WO 03/ 040355 PCT/ AU02/ 01534 1 CHARACTERI ZATI ON AND | SCLATI ON OF SUBSETS OF
HUMAN EMBRYONI C STEM CELLS (HES) AND CELLS ASSOCI ATED OR DERI VED
THEREFROWVD 0Bjoa03pF esent i nvention relates to net hods of i Palrationgis34

sub- popul ati ons of viable Human Enbryonic Stem Cells (HES) in particular
to di stinguish between pluripotent and differentiated cells in a HES

opul ati ons of EHARRLTERCATONERE ROCATIGATE SURSETE QAN Y o)

thesare——¢ i at ed
form The i rERBRYONK STEVOEMES (HES)IAND CELLS KESOCUATEDCOR DERIVED from

the pluripotent or differentiated cell populations as well as progeny
derived therefrom BACKGROUND Humarﬂ'_ﬂﬁﬁm stem (HES) cells are

cultured cell lines derived fromthe 15 inner cell mass of the human

bl ast ocyst (Pera et al., 2000). HES cells nay be serially cultivated

i ndef i ni el yrHenpidsenp iivention eclatdy fooniethadsabkisetitingt sutepapulationd be viakdésy
property of the cells fraom which_they re.derived: this, bein

pl uri pot ent iFUMaYy BMbryeNigpPiane yCels c(i"*\g%r é’htﬁ’%{%/'%ﬂﬁﬁtte qu?'nQH'gth?Me?ﬁ t he
adul t body. f BidBRICR|I S UARS 19E8T YORIStISH HRL W |Frotdide cell
potentially pé%@@?ﬁﬁ[ ‘é@g @Zf%h%@ ogy pf attform forﬁgrg%ealtrch I nto pﬁur_ran_ﬁeal th
and di sease poputhtionsaontaising seledtastidlyrpuragopptalions oippe sauei eallsiin either
field of regenerative nedicine. .ln.order, tao fulfil the potential. of S
cells inr e%e&ﬁ’d"ﬂ?o_é‘ﬁﬁ ‘Prhalféﬁ?/”ﬁ'qt‘?d ifeMes] Pad¥etion g 9@?'2’5"{3 ed'ﬁhﬁ?\tscgg

cul tur eqHES gl dation8 derRBESrdrR e Q[L‘Jri?o{é‘ﬁ%? dFfeRbRtiatad Gell @opakiiahs apurell
popul ations of specific types of differentiated or pluripotent cells 25
fromthem las pageny desved tharasom. el ds of gastroent erol ogy, diabetes, and
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precursors which give rise to gut, liver, pancreas and lung, would be a
very significant advance. 30 Sever BAGKGRQUNDt 0 obtain pure popul ations
of ES cells have not resulted in suitably honogeneous popul ations with the
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not been ideal for satisfying the Trequirenents for research and therapy.
Fur't her fbr e,inmn@elbmgsaqfitbaglumarbblpsg)cyst (Pera et al., 2000). HES cells may be

serially cultivated indefinitely in the primitive embryonic state whilst retaining the

key property of the cells from which they were derived: this being
pluripotentiality or the ability to differentiate into all the cells of the adult body.
These two features make human embryonic stem cells a potentially powerful
20 technology platform for research into human health and disease, and a source
of cells for therapeutic application in the field of regenerative medicine. In order
to fulfil the potential of HES cells in research and therapy, it is desirable to
develop the means to culture HES cells in a pure form on a large scale, and to
obtain pure populations of specific types of differentiated or pluripotent cells
25 from them. In particular in the fields of gastroenterology, diabetes, and
respiratory medicine, the ability to isolate and cultivate the endodermal
precursors which give rise to gut, liver, pancreas and lung, would be a very

significant advance.

30 Several attempts to obtain pure populations of ES cells have not resulted in
suitably homogeneous populations with the result that insufficient cell numbers
retained in a pluripotent state have not been ideal for satisfying the

requirements for research and therapy. Furthermore, pure populations of cells
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20 The range of markers available to identify HES cells is large and may include
determining the presence of any of the following cell markers for a positive
identification. Suitable markers for distinguishing ES cells include SSEA-3,
SSEA-4, GCTM-2, GDF-3, Cripto (Cr-1 and CR-1) or GDF-3, and genesis.
However, none are absolutely specific markers for pluripotent, differentiated or

25 undifferentiated cells. Oct4 expression is thought to be mainly restricted to

pluripotent cells. The use of this marker alone would not be definitive.

Present approaches for the maintenance and proliferation of ES cell populations
have limitations. Human ES cells can uhdergo spontaneous differentiation in
30 vitro necessitating constant removal of such cells for maintenance of pluripotent
colonies. Inadequate numbers of ES cells are also a problem for development
of their therapeutic potential. These limitations contribute to difficulties in

propagating homogeneous HES cells. It is clear that human ES cells are
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15 SUMMARY OF THE INVENTION
In a first aspect of the present invention, there is provided a method of

identifying a viable sub-population of HES cells, said method comprising:
obtaining a source of HES cells; and
identifying the sub-population of HES cells that are at least GCTM-2
20 positive.

Applicants have identified the existence of a sub-population of HES cells which
are positive for specific HES and preferably express at least one other surface
antigen of ES cells including but not limited to TG-30 or CD9. The method
25 described allows for identification of particular cell types within a population of
cells having a unique characteristic. These cell types are identified by
expression of particular GCTM-2 antigens but lacks expression of other

antigens found in a general population of HES cells.

30 The invention also provides for a sub-population of cells that are substantially
homogenous and viable and have the capacity to sub-culture and maintain a

high degree of pluripotentiality.
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sub- popul ati ons of HES cells as being
In a preferred aspect of the present invention there is provided a method of
15  isolating a viable sub-population of HES cells, said method comprising:
obtaining a source of HES cells;
exposing the cells to marker of GCTM-2;
reacting the cells to the marker to bind the sub-population of cells to the
marker;
20 separating the sub-population of cells which are bound or unbound to the

marker.

The separated cell population has the capacity to continue to grow in culture
and maintain a high degree of pluripotenitally.

25
The marker for GCTM-2 may be an antibody to GCTM-2. Preferably, the
marker is a monoclonal antibody to GCTM-2 or a reagent which detects

proteoglycans bound to GCTM-2.

30 In another aspect of the present invention, there is provided an isolated and
viable sub-population of HES cells wherein said sub-population is positive for
GCTM-2. More preferably, the sub-population is positive for GCTM-2 and Oct-
4.



differentiated or undifferentiated. 5 Preferably, the undifferentiated

sub- popul ation of cells is distinguished by being positive for GCTM 2.
Mor e pr efwpabloy3ss he undifferentiated sub-popul ati on of @®€rlaR®1IPBosSItive
for Cct-4, and GCTM 2. In another aspect of the present invention, there is
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Preferably the cells are positive for GCTM2 and nore preferably, they are
positive for GCTM2 and Cct4. In yet another aspect of the present
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reacting the cells to the marker to bind the sub-population or cells to the
the marker,
15 separating sub-populations of HES cells which are bound or unbound to
the marker; and

sub-culturing the bound cells.

The invention further provides for a sub-cultured sub-population of HES cells.
20 Preferably the cells are positive for GCTM-2 and more preferably, they are
positive for GCTM-2 and Oct4.

In yet another aspect of the present invention, there is provided a method of
transplantation, said method comprising:
25 obtaining a culture of a substantially pure HES sub-population; and
optionally transplanting the sub-population of cells into a patient; or
optionally, subculturing the sub-population prior to transplanting the cells

into a patient.

30 In another aspect of the present invention there is provided a subpopulation of
HES cells which are morphologically distinct from HES cells and having stem
cell-like (SCL) characteristics, said cells having the ability to develop into

various cell types.



5 Preferably, the differentiated epithelial stemcell is an endoderm
progenitor capable of differentiating in germlayer cells. Mre
preferablwp whessel | s may differentiate into gut, |iver, ppandrneass3er | ung.
FIGURES 10 Figure 1 shows phase contrast and epifluorescent m crographs of
HES cells. (A). Phase contrast m crogrdh of a group of HES cells. (B).
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15 secondary antibody. (D). The same field as A showing fluorescent staining of
the TRA 1-60 antibody detected by an anti IgM-biotin-streptavidin-Texas Red
complex. (E). Phase contrast micrograph of a group of HES cells. (F). The
same field as (E) is shown after engaging a filter to show fluorescence
associated with Hoechst dye. (G). The same field as (E) showing fluorescent
20 staining of the Oct-4 antibody detected by an anti-mouse Ig — FITC secondary
antibody. H. The same field as E showing fluorescent staining of the Tra 1-60
antibody detected by an anti IgM-biotin-streptavidin-Texas Red complex. Scale
bar = 25pM.

Figure 2 shows double immunofluorescent staining of HES cells (Figure 2A)
25 with Oct-4 antibody detected by an anti-mouse Ig-FITC secondary antibody
(Figure 2B). Figure 2C shows the same field as A and B but shows fluorescent
staining of the TG343 antibody detected by an anti-lgM biotin-streptavidin-

Texas Red complex.

Figure 3 shows HES cells before (A, B) and after (C to F) immunomagnetic
30 separation with GCTM-2 conjugated magnetic beads. (A). Phase contrast
micrograph of a group of HES cells taken as start material in the

immunomagnetic separation procedure and plated onto mitomycin inactivated
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mouse lg — FITC secondary antibody. (F). same field as (D) showing

20 fluorescent staining of the TRA 1 -60 antibody detected by an anti lgM-biotin-

streptavidin-Texas Red complex. Scale bar = 25uM.

Figure 5A shows that GCTM-2 isolated cells maintain Oct-4 expression

characteristics after 24 hours and 120 hours in culture.

Figure 5B shows that GCTM-2 isolated cells maintain GCTM-2 characteristics

25 after 120 hours in culture.

Figure 6 shows RT-PCR analysis of gene expression in bound HES cells after
immunomagnetic separation with GCTM-2 conjugated magnetic beads. RT-
PCR products were run on 1.5% agarose gels and stained with ethidium
bromide. Lane 1, 100bp DNA ladder. Lane 2 PCR for p-actin carried out with

30 omission of reverse transcriptase. Lane 3, RT-PCR for B-actin (200 bp). Lane
4, RT-PCR for Oct-4 (320 bp).



with a translucent cytoplasm and darkened nucl eus (Figure 7A). After a
further seven to ten days in culture other cell types appear within the
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shows SCL cells (Figure 11A) are capable of differentiating into
neur ospheres (Figure 11 B) and epithelial-like cells (Figure 11 C). Figure
12 shows celHigu@f Seshawso cells tisplayinapesitive Hlucoesetnd staihingctororG3e .(Fighre
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Vimentin (Figure 9C) and the cell surface marker CD9 (9D). No positive
fluorescence was observed for SSEA-1, PHM4 (HLA antigen) and the epithelial

marker EpCAM (clone Ber-EP4; DAKO).

20 Figure 10 shows expression of genes known to be transcriptionally active within
pluripotent stem cell populations including Oct-4, Cripto (Figure 10A) and
Genesis (Figure 10C). Transcripts for the neural marker Pax 6 (Figure 10B) and
relatively low intensity transcripts for hepatocyte nuclear factor (HNF)-3a
(Figure 10C) were also detected, as they are in conventional ES cell cultures.

25 There were no transcripts for the endoderm genes alphafetoprotein, vitronectin,
or transferrin, nor for the neural marker nestin, although verification of
successful RT-PCR was validated by identification of the housekeeping gene

actin.

30 Figure 11 shows SCL cells (Figure 11A) are capable of differentiating into
neurospheres (Figure 11B) and epithelial-like cells (Figure 11C).

Figure 12 shows cells after two or three days with rounded cell colonies.



14A shows control cells grown in | ow glucose nmedi um w t hout nicotinam de;
flattened squanous cells comonly seen under suboptimal culture conditions
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15 Figure 16 shows RT-PCR analysis of endodermal markers in the novel

endodermal progenitor cells.

DESCRIPTION OF THE INVENTION

In a first aspect of the present invention, there is provided a method of

20 identifying a viable sub-population of HES cells, said method comprising:
obtaining a source of HES cells; and
identifying the sub-population of HES cells that are at least GCTM-2

positive.

25 Applicants have identified the existence of a sub-populaﬁon of HES cells which
are positive for specific HES markers and preferably express at least one other
surface antigen of ES cells including but not limited to TG-30 or CD9. The
method described allows for identification of particular cell types within a
population of cells having a unique characteristic. These cell types are

30 identified by expression of particular GCTM-2 antigens but lacks expression of

other antigens found in a general population of HES cells.

The present method of identification of a sub-population of HES cells provides a

rapid and reproducible method for identifying such cell populations. Different



be identified by specific markers, in the absence of other HES cell markers
whi ch woul d generally be present. This possibly indicates that HES cells in
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i nventi 9§ utpbictaslyTRiskREhoUNEEHffics diRliffiéehliafyngss GfidM 2 has been
identified by the applicants to be present on HES cells which are 5 viable

and capabl e of further propagation. Mre preferably, the GCCTM2 is

The HES cells as used in the present invention may derive from any source.
They may be a crude fraction derived directly from embryos or preferably, the
HES cells are derived from a culture of HES cells. Preferably the culture of
20 HES cells is prepared by methods outlined in PCT/AU99/00990 or
PCT/AU01/00278 by the applicants, the contents of which are incorporated
herein by reference. Various sources of HES cells are also discussed in these

applications and are incorporated herein.

25 Preferably, the HES cells are dissociated to yield a suspension of cells. Most
preferably, the cells are dissociated to yield a suspension of clumps of cells
comprising approximately 10 to 100 cells per clump. Any method of
dissociation may be utilised including mechanical and chemical dissociation.
Preferably, the cells are dissociated using an enzyme such as dispase followed

30 by dispersion of the cells by trituration.

Throughout the description and claims of this specification, the word “comprise”
and variations of the word, such as “comprising” and “comprises”, is not

intended to exclude other additives, components, integers or steps.



expressed in the absence of other HES cell markers. For instance, Oct-4 is
a marker which indicates a degree of differentiation and is down regul ated
upon di fWweroansi3as i on. Applicants have found that in a poparatiooniss Cct- 4+
cells, not all express GCTM 2. Hence applicants have found a neans to
|dent|fy a sub- 10 popul ation of cells b&sed on expression of GCTM 2. The
canoni cal definition of a primte enbryonic stemcell has included the
surface expression of the proteoglycan carrying the TRA1-60 and GCTM 2 and
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stem cehDd pwu&ttmrnfms bakkd oal dxpressipn esSCIM-2f t hese markers. Thus,
the true pluripotential ES cell nay only be identified through the
i solation of cells with specific nmarkers on their surface and the

subsequent %@Dpﬁﬁaﬁ&éfaehn.%nt&eanaﬂhageeeren{w tém BEP At Irtiuded o - 11

I's 30 possible that cell's expressi |nat|ons of surface
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cells and human ES and EC cells. This expression disappears upon
differentiation and SSEA-1 expression increases. Several epitopes identified by
20 a group of antibodies reactive with a pericellular matrix proteoglycan
characteristically present on the cell surface of human EC cells are also
expressed by human and non-human primate ES cells. TRA 1-60 is a sialidase-
sensitive epitope on this molecule and GCTM-2 and TG343 react with epitopes
on its core protein. Antibody TG30 recognises a 25 kDa protein which copurifies
25 with the keratan sulphate proteoglycan and binds to the surface of primate
pluripotent stem cells. However within the stem cell population, not all cells
express all of these markers. Thus, the true pluripotential ES cell may only be
identified through the isolation of cells with specific markers on their surface and
the subsequent demonstration that the isolated cells are indeed pluripotent. [t is
30 possible that cells expressing different combinations of surface markers
represent various stages of stem cell differentiation. Definition of these
subpopulations, and their isolation from mixed cell cultures, may be
advantageous. Separation of pluripotent cells from their differentiated progeny,

either by positive or negative selection, may eliminate inhibitory influences of



types of progenitor cell. 5 Preferably, the GCTM 2 marker is identified
along with the Cct-4 marker. More preferably, the GCTM2 nmarker is

i denti fi esOaBomgsmni th the Oct-4 and/or TRAL- 60 narker, TECIOAWwe/0G39

mar ker. A characteristic property of enbryonic stemcells is expression of
the POU 10 dommin transcription factor ®t-4. Oct-4 is expressed in the
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pluripotentia Hence, cultures where multiple clusters may
appear, thi £GF- CFC family, Cripto (Cr-1) is detectable in the mouse ICM of the blastocyst

at day 4 of development and in undifferentiated F9 embryonal carcinoma cells
(Saloman et al., 2000). Human Cripto (CR-1) or teratocarcinoma-derived
growth factor-1 (TDGF-1) is also expressed by an undifferentiated EC cell line,

20 NTERAZ2/D1. Expression of both CR-1 and Cr-1 is lost in NTERA2/D1 and F9
cells following retinoic-acid induced differentiation. A transcriptional repressor
Genesis, a member of the Winged Helix/Forkhead family of transcription factors
has been shown to have expression restricted to mouse ES cells and human
EC cells that is down-regulated upon differentiation (Sutton et al., 1996).

25 '
Preferably, the method identifies a viable sub-population of undifferentiated or
pluripotent HES cells. The undifferentiated cells maintain a high degree of
pluripotentiality and preferably have the capacity to propagate in multiple
cultures. They preferably can be passaged to maintain the cell line in a

30 substantially homogeneous culture.

The method is also useful for identifying clusters of cells which are essential for
sub-culturing. These clusters can be identified as being capable of sub-culture

and which are viable and have the ability to maintain a high degree of



met hod of identification provides for an inmedi ate and conveni ent detection
of cell clunps suitable for propagation to a honogeneous cell popul ation.

5 Met hodswofosjodsat i fi cati on may be by any met hods avai | ablPeTtAworhes3ski | | ed
person. Were the nethods are directed to identifying the anti body GCTM 2,
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the marker to bind the sub-population of cells to the 30 mark
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mar ker. WO 03/.040355, P r
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met hod of isolation can utilise these identification

15  The methods of detection may also include the addition of a label or other
detector molecule on the antibody to facilitate the identification of cells

expressing GCTM-2.

In another aspect of the present invention there is provided a method of
20 isolating a viable sub-population of HES cells, said method comprising:
obtaining a source of HES cells;
identifying those HES cells that are at least GCTM-2 positive; and
selecting for or against those cells which are GCTM-2 positive.

