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CELLS [INTO A SPECI FI C CELL LI NEAGE The present invention relates to
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i ncludes differentiated ste produced by the
met hods of the present invention. 10 I NTRODUCTION Stemcells are
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called enbryoid bodies Bs process of differentiation in stemcells

i nvol ves se¢@bhne\a@e@e:\redumfb¥qy the meﬁhﬁdﬁ@frtée@%@ttll@v&mwm tted and fully
mat ur e |1's of various cell lineages. 25 Derivatives of such cell

| i neages i nclude, respiratory, nuscle, neural, skeletal, blood

(hemat opoi etic), endothelial and elNTRODUCGTIONI|s. Differentiation of stem
cells is known to be triggered by various growth factors and regul atory

nol ecul es. During differentiation the expression of stemcell specific
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| i neages may be induced w , o
inhibitory factor (LIF) are pluripotent, thus possessing the capability of
developing into any organ, cell type or tissue type. Furthermore, when grown in
hanging drops as a cell aggregate in the absence of LIF, mouse ES cells
differentiate into representatives of all three embryonic germ layers, namely

20 endoderm, mesoderm and ectoderm. Such aggregates are thus called

embryoid bodies (EBs).

The process of differentiation in stem cells involves selective development of
immature cells to committed and fully mature cells of various cell lineages.
25 Derivatives of such cell lineages include, respiratory, muscle, neural, skeletal,
blood (hematopoietic), endothelial and epithelial cells. Differentiation of stem
cells is known to be triggered by various growth factors and regulatory
molecules. During differentiation the expression of stem cell specific genes and
markers are often lost and cells acquire gene expression profiles of somatic
30 cells or their precursors. In some cases, “master” genes have been described

which control differentiation versus self-renewal.

Whilst differentiation of stem cells into various cell lineages may be induced with
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Therefore there remains a need for providing effective nethods of inducing
differd®iation of stemcells in vitro into a specific cell lineage, and
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for transplantation or drug screening and drug discovery in vitro and in vivo.
Methods of inducing differentiation of stem cells and differentiated cells
produced therefrom may be used for the study of cellular and molecular biology
20 of tissue development, for the discovery of genes, proteins, such as

differentiation factors that play a role in tissue development and regeneration.

In particular, the induction of stem cells to differentiate into a specific cell
lineage is useful for transplantation and therapeutic purposes, as well as
25 providing potential human disease models in culture (e.g. for testing
pharmaceuticals). The induction of differentiation of stem cells into a specific
cell lineage is especially useful in developing therapeutic methods and products

for tissue specific diseases and conditions.

30 Therefore there remains a need for providing effective methods of inducing
differentiation of stem cells in vitro into a specific cell lineage, and then
preferably providing efficient and reliable methods of recovering differentiated

stem cells of a specific cell lineage.
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SUWARY OF THE I NVENTION I n one aspect of the present invention there is
provi ded womabssds of i nducing differentiation of a stem @elrtAtosbhaia
specific cell lineage, the nethod includgng: 5 culturing a stemcell in
vitro in the presence of a tissue sanple and/or extracellular mediumof a
ti ssue sanple, under conditi SUMMARY OFJTKE INVENHORMt i ati on of the stem
cell into a specific cell lineage, wherein the differentiated stemcell is
the sane cell type as the tissue sanple. 10 Preferably, the tissue sanple
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i nduce are mesenchymal cells. Therefore the tissue cells are preferably derived from

15 embryonic lung mesenchyme.

The stem cells used in the methods of the present invention are preferably
embryonic stem (ES) cells. The tissue cells and/ or the stem cells used in the
methods of the present invention may be tagged. Preferably, the stem cells
20 used express a transgenic marker protein that allows for identification of
differentiated stem cells. The stem cells may be induced to differentiate into
specific cell lineages, preferably selected from the group consisting of
respiratory, prostatic, pancreatic, mammary, renal, intestinal, neural, skeletal,
vascular and hepatic.
25
In another aspect of the present invention there is provided a method of
inducing differentiation of a stem cell into a specific cell lineage, the method
including the steps of:
mixing a first sample of stem cells with a second sample of tissue cells to
30 form a cell mixture;
culturing the cell mixture in vitro, under conditions that induce
differentiation of a stem cell into a specific cell lineage, wherein the

differentiated stem cells are the same cell type as the tissue sample.
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the 15 differentiation of a stem cell into a specific cell lineage; and

recovering differentiated stem cells of a specific cell lineage, wherein the

differentiated stem cells are the same cell type as the tissue sample.

Preferably, the tissue sample is treated to form tissue cells in a substantially

20 single cell suspension prior to culturing with the stem cell. Alternatively, the
tissue cells are prepared as a sheet for wrapping an undifferentiated embryoid
body.

In a preferred aspect of the present invention there is provided a method of
25 producing differentiated stem cells of a specific cell lineage, the method
including:
culturing stem cells in vitro in the presence of tissue cells, under
conditions that induce differentiation of a stem cell into a specific cell lineage;
and
30 recovering differentiated stem cells of a specific cell lineage, wherein the

differentiated stem cells are the same cell type as the tissue sample.
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| i neages, phehfyramey selected fromthe group consisting of respiratory,

prostatic, pancreatic, mammary, renal, intestinal, neural, skeletal,
vascul ar and hepatic. 25 In the nmethods of the present invention, the
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from lung mesenchyme tissue, more preferably embryonic lung mesenchyme.
The stem cells used in the methods of the present invention are preferably
embryonic stem (ES) cells. The tissue cells and/ or the stem cells used in the
methods of the present invention may be tagged. Preferably, the stem cells

20 used express a transgenic marker protein that allows for identification of
differentiated stem cells. The stem cells may be induced to differentiate into
specific cell lineages, preferably selected from the group consisting of
respiratory, prostatic, pancreatic, mammary, renal, intestinal, neural, skeletal,
vascular and hepatic.

25
In the methods of the present invention, the culturing step may preferably
include the addition of a growth factor to enhance stem cell differentiation.
Suitable growth factors may be preferably selected from epidermal growth
factor (EGF), hepatocyte growth factor (HGF) and fibroblast growth factors

30 (FGFs) or steroid hormones (for example, glucocorticoids, vitamin A, thyroid

hormone, androgens and estrogens).

In yet another aspect of the invention, there is provided differentiated stem cells

of a specific cell lineage produced according to the methods as hereinbefore



hor nrone, androgens and estrogens). In yet another aspect of the invention,
there is provided differentiated stemcells of a specific cell |ineage
produced wWomanthiongy to t he nmet hods as herei nbef ore WO 03/ OP8@MI03/00310

PCT/ AUO3/ 00310 6 described. Preferably,gthe differentiated stemcell is a
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i mmunohi stochem stry (brown stain) denonstrates that the ES cell

derivatives are induced to form bronchiolar duct- like structures that are
i munor eactThe pesené nveptieat dithespdeevides nar ieell ( gompositiht dnelidindaf@er 6
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derivatiove exrtiopl asm After twelve days in culture, surfactant C

| mmunoreactivity is restricted to a sub-set of the bronchiolar-Iike duct
popul ation and within these ducts, to the cell surface of the ES cell
derivatives (see red arrows in C and HlBURE$gure 2 Human enbryoni c stem
(hES) cell directed surfactant C (Sp-C) 25 expression. hEScel|l/nouse | ung
aggregates were grown for_6 days in vitro. Cell nuclei are identified by
t he generi cFiguse chr MouaerE$ireliespisBenntissiauaggragates dPoublgdr-gakacteside ar e

e e eSO SOAAE SR Sur AP AL B, By
wi t hi n t he daisestrates Uratathe B tdell richilStivkay arcainduesd t@frm bronchiolar duct-
like structures that are immunoreactive to the respiratory specific marker(A-D).
Note that after 6 days in culture (A and B), surfactant C immunoreactivity can be
observed throughout the entire bronchiolar-like duct throughout the ES cell
20 derivative cytoplasm. After twelve days in culture, surfactant C immunoreactivity
is restricted to a sub-set of the bronchiolar-like duct population and within these

ducts, to the cell surface of the ES cell derivatives (see red arrows in C and D).

