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"master” genasrdAurtibrgrcdles @b enic stem (ES) cells are derived from the embryo

15 and in the mouse, when maintained in vitro in the presence of leukocyte

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 celis
differentiate into representatives of all three embryonic germ Ilayers, 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 mamre cells of various cell lineages.

25  Derivatives of such cell lineages include, respiratory, muscle, neural, skeletal,
biood (hematopoietic), endothelial and epithelial celis. 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-renewatl.

Whilst differentiation of stem cells into various cell lineages may be induced with
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The recovery of differentiated stem cells of a specific cell lineage can be useful
for transplantation or drug screening and drug discovery in vifro 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.




for tissue specific diseases and conditions. 30 Therefore there regﬁ%giéﬁ%
need for providing effective nmethods of inducing differentiation o

cells invitrointo a specific cell lineage, and then preferably providing
efficient and reliable nethods of recovering differentiated stemcells of
a specific cell lineage. 4 S E P 2006 3 SUVMARY OF THE I NVENTION I n one
aspect of the present invention there i g provided a nethod of inducing 5
differentiation of a stemcell into a specific cell |ineage, the nethod
including: culturing a stemcell in vitro in the presence of a tissue

sanpl e and/or extracel | ul ar SHUMARYIORTHESINVENRBORN € said sanpl e sel ected
during organogenesis of the tissue, under conditions that induce

differentiation of the stem cell into a specific cell lineage. 10
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stem cellls used express a transgenic marker protein that allows for
fferentiated stemcells. The stemcells may be induced
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provi ded a ﬁ’é]FLWBQ g?h qhﬂuﬁ?'ﬁg% lls. The tussue cells are preferably detived from

embryonic, foetal or post-partum tissue. Most preferably, the fissue cells are

15 mesenchymat cells. The tissue cells are preferably derived from 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
20  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 induced to differentiate into specific cell lineages,

preferably selected from the group consisting of respiratory, pancreatic, mammary,
renal, intestinal, and hepatic.
25

In another aspect of the present invention there is provided a method of inducing
dlifferentiaﬁon of a stern 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 said
30 cells selected during organogenesis of the fissue to form a cell mixture;

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




differentiation of a stemcell into a specific cell |ineage, the nehggg
I ncluding the steps of: mxing a first sanple of stemcells with a 6@%
sanple of tissue cells said 30 cells selected during organogenesis of the
tissue to forma cell mxture; culturing the cell mxture in vitro, under
conditions that induce differentiation of a stemcell into a specific cel
| i neage;. 4 SEP 2006 4 Preferably, the4issue cells are in a substantially
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i nvention t WBFYAIG brovi ded a method of 25 producing differentiated stem
cell's of a.specifdiufing! slenheaBein Vit imhd Bfbsence of a tissue sample and/or

extraceliular medium of a tissue sample, said sample selected during
15 organogenesis of the tissue, under conditions that induce differentiation of a
stem cell into a specific cell lineage; and
recovering differentiated stem cells of a specific cell lineage.

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

20  single cell suspension prior to cuituring with the stem ceil. 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 vifro in the presence of tissue cells, said cells
selected during organogenesis of the tissue, under conditions that induce
differentiation of a stem cell into a specific cell lineage; and
30 recovering the differentiated stem cefls of a specific cell lineage.




including: culturing stemcells in vitro in the presence of tissue cells,
said cells selected during organogenesis of the tissue, under coRrdj §fiPoriss
that induce differentiation of a stemcell into a specific cell |ineage;
and 30 recovering the differentiated stemcells of a specific cell |ineage.
4 SEP 2006 5 Preferably, the tissue cells are in a substantially single
cell suspension prior to culturing withythe stemcells. Aternatively, the
tissue cells are prepared as a sheet for wapping an undifferentiated
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used in the methods of the present invention are preferably embryonic stem (ES)
celis, 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

20  cells may be induced to differentiate into specific cell lineages, preferably selected
from the group consisting of respiratory, pancreatic, mammary, renal, intestinal,
and hepatic.-

The types of cell lineages will be determined by the fissues that are co-cultured with

25 the stem cells or embryonic stem cells. The tissues and cell lineages are from
tissues that can undergo organogenesis such as, but not limited to, respiratory,
pancreatic, mammary, renal, intestinal or hepatic tissues.

In the methods of the present invention, the culturing step may preferably include
30  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 (FGFs) or steroid hormones (for
example, glucocorticoids, vitamin A, thyroid hormone, androgens and estrogens).

35  In yet another aspect of the invention, there is provided differentiated stem celis of
a specific cell lineage produced according to the methods as hereinbefore




pancreatic, mamary, renal, intestinal or hepatic tissues. In the gﬁ%gﬁi@
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addition of a growth factor to enhance stemcell differentiation. Suitable
growh factors nmay be preferably selected fromepidernmal growth factor
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of the present invention, and a carrier. FI GURES Figure 1 Muse ES
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- stain) and tant C i nmunohi stocheni stry (brown stain) 15 denonstrates
that the ES cel "derivatives are induced to form bronchiol ar duct- |ike

structuri®s that are i mmunoreactive to the respiratory specific marker(A-D)
Note that after 6 days in culture (AFﬁﬁgRﬁb’ surfactant C inmunoreactivity
can be observed throughout the entire bronchiolar-Iike duct throughout the
ES cell derivative cytoplasm After twelve days in culture, surfactant C
i munor eact iRigute 10 NousecESreilfirespitajony tissbe sxgoresatesh Dautde drgalaciosite ke duct

poPul 2t on ol Td HSHE orl g, C FuShbRehBRRS. (DG RS |
(hES) cdld denemistrdtesuthbitieaB$ c€ll (8pvaijves are induced to form bronchiolar duct-
like structures that are immunocreactive 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
derivative cytoplasm. After twelve days in culture, surfactant C immunoreactivity
20 s restricted o 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) celi directed surfactant C (Sp-C}
expression. hEScell/mouse lung aggregates were grown for 6 days in vitro. Cell

25 nuclei are identified by the generic nuclear stain Hoechst 33342 (blue), hS 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 confaining 3%
charcoal stripped foetal calf serum, 10pg/ml insulin, 1pg/mi cholera toxin,
25ng/mi epidermal growth factor, 10ng/mt hepatocyte growth factor and 25
ng/mi FGF7) - note foci. (C) Double Hoechst (blue) and anti-surfactant C (red)




expression. hEScel |/ nmouse |ung aggregates were grown for 6 days in vitro.
Cell 25 nuclei are identified by the generic nuclear stain Hoechst ;3334804
(blue), hES cell derivatives are identified by green fluorescence, and
Sp-C localisation by an anti- npuse and human Sp-C specific anti body
(red). Sp-C. localisation is observed within the nouse tissue and within
hES derivatives. 30 Figure 3 shows fifty neur ospheres following plating in
35mm di shes. (A) control nedia and (B) HG-+containing nmedia (HG-+ nedia is
DVEM cont ai diuatgsgescecinapwshressiratonypiiferentiation. (DhHighspowemth Ogegnificatisul i n,