25 In a preferred aspect of the present invention there is provided a method of
isolating a viable sub-population of HES cells, said method comprising:
obtaining a source of HES cells;
exposing the cells to a marker of GCTM-2;
reacting the cells to the marker to bind the sub-population of cells to the
30 marker;
separating the sub-population of cells which are bound or unbound to the

marker.



met hods to isolate the sanme sub-population of cells. 5 The net hod of

I sol ati ng as described herein isolates a sub-popul ation of HES cells.
Dependi ngwonspsssrar ker s used, vari ous sub-popul ati ons mapChaUvReTi3at ed.
The applicants have identified the existence of a sub-population of HES
cells which are GCTM 2 positive and may 1Hack other HES cell markers. 10
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15
Any method of identifying cells that are at least GCTM-2 positive may be
employed and may be as described above. Preferably, antibodies to the
GCTM-2 are employed to identify those cells expressing this antigen.
Alternatively, methods that can identify the proteoglycan that binds to GCTM-2

20 may be used to identify cells that express GCTM-2.

Selection of the cells that are GCTM-2 positive maybe dependent upon the

method of identification.

25 In another preferred aspect of the present invention, there is provided a method
of isolation of viable sub-populations of HES cells, said method comprising:
obtaining a source of HES cells;
exposing the cells to a support, wherein said support is coupled to an
antibody for GCTM-2;
30 reacting the cells to the antibody to bind the sub-population of cells to the
support via the antibody; and
separating bound and unbound sub-populations of HES cells.



anti body may be used. 5 Preferably, the HES cells are exposed to a nagnetic
particle. The magnetic particle or support may be any particle to which a
mar ker ofwQ@INKB5Ean be attached or coupl ed. Preferably, PCRaAURGIBYi C
particles are magnetic beads. The beads may be obtained fromany source
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th th hods_fami | he ski
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how t he magnetic Cﬁartlc e is nodified to accept the nmarker or the ty e of
magnet i ¢ paAnycselidisebstrateowithnan M@Odwatﬁ&?@eﬁlﬁwér may Bengyast terigelate

ant i body, bl an anti-inmunogl obulin to
facilitate E%E?rgfé%oéf)g%IL E%rr{@cﬂhgn%ﬁ%%d ¥i body mar ker WO 03/ 040355
PCT/ AU02/ 01534 16 to the particle. Markers of HES cells nmay be sel ected
fromthe group including,
The particles, preferably beads, may be modified in any way which facilitates
15 attachment of the marker for GCTM-2. Preferably, the bead is modified with an
antibody to GCTM-2. However, in some cases, a marker may be a protein or
compound which reacts to a receptor on the HES cell or to the GCTM-2
antigen. In these cases, the magnetic beads may be modified with a
complimentary attachment to facilitate attachment of the HES cell population to

20 the particle via the marker.

Most preferably, the particle is modified by coating with an anti-lgM which is

particularly suitable for use with the stem cell reactive monoclonal antibody

GCTM-2.

25
Preferably, the magnetic particles are pre-prepared magnetic beads with anti-
[gM. The marker, generally a monoclonal antibody can then be reacted with the
beads by methods familiar to the skilled addressee to provide immunomagnetic
beads useful for selecting for or against sub-populations of HES cells.

30

The marker of the HES cell sub-population may determine how the magnetic
particle is modified to accept the marker or the type of magnetic particle used.
For instance, if the marker is a monoclonal antibody, a suitable particle will have

an anti-immunoglobulin to facilitate coupling of the monoclonal antibody marker



i ncluding but not limted to, SSEA-3, SSEA-4, GCTM 2, TRAl-60, TG 30,
TG343 or Cripto. However, applicants have found that to isolate the viable
sub popuwatmsomssdf HES cells, the markers should at | eastPCato01BCTM 2.
QO her 5 HES cell nmarkers may be used in conjunction with GCTM 2. Ocher
suitable markers include those for Oct-#6and TRA 1-60, TG 30 or . In a
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t he met hod |'Eﬁ%f ‘iﬂfg?%oé?? p&?é@r‘gﬁ%&‘ m@cﬁaéi g@@nd to the
particles. However, the popul ation of cells which are not bound may also
provi de anot her sub popul ati on whi ch nmay conprise predom nant|y

]gl fferenti atlacd @éefesredA@@bpdm@twf thﬁeaamrnféh@fmw’élqnmﬁbwteu isnprevisieddas
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undi ffenenti@ine@hsmagl s. Alternatively, in a preferred aspect the present
nmet hod may be used to. isolate sub popul at | oré}@1 of di fferentl at ed HES cells
usi ng markers i ncﬁh!ﬁ't”i‘% fSOUsee ook e nee!ist "E}EI"I’@ dissociated afc yielgsga- 3

and SSEA-4 %ﬁ leﬂﬁ gluﬁ%&r@%@g%ﬁqdﬁi 00 ddliss expressi on

di sappears upo erent Tation an preSS| on increases. This
mar ker may therefe)«p@sbtg thewsalistto atmerl@ntfor GCQM—Qagnet ic particle for

i sol ation of the und rent ce iffe ntl te s. WO
03/040355 PCT/ AUGSABHRG e E‘?‘I'Srf?e&@ %‘éf‘ée& ng é'&%ﬁ}*ﬁ@@&u V“b% R?i'ég‘ 'he
positivaky qhapepadnyel y wherein one

separating bound and unbound sub-populations of HES cells.

The marker will depend on the sub-population to be targeted and isolated.

20 More preferably, the marker is GCTM-2 and Oct-4 and/or TRA1-60, TG-30 or
CD9. It is preferable that the method isolates undifferentiated cells which are
bound to the particles. However, the population of cells which are not bound
may also provide another sub-population which may comprise predominantly
differentiated cells. Accordingly, the essence of the invention provides for a

25 separation of sub-populations of HES cells which are preferably differentiated or
undifferentiated. Most preferably they are undifferentiated cells.

Alternatively, in a preferred aspect the present method may be used to isolate
sub-populations of differentiated HES cells using markers indicative of

30 differentiated cells. For instance, SSEA-3 and SSEA-4 but not SSEA-1 are
expressed in HES cells. This expression disappears upon differentiation and
SSEA-1 expression increases. This marker may therefore be bound to the anti-
IgM magnetic particle for isolation of the undifferentiated cells away from
differentiated cells.



sub-popul ation is isolated via attachnent to the nmagnetic particle whil st
the other sub-popul ation remai ns unbound. Both popul ati ons (bound and
unbound) wb ogmyo3be further sub-cultured or used for researPch/Agiuepuses. Once
the cells are reacted to the marker to bind with the particle, they may be
separated using any particle concentratd. Magnetic particles may be
separated using the Dynal Magnetic Particle Separator (MPC). However, any
10 magnetic separation that can separate the magnetic particles froma cell

SUSFGHSLOH TREsS Selisction %@Mniﬁaéboﬁ?ybfbeclﬁdd p'e:fia'vayimmmivbgf ngtdileronle .

enpl oyed to separate pure or single cells. w cytonetr . e oyed.
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sub- popul at PietEB P R BT B PoBLIERERE Fodkl fnd unbound) .
i s posi th veniaybéiivie? saibaculinredi or ased for r@&darch@@rpds®s30 or CDI9. 20 In

anot her aspect of the present invention there is provided an isolated and
vi abl e sub-popul ati on of HES cells said sub-popul ati on bei ng negative for

GCTM 2. Mor @rﬂ:betgn%r@é?l%yaret 128 cRdPOPPRUNAfKe? To Iind) RatAtthE S dritle SREM rAagméCCt -
4 and/or TRA 1-60, TG 30 or CD9. 25 Applicants have found that narkers,
especi al | y €epardted3Cusing anmy PRAICIGOconceBizdoor Gisgnsdie warices mey be

di stingui sh_sub- popul ati gns~of . i if nt r
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pure di{ger ﬁmdfr@&i@ds@paraﬂaﬁli ftfaer € i seipaehtbEhec ehdgnetivb phrtivles drambl &, célhe
cells are unditferentiated and retain pluripotential activity. WO

03/ 040355 PSUSRENEIO MER4be Ugethr ef er abl y, the undifferenti ated

sub- popul ation of cells is distinguished by being positive for GCTM 2.
More preferably, the undifferentiated sub-population of <cells is positive
for Cct-4 amhyGoEihét of cell separation may be further employed to separate pure or

single cells. Flow cytometry may be employed.

15
In another aspect of the present invention, there is provided an isolated and
viable sub-population of HES cells wherein said sub-population is positive for
GCTM-2. More preferably, the sub-population is positive for GCTM-2 and Oct-4
and/or TRA 1-60, TG-30 or CDS9.

20
In another aspect of the present invention there is provided an isolated and
viable sub-population of HES cells said sub-population being negative for
GCTM-2. More preferably, the sub-population is negative for GCTM-2 andOct-
4 and/or TRA 1-60, TG-30 or CD9.

25 4
Applicants have found that markers, especially Oct-4, GCTM-Z and TRA1-60,
TG-30 or CD9 can be used to distinguish sub-populations of HES cells as being

differentiated or undifferentiated.

30 Preferably the sub-population comprises substantially pure differentiated or
undifferentiated HES cells. Most preferably, the cells are undifferentiated and

retain pluripotential activity.



5 1n a preferred aspect, the isolated and vi abl e sub-popul ati on of HES
cells is prepared by the nethods described herein. In a further aspect of
the presewD oo¥wssti on there is provided an isolated and PCAIAWB2/01534

sub- popul ati on of HES cells capabl e of sub-culture said sub-population 10
conpri sing HES ceIIs that are positive fler GCTM 2. More preferably, the sub
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to be capapbsitipé feneatgtmez' alibie preferibly, thedundiffeleatiatddy sut-pepalationudt ur e
is of 15 undifferentiated cells. In another aspect of the present

i nvention tﬁ%'iselslwsﬂiﬁ/@\/fpﬂ&ﬂérﬁﬂob@gﬂ\é@ and viabl e sub-popul ation of HES
cell s capabl e of sub-culture said sub-population conprising HES cells that
are negative for GCTM 2. Mre preferably, the sub 20 popul ation is negative
for GCTN§ 2 hnd ﬁietferzﬁediraébet‘,t TRA idolafed afd30alle KBpopdlhtse ofdHES calls &l so
be sub-cul tured. However, have | ess honobgeneity but nevert hel ess,
they are caB’éﬂﬂ%e@PY§E¢|”é¢th§9%€§13¥rtheé’ hefgse  sub- popul ations wil |
preferably have cells predomnantly in the differentiated 25 state. They
may be capable of further developing into somatic cells of various types.

| n anot her hspeftirthef aspecboésﬂmpreswménmvejﬂlontﬂher@ i 9rcpﬂdmi @adisalated g of

ES cel t‘é‘ “@@Eﬁé’ ropbBi o Bl ool Ravetdr euiranthE ] SyBeBUidRC
the marsg mgr g hE§é@tsthléH|a?é beBitioé f@nedcsrmc;z t Wﬁaretm@feawlyefhe Wtb
03/ 040355 PCT/ 01534 19 segar ating sub-popul ations_ of cells which

are bound opopulstiands pesitiveforfaebl-2 aadOetbapdiar dRMmd-ahd %@Qrﬁi CRPis. 5
Appl i cants have found that certain sub-populations in a HES source can be
sub- cul tured successfully. These cells can be isolated by nmethods which

identify vappfieantstiverfound thatecatiel dxpsesding sugiemearakisyhavela gabpegsity el |
type in a particul ar
be capable of being serially sub-cultured. Preferably, the sub-culture is of

15 undifferentiated cells.

In another aspect of the present invention there is provided an isolated and

viable sub-population of HES cells capable of sub-culture said sub-population

comprising HES cells that are negative for GCTM-2. More preferably, the sub-
20 population is negative for GCTM-2 and Oct-4 and/or TRA 1-60, TG-30 or CDS.

These cells may also be sub-cultured. However, they may have less
homogeneity but nevertheless, they are capable of serial subculture. These
sub-populations will preferably have cells predominantly in the differentiated
25 state. They may be capable of further developing into somatic cells of various

types.

In another aspect of the present invention, there is provided a method of
subculturing HES cells, said method comprising:
30 obtaining a source of HES cells;
exposing the cells to a marker of GCTM-2;
reacting the cells to the marker to bind the sub-population of cells to the

the marker;



phase of devel opnent. By extracting these particular cells, HES cells can
be serially sub-cultured. 10 In another preferred aspect of the present

i nvent i orwotohesss5 s provi ded a nmet hod of subcul turing HEBCEaUg/0184i d

met hod conprising: obtaining a source of HES cells; exposing the cells to a
support coupled to at |east one marker fI& GCTM 15 2; reacting the cells

to the marker to_bind.the sub- Jl at | lls. {0 e ;
separati ng boundSﬁﬂar%'ﬁgﬂﬁ’dp%ﬁggg%&kﬁﬂFglgé:@fJvﬁﬁgé %rélrho&nra:#é&ﬁbound o
sub-cul turi me Hekdrodnd cells. 20 Applicants have found that cells which
are capable of further sub-culture are identified by the marker GCTM 2,
and preferably Osubsultaimytize Badnd'R@lis.60. The i munoi sol ati on procedure
enriches for clusters of cells which are positive for Cct-4 and these
cells have been found to be viable and can reattach to a 25 nonol ayer

(f eeder % ay@ppliedrite havedoond fiiatceltair sub-pbpsiadoeslicaHES baveebmenbe subad to
be positive for Cct-4 and for_GCTM 2 and TRAL- ereby indicatin
propensi ty Fltuedeadccessiullyt oThpSEVCRIF Eﬁ'ﬂl}eeﬁp?%?égi‘ye .hqeﬂ%g’i‘”%fq%@t'&\ve
been found i i I i ; =1 i '
Preferably %’ %go@gﬁ@éﬂ\%ﬁﬁﬁ{@cﬁeﬁl ébuerlfgicgo ar{é éﬁlﬁ/alﬁgﬁagﬁ ﬁe(?éllstggégmétaéjdrrg%ug; e
GCTM 2+, pr ehasalifydevadbpnentc eBy exénaeting tiessCpastizulaimellec HES: celthican be
procedure all OV\E th% Cﬁl tidvati on of defined popul ati ons w t hout

cont ami nat i SA"BY FHHEM Y5 %popul ati ons of differentiated cells. Preferably
the subqyy¥O 03/ 040355 PCT/ AU02/ 01534 20 popul ation that is subcultured is

an undifferenti ated sub-population or HES cells. Hence a sub-population is
firstly isolmesathgndrefesiedsanpest pt ihedereseniinvaelian. theig ispravded somsthed cel |

popul ati on ggsvéagt%gqq@g |?E%I%%ﬁggggb{% . The cells are identified

and isol ate Ker o rker for GCTM 2.
obtaining a source of HES cells;

exposing the cells to a support coupled to at least one marker for GCTM-

15 2
reacting the cells to the marker to bind the sub-population of cells to the
marker,
separating bound and unbound sub-populations of HES cells; and
sub-culturing the bound cells.
20

Applicants have found that cells which are capable of further sub-culture are
identified by the marker GCTM-2, and preferably Oct-4, GCTM-2 and TRA1-60.
The immunoisolation procedure enriches for clusters of cells which are positive
for Oct-4 and these cells have been found to be viable and can reattach to a
25 monolayer (feeder layer) after overnight culture. Clustered cells have been
found to be positive for Oct-4 and for GCTM-2 and TRA1-60 thereby indicating
a propensity for these cells to grow in coherent clusters. These cells have been
found to maintain stem cell properties upon serial cultivation. Preferably the
cells which can be isolated and further sub-cultured are GCTM-2", preferably
30 the cells are both GCTM-2* and Oct-4".

This procedure allows for cultivation of defined populations without
contamination of minority populations of differentiated cells. Preferably the sub-



The marker is preferably selected fromthe group including Cct-4, GCTM 2 or
TRA1- 60. Most preferably, the marker is GCTM 2, or TRA 1-60, nost 10

pr ef er ablwotobe403es ker is GCTM 2. In a preferred aspect, amdTfAar20ti4process
of sub-culturing, a HES cell population which is a cell suspension of
clusters of ES cells, is subjected to ®@fBgnetic particles coated with the
appropriate r . - DOD i . _ i d,.s rt
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bi ndi ng of &&ls.sub-popul ation of HES cells to the mnarker coupled to the
magnetic particles. Once the cells and particles have bound, separation
techniques famliar to the 20 skilled addressee using particle

concentrat OH%nﬁg%l‘saﬁ- fo@a He}% ﬁ'?é?g igsbété’@aneﬁﬁé'nfsgbfdma, B, Fhe ibbhtified
particles away from ur?b und cells and supernatant. This latter
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caved for RASPURCS AR SFates ViR PRESaIEHs Mrialr oG Tk T et 2 et 1 on.
Cells nmay be incubated at 37C, 5% CQ(err) in a humdified chanber. In

anot her aspect of the present invention, there is provided a sub-cul tured
sub- popul afthermerkerEs prefarably maleadeddiom the @raum indudingtPeint comdM-2eQ" HES
cells 30 bej si ty f r [o 1 -papul atkpn is
posi i ve o FRACKRRE 2 MKE aRbrerBiily e clelet R AEC T2, OIC TRUS, PBRLTAEED |

i nventipm t pesterdisly teoriatiest i8 GOPM-2.ul t ured sub- popul ation of HES cells
wherei n the sub-popul ati on conprises WO 03/040355 PCT/ AU02/ 01534 21 HES
cells being negative for GCTM 2. Mrre preferably, the sub-population is

negative f om %:r%?eﬁéﬁi of JRuetsr apl yprpE@f‘s HbeubIcut8En ,ulag- sl gg)i on

is a substa pure popul’ation of 5 'viable differentiated or
undi f f er ent papalhtionl whichMsra cetleSuspabbipn ohelusighs qidpSicallsois suhipeiasetp
ifferentiated HES cell.s that ngin
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Preferably, the sub-popul ation of HES cells is prepared by sub-cul turing
t he medium which facilitates binding of the sub-population of HES cells to the

marker coupled to the magnetic particles.

Once the cells and particles have bound, separation techniques familiar to the
20 skilled addressee using particle concentrators such as the Dynal MPC may be
used to concentrate the particles away from unbound cells and supernatant.

This latter sub-population of cells may form the basis of another sub-culture.

Bound cells may be plated directly onto tissue culture plates or some cells
25 saved for RT-PCT analysis or further identification and characterization. Cells
may be incubated at 37°C, 5% CO- in a humidified chamber.

In another aspect of the present invention, there is provided a sub-cultured sub-
population of HES cells. Preferably, the sub-population comprises HES cells

30 being positive for GCTM-2. More preferably, the sub-population is positive for
GCTM-2 and Oct-4.