Figure 2 Human embryonic stem (hES) cell directed surfactant C (Sp-C)
25 expression. hEScell/mouse lung aggregates were grown for 6 days in vitro. Cell
nuclei are identified by the generic nuclear stain Hoechst 33342 (blue), hES cell
derivatives are identified by green fluorescence, and Sp-C localisation by an
anti- mouse and human Sp-C specific antibody (red). Sp-C localisation is
observed within the mouse tissue and within hES derivatives.
30
Figure 3 shows fifty neurospheres following plating in 35mm dishes. (A) control
media and (B) HGF+containing media (HGF+ media is DMEM containing 3%
charcoal stripped foetal calf serum, 10pg/ml insulin, 1ug/ml cholera toxin,
25ng/ml epidermal growth factor, 10ng/ml hepatocyte growth factor and 25
35 ng/ml FGF7) - note foci. (C) Double Hoechst (blue) and anti-surfactant C (red)



Figure 3 shows fifty neurospheres following plating in 35nmdishes. (A
control nedia and (B) HGF+contai ning nedia (HGF+ nedia is DMVEM cont ai ni ng
3% char cwalo3prsebpped foetal calf serum 10g/m insulin, Pgrmuoshaiera
toxin, 25ng/m epidermal growmh factor,-10ng/ M hepatocyte growh factor
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of a stem cedurospticres speanedi forcel djays mea?gHIEMhe m%ﬁmﬁs iamal edichgof the
culturing a stemcell in vitro in the presence of a tissue sanple and/or
extracel | ul'BAICAIRH groveh facter S4RRICEIRRY-e, under conditions that induce 15
differentiation of the stemcell into a specific cell |ineage, wherein the
differentiated stemcell is the sane cell type as the tissue sanple.
Applicants have found that culturing stemcells in the presence of a tissue
sanpl e 1@ a specific cBDHEHTAILED DEGﬂRié’ﬁ'IGN @F fTdtE INCENT3@MN of producing 20

di ff tiated st I I Ni t f el |l 1] In th
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cel I . TisssugffeRIntiatibn af smbstsmw aéll Vin® gl spetild calls presge@n wherein the

differentiated stem cell is the same cell type as the tissue sample.

Applicants have found that culturing stem cells in the presence of a tissue
sample of a specific cell type provides an effective means of producing

20 differentiated stem cells reminiscent of a specific cell lineage. In the methods of
the present invention the differentiation outcome of a stem cell can be
determined, as the differentiated stem cells are the same cell type (ie preferably
express a similar set of markers) as the tissue sample used in co-culture with
the stem cells.

25
In the methods of the present invention the tissue sample is preferably treated
to form tissue cells in a substantially single cell suspension prior to culturing
with the stem cell. Tissue cells in a substantially single cell suspension
enhance the exposure and contact of secreted products and chemical cues

30 produced by the tissue cells to act on and induce differentiation of a stem cell in
co-culture. The applicants have found that tissue cells in single cell suspension
that are co-cultured with stem cells tend to form heterotypic tissue that comprise
differentiated stem cells aggregated with the tissue cells, wherein the

differentiated stem cells are the same cell type as the tissue cells. Furthermore,



enhance the exposure and contact of secreted products and chem cal cues 30
produced by the tissue cells to act on and induce differentiation of a stem
cell in wo-0slovd608 e. The applicants have found that tissu@Ceauos/0030si ngle
cell suspension that are co-cultured wigh stemcells tend to form
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whi ch the tissseheshmas dgivederi ved. 5 The phrase " induci ng

di ffere%tiation of a stemcell into a specific cell |ineage" as used
herein i's taken to mean causing a stemcell to develop into a specific
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cel | |i neaggichsasisédreiridhiieins) stigh tagoutaot iirﬁﬁetﬁtdigddv\ﬂh ifacterssanestokinags | y
single cell suspension with stemcells to preferably form heterotypijc
tissue (ie that regylai aadeHiggee Hiterentiatighyr dydpay pflbde (Guitrieg tbey &l to

Het er ot ypi ¢ ' ' ' ' temcells aggregated with
the tissue %oer{ﬂﬁgﬂg%’gﬂggh%?%ﬁfgghééf%f%%?é@ﬂﬁei n the differentiated stem
cells are the sane cell type as the tissue cells. Tissue cells that are in

a substantially sjingle cell. susp I on | | ow.for enhanced jnduction of
Stom odil s (A BreteBReheTRPAETY T ghe YR oB: WTBISPROR & 2L si58 48] oo
vitro with {haidd seNeineshbSs athicled helcBlcuitdang fissuseddis! inng2a®stzAtialy ed
herein is taken to refer"to the ancestry o .
single cell suspension with stem cells to preferably form heterotypic tissue (ie
differentiated stem cells aggregated with tissue cells). Heterotypic
recombinations of differentiated stem cells aggregated with the tissue cells are
20 preferably formed, wherein the differentiated stem cells are the same cell type
as the tissue cells. Tissue cells that are in a substantially single cell suspension
allow for enhanced induction of stem cells to differentiate and to form

heterotypic re-association in vitro with the tissue cells.

25 The term “specific cell lineage” as used herein is taken to refer to the ancestry
of a particular cell type, including ancestral cells and all of the subsequent cell
divisions which occurred to produce the specific cell type. Differentiated stem
cells of a specific cell lineage are a group of cells that have the same cell type.
Cells of the same cell type are similar to each other, along with their associated

30 intercellular substances, and perform the same function within a multicellular
organism. Cells of the same cell type preferably express a similar set of
markers. Major tissue cell types include, but are not limited to, epithelial,
endothelial connective, skeletal, muscular, glandular, and nervous tissues. In

the present methods, the stem cells are preferably co-cultured with tissue cells



of a particular cell type, including ancestral cells and all of the
subsequent cell divisions which occurred to produce the specific cell
type. Di fwerosntdcat ed stem cells of a specific cell |ineageTaxt®3moxygooup of
cell's that have the same cell type. Celds of the same cell type are
simlar to each other, along with their associated 30 intercellul ar

subst ances, suaidthad thesterh vells are induesd tondiffetdntiatenintala spedificcall lineageani sm

Cells of th a cell t referably express a simlar set of markers.
NAj or tissu@ai@%et%%cglﬂgp%ﬁ&g SstpEellSe 1imited to epi thelial ,

endot hel i al connective, skeletal, nuscular, glandular, and nervous tissues.
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tissue cells WO 03/078608 PCT/ AU0O3/ 00310 9 such that the stemcells are
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of under goi g@isdiplfifyctent sfehditelld hrasrhatbpodtic stery cbits,setipoterd sterantéiike
group including, but not limted to, enbryonic stem cells,_pluripotent

st em cel | s, MeaERSN IV demccelisepr@l stem calls, Ritaduit steaneells. | She siame gy nal
I'ls, : .
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preferably roma mamal i an ani mal, nost prefer t not
[imtedQo, limitadtsa moubemahuniEme stemcells used in the nethods of the
present invention are preferably enbryonic stem (ES) cells. The stem cell
Is preferably a manmal i an enbryonic stemcell which nmay be derived

directly from afle@BeIOuséd QN tAe CakiHYAR Off thed pRIdRNY VeEntIine BteC réferatly from
somatic nuclear transfer. Wiilst, the stemcell may be derived from other

_rl_rﬁrrrralmlj an a@nhgiosic sﬂ&ay(féfﬁ)e?&ibsﬂ"ﬁ stesr aell ip prﬁfﬂﬁahlymagunauﬁ;rsemww s.
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ext r aeniy y oginBrjidris deom Bélisabl dropiriyoyaticcnsdlean trahsferi WHilstdethehstem tbit 20
are conmerci al | % avai | abl e such as those previ ousl égeg(escri bed (Reubi noff et
al ., 2000)Mmay hesderivedsionydner Reammahan harigalsy €63 | BORaPreeray ai ned

from ES Cel |\, hah i bRR&teR &It Fhe embryonic stem (ES) cell used in the present

method includes an embryonic cell derived from an embryo or a cell derived
from extraembryonic tissue. Suitable embryonic stem cells include those that

20 are commercially available such as those previously described (Reubinoff et al.,
2000) or hES1, hES3, hES4, hESS5, or hES6. These cells may be obtained
from ES Cell International Pte Ltd.

