Stem Cells The present invention relates to stem
cells, in particular to a new type of stemcells that
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can produce new cells to repair danage to any tissue
in the body and therefore have i mense potential for
all types of regenerative nedicine. Stemcells are

present in all body tissues and organs but sone, |ike
bone marrow and bl ood, argtemreehreessi bl e than
others, like liver and brain. However, stemcells

exist in very small nunbers in marrow and bl ood, and
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Efforts have focussed on the bone marrow as a source

of stem cells. Evidence to date suggests that the bone
marrow contains two types of stem cells - haemopoietic
stem cells (HSC) responsible for producing blood, and
mesenchymal stem cells (MSC) capable of producing cells
belonging to a limited range of body tissues. MSC can
not be precisely defined or isolated and show a limited
capacity to provide multiple cell types. They form
osteoblasts, chondroblasts and adipocytes in response to
stimulation in culture but there are many cell types,
such as hepatocytes, which they cannot form. Prolonged
culture of MSC results in the outgrowth of a
subpopulation of cells referred to as multipotent adult
progenitor cells (MAPC) which to date appear to have the
broadest potential for tissue regeneration. However, the
fact that prolonged tissue culture and many cell
divisions are required before MAPC emerge means, first,
that they may have accumulated genetic damage and second,
that it is impossible to be certain that they represent
normal cellular components of the bone marrow. They may,
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and second, that it is inpossible to be certain that

they represent normal cellul ar conponents of the bone
marrow. They may,in fact, be-a2tissue culture

artefact. These |nportant consi derations ‘potentially
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for tissue transplantation that may be used in an
autologous (self-to-self) manner. Further, as is
described below, these stem cells do not require
prolonged tissue culture.

The stem cells of the present invention are
preferably obtained from a sample taken from an adult
such as adult bone marrow or peripheral blood from an
adult. Thus the cells are preferably adult stem cells.
The cells may also be obtained from other samples such as
the umbilical cord and the stem cell population of the
‘present invention may thus in one embodiment comprise
fetal as well as adult cells. Fetal sources, eg fetal
liver or bone marrow, may also be used.

Thus, in one aspect the present invention provides
an isolated stem cell population wherein said stem cells
are CD34", capable of self regeneration and capable of
differentiation into ectodermal, mesodermal and
endodermal cells, preferably into haemopoietic cells.
Preferably, the stem cells are adult stem cells.
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cell types including ectodermal, mesodermal and

20 endodermal cells. Thus, these stem cells of the
invention can differentiate into cell types which are
developmentally derived from the three germ layers of the
embryo; ectoderm, mesoderm and endoderm; for example
haemopoietic and muscle cells which are derived from the

25 mesoderm; nerve or epithial cells from the ectoderm; and
glandular epithelium or hepatocytes from the endoderm.

The cell population is 'isolated' in that it is
substantially free of other cell types. Preferably, it
is substantially free of cell types which express CD33,

30 CD38, HLA/DR, CD19 and CD3. 'Substantially free' should
be interpreted to be consistent with the empirical data
presented in the examples. Also, the population is
substantially free of cells dedicated to a particular
lineage and/or cells carrying markers associated

35 therewith. Preferably the population has less than 20%,
more preferably less than 10%, e.g. less than 5% of
lineage committed cells. It may assist in the isolation
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ect oderm and gl andul ar epithelium or hepatocytes from
the endoderm The cell population is "isolated in
that it is substantially free df-other cell types.
Preferably, it is substantially free of cell types
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roma source
or other bone cavities. Conveniently bone marrow may be

aspirated from the bone in accordance with conventional
techniques. Other sources of the stem cells include
blood, including adult peripheral blood and umbilical
cord blood.

The cells are preferably of mammalian origin, i.e.
have been isolated from a mammalian sample or are derived
from cells isolated from such a sample. Particularly’
preferred mammals are humans and mice. Further preferred
mammals include cows, horses and companion animals.

Various techniques may be employed to separate the
cells by initially removing cells of dedicated lineage.
Monoclonal antibodies are particularly useful for
identifying markers (surface membrane proteins)
associated with particular cell lineages and/or stages of
differentiation. The antibodies may be attached to a
solid support to allow for crude separation. The
separation techniques employed should maximize the
retention of viability of the fraction to be collected.
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wi th conventional techniques . O her sources of the

stem cells include blood, including adult peripheral

bl ood and unbilical cord bl co® The cells are

preferably of mammalian origin, i.e. have been
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activated cell sorters, which can have varying degrees of
sophistication, e.g., a plurality of color channels, low
angle and obtuse light scattering detecting channels,
impedance channels, etc.