In another preferred aspect of the present invention there is provided a sub-

cultured sub-population of HES cells wherein the sub-population comprises



sub- popul ati ons of cells described herein. Mre preferably, the
sub-cultured sub-population is prepared by the nethods described herein.
The sub- pwpuwBatizehs of HES cells may be used to scal e-up fPer/Athweneeuti c or
15 research purposes. Once the cells are isolated and have the propensity
for sub-culture, they may be expanded @di ng techni ques available to the
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obt ai ni ng anggéﬁw@rﬁcmgjbaa@ﬁtual |y pure HES sub- popul atl on; and
optionally transplanting the sub-population of cells into a patient; or
optionally, subculturing the sub-population prior to transplanting the

cells into fB?éB;‘?ggh éﬁc%ﬁﬁ?éasgu@p @bﬁnaﬁw%ds%mﬁtmm{?s éﬂp@iat%%ﬁ up
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undi fferenti I's these may be induced to differentiate under nornal
di f f er ent i abeimg GEAM-21 and.prafesgblyGCHM-2 aniOstt4i o differentiate in vivo
or invitro. Wiere the cells are induced to WO 03/040355 PCT/ AU02/ 01534 22
differentiate in vitro they may do so by nethods described in

PCT/ AUOlg 00RFSreratily, PERE AU RnbYf HES e iis epnéparedf by\/rsubtbammngnther e

contents are incorporated herein by reference.
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density in er or on sem ranes so as to create
structures mmcing the postinplantation phase of human devel opnent, or any

nodi fication of this approa ltivation in t resenc of cell es 10
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15  research purposes. Once the cells are isolated and have the propensity for
sub-culture, they may be expanded using techniques available to the skilled

addressee.

In yet another aspect of the present invention, there is provided a method of
20 transplantation, said method comprising:
obtaining a culture of a substantially pure HES sub-population; and
optionally transplanting the sub-population of cells into a patient; or
optionally, subculturing the sub-population prior to transplanting the cells
into a patient.
25
Because of the methods outlined herein, scale-up of sub-populations of cultures
to large cultures can provide sufficient cells for transplant purposes and to

develop therapeutic or research potential.

30 Preferably the HES sub-populations are differentiated or undifferentiated HES
cells. More preferably the HES sub-populations are prepared by the methods
described herein. Where the cells are undifferentiated cells these may be
induced to differentiate under normal differentiation conditions. They may be

induced to differentiate in vivo or in vitro. Where the cells are induced to



vertebrate enbryo (eg. endodermcells or cells derived from nornal
enbryonic or neoplastic tissue) or in adult tissues (eg. bone marrow
stromal pwepanaissdn) may al so i nduce differentiation, noaarat®2/01534
differentiation or induce nmaturation of cells wthin specific cell |ineage
so as to favour the establishment of paRRicular 15 cell |ineages. Chenical
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20 protein-2 or antagoni sts of such tactors, may be used. The cells may

al so be genicpgarate ein bYireferedice o transpl ant ati on and/ or
differentiation and then transplantation. 25 The differentiated or

undi fferentiated cells my be used as a source for isolation or

i dent i f igat Howevtr, rathel differentiatiod sigrals malyuss ampbayedrarnd aierdva@bietagthenwt h
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means to di agnose, prevent or 30 treat congenital diseases. Miuch attention
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time. ES cell's potentially can address the shortage of donor tissue for
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cells have reachrng applic ons 1n human nedi cine, in
areas such amyeaboyoduss difererdistianc modulate diferehtiatimnonindsice indaturatiarcet i on
of novel growth factors,  and drug di scovery, an t oxi,col ogy. I.n t

anot her aspéelis ¥ithimaperific &gt (il‘Pﬁ 8% S0 ?%é"é’“irgh%re@ﬁkﬁ@h"%@tf w&%ﬁ%‘af 10
i denti fy4 ”gcgﬁgﬁe ession in a HES cell, said nethod conprising:

obt ai ning a substantially honbgenous HES cell popul ation; and

Chemical differentiation may also be used to induce differentiation. Propagation
in the presence of soluble or membrane bound factors known to modulate
differentiation of vertebrate embryonic cells, such as bone morphogenetic

20 protein-2 or antagonists of such factors, may be used.

The cells may also be genetically modified prior to transplantation and/or

differentiation and then transplantation.

25  The differentiated or undifferentiated cells may be used as a source for isolation
or identification of novel gene products including but not limited to growth
factors, differentiation factors or factors controlling tissue regeneration, or they
may be used for the generation of antibodies against novel epitopes. The cell
lines may also be used for the development of means to diagnose, prevent or

30 treat congenital diseases.

Much attention recently has been devoted to the potential applications of stem
cells in biology and medicine. The properties of pluripotentiality and immortality

are unique to ES cells and enable investigators to approach many issues in



conducti ng gene expression analysis on the popul ation. Once a substantially
honogeneous popul ation of cells is obtained they may be 15 used to anal yse
gene exprwosBom3sh the isolated cell popul ations, by any @o@/Aafo2/oss3munber
of techni ques known to the skilled addressee. A problemw th gene analysis
is the availability of a honpbgenous sou28e of DNA from a honpbgenous source

of cells. For_anal.ysis of HES. popul atj e CUT L . |N
oo o ElrBRhEbd e SRR L Sty ERbel 2P 3 SRkl

di fferenti afieoshork#iis of UBRoNUSS R foragdedin angplantatiohnedcédursapatticutdrygous
popul ati on. The present invention recogni ses that sub-po uI?t'ons of HES
Cel:l | s can bwhptRemQ falteinatse Culivre e3Ystemr I‘ééﬂs?ufﬁ%‘?'ﬁ%ﬁﬂe‘égl gt t&ﬂ’\ﬁcﬂ{'reéct- 4
and TRAL- 60 . 2BcPLafe h Labiidrs i

obt ai ned byCHRITAL YietbBelichs bl haw pahl RAEErECleachll pplicgtions in

di fferergi aheshaor medicfrfeer émt apgasd sitcht 1s whinbhyolpgioali deseaish, afiaicjions! of
gene expression, preferably during the process,of different.iation and/or
proliferati Sﬁr:‘o@EFSTh'QeBﬁ#éj%%W t%@' &'@Wf%'ae Casp: ﬁ?der(f V%h&ﬂﬁﬁ?veﬁyocaégfs
whi ch can efgxli&;po%y)r cells of a particular characteristic sub-popul ation

froma heterogene us HES cell popul ation. The advantage is that all cells
are substantially the sane with a simlar degree of differentiation. Cells

Fami 11 ar tolt Het aeoteschast 3 S bl RRSTIT yieE RRIBURER méfhefFbro®s

differemgi atde"rhﬁgﬁﬁig bene Exprévstsitinta HE I, saicmettel csegrisingi nprove the
growth and yield of stem 5 cells fromhuman ES cell cultures. Wthout
being |inited byobiining a substantiglyramegeneusHAeSisellnopsiaficnagndt em cel | s

from di fferent i aLhng,Gfld dend fpiB¥BRaIsid SHMEBoguRRSRCE Of T nhibitory

signal s which nay cause“stem ¢ erentiate or die. It is known
that differentiating cells in ES cell cultures produce these signals. 10

Once a substantially homogeneous population of cells is obtained they may be
15  used to analyse gene expression in the isolated cell populations, by any one of

a number of techniques known to the skilled addressee.

A problem with gene analysis is the availability of a homogenous source of DNA
from a homogenous source of cells. For analysis of HES populations, current

20 cultures contain heterogenous populations of HES cells which are at varying
degrees of differentiation. Hence the nucleic acid is not obtained from a
homologous population. The present invention recognises that sub-populations
of HES cells can be identified based on cell markers, particularly, GCTM-2, Oct-
4 and TRA1-60, TG-30 or CD9.

25
Preferably, the HES cell population is obtained by methods described herein.
This provides HES cells of differentiated or undifferentiated status which
provides for analysis of gene expression, preferably during the process of
differentiation and/or proliferation.

30

The present method provides for an enrichment process which can enrich for
cells of a particular characteristic sub-population from a heterogeneous HES
cell population. The advantage is that all cells are substantially the same with a

similar degree of differentiation. Cells can be induced to differentiate by



Gene expression can be anal ysed by gene arrays of which the nethods are
famliar to the skilled addressee. Any standard arrays nmay be used.
However, wohg/oaiBsi ity to use a repeatabl e cell popul ati onprPamthiDNAIBoOUr ce
provi des a nore reproducible analysis of gene expression in HES cell
popul ati ons. 15 In another aspect of the&4present invention there is

P om HES el 1QNGRn URRAS Sos AMed FdcPesfde od PEnRBr Pafficrba Il

havi ng the gifidrehtiating ésel op into various cell types. 20 The term stem
cell-like (SCL) as used herein neans that the cell has many of the
properties of stemcells which distinguish stemcells fromother cells.

These prop [ ' . ' entialdlt bl

a1 or ent 2o egehf iy ey Her1sed sb ihoRSlg W2 oRGin ald yfela of stem

mor phol ogi caklly febrat hogtanf ESNcEES digirés  avivithiolie yoedngrlesiteds doye thdnry, rots al |
of the enbryonic stemcell markers characteristic of. HES cells. .The ,.cells
Show negat | PESLaIRHiTgL By SeRAIAEG: P RGeS i oidy VEeERLatng CPUsdBBynvERicH
GCTM 2, TRAL 4 Efnthiton Esi§alk S whithV ey Eayse Sténnicetisf &y 30
TG30 and an#@gg?lgal\%?g&%g?nst II gv}ry]rr[;gecul ar I_we_i gh? cytokeratins as well
as | ow i nt ediffargntiatecorsienclk i$ dmowme thatt differatitiatiog f ¢elisnenESnaek eultures

vi mentin. TheJ ext:%‘r?ess.th tetraspannin cell surface nmarker CD9, required
in the mous®@OqYse ?ﬁtséc-ﬂb?ﬁ%e of ES cell pluripotentiality. Preferably, no
positivegfluorescence WO 03/ 040355 PCT/ AU02/ 01534 25 is evident in these

cells for SSEA-1, PHW (HLA antigen) and the epithelial marker EpCAM
These cel | s Gaie bxpiessict edn Be PRABRA &y gene Rstasdef whisholengethedsnatRies

2. escr L oo R o I Bieh Bgupt, 4 IGRAaRRa bl Froy BT sl ™
from a cul tivs ebiity EESuselal iepeatabte veklpopalationand DNAdsdUroaproides ermble t he
cells can b?egr%rdhgiebrle i’:\ggl%iis &%%ﬁ%@?ggﬁgﬁ inoﬂE%f ceghe;?OGpSulgtPoonvép to
15 .
In another aspect of the present invention there is provided a subpopulation of
HES cells which are morphologically distinct from HES cells and having stem
cell-like (SCL) characteristics, said cells having the ability to develop into
various cell types.
20
The term stem cell-like (SCL) as used herein means that the cell has many of
the properties of stem cells which distinguish stem cells from other cells. These
properties include pluripotentiality and the ability to differentiate into all cells of
the body.
25
These cells are morphologically distinct from HES cells and they express some
but not all of the embryonic stem cell markers characteristic of HES cells. The
cells show negative staining by indirect immunofluorescence microscopy for
GCTM-2, TRA1-60, TG343 and SSEA-4. The cells show positive staining for
30 TG30 and antibody CAM5.2 against low molecular weight cytokeratins as well
as low intensity fluorescence for the intermediate filament marker vimentin.
They express the tetraspannin cell surface marker CD9, required in the mouse

for maintenance of ES cell pluripotentiality. Preferably, no positive fluorescence



10 be transcriptionally active within pluripotent stemcell popul ations
including Cct- 4, Cripto, Pax6 and Cenesis. Preferably, no transcripts for
t he endodwormB@erses al phafetoprotein, vitronectin, or tramstatopmis3mor for
the neural marker nestin, are present in these cells. 15 The SCL cell as
descri bed herein is a novel type of pluZbpotent cell which derives from
or is a precurs

desirabl e pPSoﬁx‘iar?Pgin 3%%%%@30?%P§§F\%§A$FJM?RE@A; F@‘?%ls%ﬁw%‘gaé@?& "%If

growt h dur hisgkéoBpCA®.subcul ture or cloning, or nore extensive capacity
for invitro differentiation into diverse |ineages, or greater
susceptibility to uptake and 20 integration of DNA constructs. The SCL

cell also h idiJ t i i AV 0, S,
neural cell gﬁeé% 8? %erhjf]%%bec%?%g%rsg,g@ﬁ@ecﬁ%lg%lnﬁn%f@n o%@?%@eg%dgﬁt nesgus
di ff ererg i atlescribddeabosahdihes cally Wioichmaeoi®ad eositive, GCTMe pegsiivecenayt 25
neur obasal di s, described, i n, .PCT/ AU01/.00278. This .novel S ceI]L

popul ati on Egés‘ga%%'%!ﬁgcﬁj%o'ﬁpﬁaiﬂp@roitr\e@@t'}ﬁ‘?@B rRASEYepmupgRRleclr MR
advant ageous, iy 4 & BSHI8 FORNARIRS LideRd B0kkitihe, have a practical use

for future devel opnent of erapeutic applications for human ES 30 cel
therapies. In another aspect of the present invention there is provided a

i stinct 1 r BYREONES RS CeBebaiiTigh Pttt B bt 5 FBRESRREHLCE, ¥
cel I -1i 4@ (BEliarRRApashAN adtiveswitisiniplurgeltést stem cgl posulativns Ingluding @rstel op
into various cell types said nethod coggrl sing: obtaining a differentiating

HES cel | pofulptoiPaéndid Sengsispdiietaiablisng ramseriiednt he erfodesmegnes s

char act or | S pegRORKTeR IEHECL Co KR PRI BoP ou Rt nefl AT Tiesfacare
and positiveresegnt ésthieze afilsTG 30 antigen; and isolating said SCL cells

expressing said negative expression. 10 Preferably, the HES cell popul ation
of differentiated HES cells may be prepared by the nethods descri bed

herein g5 mayebgcebtail NRd dEEEMBeY HebsiR k" achdvll type of pluripotent cell which
derives from, or is a precursor of, the canonical ES cell. The SCL cell may have
desirable properties compared to conventional ES cells, such as ease of growth
during routine subculture or cloning, or more extensive capacity for in vitro
differentiation into diverse lineages, or greater susceptibility to uptake and

20 integration of DNA constructs.

The SCL cell also has the ability to differentiate in vitro to form neurospheres,

neural cells, endothelial cells or extraembryonic endoderm by spontaneous

differentiation. Neurospheres may form spontaneously in the presence of
25  neurobasal media as described in PCT/AU01/00278.

This novel SCL cell population has advantageous proliferative properties and
thus, may be advantageous in its growth characteristics and thus, have a
practical use for future development of therapeutic applications for human ES

30 cell therapies.

In another aspect of the present invention there is provided a method of
isolating a stem cell-like (SCL) cell which is morphologically distinct from HES



derived fromenbryos or blastocysts.. Wthout being limted by this exanple
of a suitable procedure for the isolation, 15 the SCL cells nay be

i sol at ed W9 Ble3sd! | owi ng procedure. SCL cells are i sol aPed/Auoem1s34
differentiating human enbryonic stem (ES) cell col onies six weeks

followi ng plating and may be transferredbonto a Mtonycin C treated

enbryonic fibro t. cell |jina. p r : S [ S st
cel'l line, ?%Bea'p‘é)ﬁé\“@%%‘?? %m%&swa%%g%{?t&é%’ ?ﬁregg “éﬁ{eyfvg"rgat)rg ém'!lﬁé

i brobl ast gedévdlbp itb varbus gkl typed said PdEbdredimprisinGt bco, wi t hout sodi um
YT Uvalt o, i b ol tete 4800 bl D) Sppel eent od b Lh

pyruvate, Wi gl ucose ) /L epented with 10%.(v/v) Fetal Bovine
Serum (FBS; CSL, objgdHng af@ffef?g‘gl@aﬁs Zﬁgéﬁ |P°PH?aI'°H1\ﬁ°f@fEﬁ§é$ ,SP%{?’(R?P\V)S YNon
Essenti al Algiifi’éperﬁf:aiftéjtfH . @BCO, 50 ng/m basic FG-, 1% (v/v) insulin,
sel eniumand transterrin solution (ITS, @BCO, glutam ne (2nmV G BCO,

geni ci Hﬁ n alnd jstdeptifyri]qg)cS(hL @EBllsl(Bijega,tivéJ SQDessien ool aplraxiacet s1arkesven
ays a t , Wt . '
ool ati on oM ARERESHP ST SGmadle BeRREEACTY  dat drol.l ERaP ety SRy

cells. Thesgn&?bgﬁvg@k{)p@ssiicg}emT@i;ﬁﬂa%éﬁ?gnghar acteristics 30 descri bed

above in particular with respect to the inmunofluorescent staining pattern
and gene expr essisotatingresid SGlscellscexpressing 6atdarRININP\EX@TeIIPeNt i ated cel s
fromthe HES popul ation. Mechanical isolation is preferred. The culture

medi um may be aspirated |eaving the cells to be washed preferably with

phosphafe- bpidferfly, 3AkiHIES ¢ell trpiiztionc differentadrgseasillsmay be Bepasidem WO
03/ 040355 PCT/ AUD2/ 01534 27 cell colonies may be extracted ang ttr eat ed

Wlht h di spasky dheapgthodsndessrpedoherain Ar Mayche Qhtaingd Jirerm a1¢Eee Fasa may

t hen be replat: a i | ayer. 5 To induce further

differenti ab?hﬁéﬁ ﬁpr@ %@EWOJSSp%@%é@E%ﬂg"ceI | s may be cultured under

condi tions described in PCT/AU01/00278. In another aspect of the present

invention there is provided a di.fferentiajed .epjthelial stemcell derived
roma rEs Vainous berg dmisd Sniissrerpl ot aruighiecaocsibes 1 BEveraHeint o a
diversej@arr gy dopadias @%g' ?e"@élaté‘d 89 1he FSIRSY rbeEHE. t IBTIDrRsgnaR: of
ti ssue representative o |1 three gefrm
isolated from differentiating human embryonic stem (ES) cell colonies six weeks
following plating and may be transferred onto a Mitomycin C treated embryonic
fibroblast cell line, preferably a mouse embryonic fibroblast cell line, more
preferably a mouse STO cell cell line. Preferably, the fibroblast cell line is
20 cultured in DMEM medium (Gibco, without sodium pyruvate, with glucose 4500

mg/L) supplemented with 10% (v/v) Fetal Bovine Serum (FBS; CSL, Utah), f-

mercaptoethanol (0.1 mM; GIBCO), 1% (v/v) Non Essential Amino Acids

(NEAA; GIBCO), 50 ng/ml basic FGF, 1% (v/v) insulin, selenium and transferrin

solution (ITS, GIBCO), glutamine (2mM; GIBCO), penicillin and steptomyocin
25 (50upg/ml; GIBCO). '

From approximately seven days after plating, the stem cell colonies may be
further propagated by isolation of the cells from the surrounding areas of
differentiating cells. These cells may be identified by the characteristics
30 described above in particular with respect to the immunofluorescent staining
pattern and gene expression. The cells are also spontaneously differentiated
cells from the HES population. Mechanical isolation is preferred. The culture
medium may be aspirated leaving the cells to be washed preferably with

phosphate-buffered saline containing calcium and magnesium. The SCL stem



| ayers within tumours fornmed after ES cell transfer into the testis capsule
of severe immnodeficient (SCID) mce (Reubinoff et al., 2000).

