signalling pathway, Inflammation mediated by chemokine & cytokine
signaling pathway, FGF signaling pathway, EGF receptor signaling pathway, angiogenesis,
plasminogen activating cascade, blood coagulation, glycolysis, ubiquitin proteasome pathway,

de novo purine biosynthesis, TCA cycle, phenylalanine biosynthesis, heme biosynthesis.

20 We provide also for the use of transformed mesenchymal stem cells obtained herein or
medium conditioned by such transformed mesenchymal stem cells in the regulation of
processes including any one or more of the following: cell structure and motility, cell
structure, cell communication, cell motility, cell adhesion, endocytosis, mitosis, exocytosis,
cytokinesis, cell cycle, immunity and defense, cytokine/chemokine mediated immunity,

25  macrophage-mediated immunity, granulocyte-mediated immunity, ligand-mediated signaling,
cytokine and chemokine mediated signaling pathway, signal transduction, extracellular matrix
protein-mediated signaling, growth factor homeostasis, receptor protein tyrosine kinase
signaling pathway, cell adhesion-mediated signaling, cell surface receptor mediated signal
transduction, JAK-STAT cascade, antioxidation and free radical removal, homeostasis, stress

30 response, blood clotting, developmental processes, mesoderm development, skeletal

development, angiogenesis, muscle development, muscle contraction, protein metabolism and



25macrophage-mediated immunity, granulocyte-mediated immunity, ligand-mediated signaling,
cytokine and chemokine mediated signaling pathway, signal transduction, extracellular matrix
protein-mediated signaling, growth factor homeostasis, receptor protein tyrosine kinase signaling
pathway, cell adhesion-mediated signaling, cell surf%ge receptor mediated signal transduction,
JAK-STAT cascade, antioxidation and free radical removal, homeostasis, stress 30response, blood
clotting, d%\l/eé%mtelntal processes rn}elsno%i%rin de\%ej[onment 1skeletal Fvelo rEnengdan%io egesis,
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folding, protaavdbuhyplprotsserafily, athiinpratich antpeaiigranid iaediiatéom rotein teildimotbetiprmtein
targeting apd calizalion. amino agdmetanolism. protein biosynhesis, proteln fisyllide-isomerase
reaction, cparqoolﬁyc}ra?é mestab%ﬁlsm, g ycollysis, pentose-p osphaefe S }Gnt, Sther polysatcharide
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biosynthesis, pre- m rocessing, translational re tion, MRNA splicing. We further provide
for he vt BT R S R i eSSl by s
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following: signaling molecule, chemokine, growth 10factor, cytokine, interleukin, other cytokine,
extracellular matnie exHRGEMIFIINRIFthStMCBIrahRIRIAibAthaERHaca kb Ratxb@axisaelivlar

matrix glycoprotein, protease, metalloprotease, other proteases, protease inhibitor, metalloprotease
inhibitor, serMEPYBteL8d MBSy Haadramitss ‘BEW&W@%ME%‘P&SFM&?&%}SQ%%,
chaperonifufd&pnéQdamiin € hapens. aiie beARPRINNe M SWthelasanswinasenanidisyiathetand, select

calcium binding 15pratein, aminoacyl-tRNA synthetase, I)gase, isomerase, other isomerase, ATP
synttidse, RytaedekipgndriiRds; B%qu%%él}%t?fgfaéﬁ PReraginafstraabeerdgtititory molecule,
actin bindiggue)inghseitta PsHaiRxeyiRskele mhpiQleky NRMINe Wa AGHRI DidEeg: R Qiela6!in and actin
related protein, annexin, tubulin, cell adhesion molecule, actin binding motor protein, intermediate
filament, rfBSﬁE}é?i%er%%%iﬁ?ﬁ%&%‘i‘?’?&FfﬁB‘E&Fﬁ%‘?éﬁ’%ﬁBﬁ% ReloRMER R IR BGIAETHY Brotedse
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treatnient paveliresiamoang- RN ahiiese DR gioal @reeessRs i oifitakky, AP Rrelgines expressed by
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ydratase, transaminase, other lyase, other enzyme regulator, select regulatory molecule, actin
binding cytoskeletal protein, cytoskeletal protein, non-motor actin binding protein, actin and
actin related protein, annexin, tubulin, cell adhesion molecule, actin binding motor protein,
intermediate filament, ribonucleoprotein, ribosomal protein, translation factor, other RNA-

20  binding protein, histone, calmodulin related protein, vesicle coat protein.

Furthermore, the transformed mesenchymal stem cells obtained herein or medium
conditioned by such transformed mesenchymal stem cells may be used to treat diseases which
these functions may have a role in, or whose repair or treatment involves any one or more of
these biological processes. Similarly, the proteins expressed by the transformed mesenchymal

25  stem cells, singly or in combination, such as in the form of a conditioned medium, may be
used to supplement the activity of, or in place of, the transformed mesenchymal stem cells, for

the purpose of for example treating or preventing such diseases.

The gene products expressed by the transformed mesenchymal stem cells obtained
herein may be used to activate important signalling pathways in cardiovascular biology, bone
30  development and hematopoiesis such as Jak-STAT, MAPK, Toll-like receptor, TGF-beta
signalling and mTOR signaling pathways. Accordingly, the hESC-MSC:s, proteins expressed

by them, etc, may be used to prevent or treat a disease in which any of these signalling



25stem cells, singly or in combination, such as in the form of a conditioned medium, may be used to
supplement the activity of, or in place of, the transformed mesenchymal stem cells, for the purpose of
for example treating or preventing such diseases. The gene products expressed by the
transformed mesenchymal stem cells obtained hereg%may be used to activate important signalling
pathways in cardiovascular biology, bone 30 development and hematopoiesis such as Jak-STAT,

MAPK, Toll-like receptor, . TGF-beta signalling and mTOR signalin ays. Accordingly, th
BSOS S SO Ly By L B e Y R0t Bhich any
of these sithasingnBbneaphthiayyds involved, or whose aetiology involves one or more defects in any

one or more of these signalling pathways. Accordingly, such a conditioned medium may be used

to treat cardiac failbegsIRRe, MaKa shaaasedisudiseans, hunssianddaaengrRtive disaasrs such as
diabetes, Alzheimer's 5disease, Parkinson's disease and cancer. Such a conditioned medium may

also be usBATeWEECANotHPIAIGATS CHER e egrastAlVRtiserssuRITh AtotiRpetats Srdlrimer s

dermatologisaldearidarmatitisapsen@simceendyloma, verruca, hemangioma, keloid, skin cancer,
atopic dermatitis, Behcet disease, chronic granulomatous disease, cutaneous T cell lymphoma,

ulceration, a pathglogical, 6204 iHRGhR %ﬁ‘éoegeb&’f_éﬂi?@kﬂ&gﬂé@%ﬁi@%ﬁiﬁ%ﬂ?g0” and
immune dysregulation leading to chronic tissue remodeling including fibrosis and loss of function, renal
ischemic injiryceystiofibdogiderimisitigiadiohdaitis derambrivg palddicodiséaswtitis, pFrasonditioned
medium ' lin ar ' f ' r bone
marow e e e e B A o
regulate tisdorocgssed omasiusdlincass citiisation, Q@é]dpa_imbglyli(sp@@i‘ffi@@hly arathelegicatesses) or
musgyloskalial devRIPRMERL -initial§Mﬁbﬁ&&I@B%%ﬁﬁ£hEH%¥18’?dﬁ%ﬁ%ﬁ@é{rﬁ%ghﬂ%ﬁéﬁe

conditioned m'edium may be used. Unless the contex dictates otherwise, the ter ( ditlo‘ned
medium' sisaditiziie thkemedigmércmddehogondjuceiecittasisredioss ek poxtto mBOscAswell as such

2 composiion comRsing ANe ShARIE e AT SUPSIAMRalidhR ARY peptides which are present n

the conditioned medium. urthermore, any one or maore proteins secreted from the transformed
1

mesenchymal stem cells descriped here, including jn the form of conditioned media, may be used for
the 25 same purpdSe B HERR T e LB KA T NBIOS5Er 157 B W580057 156,

formation, a bone graft or bone marrow transplantation in an individual.

15 In particular, the conditioned medium may be used to regulate the processes involved
in vascularisation, hematology (specifically immune processes) or musculoskeletal

development, etc.

Such a composition may be used for any purpose the conditioned medium may be
used. Unless the context dictates otherwise, the term ‘conditioned medium’ should be taken to
20  include not only cell culture medium exposed to MSCs as well as such a composition
comprising one or more, such as substantially all, the polypeptides which are present in the

conditioned medium.

Furthermore, any one or more proteins secreted from the transformed mesenchymal
stem cells described here, including in the form of conditioned media, may be used for the

25  same purposes as the hESC-MSCs as described in WO2007/027157 or WO2007/027156.

The transformed mesenchymal stem cells may also be used as sources for any of the
proteins secreted or expressed by them. We therefore provide for a method of producing a
polypeptide comprising obtaining a transformed mesenchymal stem cell as described,

culturing the transformed mesenchymal stem cell and isolating the polypeptide from the



The transformed mesenchymal stem cells may also be used as sources for any of the proteins
secreted or expressed by them. We therefore provide for a method of producing a polypeptide
comprising obtaining a transformed mesenchymal stem cell as described, culturing the transformed
mesenchymal stem cell and isolating the polypeptid%{rom the 67 transformed mesenchymal stem
cell, such as from a medium in which the transformed mesenchymal stem cell is growing.

Dermatolotgic isordcgrs Med]ila copd(itioneﬂ b}/1 tEe transforme mesenﬁr%%n]qal te cellsdobtained by

the 5methods deseribed in this document rh?iyc 81580 e trediment of derma 8fgéﬁc disorders.

Therefore it dogigaldppinattnogsuwahgonditioned medium on cutaneous wounds or dermatological

lesions or disorders such as dermatitis or psoriasis improves healing and reduces scarring. It should

also maintain homggg%@ﬁghgmg%}@oned medium may be d(_elivered in Iipo_s_ome-base(_j emulsion,

gel or cream formulations and part of standard wound 10 dressing. The on??ltloned m%%um may also
. A

be used as a supPEHHEHRIH LB N BRifRRs O BRSGIREIE S PS At S R sE D AR aRahy
suitalye anhabmarstidédshtheseficacyafsucboondiongd Meaihint T CHiaRRNOIS AESGER:S is a

mouse model of dermatitis. Epicutaneous sensitization of mice is performed as described earlier [A72,

A73]. Briefly, 50 fig, gl BIR. eI AV RER 06 FRSH ARG RSfe d mAaRRHE0 R 5HIE AaVEG AR,

patched to the skin with a transparent dressing (Smith Nephew). This procedure is repeated twice over
a period ofl@mégtpjezical lasiany oMlispedeis nushpliedrtoniting Qaseazmuipatehes hoallg sikig as

described aRQV& QLMANYING ASUIRARIIMEntain FALDRIQLRIIEAL XAMINARARISIIR lpgymation,

specimens are obtained from the patched skins and fixed in 10% buffered neutral formalin

immediatedylivordtinhin e airasgd madiaosegalturreerpy fewatsnsranddarcakrienderdmatend cells
gﬁ’;‘gﬁfd Ry dbGpeteds ARseHe thiaihis da5Uns BE M Be Hsgshianthe Heatment ekasthma and
product to promote skin repair and healing.

A suitable animal model to test the efficacy of such conditioned medium on cutaneous
disorders is a mouse model of dermatitis. Epicutaneous sensitization of mice is performed as
described earlier [A72, A73]. Briefly, 50pg of Blo t 5 in 100ul of PBS or PBS alone are

15  applied to 1cm® gauze and patched to the skin with a transparent dressing (Smith Nephew).
This procedure is repeated twice over a period of 50 days. CM and NCM are then applied to

lem2 gauze and patched to the skin as described above for varying period of time.

For histological examination of skin inflammation, specimens are obtained from the

patched skins and fixed in 10% buffered neutral formalin immediately.

20 Asthma and Allergy
Media conditioned by the transformed mesenchymal stem cells obtained by the

methods described in this document may be used for the treatment of asthma and allergy.

Asthma is a complex disease with an equally complex etiology caused by a poorly
characterized set of genetic and environmental factors. The resulting pathology is immune

25  dysregulation leading to chronic inflammation of the airways and subepithelial fibrosis
characterized by increase in smooth muscle mass and increased deposition of extracellular

matrix proteins and subsequently, reduced lung function.

Current therapies include modulating several factors or signaling pathways e.g. the
ECM, integrins, and mesenchymal cell function [A74], toll-like receptors [A75], growth
30  factors such as TGF-P and EGF [A76, A77] and the IL6 pathway [A78]. The CM by hESC-



Asthma is a complex disease with an equally complex etiology caused by a poorly characterized set of
genetic and environmental factors. The resulting pathology is immune 25dysregulation leading to
chronic inflammation of the airways and subepithelial fibrosis characterized by increase in smooth
muscle mass and increased deposition of extracellulgy matrix proteins and subsequently, reduced lung
function. Current therapies include modulating several factors or signaling pathways e.g. the ECM,

integrins, senchymal. cell function.[A74], tqll-like receptors [A75], growth 30 factors such as
TGP 13 S TR P AT T DA mi S CTHETESN: by o R ST T
predicted tbeh@ve lalplogisalrefiaoismenrthekeitargeisdanta Angyaprediodthasihe €pdihetpls restore

immune r%qulation in asthm?. 'lcl; Iurggguand promote tissue repair and minimize scarring of lung tissues.

To investlgaffgrmzeeesﬁ%rcrg%?suéﬁclondfilﬁ'oned medium (CM) and the non-conditioned 5 medium (NCM)
on chronic airwayrinﬂammation and airway, epicutaneous sensijtization of mice are performed as

described above [R72VR1&}M A Sficaisyd e sardidansicacstianiedhembdsnereeriidaptrhanasal
challenge wimaA I9EiB 6t shionibraswesnaeeHive Ravsdyveny; gt hensaftenihedashdgse, airway

hyperresponsivensess (AHR) is measured usinlgginvasive BUXCO [A79]. The mice are anesthetized

and given BHsdtioREdMTRE AN It dithiditdnet MEATIR MasthinPRFIRAeBIEBA S cutive days.

Twenty-fouphensisafanthe dasicdagananveda YRes RERGISIMERSBSS (AR B @asetaty By dluid is
collected after another twenty-four hours. Following bronchoalveolar lavage collection, lungs are fixed

with 10% H&(RPAFRH RPHTAMICT PmAssHgsteriREan BXE P BRTENISFS MBFASSL Usifgay

inflammatigRRne B1awey A 791ATRIOh & skeaifisthbi-eehfing iy seeiates hiahdavet abhl-4, IL-5,
IL-13 and with undetectable level of IEN-y, is used to establish a mouse aIIer%):?model. Briefly,
sensifizati6AgtiRssd MRy d’a‘ﬁ%‘“ﬁ?ﬂéﬂgﬁ‘ii%%?&ﬁ%%??ﬁyioﬁ%%ﬁ%‘ﬁ S #er dhqdast

intravenouslyelraBaehy Mgisesfheseemias sreirnestheiizeedand inflanasad diNtehalfendasimeth S0 lug
of Blot
twenty-four hours. Following bronchoalveolar lavage collection, lungs are fixed with 10%

neutralized formalin.

To investigate the the effects of CM and the NCM on acute airway inflammation and

15  airway.

A Blot t 5 specific Th2 cell line which secretes high level of IL-4, IL-5, IL-13 and with
undetectable level of IFN-y, is used to establish a mouse allergy model. Briefly, sensitization
of naive mice is done by adoptive transfer of 2.5 x 10° Blo t 5 specific Th2 cells intravenously
in each mouse. These mice are anesthetized and intranasal (IN) challenged with 50 ug of Blo t

20 5 for three consecutive days. Twenty-four hours after the last IN challenge, airway
hyperresponsivensess (AHR) is measured using invasive BUXCO [A79]. The mice are then
anesthetized and given CM or NCM intranasally for three consecutive days. BAL fluid is
collected at forty-eight hours after the last Blo t 5 challenge. Following bronchoalveolar
lavage collection, lungs are fixed with 10% neutralized formalin for histopathological

25  analysis.

In clinical practice, the use of CM to treat lung disease may be administered

effectively using standard aerosol therapy [A80-86].

Other Diseases
Media conditioned by the transformed mesenchymal stem cells obtained by the

30  methods described in this document may be used for the treatment of other diseases.



205 for three consecutive days. Twenty-four hours after the last IN challenge, airway
hyperresponsivensess (AHR) is measured using invasive BUXCO [A79]. The mice are then
anesthetized and given CM or NCM intranasally for three consecutive days. BAL fluid is collected at
forty-eight hours after the last Blo t 5 challenge. Follgg\/ing bronchoalveolar lavage collection, lungs are
fixed with 10% neutralized formalin for histopathological 25analysis. In clinical practice, the use of

CM to treat lung disease may be inistered effectively using standayd aerosol thera [I)A 0-86].
Other Diseases ™ T TLs Bor e e A e ol g S [ RBAHBA by the
30methodsndgsorilech intissisedopaimenarhayolge aisaoh diti dhe wisatmientrofidthgndisedses] 69 In
general, we prediclihat syeh condifoned mediym, s Hegli inrestorng homealslasis, and promoting
tissue repair in pa ofbglcallr%onaﬁio%s Where the initia mnjury induced inflamnation and immune
dysregulatibndgadsddoshrdifintissue Ogdmodsliaghatlintdudes ilstasisamnihlyssystifufibtions, Other

diseases iglclllljsqfsrgn Ir}ilscl%%mic injury, cystic fibrosis, 5sinusitis and rhinitis. Orthopedics Media
condi |onednby he transformmed mesenchymal stem cells obtained by the methods described in this

document may be used for the treatment of orthopedic disorders. Current therapeutic strategies for
repair of musculdekériafiissue often include the use 100f a biomaterial (ceramics or polymers) not

only to provide meledaniealsigerbh uhatson ek ansaatieddriehpraanstercedl Iigtatiead, wethadhesion,
proliferation and diéferenti tion. to initiate vascularizatiqn.and ultimately new pbone formation [A87-90].
Basedl on IR ASHEH AR ACBH G5tk EERA B R RN g BPOP E AR e scaold
design may enhance cell migration, proliferation, adhesion, skeletal differentiation and vascularization
of Current therapeutic strategies for repair of musculoskeletal tissue often include the use

10 of a biomaterial (ceramics or polymers) not only to provide mechanical support but also as a
scaffold to promote cell migration, cell adhesion, proliferation and differentiation to initiate
vascularization and ultimately new bone formation [A87-90]. Based on the computation
analysis of such conditioned medium, incorporation of CM into the scaffold design may
enhance cell migration, proliferation, adhesion, skeletal differentiation and vascularization of

15  the scaffold.

To test the effect of CM on bone regeneration in defects that would otherwise have led
to atrophic nonunions, New Zealand white rabbits receive a 15-mm critical size defect on one
radius [A91], which is filled with a suitable matrix such as a collagen sponge or hydrogel
coated with either CM or NCM. Radiographs are obtained every 3 weeks. After 6 or 12

20  weeks, animals are killed. New bone is measured by microCT scans and vascularity is
measured using anti-CD31 staining of endothelial cells in the implant. There should be

increased vascularity at the least initially and also increased new bone formation.

To test the effects of CM on cartilage repair, a rabbit model of osteochondral injury
[A92] is used. CM is coated on a suitable scaffold such as collagen or hydrogel and implanted
25  into 3-mm osteochondral knee defects [A93]. For clinical applications, CM may be used by
incorporating the CM into existing scaffolds or bone grafts [A94].