Conveniently, the antibodies may be conjugated with
markers, such as magnetic beads, which allow for direct
separation, biotin, which can be removed with avidin or
streptavidin bound to a support, fluorochromes, which can
be used with a fluorescence activated cell sorter, or the
like, to allow for ease of separation of the particular
cell type. Any technique may be employed which is not
unduly detrimental to the viability of the remaining
cells.

Preferably the mononuclear fraction of the blood or
bone marrow sample is separated using a Lymphoprep™ (Axis
Shield) density gradient. CD34' cells can be separated
from the mononuclear fraction using MiniMACS (Miltenyi

Biotec) technology.
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and "panning" with antibody attached to a solid
matrix, e.g., plate, or other convenient technique.
Techni ques provi di ng accurate &eparation include
fluorescence activated cell sorters, which can have
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1%% removed by washing with
HBSS (Hanks balanced salt solution). The adherent CD34'
cells are the stem cells of the present invention and
comprise less than 1% of the total CD34' population. They
are preferably a substantially homogenous population,
generally uncontaminated by other stem cell
subpopulations. Typically less than 30%, preferably less
than 20% more preferably less than 5%, most preferably
less than 3% of the cells collected are other than the
stem cells of the present invention. However, the
Examples show that all individual markers may not be
found on every cell in the isolated population and the
term "homogenous population" should be interpreted with
this in mind. The stem cell population of the invention
is preferably homogeneous with respect to CD34
expression, adherence to tissue-culture grade plastic and
small lymphocyte-like morphology. 'Adherent' cells are
defined as those which are able to resist vigorous
washing three times without detaching from a solid

support (in particular tissue-culture grade plastic or
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will be eluted and | abelled cells released by renoving
t he magnet (or by renmoving the colum fromthe nagnet)

The thus rel eased CD34+ cel |5 can then be incubated
at a suitable tenperature of e.g. between 35-3 8 C ,
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mpqpula@pqnﬂmayfuhus be enriched for Thy-1 relative to the
starting cell.population (the sample). Example 5
indicates that on average 28.1%, but up to 90% of cells
are Thy-1*.

More particularly, the cells may be characterised as
CD34", CD38", CD33" and HLA-DR . Preferably the cell
population is also enriched for AC133", Thy-1' and/or
c-met’, more preferably cells are predominantly AC133*,
Thy-1" and/or c-met*.

The stem cells are lymphocyte-like in that they are
round mononuclear cells and rather small with a high
nucleus: cytoplasm ratio. Such a morphology is
associated with primitive stem cells.

They are characterised by an ability to produce
differentiated cells in less than 16, e.g. 12-14 days in
culture. Preferably differentiation is observed in less
than 14 days, e.g. less than 10 days, more preferably in
less than 7 days, even 4-5 days.
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culture . The stemcells of the invention are capable
of self -regeneration, i.e., in accordance with

capable of division to formfurther stemcells, as
well as differentiation to a wde variety of different
cell types. The stemcells of ¢ he invention are
further characterised as CD34+, i.e. expressing the

anti gen protein . marker found, but n
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The stemcell popul ation of the present invention may
al so be enriched for cells expressing the Thy-1
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cells ar ﬁgggté- e_in that they are round
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Pr g Bhisb iyl SRS 0, U b D4 Bépralise 2o@thnider h@8Gion number
04052401. The deposit was made by the inventor and the cell line was given the
name "Stern Cell Omnicyte”.

The stem cells of the invention may be from any
animal, e.g. laboratory, livestock or companion animal;
preferably primate and most preferably from humans.

In a Further embodiment the present invention
provides a culture comprising:

(1) an isolated sdult stem cell population wherein said
stem cells are CD34", capable of self regeneratiomn
and capable of differentiation into ectodermal,
mesodsrmal and endodermal cells; and

(i1) a medium capable of supporting the growth of said
stem cells.