D fferentwatoaa4m63 | types seen included cartilage, squampag/Admdotdsandul ar
epi thelium nuscle and 15 bone. Specific cells within differentiating ES
cells cultures, can be isolated, and, Wifen exposed to conditions which

shrpert el B B8 TBLo SRR Hiroien QRIS hoBoRBREI o)

critical tonighel treegitpmasdiuai. Theseaellsymagrthah berreprabeq/on aaewibrebipsbyed
to direct human ES cell differentiation, supporting the 20 hypothesis that
spont aneous!@¥§Tcel | differentiation is a caricature of normal enbryoni c
devel opment. In the mammalian enbryo, the enbryonic endoderm energes during
gastrulation to formthe germlayer which will give rise to the primtive
gut. This 76 induss derthéredifienertiajiossinép eecutdspheresrihal eally ey bemgitirad

formthe prec rsors.of t pancreas the |ungs and ot her
tissues. ThHP eli gowﬁ'%gﬁsgf%ﬁd 'HWMV%%I ti potent endodernal cells
may be isolated fromthe enbryo, but these have not been serially

cultivated in the | aboratory (Gualdi et al., 1996). Human ES cells can
devel op into enbryonic endodermal structures 30 such as gut-like tissue and

respiratory r?@ntolﬂ?ér' 5&?&&%\4 fhet sfége%mﬁvérﬂiohoméag |st;5r60@@kiaatcﬂffe@htletéop
SCI D mice. Human |s differentiate into endodernal | 1's by detection

of al phaf et eprtlmelal ﬁte(mvaejl desiveg &om A Hiopeeh sulivte. WO 03/ 040355
PCT/ AU02/ 01534 28 The present invention provides a novel cell type from
di ff er et i afhegbilityenf HEnac &9 sellst tvadevedsp fido la divedeoangy ofladalidealslveasl ar

i thelial t t hat but t |
endoder m maFIREFY CoTERNSHIAIER St RGPS B Teun Gersie g bf 2 trESiedm
di ff erenti ajdyags WiHR tEROLRS IfSrmeedlftel sl de‘ﬂ t'éarﬁfeeréeirﬂermette@ﬁs Qfélpbﬁlef of

transplantati‘on therapies. These cells may di sti ngui shed

di sti ncti ve saverghoinognedsficigidacany mies f%%ﬂ@@ﬁéé' Q)pl@gﬁﬂei'ﬁ'éted cell
transi ucent e ey, TR AL EABNLLLAGRLL D RUEHGSPY AU, HLBEERLAFt o

coloni és ol'oni'es nay
associ a{®d wohb. a I dific @éﬂﬁ@dtmldlﬁérbaﬁaw@ ESheslld colurebe caplbdﬂﬁalaﬂedl i ke

;gdfte : 1)?] s am‘iolmlhfere]re%)lo%gdch ré:tolngﬂl%%s \mlce;rfm %L‘B‘E’c')% theC %lrcgwt?‘nr O%eura?steemggﬁed by
can give rise to a progenitor which can differentiate into mature neurons. Thus,
factors identified as critical to the development of the early mammalian embryo
can be employed to direct human ES cell differentiation, supporting the

20 hypothesis that spontaneous ES cell differentiation is a caricature of normal

embryonic development.

In the mammalian embryo, the embryonic endoderm emerges during
gastrulation to form the germ layer which will give rise to the primitive gut. This
25 tissue then undergoes specialisation along its length to form the precursors of
the gut, the liver, the pancreas the lungs and other tissues. There is evidence
in the mouse that multipotent endodermal cells may be isolated from the
embryo, but these have not been serially cultivated in the laboratory (Gualdi et
al., 1996). Human ES cells can develop into embryonic endodermal structures
30 such as gut-like tissue and respiratory epithelium within teratomas following
transplantation into SCID mice. Human ES cells differentiate into endodermal

cells by detection of alphafetoprotein (AFP) assayed in supernatant.



of cholera toxin to the culture nedium Preferably, the differentiated

epithelial stemcell is an endoderm progenitor capable of differentiating
in germ [wpes/oestd s. Mre preferably, the cells may 15 diPCreviwaviste into
gut, liver, pancreas or lung. The endodernmal progenitor cells may be

i sol ated from spontaneously differenti &8 ng human ES cell cultures from

4-8 k b
Lo di t1er et ERisbaTLnyHhfon PRNIEELR RV, obl B 8 diflefiiafind Hunpfh ESCIERC
nmedi um  One ceRekhbe ha8 1taN Smofdhotigical kamid trwm:u:bér e;bnmdﬁa chhie&:temsﬁes and

standard conditions, the grow h mediumis ched to h. conta ns a
| ow gl ucosethajr AUPERSSER SPMBVEME vineth aﬁo@?%e By dnag C& 9(9? and

et e gl o1l B RN a5 B il

medi um wi | | “convert B to en erma
pr ogeni t®r s developmentoofiessiis. fothéraneplastatimy tieerapiest i f Teesdycdllsdimayctbe

i mmunof | uorescence net hodol oqgy... ef era th | | h
stai ni ng f ofigtiRguishiedndly o2 gg‘ﬂ“ﬁc k@quﬁﬁ@ﬁ?leaéﬁ?e(ﬂsr IS%‘?(/)VWWﬁBSI ||\é§n%l ght

cyt oker at ”%Xtoﬂlé%!fﬂ‘e Nt Mm- nG8ELS Fhal Na0 idefmiet VRl Yeuftare GyTHIR,

Preferably, eat ure 1 ncludes observing isolated patches of cells
above the pifiarsblastia tallsraumsiunging thisi epitheliaklikexgs b@ﬁomﬁS@omeecol@m%@éayn

mar ker al ph feto rot.ei,n and/ or the

pr ef er abl y, a85q5RteH Y asmrﬁir%%éd !tpéggg hg?ﬁg%mqﬁ%e%%g?e'é%d
from thepgr ‘é!éns b8 Gdrufferatidi-idntinded. Gragsablyadsll grswth iCRhanted by siditiorcel |
WO 03/ 040355 PCT/ AU02/ 01534 29 marker Cct-4. However, the cells are

posi tive foof gbalesa oxingx thespiiure, medidm. ant i -trypsin. The cells may be
further distinguished by the expression of hepatocyte nuclear 5 factor
(HNF)-3a, and HNF-4. Preferably there is no evidence of gene expression
for Cct-4 oPreferablyc e adifferdndintes ebltbéllahs',iemenell ssm mdodpopup@ge@ntgr

neural {1 ssagablepl APFELBIYBOIR, Brp iRk cals. TS ERaok TRERLS X "
Choy | 2B sl e Lot e e e e cef’l S g o stemeells:
The endodermal progenitor cells may be isolated from spontaneously
differentiating human ES cell cultures from 4-8 weeks after subculture.
Alternately, the human ES cells may be induced to differentiate into the
20 endodermal progenitors by altering the growth medium. One week to 10 days
after subculture of the ES cells under standard conditions, the growth medium is
switched to one which contains a low glucose formulation of DMEM with sodium
pyruvate, plus 10 mM nicotinamide, and 5-10% foetal calf serum. Growth of the
ES cells in this medium will convert at least 50% of the cultures to endodermal

25  progenitors within two weeks.

The cells may be identified by indirect immunofluorescence methodology.
Preferably, the cells show positive staining for the epithelial cell markers EpCam
and/or low molecular weight cytokeratins, albumin and GCTM-5. Cells stain
30 negatively for GCTM-2. Preferably, a further feature includes observing isolated
patches of cells above the plane of the monolayer which show expression of the
endoderm marker alphafetoprotein and/or the gut cell specifié A33 antibody.
More preferably, no significant staining is observed for the markers selected

from the group including PHM4 (HLA Class | antigen), CD34 or the stem cell



fail to show the typical multilineage differentiation shown by ES cells in
vitro. The response of this cell to cholera toxin and its requirenent for
STO cel | swofoawsdses di stinguish it fromhuman ES cel | s whi eoTayt®2/00134

affected by cholera 15 toxin and which do not grow well on STO nonol ayers.
I n anot her aspect of the present i nvent29n there is provided a somatic cell

differentiated fr hee th C e | 2 h
expressi on rinﬁﬂ% g{c%1 o'FIP %'f tb%eceﬂ%r% &AA%%SE& %&\% Qelqn%r gﬁﬁ' a7 v-Ane
endoder mal hR&y Fgmand the A33 antigen, the enbryonic hepat ocyte mar ker

defined by nonocClonal antibody GCTM5, as well as expression of HNF3 al pha
and HNF-4, suggest that these primtive epithelial cells may be capabl e of

mmy 25 respii el Vi B S e A S COpMERIBIssP R oSt TRREY 5,

form ng 5 di falsre HNER 3 abhd eBINFR4 ef ePiidnabielteerteeds f nonetitengy cfp gene
i ncluding gut, liver, lung and pancreas. The provide an in vitro

sour cte of t@weseln'pcfﬁt eot-4cw| CR-1, ﬂh@@c@@tlcrpféﬂwﬂpfﬁﬁma@ﬁ@bPerPOPWét'ﬁ'ﬁ%sent
I nvention there
cell, said @qsglr'ﬂtﬁsfroﬁ?agﬁ%m%y@w%gf‘grfvgei/g’?g?'lbﬁg'mmg Bh%%%gﬁ{] nt%tyg%s

sai d met hodtigigerduinggembbloadéveigoraent. f f erenti ati ng HES ceI | popul ation

conprising differentiating HES cells; WO 03/040355 PCT/ AU02/ 01534 30
identifying epithelial stemcells nor phol ogically and by expression of cell

surf acch'agtﬁﬁg theaﬁgvélseelfét 'ﬁfﬁ aéélg/ %llthéllé‘nﬁi] Gabdrd! | Ntheyhare ald Sfo@g”era STO

nouse fi ast | ayer I a I ncludl ng cholera toxin.
Pr ef erabl y, pliuhpotﬁﬁssdm‘nIcqﬂsmhbatla@nalbmmikérse)f@lwnmtem MEBag stens QQHS @ndpar ed
t he nmethods descr bed here

h
may also bEiloio SHow ﬁltV@E’?[ Wﬁ‘i"lﬂ%aaﬁ @ﬁ%@q&%%&#%ﬁé%é@% 63? l% pﬂd’i‘%l >
preparat| Oanthre"sB@ns@rH?rt}ﬁ% BEll kb aspoRFH Stoxinl@nd its requirement for STO cells

further distinguish it from human ES cells which are not affected by cholera

15  toxin and which do not grow well on STO monolayers.

In another aspect of the present invention there is provided a somatic cell

differentiated from the epithelial stem cell as herein described.

20 The expression in some colonies of the markers AFP (made by embryonic
endodermal tissue) and the A33 antigen, the embryonic hepatocyte marker
defined by monoclonal antibody GCTM-5, as well as expression of HNF3 alpha
and HNF-4, suggest that these primitive epithelial cells may be capable of
differentiation into several embryonic endodermal derivatives. The cells may

25 respond to various known inducers of endodermal differentiation by forming
different derivatives, preferably selected from the group including gut, liver, lung
and pancreas. They may provide an in vitro source of these important cell

types.

30 In another aspect of the present invention there is provided a method of
isolating an epithelial stem cell, said cells having the ability to develop into
various cell types said method comprising:

obtaining a differentiating HES cell pepulation comprising differentiating
HES cells;



The cells are isolated fromHES col onies conprising differentiated HES
cells and SCL cell colonies as herein described. Wthout being limted by
t hi s exanwba3/040385 sui t abl e procedure, the differentiated PCH/Aapeoishi al
stemcell may be isolated by the follow ng procedure. Epithelial-Iike
cells, identified norphologically, nmay B6 isolated from crude HES cell

popul ati ons, cultures.of S cel opyl ations, differentiat d I
col onies and st'é’ﬁpﬁg’l'qg FP elééﬁﬁg@ﬁ%m%gﬂgpg&aﬁygngh y %@gsﬁgﬁfﬁ%”m
subcul ture. o ke PRPkBRL IS of differentiating cells nmay be prepared as
descri bed above. Cells 20 may be identified by the characteristics

descri bed above isnthtingesaittagellseand rafyring rtha Galisoon auTémepyse fibrekiasl
enbryonic fjbrobla | L : r ..a STO fibroblast cells Iine and
cultured i nfa%ﬁ/ﬁm ?rﬁﬁ%ﬁéefdé Bﬁb‘gudu%ﬁ ?h@&?ﬂ%&%i um pyruvate, with glucose 4500
ng/ L) supplenmented with 20% (v/v) Fetal Bovine Serum (FBS; Hycl one, Utah),
R-mer capt oet hanol (0.1 mM G BCO), 1% 25rﬁ(_v/ v) ..Non g ential Am no Acids
(NEAA;, G BOPyeferhly,\vihe) HESseell Ropdlatian;al Hiffersatiates Fell SoP{RRasRd ?%‘rs,

G BCO) . gl u . oeniet Ll .

G BCO. Pr e#%?pg%ﬁjy, t esc?&?@eée@ég‘ii ﬁ%g\lllé'}sm@gi&%ﬁeﬁ% ed V\Aﬁp hrbe«éﬁglgéeﬁlsgoxi n
(0.02 (err)pé(obtainkd direcBy dranCainl erRhntooor blasHcygtor ayidesprepayaticisxot theei ght
weeks after plati ng éh eyp'thel ial-like cell colonies may be 30 further
propagat ed ﬁg"bﬂY%B p S?&Fts e cells into smaller clunps. This may be

achi evegh by any cell dispersion method. Approximtely twenty-four hours
follow ng transfer, clusters of small flat cells _nmay_ appear outarow ng
fromcel | cThepselis\itnenisolaies fiom eS| splenips tcompristro WifesntiatedsHES cells

PCT/ AU02/ 0153 1d rounde ies may form providing the
epi t hel i al @Eélsqq‘T ﬁ%ﬁx%ﬁggeg' éi%@?/r%&hle%ée}lr?%afi ed nor phol ogi cal ly and be
di stingui shed by the features described above including the expression of

cell surface markers and RT-PCR 5 The cells are preferably grown on
Mat ri gel TM WYithestt bainliviad &y thisseraimple afia §U"f3rbi¢ PEOGES U %@é{'ﬁeﬁeﬁgﬂed

o 1| e BARRE oo ot aycels i pradiy gl Eenine
anti-trypsi gellgl bdentifiedc-metphatodicaliyM mag He Hspateskifopmofcrude s HES t eell
marker is CBQSL%%SH&, %I&u@eg%?wggic%lll|ci>ovpeurlétions, differentiating HES cell colonies
and stem-cell like (SCL) colonies six to eight weeks following subculture. Sub-
populations of differentiating cells may be prepared as described above. Cells
20 may be identified by the characteristics described above and then may be
transferred onto a Mitomycin C treated embryonic fibroblast cell line, preferably
a STO fibroblast cells line and cultured in DMEM medium (Gibco, without
sodium pyruvate, with glucose 4500 mg/L) supplemented with 20% (v/v) Fetal
Bovine Serum (FBS; Hyclone, Utah), B-mercaptoethanol (0.1 mM; GIBCO), 1%
25  (viv) Non Essential Amino Acids (NEAA; GIBCO), 1% (v/v) insulin, selenium
and transferrin solution (ITS, GIBCO), glutamine (2mM; GIBCO), penicillin and
steptomyocin  (50ug/ml; GIBCO). Preferably, the culture medium is
supplemented with Cholera Toxin (0.02 pg/pl) or Stem Cell Factor (SCF, 25
ng/ul). Six to eight weeks after plating the epithelial-like cell colonies may be
30 further propagated by dispersing the cells into smaller clumps. This may be

achieved by any cell dispersion method.

Approximately twenty-four hours following transfer, clusters of small flat cells

may appear outgrowing from cell clumps. Within approximately two to three



Accordingly, the present invention provides a liver cell differentiated
fromthe epithelial cell line. These cells nay be isolated from endoder mal
pr ogeni t oWO os0k385 es by i mmunol ogi cal techni ques descri beadCakawen15% These
hepat ocyte cells may undergo differentiation into other endodermal cells
types including pancreatic cells. The plBdsent invention will now be nore

fully described w t ef erence t fallow ] . .sho e
under st ood, dﬂ%%/\é?/téqc?ec{ ﬁgﬁ @&@?%?e&%ﬁqmoﬁ}ov%hggb?%éﬁ%sc# ‘"ﬁ%t lrjl|+akﬁ_:|‘s\l%e
only and shgjgyd peotidéstifictk efofphofoticallyy ansl der adidtirigtishend by thoefapuessal ity
of the invention described above. EXAMPLES ﬁE%lﬁrrpl e 1: | nmmunoi j%l‘%&lgn of
Vi abl e ES cdesaibesl abpve gkitincthesppression of fallsdtamhmartera@ddd #6rRt he
purification of viable HES cells expressing the antigenic epitope detected
by the nonocl onal antibody GCTM 2. This procedure will enable efficient
and repednt afhe llsdirepreferalplgrgroexpore dtogeldh oacollgeen cabled dishénas tAS cel |
popul ati ons, Thi s@gar,o%edgﬁe \/\heﬁciacorgorat ed into the current procedure
for propagahelRg tpEeaipiain dhej spedtic BReNAtURSa rapi d and reproduci bl e

met hodol ogy for the production of antigenically defined HES cells. In

addition, this proposal details a method for colocalisation of anti gbens on
an i ndi vi duZheaagithelisklikg dellsotan furtheiddifferenéatseinte livercerilsgas §videnced by

an Lnaviow " 3 b JItEh ! ST f
Che.phenot SRareapiottieh akerscstisn Pevaprt ypriny ARRREn RN A ERTM P)
hel p toj\D B3/ OEQSRASRIAT/ AURRS Ot madkdrs 4 aténdidtent witbpepbh@nienierwhi ch

may have properties which are advantageous. (i) Characterisation of human
ES cel | s usAagortingly ethienpraseht ioventiosnerevidagnandives celltffereatipledyip Heat ed

onto glass m.cyrasGo S| i d d I d i-ght ; 5%
o2, arter RRREAE ) fi-e Tstcls (A teoaishhiraf cRuphsigt podir 101
air dried apditeieemdnthun@Bgicantdchnigeesidesdrib&ll alese. were stained with
nouse nonocl onal anti bodi es rai sed against GCCTM2, TG 30, TG 343 (this

| aboratory), TRA 1-60, (a gift of Peter Andrews, University of Sheffield)
and OCt’T él (%ﬂggé‘ hgp‘é%ocg)té’kgf@H%W&Yder&@’&iﬁer@hﬂéﬁ&ﬁnto GtrdYr éhdodermal cells

types including pancreatic cells.