Bone Marrow Transplantation
MSCs have been shown to enhance bone marrow transplantation [A95] and ameliorate
graft versus host disease. Transplantation of MSCs has been shown to improve the outcome of
30 allogeneic transplantation by promoting hematopoietic engraftment [A96] and limiting GVHD
[A97, A98]. It is postulated that MSCs mediate these effects through the enhancement of the



15the scaffold. To test the effect of CM on bone regeneration in defects that would otherwise have
led to atrophic nonunions, New Zealand white rabbits receive a 15-mm critical size defect on one
radius [A91], which is filled with a suitable matrix such as a collagen sponge or hydrogel coated with
either CM or NCM. Radiographs are obtained every7?bweeks. After 6 or 12 20 weeks, animals are
killed New bone is measured by microCT scans and vascularity is measured using anti-CD31 staining

of endothelial cells in the implant. .'I'Elgr ul ﬂ?ein eased ularity at the least.nitially and also
inoreased 1N AR Kranbrel et A e A T e e S e T ol o
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and implanted 25into 3-mm osteoch al kn ? cts [A93]. For clinical applications, CM may be
used by inlit}:lcr)(r)b1 ga{}ﬁgs ?ﬁrg% (I)f 8%3)%%%&%?;%) gé?br bone grafts [A94]. Bone Marrow

Transplantation MSCs have been shown to enhance bone marrow transplantation ,[A95% and

ameliorate graft VY& séindsabaplicptignsath stshicoutiipsed ediyady Mol t5pansievethe

outcome afc3thaiiRpaneittirngpIpatianon RiadsliRgmaiapetis eraRiimenulAN @nd limiting
GVHD [A97, A98]. It is postulated that MSCs mediate these effects through the enhancement of the
70 hematopeidmiddisi&EiMivHE T&@‘@}WF&%MIMBF‘R%FM@F%?&%élé’mtﬂﬁ}’éf&tion of

allogeneicyisgiteEos @ aoe snedulatigu e deiammaion [DA3hnee ss Rllvsplapuahcdin secretion of

soluble factors [A100]. Potential clinical applications of such conditioned medium by MSCs: expansion
of 5 hematbiSBiafy LY ERAYSIBEHSIOa P i-IMres B b e R ARG RASEHASRERENIGHPEM or in vivo by

infusing CM with hematopoietic stem cells during transplantation, ameliorate GVHD by intravenous
infusion of CM orffrdtidiéxastimmune tolerance to transplanted cells or tissues by intravenous infusion

of Clypas part of g pre, aRd RSt anzRARL IRRLARFIGRIL Rise Rk TGRS RIMedmaReRchymal
stem cells described here may be used for treatment or
prevention of heart disease.
Heart disease is an umbrella term for a variety for different diseases affecting the heart.
As 0f 2007, it is the leading cause of death in the United States, England, Canada and Wales,

killing one person every 34 seconds in the United States alone. Heart disease includes any of

15  the following.

Coronary Heart Disease
Coronary artery disease is a disease of the artery caused by the accumulation of
atheromatous plaques within the walls of the arteries that supply the myocardium. Angina
pectoris (chest pain) and myocardial infarction (heart attack) are symptoms of and conditions
20  caused by coronary heart disease. Over 459,000 Americans die of coronary heart disease

every year. In the United Kingdom, 101,000 deaths annually are due to coronary heart disease.

Cardiomyopathy
Cardiomyopathy is the deterioration of the function of the myocardium (i.e., the actual
heart muscle) for any reason. People with cardiomyopathy are often at risk of arrhythmia
25  and/or sudden cardiac death. Extrinsic cardiomyopathies - cardiomyopathies where the
primary pathology is outside the myocardium itself comprise the majority of

cardiomyopathies. By far the most common cause of a cardiomyopathy is ischemia.

The World Health Organization includes as specific cardiomyopathies: Alcoholic

cardiomyopathy, coronary artery disease, congenital heart disease, nutritional diseases



prevention of heart disease. Heart disease is an umbrella term for a variety for different diseases
affecting the heart. As of 2007, it is the leading cause of death in the United States, England, Canada
and Wales, killing one person every 34 seconds in the United States alone. Heart disease includes
any of 15the following. Coronary Heart Disease %oronary artery disease is a disease of the artery
caused by the accumulation of atheromatous plaques within the walls of the arteries that supply the

myocardiurg.Angin ctoris (chest pain) and myocardial infarctio g&pe rt attack) are symptoms of and
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disease ewalyweaacatditheybinitey Kiflgaomiol) 000 dgathshannually are due to coronary heart
disease. Cardiomyopathy Cardiomyopathy is the deterioration of the function of the myocardium (i.e.,
the actual heart maussla) fifcamedeason. People with cardiomyopathy are often at risk of arrhythmia

25and/or sudden cardiac death. Extrinsic cardiomyopathies - cardiomyopathies where the primary

pathology is outs{?a%[b?a%%ﬁégggﬁ@d&wt%omggit%%rﬁlﬁg]\%gﬁg @lg iﬂ%diomyopathies. By far the most

common cause of a ca y is Ischemi ealth Organization includes as
specific cardiom oPathjes: Alcoholic cardiomyopathy, coronary artery disease, congenital heart
diseade, nutrition A HISE SIS YRRIRY (REPRES. ToEHeHEHE PR EA ST 81
hypertensidergaigidayaegathcavadyular cardiomyopathy, inflammatory cardiomyopathy. Also included
are: Cardiomyopathy secondary to a systemic metabolic disease

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

enlarged and the pumping function is diminished)

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

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

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

15  right ventricle is generally most affected)

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

heart with blood).

Noncompaction Cardiomyopathy - the left ventricle wall has failed to properly grow

20  from birth and such has a spongy appearance when viewed during an echocardiogram.

Cardiovascular Disease
Cardiovascular disease is any of a number of specific diseases that affect the heart
itself and/or the blood vessel system, especially the veins and arteries leading to and from the
heart. Research on disease dimorphism suggests that women who suffer with cardiovascular
25  disease usually suffer from forms that affect the blood vessels while men usually suffer from
forms that affect the heart muscle itself. Known or associated causes of cardiovascular disease

include diabetes mellitus, hypertension, hyperhomocysteinemia and hypercholesterolemia.

Types of cardiovascular disease include atherosclerosis



5Intrinsic cardiomyopathies (weakness in the muscle of the heart that is not due to an identifiable
external cause) Dilated cardiomyopathy (DCM, the most common form, and one of the leading
indications for heart transplantation. In DCM the heart (especially the left ventricle) is enlarged and the
pumping function is diminished) 10Hypertrophic card/iﬁ)myopathy (HCM or HOCM, a genetic disorder
caused by various mutations in genes encoding sarcémeric proteins. In HCM the heart muscle is

thickened, whichlga}? g’%tr}g]cet lr:)}%gieﬂggv and prevent the heart from functioning properly),
Arrhythmogenic rlgchta ventrichfar carcﬁomyopathy (ARVC, which arises from an electrical disturbance of
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from lgirth %qlﬁldﬁ? Qt%é R3PQP9y appearance when viewed during an echocardiogram.
Cardiovascular Diseas Cardiovascular disease is any of a number of specific diseases that affect

the heart itself and/or thgl{;?lood vessel system, especially the veins and arteries leading to and from
the heart. ReseafCHEn §idésse dimorphism suggests that women who suffer with cardiovascular
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when the afterr so%haP%ung] e 8%/188%2‘51%15 thénti ri%nttsege%s S 10|Spe ?tlﬁté heart will not get

enough of the oxx;;en and the nutrients and will
'ypertensive Heart Disease

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

15  hypertensive cardiomyopathy, cardiac arrhythmias, inflammatory heart disease, etc.

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

20  the heart.

Valvular Heart Disease

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

25  valve stenosis, mitral valve prolapse and valvular cardiomyopathy.

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



5eventually stop beating. Heart Failure Heart failure, also called congestive heart failure (or CHF),
and congestive cardiac failure (CCF), is a condition that can result from any structural or functional
cardiac disorder that impairs the ability of the heart to fill with or pump a sufficient amount of blood
10throughout the body. Cor pulmonale is a failure of t?e right side of the heart. Hypertensive Heart
Disease Hypertensive heart disease is heart disease caused by high blood pressure, especially

localised mg%_ﬁ%gg EI{ESSH{RI ACﬁgt%liltions that can be caused by hypertensive heart disease include:
left ventri X eart disease, (Congestive) heart failure, 15hypertensive
cardiomyopathy, gerdias @riprihinatasn itflammapey Meamdiaas st piculfpmmatory Maar disease

involves inflammation of the heart muscle and/or the tissue surrounding it. Endocarditis comprises
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myocardium, the muscular part of 20the heart. Valvular Heart Disease Valvular heart disease is
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RATIO pre- to mature miRNA for hsa-let-7b (miRBase Accession Number: MI0000063) and hsa-let-

10 7g (miRBase Accession Number: M10000433) in the exosome relative to that in the cells was

169 and 1078 times higher respectively.

We show in the Examples that MSCs transformed with a c-myc gene do not senesce
and continue to proliferate and maintain a high level of telomerase activity. We demonstrate
using real-time RT-PCR analysis that, relative to the secretion by the parental MSCs, the ratio

15  of pre- to mature miRNA in the myc-transformed MSC secretion for hsa-let-7b miRNA
(miRBase Accession Number: MI0000063) is increased by 2.8 times. On the other hand, the
ratio of pre- to mature miRNA for hsa-let-7g miRNA is unchanged as a result of

transformation.
hsa-let-7b is described in detail elsewhere in this document.

20 Thus, transformation of MSC with an oncogene causes the cells to display an
oncogenic state; in such an oncogenic state, the ratio of precursor to mature hsa-let-7b miRNA
(miRBase Accession Number: MI0000063) is increased, relative to the ratio of precursor to
mature hsa-let-7b miRNA in an untransformed cell. Accordingly, the ratio of precursor to

mature hsa-let-7b miRNA miRNA may be used to monitor the oncogenic state of a cell.

25 The ratio of precursor to mature miRNA for other miRNA species is also observed to
be changed as a result of the transformation. Accordingly, the pre- to mature miRNA ratio of
these other miRNA species may be used, alternatively, or in addition to, the pre- to mature

miRNA ratio of hsa-let-7b miRNA, as a marker for oncogenic transformation.

We find that the ratio of precursor to mature miRNA for certain miRNA species is

30 changed as a result of a change of a cellular state, e.g., a change of a physiological state or a



We also demonstrate in the Examples that the ratio of precursor to mature miRNA changes depending
on the state of a cell. Accordingly, such a ratio, which we term the 'pre-/mature miRNA ratio' may be
used as a marker to monitor the state of a cell. 5The Examples show, using quantitative RT-PCR
(QRT-PCR) analysis, that exosomes secreted from r%senchymal stem cells (MSCs) derived from
human embryonic stem cells (hRESC) contain miRNAs. Such miRNAs are present predominantly in the

precursor (pre)- miRNA form with no detectable level of prima r}) miRNA. Thus, for example, the
b AL el e R R e el g

79 (miRBasgeAccession Number: MI0000433) in the exosome relative to that in the cells was 169 and
1078 times higher respectively. We show in the Examples that MSCs transformed with a c-myc

gene do not senege& ANALENIMR I IR IsteRR A ABIgh Isvelaittiamnaiapeagdivity. We
demonstrate using real-time RT-PCR analysis that, relative to the secretion by the parental MSCs, the
ratio 15 of PrEU RN e RN AN ¢HRIRIE fransformed MSC secretion for hsa-let-7b miRNA

(miRBase Accession Number: MI0O000063) is increased by 2.8 times. On the other hand, the ratio of
pre- t6 mature miRNAeforihsa-teetigdoiRnbniwungtiznsietd as acabultecohtthedformatiomghsa-let-7b is

described é@t&*ﬁ@{'ﬁ ?‘?é{\”&esfeqé&éﬁ'%%?SRE@%%MRj}%g%i@?@%%’i‘%?&?ﬁi}%%ﬂﬁeﬁ,‘Q'Egt%”o?:“@gge”e
causes the cells to display an oncogenic state; in such an oncogenic state, the ratio of precursor to
mature hspréstBEomMRN A i RBRIASpeessi Grrdvamides) MIDB0 @08 3k iftcreaselk nelBiNA to the ratio
of precurs . IRNAY n Ik ordi - i ursor
to mature }gﬁse;&fg;J tr?l]]{aRﬁlﬁx—ﬁr&nﬁZgNE% ma():/ @g%%%dt{(gnn%%%%%@én%g%eﬁél g%%leg%%?%;ghg%%%e ratio
of precursef tecrsiatenad iRRIA for other miRNA species is also observed to be changed as a result of
the transformation. Accordingly, the pre- to mature miRNA ratio of these other miRNA species may be
usedi(alternativelyhocél agdditiertapriccarer d@dnatiass, miRN oratio @f diganBin/ TheiRYAoas a marker

for oncogenic transformation. We. find that the ratio of precursor to mature miRNA for certain
RN SpERES S S S RIERI U AR Of & LR PSS By T AR oF £ 1

physiologicaiigia.or a 74 change of a pathological state, or a transition between a physiological state
to a pathological state. Accordingly, cellular changes of state may be monitored by monitoring the

pre- to mature miPNA, RIS FNESE MIRNASmMprised in exosomes secreted by the cell. The method

may comprise obtaining such exosomes and obtaining precursor and mature forms of the

15 miRNA species therefrom.

The pre- to mature miRNA ratio may be established by hybridisation to an array
comprising nucleic acid sequences capable of binding to and distinguishing between precursor

and mature forms of the miRNA species.

The pre- to mature miRNA ratio may be established by real time polymerase chain

20  reaction (RT-PCR).

The method may comprise establishing a profile comprising a plurality of pre- to
mature miRNA ratios for a plurality of selected miRNA species, each indicative of the state of

the cell.

The method may comprise establishing a profile comprising a plurality of pre- to
25  mature miRNA ratios for a plurality of selected miRNA species, the profile being established
by hybridisation to an array comprising a plurality of probes capable of binding to and
distinguishing between precursor and mature forms of the plurality of the selected miRNA

species.



5We describe a method of monitoring the state of a cell, the method comprising establishing, for a
selected microRNA (miRNA) species secreted by the cell, a ratio of: (a) a precursor form of the miRNA
species (pre-miRNA); to (b) a mature form of the miRNA species (mature miRNA); in which the pre- to
mature miRNA ratio so established is indicative of th%state of the cell. 10The cell may be comprised in
a cell mass, tissue, organ or organism. The pre- to mature miRNA ratio may be indicative of the state
of the respective,@gél mass, tissue praan or arganism. Three_rg}iRNA sa%ecies may (l:))e 2(1:r(131rsnn[?rised in

exosorhe aln OIm a sam an orgdanism. which or .
exosomes secreted by e ceﬁl'.nlaxe et may comprise orb(t)a%mg such éxosemes and obtaining

precursor andpmistsithefoethsTbe threnple mikNAspasiesithecticonple, a sEherpsenfdenratalie asdRie ratio
may be established b%‘é’ )ébridisation to an array comprising nucleic acid sequences capable of binding

to and dist?ﬁal}llgﬁlensga jeen precursor and mature forms of the miRNA species. The pre-to

mature miRNA ratio may be established by real time polymerase chain 20 reaction (RT-PCR). The

method may comPHs¥e iRy BBt SABRIER ARSI AASIGRAR B L 3d hestl FETisiRRER Aatios for a

pluralgy ofiseigetedviRNAe Spasieseoacht indicaliveneitibeiriatetef the cell. The method may comprise
establishing a profile comprising a plurality of pre- to 25mature miRNA ratios for a plurality of selected

mMiRNA species, il ' li idisafi n i lurality of
probes capable O‘f\ﬁeﬁ[ |r%g%§ﬁa%l%§%%?gﬁﬂﬁﬁﬁ%¥bge¥%géﬁ r%%é?%%ﬁ ﬂ(%é?‘hs;%?ﬁg%ér}n%%e?%e plurality of
the selectddmaRigcapatids, a thabetiTHetexosonmesnmdip trdaistainetintornde saepley ofdaowiganism,

which org mﬁ%@&;' %f’ctﬁﬁté:%l'c ml%%g]&lﬁ%?ée iy tisg,@ blood sample, a serum sample, a

saliva sample or a uriné sample. The state of may comprise a physiological state, such
as a cell cycle state, a Sdifferentjation state, a development state or a metabolic state.
y %E/ee f%rther descr{ﬁle a method as set out %Eg)ve for detecting a cﬁange in state of a cell,
10 the method comprising detecting a change in a pre- to mature miRNA ratio of the cell (or a

profile comprising such a ratio), in which such a change indicates a change in state of the cell.

We further describe a method as set out above for establishing that a cell is in a
particular state, the method comprising comparing a pre- to mature miRNA ratio of the cell
(or a profile comprising such a ratio) with a pre- to mature miRNA ratio (or a profile

15  comprising such a ratio) of a cell known to be in that particular state.

We further describe a method of monitoring the state of an organism, the method
comprising obtaining a sample from or of that organism, performing a method as set out
above on the sample, and establishing the state of the organism from the pre- to mature

miRNA ratio thereby obtained.

20 We further describe a method of detecting a disease in an organism, the method
comprising obtaining a sample from or of that organism, performing a method as set out
above on the sample, and comparing the pre- to mature miRNA ratio thereby obtained with a

pre- to mature miRNA ratio of a sample known to be of or from a diseased organism.

We further describe a method of treatment or prevention of a disease in an organism,
25  the method comprising detecting a disease in an organism according to Claim 14, and

administering a treatment for that disease to the organism.

The cell may comprise a mesenchymal stem cell (MSC). The states of the cell may

comprise an untransformed state and a transformed state, such as a c-myc transformed state.