Preferably, the present invention provides a culture
comprising

(1) a(n isolated) stem cell population wherein said stem

cells are CD34", capable of self regeneration and
capable of differentiation into ectodermal,

RECTIFIED SHEET (RULE 91)

st em cel | BCEHGB2004/005365
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cells employing appropriate monoclonal antibodies for
removal of the undesired cells, e.g., with antibody-toxin
conjugates, antibody and complement, etc. Alternatively,
cloned stromal cell lines may be used where the stromal
lines may be allogeneic or xenogeneic. Thus, reference
above to "medium" includes cells such as stromal cells.

The stem cells of the invention and differentiated
cells derived therefrom can survive cryopreservation in
liquid nitrogen.

In a further aspect, the invention provides a method
of isolating an adult stem cell population wherein said
stem cells are CD34*, capable of self regeneration and
capable of differentiation into ectodermal, mesodermal
and endodermal cells, which method comprises taking a
sample of blood or bone marrow from a subject and
extracting said cell population therefrom. Preferably,
the invention provides a method of isolating a stem cell
population wherein said stem cells are CD34", capable of
self regeneration and capable of differentiation into
ectodermal, mesodermal and endodermal cells and capable
of adhering to tissue-culture grade plastic which method
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capabl e of differentiation into ectodernmnal, nesoder mal
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tissue-culture grade plastic; and (ii) a nmedium
capabl e of supporting the growh of said stemcells.
Once stemcel |l s have been isoliated, they may be
propagated by growing in conditioned nmedi um from

St i el |t5ak1§i§3r& %%nﬁflreorﬁl b‘?l.%o'ds otrh"ﬂtm%aﬂla%ow from a
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methods of the present invention.

The stem cells of the present invention have utility
in research contexts, for example in detecting and
evaluating growth factors relevant to stem-cell
regeneration. The stem cells may also be of direct
utility in the treatment of genetic diseases through gene
modification or replacement in autologous stem cells. In
particular the cells may be used in the treatment of
diseases associated with haemopoietic cells, such as
B-thalassemia and sickle cell anemia, where a wild-type
gene is introduced into the stem cells. Thus in a
further aspect the invention provides an isolated adult
stem cell population wherein said stem cells are CD34+,
capable of self regeneration and capable of
differentiation into both haemopoietic and mesenchymal
cells which further incorporate a therapeutic gene, for
use in therapy.

Preferably, the invention provides an isolated stem
cell population wherein said stem cells are CD34', capable



extracting said cell population therefrom Preferably,
the invention provides a nethod of isolating a stem
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capabl e of self regeneration and capabl e of
differentiation into ectodermal, nesodernmal and
endodernmal cells and capable pf adhering to

ti ssue-culture grade plastic which nethodconprises
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drug resistance gene.

Without additional therapeutic genes the stem cells
still have therapeutic utility, e.g. in regenerating the
haematopoietic system of a patient deficient in stem
cells.

Further utilities of great interest relate to the
generation of different differentiated cell types from
the stem cells of the invention. As shown in the Figures
hereto, it has been possible to generate in
advantageously short timescales mesenchymal,
haemopoietic, endothelial, epithelial, tube-forming and
dendrite-forming cells. The preparation of haemopoietic
and mesenchymal cells being particularly preferred.

Cells have been observed after less than 14 days with the
appearance of liver, nerve, mesenchymal, endothelial,
epithelial and haemopoietic cells.

The stem cells are cultured with a cocktail of
different cytokines, depending on the desired cell type.
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Thus in a further aspect the invention provides an

i solated adult stemcell popul ation wherein said stem
cells are CD34+, capabl e of -séRf -regenerati on and
capabl e of differentiation into both haenppoietic and
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Y e | FRY L id e N deggrdesd d@ndhghi ch
i SExtafeiods \end sHdwn pai it Rifgu&‘ed;l' Ugulicegissirarice gene.

W&l@#érqucdléélooqlalma B ap%utl © le%Séuta elsr’lts%@c%lon flow
cytometry, reverse transcriptase polymerase chain
reaction (RT-PCR) or immunophenotyping. Cells expressing
albumin, a—fetoprotéin, ol-antitrypsin and hepatocyte
growth factor receptor (HGF receptor - c-met) (properties
of hepatocytes), vimentin (skeletal muscle and neuronal
cells) and smooth muscle actin (muscle cells), in
addition to CD34 have, for example, been confirmed.