The present invention will now be more fully described with reference to the
following examples. It should be understood, however, that the description
20 following is illustrative only and should not be taken in any way as a restriction

on the generality of the invention described above.

EXAMPLES

Example 1: Immunoisolation of Viable ES Cells

25 This example details an immunomagnetic method for the purification of viable
HES cells expressing the antigenic epitope detected by the monoclonal
antibody GCTM-2. This procedure will enable efficient and repeatable studies
of gene expression on antigenically defined ES cell populations. This procedure
when incorporated into the current procedure for propagating HES cells will

30 provide a rapid and reproducible methodology for the production of antigenically
defined HES cells. In addition, this proposal details a method for colocalisation
of antigens on an individual cell using double immunofluorescence techniques.
Colocalisation of specific HES cell markers will enable identification of the

phenotype of subpopulations of ES cells within the cultures and will help to



10 TG 343 and TRA 1-60 all detect epitopes on a keratan sulfate /
chondroitin sulfate pericellular matrix proteoglycan found on

enbr yocarwpDromw3§E£C) and HES cells. GCTM 2 and TG 343 defPeTtAlanoepit ope on
the protein core of the proteoglycan while TRA 1-60 nost likely binds to
the O-1inked |actosani noglycan side chd2n attached to the protein core

Bad k et, , . - -4 i : i
'E r ang(r:i pt(:a}[ '8%‘311%0'&@%)59% h§ﬁb$§8@§{'ﬁﬁ e@bhl?}arl%siz)g ﬁgﬁ%ndpg?ﬁ%@grgﬁ)dgﬁgﬁ?i}?em

cell's in thgdvamitageows) embryo (Nichols et al., 1998). It is down regul at ed
during gastrul ation, eventually becomng restricted to the germline and

Is used as a marker of undjfferentiafed pl uripotent, stem l]ls. i i tro.
The anti gentlk epéﬁ@ﬁ%@er&%ﬁ %&@W@l\ﬁ@s u]sdgpgsé%u?blq,ﬁﬂnlqrgglﬁak?sgﬁﬂc Itrz
al | di sappear upon differentiation of HES cells (Reubinoff et al., 2000).
These pri Mgy ESQHES) I Svdre plitat emhtavgldsshifiSresdobe dlidesdndrillowegl t@ss

m croscope slides with 100% et hanol . Di stinct, double immunofluorescence
st ai ni nd wasttach peemighiyat @7°Ci §7n & Qen aint Whichihie¥ weym fieadnrice-calek ?%"?s»y

conjugated to biotin (Dako, .nteria, : o

streptavi di ﬁ%&‘ﬁﬁuégfiéﬁ_vi’%eﬁggégé"ggﬁéé m%héﬁ]gkfﬁggﬁﬁtﬁcﬁgﬂ%@sté}'[c%sb?/n
conj unctionywd %@%&Q@ﬁ( nftise MRHSBIohel RIS ¢biska dddipstascamr2, TG-

i sot hi ocyanate ; 0). For exanple the staining achieved in Figure
1(A- D) was3achGes4d (s iahouatary)nd RAES-Gk| (Rsgiftiaf Patet Andieyes,nt) Ayegaityraf)

followed b h ,th P t ' P h '
cach step) SIBTERLBA i OF 4o T e E TS pEl il AR Tk g
wi th nofgral ToIBMS &N TRA 160S altddiédt epifspdsabm enkavatdn SRKatk- Boh¢droitims  at

RT), incubation wth anti-nmouse IgMbiotin (30 mins at RT), in ation
with strept avifatenparisedlslanonagiorossegipean Aoand msmbrg@cwaov@o%’ggh@%

o1 des wer ePpoutelly (GC VG Shel P4 aRtest o esiibhe s U folfF| fe B e
o, e, ¢ pasofyean e TRAGPL S8 o et 5 inabnct s
anti body ( Flagiesaminoglygpn Sﬂ%ﬁh@nf‘%@%% t%ma?zp@tﬁﬁﬂr?ﬁf;ﬁs) ‘?Ofgq%&ggé%?r ﬁ?ggm ng
\;V'nt Pbgﬁiﬁ 36@&%5%;%?5 1! 995550t i§ ol FOBLESEMEM triREGiptiBR YRabPthatiid FediiedCrt - 4

for formation of pluripotent stem cells in the mammalian embryo (Nichols et al.,

1998). It is down regulated during gastrulation, eventually becoming restricted

to the germ line and is used as a marker of undifferentiated pluripotent stem

cells in vitro. The antigenic epitopes detected by GCTM-2, TG-343, TRA 1-60

20 and Oct-4 all disappear upon differentiation of HES cells (Reubinoff et al.,
2000). These primary antibodies were incubated with HES cells fixed onto

glass microscope slides with 100% ethanol.

Distinct, double immunofluorescence staining was achieved by utilising an anti-
mouse IgM specific antibody conjugated to biotin (Dako, Carpinteria, CA) and
25 detected in turn by streptavidin conjugated to Texas Red (Amersham, Arlington
Heights, IL) in conjunction with a rabbit anti-mouse lg conjugated to fluorescein
isothiocyanate (FITC; Dako). For example the staining achieved in Figure 1(A-
D) was achieved by incubating HES cells with Oct-4 (30 mins at RT) followed by
washes with PBS (extensive PBS washes were carried out between each step),
30 incubation with anti-mouse Ig-FITC (30 mins at RT), blocking with normal
mouse lg (30 mins at RT), incubation with TRA 1-60 (30 mins at RT), incubation

with anti-mouse IgM-biotin (30 mins at RT), incubation with streptavidin-Texas



anti-nouse |1 g-FlI TC secondary anti body (Figure 2B). Figure 2C shows the
sane field as A and B but showi ng fluorscent staining of the TG 343

anti body wo@3desett ed by an anti | gM biotin-streptavidi n- PexTagioRets3¢onpl ex.
(ii) Coating of imunormagnetic beads with GCTM 2 750g (251) of rat
anti-nouse | gM beads (Dynal, Gslo, Norwd$) were washed in phosphate

particle coReane MpP 3 ipd) SRR HRE RNt EneT 1 thil dh Mn. RETHnoRanG, ©
at room t enpRRatRBS, (&Hides OWeRd Mowntes. irnbeuthBLT M(Zetior Laboratdriés,om

the beads with 3 PBS washes utilising the MPC followed by _ three washes in
bi ndi ng nredBarlinBaMSe c &A) w@@ﬂfi@&nEa%'Ff@fne‘d?Wﬁfi(Dﬁmfﬂr wdrm? QUi
pyruvate w gh 4500, ao/d, oL c i kM Slom-2VRs Uga)
suppl ement e%ig%g{"lhé%géﬁﬁ 3’3%'859 S?ngf&'lafr uof\%i ﬂg%%&%&g@&hé%@ 20 HyN?ISone,

Ut ah, U3A), s@cord pimbananthodyQFigures!, f-Herr) penicillin, and 50g m -'
streptonmycin (Life Technol ogies)). Beads were then resuspended in 50l of

b 09l 19, T Bl ok B8 RS SRS Bl P S e ©
i nacti vat edH'E@é@lléagi'lgMﬁH\iZA) fdre aht@sdted M tHeeoded antiyeely d&EERAY @n

i solated fromday 1 post coitum foetuses of either the 129/Sv strain or
F1 crosses antimiusesig-kil FCwseaendsny mngbody dhigue 72Boodigelg ¢C ehrys e

gel ati n-coa td i : i Sl St 20k

Dul becco' s r%%'g‘?ff?ei@%Eaéf%dééﬁ?‘ﬁm%%#hﬁ? {ag%lgg Sdﬁ{g?fﬁg?t‘*?, ggﬁﬁd&e 30
4500 (- ldeldcier By ahnaitogivebiotiRastiaptavidin-TéassRigp cempteded wi th 20% f oet al
bovi ne serum (FBS; Hycl one, Logan, UT), 0.1 nM R-nercaptoethanol, 1% WO

03/ 040355 PCT/ AUQ2/ 01534 . 34 nonessential, amn Lds, 2 nmM gl utamne, 50
units m-1 @Bni (L:%IOPF'HQ Ogﬁﬁnwoﬁﬁ‘gqﬂ?gie@?ﬁrb%m&( Li fe Technol ogi es).
HES cell colonies were renoved fromthe MEF feeder |ayer by exposure to

di spase (10758 g‘(zé@l) o 5t RERIRISALRPbeadED Y] ORI NOWLG) Wi washed
twice in PBS V\kt hout " cal ci um or magnesi um and 5 gently disassoci ated using
a 200l pi peirt phosghatelESfiestd salive (PBEEpn RBOtwas needved drom heads 2gjng the

supernatant f)y%g r%falélnle icrp%rrrt?efg dcoﬁggntrra %Pﬁﬂﬁae dGb?‘l\/Pb Q%b&,%) was then added
15 to the beads at room temperature (RT) for 30 minutes. Unbound GCTM-2 is
removed from the beads with 3 PBS washes utilising the MPC, followed by

three washes in binding media (Dulbeccos modified Eagle medium (DMEM,

without sodium pyruvate with glucose 4500 mg/L, Life Technologies, Rockville,

MD USA) supplemented with 25mM Hepes, foetal bovine serum (FBS, 1%,

20  Hyclone, Utah, USA), 2 mM glutamine, 50 units mI™ penicillin, and 50pg ml”
streptomycin (Life Technologies)). Beads were then resuspended in 50p! of

binding media.
(i) Human ES Cell Preparation

Human ES (HES) cells were harvested seven days after transfer onto
25 mitomycin C mitotically inactivated mouse embryonic fibroblast (MEF) feeder
layer (MEFS were isolated from day 13.5 post coitum foetuses of either the
129/Sv strain or F1 crosses of this strain with C57/BL6; used at 75,000 cells
cm'z) in gelatin-coated tissue culture dishes. HES culture medium consisted of
Dulbecco’s modified Eagle medium (DMEM, without sodium pyruvate, glucose
30 4500 mg L"; Life Technologies, Rockville, MD) supplemented with 20% foetal
bovine serum (FBS; Hyclone, Logan, UT), 0.1 mM pB-mercaptoethanol, 1%



medium A small aliquot of cells (starting material) was saved for

I mmunof | uorescent anal ysis. (iv) Immunonagnetic isolation of GCTM 2
positive WB33pel3b5. 10 Cells were resuspended in bindi ng meaiAatwe/and4 added
to washed, GCTM 2 coated beads (see above). The cell - bead m xture was
i ncubated on ice for 30 minutes with fBdquent mnixi ng A m cr of uge tube
contai ni ng cell m xt ur

cuper nat ant MRS AOE BEAh ACSh gk S Eetmite, P Bhite i pelpichiff i 80 A
m xture wasmit ggeptomydie (It FettmdldgibsNHES ce’dzdolmmwﬂeealpmrnumchﬁbm ther e

| so kept bound fract Cel | ded
71 bi ndi ng MEdT °‘é§nmr£&y' PSSO diePaBe | p Mast i, Tean astoa e DHER “an
unbound ”agél %é @Eﬁee M%h%ﬂtﬂn@e Y}f'P'Bs wﬁr%k&? BMiGMT & Flahesiuph shd

e La ek |

chanber sli unc Naper v 1 nois) and incubated at 37C,
5% C02 5 agdwtiy dusbswb.aﬂeainﬂmmg faozocsutmajteem ﬂ’n‘:Sm&lﬁmweogtm cemtfuged
I mmunof | uorescent analysis. Cells vvere al so an

bel ow). Cel {4 r@'ﬂat%agbnswwnétaéﬁ%rﬁ%‘? fully rggpvp snﬁ}nl'ﬁp?ﬂ%?gEeanmg
anal yses Wefn%dg_f}ﬁUbatﬁdsﬁ‘éﬂr Hig0bt b TEHsPIsRFidP ﬁial‘é’rﬁdl})”wab” s'aQéd cgbd

100% et hano des were then'arr dried and stored at -20C until
requi red. 2pnmupofluonesoéhienaygsient characteri sation of i mmunonagnetically
purified HES cells. Starting material, bound and unbound fractions were

d h I l. | bogj | :
and Ot 4. e guramaeRra s Balar S T SR RE el 2 e for md by

usi ng rabbi t anti-nouse 30 i mmunogl obulins conjugated to fluorescein
i sot hi opyangiefis (i rECreddivendedan thindieyi med@ .andf beded i toswaghed| GOSMger e

nounted in Vectashield (Vector W) 03/ 040355 PCT/ AUO2/ Q015
Labor at or i esoatedrhqadsaisee abayehndhe kel “&Q%W"@P'&/\)@’HS m@“@t%CfPah?% fa13P or

h fl
st 22 LLUTABESIAE T i, ASRASHR SEoTEMMG e of

s were | sol at'ed as above and
lysed in 30Qias placgdiis/ Dynali NP ®Uof ér m(lrm;taalanassunmha\)ant Fedd osinayed eand
ysts, nRNAsg\I?gd Iaséollr?bound fraction. The cell- bead mixture was rinsed twice more in

15  binding medium and supernatants were also kept as unbound fraction. Cells
remaining on beads were resuspended in binding medium and kept as bound
fraction. Starting material, bound and unbound fractions were plated onto 6 well
tissue culture plates or 8 chamber slides (Lab-Ték, Nunc, Naperville, lllinois)
and incubated at 37°C, 5% CO, in a humidified chamber for subsequent

20 morphological and immunofluorescent analysis. Cells were also analysed by
RT-PCR (see below). Cells plated on the 8 chamber slides for
immunofluorescent analyses were incubated overnight at 37°C prior to fixation

in ice-cold 100% ethanol. Slides were then air dried and stored at -20°C until

required.
25 (v) Immunofluorescent characterisation of immunomagnetically purified HES
cells.

Starting material, bound and unbound fractions were stained with mouse
monoclonal antibodies raised against GCTM-2, TRA 1-60 and Oct-4. (Figure 3
and Figure 4). Antibody localization was performed by using rabbit anti-mouse
30 immunoglobulins conjugated to fluorescein isothiocyanate (FITC; Dako,

Carpinteria, CA). After rinsing, slides were mounted in Vectashield (Vector



by incubation with oligo(dT) bound dynabeads (Dynal). Bound nRNA was

washed twi ce by resuspending in a |ithium dodecyl sul phate (LIDS) containing
washi ng bwbfoat4@stl renoval of supernatants using the MPC @Dymdiop/015Biar ee
further washes with wash buffer without LIDS were carried out and dynabeads
10 resuspended in 1001 wash buffer. Rev8bse transcription was carried out

usi ng _ Supef S6Lplid<e gﬁm@érﬁénéﬂ;@tdatﬁﬁnlélth@r vidndginet B Bﬂgﬁﬁ.&d‘e} #i ng

the manufa I on's ecl f or med usi ng
35 cycl es @;ﬁﬁl@&@s‘c@hcéomms 55C for 2 mn and 72C for 2 m n foI | owed by a
final incubation at 72C for 6 mn. PCR priners were synt he5| zed by Pacific

A igos 15 (Adel ajde,  Austr %@SCH ts were assayed using the
following ) melsolat 5’“@@1‘%&1&%"‘!@( FPNEP &P .
3' - CACTCGGACCACGICTTTC (reverse). As a control for nmRNA quallty, (3-actin

transcript SBWGH& é’r&?%@u%' HESt B@nsSw&&e i261atE BSRabo\k tdhel fyabl oini 80l
primers: 5'- (forward), 5'-TTCTCCTTGATGICACGCAC- 3

reverse)s Alypls/lﬁmd@gpbmfﬂarc(ﬂ}yna\l'\é& (Bsiebl FetlowW\gag%{lr lysis, geRNA| was rimia@ldem S
and visualised after eth d| st ai nin e u

| abel i mmun )ét'&PH?"T%O'? dY! Ib& QQ(CH?RQ? C@H&B%‘gm@y%é‘@ OE% W@% g}qu
cultures. | kRedlifftte b?%s@é}%@lm |r$'aglﬂhfu‘nﬁ?@@He@;}’l@ﬂlbﬁﬁt&ﬁ_lwrcorﬁﬁﬁl
positive subpopulation, and t cell's expressing the e&ltopes detecte by

the latter washingt butier asd neommbrof wem:b@ntmugagu&he\/ Péel(Pynab.e hiree

| abel | ed wi heltherGCT e, t hat

i mmunoi sol a%qrm? M%%@c?uw aes(,;w[ ‘P\’?‘% ‘&Q‘}%g quc“?rwg ')gr%g 0 aﬁ“r@%”%% are
30 posi{g verdRispPhtied.in 300 F\h‘raéh bhffee R@bé%e&f@wl?ﬂbﬁmahéeMusmytach
to the WD 03/ 048355 PCT/ AU%2/01534 36 nonol ayer_atter overnight culture

It is of |nSeupeacnphatremnsaodg¢na¢npm| ylindtifal ITechpelagies)n fallewingt ethear e

accessible to the anti bo e
bound cl ust 813 ?%t”f%&‘i‘?'v C'fog'g g@% asﬁ’g&if' %@gg ﬁfﬁﬁ;&fﬁ%&ﬁg% IS
i ndi cates t Bpélesior@see! fop 1HAM, BEYE 602 nW?Zﬂ(DE‘Grm yhigrfollowed tyhefinat 5
clusters, consistent with i rrrrunostal ning for this marker. Cells isolated as
incubation at 72°C for 6 min. PCR primers were syntheszed by Pacific Oligos
15  (Adelaide, Australia). Oct-4 transcripts were assayed using the following

primers:
5-CGTTCTCTTTGGAAAGGTGTTC (forward) and
3'-CACTCGGACCACGTCTTTC (reverse).

As a control for mRNA quality, p-actin transcripts were assayed using the same
20 RT-PCR and the following primers: 5-CGCACCACTGGCATTGTCAT-3
(forward), 5-TTCTCCTTGATGTCACGCAC-3' reverse). Amplified products
were resolved by agarose gel electrophoresis and visualised after ethidium

bromide staining.