1g/ m chol er i ; mﬁ | wth factor, 10ng/ M hepatocyte
grow h facttﬁ‘%ﬁ%@g}ﬁgng I@&ﬁ?\ﬁ?}f%ﬁéig%{a@%i. (C) Doubl e Hoechst (bl ue)
and anti-surfactant C (red) 4 SEP 2006 7 fluorescence to reveal
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present invention there is provided a nethod of inducing differentiation
of a stemcell into a specific cell |ineage, the nethod including:
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extracellBul ar nedi um of DETAILEDESSRIPHONADE THETNVENTSONCt ed during 15

or ganogenesi,s of i e er Y h , nduc | fferentiation
of the stemlﬁcog]ﬁ é%bﬁetc{)ogﬁiépgxée:é ic’h\éééq%ggltl}]%%;%eémﬁé%‘# %cﬁﬁﬁ?gh v‘@d‘f%%d t hat
"~ cul turing stdifferesdiatien oha stem ildte acpedific eeltlinssge tsamethed influding peci fic cel |

type provi des an t) : oduyci iffer |.at 0 cells
rem ni scent of acg%jerﬁllaf%\cé?%el ﬁﬁ? ﬁ{’a‘é"gg‘. %e&gﬁ%&egﬁﬁﬁgg s%%@i%%ﬁ%!{g t he
ti ssue is ofexiraeeliulape maditm cah andiesupo sangplaocgeidesiampld t selsctad dhiimg ti e

that thast! ShlhokBndliols hl/iStlie! nded ANiiftichs that o HrtePbhudlio b 6 S+ 1"
t he met hods © e present 1nvéention
cell into a specific cell lineage.

Applicants héve found that cuituring stem cells in the presence of a tissue sample

of a specific cell type provides an effective means of producing differentiated stem
20  cells reminiscent of a specific cell lineage. They have further found that the tissue is

of the type that can undergo organogenesis. it is at this time that the tissue is best

used to induce differentiation of stem cells. 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
25  the tissue sample used in co-culture with the stem cells.

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
30  exposure and contact of secreted products and chemical cues 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
35 same celi type as the tissue cells. Furthermore,




the differentiation outcome of a stemcell can be determ ned, as the
differentiated stemcells are the sane cell type (ie preferably ekdtédloa
simlar set of markers) as 25 the tissue sanple used in co-culture with
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differegtiated stemcells are the 35 sane cell type as the tissue cells.
Furthernore, 4 SEP 2006 WO 03/078608 PCT/ AUD3/00310 8 when tissue cells
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differgnti
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di fferenti atitipasisecetsd | & | (Gl l.ar, anet ers, such as
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regul at e aegn%jéﬁrgg%[)ngqﬁ%ﬁrggﬁ@iéeg;cjs %gél:eﬁl dgggﬂ i nclude culturing the cell to

confl uence an Qi'ty. 15 In a preferred
enbodi nent of the invention differentiation of a stemcell into a specific
cell I,{Qeaﬁ]e I S ?chideved l()jy co-culturing tissue cells in a substantially
a preferred embodiment of the invention differentiation of a stem cell into a
specific cell lineage is achieved by co-cuituring tissue cells in a substantially
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 celis 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 ancéstry
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 celi 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-cuitured with tissue cells




single cell suspension with stemcells to preferably form heterotypic
tissue (ie differentiated stemcells aggregated with tissue cells).SEP 2006
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cells. In the nethods of the present invention a stemcell is"
undi fferentiated prior to 5 culturing and is any cell capabl e of

der goi ng THef dterneneiitiised. inT l ol ;
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including, but not limted to, enbryonic st
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I'ls, | s, st.em,cells. The stemcells are
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limteth t oembrymnis stem ¢elispror fidre sdreaic Albisat $adsich WistehBodsPhef he
present i n%ent bon a[edpreferabl y ) )
ay pe derived from othef mammalian animals, they are most preferably
human embryonic stem cells. The 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 af,,
2000) or hES1, hES3, hES4, hES5, or hESS. 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.




enbryonic stem (ES) cells. The stemcell is preferably a mammali an :
enbryonic stemcell which may be derived directly from an enbryo; 4 ¥dhilgh
culture of 15 enbryonic stemcells, or fromsomatic nuclear transfer.

Whi | st, HROHBMScell nmay be derived from ot her nanmmal i prERUMSI0 t ey
are nost preferably human enbryonic st cells. The enbryonic stem (ES)
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preparations of specific cell lineages.

15
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 speéiﬁc promoter such as Oct-4.




grade petri dishes or hanging drops to prevent their adherence to the
surface of 10 the culture dish, thus inducing the generation of col"dns ks 100k
differentiated cells known as enbryoid bodies (EBs). EBs contain cellular
representatives of all three enbryonic germlayers (ectoderm nesoderm and
endoderm and under specific culture conditions nmay be instructed and
mani pul ated to generate pure preparatibhs of specific cell |ineages. 15

108, O] B ce T HeRtlodi iAo PbERARAIIRLARGS o By Rad Bl KRMGE IBYAR FIDF YoM ©

cell line, enbryonic tissue,~or C nuc ans yoni ¢
stem cel | s Maikepearegartiedthiapigh hagny stegamotauitivatiod Evemariens menbd used an

undi f f er ent iat I u be,either as ,a single_cell 20
suspensi on it? pl%ﬂ@hgggfe{%;tr%ﬁ%%%ﬁ&gl@?rﬁ%%@%Icgﬂ ngﬁqnatgq,r@@éﬁgy 8%881°ft i ssue
sanpl e. A:c t@:li_tfvgtid)melgya?]ﬁgmicﬁﬁﬁadekd, §?ﬁayarhplgg?$@yn mréb%egi pé@tdlh QBFP) N ]E he
resence uch that .the rmundi fferenti ated aggregates i

Pnt ended 5190 2ligys t@: 5303"’\%\?'3;?6 él’f""%/ ﬁ@ 6?'2 Hﬁ?\?ﬁ""ﬁ §§’§§‘%M@$C3P%g ﬁg@é@ egat es
ar e "known assortingdiFiaos) anidqaired Iepais)? 'ti%e%ﬁ%\ﬁﬁ? indiBctid?e DR ENGRL Stepyl Labl e
for use in the present nethods may be derive roma patient’ S own tissue.
This woul d &ShaRFedCadhBY ithe Imethods ofiithe amesantdnentionsmee beygeneticather i ved

1Ty (e ot SRR & o 6ol BB S50 Sy GREA b -0

nmodi fied prior to use throug genes 30
their st at e dffergniaterterapesificoveliplinemges anayl bei uspfar cudite mddels anéXgpure to

the e yo : I r Lum from an enbryonic cell. They
may benﬁgeng%r%g ;o%ﬁﬁée@%ﬁ)h{#%gﬁtﬁ%‘%%‘duction of vectors expressing a
sel ectable nmarker under the control of a stemcell specific pronoter such
as Cct-4. 4 2 11 The stemcells may be genetjcally npdified at any
stage with r'rrgrEtE%rg'ggﬁthﬁft ené)re“'f?&'?IJBY%’t'QPethEa§tgF7e&el! _Iﬂaﬁuéﬂ ipducedly tat age of
cul ti vati ondiffenentiate Hetosa nepeciiie esliefinedge, Riéfefably RBleliddl GHRAM A RGP
undi fferentiated.stem cel] popul ati ons at any st’age of .
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induced o differentiate into a respiratory cell lineage.