The term "embryo" as used herein is defined as any stage after fertilisation
25 which can be up to 2 weeks post conception in mammals. The embryonic
period for mammals, such as a mouse is approximately 4-6 days. An embryo
develops from repeated division of cells and includes the stages of a blastocyst
stage which comprises an outer trophectoderm and an inner cell mass (ICM).
The embryo may be an in vitro fertilised embryo or it may be an embryo derived
30 by transfer of a somatic cell or cell nucleus into an enucleated oocyte preferably
of human or non-human origin. Extraembryonic tissue includes cells produced

by the embryo that make up the placenta.



The term "enbryo"” as used herein is defined as any stage after
fertilisation 25 which can be up to 2 weeks post conception in mamral s.
The enbr ywoios/o7¢ses i od for manmal s, such as a nouse i s appPeTIATHBE03104- 6
days. An enbryo develops fromrepeated 4@ vision of cells and includes the

stages of a blastocyst stage which conprises an outer trophectodermand an
i nner cel | Bu#ablel@rpryonithstamt(Eyo oedls that may hewsedoirf the meteeds oftihgo or

nucl ens i n BSARC ey dbs bt FaRTla D ESSpeRnnS s e Hafin i1 gi n.
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the placenta. WO 03/078608 PCT/ AU0O3/ 00310 10 Sujtable enbryonic stem (ES)
cel I's that fifferantialiondoprodyre duerssselidinepaeas inyi@ent i nvention may i ncl ude

manmal i ES cells. ES cells are known to have pluripotent properties and
may be induced to undergo controlled differentiation to produce diverse
cel |l lineag€beistenm ttebs rbayhee sudtorezklin shepgrebencailafutieslie cells ttheinduesence

of tissue cells to.indyge ifferentiation.of the stemgells into a

apect T ¢ cetferenieugh of e st cplamio & smoied Uepenclii pRERTS Aot ner
net hyl cel | géiRSmayopé duRlif TEditRel MRS tRIIURIse &ERIMEddidliis hRtetal
hangi ng drops to prevent their adherence to the surface of 10 the culture
di sh, thus grageqety dishesgeranainddraps tedreveridher agherencertoithe sdrfaee (0

known enfyr yol ' : c ' I . | f all
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speci fi c cuknowe asosdibrysidsbodigs BEBE)ISEBs cdomthianskliotani epredentativesgehal at e

pure preparations of specifjc cell |ineages. 15 The stemcells used in the

present et 5@ SRETYBRICAHSTY yers (RAtaferEIEPSRAARM 2o lendodermband yowes
i ehhave ST EYIE MM ATRAY b ITER,ATB KR LA RS RGP pife oo
ES cel | s usprbpaestidns ofispeeificaelldineaggs.e cel | 20 suspension if intended for
cul tur e15vvi th a single cell suspension of tissue sanple.
The stem cells used in the present methods may be derived from an embryonic
cell line, embryonic tissue, or somatic nuclear transfer.  The embryonic stem
cells may be cells which have been cultured and maintained in an
undifferentiated state. The ES cells used may be either as a single cell
20 suspension if intended for culture with a single cell suspension of tissue sample.
Alternatively, the ES cells may be grown as hanging drops in the presence of
LIF such that they may form undifferentiated aggregates if intended for culture
wrapped in a prepared tissue sheet. These aggregates are known as
undifferentiated embryoid bodies.
25
The stem cells suitable for use in the present methods may be derived from a
patient's own tissue. This would enhance compatibility of differentiated tissue
grafts derived from the stem cells with the patient. The stem cells may be
genetically modified prior to use through introduction of genes that may control
30 their state of differentiation prior to, during or after their exposure to the
embryonic cell or extracellular medium from an embryonic cell. They may be
genetically modified through introduction of vectors expressing a selectable

marker under the control of a stem cell specific promoter such as Oct-4.



Alternatively, the ES cells may be grown as hanging drops in the presence
of LIF such that they may formundifferentiated aggregates if intended for
culture woappeshos n a prepared tissue sheet. These aggreg@Caa@smoknown as
undi fferentiated enbryoid bodies. 25 Thg,stemcells suitable for use in the
present nethods may be derived froma patient's own tissue. This would
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fol |l ow |nduc Di ff rentia em cells produced by the nethods of
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Cenetically m)dlfled stemcells that are induced to differentiate to
specific cell |ineages nmay be useful culture nodels and nay 10 provide a
route for dal itheryetrdgesle therarapsnt inventien feenslem gellt fan d?%d@%‘ﬂCQ%J@nt i on
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cel | lineaggeages. Preferably, the stem cell is induced to differentiate into a respiratory

cell lineage.

The term “tissue sample” as used herein is taken to include, but not be limited
20 to, tissue extracts, cell culture medium, biopsy specimens or resected tissue.
The tissue sample, preferably includes tissue cells. A tissue sample, preferably
includes tissue cells, that are a group of cells similar to each other, along with
their associated intercellular substances, which perform the same function
within a multicellular organism. Major tissue cell types include, but are not
25 limited to, epithelial, endothelial connective, skeletal, muscular, glandular, and

nervous tissues.

The tissue sample is preferably derived from a mammalian organism, most
preferably a human subject. More preferably, the tissue sample is, but not
30 limited to, tissue derived from various mammalian organs, such as, respiratory,
reproductive, kidney, brain, heart, muscle and skeletal. The tissue sample
preferably includes tissue cells that are derived from embryonic, foetal or post-
partum tissue. It is preferred that a tissue sample having powerful inductive

properties, such as foetal or post-partum organs are used.



The term "tissue sanple” as used herein is taken to include, but not be
limted 20 to, tissue extracts, cell culture nedium biopsy specinens or
resect ed wogswes6os The ti ssue sanple, preferably includes tcIsumsoedibs. A
tissue sanple, preferably includes tissye cells, that are a group of cells
simlar to each other, along with their associated intercellular

subst ances, which performthe sane function wthin a nulticellular
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non- br anchi #iacheal eritheliuna geimiaplyt fastaldnesenchymespidted eruiherpisswdRyve

I solated fr n%}{ o1 | ot - jHadu nt
protein C p@o@&dédgﬁéyr’]e% enﬂ%&%gfgg%&a&mﬁpﬁ&f¥Weé%§gfwy&% a@%iﬁ%g?\g{t@i n C
non- pr oduci the moresaliysuirfaetand eratein Crproteaihg epspitetbiyutubulsl epitteliuy. 1 diee al
mesenchy i sol ated fromthe .presu ive foetal trachea .can inhibit,.

sur facttne BReE Bistincen iR esh BHORAEAalE R e FESEe fEasherd §PEheiistct ant
protein C pﬁ,@%m@y_respi ratory tubule epithelium In the 15 latter

i nstance, this respiratory epitheliumbegins to resenble tracheal

epi t heli al

It has been unclear, however, whether any mesenchyme can instruct
differentiation of a primative cell line such as an embryonic stem cell, neural

20 stem cell or mesenchymal stem cell line.

Without being limited by theory, it is likely that adult epithelial contain a
pluirpotent population of epithelial cells, which might represent the adult stem
cell population that has the capacity to give rise to an entirely new organotypic
25 phenotype in response to the inductive and instructive signals from the
mesenchyme. However, the idea that the inductive and instructive properties of
the mesenchyme are sufficient to direct differentiation of embryonic stem cells

was previously unknown and was unexpected.