The state of the cell may comprise a pathological state, such as a disease state, a human disease
state, a diabetic state, an immune disorder state, a neurodegenerative disorder state, an oncogenic
state, a cancerous state or a tumour state. We further describe a method as set out above for
detecting a change in state of a cell, 10 the method 98mprising detecting a change in a pre- to mature
miRNA ratio of the cell (or a profile comprising such a'ratio), in which such a change indicates a
change in glate of e gl s futher despribe 2 methor as sef out gpoye fonestaplishing that a
cellisina partrl%ufar State, e mahsy comprising comparing a pre- to thature mﬁ-]\;ﬂ,ﬁl\ ratio of the cell
(or a profileansfoprisihgasel chrapatid Yavathaupaéstsematiyreomibiidii oakid ({or @ pvefiter beoysitding such
a ratio) of a cell known to be in that particular state. We further describe a method of monitoring

the state of an organjgpmdng.seethoshGempUsingrRaiRipwAIFFOPRIR e LiPidhatRGanISkBIe
performing a method as set out above on the sample, and establishing the state of the organism from

the pre- to*rRRFHEFIRIA i sHituiBy brivrsaProvuverinheiries dABasLhisthyalsy 9é

disease insgacpiganism, the method comprising obtaining a sample from or of that organism,
performing a method as set out above on the sample, and comparing the pre- to mature miRNA ratio
thereby olj{inef pthhg pre- to mature miRNA ratio of a sample known to be of or from a diseased
organism. We further describe a method of treatment or prevention of a disease in an organism,
25the method consprisind diatasiiRB ASTisR286s1Bnaue B NSI00B006RiPg: 10idalainT B haamfgtadministering
a treatme#t {or that disease to the organism. The cell may comprise a mesenchymal stem cell
(MSC). T 8 é‘féﬁgkgé?‘ﬂﬁsf%n may comprise an untransformed state and a transformed state, such as a
c-myc transformed state. 76 The microRNA may comprise hsa-let-7b microRNA. The ratio may be 2.8
e D A e A T A T
possible. ' f i able of
binding topa%&WBgﬁ% precursor and mature forms of a plurality of miRNA 5species.
HSA-LET-7B hsa-let-7b has miRBASE accession number MI0000063. Pre- hsa-let-7b has the

following sequence:
Pre- hsa-let-7b has the following structure:

u ucagggcagugaug
15 cgggg gagguaguagguugugugguu u
AR RRERRARARRARRERERRNE
guccc uuccgucauccaacauaucaa u
- uagaaggcuccccg
20 Mature hsa-let-7b has the miRBase accession number MIMAT0000063 and the

following sequence:

>hsa-let-7b MIMAT0000063
UGAGGUAGUAGGUUGUGUGGUU

25 hsa-let-7b is described in detail in the following publications: "Identification of novel
genes coding for small expressed RNAs" Lagos-Quintana M, Rauhut R, Lendeckel W, Tuschl
T. Science. 294:853-858(2001); "Reduced accumulation of specific microRNAs in colorectal
neoplasia" Michael MZ, O' Connor SM, van Holst Pellekaan NG, Young GP, James RJ. Mol
Cancer Res. 1:882-891(2003); "Altered expression profiles of microRNAs during TPA-

30 induced differentiation of HL-60 cells" Kasashima K, Nakamura Y, Kozu T. Biochem
Biophys Res Commun. 322:403-410(2004); "A mammalian microRNA expression atlas based
on small RNA library sequencing" Landgraf P, Rusu M, Sheridan R, Sewer A, lovino N,
Aravin A, Pfeffer S, Rice A, Kamphorst AO, Landthaler M, Lin C, Socci ND, Hermida L,



>hsa-let-7b MIO0O00063 10
CGGGGUGAGGUAGUAGGUUGUGUGGUUUCAGGGCAGUGAUGUUGCCCCUCGGAAGAUAACU
AU ACAACCUACUGCCUUCCCUG Pre- hsa-let-7b has the following structure: ucagggcagugaug 15
Cgggg gagguaguagguugugugguu 11111111111111]7]71111111111 guccc uuccgucauccaacauaucaa
uagaaggcuccccg 20Mature hsa-let-7b has the miRBase accessmn number MIMAT0000063 and the

following ieq C%hl?ﬁgﬁlf ﬁtgo% %”\g‘%hca%oojoﬁéieﬁ VOS féoveﬁg ﬁHGéé GUU Ilet 7bis

described it detail in olffowing pu ns! ification o enes co maﬁ
expressed RmAsihLiadhsnQuiktiaiea M, RdUH@RménkjﬁéKéd)W) Em!séhhfferﬁs:mﬂcmv@i)éﬁ%%S(ZOOl)'

"Reduced acgl thon of s |f|c @1 (t;oRlélA Wég)rﬁctal ne a';: Mlch%&!\ﬁz nnor SM, van
Holst Pellékaa S\}oung James RY. Ii\/l Cancer é"f)f " Fered expressmn
profiles of%&r@ﬁﬁﬂ%dﬂﬁiﬁ@mﬂ\ 30 induced dlﬁerentlatlon of HL-60 cells" Kasashima K, Nakamura
Y, Kozu T. Biochem Biophys Res Commun. 322:403-410(2004); "A mammalian microRNA expression

atlas basedpihsnak RINALIRragssaggencing” Landgraf P, Rusu M, Sheridan R, Sewer A, lovino N,

Aravin A, Pfeffer S, Rice A, Kamphorst AO, Landthaler M, Lin C, Socci ND, Hermida L, 77
According to the methods and compositions described here, the pre- to mature miRNA

ratio may be used to monitor various cellular changes of states.

Such cellular changes of state may comprise changes of physiological states, such as a
cell cycle state. Accordingly, monitoring the pre- to mature miRNA ratio of an miRNA

10  species may be used to monitor the G1 state, an M state, a G2 state or a S state of a cell.

The physiological state may comprise a differentiation state; in other words, the pre- to
mature miRNA ratio of an miRNA species may be used to determine whether a cell is
differentiated or un-differentiated. It may be used for example to detect the pluripotency of a
cell. It may be used to detect whether a cell is a stem cell, or whether a cell is a differentiating

15  cell or if the cell is terminally differentiated, for example.

The physiological state may comprise a developmental state or developmental stage.
Thus, the pre- to mature miRNA ratio of an miRNA species may be used to determine if a cell
is of or from an embryonic state or stage, foetal state or stage, a neonatal state or stage, an
infant state or stage, a juvenile state or stage, a toddler state or stage, an adolescent state or

20  stage, an adult state or stage etc.

MONITORING OF PATHOLOGICAL STATES

The cellular state may comprise a pathological state, such as a disease state. Thus, the
pre- to mature miRNA ratio of an miRNA species may be used to monitor a pathological state

of a cell, or a change of a normal state to a pathological state.

25 The pre- to mature miRNA ratio may be used to detect whether the cell is in a normal
(undiseased) state or a diseased state. It may be used to monitor the progression of a cell from
a normal, undiseased state to a diseased state. It may be used to monitor the stage of disease of
the cell. The disease may comprise any of the variety of diseases an organism suffers or may

suffer.



Fulci V, Chiaretti S, Foa R, Schliwka J, Fuchs U, Novosel A, Muller RU, Schermer B, Bissels U, Inman
J, Phan Q, Chien M. Cell. 129:1401-1414(2007) and "Patterns of known and novel small RNAs in
human cervical cancer" Lui WO, Pourmand N, Patterson BK, Fire A. Cancer Res.
67:6031-6043(2007). 5 CHANGE OF CELLULAR Sé TE According to the methods and
compositions described here, the pre- to mature miRNA ratio may be used to monitor various cellular

changes of state? Such eJ[Mgin changt%%of state may cecl)mprise changﬁfﬁf goh si%lgcgical states, such

asa cellcycle SEReT Recor |1r158f1)§,e monltrgﬁ?ﬁﬁcfﬁlé) rpl)rg- td Matdre mi Y560 GPAIY miRNA
10speciescardiphy osehlytdbacoeitd retlie GGid fiateganalhstadeophid 12 cstdte loraiS diatmossa cell. The
physiological state comprise a.differentiation state; in other wqrds, the pre- ta mature miRNA ratio
o1 an MR LB Sy B R RN s st e SR irerentatedt 1
may be udeshiariexds pte perdeidatahel¢ripeiepeyinbsaellsitkivaye hansed tmdetecilwhether a cell is
a stem cell, gruhether a cellis 3 differentiaing Aocell or f e celLiserminglly differentated, for
example. P e’pahysmc))i%lglcaﬁ State |¥1ay COMPrise a (51e\rlrerzll%pménata State or gevélopg‘nental stage.
Thus, the peetotas mettredméRNArdvhytlamogiRiN Agpecies may be used to determine if a cell is of or
from an embryonic state or stage, foetal state or stage, a neonatal state or stage, an infant state or

stage, a juvenile $iRiQig¢staE8IRFdIghSiRtCAY HR06s ABRAAICSELINMALS G A0stasR AR Sstate
or stage etc. MONITORING OF PATHOLOGICAL STATES The cellular state. may comprise a

pathologicial¥ewia sk desing seaudvlititeatiinl AbgHiatirn. ¢ardiatrRaradA A5ABIE an miRNA species

may be usgchien®tites payhaloaicahsipie @fsa calbekd, change, ahashopahsiaip e apathelggical
state. 25The pre- to mature miRNA ratio may be used to detect whether the cell is in a normal

(undidbasBE VARSI LAY QIRE Y RIRTLSeb S BT HRSI thaskr B AT st sE & from a
normal, ungdigedsesheiaieiaehisfrsedssi@Rricmitycbplases etRrpRitBERbe StagriRfiseasstof the

cell. The disease may comprise any of the variety of diseases an organjsm suffers or may suffer. 78
In general?‘fﬂBl?ﬁgégaﬁérE‘i’é?in‘%%68???6}?%"8 % MBPjaégf%g?fr 5 Sy SRR Sacterial

endocarditis, agyria, amyotrophic lateral sclerosis, dizziness, tetralogy of fallot, myocarditis,
alcoholism, anentitis Bisessiabiolexnay aemnupetaeso et reroidscsonyeniatidediadédests, alopecia

areata, SiCﬂ?eﬁ?s'él@ﬂfs‘igj%ﬁ%ﬁ@gs\,’%%ﬁhdiasis, charcot-marie disease, crohn disease, attention deficit

15  disorder, brain injuries, cataract, ulcerative colitis, cumulative trauma disorders, cystic
fibrosis, developmental disabilities, eating disorders, erysipelas, fibromyalgia, decubitus ulcer,
diabetes, emphysema, escherichia coli infections, folliculitis, deglutition disorders, diabetic

foot or encephalitis.

The disease state may comprise any one or more of esophageal diseases, food
20  hypersensitivity, dementia, down syndrome, japanese encephalitis, eye neoplasms, food
poisoning, dengue, dyslexia, endometriosis, fabry’s disease, gastroenteritis, depression,
dystonia, epilepsy, chronic fatigue syndrome, gastroesophageal reflux, gaucher’s disease,
hematologic diseases, hirschsprung disease, hydrocephalus, hyperthyroidism, gingivitis,
hemophilia, histiocytosis, hyperhidrosis, hypoglycemia, glaucoma, hepatitis and hiv

25  infections.

The disease state may comprise any one or more of hyperoxaluria, hypothyroidism,
glycogen storage disease, hepatolenticular degeneration, hodgkin disease, hypersensitivity,
immunologic deficiency syndromes, headache, hernia, holt-oram syndrome, hypertension,
impotence, congestive heart failure, herpes genitalis, huntington’s disease, pulmonary

30  hypertension, incontinence, infertility, leukemia, systemic lupus erythematosus,



5prolapse, autonomic nervous system diseases, abnormalities, alzheimer disease, angina pectoris,
rectal diseases or arrhythmogenic right. The disease state may comprise any one or more of
ventricular dysplasia, acne rosacea, amblyopia, ankylosing spondylitis, atrial fibrillation, cardiac
tamponade, acquired immunodeficiency syndrome, %nyloidosis, anorexia, anxiety, autism, brain
neoplasms, central 10nervous system diseases, color vision defects, arteriosclerosis, back pain,

breast diseasé{as central nervous s%sée{’n infections, olorlectal neolplasmls arthritis behqet'.s syndrome,
m? urbmycom% rqen retardation, 1n Iegnm on, 11yer neo dasms e¥ ¢ disease, malaria o
breast neoplasms,-cerebral palsy, commoh cold, asthma, bipolar disordef, burns or tervix neoplasms.

The diseas®statermaypofompabsdsamy one or more of communication disorders, atherosclerosis,
blindness, candidiasis, charcot-marie disease, crohn disease, attention deficit 15disorder, brain

injuries, cataract, eIt cQlikisiesIMMAtMBIFRUMR, UsOtiarRrE Y StifliRiRsitodayaiRpmesials,

disabilities, eating disorders, erysipelas, fiboromyalgia, decubitus ulcer, diabetes, emphysema,
escherichi BB ARHEGIBRS; fsmenAts HBYRRRISH RIS, BIgHS BN anlephartPTRe disease

state may GapREGSANNERAGhANRIsuE! SseriagerRt disersER Q0L A BYPEIsRR Ttikiyeementia,
down syndrome, japanese encephalitis, eye neoplasms, food poisoning, dengue, dyslexia,
endometrib&RP KA DgNRSLES, %B%fﬁfﬁé‘ﬁﬁ]%?r i diPras%tonia, epilepsy, chronic fatigue
syndrome, gastroesophageal reflux, gaucher's disease, hematologic diseases, hirschsprung disease,
hydrocephalus, hiedisyasiditite, mingivitiprise aopdiiliagistisoyibsig, tegpdabmialvosia;Hypoglycemia,

glaucoma itis and hiv 25infecti ' c IS8 / of
hyperoxal&lrgig, %I%(t) S/%)%%@,J%%S/fc%ggg@%%}%%%%%gsE?fﬂi%’cﬁﬁ%i%g ergtrlg(?’rlfc{ﬁggﬁé%in
disease, maséhéﬁmimﬂmmﬂﬁ@w}@mﬁmpﬁy @%@dr@h@ﬁhﬁma@mﬁazﬂwmﬁa,dﬁ_tﬂ@mmsi%yndrome,
hypelr@)ens%giﬁgggg}ggg?egggg ﬁ‘i&*’%gﬁ&n%rﬁq@%{%ld?ﬁ&p&?b_ﬂ&'ﬂﬁﬁ‘é‘&ro*ﬂ&'&]%ﬁf?Hi%gh?%%?aeplé’éil({?°”ary

30hypertehsion, incontinence, iifertility, leukenilia, systemic lupus erythematosus, maduromycosis,

mental retahdnyitkstantieiammatibmraliérpgoptasrndsriymys digaaseo Yae irizcop latboy nrarotsedn
metabolisny Jhe disease state state may comprise any one or more of inflammatory bowel diseases,

The disease state may comprise any one or more of pheochromocytoma, myocardial
diseases, opportunistic infections, pain, pars planitis, phobic disorders, myocardial infarction,
15  hereditary optic atrophy, pancreatic diseases, pediculosis, plague, poison ivy dermatitis, prion
diseases, reflex sympathetic dystrophy, schizophrenia, shyness, poliomyelitis, prostatic
diseases, respiratory tract diseases, scleroderma, sjogren’s syndrome or polymyalgia

rheumatica.

The disease state may comprise any one or more of prostatic neoplasms, restless legs,
20  scoliosis, skin diseases, postpoliomyelitis syndrome, psoriasis, retinal diseases, scurvy, skin
neoplasms, precancerous conditions, rabies, retinoblastoma, sex disorders, sleep disorders,
pregnancy, rare diseases, sarcoidosis, sexually transmitted diseases, spasmodic torticollis or

spinal cord injuries.

The disease state may comprise any one or more of stuttering, testicular neoplasms,
25  trichotillomania, urinary tract, infections, spinal dystaphism, substance-related disorders,
thalassemia, trigeminal neuralgia, urogenital diseases, spinocerebellar degeneration, sudden
infant death, thrombosis, tuberculosis, vascular diseases, strabismus, suicide, tinnitus,
tuberous sclerosis, virus diseases, post-traumatic stress disorders, syringomyelia, tourette

syndrome, turner’s syndrome or vision disorders.



long gt syndrome, lymphangiomyomatosis, measles, migraine, influenza, low back pain,
5lymphedema, melanoma, mouth abnormalities, latex allergy, obstructive lung diseases, lymphoma,
meningitis, mucopolysaccharidoses or leprosy. The disease state may comprise any one or more
of lung neoplasms, macular degeneration, menopause, multiple sclerosis, muscular dystrophy,
myofascial pain syndromes, osteoarthritis, pancreatic neoplasms, peptic ulcer, myasthenia gravis,
nausea, osteoporﬁqseisdisieLg a{;it% (Ijrilgorgoer, i(g*gs,ian %Jéfostyrggrror&e m elﬁ)m%aps%oeus%tic neuroma, otitis
media, paraplegia, pheny&e%onurlaymy%ﬁ%proﬁpéfa ive dlsoraersl? ﬁ/ysf)aggnus, ovarian neoplasms or
parkinson tdispasenandiblile (iseabsfstateom syndoonprjsedmneneraranyare aftpleeoehvomoogoma,
myocardial diseases, oppartunistic infections, pai rs planitis.phobic &dlisorders myocardial
infarction, T LA ORLC A SRRy Ener S Bl SRl IREes, SiEChive Sy dermatits,
prion diseaseplasailesympatbietiadystraphiisschiz epto@nipreghynes sigohomy elitisyspspstatien
diseages, Srerslgi(r)%gr)étract V(‘:ilﬁflaglses scleroderma SG:L'SQI&re%sC t%)[ndrome or é)%%mrx,ﬁl%a rh(telumatica. The

. T 11 ms syndrome, angio urticaria, S , on. . .
diseade state may to%np%ise any ong o More OF pl% atic neoplasms, réstless’legs, %Hpscorho&s, skin

diseases, posipolicsuyslitissiddmpyrpsoriasis, retinal diseases, scurvy, skin neoplasms,
precancerous conditions, rabies, retinoblastoma, sex disorders, sleep disorders, pregnancy, rare

diseases, sarcoidagisiisexyatindransodigstidisassese sPasnosiciasbesiliscarspinaisarditidprs. The
disease state may comprise any one or more of stuj[terin% testicular neoplasms, 25trichotillomania,

urinary tratReTRTER RS tap Ml F IS ShiSYAr RpEEQn Se YRR de o RESrS SRS AL L RRA Y igeminal
neuralgia, H¥ingecutRligisaasasntpiplessiahaliandewsnerations sugten infantdealicttiemipesis,

tuberculosis, vascular diseases, strabismus, suicide, tinnitus, tuberous sclerosis, virus diseases,

postiPaunfEiriGraYs Hiibraarts: sifnysiingisyndinetepingshisctsridshepHaRHE or vision
disorders.n8@opathheotisesnspi A el ¢RoRIEh aRYyRRe1 05N AR AP FRIOSIGa eSS,

temporomandijbular joint dysfunction syndrome, trachoma, urinary incontinence, vomiting, von
willebrand™¥ HIE¥REeS M HT b SAd8H, Ladp: BgﬁngigFm@&ﬁngoaﬁ@ﬁvécmﬁf%oplasms, bone

neoplasmshytiirasliseas os rectRiafl egRaicitehickdorne diseases, marfan 5syndrome, aging,
williams syndrome, angiogenesis factor, urticaria, sepsis, malabsorption

The disease state may comprise any one or more of varicose veins, creutzfeldt-jakob
15 syndrome, gallbladder diseases, replacement of joint, vitiligo, nose diseases, environmental
illness, megacolon, pneumonia, vestibular diseases, cryptococcosis, herpes zoster, fallopian

tube neoplasms, infection, arrhythmia, glucose intolerance, neuroendocrine tumors, scabies.

The disease state may comprise any one or more of alcoholic hepatitis, parasitic
diseases, salpingitis, cryptococcal meningitis, intracranial aneurysm, grief, calculi, pigmented
20  nevus, rectal neoplasms, mycoses, hemangioma, colonic neoplasms, hypervitaminosis a,
nephrocalcinosis, kidney neoplasms, vitamins, carcinoid tumor, celiac disease, pituitary

diseases, brain death, biliary tract diseases or prostatitis.

The disease state may comprise any one or more of iatrogenic disease, gastrointestinal
hemorrhage, adenocarcinoma, toxic megacolon, amputees, seborrheic keratosis, osteomyelitis,

25  barrett esophagus, hemorrhage, stomach neoplasms, chickenpox, cholecystitis or chondroma.