The term “tissue sample” as used herein is taken fo include, but not be limited

to, tissue extracts, cell cuiture medium, biopsy specimens or resected tissue.
20  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 interceliuiar substances, which perform the same function

within a multicellular organism. Major tissue cell types include, but are not

limited to, epithelial, endothelial connective, skeletal, muscular, glandular, and
25 nervous tissues.

The tissue sample is preferably derived fram a mammatian organism, most
preferably a human subject. More preferably, the tissue sample is, but not
limited to, tissue derived from various mammalian organs, such as, respiratory,
30  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.




cultivation. Transgenic markers, for exanple, green fluorescent protein
(GFP) 5 allows for isolation of pure stemcell derivatives utilistaEP 2006
fluorescence activated sorting (FACs) at required |lengths of tine
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the mesenchyme are sufficient to direct differentiation of embryonic stem cells

was previously unknown and was unexpected.

The tissue cells suitable for use in the methods of the present invention as
20  applied to differentiation of lung are preferably derived from fung mesenchyme,
embryonic tissue. The tissue cells may preferably be whole lung tissue sample,
lung epithelium andfor mesenchyme as sheets, or lung mesenchyme énd/or
epithelium in single cell suspensions. In the methods of the present invention,




derived from nmesenchymal tissue, which is an enbryonic connective tissue
conposed of cells contained within an extracellular matri x. I\/Esenc'hﬁlﬁﬁp 1006
‘tissue harbors potent inductive signals that act to i nduce nore perm ssive

cell 5 populations to differentiate in a tissue specific manner. It has
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of a primative cell line such as an enb @oni c stemcell, neural stemcell

or nmesenchynak atienngetdp hiapdncldd: \birbbembnbichggldstinveidinh fottheor yosti t i S

likely that adult .epithelial .contain a. pluirpotent popul.ation of .
epi thel i al  cETHE ERIEL FATHP G (ST MeCley istin Soubes (o el Of v, Jaging i on
that has t hespitapiat ot hebendiyval figsaes)t 0 an entirely new organotypic

phenotype in response to the inductive and instructive signals fromthe 15
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tissues). 5 1t is nost preferred that that tissues are sel ected during
organogenesi s, preferably when the organ of interest is actually
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- be used to induce differentiation of the stem cells to a specific cell lineage. It is
most preferred that the fissues are selected from the group including, but not

limited to, respiratory, pancreatic, mammary, renal, intestinal or hepatic tissues.
20

The term “extracellular medium” as used herein is taken to mean conditioned
medium produced from growing a tissﬁe cell as hereinbefore described in a medium
for a period of time so that extracellular factors, such as secreted proteins, produced
25 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 Dutbecco’s minimum essential medium, BGJB - Fitton Jackson modified medium,
Ham's F12, or foetal calf serum. The exiraceilular medium may preferably include
celiuiar factors, such as secreted proteins, that are capable of inducing differeniiation’

30  of a stem cell. Such secreted proteins will typically bind receptors on a cell surface to




10 periods. Pseudogl andul ar and canalicul ar stage are nost preferrﬁg ?ﬁ@
optimal stages for instructing respiratory |lineage differentiati E Qen1
cells. Certain tissue types display organogenesis and undergo this process.
Accordingly, it is within the scope of this invention that any tissue that
under goes organogenesis 15 and can be cultured to induce organogenesis in

the presence of the stemcells can be ugpd to i nduce differentiation of the
stemcells tqQ a specific cell |ineage. nost preferred that the
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in the mét hods, of the present invention t agge t he
stem celPs aﬁﬁ'&fﬁé?s‘ﬂlmp@éwgm@éﬂ“@ﬁﬁ{ess a 10 transgeni c marker protein
that allows for identification of differentiated stemcells. Double

st ai ni ng for"a‘jreporter %ene expressed by stemcells and tissue specific
In the methods of the present invention the culturing step may involve introducing

stem cells to a tissue cell monolayer produced by proliferation of the tissue cells in
culture. Preferably, the tissue cell monolayer is grown to confluence and the stem
20  cellis allowed to grow in the presence of extracellular medium of the tissue cells for
a period of time sufficlent o induce differentiation of the stem cell to a specific cell
lineage, wherein the differentiated stem cell is 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
25  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 fissue cells(s}). The tissue cells and stem cells could be separated

from each cther by a fitter or an acellutar matrix such as agar.

30  Suitable conditions for inducing differentiated stem cells are those which are
preferably non-permissive for stem cell renewal, but do not kil stem cells or drive
them fo 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.

35




markers may be used to determine the portion of differentiated stz Fﬁ@$
relative to the inductive tissue cells in culture. For exanple, gt I al
specific markers such as cytokeratins, nesenchynmal markers such as
vimentin or |lineage specific markers 15 such as surfactant protein C may
be used. In the nethods of the present invention the culturing step may
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Alternatively, the stemcell may be allowed to grow in culture containing
the extracellular nmediumof the tissue cell(s), but not in the presence of
the tissue ahéfsémﬁabiemﬂtmhgmediﬁehd; svoshtlinsluden coabiderationlofl fasosepmhat ed

from each ot her a.,f r .or an_.acel ;' ul r.i
Sui t abl e coﬁ&cte#(f%g lf tﬁ 33?%3%%@"&%%?&3@88 p @@%&rﬁ!ea&g? g%yh%rge whi ch
are prefer ghdwn Iﬂ@@oﬁﬁﬁéﬁcésl Ve fstm esnnes) thenemwéferabtyt didpersed dnidl | stem
cells or dr|ve them%? dlfferentlaﬁ‘e .excl Uﬁ into extreer%#gglc cel l

| i neaged? Athgraitmduceq {9,@ aRaplayel nefiSc o MAREYPHIS BE

growt h favogfcﬁmdlté fc%hﬁurﬁﬂc@t 0 sthaEl@Qne(ﬁﬁﬁmsﬁ&h lastOMEREGH M 16 ARldlunt.ypes. 35
- 4 SEP 200 15 Suitabl e culture conditions gﬁ){lﬁl ncl ude he addi tion of

retinoids, dareoptsterabl dbe sters aevand dissye FTQCPST%”PW c&MHuRt ur e
whi ch coul d ggggﬁﬁﬂ% ﬂldcnfﬁrtﬁé'%feftﬁ LOR hdv@to‘ﬁ‘féi@lql]ﬁéiéd efficiency. For instance,
a