30 The tissue cells suitable for use in the methods of the present invention as
applied to differentiation of lung are preferably derived from lung mesenchyme,
embryonic tissue. The tissue cells may preferably be whole lung tissue sample,
lung epithelium and/or mesenchyme as sheets, or lung mesenchyme and/or

epithelium in single cell suspensions. In the methods of the present invention,



nor phol ogy. It has been uncl ear, however, whether any nesenchyne can
instruct differentiation of a primative cell |ine such as an enbryonic
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being limted by theory, it is likely that adult epithelial contain a

pl ui rpotent popul ation of epithelial cells, which mght represent the adult
stem cell tpemulmngrstenanay]mludeeempqury techryaues ivelving fegialedt PPBEy new

S gnal s Tr ot TRREe SRR (SRAADES Bk shBEE oAbl ihl; HEMR

i nstructi vespgitheiliar 6t ®esehchyrha tiseaesichyne are suffl cient to direct
differentiation of enbryonic stemcells was previously unknown and was

unexpected. 30 The tissue cells suitable for use in the nethods of the
present gl ny Sp f Qngh fiksn&ntdt serRcd |difBgal PRl y
derived fro?nq uﬂ%sﬁese éd e n%ﬂrylon'ijc tissue. ¢ edtq?sgue?gcﬂﬁ may
preferably meferdablyewhermgwe ommeofsatepesd is ak:m@cjiy@tav'elwlmgm{)@nd/tbe pesiodrig hy me

as sheets nesenchyme and/,or itheliumin single ce
uspens! ondOeRtgthton RN aaNoph il i SEROR PR G iR o FB e to
PCT/ AU03/ 00s1fct fissdegoC biffciéntitdiont 6P tHVES rtséu@de Serhegpinisatie miagues
I nvol ving foetal or post- partumtissue sanples (either whole tissue

sources or ¢undusted by ksewing thedissueriyre ap eyelapmesitahrerdsgnthselectages) .

5 1t es r esi s,
oref er a8y UsoRs: Tandraykfithed Mt bedgeds PRERABTRAGNED Al IRLAR MBS

peri od IS ardenmhodti ilefeaiedt e @pgaal stagest fdrahnsimcehgprasﬁraml dideagy be
determined tg select tissue for differentiation of the ES cells. Such

opti m sat i oHTEEBAtBEON dH AN €84 by knowi ng the tissue type and devel opnent al
periods and selecting 10 tissues frompartitioned tine periods.

Pseudogl andul ar and canal i cul ar stage are nost preferred as optinmal stages
for i nstruchlmgalr expidis&ase;ﬂ Ineseasgbymail f fisguentrinay i ba iusedt éon theluce. thior mal

di | .t duce,.th
it fer i stErTBRIoRer e SRR oREY. atfe Praeh SR E Vi E e Gsatiah a5 ye
such as but not limited to tumour tissue, then tumourigenic mesenchymal tissue or

stromal tissue may be used. These may include malignant, premalignant or
benign stroma from diseased patients. Preferably, hormone treatment such as
testosterone and/or estrogen treatment accompanies the induction process to

20 induce the stem cells into these pathological conditions.

The term “extracellular medium” as used herein is taken to mean conditioned
medium produced from growing a tissue cell as hereinbefore described in a
medium for a period of time so that extracellular factors, such as secreted
25 proteins, produced by the tissue cell are present in the conditioned medium. The
medium can include components that encourage the growth of the cells, for
example basal medium such as Dulbecco’'s minimum essential medium, BGJB -
Fitton Jackson modified medium,' Ham's F12, or foetal calf serum. The
extracellular medium may preferably include cellular factors, such as secreted
30 proteins, that are capable of inducing differentiation of a stem cell. Such secreted
proteins will typically bind receptors on a cell surface to trigger intracellular
pathways which can initiate differentiation of the cell. Examples of suitable
extracellular factors include HGF and FGF. The extracellular medium may also

contain polar molecules such as steroids which may pass through the cellular



but not limted to tunmour tissue, then tunourigenic nmesenchymal tissue or
stromal tissue may be used. These may include malignant, premalignant or
beni gn stworma/ofscosn di seased patients. Preferably, hornonepCcmedatosmesiosuch as
test osterone and/ or estrogen treatnent algl]corrpani es the induction process to
20 induce the stemcells into these pathol ogical conditions. The term

"ext racel | uhad/omadtleat nasnirand amelr asociate watkentracelioizarfactoradwhicbrtedgemadi um

d df i L Il . h i nbef d i ped..i di
For a peri oesBBNee it dniif; AliereRHAtPRLPE the ey SXABBER Q0 VbePle: 885
proteins, prpy iR¥IUbE Fetidotdd! §RlcbriRrbRISPESPEIENS! dhd Q%@?@:%.t i oned

medi um The nmedium can include conponents that encourage the gromh of the
cells, for exanple basal medium such as Dul becco's m ni num essenti al

medi um BGIB - Fitton Jackson dified di um - 2., 01 foe | f
serum #e ﬁ%‘?{tt}sﬁ'&gl F?}fsalanﬁéﬁitﬁ% WeY 5 ?eLf'sa?@]l ynk‘?lﬂ%ﬁﬂgli\oggl ?fu{hfr tp?%scet%gr s,
such as sechebRfoRMdy Bkeaiged ! MRrieferablys AnaBtem ddellsrehdrongsslid tellenbedt i on
of a stemcell. Such secreted proteins will typically hind receptors on a

; Ly D ¢
cel | surfac@xRress @itiansgenia maser pietgin thahakows onidenticatian ohdifiesertiated

di fferenti agy o I Itahl f rs
el ude oS RioRls: DU REP il B R BBotr dife ek sty et qoth Bnd (Rehe
mol ecul es sspdtifismatiars nity dusdd tagetpaninetthe pogion dfditferdehtibted stEN02NI678608

PCT/ AUQ3/ 00310. 14 and/ nucl. d | at i th int el | ul
Fact or St @Rve (gl BAUPBEire R Taralare FAiT PEERE SPIORIA FPERGCcol |

Exanpl es of y3idrallignh BR!FokeFRINGC HleBEnEMfhaidRai@td SRitiss vighdttiAcRIhkagk ds.
estrogens and androgens. 5 The tissue c€lls and/or the stemcells used in
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used. confluence and the stem cell is allowed to grow in the presence of extracellular
medium of the tissue cells for a period of time sufficient to induce differentiation
of the stem cell to a specific cell lineage, wherein the differentiated stem cell is
20 the same cell type as the tissue cells. Alternatively the stem cell is allowed to
grow for a period of time sufficient to induce differentiation to an intermediate
precursor state in respect to the fully differentiated tissue cell. Alternatively, the
stem cell may be allowed to grow in culture containing the extracellular medium
of the tissue cell(s), but not in the presence of the tissue cells(s). The tissue
25 cells and stem cells could be separated from each other by a filter or an

acellular matrix such as agar.

Suitable conditions for inducing differentiated stem cells are those which are
preferably non-permissive for stem cell renewal, but do not kill stem cells or
30 drive them to differentiate exclusively into extraembryonic cell lineages. A
gradual withdrawal from optimal conditions for stem cell growth favours
differentiation of the stem cell to specific cell types. Suitable culture conditions
may include the addition of retinoids, glucocorticoids, estrogens, androgens or

growth factors in co-culture which could increase differentiation rate and/or



In the nethods of the present invention the culturing step may involve 15
introducing stemcells to a tissue cell nonol ayer produced by proliferation
of the tweamssesls in culture. Preferably, the tissue celir/ammobayer is
grown to confluence and the stemcell is allowed to grow in the presence
of extracellular nediumof the tissue cells for a period of tine
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stemcells and ti a
form a cell mixture;

are co-cultured unti

culturing the cell mixture in vitro, under conditions that induce
differentiation of a stem cell into a specific cell lineage, wherein the

20 differentiated stem cell is the same cell type as the tissue cells.

Preferably, the tissue cells are in a substantially single cell suspension prior to
mixing with the stem cells. Alternatively, the tissue cells are prepared as a
sheet for wrapping the undifferentiated embryoid body. Preferably, the culturing
25 step includes allowing the cell mixture to grow on a permeable membrane,
wherein the membrane is in contact with a culture medium, such that the stem
cells are induced to differentiate into a specific cell lineage. It is preferred that
the permeable membrane be one that may float on the culture medium and that
the cell mixture be placed at the air interface. Membranes suitable for such a
30 purpose are millipore or nucleopore filters that preferably have a pore size of

less than 0.22um.



substantial portion of the stemcells have differentiated. |In another
aspect of the present invention there is provided a nethod of inducing

di ff erentwatosomeo$ a stemcell into a specific cell |ineager/Atvgomabhod 15
including the steps of: mixing a first sgmle of stemcells with a second
sanple of tissue cells to forma cell mxture; culturing the cell mxture
in vitro, ulmde@nothwmidaspentisot e presknteinvenfiorrtbace éls ipravidedaa smethorbldf into

a specific cell |ineage erein the di ffer e stem i,s the
Same cel | 1 §duging ot ABHC B et L R, B PieiioRl R, mitiofin
subst ant i aI ingluling! € cel | suspension prior to mxing wt h the stem cel | s.