Figure 1 shows double label immunostaining for Oct-4, TRA1-60 and GCTM-2
25  on human ES cell cultures. It is clear that there is significant overlap between
the Oct-4 positive subpopulation, and the cells expressing the epitopes detected
by the latter two antibodies. However, some Oct-4 positive cells are not
labelled with either GCTM-2 or TRA1-60. Figure 3 shows that the
immunoisolation procedure greatly enriches for clusters of cells which are

30 positive for Oct-4, and that these cells are viable and able to reattach to the



shown in Figures 3 and 4 may be serially cultivated and nmaintain stem cell
properties. This is shown in Figure 5A which shows the isolated cells

mai nt ai n wetoewsed | characteristics of COct-4 expression afPCcerawdd/ofsurs and
120 hours conpared with the unbound popul ation. After separation of HES
cells with 10 GCTM 2 conpl exed to nagne®Bibc beads there is a | arge

enri chnment for t-4 ositi.ve cell col.oni.es | actio

GCTM 2 ( BoulPNoY& Qg might ?lﬁ%é"?'r tc'l?‘i03ﬁntgf&égﬁ%sélh%phaé}atgﬁggqﬁtﬁaI'to
the GCCTM 2 pagpta elukeidiie (@dBosip@)to thd BnBbody-beae chaipidtitaisedretiist Al ef t
hand panel, Bound =- 80% positive vs Unbound =- 20% positive) and 128
hours (ri ghtelmibpand|clusigisnare-pesitiya SOt @@dvf@r@g%wha anth 866801 i ve)
after separatjon. T e j " rat.| r : ive
cel 15 a1 o Shi Bipiceles Snd R SpleTBokiSbr CXPRRCE Hraflp il corent
after 129 henistersp@daysistértewitk! immanestaing parsthis waafker. GEldt igolatedh as

significant enrichment for GCTM 2 positive cells in the bound. fracti as
conpar ed t oSh@wWnsiNaFIiguRgs @a?@ﬁji%lm&geu%@jlbfdc‘flﬁ‘éﬁ;??cﬁ@ {T&B’c_a@'s_si% eﬁqgse
resul ts wer Loe i hidR- iMBin 8
chanber sli gg@;&vﬁ ﬁ q@gsgﬁhro%rgtg@?@ogﬁa@h?posr@fcﬁeﬁg@%%él\‘/\g;eﬁg"?elrrr]oved
by di spase, stery pslinchachctarisiics i ofgOet-é ebXpressipanafien?4 sheuraeand i 28ohatirson

for GCTM 2 detected Ry FITC, i nof | yor escence and. count d t

f1 uor escencéomp&r%‘id%'ﬁi ﬂ(‘%-—”@bgg'g]ér %‘?%ul%ﬁ'c?rbes@ﬁerZ%eﬁ@%% (??dlc—:lg%f fe’%lrl?s IWWat
the isojgt egEhll2 ROMPIBk L RS n%%’(e@@sbéa‘ds thelré a9%€ 1drgé Senrichitent for Oct-4

I mrunoi sol ati on procedure described above provides for the isolation of a

vi abl e pur e ppsitive aelltoletiestTieiraciimt baune & G TMa{Beind)ma gorapsrediia ur ed
Gene. ~expr od3t BAcqa eESefi e i EREE i GGz EQhER; Head (R UEDS ©
popul ation qhig3@s ¢rld fovbbihoRd lseursagieft dandnpanelmBdumar Ft-y8@%ppbaitivernss of
of ' the. st emLnBaUBdnay B4% PEINRICHNT TR PPUSCUGE. A PREck Istiochaseon
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procedure into routine subculture methodol ogy to replace the techni que of
| sol ation OfFig';ler%ij shows that after 120 hours (5days) the cells are also positive for

GCTM-2 with a significant enrichment for GCTM-2 positive cells in the bound

fraction as compared to the starting material and unbound fractions (p<0.03.

20 These results were obtained after GCTM-2 separation. Cells were cultured on

8 chamber slides with MEFS for 5 days. Cells from each fraction were removed

by dispase, trypsinized to a single cell suspension, stained in solution for

GCTM-2 detected by FITC immunofluorescence and counted under the

fluorescence microscope (n=5 separate slides).
25  Figure 6 confirms that the isolated cell populations express Oct-4 transcripts.

The immunoisolation procedure described above provides for the isolation of a
viable pure population of GCTM-2%, Oct-4* cells from routinely sub-cultured
populations of human ES cells. The procedure will be useful in analysis of gene
expression in ES cultures, thereby providing results on a defined population of
30 cells without contamination from minority populations of differentiated cells. By
eliminating the differentiated cells, the growth of the stem cells may be

improved. The procedure, unlike those based on flow cytometry, does not rely



cells under mcroscopic control used presently to elimnate differentiated
cells, 5 thereby facilitating culture scal eup. Exanple 2: Identifying a
Novel HESVOaBl4Bshpopul ation Cells were isolated from di f Perevitoz/atssmg hunan
enbryonic stem (ES) cell colonies (HES-2) six weeks follow ng plating and
transferred onto a Mtonycin 10 C (0.53fg/n; Bristol-Mers Squibb,
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transferred onto 8-well chanber slides (Lab-Tek) and cult 0 seven to
ten days. prnuuaxeagwltmvslum§ﬁe<b’5qm m/b0a$mem88t%w'tge3% 5@‘33: f?LQ&’V"\ﬁ th
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15  transferrin solution {TS GIBCO) 50 ng/ml basic fibroblast growth factor (b-

FGF, R and D Systems), glutamine (2mM; GIBCO), penicillin and steptomyocin

(50pg/ml; GIBCO).

From seven days after plating the stem cell colonies were further propagated by
mechanical isolation of the cells from the surrounding areas of differentiating
20 cells. This technique involved aspiration of the culture medium and washing of
the cells with phosphate-buffered saline (PBS: Gibco) containing calcium and
magnesium. The stem cell colonies were mechanically cut using a heat pulled
glass micro-pipette. The PBS was then removed and pre-equilibrated culture
medium containing dispase (10mg/ml; GIBCO) added. Following a three-minute
25  incubation detached clumps of stem cells were washed twice in PBS (Gibco)

and transferred to a fresh STO feeder layer.

(M Cell Characterisation

Characterization of Cells Using Immunfluorescence Microscopy



ol igo(dT) bound Dynabeads (Dynal). Bound nRNA was washed twi ce by
resuspension in a |ithium sodi undodecyl sul phate (LI DS) contai ni ng wash
buffer (WO®3/03335is-HCI, 500 mM Lithium Chloride, 10 mM EDTAU0Y/0mSH
dithiothreitol) 10 and renoval of the 33&& nat ant achi eved by a magnet.
Three further three washes with wash b er without LIDS were carried out
and Dynabeags rﬁ%%ﬁﬁ@@ﬂeﬁ%ﬁg%—bvemrﬁ%rf SfidesRAY-F8K) BAASItURD 96r Was
carried out "using Superscript reverse transcriptase |l (Life Technol ogi es)
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specific / > rformed using 35 cycles of 94 Cfor 1 mn, 55 for 2
rgcg and’ 72W fq\t%/?d$§8/°r78’2‘,’) Q%PPB\/@HJ B@'di'efji nal incubation of 72 C for 6 mn.
primers (Table 1) were synthesized by Pacific Oigos (Adelaide,
Austral i a) Gé_ Si lgetationef mﬂl\b%angr%ﬁﬁ&%am@wé'sr@%n@e%%&% Qfar ose gel
el ectrophoresis and visualized after ethidiumbronm de staining. 20 Priner
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GAA TTT GAArESAGPEAsiON i6'a litson-sediugnidecyisviphatad- IRS) sontajping; wash befier cTG

GCG CAC CTC A "B - 3 GIC - .
5 - ARCAGACALIETII A2 ol e, GRS TA S M ffotbretian |
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T ty-f l:ow ' |
went y OUré%@éngH 1§00, WiAIh fferd RetBldeStrdiUptbN WiRekaded dlitsiafiy Of

human ES ceTl usters at cells appeared outgrow ng from cell
clunmps. W Shiperstriptr treesrsewotrasdriptase dHy SLifeurTechnotddies)ol followingd othreed.
Under phase contrast mcr osco%y cells wth A di stinct rmr.fPhoIFancal
appear ance &WNWagdrer's protocol. olymerase Chain Reaction for specific m S was

15  performed using 35 cycles of 94° C for 1 min, 55° for 2 min, and 72° C for 2

min, followed by a final incubation of 72° C for 6 min. PCR primers (Table 1)
were synthesized by Pacific Oligos (Adelaide, Australia) or Sigma. Amplified
products were resolved by agarose gel electrophoresis and visualized after

ethidium bromide staining.

20
Primer Data:
Forward Primer Reverse Primer
Oct 4 5-CGT TCT CTT TGG AAA GGT GTT C-3' 5- ACA CTC GGACCACGT CTT TC-3
CR-1 5- CAG AAC CTG CTG CCT GAATG-3 5- GTA GAA ATG CCT GAG GAA ACG-¥
Genesis 5
HNF3a 5-GAG TTT ACA GGC TTG TGG CA-3 5- GAG GGC AATTCC TGA GGA TT-3
AFP 5-CCATGT ACATGAGCACTGTTG'Y 5-CTC CAATAA CTC CTG GTATCC-3'
Sox 17 5- CGC ACG GAATTT GAA CAG TA-3 5'- GGA TCA GGG ACC TGT CAC AC-3'
Nestin 5'-CAG CTG GCG CAC CTC AAG ATG-3’ 5-AGG GAA GTT GGG CTC AGG ACT
GG-3'

Pax 6 5-AACAGACACAGCCCTCACAAACA-3 5'-CGGGAACTTGAACTGGAACTGAC-3
Vitronectin 5-TTG CAG GCA CTC AGC TAG AA-3 5-TGT TCATGG ACAGTG GCATT-3
Transferrin 5-CTG ACC TCA CCT GGG ACA AT-3 5'CCA TCA AGG CAC AGC AAC TC-3
Actin 5-CGCACCACTGGCATTGTCAT-3 5-TTCTCCTTGATCGTCACGCAC-3

25  Twenty-four hours following transfer of cells from six week old dishes of human
ES cells, clusters of small flat cells appeared outgrowing from cell clumps.
Within a further two to three days rounded cell colonies formed. Under phase

contrast microscopy, celis with a distinct morphological appearance could be



WO 03/ 040355 PCT/ AU02/ 01534 39 identified with a translucent cytopl asm and
darkened nucleus (Figure 7A). After a further seven to ten days in culture
ot her celWwotmgpessappear within the colony as cells begi npCo/Adiophesenti at e
(Figure 7B). Mst comonly, but not invariably, an area of differentiated

celI's appear within the centre of the sB®mcell-like colony. 5 Over a
period of two-.k e I f éfgd' { ' i of
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(data not shown). The ce S%gl spﬁayed positive fluorescent staining or
TG30 (Fifur Ovenr paribchot twwedy tiTam veecksathe eelts diffarentintasLinte awsaright of cell

cyt okeratins(Fi gur B) as ,well as a |ow.j NSLt W 0 C €. the 15
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EpCAM (cl one Ber-EP4; DAKO). Exloressi on of genes known to be

transcripti oystia stregiurese(Rara gt al. pf@@pot ent stem 20 cel | popul ati ons
including Cct-4, Cripto (Figure 10A) and CGenesis (Figure 10C). Transcripts
for the neural marker Pax 6 (Figure 10B) and relatively lowintensity
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Expression of genes known to be transcriptionally active within pluripotent stem
20 cell populations including Oct-4, Cripto (Figure 10A) and Genesis (Figure 10C).
Transcripts for the neural marker Pax 6 (Figure 10B) and relatively low intensity
transcripts for hepatocyte nuclear factor (HNF)-3a. (Figure 10C) were also
detected, as they are in conventional ES cell cultures. There were no transcripts
for the endoderm genes alphafetoprotein, vitronectin, or transferrin, nor for the
25  neural marker nestin, although verification of successful RT-PCR was validated

by identification of the housekeeping gene actin.

The cell population described here clearly differs from the canonical primate
pluripotent stem cell in that it lacks expression of the surface markers usually
30 found on ES cells. Nevertheless, this cell type expresses other markers of
human ES cells and undergoes differentiation at the morphological level into a
range of cell types. Thus it is possible that the SCL cell is a novel type of
pluripotent cell which derives from, or is a precursor of, the canonical ES cell.

The SCL cell may have desirable properties compared to conventional ES cells,



The SCL cell may have desirable properties conpared to conventional ES
cells, WO 03/040355 PCT/ AU02/ 01534 40 such as ease of growth during
routine swbaalswse or cloning, or nmore extensive capacitpCtowmmIssitro
differentiation into diverse lineages, or greater susceptibility to uptake
and int eg(rjation of DNA constructs. For éRanple, SCL cells may be

mai nt ai ne and
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cul tures: atrve en er mal progenitor. Epithelial cells, identified
nor phol dgi cmdlrytalmveatéler wm@eduhmremqimcﬂaeeembmq fijoblagitan embryoni ¢ stem
(ES) cell colonies (HES2) and stemcell like (SCL) 15 colonies (Exanple 2

above, Hawes and Pera; 2001), four to eight weeks follow ng subculture.
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7- 14I da'}(f me prefllom nant gell type in the culture was an epithelial cell
simlar to ose illustr I n ure The | flat

cel I's foundEXxampigt BolAc Ff P@Qagfgeﬁp@té@gt? %E??%J@“T%@q%ﬁ@rum

without ni cqpigpst dedeatfietonBisdomiAprobeaiteRt in the presence of

ni coti nam de ter spontaneous ap ear ance or induction as_described
above, cel| Epithekial telmsidentifiztl anerpha lQaiINyONGPfeCIS@dﬁtgd oM d'@*ﬁ@*ﬂ%ﬂng\/yers
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cultures of human ES cells using the following methodology. ES cells were
maintained for 4-10 days under standard conditions, then the culture medium
was switched to DMEM, low glucose formulation with sodium pyruvate,

20 supplemented with reduced levels of fetal calf serum (5-10%), and 10 mm
nicotinamide. Within 7-14 days, the predominant cell type in the culture was an
epithelial cell similar to those illustrated in Figure 11C. The large, flat, squamous
cells found in control cultures under suboptimal conditions (eg low serum
without nicotinamide) were much less frequent in the presence of nicotinamide.

25  After spontaneous appearance or induction as described above, cells were
transferred onto a Mitomycin C (0.5 mg/ml; Bristol-Myers Squibb, Australia)
treated mouse embryonic fibroblast cell line (STO) cultured in DMEM medium
(Gibco, without sodium pyruvate, with glucose 4500 mg/L) supplemented with
20% (v/v) Fetal Bovine Serum (FBS; Hyclone, Utah), B-mercaptoethanol (0.1

30 mM: GIBCO), 1% (v/v) Non Essential Amino Acids (NEAA; GIBCO), 1% (v/v)
insulin, selenium and transferrin solution (ITS, GIBCO), glutamine (2mM;
GIBCO), penicillin and steptomyocin (50pg/mi; GIBCO). In some cases, the
culture medium was supplemented with Cholera Toxin (0.02 pg/ul; Sigma) or

Stem Cell Factor (SCF, 25 ng/ul; Peprotech).
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cul ture redioasosas suppl enented with Chol era Toxin (0.02 @CrAuS2gnmay or
Stem Cel | Factor (SCF, 25 ng/l; Peprotech). WD 03/040355 PCT/ AU02/ 01534 41
Six to eight weeks after plating the epfihelial-like cell colonies were
further propagated by nechanically cutting of sheets of cells into smaller
clunps. This technique involved aspiration of the culture nmedi um and

washi ng of giketoceldht Wwesks hafiehqsaliveg ¢hd Hfithebal-lkel cele coRBEes Gréreofurther
containing calciumand nmagnesium (i aracterization of Cells Usin
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Staining was carried out as described above. 15 (ii) Isolation of nRNA and
RT- PCR analV8P88¥HMyene expression Epithelial-l1ike cell colonies were

i sol ated (described above) and transferred into 300 | |ysis/binding buffer
(Dynal AS, GCslo). Following cell lysis, nRNA was isolated by incubation
with oligo(@T) bShaalsrizatieads Galpridsing IBp@TiRRMEECERBR MIBKIEAPY wi ce by
resuspension in a lithiumsodi undodecyl sul phate (LIDS) 20 containi ng wash
buffer (100 mM Tris-HC, 500 nM Lithium Chloride, 10 nM EDTA, 5 mM

di t hi oty ei tells wers traesRyald erftotd @ell chambet alidesdiaby Tekjragd eulturethfos eip
further three washes with wash buffer V\,i%h.out. hl@\%@ were carried out and
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25 fol | ow ng nufacturer’s protoco Pol ymer ase Chain Reaction for
speci fic nRidmohand mirddedre8taising gvaBbcayiet @it os descipedabover n, 55 for 2
mn, and 72 Cfor 2 mn, followed by a final incubation of 72 C for 6 mn.
PCR priners were synthesized by Pacific Aigos (Adel aide, Australia) or

Sigma. Anplified products were r lLved by agar.ose gel el ectrophoresis and
vi sual ied bt er Isoffias ¢f IRNA BF‘@%S@EC% ﬁf‘%‘iyﬁ'g.‘)f gene%xpressmn

Epithelial-like cell colonies were isolated (described above) and transferred into
300 pi lysis/binding buffer (Dynal AS, Oslo). Following cell lysis, mRNA was
isolated by incubation with oligo(dT) bound dynabeads (Dynal). Bound mRNA
was washed twice by resuspension in a lithium-sodiumdodecyl sulphate (LIDS)
20 containing wash buffer (100 mM Tris-HCI, 500 mM Lithium Chloride, 10 mM
EDTA, 5 mM dithiothreitol) and removal of the supernatant using a magnet.
Three further three washes with wash buffer without LIDs were carried out and
dynabeads resuspended in 100 pl wash buffer. Reverse transcription was
carried out using Superscript reverse transcriptase Il (Life Technologies)
25  following the manufacturer’s protocol. Polymerase Chain Reaction for specific
mRNAs was performed using 35 cycles of 94° C for 1 min, 55° for 2 min, and
72° C for 2 min, followed by a final incubation of 72° C for 6 min. PCR primers
were synthesized by Pacific Oligos (Adelaide, Australia) or Sigma. Amplified
products were resolved by agarose gel electrophoresis and visualized after

30 ethidium bromide staining.