The disease state may comprise any one or more of bacterial infections and mycoses,
parathyroid neoplasms, spermatic cord torsion, adenoma, lichen planus, anal gland neoplasms,
lipoma, tinea pedis, alcoholic liver diseases, neurofibromatoses, lymphatic diseases, elder
abuse, eczema, diverticulitis, carcinoma, pancreatitis, amebiasis, pregnancy complications,

30  pyelonephritis, infectious mononucleosis or aneurysm.



syndromes or wounds and injuries. The disease state may comprise any one or more of
cerebrovascular accident, multiple chemical sensitivity, dizziness, hydronephrosis, yellow fever,
neurogenic arthropathy, hepatocellular carcinoma, pleomorphic adenoma, vater's ampulla, meckel's
diverticulum, 10keratoconus skin, warts, sick buildinglsyndrome, urologic diseases, ischemic optic
neuropathy, common bile duct calculi, otorhinolaryngologic diseases, superior vena cava syndrome,

inusitis, radius fractur iti for rophoblastic neoplasms, chondrosarcoma or readin
sinusits, radius ffaciites, ostgiis deformans, trophoblastic acoplasms Shendrpsarcoma o reading

. ) gaﬁthcdlar the dis ase ’
and carotid stenosis. The disease state may comprise any one or more of varicése veins,
creutzfeldtdjakalersl hayndegamergalthiacddediseasesrseplaceonentldfyaitie pitdigo, masesdiseases,

environmeniahlinese, megacolon: preumenia.vesibulardissases, cppiacacaesis ierpes zoster,
fallopian tube neoplasms; infection, arrhythmia, glucose intolerance, neuro€ndocrine tumors, scabies.
The diseasefftate mays qoomerisawdiisringeany mibiie: of sdasidltddegpatitis, parasitic diseases, salpingitis,
cryptococcal meningitis, intracranial aneurysm, grief, calculi, pigmented 20 nevus, rectal neoplasms,

mycoses, hemangigies CoipriciRRARIAS RS RYRERY BIIsRPISd e RATQER|GIRaR mkidnassieeplasms,
vitamins, carcinoid tumor, celiac disease, pituitary diseases, brain death, biliary tract diseases or

prostatitis OT&anisnrnY ree Jus isithe Ay LSrRpRTEESahiP SREWBE MER OF o grpib Tissd e,

gastrointegiRah SN B HiRGEo RELMOGRIGINALOKIE MRISLMHO Ris AMPLARSIEN YIkigiGKeratosis,
osteomyelitis, 25barrett esophagus, hemorrhage, stomach neoplasms, chickenpox, cholecystitis or

chondrom&&anisid yiushdhetetbiseompbissdrise any one or more of bacterial infections and

mycoses, parathyroid neoplasms, spermatic cord torsion, adenoma, lichen planus, anal gland
neoplasm&ENPEPAEESinea pedis, alcoholic liver diseases, neurofibromatoses, lymphatic diseases, elder

abuse, eczema, djverticulitis, carcinoma, pancreatitis jasis, pregnancy, complications,
S0y Glonepnrits IR TLS ST AT DS B U LR/l 0L T A GATCt L (HETG B state may
comprise digiseasel 01ob AscdiRGdpctituTisyedigarslerienety ocieganiyashestistidersstieancers or

tumours. Thus,.the pre- to rrgature A ratio may be used to monitor the cellular state of a cell of an
organism SHIEHTLSOREHRTY ?}Pignérrg o suffering, any of the diseases listed above.

Exosomes are now known to be secreted by many cell types including those of
haematological origin (B cells, dendritic cells, mast cells, T cells and platelets) and of
15 nonhaematological origin (intestinal epithelial cells, Schwann cells, neuronal cells, tumor
cells, tumor cell lines (these include murine microglial cells, mesothelioma cells, melanoma
cells, ovarian carcinoma cells), and sperm (reviewed (2A)). However, their functions remain
poorly understood. Recent studies have indicated that they may play a role in health and
diseases such as tumor metastasis, in antigen presentation and in transmitting infectious agents

20 (3A, 4A).

The biogenesis of exosomes proceeds through multiple highly regulated cellular
processes that includes the formation of intraluminal vesicles in endosomal multivesicular
bodies (MVBs) through the well characterized ESCRT (endosomal sorting complex required
for transport)-mediated lateral segregation of the cargo and inward budding of the endosomal

25  membrane (5A).

As such highly regulated cellular processes are generally sensitive to changes in the
physiological or pathological state of the cell, it is conceivable that biogenesis of exosome will
also be affected in tandem, and that these effects would be manifested in the quantity or

composition of the exosomes.



51t will be appreciated that the cell may be comprised in a tissue, tissue mass, organ or organism.
Where this is the case, the precursor to mature miRNA ratio may be used to determine, in addition to
the cellular state, the state of the tissue, tissue mass, organ or organism in which the cell is comprised.
EXOSOMES 10Exosomes are secreted microparticlgzs of 30-100 rim in diameter that were first
discovered to be released by reticulocytes (1A). They are essentially phospholipid vesicle containing

both protein and f?ll\slA.e eralFxosomes e n?r#f kno#n tg be §ecreted by many cbell té/;i)es including

those of haematofogl%alf orlgﬁ'np (ﬁsggiFsd, gsct:(g sr:‘l(fngrsltoceﬁ so, n&%ﬁléegrneé 8Ia¥efe%ss) And'of

15nonhaehedtptogicdéaxidimendestimabepitheliad el sxSshwann esllly; nawssitdd belslyttilnds sedls,
tumor cell i these include murine.microglial cell esothelio cells noma cells, ovarian
aSneglll%écp ang urine a(vglbeen fa%i%?(ﬁl 1na§e’ Fp(%ﬂleli?afﬂ% Cnl?tgpreesrgﬂs 8 1 %as n
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carcinoma cells), and sperm (reviewe ever, ction al poorlty understood.

Recent stutimsnhheedmcidaied thatdhey mdyyplay-daoledmhealRNeh drdisies se susuahpasdumeere

metastasis, in,anti resentation and in transmitting infectious agents 20(3A, 4A). The
Doeanas R A R DR S Wbets B 0 e
the formatidenofymipabhuoniaefere$ibdds in endosomal multivesicular bodies (MVBs) through the well

characterized ESCRT (endosomal sorting complex required for transport)-mediated lateral segregation

of the cargo and javaiskbmedingrphihie pricisam@RASANEHDERBSBA proteid S5y RNMGMyHREHIated

cellular processes are generally sensitive to changes in the physiological or patholo%ical state of the

cell, it is cOMELIHERAHAERT epdsreRetbhsing fivalupretasrieraaridoadncasnd hat these effects

would be maritesteddmingaeyandiynecRmpRsiip afdheeyesamesidiRarked (8 ganeyplly presumed
that at least a fraction of exosomes secreted by cells in our body are released intqg the circulation.

Indedll, exossirRaliReiysig 2asbssihbId PO il S QIR AHEARNCRIGEAE U ke ¢RI IB_ERYSund to

originate freandnamyigell ypes (2A) and it has been shown that circulating exosomal and tumor-derived
microRNA profiles in tumor patients were 5similar (6A) Together, these characteristics make

circulatingg¥RsRimes iIdaal safoets for
The methods and compositions described here involve the ratio of precursor to mature
miRNA of secreted by a cell in order to monitor its state. Conveniently, the ratio may be

15  determined by taking a biological sample comprising secretions of the cell.

Where the cell is comprised in an organism, the sample may comprise any number of
things, including, but not limited to, bodily fluids (including, but not limited to, blood,
nasopharyngeal secretions, urine, serum, lymph, saliva, anal and vaginal secretions,

perspiration and semen, of virtually any organism.

20 PREPARATION OF EXOSOMES

Exosomes may be prepared using a number of methods known to the person skilled in
the art. In general, the medium containing cellular secretions may be spun in a centrifuge at
1000 rpm. The supernatant is then concentrated against a ultrofiltration membrane with a 1000

kDa molecular weight cut-off.

25 Alternatively or in addition, US Patent number 6,899,863 describes a method of

preparing membrane vesicles such as exosomes using column chromatography.
Exosomes may also be prepared using the technique described in Sze et al (17A).

This protocol may be briefly summarised as follow: to harvest MSC secretion, 80% of

the confluent HUES9.E1 cultures are washed with phoshate-buffered saline (PBS), transferred



identifying biomarkers (7A). As exosomes carry both protein and RNA load, exosomal proteins and
RNAs in bodily fluids such as urine and blood are both being evaluated as biomarkers for disease
(7A). The proteomics of urinary exosomes had been profiled for potential biomarkers (8A-11A).
10Exosomal Fetuin-A has been identified as a nove%gjrinary biomarker for detecting acute kidney
injury (12A). BIOLOGICAL SAMPLE The methods and compositions described here involve the ratio

of precurspr to matur iIRNA of secrete a cell in qrder to monitar. its state. Conyeniently, the
o maty BTSRRI Y e
the cell is EB®pridedlinrad mrgasisohaine shyniémadys compfise artynreuntdkurofitiridglymcluding, but
not limited to, bodily fluids (including, but not limited to, blood, nasopharyngeal secretions, urine,

serum, lymph, safijg.canditRRdvaginahseHieHRRRREMKEtQR RNFSRBSMe@E Y ddalikany organism.
20 PREPARATION OF EXOSOMES Exosomes may be prepared using a number of methods

known to $F&BERESHUKifeBCHI e O HigenhBs e HOrEa M comeihmgadEifatpsBsBhES nay be

spun i a ¢enbiiuge.at 1R0iremby heaHBR thasaph is themepnrentrated against a ultrofiltration
membrane with a 1000 kDa molecular weight cut-off 25Alternatively or in addition, US Patent number

6,899,863 descrinef, & meinshof RLEAAING MEMRIANE AGSISIRR SH5N A SRRAMES H5ing coymn
e RO

chromatography. Exosomes may also be prepared using the techniq n Sze et al (17A).

83 to a chentickaiy berkriedhisatoenohad. culture medium for an overnight incubation, washed with PBS
and cultured in fresh, chemically defined, serum-free culture medium for 3 days. The conditioned
medium whiatpsaatains MSGRNeetion is collected, clarified by centrifugation, concentrated 50 times

using 100-kDa MW cutoff ultrafiltration membranes
miRNAs may be prepared from exosomes collected for example from cellular

10 secretions by any of a number of means known to the person skilled in the art. An example

protocol for preparing miRNAs follows:

RNA is isolated from conditioned medium by adding three volumes of Trizol LS
(Invitrogen) to one volume of conditioned medium and completing the extraction according to

the manufacturer’s protocol.

15 Total RNA and small RNAs are purified using Trizol (Invitrogen) and mirVana
miRNA Isolation Kit (AppliedBiosystems), respectively.

RNA is quantitated using Quant-iTTM RiboGreen RNA Assay Kit (Invitrogen) and
resolved on 1.5% agarose gel con- taining 8% glyoxal or 15% Novex Tris—borate-EDTA

(TBE)—urea gels (Invitrogen).
20 The separated RNA in the gels are visualized by ethidium bromide (EB) staining.

Alternatively, or in addition, conditioned medium is pre-incubated with equal volume
of PBS, cell lysis buffer (Biovision), 40 mM cyclodextrin (Sigma-Aldrich) or 4000 U/ml
phospholipase A2 (Sigma-Aldrich) at 37°C for 30 min followed by addition of one-tenth
volume of a 1-mg/ml RNase A (Roche). These mixtures are then incubated for another 5 min
25 at37°C. The RNAs are extracted with Trizol LS and separated on the TBE—urea gels followed
by EB staining.



5(Satorius) and sterilized by filtration through a 220-nm filter. A further detailed description of
methods for isolating and preparing exosomes is set out elsewhere in this document. PREPARATION
OF MIRNAS miRNAs may be prepared from exosomes collected for example from cellular 10
secretions by any of a number of means known to tl§e4 person skilled in the art. An example protocol for
preparing miRNAs follows: RNA is isolated from conditioned medium by adding three volumes of
Trizol LS vitrqq%g)“% one yolume of conﬂ}g ned 'ﬂ@ lum.an mpleting the extraction according to

I SO B Totar RNA And small RNAS Sre purii
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pre-incubated with equal volume of PBS, cell lysis buffer (Biovision), 40 mM cyclodextrin
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of one-tenth volume of a 1-mg/m1 RNase A (Roche). These mixtures are then incubated for another 5
min 25 at 37C. TherRxiphrenaxtaBidd withyTrizdt teSeahihdepanstiett dnding TREcnrazegels followed
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Examples descri tail a protocol for preparing an ating miRNA't ay be used with the
methods and sumphhishsatiesceibetiissedcMivmRNA flasersecihitheene ettt eheMcompositions

described here may also be prepared using a number of methods
Sequencing of microRNAs in a sample may be done in order to identify and

10 quantitatively decode the entire population of microRNAs in a sample. Such a service is

provided by for example LC Sciences (www.lcsciences.com).

Northern hybridization has been used to detect and quantitate miRNAs, as described in
Lim, L. et al. 2003. Genes & Development 17:991-1008). Alternatively, RNAse protection
may be used for this purpose. Probes for RNase protection and Northern hybridisation may be
15  made through conventional means known to the person skilled in the art. A kit such as the
mirVana™ miRNA Probe Construction KitAM1550 (Catalogue number AM 1550, Ambion,
Applied Biosystems, Austin, Texas, USA) may be used for this purpose.

A modified Invader® assay, as described by Allawi, H. T. et al. 2004. RNA 10:1153-

1161 may also be used to detect and quantitate miRNAs. The modified Invader assay is a

20  quantitative, sensitive, and rapid miRNA assay which may be used successfully in the analysis
of miRNAs, using as little as 50—100 ng of total cellular RNA or as few as 1,000 lysed cells.
This assay is capable of discriminating between miRNAs differing by a single nucleotide and
between precursor and mature miRNAs. The Invader miRNA assay, which can be performed
in unfractionated detergent lysates, uses fluorescence detection in microtiter plates and

25  requires only 2-3 h incubation time, allowing for parallel analysis of multiple samples in high-

throughput screening analyses.

Detection and quantitation of precursor miRNA and mature miRNA may also be
achieved through various methods known in the art such as described in US Patent No.
7,601,495 (Chen). Furthermore, the Examples describe in detail a protocol for detecting and

30  quantitating mature and precursor miRNA that may be used with the methods and



5known to the person skilled in the art. For example, micro RNAs may be detected and quantitated
using sequencing, Northern hybridisation, a modified Invader(r) assay, real-time PCR, looped-primer
RT-PCR and array hybridisation, etc. These techniques are described in more detail below.
Sequencing of microRNAs in a sample may be donegn? order to identify and 10quantitatively decode
the entire population of microRNAs in a sample. Such a service is provided by for example LC

Sciences (www.lcsciences. . orthern hy i%z tion has (i detect and quantitate
iRAG, ORI L Pt B0 oA R BeCBlOm a7 S CTAEES A et bty
RNAse pratectrommidy4e used for this purpose. Probes for RNase protection and Northern

hybridisation may be 15made through conventional means known to the person skilled in the art. A kit

such as the mifVA%T%éFU?'Ni‘EsBf@@%@ﬂﬁtﬁH@@h@f&M&l@%@@ﬁ&!ﬁ%%ﬁ&’gﬂﬁﬁﬁtﬁtﬁ%%o, Ambion,
Applied Biosystems, Austin, Texas, USA) may be used for this Eurpose. A madified Invade,r(r)r assay,
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which ma§ be used successfully in the analysis of miIRNAs, using as little as 50-100 ng of total cellular

RNA or a 110000 IysBeten it ik Bax Ay ksehiRIRe B Bk eRtRREE BENE IRRIAS differing
by a singlRRucleetderand Re RO NERSHISNARNITEILIA APRINARpJIRG] IBYRFel-MiRNA@ssay, which
can be performed in unfractionated detergent lysates, uses fluorescence detection in microtiter plates
and 25rquﬁ’éa§’oH :3 h incubation time, allowing for parallel analysis of multiple samples in high-
throughput screening analyses. Detection and quantitation of precursor miRNA and mature miRNA
may also be achiEyedxemolgmvahdudaisetimdmirmantiiatihe meyseehaafoivedibag ihdS Patent No.

7’60%@49_51{1%0)1&‘1‘5%‘1@*‘@?f&v@?@aFK%‘HHL@%I@'ﬁ%Cﬁ@%i@??j/éﬂg?ﬂﬁ@&%?‘?{eg%t?&%&ﬂt@ﬁ?e30
guantitating mature and precursor miRNA that may be used with the methods and 85
panel containing pre-aliquoted microRNA PCR primer sets in 384-well PCR plates. cDNA is
added and PCR master mix are added to the wells and real-time PCR profiling of up to 730
microRNAs may be achieved. Either the microRNA Ready-to-Use PCR, Human panel I+]I,
V1.M (Catalogue number 203601, Exiqon A/S, Vedbaek, Denmark) or the microRNA Ready-
15  to-Use PCR, Human panel I+II, V1.R (Catalogue number 203602, Exiqon A/S, Vedbaek,

Denmark) may be used, depending on the detection equipment.

As an alternative, the mirVana™ qRT-PCR miRNA Detection Kit (Catalogue No
AMI1558, Ambion, Applied Biosystems, Austin, Texas, USA) may be used to detect and
quantitate miRNA.

20 LOOPED-PRIMER RT-PCR

As an example, a real-time quantitation method termed looped-primer RT-PCR may
be used for accurate and sensitive detection of mature miRNAs. This assay is capable of
discriminating between two miRNAs that differ by as little as a single nucleotide and between

mature miRNAs and their precursors.

25 In brief, miRNA is purified from cultured cells using mirVana miRNA Isolation Kit
(Catalogue number AM1560 or AM1561, Ambion, Applied Biosystems, Austin, Texas,
USA).

A real time polymerase chain reaction is then carried out. The assay includes two
steps, reverse transcription and polymerase chain reaction. The reverse transcription step

30  comprises stem-loop reverse transcription, in which stem-loop RT primers are annealed to



compositions described here. The method of US Patent No. 7,601,495 (Chen) is suitable for mature
mMIiRNA. A number of kits are also available commercially for detecting and quantitating precursor and
mature miRNA and may be used. An example of such a kit is the mirPremierTM 5 microRNA Isolation
Kit (Catalogue numbers SNC10 and SNC50, Sigmag%ldrich, St. Louis, Missouri, USA). Another kit that
may be used for isolating and preparing miRNA is the' RNAqueous0-Micro Kit (Catalogue No AM1931,

Ambion, Appli iosystems, Austin,.Texas, USA). For example, miRNA ection and guantitation
iy be AT S R Bkttt O S B e T e oS
comprisesRiNrtady phessie qaudepdortainiXgbpféealiquated miscaRiiv, RERRNume mbebitdin 884-well PCR

plates. cDNA is d.and PCR master mix ar Ig/ed to the wells and real-time PCR profiling of up to
730 micro 3%:1?1:{5) 369(20 llne?/aé:& gtir;%eﬁﬁ%@rﬁ?gg NA Ready-to-Use PCR, Human panel RH, VI.M

(Catalogue number 203601, Exigon A'S, Vedbaek, Denmark) or the microRNA Ready- 15 to-Use
PCR, Human pan@itheobiperesaciaiuisainmbeepassbimetidhinedmirddiieriselMark) may be
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The reverse t ion step 30comprises stem-loop reverse transcription, in which stem-loop RT
primers aréMiAéaletmbi®e MiRNA BapgesteamsdAastendbekis.tkd Hesence of reverse transcriptase. RT
reactions containing

A diagram illustrating this method is shown as Figure 13.

MICROARRAY ANALYSIS

miRNA detection and quantitation may also be performed by microarray hybridisation.

15  An example protocol which may be used follows:
The RNAs were labeled with Cy5 or Cy3 and hybridized with the preloaded probes.

The data in each experiment are analyzed using standard data analysis that includes the
determination of detectable signals, calculation of signal intensities and calculation of
differential ratios. First, the background is subtracted. Background is determined using a

20  regression-based background mapping method. The regression is performed on 5-25% of the

lowest intensity data points excluding blank spots.
Raw data matrices are then subtracted by the background matrix.

With background subtraction, Cy3/Cy5 channel normalization is carried out using a

LOWESS (locally weighted regression) method on the background-subtracted data.