The differentiated cells will preferably have
characteristics, e.g. morphology, and functions of their
naturally occurring counterparts. The differentiated
cells may, however, be distinguished from naturally
occurring and isolated cellg by their homogeneity, in
this situation homogeneity is with reference to the
position of the cells in the normal cell cycle. These
differentiated cell populations of the invention will be
substantially homogeneous, i.e. all members will largely
be at the same point in the cell cycle; in contrast
naturally occurring cell populations will be heterologous
in this respect.
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to the generation of different differentiated cell
types fromthe stemcells of the invention. As shown
in the Figures hereto, it hasideen possible to
generate in advantageously short timescal es
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Thus, in a further aspect, the invention provides a

met hod "0t ity £e aguinisdhigrad) ja whilosaddmnd segmer,

cu tgr | 11y ddedt@Meaallys iaftd he tia?:‘éf;@tf iyl tdhch as the

plflrvaéf.t y Aolft rIPaniQrefl%}:,t cghse 'ce/ilss measircﬁaleb% n{i%itsq,eered at a
site remote from the target site, e.g. by intravenous
delivery. Tissue targeting may be achieved by forming a
complex between the generated cell types and a targeting
ligand, such as monoclonal antibodies, cell adhegion =
molecules and their ligands, cytokine, chemokine and
toll-like receptors and their ligands. Such 'complexes'
include cells which express the targeting ligand on their
cell surface.

The stem cells of the invention may be used directly
in therapeutic methods, including methods of regeneration
and repair, differentiation of the cells may occur in
vivo. With stem cells and differentiated cells damaged
organs may be repaired and/or there may be organ
regeneration, also in circumstances where the organ has
not been 'damaged' as such but has not developed in the
normal way. 'Regeneration' should thus be interpreted
broadly to include all methods of organ growth or
improvement.



Exanpl es and shown in the Figures, successful
differentiation may be shown by visual inspection,
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reacti on (RT-PCR) or inmunopheno typing. Cells
expressing al bumn, a- fetoprotein, al-antitrypsin and
hepat ocyte grow h factor reeepttor (HGF receptor -
c-met) (properties of hepatocytes) , vinmentin
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population of dlfferentlated cells, the method

comprising:

(1) culturing a population of the stem cells of
the present invention with a plurality of
growth factors so as to cause differentiation
thereof; and

(i1) transplanting said differentiated cells into

a patient.

Preferably the patient is human and also preferably,
the stem cells which are cultured to produce the
differentiated cells are from the patient.

The short time required from taking a saﬁple from a
patient and growing up differentiated cells for
administration is a particular benefit provided by the
present invention.

The stem cells of the invention and differentiated
cells derived therefrom may also be used in the in vitro
production of proteins of interest. Thus in a further

aspect the invention provides an in vitro method of



may be treated by admi nistration of |ynphocytes,
muscl e wasting by the introduction of skeletal nuscle
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and so on. The cells my be adm nistered in a

| ocal i sed manner, e.g. injected directly into a target
organ such as the liver. Altetasatively, the cells may

be adnministered at a site renmote fromthe target site
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cell types enabled by the present invention that
differentiation to an appropriate cell type (e.g.
parenchymal cells) can be performed such that the cells
naturally produce the target protein without the need for
genetic engineering.

The above described uses of the cells of the
invention (stem and differentiated) are also applicable
to non-protein products such as steroids, in both cases,
suitable culturing and harvesting techniques are known to
the skilled man.

The stem cells of the invention have the necessary
cellular machinery to propagate vectors such as
adenovirus, retrovirus, adeno-associated virus etc.; this
is an essential step for current good manufacturing
practice (cGMP) preparation of such vectors. Thus, in a
further aspect, the present invention provides the use of
the stem cells of the invention as defined and described
herein in vector, particularly viral vector, production.
Alternatively viewed, the invention provides a method of

vector production wherein the vector of interest is



have reached their target tissue. As described in
Exanple 4 , the MR agent Resovist(r) is a suitable
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cells on incubation therewith. Thus, according to
further aspects, the invention provides differentiated
cell popul ati ons prepared accoeding to the nethod
defined above and such cells for use in therapy, as
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figure the individual spots represent the following:

10° cells, 0.25 mmol Resovist, overnight incubation
10° cells, 0.25 mmol Resovist + beads, overnight

incubation

3. 10° cells, beads, overnight incubation

4. 10° cells, negative control (no staining)