Alternatively, the tissue cells are prepared as a sheet for wapping the
undi f f er ent i at edC\fingoi demoesils ior \é’fr@r'abtw prefanes) (of @ri'?@@@@?@paﬂ @ udes

al | owi ng thgxtpgég"u[gaé ,tno dir aWdeué 8 ﬁw’ﬁ@bluﬂdgfa?? Jnat €hly {:?S are

nmenbrane is 1Th con h a culture rre ium’ suc em ce
i nduced to difféfemrartlbnedfa statmocell infeea specific ekl hheamgmd It |s preferred t hat

t he perneabl e nenbrane be_one t ont Iturerrerumadthat
t he Eell mxturere&@vd'%efe&?ntrageé ?B'X Cﬁ“h%ro}écﬁ? CM& 'alh'@é‘Q@u ght8 ther

such a 30 pd‘iff@Fé‘rﬁra?éc?s@rﬂr teROsR tﬁéé&%@@lpg[%efé fhesissukbhaiispref erably have
a pore size of less than 0.22m WO 03/078608 PCT/ AU03/ 00310 16 In another

aspect of the present invention there is provided a met hod of pr oduci ng
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and/ or 5 egihgrceell suqrerr@dr wrvoto Bultiidsg withathiel stenmlibdity.  ARtarhdtiverys thaat
induce differentiation of a stemcell into a specific cell |ineage; and
recover i ng ifsueceelist arg RIgpatechas @ me%ffoewwns EQ wlﬁenernﬁef@@eem?m@ @in
the differgng B}ated stemcells are the sane cell type as the tissue cells.
10 Preferably,” the tissue sanple is treated to formtissue cells in a
substantially single cell suspension prior to culturing with the stem

cells. f%l ' elsﬂraet d|¥f%re/dtrattec?stem cells may be recovered by FACS if either the stem cell
or the inducing tissue contains a fluorescent marker such as GFP. Alternatively,
if the inducing tissue is grown on the opposing surface of a filter to the stem
cells, then pure populations of differentiated stem cells may be recovered by
mechanical disassociation from the filter.
20
In a preferred aspect of the present invention there is provided a method of
producing differentiated stem cells of a specific cell lineage, the method
including:
culturing stem cells in vitro in the presence of tissue cells, under
25 conditions that induce differentiation of the stem cell into a specific cell lineage;
and
recovering differentiated stem cells of a specific cell lineage, wherein the

differentiated stem cells are the same cell type as the tissue cells.

30 Preferably, the tissue cells are in a substantially single cell suspension prior to
culturing with the stem cells. Alternatively, the tissue cells are prepared as a
sheet for wrapping an undifferentiated embryoid body.



tissue cells are prepared as a sheet for wapping an undifferentiated
enbryoid body. 15 Pure differentiated stemcells may be recovered by FACS
i f eitherwbDha/osteesn cell or the inducing tissue contains &ClAl®sOsIeNnt
marker such as GFP. Alternatively, if tfe inducing tissue is grown on the
opposing surface of a filter to the stem cells, then pure popul ati ons of
di f f er ent i aTkd csitaring steps predgrably inctolesratiowyyg theesteamicelis talgewe oom fitston

fromthe filter. 20 In a ferred aspect_of . ’ t i ' there is
br ovi ded a MEHO0R PSRN fi o e e 7 b0 drEIREER s Y5 8B HRC
cell lineaggppddite s@ddHsurfasd bfltHdpe@hddbis infgmBbiaa1®, Gedrein thevinehranet he
presence of tissue cells, under 25 conditions that induce differentiation

of the steniSc#l Fontachwithsaesiittire mediym, sHeRdhat thengtena sllsraragnduced to
differerti a > el G aC | ERLE k Mhst P
differenti a{ifg%rg;r@% g@h%sggegi?i{:ﬁo;é‘ﬂg@ggﬁgéleqﬁffteb%@ as tsﬁéémfcfeglg{})g %EP?%ITICSO
Pref erabl y, célhdinéages urag e¢hes sy eecovesed ditosh eheifabl pudaoglaf thel pesnesatdasi on
prior to culturing wiith the stemcells. Alternatively he tjssue cells

B o pr epar CEEDENSShddE PEIMERBIS MEMAANEnS: PAIPERY.APUL NORUITERE Body. vo
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allowing the stemcells to growon a first surface of a perneable nmenbrane
and al | owi ngpporing siskeseofdlee membragediiesn an  opposite second surface of the
per rreabJOe menbrane, wherein the nenbrane is in contact with a culture

medi um "Such that the stemcells are induced to 5 differentiate into a
speci fic celn thel Metals dhithé eresdritatwhtiohane stdrheel$ andtreakfcells neetiinot

| i neage may then be recovered fromthe first surface of _the perneable

menbr ane. The ipatineshisel-cell raniae with oneranalBer In suurgor Thenste@dcells and
transfilt ertig@@kan@,mm{eﬁe gr.reg)%%agﬁ f[aZ?)'é?Tg‘SHes nEHone e ! Afovid §ne! aced

on opposi ng sides of rane f
diffusion of soluble transmissible signals across the membrane. Suitable

15 permeable membranes may preferably include transfilter membrane, such as
millipore or nucleopore filters. The use of a transfilter membrane in the cultures
as hereinbefore described provides a convenient and efficient means for
obtaining separated and pure populations of induced differentiated stem cells of
a specific cell lineage.

20
In order to facilitate the isolation of pure differentiated stem cells of a specific
lineage, heterotypic recombinations of differentiated stem cells and inductive
tissue cells as hereinbefore described may be separated by a permeable
membrane, such as a nucleopore or millipore filter. Double staining may also

25 be performed to assess the specific cell type of the differentiated stem cell.

In the methods as hereinbefore described, the tissue cells may be derived from
embryonic, foetal or post-partum tissue. Preferably, the tissue cells are
embryonic mesenchymal cells. More preferably, the tissue cells are derived
30" from lung mesenchyme tissue. The stem cells used in the methods of the
present invention are preferably embryonic stem (ES) cells. The tissue cells
and/ or the stem cells used in the methods of the present invention may be
tagged. Preferably, the stem cells used express a transgenic marker protein

that allows for identification of differentiated stem cells. The stem cells may be



In the nethods of the present invention the stemcells and tissue cells
need not Dbe in direct cell-cell contact wwth one another in culture. The
st em cel | woana7s6b$ ssue cells may be separated by a per nealpica/ammaioozne t hat
allows the diffusion of soluble transm4gsible signals across the nenbrane.
Sui tabl e 15 perneabl e nenbranes may preferably include transfilter
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popul at i onsingdstinatl uekdaidskéletatntasatiad aadempeebl s of a specific cell
lineage. 20 In order to facilitate the isolation of pure differentiated
stemcells of a specific |ineage, heterotypic reconbinations of
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&
respiratory, prostatic, pancreatic, nmamary, renal I ntestinal, neural,
skel etal, vascular and hepatic. 5 In the nethods of the present | nvent i on,

e o gl S0 2P s e st S B e ©
preferably gelgelirfls’ sOREgREsE TR er@ioRWhAy be culturally expanded by introducing
the differentiated stem cells into a suitable mammalian host, such that the cells
are allowed to grow in vivo. For instance, stem cells that have been induced to
differentiate into a respiratory cell lineage may be transferred into a host kidney
20 capsule for in vivo instructed differentiation. For example, the kidney of a severe
combined immunodeficient (SCID) mouse can be exposed by exteriorisation and
a superficial excision made to create a pocket. Within this pocket a tissue/stem
cell aggregate can be placed. Following reinsertion of the kidney containing the
tissue/stem cell aggregate and closure of the skin wound, the tissue/stem cell
25 aggregate can be incubated in vivo. This typically occurs for a period of between
two and four weeks. Exposure to the animal’'s blood supply in such a fashion may
allow for the sustained induction of the aggregate by growth and differentiation
factors at concentrations present in the blood that may approximate
concentrations relevant to the indu‘cing tissue’s natural physiological state. It is
30 presumed that such concentrations may play a relevant role in the directed
induction of the stem cells within the stem cell aggregate. The use of preferably
severe combined immunodeficient (SCID) mice minimise the probability of the
graft being rejected due to immunological tolerance associated with the

engraftment of the foreign stem cell aggregate.



factor (EGF), hepatocyte growh factor (HGF) and fibroblast growh factors
(FGFs) or steroid hornones (for exanple, glucocorticoids, vitamn A,

t hyroi d 1Wwohonnssng, androgens, retinoids and estrogens), @®CTotUwenoHNi tabl e
grow h enhancing factors such as insuli B, Sserum and chol era toxin. For
exanple, to enhance differentiation of stemcells into prostate cell

| i neages, growth factors such as FGF and TGF13 superfam lies may be added
to the cult fferentl t ed st | I s. of f c.C n
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I nduct i of the aggregate by growth and differentiation factors at
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and prior to terminal differentiation of the desired cell type. The intermediately
differentiated stem cells may then be propagated to expand numbers.