Primer Data:

Forward Primer Reverse Primer
Oct 4 5E.CGT TCT CTT TGG AAA GGT GTT C-3 5_ACA CTC GGA CCA CGT CTT TC-3
CR-1 5'-CAG AAC CTG CTG CCT GAATG-3 5- GTA GAA ATG CCT GAG GAA ACG-3




Primer Data: Forward Priner Reverse Primer Oct 4 5'-CGI TCT CIT TGG AAA GGT
GIT C3 5 - ACA CTC GGA CCA CGT CTT TG-3'" CR1 5 - CAG AAC CTG CTG CCT
GAA TG 3'wWb'03/08B85 GAA ATG OCT GAG GAA ACG 3' WD 03/ 040355 PPT/AUARIO391534

42 HNF3a 5'- GAG TTT ACA GGC TTG TGG CA-3' 5'- GAG GGEC AAT TCC TGA GGA
TT-3" AFP 5 - CCA TGI ACATGAGCACTG4‘Z'G3 5- CTC CAA TAA CTC CTG GTA
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20 epithelial cell markers m (cl on -
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micro-pipette and transferred to a fresh STO feeder layer (Figure 13A). It was

1TC

also shown that cell colonies could be propagated on a thin Matrigel (Gibco)
coat and retain their distinct morphology for seven to ten days (Figure 13B).
15  Following this fibroblast type cells began to appear at the edge of the colonies
that necessitates their transfer to fresh Matrigel-coated dishes to maintain their

specific phenotype.

Indirect immunofluorescence methodology showed positive staining for the
20 epithelial cell markers EpCam (clone Ber-EP4; DAKO), and low molecular
weight cytokeratins (Cam 52; Becton-Dickenson); Isolated patches of cells
above the plane of the monolayer showed expression of the endoderm marker
alphafetoprotein ( AFP; DAKO) and the gut cell specific A33 antibody. No
significant staining was observed for PHM4 (HLA Class | antigen), CD34 or the

25 stem cell marker Oct-4 (Santa Cruz Biotechnologies).

The expression of hepatocyte nuclear factor (HNF)-3c, and HNF-4 was
demonstrated by RT-PCR analysis. No evidence of gene expression for Oct-4

or CR-1, characteristic of pluripotent stem cell populations was observed,



wei ght cytokeratins (Cam 52; Becton-Di ckenson); |sol ated patches of cells
above the plane of the nonol ayer showed expression of the endoder m marker
al phaf et owoeBeiassy AFP; DAKO and the gut cell specific AP8TaNUOROGRY. No
significant staining was observed for PHWM (HLA Class | antigen), CD34 or
the 25 stemcell marker Cct- 4 (Santa CABz Bi ot echnol ogi es). The expression

RT- POR anal 9o irelan et st b Richeek WP, o AR T BRAGhE At of e
char act er i ShigsdNea Pori%%@ﬁ)é a6fin. Strafsats farami ewere slspsbsdised ved, VO

03/ 040355 PCT/ AU02 4 43 although verification of successful RT-PCR was
validated by identification of the housekeeping gene actin. Transcripts

for Pax 6 V\ﬁhg at'h§0n8\l?§le5¥l’f'sd arél-h&lé?lﬂ}heeg}ﬂ}éﬁél ﬁelnbﬁjr@re'lfﬂe?ﬁﬁé’ n“d"lé rI al

in nature. e Nno | onger tent stem cel ey |ack
mar ker s 5f pluupotmﬁ etémmyuamheyeamcall rerleerd offpduripcttmtshwman h&am;qﬁle@lnd

ltil di ff tiat f
Thi s cel | { Gilciaoran Dexycaha i epe T TSRaHatyoANaHS pYFS Ce i AT, °
di stingui shrpl fd Hhﬁ%’@qpéscél?% ThiE s toriean@litsaFdRtemsertyiog IBT@r @ellst oxi n

and which do not grow wel O nmonol ayers. The expression in sonme 10
col oni es of furﬁ&zrrmsﬂnmlﬂsmm?fr()rmberrw Efbeslisnivbiabn gt eotraffectesks hi) chakrat he

A33 t t dt

0 s ol o 2R Wi 5o hel v Waf SR moriR iR, ThelBlmEio P RERRL O,
be capajy) € gh|onflisf 6ﬁr@maa&ér§mrrmt(maaev@; ambeydriy @mdodendaldigssue) and the
derivatives. The cells may respond to various known inducers, of ‘e‘q&g‘_ er nal

differenti aABBral‘tilgeﬂdfeﬁtﬁ@ieQSO@Nf fAushet ale 20081 i ascwell 88 IPXRESSHAN O | ung

and pancreas,_,The r f by el |
types. REFE%‘?IQ@I‘%¥ g\gﬂ:dg %Yé%%t ﬂ'gbt th eoh'téﬁﬂ@%@al@b%%ltg ?ﬁ %bg%%panl}t cl)-igat h,
J. K (2000B1ﬁeTé|¢t1at2ﬂ 7y ls@eev%énﬂcnyogereriomden’pabdsmbtaztest vvdl' e selisnmayS| tes

during devel opnen the I1CMof the bl astocnyst and tk}% B
epi t hel i um regnemdpis, vagous known maucsEs of gndogegpat difgren y formingy

Andr ews
TRa oo s dfferpiicyatter SRR QR TROrA0R, A8 J&%%n””fézﬁﬁs?‘%%@%&"

4715-9. in vitro source of these important cell types.

REFERENCES

Abud, H. E., Johnstone, C. N., Tebbutt, N. C. and Heath, J. K. (2000). The
20 murine A33 antigen is expressed at two distinct sites during development, the
ICM of the blastocyst and the intestinal epithelium. Mech Dev 98, 111-4.

Badcock, G., Pigott, C., Goepel, J. and Andrews, P. W. (1999). The human
embryonal carcinoma marker antigen TRA-1-60 is a sialylated keratan sulfate

proteoglycan. Cancer Res 59, 4715-9.

25 Cooper, S., Pera, M. F., Bennett, W. and Finch, J. T. (1992). A novel keratan
sulphate proteoglycan from a human embryonal carcinoma cell line. Biochem J
286, 959-66.

Gualdi, R., Bossard, P., Zheng, M., Hamada, Y., Coleman, J. R. and Zaret,
K. S. (1996). Hepatic specification of the gut endoderm in vitro: cell signaling

30 and transcriptional control. Genes Dev 10, 1670-82.



25 Cooper, S., Pera, M F., Bennett, W and Finch, J. T. (1992). A novel
keratan sul phate proteoglycan froma human enbryonal carcinoma cell |ine.
Bi ochem JwO0280403959- 66. Gual di, R, Bossard, P., Zheng, MpCTHAmwades34Y. ,
Coleman, J. R and Zaret, K S. (1996). Hepatic specification of the gut
endodermin vitro: cell signaling 30 af# transcriptional control. Genes

nast assi advienole, I gavtity B Astresiats, 3. it i KGwoNpheRIRE, b0 -

Anast assi a Ki evie- anber s,

and Snith, Ghamb?8)l., Sehorirj Hnanll Srhithi po(+908)sFermatimi bpiuripoteat stemual i an
enbryo depends on the PQU transcripti onc{act r d Cel.l .. 95 79 9& 5
Pera, M F.celirdaghadpammaliagemipryeusrindson ?%ggf} tﬁmﬁﬂpﬁ%ﬁﬁz‘?ﬁ OC%-em
cells. J Cebg”§§i 4434 5-10. Reubinoff, B. E, Pera, M F., Fong, C Y.,
Trounson, A’ a ’%ongsb, A.  (2000). Enbryonic stemcell lines from human
bl astocysts: somatic differentiation in vitro. Nat Biotechnol 18, 399-404.
10 Sal oian, Pé&xa, 8. FBiReuhinoff, B.erwt Trownsen, AkGP0)NHUmMan embseiic stemm |

Nor manno, N. berger,.C., Seno, M, WIllianms, K, Sanicola, M et

al . (2000) C%ﬁ@%ﬂéﬁarﬁ']@ novel epidermal growh factor-rel ated

proteins in devel opnent and cancer. Endocr Rel at Cancer 7, 199-226.

Sutton, J.,Reabiroff,RB. B Pera M. Fj Fohg, C., YXUTrdunsdrgriaandaBangso, A., 15

Fletcher, C. F., Jenkins, N A, Copeland, N Gb Klensz, M et al. (t.1996).

Genesis, a (R0AGbd BEIbryonic arstemhi pealonines: efPs sBIMAN: Holagiacustsi ogomatic

restricted &iﬂer%qmég)ﬁﬁri‘h Gitrd, mt%%ﬂeﬁﬂn&/ﬁ ?‘9?%“ 271, 23126-33. Finally it
00 modi

is to be unders hat vari ous ot her i cations and/or alterations 20
may be made without departing fromthe spirit of the present invention as
out | i nedd heSalomaimy0 3804 B3a8cECT. AR 1234D.,4 Khao. ANVE., 1 DeASantise dVef

| dentifyi ngN%rr\ﬁia%WO? l\?.?%g&?suélgtei'gogr, Q',f., §Eﬁo?‘la\hl, %Nilﬁam'lg, K., Sanicola, M. et
al. (2000). The EGF-CFC family: novel epidermal growth factor-related proteins
in development and cancer. Endocr Relat Cancer 7, 199-226.

Sutton, J., Costa, R., Klug, M., Field, L., Xu, D., Largaespada, D. A.,

15  Fletcher, C. F., Jenkins, N. A., Copeland, N. G., Klemsz, M. et al. (1996).
Genesis, a winged helix transcriptional repressor with expression restricted to
embryonic stem cells. J Biol Chem 271, 23126-33.

Finally it is to be understood that various other modifications and/or alterations
20 may be made without departing from the spirit of the present invention as

outlined herein.



met hod conprising: 5 obtaining a source of HES cells; and identifying the
sub- popul ation of HES cells that are at |least GCTM2 positive. 2. A nethod
accor di ngwo®3ok@sin | wherein the sub-popul ati on of HES celPCI/AWQ0&3¢
identified by expression of GCTM 2 antigens and expresses at |east one
other surface antigen of ES cells. 3. A4hethod according to claim1 or 2
wher ei n thecgég\-ﬂgopul ation of HES cells are undifferentiated or

pl uri pot ent Cells. 15 4. A nmethod according to any one of clains | to 3
wherein the source of HES cells is derived froman enbryo or a culture of

HES cells. 5. A nmethod according ta any one of clai tg 4 erein the
sub- 20 popi at i Brinehodms | %mtﬁx'na@ ‘éﬁﬁ%if%@?waﬁﬂ PEE'E(J%?@I%%G. A met hod
according t 8 pkingt@aims 1 to 5 wherein the sub- popul ation of HES
cells is ad@}e?in%()dna I)F/) TRR1-60 TG30 or CD9 mar ker positive. 25 7. An

undi f f erfent i at edobtaiphg @i goiresof HES eeils; pogul ation identified by a nethod
accordi ng to any. one_of ai 1tg 6. 8, d I sol at i habl e
sub- popul ati on Opegﬁ@l%ﬂ\gs@épgplﬁgy%@f @:5%;%‘%% #85" %% Sgﬁéﬁiﬁgcwé\ﬁ%ource

of HES cel | gpsitigenti fying HES cells that are at |east GCTM 2 positive; and

selecting for or against those cells which are GCTM 2 positive. WO
03/ 040355 PCT/ AU02/ 01534 46 9. A nethod of isolating a viable

sub-popul athon oh HEmdiPhlcardfl & JBHN A0whERIRIAS S)B:pdtRARN S0HESSestisce Of

HES cel | s; ‘€xposing e ce 0 a narker reacting the cells

to t he 1or kere identified Byhexpsdssipnpol GOTV-DBntigens ahd éxpressasr &etgast one

separating the sub-populatio f cells which are bound fromthe
P g other surfage%ntigen o?E% céls.

3. A method according to claim 1 or 2 wherein the sub-population of HES
cells are undifferentiated or pluripotent HES cells.

15
4. A method according to any one of claims 1 to 3 wherein the source of

HES cells is derived from an embryo or a culture of HES cells.

5. A method according to any one of claims 1 to 4 wherein the sub-

20 population of HES cells is additionally Oct-4 positive.

6. A method according to any one of claims 1 to 5 wherein the sub-
population of HES cells is additionally TRA1-60 TG30 or CD9 marker positive.

25 7. An undifferentiated or pluripotent HES sub-population identified by a

method according to any one of claims 1 to 6.

8. A method of isolating a viable sub-population of HES cells, said method
comprising:
30 obtaining a source of HES cells;

identifying HES cells that are at least GCTM-2 positive; and

selecting for or against those cells which are GCTM-2 positive.



unbound cells. 10 10. A nmethod according to claim8 or 9 wherein the

sub- popul ation of HES cells are undifferentiated or pluripotent HES cells,
11. A nmetwod3aesed ding to claim 10 wherein the source of PE®AI®ROS3MS
derived froman enbryo or a culture of HES cells. 15 12. A nmethod according
to any one of clai ms 8 to 11 wherein théd6sub- population of HES cells is

fo 12 whor ebn 2 OBy Balaliia d RBlsy -2 LR R SR S ,
TG0 or CD9Cd§th§ih gposi tive. 14 A nmet hod according to any one of clains 8

to 13 wherein the marker is a %%ort and wherein the support is coupled
to an antibody f@bta@DTQABZSOLQSG QfS ¢@llShod accor di ng to claim 14 wherein

t he support is g%%éilw ¥G|Egg@hﬁqkél%f%@?w§r for TRAI-60, CD9 or TG30

or other surface 16. A met hod according to any one of
clainms &to 15 wericting thbeelisto tee afark80toHEIBd dbe Issibapapuditioei elisdtor ey el d
a suspension of cells in clunps of approximately 10 to 100 cells. 17. A
met hod accom”ﬁ%f;to any one of claims 8 to 15 further including sorting

single ES cells E%( éﬂaﬂ GCHE BRI YopWRiSS/ O QRS REIEANIE/ BboRd fréin 1the An

i sol ated and via e su popul ation of HES cells. 19. An isolated and vi able
undi f f er ent uabauhdcelld. ur i pot ent sub-popul ation of 5 HES cells. 20. An

i sol ated and vi abl e sub-popul ati on of HES cells wherein said sub-

popul ation is positive for GCTM2. 10 21. An isolated and viable

sub- popd at kgn aACm"emdw ab@or@llr%DtQB d18irh Rbr Dswhedsh the sablpppplksioni ofeHES!
Cct-4 and/ or TRA1l-6 An i sol ated and vi abl e

sub- popul at telts ar@cmdjﬁﬂ@rﬁlét%i%fﬁﬂﬂﬂgo’@ﬂt HES €9)i$pri si ng undi fferentiated or
pl uripotent HES cells. 15

11. A method according to claim 10 wherein the source of HES celis is
derived from an embryo or a culture of HES cells.

15
12. A method according to any one of claims 8 to 11 wherein the sub-

population of HES cells is additionally Oct-4 positive.

13. A method according to any one of claims 8 to 12 wherein the sub-

20  population of HES cells is additionally TRA1-60, TG30 or CD9 marker positive.

14. A method according to any one of claims 8 to 13 wherein the marker is a

support and wherein the support is coupled to an antibody for GCTM-2.

25 15. A method according to claim 14 wherein the support is additionally
coupled to a marker for TRA1-60, CD9 or TG30 or other surface markers of ES

cells.

16. A method according to any one of claims 8 to 15 wherein the source of
30 HES cells are dissociated to yield a suspension of cells in clumps of

approximately 10 to 100 cells.

17. A method according to any one of claims 8 to 15 further including sorting

single ES cells by flow cytometry.



23. An isolated and viabl e sub-popul ation of HES cells according to anyone
of clains 20 to 22 capable of sub-culture. 24. An isolated and vi able

sub- populwoioen4@stordi ng to claim23 conprising 20 undifferatozatsd or
pluripotent cells. 25. An isolated and vi abl e sub-popul ation isolated by a
met hod according to any one of clains 4/to 16. 25 26. An isol ated and
viable differentiated and pluripotent sub-population of HES cells. 27. An
i sol ated and vi abl e sub-popul ati on of HES cells wherein said sub-

popul ation {§ negatdolgtelicinddbabe3ub3foBatidnof HBSatedld. and vi abl e
sub- popul ati on according to claim?27 that is additionally negative for
TRA1- 60. WO 03/ 040355 PCT/ AU02/ 01534 48 29. An isolated and viable

sub- popul atjen a ! ia i 18P bl tipdeertt uiRpERbASSE bfHES
cells. 30. jbg i s%ﬁgéglgi%ngﬂgﬂéﬁ*lg %ﬂ%ﬁ%rgﬁﬁ?ati onbof IOEES cell Esg%cor ding to
any oneb5 5 HESctdisns 27 to 29 capabl e of sub-culture. 31. A nethod of

subcul turing HES cells, said nethod conprising: obtaining a source of HES

cells; exposing the cells to a marker of GCTM2; 10 reacting the cells to

the marker $@ biAd ikH@tsHRnBORHbRL §@pBpulEibh Soft AEShEellsTWHeRsih Sigag-i ng
sub- popul ati ons of HES cells which are bound or unbound to the marker; and

sub- cul t ur i populatosupesitive fos GCTM-32. A net hod of subcul turing HES cells,
said nethod conprising: obtaining a source of HES cells; exposing the
cells to a support coupled to at | east one marker for GCTM 2;

10 21. An isolated and viable sub-population according to claim 19 that is
additionally positive for Oct-4 and/or TRA1-60, TG30 or CD9.

22. An isolated and viable sub-population according to claim 20 or 21
comprising undifferentiated or pluripotent HES cells.

15
23. An isolated and viable sub-population of HES cells according to anyone

of claims 20 to 22 capable of sub-culture.

24.  An isolated and viable sub-population according to claim 23 comprising

20 undifferentiated or pluripotent cells.

25.  An isolated and viable sub-population isolated by a method according to

any one of claims 8 to 16.

25 26. An isolated and viable differentiated and pluripotent sub-population of
HES cells.

27. An isolated and viable sub-population of HES cells wherein said sub-
population is negative for GCTM-2.

30
28. An isolated and viable sub-population according to claim 27 that is

additionally negative for TRA1-60.