Figures 2 an rate t such growh factors can induce nurine ES
and neural stemcells to undergo 5 respiratory lineage differentiation in

vitro. Qehehy gl stk ‘0t thB%p/eRBA TvBRTo I KNGroVBaCEAbMBEAS On of
inducing differentiation of a stem cell into a specific cell lineage, the method
inciuding the steps of:
mixing a first sample of stem celis with a second sample of tissue cells,
said cells selected during organogenesis of the tissue to form a cell mixture;
20 culturing the cell mixure in wvifro, under conditions that induce

differentiation of a stem cell into a specific cell linsage,.

Preferably, the tissue cells are in a substantially single cell suspension prior to
mixing with the stem cells. Altematively, the tissue cells are prepared as a
25  sheet for wrapping the undifferentiated embryoid body. Preferably, the culturing
step includes aliowing the cell mixture fo grow on a permeable membrane,
wherein the membrane is in contact with 2 culture medium, such that the stem
cells are induced to différentiate into a specific cell lineage. It is preferred that
the permeable membrane be one that may float on the culture medium and that
30 the cell mixture be placed at the air interface. Membranes suitable for such a
purpose are millipore or nucleopore filters that preferably have a pore size of

less than 0.22pum.




as cell density. If the tissue cells are plated, then it is preferable that
they are grown to confluence. The stemcells may then be preferabF%SEPZWB
di spersed and 10 then introduced to a nonol ayer of tissue cells. The

nmonol ayer is preferably grown to confluence in a suitable medium such as
DMVEM or ML6 nedium More preferably, the stemcells and tissue cells are
co-cultured until a substantial portiohof the stemcells have

di fferenti atigdandthet mispagt Bﬁ"thégﬁé‘éént Qhvdrlen PRERENY pir%c?néﬁc ieqofhéltn ‘o%g Is

provided a nethod of _inducing differentiation of a's

speci fic cel Profiuiag gdiffetentiateg: plem delis | efdanepeciiis selbpineage, theimghadfir st
sanpl e of stigh8RkL! S With a second sanple of tissue cells, said cells:
selected during o ?ar_logenesi s of the tissue to forma cell mxture; 20
cul turing the celdultuiing ustemi eellsi inrwitro imther peeatid bbadisthatsaiipisiead/or

di fferentd atj mcell. int.o a specific cell |ineage,. Preferably,

the ti sst’se Cég{?:{ég&&p% ﬁhg%lu@uﬁgt Qn@?%h‘ef g éaifjelqa"%%pﬁ%g’f-‘@ﬁ BrriBg t o

m xi ng Wi t h drgancgemesisedfl the #isual DAdENEINGItiocnE Shat MAUSe GffdranfiRnPiepar ed as
undi fferentiated enbryoi d body. Preferably,

a 25 sheet for appi ng the |

the cul turi mge8y "ﬁﬁ@l%“tﬁ’@&céﬁe“mﬁ?ﬂfi?ﬁé cell mixture to grow on a

per meabl e menbr angsoverig diceritted®l 5 shBci ot a culture
medi um such that the stern ceIﬁTs ﬂ%ﬂﬁg&%gﬁ@%@@ﬁ%ﬁﬁ&a Ntiate into a
specific cell lineage. It is preferred that the perneabl e nenbrane be one

t hat fl Is h LI m xt . | d
bt o 30, ! (ereRRbly Mo el i it PR o B skl SofiE i sl bl por ¢
or Sggclzgggorséﬂgw IcelétSQSmﬂ-'nﬂ'orppé@mﬂoaﬁli&#ﬁhgwﬂthathpgﬁtanﬁéﬂst Q&Itemmw, higen 0. 'ngd
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| i neage, thdodgthod including: culturing stemcells in vitro in the
presence of a tissue sanple and/or 5 extracellular nmediumof a tissue
sanpl e, said sanple selected during

- 15 Pure differentiated stem celis may be recovered by FACS if either the stem cell
or the inducing tissue contains a flticrescent 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 fitter.

20
In a prefeired aspect of the present invention there is provided a method of
producing differentiated stem ‘cells of a specific cell lineage, the method
including:
cuituring stem cells in vitro in the presence of tissue cells, said cells
25 selected during organogenesis of the tissue, under conditions that induce
differentiation of the stem cell into a specific cell lineage; and

recovering differentiated stem cells of a specific cell lineage.

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




drganogenesis of the tissue, under conditions that -induce differentiation

of a stemcell into a specific cell lineage; and recovering di ff‘eerﬁ'Ptiﬂﬁf_t ed
stem cel | speci fic cell lineage. 10 Preferably, the tissue sanple is
treated t‘go%fpﬁﬁ?qossue cells in a substantially single cBCT/ApOs@BsNEi On

' lturi ith the stemcells. qflternatively, the tissue cells
g; laog)r:aga(r:u ;gl ngs\r?eet f or _wrappi ng an1undi fferentiated enmbryoid body. 15
Pure diff e(riﬂ.rﬁef CUWING; Blep, Rreferabiydpciides @H@W&\ge@etﬁlemtﬂ fo @’Dmﬂm atﬁlgf:) stem
|1 t ' ] | | f . ent._marker such as .
O Lo A et 8abie CRPRS A SUMRIITORT o kSl RGeS o
a filter tppesitetseeondeaiurtacet dfcthemermepblalhrinisrape Olvhdidih Qﬁ@'ﬂﬁérﬁb%ét em

| Jrecoyer.ed. by chani cal disassociation fromthe filter.” 20 in
ot ot ort edS b ERIEH R GHEGEnMetvaNEiah HatdAe Stemeels a6 induneshia - of

i R i i £k | i_neage, the.nethod
el i ng: Gul Cormie PSS SERIE Boll Tucaad THREIDIEEC R0, B BF st o
sai d cel I's cefislingagecmay then hg recoueregefresi theofirstheurfdces Ue thd MBheable

it | di ff tiation of the stemcell into a specific
gglnldl |t : gg;g&‘e;gﬁ‘tgréﬂe?ggi(}%r#’%r&‘e‘r{ﬁ n? L’F‘E 3% ds strefarablyl uwf net Speteiif i xcel |