20 Intermediate cells may be then terminally differentiated in a culture dish for drug
discovery programs. Alternatively, the intermediately differentiated stem cells
may be transferred to a host (i.e. for example, mouse or human afflicted with a
respiratory disease) in a cellular replacement therapy requiring replacement of
damaged or sub-optimally functioning respiratory tissue in vivo.

25
The present invention also provides a basis for producing specific tissue
structures, such as prostate glandular structures. Prostate glandular structures
surrounded by stroma may be produced with the aim of identifying and
delineating the mechanisms causal to epithelial neoplasia. Additionally, the

30 techniques of the present invention provide a basis for the controlled
differentiation of cells in vitro into other lineage specific cell types (for example,

pancreatic, mammary, renal, intestinal and hepatic lineages).



5 ki dney, pancreatic, mammary, prostate, cardionyocyte, skeletal nuscle
cell, neural cell, intestinal cell, liver cell, vascul ar endothelial cell
or a haenwboporssts c cell. The present invention al so prowcdesso3/00310
differentiated stemcells produced accepding to the nethods of the
invention that may be used for tissue repair, transplantation, cell

t herapy or Geadifférentipled delisThrd teeindetermediates m’aefsbatuaadvéﬁta saurgesior
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and prior toh¢edifferemttiatéd fcefle mroducexh an:botdimag desiheedhatbbdis tofpthe Phasent
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| ntermediately differentiated stemcells may be transferred to a hos
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such as prostate gl andul ar_structures. Prostate gl andul ar structures
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del i neati ngaééqul P%hwﬁh&%?ﬁét hb@s epi thelial neoplasia. Additionally,

the 30 techniques~o resent I nvention provide a basis for the
controlled dlfferentlatlon of cells in vitro into other |ineage specific

col | e S0 SRRy oRREch ST SARRA o' S esh ST R PNt o«
and their iptenfigfn#ebe Gohdttams Abd¥e® FBHIMRad@, a genetic construct may
be inserted to a differentiated cell at any stage of cultivation. The genetically
modified cell may be used after transplantation to carry and express genes in
target organs in the course of gene therapy.
20
The differentiated stem cells produced according to the methods of the present
invention may be preserved or maintained by any methods suitable for storage
of biological material. Effective preservation of differentiated cells is highly
important as it allows for continued storage of the cells for multiple future usage.
25 Traditional slow freezing methods, commonly utilised for the cryo-preservation

of cell lines, may be used to cryo- preserve differentiated cells.

The present invention further provides a cell composition including a
differentiated cell produced by the method of the present invention, and a
30 carrier. The carrier may be any physiologically acceptable carrier that maintains
the cells. It may be PBS or other minimum essential medium known to those
skilled in the field. The cell composition of the present invention can be used for

biological analysis or medical purposes, such as transplantation. In addition, the



I solation or identification of novel gene products including but not
limted to growh factors, differentiation factors or factors controlling
ti ssue regomanascdoON, or they nmay be used for the generat ipomAafo3aesid bodi es
agai nst novel epitopes. 5 The differentipgted cells produced according to
the met hods of the present invention may be clonally expanded. A specific
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of gene therapy. 20 The differentiated stemcells produced according to the
met hods of the present invention ma?xﬂmm{@gerved or nmumi ntained by any
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i nvention further provides a cell conposition includi n(gaa differenti ated

cel | productt5biE t1h), ek er & 13 hdn RES and ransddatredio GAa%atryrenc 4% .
The carrier e | Q). 0Qi ly.acc b L el Ental Ns
the ool | 5. D ], HGBMER! SiicRlon e ERUE L4 SBkBLRtoh Y JERIAGH 00,
skill ed5 n gdlagfd 260 Gilken pelttecamnippipette ¢ip. Dfypsirewps eleeotivated dytwashiogn be
used for bjol (&&i cal_anal ysis or rrﬁ%i@cal urﬁgoses, T:%Céi %s trans'%I %nt ation.
I'n additi onin PNENGCIBES) sentriniag, K6 Ipetss £8'f serum (FCS). Cells and medium

were transferred to a 1.5ml eppendorf tube for centrifugation at 300g for four

minutes. The supernatant was decanted and the cell pellet resuspended in

300ul of BGJB Fitton Jackson modified media (GIBCO) containing 150ug/ml

20 ascorbic acid and supplemented with 5% FCS and 2mM L-glutamine (hereafter

referred to as culture media).

Between 20,000 or 10,000 ZIN40 or green fluorescent protein (GFP) embryonic
stem (ES) cells were then mixed. gently with the 300ul embryonic lung cell
25 suspension. The cell mixture was then centrifuged again for 4 minutes at 300g
and resuspended in 1ul of culture media. This 1ul of concentrated cell
suspension was then transferred onto a millipore filter floating on pre-
equilibrated culture media using a finely drawn glass pipette and incubated at
37°C in 5%CO02. Culture media was changed every 2 days. After the
30 designated culture period, embryonic lung/ ES cell aggregates were peeled
from the millipore filters with forceps and transferred to a 2 ml round bottom
eppendorf tube containing phosphate buffered saline (PBS). Aggregates were

washed in PBS 3 times to remove culture media and fixed for 1 hour at 4°C in



21 cell conposition of the present invention can be used in nethods of
treating diseases or conditions, such as respiratory or prostate disease.
The presew0D oowsnt i on will now be nore fully described w thTraafoenence to
the 5 acconpanying exanples and drawings. It should be understood, however
that the description followng is illustrative only and should not be
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again for 4 rggl)lt es at 300g and resuspended in 1l of culture media. This 1l
of concentr&tEd)cel | suspension was then transferred onto a mllipore
filter floating on pre- equilibrated culture nedia using a finely drawn
gl ass pipette and incubated at 37Cin 5% 2. Culture_nedia was changed
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culture nedia and fixed for 1 hour at 4C in .
eight days following plating in §5mm dishes. In an alternative and separate
treatment, the embryoid bodies or neurospheres were treated with DMEM
supplemented with HGF+ media (DMEM containing 3% charcoal stripped foetal
calf serum, 10ug/ml insulin, 1ug/ml cholera toxin, 25ng/ml epidermal growth
20 factor, 10ng/ml hepatocyte growth factor and 25 ng/ml FGF7). Cells were

stained according to standard procedures.