25 The normalization removes system-related variations, such as sample amount
variations, different labeling dyes and signal gain differences of scanners so that biological

variations can be faithfully revealed.



RNA samples, looped-primers, 1X buffer, reverse transcriptase, and RNase inhibitor are incubated for
30 min each, at 16C and at 42C. In the polymerase chain reaction step, real-time PCR is carried out.
microRNA- 5specific forward primer, TagManO probe, and reverse primer are used for PCR reactions.
Real-time PCR is performed on an Applied Biosystegs 7900HT Real-Time PCR System. For data
analysis, the copy number per cell is estimated based on the standard curve of synthetic lin-4 miRNA.

Quantitation of mMRNAs is estimated based gn measured values. .. Northern analysis may also
e carriec out. SONHON I IS0 AP Le S I 0 At T B USR] L MirvanaTh
miRNA DétetitothKit 3 Céiattgreind 1D eaiMasE2 VAnthio 0 \Appliddi Biedytst€R13)/Susiil, Texas, USA).
A diagramirilléusétlrfa\ ing this method is shown as Figure 13. MICROARRAY ANALYSIS MiRNA
detection ang qu% ititation may also be performed by microarray hybridisation. 15 An example protocol
which may be used follows: The RNAs were labeled with Cy5 or Cy3 and hybridized with the
preloaded probesYhen 1epsaiig fFPRST AT PR hMLIE BhAjFEaciRh Sesshiatddatirbispbisthat

includes the.detahmination: afdetpoipbiensionsi calstdptionohsigealdnriensitiesand calculation of
differential ratios. First, the background is subtracted. Background is determined using a 20
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database (Release 14.0) are used.

MiIcCRrRO RNAS

The micro RNA (miRNA) may be selected from the group consisting of: hsa-miR-424
(miRBase Accession Number: M10001446), hsa-miR-424* (miRBase Accession Number:

15  MI0001446), hsa-miR-425 (miRBase Accession Number: MI0001448), hsa-miR-425%*
(miRBase Accession Number: M10001448), hsa-miR-454 (miRBase Accession Number:
MI10003820), hsa-miR-455-3p (miRBase Accession Number: MI0003513), hsa-miR-483-5p
(miRBase Accession Number: M10002467), hsa-miR-484 (miRBase Accession Number:
MI0002468), hsa-miR-491-5p (miRBase Accession Number: M10003126), hsa-miR-503

20  (miRBase Accession Number: MI0003188), hsa-miR-505* (miRBase Accession Number:
MI10003190), hsa-miR-532-5p (miRBase Accession Number: MI0003205), hsa-miR-574-15-
3p (miRBase Accession Number: MI0003581), hsa-miR-584 (miRBase Accession Number:
MI0003591), hsa-miR-612 (miRBase Accession Number: M10003625), hsa-miR-625
(miRBase Accession Number: M10003639), hsa-miR-629 (miRBase Accession Number:

25  MI0003643), hsa-miR-708 (miRBase Accession Number: MI0005543), hsa-miR-744
(miRBase Accession Number: MI0005559), hsa-mir-766 (miRBase Accession Number:
MI10003836), hsa-miR-768-3p (miRBase Accession Number: MI0005117), hsa-miR-768-5p
(miRBase Accession Number: MI0005117), hsa-miR-769-5p (miRBase Accession Number:
MI10003834), hsa-miR-877 (miRBase Accession Number: MI0005561), hsa-miR-92, hsa-mir-

30  92a-1 (miRBase Accession Number: MI0000093), hsa-mir-92a-2 (miRBase Accession
Number: MI0000094), hsa-miR-92b (miRBase Accession Number: MI0003560), hsa-miR-93
(miRBase Accession Number: MI0000095), hsa-miR-98 (miRBase Accession Number:



When repeating probes are found on an array, a transcript is listed as detectable only if 5the signals
from at least 50% of the repeating probes are above detection level. The microarray hybridisation
service may be performed by a commercial provider, such as LC Sciences (www.lcsciences.com).
This service is a genome-wide microRNA (miRNA) ression profiling service using pParaflo0
technology and proprietary probe design, which enables highly sensitive and specific direct detection
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MI000319 SPR-R3Z:2 (MiRBase Accession Number: MIQQO3205), fisp-miR-574-15- 3p
(miRBaseQAléi@s%‘gﬁ usr%gqe%: %60@%%,5%5%%? - u(tr%? rB%%e Ac?gs ic?r%%l%miber: M1000359 1),
hsa-miR-6812 RiiRBAaAsecAster Ssiombbiu M) MIGDOBE2E)R1d 4 2niR 2B ¢MiRBasenAboedsion Number:
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15  MI0000438), hsa-miR-25 (miRBase Accession Number: M10000082), hsa-let-7e (miRBase
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MICROARRAYS

We describe sets comprising nucleic acid sequences capable of specifically binding to,

and distinguishing between, precursor and mature forms of each of the miRNAs listed above.

The sets of nucleic acids sequences may conveniently be arranged in an ordered
25  manner. They may be attached to a substrate. For example, a microarray comprising such sets

of nucleic acids may be provided.

The microarray may comprise a set of primers or probes capable of hybridising to
abnd detecting precursor forms of the microRNA, as well as a set of primers or probes capable

of hybridising to and detecting mature forms of the microRNA.

30 The construction of such a microarray may make use of the list of miRNA transcripts

listed in Sanger miRBase Release 10.1.



The sets of nucleic acids sequences may conveniently be arranged in an ordered 25manner They may
be attached to a substrate. For example, a microarray comprising such sets of nucleic acids may be
provided. The microarray may comprise a set of primers or probes capable of hybridising to abnd
detecting precursor forms of the microRNA, as well gsa set of primers or probes capable of
hybridising to and detecting mature forms of the mictORNA. 92 PRE- TO MATURE MIRNA RATIO
The pre- tg mature, miRNA rati be simply calculated as a ratio of the quantity of the precursor
formpof th(?’ %ﬁh&?ﬁ‘?ﬁ@‘éf&%l‘é&%t e Ir(ﬁatup;g form of the miRNA species.q AI)'iernatingy, orin

addition, the ratiorgt precussRaHRMIR AN BE aPIRMA BaRACIeS kKnRy\wy ARt aprighanged as
a result of the change in cellular state may be used as an internal control. Thus, instead of, or in

addition toNFrRRTRBFAE ARG R ING PRecis AsaftTL Rt RSB LA MIRRNASBERES the ratio of
a first ratio against a second ratio may be used for monitoring purposes. Here, the first ratio is the ratio
of precursor formAtiematire YoomiohdditionniiR ki s pé pies known o rencitangtaras baresuR Athe
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MATURE MIRMARKTID PROFILE Alternatively or in addition to determining the ratio of precursor to

mature miRNA of
Thus, instead of, or in addition to, monitoring the change in the pre- to mature miRNA

ratio of an miRNA species, the ratio of a first ratio against a second ratio may be used for

monitoring purposes. Here, the first ratio is the ratio of precursor form to mature form of an
10 miRNA species known to be changed as a result of the change in cellular state and the second

ratio being the ratio of precursor form to mature form of an miRNA species known nof to be

changed as a result of the change in cellular state.

PRE- TO MATURE MIRNA RATIO PROFILE

Alternatively or in addition to determining the ratio of precursor to mature miRNA of
15  asingle miRNA species, a profile comprising a plurality of pre- to mature miRNA ratios for a
plurality of selected miRNA species, each indicative of the state of the cell may also be
established. Changes to such a profile may be monitored as a means to monitor the state of a
cell. The profile may be established by any means known in the art, such as by hybridisation
to an array comprising a plurality of probes capable of binding to and distinguishing between

20  precursor and mature forms of the plurality of the selected miRNA species.

OTHER USES

We describe a method for detecting a change in state of a cell. The method comprises
detecting a change in a pre- to mature miRNA ratio of the cell (or a profile comprising such a

ratio), in which such a change indicates a change in state of the cell.

25 We describe a method for establishing that a cell is in a particular state. The method
comprises comparing a pre- to mature miRNA ratio of the cell (or a profile comprising such a
ratio) with a pre- to mature miRNA ratio (or a profile comprising such a ratio) of a cell known

to be in that particular state.

We describe a method of monitoring the state of an organism. The method comprises

30  obtaining a sample from or of that organism, establishing the pre- to mature mi-RNA ratio of



15a single miRNA species, a profile comprising a plurality of pre- to mature miRNA ratios for a plurality
of selected miRNA species, each indicative of the state of the cell may also be established. Changes
to such a profile may be monitored as a means to monitor the state of a cell. The profile may be
established by any means known in the art, such as fyy hybridisation to an array comprising a plurality
of probes capable of binding to and distinguishing bétween 20 precursor and mature forms of the

plurality of the selected miIRNA species. OTHE ES We describe a method far detecting a
Change in SLTOT S CET e DR S e e e e P T B S TR RA i o
the cell (onaforefiteRNMpaisndsebl abtatie)].in which such a change indicates a change in state of the

cell. 25We describe a method for establishing that a cell is in a particular state. The method comprises

comparing a pre-yQ MakHEM RMAcBIPREdEE %'d@é@@f@ﬁl@&?%ﬁ’ﬂﬁi%%@éﬂﬁ)ﬂ%&ﬁ&iﬂ%sa pre- to
mature miRNA ratio (or a profile comprising such a ratio). of a cell known to be in that particular state.

93 an miRNPA PR R AmRIe ROl Abri eEtamitahiAYAREsLtag! st Bher & gamidin MoRMNA - mature
MIRNA ratig thet_by Potaeed the saMpleassrtompamethad stdeiestingeadisRastid aepgRNism. The
method comprises obtaining a sample from or of that organism, establishinfq the pre- to mature
mi-RNA reR RS AH R KRaREECTRNSaTAPRCAATEBRIpARRY R PFEL &F Mo AiRPRIAA ratio
thereby oljaingdnvith a pre- to mature miRNA ratio of a sample known to be of or from a diseased
organism. We describe a method of treatment or prevention of a disease in an organism. The

method compriseg defecfing 2 disearsian araANSi A dsrafc abavs and administering 2

10treatment for that disease to the organism. EXAMPLES Examples 1to 1 scribe the
oncogenioneihedoremnidisodetrssagchgisrabsterarcetsnEvaaiplesclibad A veaedibd el tisangf &

pre-/matuq@emtﬁf@%p&g&g@@%%&@%@{ the state of a cell. 15 Example 1. Materials and

Methods - Oncogenic transformation of hUES9.E1 MSC The previously described human
ESC-derivgd huES9.E1 MSCs was infected at passage 21 or p16 with lentivirus carrying either a
c-myc ge gene to generate two types of transfected cells, cmyc-MSC and GFP-MSC,

respectively. Thepgmya&ONA Wak amplticd Jresr ARGV b3 (URIERITHEB FehPae. (5 GAA
TTC GAATGC CCC 20 TCAACG TTA GC 3') and PTDmyca (5' CTC GAG CGC ACA AGA GTT CCG
TAG Cc  Examples 16 to 25 describe the use of a pre-/mature miRNA ratio as a marker to monitor the

state of a cell.
15 Example 1. Materials and Methods - Oncogenic transformation of huES9.E1 MSC

The previously described human ESC-derived huES9.E1 MSCs was infected at
passage 21 or p16 with lentivirus carrying either a c-myc gene or a GFP gene to generate two
types of transfected cells, cmyc-MSC and GFP-MSC, respectively. The c-myc cDNA was
amplified from pMXs-hc-MYC [32] using primers PTDmyc (5> GAA TTC GAA TGC CCC

20 TCA ACG TTA GC 3’) and PTDmyca (5 CTC GAG CGC ACA AGA GTT CCG TAG C
3’). The amplified fragment was inserted into pDrive vector and sequenced. The c-myc
fragment was digested and cloned as a Xhol(filled)/EcoR1 fragment into a Smal/EcoR1
digested pLVX-puro vector with compatible ends (Clontech, www.clontech.com). Lentiviral
particles were produced using Lenti-X HT Packaging System (Clontech, www.clontech.com)

25  according to the manufacturer’s protocol. Viral titer was determined using by a Lenti-X"™
gRT-PCR titration kit (Clontech, www.clontech.com). The HUES9.E1 hESC-MSCs [24] that
were infected at passage 21 were plated at 10° cells per 10 cm dish and infected with viruses
at a MOI=S5 in the presence of 4 pg/ml polybrene for overnight. The next day, culture medium
was replaced with fresh medium. Selection began 48 hours after infection by replacing the

30  culture medium with one containing puromycin (2 pg/ml). After three days of selection, cells

were expanded as per human ESC-derived huES9.E1 MSCs and these cells were pooled to



3"). The amplified fragment was inserted into pDrive vector and sequenced. The c-myc fragment was
digested and cloned as a Xhol(filled)/EcoR1 fragment into a Smal/EcoR1 digested pLVX-puro vector
with compatible ends (Clontech, www.clontech.com). Lentiviral particles were produced using Lenti-X
HT Packaging System (Clontech, Www.clontech.corg) 25according to the manufacturer's protocol.
Viral titer was determined using by a LentiXTM qRT-IélCR titration kit (Clontech, www.clontech.com).
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BulletKits, predesisertivetysiloed an whtkegvidiss 84D) as per manufacturer' instructions. Karyotyping by
G- banding was performed by the Cytogenetics Laboratory, KKH. Example 2. Materials and Methods -

Telomerase actividyffereriRatasiveftelo metawes astivitdiyas,fesasivied dy Sy Bid Ostatretrsealdime
guantitative telomeyic repeat amplification protocol assay using l<'i1e\g[1nodiﬁed method as described by

Wege 20H S5 SBISARI PasHifoANOBMEARERE RIA AYRg G WPy ailersalaiian BlptsiRg a
commierciadypamarabl e mammaliasreall extmantiapkit faat #262:508stuBioMis kA ywwWplkliasisipn.com).

The composition of the reagents for the PCR amplification was 1 jig of protein cell lysate, 10 pl of 2 X
SV B Ot AR (e BB B OB kR G ARG of T8 primer
(5-AATCCGTCGAGCAGACTT-3"), 0.1 jig of ACX primer (5'-

Example 2. Materials and Methods - Telomerase activity
Relative telomerase activity was measured by SYBR® Green real time quantitative
telomeric repeat amplification protocol assay using a modified method as described by Wege
20  H. et al [33]. Briefly, 3 million cells were harvested and cell lysate was prepared using a
commercially available mammalian cell extraction kit (Cat K269-500-1, BioVision,
www.biovision.com). The composition of the reagents for the PCR amplification was 1 pg of
protein cell lysate, 10 ul of 2 X SYBR Green Super Mix (Cat 170-8880, BioRad, Singapore)
with 0.1pg of TS primer (5’-AATCCGTCGAGCAGACTT-3’), 0.1 ng of ACX primer (5°-
25  GCGCGG[CTTACC]3CTAACC-3’) and 10mM EGTA in a total volume of 25ul. The
reaction was first incubated at 25°C for 20 min to allow the telomerase in the cell lysate to
elongate the TS primers followed by 2 min incubation at 95°C to inactivate telomerase activity
and denature the primers. The telomerase product was amplified by PCR for 40 cycles of
95°C, 30s; 60°C, 90s. The relative telomerase activity was assessed against that of HEK293
30  cells using the threshold cycle number (or Ct value) for 1 pg protein cell lysate.



25 GCGCGG[CTTACC]3CTAACC-3') and 10mM EGTA in a total volume of 250. The reaction was first
incubated at 25C for 20 min to allow the telomerase in the cell lysate to elongate the TS primers
followed by 2 min incubation at 95C to inactivate telomerase activity and denature the primers. The
telomerase product was amplified by PCR for 40 cycles of 95C, 30s; 60C, 90s. The relative
telomerase activity was assessed against that of HEK293 30cells using the threshold cycle number (or

Ct value) fE)r( 1ﬁ@§?ﬁ§t§ t%elil%s%tg eg’hEoﬁgmﬁlé é?,&ﬂ/éa\[/%ﬁlcl; and Methods - Rate of cell cycling

To assess €&l X cells were pre- M of |OpM CFDA (Molecular Probe,

Eugene, Or) in PBS at 37C for 15 minutes, cultured for 24 hours and then replated at 5x104 cells per
well in 6-well coal@piips GelharcIatde oy UB csHy wornathdabelrd 5t s P it ediiRvere

harvested argkixRd MY PRERIRITDRIdR PHSie AP @Bl Ee thn RS AHRRIMSIBRCIRAE idngen; San

Jose, CA). The number of cell cycles Pler 24 hours was calculated assuming that each halving of

cellular flutsidateshe rdfreseldaroneldel PanssisnateAarifogelatie AlMieh dBcandeytisausercoishours
(n) was cajeiatedias R~ FRMREwhete fhisARiispversgn cellrlyaressensa g bp is the

average cellular fluorescence after 24 10 hours. The number of cell Cﬁcles was then plotted against

time to defidd-PRlundtegeniRiekierote PeydrseekamdiBenumberRiisAhey Kietnetd4 suwrataantigen
analysis ¢, 1ExRIES a0 R cal sufare aAvHgens etk SRR & rpe Mrlsonasanalyizrs using

flow cytometry. The cells were tryspinized for 5 minutes, centrifuged, resuspended in culture 15media
and incubdtédSiPE vAcBHAPSH R RS RIT R REhsthfYE 87 Basepledsadh aapalgrt e/t iwhfste then

collec_ted, P%_‘EHTHQﬁﬂze‘f*@%fl%ﬂﬁ'lhg%gﬁéeﬁe%&%‘a@ﬁqH%ﬁ@%’iﬁeHﬁbﬁ%@@fﬁ%f@i@%m&f the
following conjugated monoclonal antibodies: CD29-PE, CD44-FITC, CD49a-PE, CD49e-PE,

CD185-Frieurs B hgaupeberpieslbsyelerpahenplotyd Asatnvicing IRIRIPES A g HOPEPer
(PharMingem, S Diego, CA) for 60 min on ice. After 20 incubation, cells were washed and
resuspended in 2% FBS. Nonspecific fluorescence was determined by incubation of similar cell

aliquots WEI} 8- %% QUSEr [ i gagj ( ingen, San Diego, CA). Data were
analyzed by é%?ftggiﬁgog%?, 8 s{ar%/e&?wts (E)?qﬁg@gD%&%l@g%%ll e%rlT$\>/I'nﬂPoy\INwCytometer (BD Biosciences, San
Jose, CA) instrument using CELLQuest software. 25 Example 5. Materials and Methods - Analysis of

RNA by qRT-PCRIREISHOR Myt 1EeeniPiht vl iad Beterminel L gRYZBER S0rig

RNA from flolsPcMsrhe 31 Tharel ks weye tNSfin (R 2 mpr A} ves 6ofige Hed S SENIA ising are
High-Capacity cDNA Reverse Transcription Kit (AB], USA). The cDNA was then amplified by one cycle
of 9410 MRS SEERsiEhE, %aé*,t%rb%f’ ’6?89&{6@& Wohgst, f5s 70 CO> incubator. The

cells were then collected, centrifuged, washed in 2% FBS. 2.5x10’ cells were then incubated
with each of the following conjugated monoclonal antibodies: CD29-PE, CD44-FITC,
CD49a-PE, CD49e-PE, CD105-FITC, CD166-PE, CD73-FITC, CD34-FITC, CD45-FITC,
HLADR-PE, and MHC1-PE (PharMingen, San Diego, CA) for 60 min on ice. After

20  incubation, cells were washed and resuspended in 2% FBS. Nonspecific fluorescence was
determined by incubation of similar cell aliquots with isotype-matched mouse monoclonal
antibodies (PharMingen, San Diego, CA). Data were analyzed by collecting 20,000 events on
a BD FACSCalibur™ Flow Cytometer (BD Biosciences, San Jose, CA) instrument using
CELLQuest software.