' i | ' single cell
SUSponsi on pr Lor a0 nal tarr pe T TR A R e Hre bR 7 e
tissue cel |C§399ﬁ@9p$'@%9’émea@embrgmélﬁeﬁ or wapping an undifferentiated
enbryoiig body. 4 SEP 2006 WO 03/078608 PCT/ AU03/00310 17 The cul turing
step preferably includes allowing the stemcells to grow on a first

surface of latlp@mmhbdmoﬁmd)pmenﬁimdemlidrpﬂvienﬁeﬁf&t@sﬁﬁ#ﬁss\‘fﬁeérez}istnr%ﬁg{e R on

o o O Rl L oGt Wl e e s cmon ek & ar ¢
i nduced totissue cells may be separated by a permeable membrane that allows the
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
liheage, 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 celis 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




5 differentiate into a specific cell lineage. Differentiated stem.c of
a specific <cell lineage may then be recovered fromthe first surﬁé@@zﬁm

t he perneabl e nenbrane. The perneabl e nenbrane is preferably, but not
limted to a transfilter nenbrane, where inducing tissue cells and stem
cells are placed on opposing sides of the nenbrane filter. 10 In the

nmet hods of the present invention the stl@mcells and tissue cells need not

be in dlrect el l-ce tddk I mcells
and tissue' “ﬁ&bhﬂé%@@%gﬁaﬁg§gﬂ§a§‘@%%ﬁ@ngbﬂﬁengﬁgﬁgﬁ?%h§”§$@oms t he.
di ffusion O@roi@l gbhsistiriga b Tespiidborg, paurastic, anamamry,heenak nibtestipal, Snidt abl e 15
per neabl e nﬁnbranes may preferably include transfilter nmenbrane, such as
mllipore o eopore filters. The use of a transfilter menbrane in the
cultures as herelnbefore descri bed provides a convenient and efficient
means for obtaini separated and pure_ popul ations of induced

di f f er endi atedhet @éwg‘ e presepetniventionsdhe quitidng step ayn peaferablyt o
facilitate S f_p f t C cific
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preferably, .ﬁshﬂnt bér%? aﬁ&'érﬁnl@éQoﬁﬁr lﬁs%xa&pfef 16 BrinaRGe "hEGRATMIBA &f SSue.
The stemcells used in the nethods of the present invention are ﬁgﬁferably

enbryoni ¢ sttam cely inde el lineggest Q@B’ﬂiéf%‘l’fﬁ§ucﬁﬁéll:%': mache pdaed used in
the nmet hods .gf,he present invention may be tagged. Preferably, the stem
cells used express a transgenic marker protein that allows for
identification. of differentiated stemcells. The stemcells may be 4 SEP
2006

15




18 induced to differentiate into specific cell |ineages, preferably

sel ected fromthe group consisting of respiratory, pancreatic, nanhﬁE@lWﬁ
renal, intestinal, and hepatic. 5 In the nethods of the present invention,
the culturing step nmay preferably include the addition of a growth factor
to enhance stemcell differentiation. Suitable gromh factors nmay be :
preferably selected fromepidermal growth factor (EGF), hepatocyte growh
factor (HG) and fibroblast gromh factors (FGs) or steroid hornones (for
exanpl e, glucocorticoids, vitamn A thyroid 10 hornone, and retinoids), or

other suitaly geaMWASy SPRRO6T 1hE ARGHIBASHEHER MEvided SifferdntiaSs StBhAegl chol era
toxin. For exanple, to enhance di fferentiation of stemcells into cell

| i neages, gPbt $racHic elklinaasr pigdwead AeRPrEiRg de dlerl meshadseas hgrainheforels 4 SEP
2006 19 Ing )é?énb%'a()tlhf%??réﬁlgfefﬁe &lffer%ﬂﬁat‘eﬂ‘é? c‘éﬂws tﬂ?ﬁ St h@rt@d g: ided

differentiated stem cel specific ce uce acco?’di ng to
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stemcells duced ac di to the nethods, of t i nvention_that nay be
used for ti Detaache ired oy badia GrelcrapiaiRion, rl GeARYCr gons thergbkpy . 10

The met hods of the present invention also provide a basis for devel oping

cell- based_treatpments for tissue specific disorders, such as respiratory
speci fi 80 diTesraethads Rt mﬁjp@eeww@m 5o prevideahasisden develeping cell-

bronchi ti's, rbé@él%%@a%ﬁbnts' o0 Qi Mgoéﬂhﬁfﬂ AGisBdes! ! Sith rhg'fr@gﬁlg%&gl spificexanpl e,

stemcells e co- cultured wt fissue cells to nstemcells
differenti aﬂlﬁ@fden‘% dneluding qyahfeﬁhwmwm‘efspmaapbmim branchitine egrgenital
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bet ween deriv enbryonrc i nner
cultured with lung tissue ceIEs to obtain stem cells dlﬁerent:ated info an

16 intermediate respiratory cell lineage. Intermediate cefl lineages would represent

“any cell type in a stage between derivation from the embryonic inner cell mass,

and prior to terminal differentiation of the desired cell type. The intermediately

differentiated stem cells may then be propagated to expand numbérs.

intermediate celis may be then terminally differentiated in a culture dish for drug

20  discovery programs. Alternatively, the intermediately differentiated stem celis

may be transferred to a host (i.e. fér example, mouse or human afflicled with a

respiratory disease) in a cellular replacement therapy requiring replacement of
damaged or sub-optimally functioning respiratory tissue in vivo.




and prior to termnal differentiation of the desired cell type. The

internmediately differentiated stemcells may then be propagated .tp ﬁj(ms’]d

nunbers. _Internediate cells nmay be then termnally di fferentlated | n

cul ture dYQPP4788%8dr ug 20 di scovery prograns. Alternati velBCT/AD®/00310

|nterrred| ately differentiated stemcellgy may be transferred to a host _
nouse or human afflicted with a respiratory disease) in

a c:i I LF;r %prr& fietantiated ﬁeﬂ%wdr@quumﬂ@eﬂ@eamm used aarmgec:lrr:lziﬁlr for
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i nt er medi atgsewihefacties udiferartiation facioes foﬁlfactbl%ob@’ﬁtl'cﬂrhg)hsélﬂ'-?Fﬁgéde@éﬁérﬁ)n of
novel gene products. incl ud‘J g_é)ut not limted to growth factors,

di fferenti & NG Ta¥EUSesTof tha gereratinn obpntibedies sgaiost soeelepitopes.,  or
they mayg be used for the generation of antibodi es agai nst novel epitopes. 5
The differentiated cells produced according to the nethods of the present

i nventi on i d@‘ecermaed y:edispﬁm:deded facpeding i © ¢thd f;ﬁémﬁaga@fedqecg;ésémpe can
cuIt| om a e of . other cell types and
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production of sufficient cel for transplantatio erapy,
pr oduct i on P&Pagated.copaeifigudtfer @ﬂtlagede:eﬂ itypEsvibay arestlodasempandsthean be