Results
Aggregates of foetal mouse lung induced immunoreactivity to the respiratory-
25 specific marker SPC of both mouse and human ES cells. Of all mouse ES cell
derivatives cultured as aggregates, 28% demonstrated immunoreactivity to the
SPC-specific antibody. Although only few human ES cell derivatives cultured as
aggregates demonstrated immunoreactivity to the SPC-specific antibody,
culture conditions remain to be optimised and exact numbers undergoing
30 respiratory-specific differentiation remain to be determined. Both mouse and
human SPC immunoreactive ES cell derivatives in aggregates incorporated as
tubule structures reminiscent of functional respiratory tubules. Tubules were
composed either solely of ES cell derivatives or of a mixture of contaminating

endogenous respiratory epithelia and ES cell derivatives. Furthermore, ES cell
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mat i ngs. (Jackson | aboratories) and 10 EGFP positive neurospheres generated
according to Reynol ds and Wi ss hée%992 . After four days of culture, either
50 enbryoi dBeldieeuse 80dnEumaspHe? eselier elltused | alaned asnepbaeih hedigs 35m

cul ture di sfd =R ﬁg: f
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as aggr egal 88 rapbalgyfdBs At Meusawheres plated et sighrdergidntaiea®hbody,
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when compared to controls, instead forming de novo foci within the dish
(Figures 3A,B). Double Hoechst staining (nuclear) and anti-surfactant C
immunocytochemistry (cytoplasmic) demonstrated that many of these foci
contained surfactant C Ab reactive cells (Figures 3C,D). Following culture at

20 high density, RT-PCR demonstrated amplification of o-fetoprotein (an
endoderm-specific marker) and Nkx2.1 (an early marker of lung, thyroid,
pituitary and diencephelon development) transcripts in all culture conditions
(Figure 4). Semi-quantitative PCR demonstrated upregulation of Surfactant A
transcription within neurospheres cultured in the presence of either NGF or

25 HGF+ media. Similarly, upregulation of Surfactant C transcription was observed
in both EBs and neurospheres cultured in the presence of HGF+ medium,
whereas Surfactant D transcription was upregulated by treatment with HGF,
NGF or HGF+ medium. Although o1-antitrypsin and clara cell secretory protein
(CC10) transcripts were detected in all EB culture conditions, they were not

30 detected in neurospheres under the culture conditions tested. These studies
demonstrate that in vitro, NS and ES cells can be induced to express marker

representatives of fully differentiated respiratory lineages.



conposed either solely of ES cell derivatives or of a m xture of

contam nating endogenous respiratory epithelia and ES cell derivatives.
Furt her nowe, 036360l | WO 03/ 078608 PCT/ AU03/ 00310 23 deri \watriA®386%30

| ocal i sation was found to be pol arised 172 t he apical surface, indicative
of normal functional respiratory cell types. Both nouse and human ES cells
cul tured al Theugboehtireydestriptidh emnd daidis dfethenspexifedtiont thedwoid/ aonyerisedf
three germl a ers.?gmesodfern% ect oder m and, _endoder,m gata not shown). .thus
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cells (1Ig gures 3C,D). Following culture at 20 high density, RT-PCR
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(CC10) transcripts were detected in all EB culture conditions, they were
not 30 detected in neurospheres under the culture conditions tested. These
studi es weormsnerate that in vitro, NS and ES cells can becirndwseeioo
express marker representatives of fuII? differentiated respiratory

| i neages. WD 03/078608 PCT/ AU0O3/ 00310 2 Thr oughout the description and
clai ns of t@GLAIM®ecification, the word "conprise" and variations of the
word, such as "conprising” and "conprises”, is not intended to exclude

ot her additives, conponents, integers or steps. 5 The discussion of prior

art docunents, agtrRetHiRVbE @MY Hiferéhtidionsof Acstededeil Nnfohhsspecific cell
specification solely for the purpose of providing a context for the present
i nvention. lineagestheomethpsdstusinGr represented that any or all of these

mtters gformed Pt a st epééglo,% b IRARE Hbsdfteof ATHRNIENAER! lf@pp cdge

in the field relé&van resent 1nventron as It exls ustralia
bef ore t he éittacetiudat eneafiurhhiof appiksuat sample, lan&eématdnditidrise that entiuce as

her ei nbefore_descri bed s, susceptible to variat,ions, .nodifications, and/or
Rt ot THSTeNERUA ¢ AbaBSS SN | Falaiinlp dbeanatiiol B aifeaes, Whsione thod

that the i mﬁgién@iatéd“%\%ﬂééll Blthe SHRfE Yl tyBbiRNBe tRBEE ShARIE.ONS and/ or

addi tions may be made it is to be understood that various other 15
nodi fications and/or additions which fall within the scope of the

descri pti on, as ereinhefore.descri ... REFE Reubi nof.f er a
VE. Fonl v R hBA B eBR iag R e don R I omer 2y BB g ¥ om
human bl ast%@mptimluémg@ﬁ mgdhﬁ;fs@émrmtei|§tdlmipdtém\eitém@e||$\,lataena?t@p@ieh@gtem
18(4):399-404. WO 03/078608 PCT/ AUO3/00310 25 CLAIMS 1. A nethod of
i nduci ng di geller tipetant sierdr cellss MesreenMalnttemacalise oppiat stamicellpi peagdelt the
met hod 1 Nl i e of W §8HdiEI B Slem 'cBiiriér8in' the! BendticaRF Hisuifbd 2
ti ssue sanpl € and/or
stem cell is selected from the group including embryonic stem cells, pluripotent
15 stem cells, haematopoietic stem cells, totipotent stem cells, mesenchymal stem

cells, neural stem cells or adult stem cells.

3. A method according to claim 1 or 2 wherein the stem cell is derived from an
embryonic cell line, embryonic tissue or somatic nuclear transfer.

20
4. A method according to any one of claims 1 to 3 wherein the stem cell is a

human or mouse embryonic stem cell.

5. A method according to claim 4 wherein the stem cell is a human embryonic

25 stemcell.

6. A method according to any one of claims 1 to 5 wherein the tissue sample

and the stem cell express similar markers.

30 7. A method according to any one of claims 1 to 6 wherein the tissue sample

is a single cell suspension.

8. A method according to any one of claims 1 to 7 wherein the tissue sample

is selected during organogenesis of the tissue.



extracel lul ar nmedium of a tissue sanple, under conditions that induce

differentiation of the stemcell into a specific cell lineage, wherein the
di f f er entweatoad7sbem cell is the sane cell type as the tis®ae/Adaspéao 10 2.
A nmet hod according to claim1l wherein tté% stemcell is selected fromthe

group including enbryonic stemcells, pluripotent stemcells,
haenmat opoi €9.i ¢ sAenethodldcsording fopariyeone sf elaince! ite 8 wirareicthertssustsampdel | s,

neural stem cell oy adul st cells or a genetically nodjfied stem cell
wher ei n théséél?@f‘?%a{??s%‘ﬁﬁql?@%rs‘?r ”@E‘Fqlari%ag%Ptg?‘é%g?’PSH{'the gr oup
i ncluding enbryonic stemcells, pluripotent 15 stemcells, haenmatopoietic

stemcells, totipotent stemcells, mesenchynmal stem cells, neural stem
cel s or adif.t shemetbedlascoriingitonanthere atelsinas idgo Bovieraimihe tissue sammlei n

Somat | ¢ ucr g a1 B, Vhe ERART. ol e, Bl PN foiielBle 1"

to 3 wher ei gnddikelfd] ebhaddtivel Sketetal) witsculir, gabddac B hgpoue tikess.cell. 5. A
met hod according to claim4 wherein the stemcell is a human enbryonic 25

stemcell. 6. A nethod according to any one of clains 1 to 5 wherein the

tissue sanpjgp %%éth@?%&?ﬁdﬁ@'t& ﬁ%ﬁﬂe&éim& b TRk tf%%sggeélag?ﬁé@mj

according to ‘any one o rein the tissue sanpl
si ngl e cel lissdesipedSrarn.anBorgAn reetdotet Hooothei griyup onelnging respifatotyaipnestate, o 7

wherein the tissue sanplJe 1is selected during organogenesis of the tissue.
W 03 0F8008PRRHEBREBSY 0 Pong gl ATETHBN " BT Rt (Busels: SRECHRT oF ai m
1 to 8 whergidthhe tissue sanple is selected at a pseudogl andul ar or

canal i cul ar stage of devel opnent. 10. A nmethod according to any one of
claimse 1 to 9 wherein the tissue sanple 5 conprises a tissue cell type

selected fr th i i [, | i i '
skel et al , cu|§f'q‘5t§$§ﬁ8§&§"rﬁ%‘ t@%n gdrn%gﬁsd'%'iln’ssgut?s]f.jlo\&ﬁaeﬂ#\eeg%gg8gg@/r%i ng
to any one igfa @bxinesof mésentBymakamd epithediat lisstiee sanpl e
15
13. A method according to any one of claims 1 to 11 wherein the tissue cells

are mesenchymal cells derived from lung mesenchymal tissue.

14. A method according to any one of claims 1 to 13 wherein the specific cell
20 lineage is selected from the group including respiratory, prostatic, pancreatic,
mammary, renal, intestinal, neural, skeletal, vascular, hepatic, or

haematopoietic or cardiac lineages.