25  Example 5. Materials and Methods - Analysis of RNA by qRT-PCR

Relative myc transcript level in the cells was determined using qRT-PCR. 20ng RNA
from GFP-MSC (p17) and E1myc-MSC (p24, p27, p29) was converted to cDNA using a
High-Capacity cDNA Reverse Transcription Kit (ABI, USA). The cDNA was then amplified
by one cycle of 94, 10 min; 40 cycles of 94°C, 15s; 60°C, 60s and one cycle of 95°C, 15s,
30 60°C 60s, 95°C, 15s with primer sets specific for either myc or actin transcript on the

StepOnePlus Real-Time PCR system (Applied Biosystems, www.appliedbiosystems.com.sg).



3060C 60s, 95C, 15s with primer sets specific for either myc or actin transcript on the StepOnePlus
Real-Time PCR system (Applied Biosystems, www.appliedbiosystems.com.sg). 96 The myc-specific
primer set is 5-CCCGCCCCTGTCCCCTAGCCG-3' and 5'- AGAAGGGTGTGACCGCAACGTAGS..
Example 6. Materials and Methods - lllumina gene chjp analysis Total RNA was prepared in technical
triplicates from different passages of myc-MSCs. 5 RNA was prepared from El-myc 16.3 cells at p4,

p7, and p8&,.and from the parental HUES9- ag% %{ﬁ ) {lumina TotalPrep RNA
Amplifica’?g)}ﬁe@%&?ﬁlﬁ‘ﬁp H\}vlgrss&t)hsl\zlsesrtg (;&I l?logt(l%n?/’lfa@é@ C E%Qs%ng é Iﬁaflnr%’?a RNA Amplification
Kit (AmbioAGIAA GAUsTIO TOA@CCErding (GIth&Bianufacturer's directions. 750ng of the biotinylated
cRNA were hybridized to the Sentrix HumanRef-8 Expression BeadChip Version 3 (I1lumina, Inc., 10

San Diegog fatpWasNg @il SeaA NNGHBaLE PRERGNE dedeCaifinmmadylie lllumina BeadStation 500x
manual. The data were analyzed using Genespring GX 10. Quantile normalization was performed by a

hift to 75th ' t J t line t to.th [ |
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HRP-enhaeed SRl Ressan AL AR A0, LIRSS, STaniliGe Miam.MAkand then
exposed to an X-ray film."Example 8. Materials and Methods - HPLC purification of ‘microparticles
The instrumnt@évmiqlimﬁm;ﬂ:@oﬁomtaiﬁmghl’mﬁ&ﬁ;gpaﬁmsgpsy&@ed@hmhvwbina@@U:wm,nanlmto
injectgr. agaaRIgsialed calAMOYR] anh o uis Bleisesiar apaiies By I Glfss ssaiare
from Shimadzu Corporation (Kyoto, Japan). The Chromatography columns used 25 were TSK Guard
column S\WOOK, 8anvd. rhhe dad WSK gedly2ddiogo2SVedsprigeX 300 nuasite Tosohl Catiporatien

(Tokyo, Japap).Thg @Mﬂgtg%aﬁ RN i SCRANEINNA PR, (RIEAC IR RIS ARd QELS

(dynamic light scattering) were connected in series following the LW-visible detector. The last three
detectors theradeirn vpdtsanaplenology Corporation (California, USA) and were operated by the
ASTRA software. The components of the sample

Example 7. Materials and Methods - Western blot hybridization

15 Proteins were separated on 4-12% SDS-polyacrylamide gels, electroblotted onto a
nitrocellulose membrane, blocked, incubated with the primary antibodies against human CD?9,
ACTIN (Cruz Biotechnology, Santa Cruz, CA, USA), and MYC (Abcam, Cambridge, MA).
The blot was then incubated with a horseradish peroxidase-coupled anti-mouse IgG (Santa
Cruz Biotechnology, Santa Cruz, CA) followed by HRP-enhanced chemiluminescent substrate

20  (Thermo Fisher Scientific Inc, Waltham, MA) and then exposed to an X-ray film.
Example 8. Materials and Methods - HPLC purification of microparticles

The instrument setup consisted of a liquid chromatography system with a binary pump,
an auto injector, a thermostated column oven and a UV-visible detector operated by the Class
VP software from Shimadzu Corporation (Kyoto, Japan). The Chromatography columns used
25  were TSK Guard column SWXL, 6 x 40 mm and TSK gel G4000 SWXL, 7.8 x 300 mm from
Tosoh Corporation (Tokyo, Japan).The following detectors, Dawn 8 (light scattering), Optilab
(refractive index) and QELS (dynamic light scattering) were connected in series following the
UV-visible detector. The last three detectors were from Wyatt Technology Corporation
(California, USA) and were operated by the ASTRA software. The components of the sample

30  were separated by size exclusion i.e. the larger molecules will elute before the smaller



30were separated by size exclusion i.e. the larger molecules will elute before the smaller 97
molecules. The eluent buffer used was 20 mM phosphate buffer with 150 mM of NaC1 at pH 7.2. This
buffer was filtered through a pore size of 0.1 j.tm and degassed for 15 minutes before use. The
chromatography system was equilibrated at a flow rate of 0.5 ml/min until the signal in Dawn 8
stabilized at around 0.3 detector voltage units. The CW-visible detector was set at 5220 rim and the

column was oven equilibrated to 25C. The elutjon mode was isocratic er i a

e, TR b e R B g T A e S s
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glutamine-penigillin-st cin,.an -m toet | averpight.. The ulture was then
washed Wi‘ﬁ?%ggégr%%?ﬁéﬁe%t Ogg%%gs%gﬁ?ﬁgﬁgﬁépﬁéﬁg%ér}%ge%ﬁtj%%ﬁ%ln%%h%ggth ree days to
produce the conditioned medium. This CM was collected and clarified hy centrifugation at 500 x g. The

clarifidd ckragmien Yatestrlinrd Merbadsmd saingShrre Honinr SaFUPBEAESHE™ tangential flow

filtration system with membrane MW cut-off of 100 kDa (Satorius, Goettingen, Germany). The use of a
membrane MW clhoftoktion WBapatiomethblegidesngithe N stotess MDD wo-h8pmsdlyitelingthe

fiter resuilag,d REIIRANBLIDARA! PIREHICRJSR AR Mg PANCBMIAPL ML ARInen

sterilized by filtration through a 220 nm filter. e CM was tested in a'mouse'model of ischemia

and reperf%f@f@rﬁrﬁ}@_spmtt_/dég maunewwiablmutég _téeﬁ@gmaﬁadysaﬁbw abey) &g&éi&@%_d
subsequenp, feRERUIAN KRS NBHI G DRIQTRLRRGHUSION, PIES WG R R RARKEHY NtHseuiith 200 pl

saline solution of 30 0.3 jig exosome protein purified from culture medium conditioned by myc-MSCs.

Conthd| ardafaisdvesdimfueensintite 200N Ed velthoee phenpbisd (lapirigsiof orfertiaiz&€ trbpad a 98

CA) and supplemented with insulin, transferrin, and selenoprotein (ITS) (Invitrogen
Corporation, Carlsbad, CA), 5 ng/ml FGF2 (Invitrogen Corporation, Carlsbad, CA), 5 ng/ml
PDGF AB (Peprotech, Rocky Hill, NJ), glutamine-penicillin-streptomycin, and -
mercaptoethanol overnight. The cell culture was then washed with PBS and replaced with

20  fresh chemically defined medium for another three days to produce the conditioned medium.
This CM was collected and clarified by centrifugation at 500 x g. The clarified CM
concentrated 50 times by reducing its volume by a factor of 50 using a tangential flow
filtration system with membrane MW cut-off of 100 kDa (Satorius, Goettingen, Germany).
The use of a membrane MW cut-off of 100 kDa allow molecules with MW of less 100 kDa to

25  pass through the filter resulting a preferential loss of molecules less than 100 kDa. The
concentrated CM was then sterilized by filtration through a 220 nm filter.

The CM was tested in a mouse model of ischemia and reperfusion injury. MI was
induced by 30 minutes left coronary artery (LCA) occlusion and subsequent reperfusion. Five
minutes before reperfusion, mice were intravenously infused with 200 ul saline solution of

30  0.3pg exosome protein purified from culture medium conditioned by myc-MSCs. Control

animals were infused with 200 pul saline. After 24 hours reperfusion, infarct size (IS) as a



percentage of the area at risk (AAR) was assessed using Evans' blue dye injection and TTC staining
as described previously [27]. Example 10. Materials and Methods - Statistical analysis Two-way
ANOVA with post-hoc Dunnett was used to test the difference in infarct size 5between groups.
Correlation coefficient of each pairs of array was as%ssed using Pearson correlation test. Example
11. Results - Transforming huES9.E1 MSC cultures HUES9.E1 MSCs at passage 21 were infected
with either GFP- or myc-containing.lentivigus. The infected. cultures were placed under th romycin
selection 5 HLESA S SREL A kg S M SETed Ik BT e N o BB AL
demonstratechthabthiesoybadarsgenslwgs successfully integrated in the genome (Figure 1A) Unlike
the myc-transfected cells which was pooled to form the ElI-myc 21.1 line, the GFP-transfected cells

progresseg {aiAHeNesMRES It HAWVRARS LSeaeisRalifPaligisand acquiring a much flattened,
spreading morphology (Figure 1B) and could not be propagated beyond p26. The myc-transformed

cells 15expressed a 100 folg ase in c-myc iRt level relative to t EP-transt cells
(GFP-MBCs) (PSS e B e R e
cloned lindsteeaegHpS 3. BrdaSh cukttines st plGharaiin depead et intestddsang Riacsed under

puromycin.drug selection. The surviving cell cultures were cloned by limiting dilution to generate three

lines, EI-myc 16.1, El-myc 16.2 and El-myc 16.3 lines, 20 respectively. The lines were karyotyped by
G-banding. The cell morphqlogy of all three cell lines was, similay to that of EI-myc 21.1 line. Only
El-myc 1(?%‘3@?1%51ﬂ?§%§gﬁt m&%%%?*&%%@ﬂﬂgﬂ%ﬂwﬁic inversion of chromosomal 9
between pll and g13 in 20/20 metaphases [24] and was therefore used in all the subsequent

experiments (Fig%ﬁéﬁl%&ﬁﬁagp%smiﬂ bareisté feetpsl Yﬁ@rﬂ%etr%omq:éﬂ@tpi@mrated _
faster with g, oREPURHGRAQUPING G REd FIAQKI SARISHR BRoRyAHYdsHIRG Bim& Qb hours in

untransformed MSCs. The average cell cycle time was decreased from 19 hours to 11 hours using

CFDW cellSupeéting eadlpiecio neniete érib amBE]qrigne gRomieAsfemendttsnd berbtm/malyc
bypassed SenesSaRRES 3R CUREHY %ﬂé&ﬁ@i@ﬁ&é@&%%@ ifgEatve A3teminrahleastanaiter <4

passages. Thetransformed cells were smaller and rounder in shape with prominent 30nuclei. These

cells also Rsdlscuhieitvirnnsialsd redortimghmbthensimbidinesbel(dilistarsfedegiglirr 1wy esemsistent
with incregsedproliferaionmite Gels e ignerdaya ioh wiameasm g atiwiv B GER-{Resigged or
non transfected cells (Figure 1E). Example 12. Results - Assessment of myc-MSCs
morphology (Figure 1B) and could not be propagated beyond p26. The myc-transformed cells
15  expressed a 100 fold increase in c-myc transcript level relative to the GFP-transfected cells
(GFP-MSCs) (Figure 1C) and higher telomerase activity (Figure 1D). To generate
independently cloned lines, three HUES9.E1 MSC cultures at p16 were independently infected
and placed under puromycin drug selection. The surviving cell cultures were cloned by
limiting dilution to generate three lines, E1-myc 16.1, E1-myc 16.2 and E1-myc 16.3 lines,
20  respectively. The lines were karyotyped by G-banding. The cell morphology of all three cell
lines was similar to that of E1-myc 21.1 line. Only E1-myc 16.3 line had the parental
karyotype of 46 XX with a pericentric inversion of chromosomal 9 between pl1 and q13 in
20/20 metaphases [24] and was therefore used in all the subsequent experiments (Figure 1E).
In contrast to their parental cells, the myc-transformed cells proliferated faster with a
25  population doubling time of 13 hours versus a population doubling time of 19 hours in
untransformed MSCs. The average cell cycle time was decreased from 19 hours to 11 hours
using CFDA cell labelling as previously described [35] (Figure 1F). The transformed cells
effectively bypassed senescence and continued to maintain their proliferative rates for at least
another 20 passages. The transformed cells were smaller and rounder in shape with prominent

30 nuclei. These cells also lost contact inhibition resulting in the formation of cell clusters



The myc-MSC culture were assessed according to the ISCT minimal criteria for the 5definition of
human MSCs [31]. As observed earlier (Figure 1C), the culture did not adhere to plastic culture dishes
as well as their untransformed MSCs especially at confluency when the cells started to form clusters
instead of adhering to the plastic dish as a monolaygr9 The surface antigen profile of the
myc-transformed cells was qwte similar to that of their parental cells except in thelr negative

expreSS|o fMH]C%BDéth?S Is were. CEr)gaQSg CD4 e?at%DA' : eJ]PS % hér eve %: 05+ CD166
MHC |, &tljxff (ﬁgure ﬂ)prPhe i it erentl potentla 0 po yclonal

El-myc Zlattantyrtﬂnandﬂﬂ’nahﬁﬂfmwdlﬁ ﬁooetﬂahus@%seﬁb)(ﬁegwmﬂlfed (Figure 3). Both ceII lines
differentiated readily into chondrocytes and osteocytes (Figure 3A, Figure 3B) but not adipocytes. The

induction gf xR ¢PERIS INYLSGRdQMRG fHayelagE$ days' treatment protocol consisting of 3 days'
15 exposure to induction medium and 3 days' exposure to maintenance medium. We observed that
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of MSCs [29], we observed here that c-myc trans ation affect fining prope si.e.
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highly similgy Wil 3 gereletionalue pleates SRIROA T imicRiipiRtiaRcasfigent. r2 between

El-myc 16.1 MSCs and parental HUE Cs was also relatively high at 0792 (Figure 4A). A total
of 161 gersbendsechiedidaidoghites 10@R263 de gt Wl dytinateaaerss JHestdriduetipnyef 16.1 MSCs

suggesting {ha E‘?s‘ﬁ‘{?ﬂﬁs‘&@&% $40 9RNE1XPFRSE ?E" LG HE HBRRIATARURNL § Reps&diiterentially
expressed genes were functionally clustefed by PANTHER (Protein ANalysis THrough Evolutionary
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process, organelle organization, mitochondrion organizafi
that unlike a previous report where myc transformation was observed not to alter the

20  fundamental characteristics of MSCs [29], we observed here that c-myc transformation

affected a defining property of MSCs i.e. the potential to undergo adipogenesis
Example 13. Results - Gene expression profile

Genome-wide gene expression profiling of myc-transformed MSCs and their parental
MSCs by microarray hybridisation was performed to assess the relatedness between the cell
25  types. Microarray hybridization were performed in duplicate on Sentrix Human Ref-8
Expression BeadChip version 3 (Illumina, Inc., San Diego, CA) using RNA from E1-myc
16.3 MSCs at p4, p7, and p8, and from the parental HuES9-E1 MSCs at p15 and p16. The
gene expression profile among different passages of E1-myc 16.3 MSCs or among different
passages of the parental HUES9-E1 MSCs was highly similar with a correlation value greater
30  than 0.98. The corrrelation coefficient, r* between E1-myc 16.1 MSCs and parental HUES9-E1
MSCs was also relatively high at 0.92 (Figure 4A). A total of 161 genes was upregulated and



10peroxisomal transport, cellular amino acid and derivative metabolic process, polyphosphate
catabolic process, and protein metabolic process. There were 4 under-represented processes:
vesicle-mediated transport, exocytosis, cell surface receptor linked signal transduction, and immune
system process (Figure 4B). In the 226 downregulai%%genes, there were 37 over- and one
under-represented biological processes (Figure 4C). 15For the up-regulated genes, many of the
associate er-represented processes enerally i r for increasin | mass or anabolic
ity for 2 R o e s BN el B e e SR RS oy The
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12 minuteg, Ryneie g} sealcring Al sinahinis pRRRIGRIEE s presencs alpariles it were

within a hy ynamic radius rar ‘ Srim. SIna typical run, we routinely purified about 1.5 mg
of exosomes pedtitercplesoniditibredegmealdmencsdesl (Eipundfiéd) exosomes from either EI-myc 21.1 or
El-myc 16.3 was administered to the mouse model of myocardial ischemia-reperfusion injury at a

dosage of 0.3 or Pt tht.SpPRzMaedescasnaativgyf(higue bekdiheprepalkritk (xoR}s agercentage
of left ventriculaﬁ (LV) area ir} El-myc 21.1 exosome, EI-rlT;g/c 16.3 exosome or. the saling-treated control
group generally important for incteasing cell mass or anabolic activity for cell division and were

consistent with the observed increased cell proliferation activity. The under-represented

processes, namely vesicle-mediated transport, exocytosis suggested that exosome production

might not be affected. For the down-regulated genes, the 37 over-represented processes could

20  be broadly classified into processes that are associated with adhesion, differentiation,
communication, immune response, cell death and metabolism. These processes were also

consistent with some of our observations of the myc-transduced MSCs, namely reduced

adherence to plastic, loss of adipogenic differentiation potential and loss of MHC I expression.
Example 14. Results - Cardioprotective activity of secretion

25 The loss of adipogenic potential in myc-transformed MSC indicated that other aspects
of the characteristics of ESC-derived MSCs such as the production of therapeutic exosomes
might also be compromised by the transformation. We had previously demonstrated that
exosomes secreted by ESC-derived MSCs was protective in a mouse model of myocardial
ischemia and reperfusion injury [27]. To test if this aspect was compromised, the transformed

30  cells were grown in a chemically defined medium, the conditioned culture medium (CM)
harvested and exosomes were purified as previously described [34,38]. Despite increased c-

myc transcript and protein levels in the transformed, c-myc protein was not detectable in the



10was similar at 39.1iz3.4%, 41.7A.7% and 40.8 A1.8%, respectively. The relative infarct size
(IS/AAR) in mice treated with El-myc 21.1 exosome or EI-myc 16.3 exosome was 23.4 8.2%, and 22.6
4.5%, respectively and their relative infarct sizes were significantly lower than the relative infarct size
of 38.5iS.6% in saline-treated mice (p<0.001 and p<0.002, respectively). 15Example 15. Discussion
This report describes the transformation of human I':1 -derived MSCs by over- expression of a c-myc
gene. Thl%ﬁ(? Eprm e%gbrlge% %?él 3 %aﬁ%ﬁg‘% éalplc% cre ?ﬁ merase t|V|ty and
enhance proli faraton. enera She-wide gene expr ssmn% etweén ans?orme t&s versus
their parenbat oél@\)w&smonﬁmmfdrvmh M30sqa&] dbigueotfomatit dkFBRFhdutiapstoched cells also

have the aracterlstlc surf ce a D + CD4 CD49 + CD49e 05+ CD166+,
Ve 1 G & o B e i R R R e
requisites navlﬁ(éﬂ[ tinerprasdreritefipaiorctbe thefiwiio wvuxhhuarl@rdfdds(ﬁsrfﬁd},ameymege nﬁélleés hewe an
alteregl M%C pheno yljae Thexuc%ré bited. e cé}uc% eren O 0Iran%téc zélrn é‘%"(', éP (()jr(lag?o 25
adlpogene3|s \Wﬁ |ron’|caﬁly was r%Sorfe & mostrobust among BRe't ree amental MSC

differentiationjpoie AL E ipuh & dderaso BSCrderiveteMIAs {2 2] . The defare;dn @6rwmstctmm1|stevid)us
report [29] that observed damenta ch es in MSC. pr ertle er myc transformation, we

observedlég[rﬁe%ngameﬁétl ha%%célsr&lnlrﬁsfc%ransf%’? % (E’n S'such t%éofﬁggceﬁl(s?%grlgr?gﬁgp éﬁlued
the ISCT nmmsnaiespcenaeﬂm(ﬂlgMeﬁﬂmoThefammanmS@SI{%}; aq)andIMgeteﬁltﬂﬁaedmmmﬂMSCs.