b according to
convents ondP EL i y8riST, AXpIEHe. Fufly i i Burdstpp ot SHCA RIS o ¢ he
net hods of tmhepianmentthenawefﬁrl tha m&u&%ng@ﬁ‘ﬁff éiéhﬂ RN??erf e dlg&gvergl |

tance, enetic construct may be inserted t ferenti ated at
:3123 stage § tqt‘v‘ratcrl Nén d'ﬁﬁﬁﬁn@@ﬁﬁt pellg (ay neeli uiseebl teekstablish besludiedsaf t er

t ranspl ant ta%}d& genes in target organs in the course
of geﬁe thgtr:%(gsir@(%%g el(rﬁ)é% Iat'ed stemcells produced according to the

met hods of the present

15 The differentiated cells produced according to the methods of the present
invention may be genetically modified. For instance, 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 highty
important as it allows for continued storage of the celis for multiple future usage.

25  Traditional slow freezing methods, commonly utilised for the cryo-preservation
of celi 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
skifled 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 nvention may be preserved or maintai ned by any nethods suitable for
storage of biological material. Effective preservation of differentiS&Pgos
cells is highly inportant as it allows for continued storage of the cells
for multiple future usage. 25 Traditional slow freezing nethods, commonly
utilised for the cryo-preservation of cell |ines, may be used to cryo-
preserve differentiated cells. The pres&ht invention further provides a

cel | commosiddofeh BaLiel 08 v plkLECRSONCA' &l 66 sePTPMERADYS Gt hod o

the present 7 and "a carrier.

physi ol ogi califeasesarmbatitions,auch es rédpkatanﬁdiseasms the cells. It may be PBS
or other m ninmum essential nmedium known to those skilled in the field. The
cell conmposition of the present invention can be used for biol ogical

anal ysi s or T@Pﬁéﬁemﬁmaeﬁ Wi el B mioré TR @s¥cabé®mith ref@ddis kothe t he 4
SEP 2006 21 cell conposition of t he present invention can be us

net hods & t3asQMPEGYINg ¥eayies ahd @Wﬁﬁ dﬁ§h0lﬁ‘é|§ﬁ ugdersigsl. however @'?Eease
The present h@‘ﬁ%’é&h&bﬁ"ﬁ!i{pwmﬁ% @Eaﬁ&f\fé &'W Oulrﬁﬁge%l@h ey wage to

the 5 acconpanying exanples~an raw ng e under st ood,” however
that the dessca m:ﬂtnmmnfmi ﬂ’mwengrahty0f|tmwweaﬁqwsonb§d abeveshoul d not be
taken in any way as a restriction on the generality of the invention
descri bed. above. EXAMPLES 10 ExanplE?%m %gferentiation of Enbryonic stem
cells into Lung Aggregates Between ﬁ foetal nouse |ungs were

col l ectegh on either enbryonic day 11.5 (E11.5), E12.5 or E13 5 in PBS and

transferred to 0.25%trypsin/.. 0.04% EDTAf r nmeghani SSOCI tion into
single cell %@BB%S{‘ fé’)‘/’ entiafiqn.ef Bmbiyonic sfrm gefls é %2 and

pi pette tip.pdiusanl 4 e ﬂ%@éltmd@éeeﬁn ym%wed n [hbt é@ibﬁ,%a)c @apt ai ni ng
10% foetal calf serum Cel ls and nmedi um weretranferrr%ﬂto/aISM

eppendor f t ubbSHBA 1c5énéﬂ2 5&@'&513055: i PBFoard trapsfeped to G
super nat ant Mg gﬁf Aoefarf %&%cfa%bél iRRS SRbler eau%egmsdm By SH¥atioh BGIB

Fitton Jackson np contalnin
16  using a p200 Gilson plpette and pipette tip. Trypsm was deactavated by washing

in DMEM (GIBCO) containing 10% foetal calf serum (FCS). Cells and medium
were transferred to a 1.5mi eppendorf tube for centrifugation at 300g for four
minutes. The supematant was decanted and the cell pellet resuspended in
300p! of BGJB Fitton Jackson modified media (GIBCO) containing 150pg/ml
20  ascorbic acid and supplemented with 5% FCS and 2mM L-glutamine (hereafter

referred fo as culiure 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 1nl of culture media. This 1pl 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%COQ2. Culture media was changed every 2 days. After the
30 desighated 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 limes o remove culture media and fixed for 1 hour at 4°C in




20 ascorbic acid and suppl enented with 5% FCS and 2nM L- gl ut am ne
(gereafter referred topgs cul ture nedi a)..Between 20, 000 or 10, 060G SEPNAG
or green fluorescent protein (G-P) enbryonic stem (ES) cells were then

m xed geNt® §5/47B¢9§ t he 3001 enbryonic lung cell 25 suspengiWXgoshogace! |
m xture was then centrifuged again for m nutes at 300g and resuspended in
11 of culture nmedia. This 1l of concenttated cell suspension was then

t r ansf er r ed%erRasatprmeldshyde cor ial rasking stagén@ggregmg&? vfgg]aitthégr?%iﬁaggwr e
' ' ' | pette and incubated a . :
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period, enbryonic lung/ ES cell aggregates were peeled fromthe mllipore

filt i T Diffase 1 _gppendorf tube
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; 2 . 4% f ehyde on a rocking stage.
Ragy ogat s HEECUROIC O L GEdl A WA femeks 01 Prisston oo setraa | ve
and processtsnf(OIS)callll thafera iRl Snd nfsHR). &7k a0PEL géelfé‘%hé‘téé’é‘ gﬁ%r{eﬂfgr a

stemcells into a Respiratory Lineage 5 Neurospheres rived 7" Cl
from gr een CHIl¢iGe sSeRfeivetipi desaitRy (Muasigenii al.f RO0D). Hube/der aidie Wer e
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i GSEP 2860k, nEoluspherete genecfBs® \Ricelifd 48 Rdondld Waiggouse
graN'ltjlnﬁlgg) ?Sg?%n Iag{)gr gtorisgs)réf]g 28 EG-P posiitdl ve ﬁeﬁ? os%%ﬂr%es S‘esnerat ed

[ [ i t her
accordin nol ds and Weiss (1992). After four days of culture, eit
50 enbrygi d bodiyes or 50 neurospheres were collected and placed in a 35nm
culture dish in OMEM Either HG- or NGF was 15 added at a final
concent r at A#Rr dourdavg/ ofl cudivde, 16ithey/ 581 etbridie tetim cebd hiclesspleadd ey s

fol I owi ng Bl)i?éét&g aha p?e?c% %i g gfsh'm lcg‘ltl?rg oﬁ!@i& ?nr B%}Eiﬁ\/l/,eE%?gr fi%%acgraizl(e}?f was