20 reacting the cells to the marker to bind the sub-popul ation of cells to
the marker; separating bound and unbound sub-popul ati ons of HES cells; and
sub- cul t uworig/osdsss bound cell s. 25 or separation of singlePESAI®Rs3bY fl ow
cytonetry 33. A method according to claim32 further including separating

single ES cells by flow cytonetry. 30 83. A nethod according to any one of

clainms 31 tg. 33 erein the sub-, popul ati on.,. | are;

undi f f er ent?%t edxlgr 'SBH}??I p%‘t“in 'aﬂésgk!%ﬂ"?.“%é@f‘ ggér%rgﬁ"(gdﬁ%célg%i%é 028 ai m
34 wherein gha ﬁgﬂg@ff%nhlg@dquSScéﬂg derived froman enbryo or a culture
of HES cells. 8\0 03/ 040355 PCT/ AU02/ 01534 49 36. A nethod according to any
one of clains 31 to 35 wherein the sub- population of HES cells is

addi tional | y,COct 24 . it [ i ms
31 to 35 wnePel BBl A58 SE suf oL AR HRES s o BRING Y aR e T
TG0 or ED9%oh@iaines 2P ds 29i aapable3df sub-oriturted according to any one of clains
32 to 37 wherein the marker is an antibody for GCTM2. 10 39. A nethod
according to claim 38 wherein the support is additionally coupled to

mar kers foroJRAI - - t SeHin ation of HES
cells pr epa??e-d bi;‘qﬁefrﬁegtag% ub%@g@@%ﬁ&%ngéi&%gﬂgylﬂgﬁgdof c@g?ﬁ% 31 to 39. 41.
A et hod of traneptaiingta source ohHER callst, sai d net hod conpri sing:

obt ai ni ng a sub-popul.ation of HES ce]ls Lhg to any one of clainms 17
to 30; and 20 trgﬁr@%'am%ge@%@ %Bﬁrkeri qf@&jfvﬁ-g“ ent. ?2???? Probably woul d
not wanfgto trapsphiagtthbRIIES ¢eé sartar tdbiftihedsudcsesuatich bbcellsatorthél
wherein the HES cells are sub-cultured prior to transplanting into the

patient. 25marker,
separating sub-populations of HES cells which are bound or unbound to

the marker; and
sub-culturing the bound cells.

15
32. A method of subculturing HES cells, said method comprising:
obtaining a source of HES cells;
exposing the cells to a support coupled to at least one marker for GCTM-
2;
20 reacting the cells to the marker to bind the sub-population of cells to the
marker;

separating bound and unbound sub-populations of HES cells; and

sub-culturing the bound cells. .

25  or separation of single ES cells by flow cytometry

33. A method according to claim 32 further including separating single ES

cells by flow cytometry.

30 34. A method according to any one of claims 31 to 33 wherein the sub-

population of HES cells are undifferentiated or pluripotent HES cells.

35. A method according to claim 34 wherein the source of HES cells is

derived from an embryo or a culture of HES cells.



43. A nethod according to claim4l or 42 wherein the HES cells are

undi fferentiated or pluripotent cells. 44. A nmethod according to claim4l
or 42 wheweion/osd3es HES cells are 30 differentiated cel|ls. p¢S/AURNEBINOD Of
i dentifying gene expression in a HES cell, said nmethod conprising:

obtai ning a substantially honmogenous HEZ%el |l sub-popul ation; and WO

03/ 040355 PCT/ AU02/ 01534 50 conducting gene expression analysis on the
sub- popul ati on. 46. A nmethod of identifying gene expression in a HES cell,
sai d met hod 36conX inséthed Scodpdingniongnp chiebsf afdimal 89 tbob® gelmrei HIEES stibt |
sub- popul ation isolated_ by a nethod according to any one of clains 8 to
16; and con@Q@HI%@nﬁﬁﬁgﬁﬁléﬁ?%t"éﬁiyé%4Bgs'ﬁ'M@ sub- popul ation. 47. A

met hod according to claim45 or 46 wherein the gene expression is 10
identified during differentiation of HES cells. 48. A subpopul ation of HES
cell's whEch3dre momptbbdgacairtingdios ainaine pbelaiES3 t dbl 35 amtersiv they sstbem

i o var | oudopblaton AL A r wreeediotalrditd Fadn tndhakbred LT The

foll owi ng characteristics: (a) negative staining by indirect
i mmunof | uorescence mcroscopy for GCTM 2, TRA1-60, TG343 and SSEA-4; (b)
positive st&8ni ngh Methadtaccaitkngin abyape ChvRIMsadhindt Whsieinbedvarkar is

wei ght cytokerar'%ti ns, ?Gﬁ lpw intensity fluorescence for the internediate
filament marke? Qﬂ%ﬁ G TN expression of tetraspannin cell surface

mar ker @p9; (e) no positive fluorescence for SSEA-1, PHW (HLA antigen) and

the epithelial marker EpCAM 25 (f) expression of genes known to.be
transcri pti &%al | yA doethed @cepicing é‘P WlaigbtEhwharein @g& ISUPRRH & iagﬁglonally

including Oebiidleddo Mbfker§ 3KOTRRY- 662 FE8D Br CBho.

40. A sub-cultured sub-population of HES cells prepared by a method

15  according to any one of claims 31 to 39.

41. A method of transplantation in a patient, said method comprising:
obtaining a sub-pdpulation of HES cells according to any one of claims

17 to 30; and
20 transplanting the cells into a patient.????? Probably would not want to

transplant the ES cells

42. A method according to claim 41 wherein the HES cells are sub-cultured
prior to transplanting into the patient.

25
43. A method according to claim 41 or 42 wherein the HES cells are

undifferentiated or pluripotent cells.

44. A method according to claim 41 or 42 wherein the HES cells are

30 differentiated cells.

45. A method of identifying gene expression in a HES cell, said method
comprising:
obtaining a substantially homogenous HES cell sub-population; and



(g) no transcripts for the endogerm genes al phafetoprotein, vitronectin,
transferrin,or nestin. 30 49. A SCL-cell derived froma sub-popul ati on
accor di ngwom®3ps@sin 48. 50. An SCL cell according to clai mpé¢¥/Ataeiong4t he
ability to differentiate in vitro to form neurospheres, neural cells,
endot helial cells or extraembryonic enddderm by spontaneous

a stom cel | 11 ke CORLRNERERS XEL<CICRnHtncly onife sty dORTRRE, °f o ves

Cﬁ| | s and having stemcell-like (SCL) characteristics, said cells having
the ability to develop into varjous cell types. sajd od 5 conpri,sing:
obt ai ni ng a 48-f f & enethedi AL idendfieg Igeél?o-eﬁ%’pﬁﬁﬁ’ﬁ Bhac % Icg,l,naadn%ethod °
spont aneously di f({o‘?ﬁﬁﬁ?flh ted HES cells; identifying SCL cells by negative
expression of cell suriace markers characteristic of SCL cells including
GCTM 2, BRA 1- 60,obfaidd)y ansuissitially HoonegehqussHESY el spbgsputations istted or

CD9anti gen; ,and ispl ati .Ssaj d_ SCL | s. J. id i d
posi 11 ve. et esuiBad aesdraiidid woas o GBIt B T #dm cel | Tike. (SO cel
whi ch i's norphol agreictiNg gbhe @xpidsafdn érﬁél??i!ﬂ'éﬁ thelsus-poplildtion. ng stem

cell-like (SCL) characteristics, said cells having the ability to develop
into various cell types said nethod conprising: obtaining a

into various _ | . N
Lo 30 conpr 141 ng AEIATRHCAHErgRg fortiall 4RCAEHE JRolch Y oBP8, oot yBh 18 ooy

cel | s byonegaéntifiedcduires differertfationldf HES telte markers characteristic of SCL
cell's including GCTM 2, TRA 1-60, TG343  and SSEA-4 and positive expression
of TG 30 antigen or CD9 antigen; and isolating said SCL cells expressing

221, 2G| VA1 PARPUBCR S S0y I ARFIRIogESH) il il m
HES cells and having stem cell-like (SCL) characteristics, said cells having the
ability to develop into various cell types and wherein said cells have at least one

15  of the following characteristics:
(a) negative staining by indirect immunofluorescence microscopy for
GCTM-2, TRA1-60, TG343 and SSEA-4,
(b)  positive staining for TG30 and antibody CAMS5.2 against low
molecular weight cytokeratins;
20 (c) low intensity fluorescence for the intermediate filament marker
vimentin;
(d) expression of tetraspannin cell surface marker CD9;
(e) no positive fluorescence for SSEA-1, PHM4 (HLA antigen) and the
epithelial marker EpCAM;
25 4] expression of genes known to be transcriptionally active within
pluripotent stem cell populations including Oct-4, Cripto, Pax6 and Genesis; or
(99 no transcripts for the endogerm genes alphafetoprotein,

vitronectin, transferrin,or nestin.
30 49. A SCl-cell derived from a sub-population according to claim 48.
50. An SCL cell according to claim 49 having the ability to differentiate in

vitro to form neurospheres, neural cells, endothelial cells or extraembryonic

endoderm by spontaneous differentiation.



identified by at | east on of the follow ng characteristics: (a) negative
staining by indirect inmunofl|luorescence mcroscopy for GCTM 2, TRAL-60,
TG343 andwB3BA40355 30 (b) positive staining for TG0 and amCrawg/oGANG. 2
agai nst low nolecular weight cytokeratins; (c) lowintensity fluorescence
for the intermediate filanent marker vidfentin; (d) expression of
tetraspannin cell surface marker CDO; WD 03/040355 PCT/ AUO2/ 01534 52 (e)
no positive fluorescence for SSEA-1, PHW (HLA antigen) and the epithelial
mar ker EpCAgH. (A mathes of molatingge stesn keathlike (8Che cell arkdeh ispmiorphlogically i ve

i url ot I o ; ; ‘ {
Genest's; "or dBneEiars HESnel: AR heind RiemnerbiantChl harsiielfsoraric o
vitronectl n’ceﬂf aﬁé\fliﬁgr lt)rﬁb %biﬁt?gft%nde\ﬁﬁep AntSCraidld & itfesh o metiddod

according to claim> 5. An isolated and differentiated
epithelial soemrseid: derived froma HES cell culture. 56. An isolated and

differentiated L thelial st . ' f - ' .
cells accordi nge?%’tt%'ﬁwggngso?ﬁgf%t@'gggl %E%SOE%? %}@g&?ﬂplﬁ%@ a?teég?rglbnrg’fmﬂzs
di fferenti atspdneftiddiely diffeintiateteHESasatier ding to claim55 or 56 which is

an endoderm progenitor cell. 58 An isolated and differentiated epithelial
stem cel | accor dilgentfingnPChneels bYZDeﬁfF‘Werr@XBF?Sﬁ@rB?? fHERcE fhadiess

cells show : 0] | : &5 | BHirCH i H Ve { Ni ng
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(b) negadi verst positivegetpres S 7.G 26 of OD%aigessanth of the endoder m nmar ker

al phaf et oprotein ,ar\d/_or t he gg}_ cell specific A33 anti b(%d X i
isolating - said cells “expressing “ said negdative’ and positive

expression.

52. A method of isolating a stem cell-like (SCL) cell which is morphologically

15 distinct from HES cells and having stem cell-like (SCL) characteristics, said
cells having the ability to develop into various cell types said method
comprising:

obtaining a differentiating HES cell sub-population according to any one
of claims 26 to 30 comprising spontaneously differentiated HES cells;

20 identifying SCL cells by negative expression of cell surface markers
characteristic of SCL cells including GCTM-2, TRA 1-60, TG343 and SSEA-4
and positive expression of TG 30 antigen or CD9 antigen; and

isolating said SCL cells expressing said negative and positive
expression.

25
53. A method according to claim 51 or 52 wherein the SCL cells are further
identified by at least on of the following characteristics:

(@) negative staining by indirect immunofluorescence microscopy for
GCTM-2, TRA1-60, TG343 and SSEA-4,

30 (b)  positive staining for TG30 and antibody CAMS5.2 against low
molecular weight cytokeratins;

(c) low intensity fluorescence for the intermediate filament marker
vimentin;
(d) expression of tetraspannin cell surface marker CD9;



(d) no staining for the markers selected fromthe group including PHW
(HLA Cdass | antigen), CD34 or the stemcell marker Cct-4; (e) expression
of transcwDPB®4d36F, Sox-17, and a-1 anti-trypsin ; 30 (f) Perpnmgsitm of
hepat ocyte nucl ear factor (HNF)-3a, and HNF-4 or Pax 6; or (g) no gene
expression of Cct-4 or CR-1. WD 03/ 0403582 PCT/ AU02/ 01534 53 59. A

di ff tiated ik hel | 4 i f J
(fferentiated engfhe A@Eo%ggnﬁsﬂéscéﬁe&m'ss@EAQL,amarma g%e?@@ngga_n%ihéo

58 which is resp ive t era toxin and requires S
di f f er ent i ategithepak matkexlE2AM; cel | according to any one of clains 55 to 5

59 which diff i ates int || selected f t o i pcl_udi ,
Piver <bancr eas O 1 prEeTIPg ofeaSes kabiautcoPel LEnitBna Gt dudih; o
epi thelial siigApsieht stefbdll Egﬂélhlétioﬂ‘i@}ﬁc_lwiﬁ@@c@h})tﬁrf?ﬂo,t%)@ﬁéﬁﬂi GienieBis? or

various cell types said net conprising: 10 obtaining a differentiating
HES cel | Ssub- populgat i oto cdiamsceptag fodi fther epndagienmy sESeS eldlghafetppheteiyi ng

epi thel i al . cell | oqgi |y and by expression of cell surface
mar kers ; aﬁ\éﬁgé%cﬁk\"?rﬁggéegﬁﬁoggﬁg ‘and culturing the cells on a STO nouse
fibroblast 15 layer in a HES nedia including cholera toxin. 62. A nethod
according to claim6l further including sub-culturing the differentiated
HES sub- popui4at i o iS¢ L sl dedashitema Methed aeseriind (erklaifb AR 9Bng DVEM
gl ucose, sodium pyruvate, nicotinam de, and foetal calf 20 serum 63. A
met hod of isolating an epithelial stemcell, said cells having the ability
to develiOp i56.0 vAnisnlstededrid dijffpentiméedepithdiat siompell sieriged doraartiig cll
differentiati ﬁ%lgHES cell sub-popul ation according to any one 25 of clains
26 to 30 con‘ﬂﬂ $ng differentiating HES cells; identifying epithelial stem
cells nmorphol ogically and by expression of cell surface markers ; and
isolating said cells and culturing the cells on a STO nouse fi brobl ast

56. An isolated and differentiated epithelial stem cell derived from a sub-

population of HES cells according to any one of claims 26 to 30
15
57. An isolated and differentiated epithelial stem cell according to claim 55 or

56 which is an endoderm progenitor cell.

58. An isolated and differentiated epithelial stem cell according to any one of
20 claims 55 to 57 and wherein said cells show any one of the following
characteristics:
(a) positive staining for EpCam and/or low molecular weight
cytokeratins, albumin and GTCM-5;
(b)  negative staining for GCTM-2;
25 (c)  expression of the endoderm marker alphafetoprotein and/or the
gut cell specific A33 antibody;
(d) no staining for the markers selected from the group including
PHM4 (HLA Class | antigen), CD34 or the stem cell marker Oct-4;
(e) expression of transcripts for, Sox-17, and a-1 anti-trypsin ;
30 ) expression of hepatocyte nuclear factor (HNF)-3a,, and HNF-4 or
Pax 6; or

(g0 no gene expression of Oct-4 or CR-1.



| ayer in a HES nedia including cholera toxin. 30 64. A nethod according to
claim60 to 62 wherein the epithelial cells are identified by having at

| east onewofo3nksss ol | owi ng characteristics: (a) positive graiatongiBor EpCam
and/ or | ow nol ecul ar wei ght cytokeratins, albumn and GTCM 5; WD 03/ 040355
PCT/ AU02/ 01534 54 (b) negative staining®3or GCTM 2; (c) expression of the

endoder m marder ol PALENORLO' GMCAACL A LhP acetirGRld aRpSREdIIARR 55 o

anti body; (d) 'no stalning e markers sel ect e group 1 ncluding
5 PHVA ( HLA 58 whiehlis asspaeiye toCbRlerartokinearst mmuiresISTackds. Cct - 4; (e)
expression of transcripts for Sox-17, and a-1 anti-trypsin (f) expression
of hepatocyte nuclear factor (HNF)-3a, and HNF-4 or Pax 6; or (g) no gene

expressi on <§CP.OCtA‘&iif%re§ﬁ§téd epifhcfial st 681 hbSdrdlg &rhhy RhERFH @&ny 55 he
met hod according to any one of clains 61 to 64. 6?6. An epithelial cell
accor di n§ t B Mdiich slifferentiateissingo vef ssalested. fromsthe7 gronps inelwing | gt dvehf
HES cel | s having the abili to develop into various cell types and

i sol ated by %?W?‘g?%%ar @’Sﬁp?eit"éi ng: obtaining a source of HES cells;
identifying HES cells that are at |least GCTM 2 positive; and 20 sel ecting
for or against those cells which are GCTM 2 positive,

sub- popul at ihs oh methagl ohdsolatiag oaitpenta edGGPM‘?“a'p%E airc\a? : %gif{th%"S
e oLl o LIRSl spodSePimethattamohat Lon of
cell. 10 obtaining a differentiaing HES cell sub-population comprising
differentiating HES cells;
identifying epithelial stem cells morphologically and by expression of cell
surface markers ; and
isolating said cells and culturing the cells on a STO mouse fibroblast

15 layer in a HES media including cholera toxin.

62. A method according to claim 61 further including sub-culturing the
differentiated HES sub-population in the presence of a growth medium
comprising DMEM, glucose, sodium pyruvate, nicotinamide, and foetal calf

20 serum.

63. A method of isolating an epithelial stem cell, said cells having the ability
to develop into various cell types said method comprising:
obtaining a differentiating HES cell sub-population according to any one
25  of claims 26 to 30 comprising differentiating HES cells;
identifying epithelial stem cells morphologically and by expression of cell
surface markers ; and
isolating said cells and culturing the cells on a STO mouse fibroblast
layer in a HES media including cholera toxin.
30
64. A method according to claim 60 to 62 wherein the epithelial cells are
identified by having at least one of the following characteristics:
(@) positive staining for EpCam and/or low molecular weight

cytokeratins, albumin and GTCM-5;
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(b)  negative staining for GCTM-2;

(c)  expression of the endoderm marker alphafetoprotein and/or the
gut cell specific A33 antibody; |

(d)  no staining for the markers selected from the group including
PHM4 (HLA Class | antigen), CD34 or the stem cell marker Oct-4;

(e)  expression of transcripts for Sox-17, and «-1 anti-trypsin ;

)] expression of hepatocyte nuclear factor (HNF)-3a, and HNF-4 or
Pax 6; or

(g) no gene expression of Oct-4 or CR-1.

65. An epithelial cell prepared by the method according to any one of claims
61 to 64.

66. An epithelial cell according to claim 65 which is a hepatocyte.

67. A sub-population of HES cells having the ability to develop into various
cell types and isolated by a method comprising:

obtaining a source of HES cells;

identifying HES cells that are at least GCTM-2 positive; and

selecting for or against those cells which are GCTM-2 positive;

separating the sub-populations of cells that are and are not GCTM-2
positive; and

sub-culturing the sub-populations of HES cells.

68. A sub-population of HES cells according to claim 67 which is an SCL cell

or an epithelial stem cell.