Despite th&h a)::srgg a dbelflnln &? ro(pertythe myG: §ransform eIIs c:on]'tan{a'((j1 tc% Et?qete
exosomes that could reduce infarct size in'a mouse nodel of Isc emla/aeper usion injury. ever, we

nqte&l()thatWiae samrbmmtd@ek@éméll’(ﬂ%rmédw eém%gltmm@ucéﬂlaﬂ@ammmmm but
this could Q@ g@ﬁ@}:@é@ﬁ&&%&% %9&%%“%%2? nesRLoliferptiye ke of By Riatng, 3k 3 nigher cell

density of cells arvest o exosomes re ore c-myc fran ormation representsa practical
strategy irBeX¥sunind22rbinfihiitos tgspheof delnfbihtherpladuectidar of exesoame sigitimand thewape utic

agents Sofeliyer uehielss. 1 a0dips e nereRset RIOHEAINS RIS S HF SRR i or oo

pI’OdUCtIOI’I an erepy reauces pI’OdUCtIOI’l Costs.
respectively).

15  Example 15. Discussion

This report describes the transformation of human ESC-derived MSCs by over-
expression of a c-myc gene. This transformation enabled the cells to bypass senescence,
increase telomerase activity and enhance proliferation. Generally, genome-wide gene
expression between the transformed cells versus their parental cells was conserved with a

20  correlation coefficient of 0.92 The transformed cells also have the characteristic surface
antigen profile: CD29", CD44", CD49a" CD49%¢", CD105", CD166', MHC I, HLA-DR,
CD34 and CD45 . Although the transformed cells fulfilled most of fundamental requisites in
ISCT minimal criteria for the definition of human MSCs [31], they nevertheless have an
altered MSC phenotype. They exhibited reduced adherence to plastic and failed to undergo

25  adipogenesis which ironically was reported to be most robust among the three fundamental
MSC differentiation potentials in the human ESC-derived MSCs [24]. Therefore, in contrast
to a previous report [29] that observed no fundamental changes in MSC properties after myc
transformation, we observed some fundamental changes in myc-transformed cells such that
the cells no longer fulfilled the ISCT minimal criteria for the definition of human MSCs [31]

30 and are technically not MSCs. Despite the loss of a defining MSC property, the myc-
transformed cells continued to secrete exosomes that could reduce infarct size in a mouse

model of ischemia/reperfusion injury. However, we noted that the amount of exosomes



Example 16. Materials and Methods: Construction and Production of c-mcyc and GFP Lentiviral
Vectors The c-myc cDNA sequence was amplified from pMXs-hc-MYC (15A) using primers
10containing either Xhol or EcoRI restriction site. The amplified fragment was then cut with Xhol or
EcoRI and cloned into a XholEcoRI restricted Ientivﬁr&%vector, pLVX-puro (Clontech,
www.clontech.com). The recombined vector was then sequenced to confirm the recombined myc

sequence. Lentiviral particles were produced using.Lentj-X HT Packaging S tem% lontech,
Bt oIS LB TS e gL ot 0 R AR SR i enmined using by
a LentiXThboRdrB2ER fitrdtyoth ki fGbo predtic ratime clente bly. ptatin g Bx amigleed. delMixteviigl o texd1$/1ethods:

Transformati f MS HUES9.E1 hESC-MSCs A) at passage 22 were .infected with
e RSN of exosb Sk o M TR M A RIRERAR R R TSI oy 10
cm dish. Tdmsueng gay fihecslispinfelted wfith thicyseduatiaDexbsimibe gitiesendbaige iRy agents

polybtene gvernight. . . The culture. medium was replaced the next day and,selectign with puromycin
(2 B b v A B e S R R B A D
by amplifiyinglgenonaicdDiNAc b ireg spe ¢ifisipeimersofss.exon2 and 3 respectively: 5'-
GCCCCTGGTGCTCCATGAGGAGACACC-3'and 5'- 103 ACATTCTCCTCGGTGTCCGAGG-3'

under PCR ¢oRgHiors Meieres sxal8 Rt b stRuerd SRl P1od 1850 HOEe-306) 2a &Fpand one

cycle of 72 C, 5min, The PCR products were resolved on a 1% agarose gel. Example 18. Materials
and MethddPaIFNERS LY A\ ctivity SRelative telomerase activity was measured by SYBRO Green real

time quantitative
The c-myc cDNA sequence was amplified from pMXs-hc-MYC (15A) using primers

10  containing either Xhol or EcoRI restriction site.

The amplified fragment was then cut with Xhol or EcoRI and cloned into a Xhol-

EcoRI restricted lentiviral vector, pLVX-puro (Clontech, www.clontech.com).

The recombined vector was then sequenced to confirm the recombined myc sequence.
Lentiviral particles were produced using Lenti-X HT Packaging System (Clontech,

15 www.clontech.com) according to the manufacturer’s protocol.

Viral titer was determined using by a Lenti-X ' qRT-PCR titration kit (Clontech,

www.clontech.com).
Example 17. Materials and Methods: Transformation of MSC

HuES9.E1 hESC-MSCs (14A) at passage 22 were infected with lentivirus containing

20  either a c-myc or GFP transgene.

The cells were plated at 10° cells per 10 cm dish. The next day, the cells infected with

viruses at a MOI=5 in the presence of 4 ng/ml polybrene overnight.

The culture medium was replaced the next day and selection with puromycin (2 pg/ml)

began 48 hours after infection.

25 Insertion of the c-myc or GFP transgene was confirmed by amplifiying genomic DNA
using specific primers for exon2 and 3 respectively: 5°-

GCCCCTGGTGCTCCATGAGGAGACACC’-3” and 5°-



telomeric repeat amplification protocol assay using a modified method as described by Wege H. et al
(16A). Briefly, 3 million cells were harvested and cell lysate was prepared using a commercially
available mammalian cell extraction kit (Cat K269-500-1, BioVision, 10 www.biovision.com). The
composition of the reagents for the PCR amplificaticf83was 1 jig of protein cell lysate, 10 pl of 2 X
SYBR Green Super Mix (Cat 170-8880, BioRad, Singapore) with 0.1 jig of TS primer

(5'-AATCC, TCIL?.@ é&:@&} Cﬁ.}% jig of ACX rigael‘{' 5'- GCGCGG[CTTACC CC-3) and
10mM EG C;'?n a (ﬁg VO umeil;) g&ﬂﬁﬁéﬁ&&c ‘l%n Was(g f}(sicftfﬁ%lsjl‘avae ed’ 8t %%ef%ﬁ%’%rmr{b%)llow
the telomeradesinftid°Cell fysate’ alsngatetosTédmeargclolldvéd®ysStmin incubation at 95C to
inactivate telomerase activity and denature the primers. The telomerase product was amplified by

PCR for 40 cyclesif BER palisu®PweR0ssdiNed Blativedalamgeasa activity was assessed against that of
HEK cells using the threshold 20cycle number (or Ct value) for 1 jig protein cell lysate. Example 19.

mecim (WU e Rk B LB | CrPpasC s described
previausy (17A)2561ly A0%,contient HUESAIEH sHluesere ashed I PRS gnsferred o a

chemically defined, serum-free cu ium for an overnight incubation, was [ S and
cultured indlesierecheapeotiyngbfineidseratmefriess syituva grcaiodii st Bdhyd asid@scribefify Gfawhich
contained Y1I3C, p g?_on was collected, clarified by centrifugation, concentrated 50 times using
100-kDa MW cutoff ulfrafiltration membranes (Sartorius, www.sartorius.com), and sterilized by filtration

through a 0.2Rm filter. Example 20, Materials and Methods: Isolation of RNA 5RNA was isolated from
i by adding (B UBIARR BT PSR MG ATTGJE B SR Eme of CM and
completingdherexdiaitlianaeens diaghtaadlie mahetaaten &ip(Qaaob69-50ptallRMNAsaE small RNAs
from MSC were purified using Trizol (Invitrogen, www.invitrogen.com) and mirVanaTM miRNA

Isolatibn K RpEREHFBIHE)Stams,

The composition of the reagents for the PCR amplification was 1 pg of protein cell
lysate, 10 pl of 2 X SYBR Green Super Mix (Cat 170-8880, BioRad, Singapore) with 0.1pug of
TS primer (5’-AATCCGTCGAGCAGACTT-3’), 0.1 ug of ACX primer (5°-
GCGCGG[CTTACC]3CTAACC-3’) and 10mM EGTA in a total volume of 25ul.

15 The reaction was first incubated at 25°C for 20 min to allow the telomerase in the cell
lysate to elongate the TS primers followed by 2 min incubation at 95°C to inactivate

telomerase activity and denature the primers.

The telomerase product was amplified by PCR for 40 cycles of 95°C, 30s; 60°C, 90s.
The relative telomerase activity was assessed against that of HEK cells using the threshold

20  cycle number (or Ct value) for 1 ug protein cell lysate.

Example 19. Materials and Methods: Preparation of Conditioned Medium Containing

Exosomes

Conditioned medium (CM) was prepared from HuES9.E1 MSC, (c-myc)MSC and
(GFP)MSC as described previously (17A).

25 Briefly, 80% confluent HUES9.E1 cultures were washed with PBS, transferred to a
chemically defined, serum-free culture medium for an overnight incubation, washed with PBS

and cultured in fresh chemically defined, serum-free culture medium for 3 days.



10www.appliedbiosystems.com.sg), respectively. RNA was quantitated using Quant-iTTM
RiboGreen(r) RNA Assay Kit (Invitrogen, www.invitrogen.com) and resolved on 1.5% agarose gel
containing 8% glyoxal or 15% Novex0 TBE-Urea Gels (Invitrogen, www.invitrogen.com). The
separated RNA in the gels was visualized by ethidiLir&bromide (EB) staining. For 15 some
experiments, CM was pre-incubated with equal volume of PBS, cell lysis buffer (BioVision,

www.biovision.c , m clodextri igma-Aldrich) or 4,000 U/ml.ph holipase A2
e e v N e BT R Ry otume of
a 1mg/mldeiNaseate(Rictimappieg I90ddreMW entothdapiliediscierathcorey (28Tdrese mixtures
were then incubated for another inutes, at 37C..The RNAs ee cted with Trizol LS and
emaratod e B e and Methode.
Analysis of RNA by ﬁRT-PCR Relative r:]éc transcrién level in the cells was determined using

gRT-PCREXampedA: fdatetils amd MeshodsiksdlatirnasRNA24, p27, p29) was converted to cDNA

using a High-25 Capacity cDNA Reverse Transcription Kit (ABI, USA). The cDNA was then
amplified by one B)ttevofsodola@dnirom O %Y bie s dsting OrdSe0 BOCs 609 ane bddleyateogé®5C, 15s, 60C

60s, 9501&%‘{‘@%’?@% c8%ﬁ?é§po%°é%lf8&gi$'?%ﬁ‘é{ﬁd°ﬁo% AR RL A0S f%%%%&éﬂg ﬁ!#ﬁg

er
Real-Time PCR system (Applied Biosystems, www.appliedbiosystems.com.sg).
myc-specifiepfantursesipr8ta€dCGCCCCTGTCCCCTAGCCG-3' and 5'-
AGAAGGGTGTGACCGCAACGTAGS3. To detect mature miRNA in MSC or CM, 10 rig small RNA

were converted imier1 RN and sasubRandetim Mt wadrgplaidivbasinCaRdNIA IR T ranscription
Kit 5(Applied Bipsystems, www.appliedbiosystems.cam.sg) according.to manufacturer's protocol.
(App www.l%V){trogen.com) an(? %irVana%é II%RNXQIsola%)on it (%pgl}ed B?osystems, P

10  www.appliedbiosystems.com.sg), respectively.

RNA was quantitated using Quant-iTTM RiboGreen® RNA Assay Kit (Invitrogen,
www.invitrogen.com) and resolved on 1.5% agarose gel containing 8% glyoxal or 15%

Novex® TBE-Urea Gels (Invitrogen, www.invitrogen.com).

The separated RNA in the gels was visualized by ethidium bromide (EB) staining. For
15  some experiments, CM was pre-incubated with equal volume of PBS, cell lysis buffer
(BioVision, www.biovision.com), 40 mM cyclodextrin (Sigma-Aldrich) or 4,000 U/ml
phospholipase A2 (Sigma-Aldrich, www.sigmaaldrich.com) at 37°C for 30 minutes followed
by addition of '/ 10™ volume of a Img/ml RNase A (Roche Applied Science, www.roche-

applied-science.com).

20 These mixtures were then incubated for another 5 minutes at 37°C. The RNAs were

extracted with Trizol LS and separated on the TBE-urea gels followed by EB staining.
Example 21. Materials and Methods: Analysis of RNA by qRT-PCR

Relative myc transcript level in the cells was determined using qRT-PCR. 20ng RNA
from GFP-MSC (p17) and cmyc-MSC (p24, p27, p29) was converted to cDNA using a High-
25  Capacity cDNA Reverse Transcription Kit (ABI, USA).

The cDNA was then amplified by one cycle of 94, 10 min; 40 cycles of 94°C, 15s;
60°C, 60s and one cycle of 95°C, 15s, 60°C 60s, 95°C, 15s with primer sets specific for either
myc or actin transcript on the StepOnePlus Real-Time PCR system (Applied Biosystems,

www.appliedbiosystems.com.sg).



PCR reaction for each RNA sample was performed in triplicate, with 1 pA cDNA and 10 pl of TagMan
2X Universal PCR Master Mix (Applied Biosystems, www.appliedbiosystems.com.sg) in 20-pl reaction
volume in a StepOne Plus Realtime PCR system (Applied Biosystems,
www.appliedbiosystems.com.sg). 10The thermal cyf:(gigg parameters were one cycle of 95C, 10
minutes followed by 40 cycles of 95C, 15 seconds and then one cycle of 60C, 60 seconds. The

primers used werg TagMan primers: hsa—le.t—?b_&aé m R: iedBiosystems) and
hsa-let-7g (Appli(E:-l(i}J1 Bio %/ss eegﬁg,g rlnﬂ?zﬁﬁfte)‘h%esd%iosystﬁgs.comé.ﬁ g .88%3F§§§%%$-ﬁ&§¥detection of
pre-miRNAS; e(praieesley€ designe0G@BAagPrimer 15Express 0 Software Version 3.0

(AppliedBiosystems) as previously described (18A). For conversion to cDNA, 10 rig of the RNA
sample was denatyredonitha-Pmak RIANE MWYELRPINENN ¢ ké Rl RRGIIQRENOMR A SR for 5

minutes. The RNA and lower primer were then annealed at 60C for 5 minutes and then cooled to

room temSErRNDISSYePEadHd H Dl uaiRe baaMsrmigeRY A Ribvesse dianireintihRdscript reverse
transgiptaee, HILIIGEVs MR G R D ESIBYY Vale 20aesh pectesemumenaad by thernprsdaurer.

The reaction mix was incubated for 45 minutes at 60C followed by 5 minutes incubation at 85C.

PCR was then p Ing, t t i I taining. ¢ ' 5 een
PR Master, Mt e e P e B o W E DR A
hsa-let-7bIprelmiRNaMATe&stioryersah BERINBORO 063, (HipliediBonatsanger.ac.uk) were

o 1GAC AN BRRIIGIGEES DS A BGPRGRGNRIAR R %g@%% P RENSHIERCR

pre-miRNA (Accession number M10000 137, p://microma.sanger. e primer sequences
were 5'GTASTAGYPPHGT R OACETNF ARG GEIBdnds3 GBS AGTEECCTGTACAGT3'. Example 22.
Materials and Methods: Statistical Analysis

10 The thermal cycling parameters were one cycle of 95°C, 10 minutes followed by 40

cycles of 95°C, 15 seconds and then one cycle of 60°C, 60 seconds.

The primers used were TagMan primers: hsa-let-7b (Cat AB Assay ID 000378,
AppliedBiosystems) and hsa-let-7g (Applied Biosystems, www.appliedbiosystems.com.sg).

For qRT-PCR detection of pre-miRNAs, the primers were designed using Primer
15  Express ® Software Version 3.0 (AppliedBiosystems) as previously described (18A).

For conversion to cDNA, 10 ng of the RNA sample was denatured with 10 pmol of the

lower primer in a 12 pl reaction volume at 80°C for 5 minutes.

The RNA and lower primer were then annealed at 60°C for 5 minutes and then cooled

to room temperature.

20 5X reaction buffer, ANTPs, DTT, RNase inhibitor, and the Thermoscript reverse
transcriptase (Invitrogen, www.invitrogen.com) were added as recommended by the
manufacturer. The reaction mix was incubated for 45 minutes at 60°C followed by 5 minutes

incubation at 85°C.

PCR was then performed using /1™ of the reaction mix containing cDNA with a

25  SYBR green PCR Master. Mix (AppliedBiosystems) in 20 pl reaction volume.

The PCR parameters were one cycle of 15 seconds at 95°C and 40 cycles of 1 minute

at 60°C. PCR reactions were performed in triplicate.



Statistical significance was analyzed using Student's t-test. Example 23. Results: Transformation of
MSC by c-myc Transgenesis 10hESC-MSCs could be extensively propagated in culture up to passage
25 at a 1:4 split before they start undergoing senescence. HUES9.E1 hESC-MSCs p22 were
transfected with either a c-myc gene or a GFP gen %1631 a lentiviral vector (Figure 6). As expected,
c-myc transfected MSCs (myc-MSCs) expressed higher level of c-myc mRNA than GFP-transfected

MSCs (GFP-MSGs) (Figure 7). 15At p23 ar.pne pas: er transfection - culture
exhibited senesc%ﬁ)ggeerc%% E% %erlssi%sl?ﬁ%?rlﬁqér%ﬁ d angig? at gﬁ%%gsclgﬂsnblv‘]‘?%effe&i@o%géﬁng or dividing
cells. In cantpaatinrgcabiGGgeu ek pxkitited CAcoGENGTABaETaIsTIOT GisE36fandntact inhibition and

numerous IJ} roli j ead of growing as an adherent monolayer, myc-MSCs
formed agsgsrgg}a %sgvé?fg%%ﬁ%&;ﬂg%ﬁ%égﬁ (Figure 8). Unlike the GFP-MSCs or the parental

MSCs, telomerase activity in myc-MSCs was significantlﬁ?gkt?é]er 6Fi]%ure 9). Example 24. Results:
Ratio of Pre- to MU it BN Ar 64 SS RS TSR H000T3Vye have previously reported that

relative to thg: oalivlrMBNARRRMRIRNp serieleshRcBIRBEA population had a high ratio of pre- to
mature miRNA for at least two miRNAs, hsalet-7b and hsa-let-7g miRNAs. 107 To determine if

transform%?%é%ﬁﬁ%qgmpﬁgﬁé%% h%%déf% ﬂﬁ@%@&%@ﬂ%@vere prepared

from culture medium conditioned by myc-MSCs and myc-MSCs, respectively. Quantitative RT-PCR
was perfolfrethig€ 2hyMatenisfbr anadidtethodsa SdatibacpleAnalpsiture miRNA ratio for hsa-let-7b and
not for hsa-let-7g miRNAs (Figure 10).