15 added at a final concentration of 20ng/mi and 100ng/ml to the stem cells for

eight days following plating in 35mm 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/mi cholera toxin, 25ng/mi epidermal growth

20  factor, 10ng/mi 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 cefls. 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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after 8 days (data not shown). Neurospheres cultured in HGE+ media
15 demonstrated a relatively reduced propensity to plate down as a monolayer
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). Foliowing 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 a1-antitrypsin and clara cell secretory protein
(CC10) transcripts were detectéd 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.
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to the present invention as it existed in Australia before the fi-l§ Sip theg e
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made it is to be understood that variou$ other 15.nodifications and/or
addi ti ons wteMMBal | within the scope of the description as hereinbefore
descri bed. REFERENCES 20 Reubi noff BE, Pera M-, Fong CY, Trounson A,
Bongso A. (2000) Enbryonic stemcell lines from human bl astocysts: somatic

di f ferenti atlion Anmettiodoof Malucingi differatistion 3864teRORI4RD apEific2R@6 25

CLAIMS 1. A neth of i nducj differentiation of a stemcell into a
speci fi ¢ ceI{’Peag?'gg%ﬂ]?}hqﬁgcha%ﬁbd including: 5 culturing a stemcell in

vitro insthe preggfingod stem lcel 4 HRAIPING HBEEMRE of X iEResid

r?b,grarm?&i um of a
ti ssue sanple, said sanple selected durin organogenesi's of' the t1ssue,
under condi exbaceliulas mediim e ofii @ f Beauer isatipln séidt kamplet eelectdd during a

i fi | | . i ; | af.m 1.k in th t
ol 15 sl OrypEeasss ofthe te el BhAGHGARGINS i AfheE ErdishutiiLst fhe' " SO
pl uri pot ent staregekislto 8 sphcificnclblireagel c stem cells, totipotent stemcells,

mesenchymal stemcells, neural stemcells, or adult .stern cells or a
genetically nodified stemcell wherein the genetically nodified stemcell

i's sel et0ed2f r omAtrhethgd meporiding todilaigh £WhEKkMiHe G600l A ddecttll WohP@ent 15
stemcel |l s, haenat 08.0| etic stemcells, totipotent stemcells, nmesenchymal

stem cel | s SGHR/PGH @&W%‘?’P*@ sigm cglfsy pludnatent stam celisghaematapaiatissterc or di ng
to claiml eells; tufpotaitBtdrh efid, afibsatichymal stef &8, AdLRAN 8 cells, or adult

.stem cells or a genetically modified stem cell wherein the genetibaﬂy modified
stem cell is selected from the group including embryonic stem cells, pluripotent

15 stem cells, haematopoietic stem cells, tofipotent 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. Amethod according to any one of claims 1 to 3 whereln the stem celf is an
embryonic stem cell, -

5. A method according to claim 1 to 4 wherein the stem cell is a human or
. 25 mouse embryonic stem cell.

153 A method according to claim § wherein the stem cellis 2 human e ibryonic
stem cell.
30 7. A method according to any one of claims 1 to 6 wherein the tissue sample

and the stem cell express similar markers.

8. A method according fo any one of claims 1 to 7 wherein the tissue sample
is a single cell suspension.




enbryonic cell fine, enbryonic tissue or somatic nuclear transfer. 20 4. A
met hod according to any one of clains | to 3 wherein the stern cell SEE 7808

enbryonic stemcell. 5. A nethod according to claiml1l to 4 wherein the
stemcell is a human or 25 nouse enbryonic stemcell. 6. A method
according to claim5 wherein the stemcell is a human enbryonic stemcell.

30 7. A nethod according to any one of ghainms 1 to 6 wherein the tissue
sanple and the stemcell express simlar markers. 8. A nethod according to
any one of clainms | to 7 wherein the tissue sanple is a single cel
suspension. 4 SEP 2006 26 9. A nethod according to any one of clains 1 to
8 wherein the tissue sanple 5 is selected at a pseudogl andul ar or
canal i cul ar stage of devel opnment during organogenesis. 10. A nethod

accordi ng togany i 9 rein,the tissue s | e conprises
a tissue cell" tyﬁg?@eetﬁé%%%@&%}ﬂ %@eorber%[mﬁéItﬂgi‘ﬂber%’ﬂﬁbﬁgg?% s:ampi%

endot hel il sosaiecbd vat, a sjseh@ﬁg?éndumﬂiﬁ%aﬁéliaﬁﬁraﬁdﬁé F , deVelophien® doyikdg SSUeS.
11. A'method according to any one of clains 1 to 10 wherein the tissSue

sanpl'e is d®PRIBEENSSEGm an organ sel ected fromthe group including
respiratory, reproductive, kidney, pancreatic, mammary, brain, heart,
muscl e, hepatic, 15 intestinal or renal. 12. A nethod according to any one

of claims | 1& 11Amrihed acconding tasanyeonsaefiplaims i1do § whereinrtbe tissuessammidly nal
and epitheli ESSUG. 520, t [ _ l aim wherein the
tissue sarrplgé%%ﬂgr%rgi geg %%?gﬁyﬁ%seﬁ%ﬁé}?ngﬁ%ﬁfitggu@ggﬁ @C{Qdf?t%uggﬁ})eﬁiapoet al
nmesenchytfal enbteglial turinestive, skalatab mubdular\ glanttlar] onoevods tigsues. any one of
claims | to 13 wherein the tissue cells '

11. A method according to any one of claims 1 to 10 wherein the tissue sample

is derived from an organ selected from the group including respiratory,

reproductive, kidney, pancreatic, mammary, brain, heart, muscie, hepatic,

15  intestinal or renal.

12, Amethod according to any one of claims 1 fo 11 wherein the tissue sample
is a mixture of mesenchymal and epithelial tissue.

ZQ 13. A method according to claim 12 wherein the tissue sample comprises
foetal mesenchymal tissue or a mixure of fostal mesenchymal and epithetial
tissue. ' '

14. A method according to any one of claims 1 to 13 wherein the tissue cells
25  are mesenchymal celis.

16, A method according to any one of claims 1 to 14 whercin the specific cell

lineage is selected from the group including respiratory, , pancreatic, mammary,

renal, intestinal, , hepatic, or lineages. [What cell lineage does brain, heart,
30 muscle and reproductive belong?]