15. A method according to claim 14 wherein the specific cell lineage is a

25 respiratory cell lineage.

16. A method according to claim 15 wherein the tissue sample comprises
foetal mesenchymal tissue or a mixture of foetal mesenchymal and epithelial
tissue.

30
17. A method according to claim 15 or 16 wherein the tissue sample comprises

foetal lung mesenchymal tissue or a mixture of foetal lung mesenchymal and

epithelial respiratory tissue.



is derived froman organ selected fromthe group including respiratory,
prostate, 10 reproductive, kidney, pancreatic, mamrary, brain, heart,
nmuscl e, vao®alozsoor skeletal. 12. A nethod accordi ng to &aJ/Aama/0ex10cl ai s
1 to 11 wherein the tissue sanple is asm xture of nmesenchynmal and
epithelial tissue. 15 13. A nethod according to any one of clains 1 to 11
wherein the tissue cells are nmesenchymal cells derived fromlung.
mesenchymal i ssye, 14. A netho ardi 0 a ' t 3
wherein t he1é5pec'gfm%ﬂl’8glqccoﬁ%n9 ?%%ﬁgé)r\%s&g%%ﬁﬁ iﬁoﬁﬁgﬁﬂgﬁe@ g&%g@? r?%,'%di ng
respi r at or yandothetisalie Sanipies 41Radd-Eulturé® BUBANR, ndtemalrecti cellesdlicoatact.neur al ,
skel etal, vascular, hepatic, or haematopoietic or cardiac |lineages. 15. A
nmet hod according to claim 14 wherein the specific cell lineage is a 25
resprr atsoryﬁ%e' 'A'Hmé}ﬁf%&eactcéé{irﬁﬁrﬁfaﬁﬂdl Sa\ﬁﬁ?rre% e LRnfLal Qh&%s%‘@rs? 14 he

ti ssue sanplé conprises oe mesenchymal t1ssue or a mxture of toetal
mesenchynal arersgparatet ®yizapermeabdaimentadd. A nethod according to claim15
or 16 wherein the tissue sanple conprises foetal |ung nmesenchymal tissue
or a mxture of foetal |ung mesenchynmal and epithelial respiratory tissue.

WO 03/ 0786%.F’CTA%@%90&%&¢§5 t%ﬁ;éairﬁ MetRdeRCHRr sbitkdde ABMBRMeOE £ ai ms

1 to 17 wherein the stemcell the tissue sanples are co-cultured but
are not i n ndillipece oceucleopore fdlent act. 5 19. A nethod according to claim 18
Whereir)l the stemcell and tissue sanple are separated by a perneabl e

menbr ang. 20. A nethod according to claim19 wherein the perneabl e nmenbrane

is a mllipore Qrdiffierehtigear stefri téleof al8p@dific Ateh fdetirieaigat mrepateaimbged | of
a specific stemcell |ineage prepared b¥ a
method according to any one of claims 1 to 20.

22. A differentiated stem cell according to claim 21 selected from the group
15 including a lung, kidney, pancreatic, mammary, prostate, cardiomyocyte, skeletal
muscle cell, neural, intestinal, Iiver,'vascular endothelial cell or a haematopoietic

cell.

23. A differentiated stem cell according to claim 21 or 22 which is a lung cell
20 line.

24. A differentiated stem cell according to claim 21 or 22 which is genetically

modified.

25 25. A cell composition comprising a differentiated stem cell according to any

one of claims 21 to 24.

26. An intermediate differentiated stem cell of a specific stem cell lineage
prepared by a method of inducing differentiation according to any one of claims 1
30 to 20 and wherein said intermediate differentiated stem cell is partially
differentiated from an embryonic inner cell mass stage to a terminally

differentiated stage.



met hod according to any one of clains 1 to 20. 22. A differentiated stem
cell according to claim?2l1 selected fromthe group 15 including a |ung,

ki dney, paioosezedE, nanmary, prostate, cardi onyocyte, skelperalvodmmel e
cell, neural, intestinal, liver, vasculgg endothelial cell or a

haemat opoi etic cell. 23. A differentiated stemcell according to claim21
or 22 whi ci24.s aAnintgrmoedidte differentiated 3tem aetlipEcardingttp aladnt 24 salected ifrom
according tp claim?21 or 22 which is geneticall dified 25 25 cel |
Conposi t i orfﬂ‘éorﬂfﬂ’gi SOMPTENF ef e 7%t rge[yempggférleaﬁgcorﬁwaﬁﬁaa&o ﬁﬁ Blhe of
clainms 21 t@yrdidmydRyte’kbrtR Bt icell dhddrar, entebai diver evagriidr éffdaahsireci fic
stemcell lineage prepared by a nmethod of inducing differentiation

accor di ng teellafa barmatopeiedic#glll 30 to 20 and wherein said internediate
differegtiated stemcell is partially differentiated froman enbryonic
inner céll mass stage to a termnally differentiated stage. WO 03/ 078608
PCT/ AUO3/ 00Z8L0 A8 itérmdédiaiendiffereati atetestdimf ¢edir actording do tatmm 2620 24wauctli ng
to claim?26 s Iel\ct ed Gom the group conprising a lung, kidney, pancreatic,
manmary, prodf 89 cellinga%Pyocyte, skeletal nuscle cell, neural,
intestinal, liver, vascular endothelial cell or a haematopoietic cell. 5
28. An internediate differentiated stemcell according to claim26 or 27
which is d@9.a |Amdinteehedinienditigentiaied siemi eallcageedding éo @ny foneeaftdlaimsd2&t em

cell aggordi tp. an ne,. j 26 10 to 28 which is genetically
nodi fi gg §8%Awﬁ'é"ﬁl'¥8§ﬂ%bc%iﬁl¥ &O?'fgégjrrpri sing an internediate differentiated

stemcell according to any one of clains 26 to 29. 15 31. A nethod of

treating a tissue specific disorder, said nmethod conprising obtaininﬁ a
differenti a3®d A esslcEpMPaBitian prararfisingfan infefpediate diffesentiated, tam ce

according to any one of claims 26 to 29.

15 31. A method of treating a tissue specific disorder, said method comprising
obtaining a differentiated stem cell or a product of a differentiated stem cell
according to any one of claims 21 to 24 and wherein said stem cell corresponds to
a tissue of the tissue specific disorder; and
administering the differentiated stem cell to the corresponding tissue of the

20 tissue specific disorder in a patient in need.

32. A method of treating a tissue specific disorder, said method comprising
obtaining an intermediate differentiated stem cell or a product of an
intermediate differentiated stem cell according to any one of claims 26 to 29, and
25  wherein said stem cell corresponds to a tissue of the tissue specific disorder; and
administering the differentiated stem cell to the corresponding tissue of the

tissue specific disorder in a patient in need.

33. A method according to claim 31 or 32 wherein the tissue specific disorder
30 is selected from the group including cystic fibrosis, emphysema, chronic
bronchitis, congenital lung hypoplasias and viral infections, and the stem cell

lineage is a respiratory cell lineage.



according to any one of clains 21 to 24 and wherein said stem cel
corresponds to a tissue of the tissue specific disorder; and adm nistering
t he di f f ewernsioadcegl stem cell to the correspondi ng tissue @cTiA@®3/o@oti ssue
specific disorder in a patient in need. . A nethod of treating a tissue
specific disorder, said nethod conprising obtaining an internediate

di fferenti aB4€d stemetiedd according odelaim 88 wamereimther resgiratoey delf fieeage isasbed
stem cel | aFcordin to any one of clainms 26 to 29, and 25 wherein said stem
cell corresHBﬂ&?'Wﬂeﬁg?issue of the tissue specific disorder; and

adm nistering the differentiated stemcell to the corresponding tissue of
the tissue specific disorder in a patient in need. 33. A nethod according
to claim31l or 32 wherein the tissue specific disorder 30 is selected from
the group including cystic fibrosis, enphysema, chronic bronchitis,
congenital lung hypoplasias and viral infections, and the stem cel

lineage is a respiratory cell |ineage. WO 03/078608 PCT/ AU0O3/ 00310 29 34.
A met hod according to claim33 wherein the respiratory cell lineage is a

| ung cell Iineage.