Statistical significance was analyzed using Student’s t-test.

Example 23. Results: Transformation of MSC by c-myc Transgenesis

10 hESC-MSCs could be extensively propagated in culture up to passage 25 at a 1:4 split

before they start undergoing senescence.

HuES9.E1 hESC-MSCs p22 were transfected with either a c-myc gene or a GFP gene

via a lentiviral vector (Figure 6). As expected, c-myc transfected MSCs (myc-MSCs)
expressed higher level of c-myc mRNA than GFP-transfected MSCs (GFP-MSCs) (Figure 7).

15 At p23 or one passage after transfection, GFP-MSC culture exhibited senescence
characteristics: larger and more flattened cells with few proliferating or dividing cells. In
contrast, myc-MSC culture exhibited oncogenic characteristics: loss of contact inhibition and

numerous small proliferating cells.

Instead of growing as an adherent monolayer, myc-MSCs formed aggregates with

20  multi-cellular layers (Figure 8).

Unlike the GFP-MSCs or the parental MSCs, telomerase activity in myc-MSCs was
significantly higher (Figure 9).

Example 24. Results: Ratio of Pre- to Mature microRNA is Altered on Transformation

We have previously reported that relative to the cellular miRNA population, secreted
25  miRNA population had a high ratio of pre- to mature miRNA for at least two miRNAs, hsa-
let-7b and hsa-let-7g miRNAs.



The ratio of hsa-let-7b pre- to mature miRNA was increased from 2.5 to 7.1, representing a 2.8 fold
increase. To determine if this change in ratio was due to a change in pre-, mature or both 10
mMiRNA levels in the secretion or cells, these levels were determined by gRT-PCR. Example 25.
Discussion We have previously demonstrated tq%hESC-MSCs secrete RNA-containing
exosomes (Chen et al., in press). Using culture medium conditioned by these cells, we observed

that this CM contained 15RNA.encapsulated in.cholesterol-ric os;e%ﬁ' id yesicles and contained
el amal RS S R AR R g P RSB SRICHER A
include MIRNABA soratilibROMalVRINApdgaraddtive inteuneedtdiemarnddiasteddssibiyc-MBESs snmdll

non-codin%RCNQ%@éjt notetc e more abundant intact mMRNAs or ribosomal RNAs present in cells.
20MSC exosomal mIRNAS werg'predominantly in the precursor instead of mature form such that the

pre- to mature miRNA ratio for some of the exosomal RNAs such as hsa-let-7b and hsa-let-7g miRNA
significantly exceSHEYHAHY fRdemHE WNRerformggde we postulated that the pre- to mature miRNA
ratio was likely to be modulated by the physiological or pathological state of the cells. 108 This
selective alteratidfrimycatianefqyreattommadiaasediRR prin wevrstead mikNA eéin e heajstedterskaend the

current pr@&tiﬁga_ E{Q@M@qu%%?rgiﬁ lating microRNA (miRNASs) profiles as predictive and

prognostic markers for cancer ( (6A). The use of pre- to mature miRNA ratio to assess secreted or

circulating miRNAs will Sintroduce a quantitative companent to the present qualitative profiling of
circulating miRNA@‘,e ﬁﬁHﬂﬁ%éES%} AltiBRS IR %f&%]ggc‘é{%&"rﬁfﬂ%?%%@a%épfg Preparations, and
generally iRpreasaitipearpiBubldaasreddeiomarkers based on pre- to mature miRNA ratio. REFERENCES

To determine if this change in ratio was due to a change in pre-, mature or both

10 miRNA levels in the secretion or cells, these levels were determined by qRT-PCR.
Example 25. Discussion

We have previously demonstrated that hRESC-MSCs secrete RNA-containing

exosomes (Chen et al., in press).

Using culture medium conditioned by these cells, we observed that this CM contained
15  RNA encapsulated in cholesterol-rich phospholipid vesicles and contained mainly small

RNAs with no detectable RNAs greater than 500 nt.

The exosomal small RNAs include miRNAs, some ribosomal RNA degradative
intermediates and most possibly, other small non-coding RNAs but not the more abundant

intact mRNAs or ribosomal RNAs present in cells.

20 MSC exosomal miRNAs were predominantly in the precursor instead of mature form
such that the pre- to mature miRNA ratio for some of the exosomal RNAs such as hsa-let-7b

and hsa-let-7g miRNA significantly exceeded that in cellular RNA.

Here, we postulated that the pre- to mature miRNA ratio was likely to be modulated by

the physiological or pathological state of the cells.

25 Here we demonstrated that the pre- to mature miRNA ratio for secreted hsa-let-7b but

not hsa-let-7g miRNA was increased upon transformation with c-myc oncogene.
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Each of the applications and patents mentioned in this document, and each document cited or
referenced in each of the above applications and patents, including during the prosecution of each of
the applications and patents (‘application cited documents') and any 20manufacturer's instructions or
catalogues for any products cited or mentioned in e?f$ of the applications and patents and in any of
the application cited documents, are hereby incorporated herein by reference. Furthermore, all

documents cited jn this text,.and all doguments cited,or referenced.in u ts iegﬁin is,text, and
any manufacture#‘%kinsEtlrzllJndt%hrl“%?’cEgta 88%3%?0?&’%%?0 &C\ﬁ]g&?ted ’ogﬁng%m%%éﬁﬁé‘ft 1|lsl’tt(ie]3< , are
hereby 25RkwanparaietN héeubleyeReMnde:cy Bridu . immo &ifieatib (2081 Dariedions dfEheiddsecribed
methods gnd s ste%éﬁ inventi il p nttot skilleddn. the art withoyt departing from
the scope AT MRHhG T A g s e G S T Eion wit
specific prédérred embodiments, it should be understood that the invention as claimed should not be
30unduly limited to such specific embodiments. Indeed, various modifications of the described 114

modes for carrying QUKiRadaxENtIOR Y¥RIED, are IRWAUSHO thase skillegimanplesasriotogypr related
fields are intended to be within the scope of the claims. 115 CLAIMS 1. A method of monitoring the

state of a S&iMasaifbthef EbRASHHYsetehintas s nedr A derrtd arhrersiRN A RN NS RL B0 Kecreted

by the cellnariatinohl (@R piescUrseHenm:of, e NiNR species (pre-miRNA); to (b) a mature form of
the miRNA species (mature 5SmiRNA); in which the pre- to mature miRNA ratio so established is

indicative of the e Il Al‘ net ord] laj ' ich; ggpﬁ i prised
in a cell mass, tii%%', ?)&ré gn%ter (gjrlglzlalr’usrh ar%j tﬁgﬁp’rf}l %g’ mu%mm%%ﬁﬁé{ﬁg(%@g icatlv% oﬁ%{g state
of the respedhitimedtlonass; trpmat o sical orgaeicen! G (thethieichiRNAI Bpitiesistedomprised in 10

exosmnesaggg{s,tgqi}gye;pg Sell kQQ #iemethod comprises obtaining such exosomes and obtaining

precursor and mature forms of the’miRNA species therefrom, in which for example the exosomes are
obtained from a sample of ap organjsm, k%cr}or.g nj omprises th 02 , th le for example
comprising a bloﬁma Iés,a'lg'sgg?ﬁg"e Jéh%l y %I%?S%bz}newogrya &Hn%‘s ijagl& Izsr

Low, T.Y., Lian, Q., Lee, C.N., Mitchell, W. ef al. (2007) Elucidating the secretion proteome

of human embryonic stem cell-derived mesenchymal stem cells. Mol Cell Proteomics, 6,

1680-1689.

15 18A. Schmittgen, T.D., Jiang, J., Liu, Q. and Yang, L. (2004) A high-throughput

method to monitor the expression of microRNA precursors. Nucleic Acids Res, 32, e43.

Each of the applications and patents mentioned in this document, and each document
cited or referenced in each of the above applications and patents, including during the
prosecution of each of the applications and patents (‘application cited documents’) and any

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

25  incorporated herein by reference.

Various modifications and variations of the described methods and system of the
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preferred embodiments, it should be understood that the invention as claimed should not be
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153.A method according to Claim 1 or 2, in which: (a) the pre- to mature miRNA ratio is established by
hybridisation to an array comprising nucleic acid sequences capable of binding to and distinguishing
between precursor and mature forms of the miRNA species, or (b) the pre- to mature miRNA ratio is
established by real time polymerase chain reaction ﬁq-PCR). 4.A method according to Claim 1, 2 or
3, which comprises establishing a profile 20 comprising a plurality of pre- to mature miRNA ratios for a

plurality of selected miRNA species, each indjcative of,the state of th Il, such as idisation to
B array S A BTG SF T A SR S S b B R S oo

probes capa
and maturer fieiaedofi¢his ptanality ddfd e setachad the RMdAesgabieslaBnd. method according to any
preceding claim, in which the state of the cell comprises a 25physiological state, such as a cell cycle
state, a differentiation state, a development state or a metabolic state or a pathological state, such as
a disease state, a human disease state, a diabetic state, an immune disorder state, a
neurodegenerative disorder state, an oncogenic state, a cancerous state or a tumour state. 6.A
method: 116 (a) for detecting a change in state of a cell, the method comprising detecting a change
in a pre- to mature miRNA ratio of the cell (or a profile comprising such a ratio), in which such a
change indicates a change in state of the cell; (b) for establishing that a cell is in a particular state, the
method comprising comparing 5a pre- to mature miRNA ratio of the cell (or a profile comprising such a
ratio) with a pre- to mature miRNA ratio (or a profile comprising such a ratio) of a cell known to be in
that particular state; (c) of monitoring the state of an organism, the method comprising obtaining a
sample from or of that organism, performing a method according to any preceding claim on 10the
sample, and establishing the state of the organism from the pre- to mature miRNA ratio thereby

obtained;



(d) of detecting a disease in an organism, the method comprising obtaining a sample from or of that
organism, performing a method according to any preceding claim on the sample, and comparing the
pre- to mature miRNA ratio thereby obtained with a 15pre- to mature miRNA ratio of a sample known
to be of or from a diseased organism; or (e) of treatlrpgnt or prevention of a disease in an organism,
the method comprising detecting a disease in an organism according to (d), and administering a
treatment Lr/}p&gdisease to the organism. 207.A method according to any preceding claim, in which:
(a) the cel ises a mesenchymal stem cell (MSC); (b) the states of the cell comprise an

untransformed statehaid BJraSIAUNRE $lateséih asip GrmystRNSIpRthstalebitning, MIEORNA
comprises hsa-let-7b microRNA (miRBase Accession Number: MIO000063); or (d) the ratio is 2.8

higher in S¢tefisforifaaistitel SWI6!%S RETFRE A ECseng MBI SHbhRIEHEATISE M rray
comprisingnd RILAIRYspEANLE @i 3R RRJURNENS saRaRieRhbiTdiRateRAN distrgyishing between
precursor and mature forms of a plurality of mIRNA species. 9.A method comprising the steps of: (a)
providing &#ﬁ@é‘é?idﬁ%%‘l’%f@ﬁ%@WI\W@@’)‘F&HHU%)TWWWGléi#‘%’édﬁéﬁétiﬁfooﬁ%@f‘rﬁ?é%Héhymal
stem cell tgy¢hereby transform it; in which the transformed mesenchymal stem cell does not secrete a
gene product of the oncogene into a 30 medium in which it is grown. 117 10. A method according to

Claim 9, in,whichy ( ises.c-myei ( st C)
comprise? an esétﬁ)gﬁneggo (%(ﬁ%ig(r?g g&?ﬂ‘ﬁﬁfilé%%h b?%%ﬁ%ggiggﬁﬁﬁs%glﬁi%%gﬁﬁg ?I\S/iSC) is
derived frdrssugnbiiealaongaismanddhiequadoarding tonBRifmgtor is dndicethiclo ftha statereddhe
mesenchy, l: 5(a) | 0 ' 12 an: liferation
e, (6 M BN RS A TRt
telorh@rasexastivigp; esretnchpairdd eslhamédenaiefimdicotaprised| abtihiag sisthoesangssfodmed. 12. A

method of prayiding,a seasitanss.mediymh o methee comerising dhasiaps: seh eHil Claime. 10 or

11, followed by culturing the transformed mesenchymal stem cell, or a
the exosomes are obtained from a sample of an organism, which organism comprises the cell,

the sample for example comprising a blood sample, a serum sample, a saliva sample or a urine

sample.

15 3. A method according to Claim 1 or 2, in which: (a) the pre- to mature miRNA ratio is
established by hybridisation to an array comprising nucleic acid sequences capable of binding
to and distinguishing between precursor and mature forms of the miRNA species, or (b) the

pre- to mature miRNA ratio is established by real time polymerase chain reaction (RT-PCR).

4. A method according to Claim 1, 2 or 3, which comprises establishing a profile

20  comprising a plurality of pre- to mature miRNA ratios for a plurality of selected miRNA
species, each indicative of the state of the cell, such as by hybridisation to an array comprising
a plurality of probes capable of binding to and distinguishing between precursor and mature

forms of the plurality of the selected miRNA species.

5. A method according to any preceding claim, in which the state of the cell comprises a

25  physiological state, such as a cell cycle state, a differentiation state, a development state or a
metabolic state or a pathological state, such as a disease state, a human disease state, a diabetic
state, an immune disorder state, a neurodegenerative disorder state, an oncogenic state, a

cancerous state or a tumour state.

6. A method:



10descendent thereof, in a cell culture medium to condition it, and separating the conditioned from the
transformed mesenchymal stem cell. 13. A method of providing an exosome, the method comprising:
(a) obtaining a mesenchymal stem cell conditioned medium (MSC-CM) by a method according to
Claim 12; (b) concentrating the mesenchymal stem él conditioned medium, for example by
15ultrafiltration over a >1000 kDa membrane; (c) subjecting the concentrated mesenchymal stem cell

conditioned medium.to size exclusion chromatography, such as using a a TSK Guard column SWXL, 6
0 mim or & TSIOGA A0S LoE i anr Al A e
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at least one biologidedtmrapetipnitatenesenchymal stem cell, for example cardioprotection, or in which
the conditioned medium, exosome or pharmaceutical composition is capable of reducing infarct 30
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injury, or which isycapabls aldedusing eISAUKR SIS (R AMAlR A B SHRYRIRuAR, BtliipRssay of
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hydrogen peroxide (H202)-induced cell death. 16. An immortalised mesenc
by aethod accHiglii)craigestablishineithg gaieopficheerssadioniromtaisabte 9y RNéeording
to Claim 12, an exes0me-petipinakle by a method according to Claim 13 or a pharmaceutical
composition obtainable by a method according to Claim 14.

(d) of detecting a disease in an organism, the method comprising obtaining a sample

from or of that organism, performing a method according to any preceding claim on

the sample, and comparing the pre- to mature miRNA ratio thereby obtained with a
15 pre- to mature miRNA ratio of a sample known to be of or from a diseased organism;

or

(e) of treatment or prevention of a disease in an organism, the method comprising
detecting a disease in an organism according to (d), and administering a treatment for

that disease to the organism.

20 7. A method according to any preceding claim, in which: (a) the cell comprises a
mesenchymal stem cell (MSC); (b) the states of the cell comprise an untransformed state and a
transformed state, such as a c-myc transformed state; (c) the microRNA comprises hsa-let-7b
microRNA (miRBase Accession Number: MI0000063); or (d) the ratio is 2.8 higher in a

transformed state compared to a normal state; or any combination thereof.

25 8. A array comprising a plurality of nucleic acid sequences capable of binding to and

distinguishing between precursor and mature forms of a plurality of miRNA species.

9. A method comprising the steps of: (a) providing a mesenchymal stem cell (MSC); and
(b) introducing an oncogene into the mesenchymal stem cell to thereby transform it; in which
the transformed mesenchymal stem cell does not secrete a gene product of the oncogene into a

30 medium in which it is grown.



17. A method, array, immortalised mesenchymal stem cell, conditioned medium, exosome or
pharmaceutical composition substantially as hereinbefore described with reference to and as shown in
Figures 1 to 13 of the accompanying drawings. 10

117

10. A method according to Claim 9, in which: (a) the oncogene comprises c-myc; (b) the
mesenchymal stem cell (MSC) comprises an established cell line such as huES9.E1; or (c) the

mesenchymal stem cell (MSC) is derived from umbilical cord.

11. A method according to Claim 9 or 10, in which transformed mesenchymal stem cell:
5 (a)is capable of bypassing senescence; (b) has an increased proliferation rate; (c) has a
decreased population doubling time such as 24 hours; or (d) has an increased telomerase

activity; as compared to a mesenchymal stem cell that has not been transformed.

12. A method of providing a conditioned medium, the method comprising the steps set out
in Claim 9, 10 or 11, followed by culturing the transformed mesenchymal stem cell, or a
10 descendent thereof, in a cell culture medium to condition it, and separating the conditioned

from the transformed mesenchymal stem cell.

13. A method of providing an exosome, the method comprising: (a) obtaining a
mesenchymal stem cell conditioned medium (MSC-CM) by a method according to Claim 12;
(b) concentrating the mesenchymal stem cell conditioned medium, for example by

15  ultrafiltration over a >1000 kDa membrane; (c) subjecting the concentrated mesenchymal
stem cell conditioned medium to size exclusion chromatography, such as using a a TSK Guard
column SWXL, 6 x 40 mm or a TSK gel G4000 SWXL, 7.8 x 300 mm column; and (d)
selecting UV absorbant fractions, for example, at 220 nm, that exhibit dynamic light
scattering, such as detected by a quasi-elastic light scattering (QELS); in which step (d) for

20  example comprises collecting fractions which elute with a retention time of 11-13 minutes,

such as 12 minutes.

14. A method of preparing a pharmaceutical composition, the method comprising
obtaining a mesenchymal stem cell conditioned medium (MSC-CM) by a method according to
Claim 12 or an exosome by a method according to Claim 13 and admixing the MSC-CM or

25  exosome, as the case may be, with a pharmaceutically acceptable carrier or diluent.

15. A method according to any preceding claim, in which transformed mesenchymal stem
cell, the conditioned medium, exosome or pharmaceutical composition comprises at least one
biological property of a mesenchymal stem cell, for example cardioprotection, or in which the
conditioned medium, exosome or pharmaceutical composition is capable of reducing infarct

30 size for example as assayed in a mouse or pig model of myocardial ischemia and reperfusion
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injury, or which is capable of reducing oxidative stress for example as assayed in an in vitro

assay of hydrogen peroxide (H,O;)-induced cell death.

16. An immortalised mesenchymal stem cell obtainable by a method according to Claim 9,
10 or 11, a conditioned medium obtainable by a method according to Claim 12, an exosome
obtainable by a method according to Claim 13 or a pharmaceutical composition obtainable by

a method according to Claim 14.

17. A method, array, immortalised mesenchymal stem cell, conditioned medium, exosome
or pharmaceutical composition substantially as hereinbefore described with reference to and

as shown in Figures 1 to 13 of the accompanying drawings.