16. A method according to claim 15 wherein the specific cell lineage is a
respiratory cell lineage.,




25 are nmesenchymal cells. 15. A nethod according to any one of clains 1 to
14 wherein the specific cell lineage is selected fromthe group +AQEadIlhg
respiratory, , pancreatic, mammary, renal, intestinal, , hepatic, or

| i neages. What cell |ineage does brain, heart, 30 nuscle and reproductive
bel ong?] 16. A method according to claim15 wherein the specific cell
lineage is a respiratory cell |ineage. # SEP 2006 27 17. A net hod
according to any one of clainms 13 to 162vvherei n the tissue sanple
conprises foetal |ung nmesenchymal tissue-or a mxture of foetal lung 5
mesenchymal and epithelial tissue. 18. A nethod according to any one of
claims | to 17 wherein the stemcells and the tissue sanpl es are

co-cul tured Yut & eatbed ancadingdd anyl dne ef Iclaimetiacto. 16 Whebin artitdipd
according t i wWhetein the stemcell and tissue sanple are

separ at-ed b% aﬁ@%?ﬁ@%ﬂ&% ﬁﬁ?ﬁﬂr’%.’nefﬁmwnh%ttﬁé‘de £€ Sty efdoetahitnao
wher ei n Bhe mesenhbiral amhbpitRfalitisge. 15 mllipore or nucleopore filter. 21.
A differentiated stemcell of a specific stemcell lineage prepared by a
nmet hod according to any one of clains | to 20. 20 22. A differentiated stem
cell according to claim 21 selected fromthe group including a |ung,

ki dney, pancreatic, manmary, cardionyocyte, , intestinal, hepatic, brain,
nuscl e or rdfr oddcmethodcatcordimgio #mydorid ef elatmsat dd 13twtmareialthe atpoedisng t o

claim 2l or 22 ke j I - ell lineage. 24 A differentiated
stem cel | accordi Hgéqéoééﬁr@%\% cg%'&gcwa%ﬁﬁﬁﬂe e} ’@g’r%ilc%‘ﬁ'c‘?!gcoﬁ etically
modi fi ed0 30 25. A cell conposition conprising a differentiated stem cell
di t ] f cl ai 21 .t 4
according tqgany a Qg actofinPtoain 14 wherein the siem cell and fissue sample
are separated by a permeable membrane.

- 20.- A method according to claim 19 wherein the permeable membrane is a
15 millipore or nucleopore filter. '

21, A differentiated stem cell of a specific stem cell lineage prepared by a
method according to any one of claims 1 to 20. '

20 22, A differentiated stem cell according to claim 21 selected from the group
| including & lung, kidney, pancreatic, mammmarty, cardiomyocyts, | intestinal,
hepatic, brain, muscle or reproductive cell. '

23.  Adifferentiated stem cell according to claim 21 or 22 which is from a lung
25  cell lineage.

24. A difierentiated stem cell according to any one of claims 21 i 23 which is
genetically modified. '

30 25, A pe!i compesition 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




26. An internediate differentiated stemcell of a specific stemcel|l

| i neage prepared by a nethod of inducing differentiation accordi ﬁé gEcE %W@y
one of clains | 4 SEP 2006 28 to 20 and wherein said internedi ate
differentiated stemcell is partially differentiated froman enbryonic
inner cell mass stage to a termnally differentiated stage. 5 27. An
internediate differentiated stemcell aggording to claim26 selected from

t he group conpr,,Sing a Iun ki dn ancr e manmary, cardi onyocyte,

i ntestinal, ﬁp@t % ﬁi‘!gcir‘ggf@'ﬁg r%%ﬂ@'@tia\?@ c%?’lﬂ cebgis partially

i nt er nedi at edifbfehgatat 'fr@nh'?cbrﬁtQﬁBrX@rlnb ﬁﬁEPr HIDfhs® a8V O Oferrfihaff! ch - 10
|sfromalung cel | Ilneage I nternedi ate di rentiated stem cell
accordi ng t odiffpgeréatedstaget ains 26 to 28 which is genetically nodified. 15
30. A cell conposition conprising an intermediate differentiated stem cell

according to any one of clains 26 to 29. 31. A nethod of treating.a tissue

speci fi ¢ Hi sﬁ? derAn dermhediatddiffercatizted sienpcelictaidingng claim 26 kelketedifthed stem
cell or a pr éwof a di.f.ferentiate 41 stem cel 20 accordl g}ntéo any one of
4

claims 21 to B GABPETING & Undyi H9NeY e RENSTRRLS Shammaty, ca Wonds to a

ti ssue of t hiptdstisalyReritieChrhing ms&le bf RiprodiRtivedgdli i stering the
differentiated stemcell to the correspondl ng tissue of the tissue

specific disorder in a patient in need. 25 32. A nethod of treating a

tissue speciggc mﬁ@ﬁ&ﬁfw.ai@uﬁlfep@uct SREHTREH 3bAfding Blalth 28 27! gy Ted! ate

differentiated stemcell or a I ntermedra renti at ed
stem cc-1¢ a’é(fmﬁﬁwgt@uéiﬁ%%e of claims 26 to 29, and wherein said stem
cell corresponds to a tissue of the tissue specific disorder; and

adm nistering the differentiated stemcell to the correspondl ng tissue of
the 30 tisse® sprintermediaiediffercntiated stram icelhbcdonding ealanyBBne Af dlalnioD6

accordi ng tot Q[W%a%eg}eﬁgaiwwe& the differentiated stemcell is froma

respl ratory ce

15 30. A cell composition comprising an intermediate difierentiated stem cell
according to any one of claims 26 to 28.

31. A method of treating a tissue specific disorder, said method comprising
obtaining a differentiated stem cell ora product of a differentiated stem cell
20  according to any one of claims 21 to 24 and wherein said differentiated stem cell
correspoms to 2 tissue of the tigsue spacific disorder; and
administering the differentiated stem cell to the corresponding ttssue of the
tissue specific disorder in a patient in need.

25 32, Amethed of treating a tissue specific disarder, said method comprising
| obtaining an intermediate differentiated stem ceff or a product of an
intermediate differcntiated stem celt according to any one of claims 26 to 29, and
wherein said stem cell corresponds to a tissue of the tissue specific disorder; and
administering the differentiated stem cell fo the corresponding tissue of the
30  tissue specific disorder in a patient in need.

- 33. A method according fo claim 31 or 32 wherein the differentiated stem cell is
from a respiratory cell lineage.




4 SEP 2006 29 34. A nethod according to claim33 wherein the respirator
cell lineage is a lung cell lineage. 35. A nethod according to any46532&m
~clainms 31 to 34 wherein the tissue 5 specific disorder is selected from
the group including cystic fibrosis, enphysema, chronic bronchitis,
congenital lung hypopiasias and viral infections. 10 15 20.

29
34. A method according to claim 33 wherein the respiratory cefl Iineage Is a
fung cell fineage.

35. A method according to any one of claims 31 to 34 wherein the tissue
5  specific disorder is selected from the group including cystic fibrosis, emphysema,
chronic bronchitis, congenital lung hypoplasias and viral infections.

10
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20