5. 5x10° cells, negative control (no staining)

6. 5x10° cells, 0.25 mmol Resovist, overnight incubation

7. 5x10° cells, 0.25 mmol Resovist + beads, overnight
incubation

8. 5x10° cells, beads, overnight incubation

9 10° cells, 0.25 mmol Resovist, 2h incubation

10. 10° cells, 0.25 mmol Resovist + beads, 2h incubation

11. 10° cells, beads, 2h incubation

12. 5x10° cells, 0.25 mmol Resovist, 2h

13. incubation 5x10° cells, 0.25 mmol Resovist + beads,
2h incubation

14. 5x10° cells, beads, 2h incubation

15. beads only, no cells.



derived therefromand then harvesting the cells and
recovering one or nore of the proteins expressed by
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protein expression systemfor in vitro production of
target proteins, particularly therapeutic agents,
because of their ability to-perform post
-translational nodification (e.g. glycosylation) of

pr ot ei e, st c ' Al e nd their
difjerrﬁ u?@ .apggéeﬁ§ggggggéﬂggéggﬁghéhgh%roduction
ofdifferentinsionl pfpesew asldf thEPapauekcCehler ess,

smd%%c%eybgr eRei ﬁklegen%owtshtﬁecn%ér PE®Y ffrkers

hor.nones such as_insulin etc. or synthetic proteins.
TR LB 2Ry 2pBhge AELPPEPEG1RBdi fied in order to

proyid@i@ﬁg@nh@negtarg@ughi@?pwﬁﬁg Fﬁégiéahag t Bepetocyte
protein. wever it s a . particula esjr

SHWY SPoERE dPEFYy RS ERaBFEBaDy SERECHr eaghpT (EGF) to
i eaniid eytohkdhedi f(CHrenik) at(GMrmtia/basdppegpbkahescekée

ty (:e._d.. parenchynal | can he_perfor Cc
tﬁgﬁt?%ggée g%n§t§ggrl&ﬁpkggucgﬂtgeaggr eF%§§8?§iEaCt°r)
wirhslwty tthefnesdtioe gocubetienghaeeri gycaThy abpaet on
desanl bedpisesnah, BBiGe! khepl chBalNYeRL aay( st em and
differentiated) are also applicable”to non-pfotein

pr oduc FLB¥En 14s 16t 8 Gra®h showany Ehseactyailt able

C Whintiniand vandehar waslier@ teckilguessamgikaewnetioihhBasic

skil.led man.. The stemcells of the invention have the
necé’etsoj%r?scglqrul% r 99¥Eni nery to propagate vectors such

as adeﬁﬁg@gggASrdBrpwmra&ﬁo&d@dogaa@hcbﬁtadgeﬂrus etc.
d Shéﬁiaﬁﬁnﬁﬁ%%ﬁ%h%%a%%%%ﬁ%QQi% E%nbegquafteﬁ 7 days

/
manut act uri ng ~practi preparation of Suc
verdt gieltumeus, in a further aspect, the present

I nvent igRFOMId8S: I tdRa®hs of microscope slide
preparations developed by immunoperoxidase
immunocytochemistry showing absence of human cytokeratin
18 from liverg of control mice but cytokeratin 18
positivity in livers from transplanted mice.

Fiqure 17 is photographs of microscope slide
preparations developed by immunoperoxidase
immunocytochemistry showing absence of human albumin from
livers of control mice but albumin positivity in livers
from transplanted mice.

Figure 18 is a photograph of a three colour
immunofluorescent image showing dual staining of
cytokeratin 18 and albumin.

Figure 19 is photographs of liver sections £from
control and transplanted mice showing absence and
presence, respectively, of cells stained with an antibody
against human nuclei.

Figure 20 is a photograph showing fluorescent in
situ hybridisation analysis of human chromosomes in liver
from transplanted mice.



the stemcells of the invention as defined and
descri bed herein in vector, particularly viral vector,
wonrodwseiien. Alternatively viewed, the inventi 8aT/GB2004/005365
provi des a nethod of vector production wherein the
vector of interest ispropagated in a stemcell of the
i nvention as defined and desci8bed herein. The vector
(a transm ssabl e agent) is typically a viral vector
such agiamradenoyir BSorBEh! SHbLUA Ot h8deRPeags o6k at ed
virus. The Invention 1, b furtﬁer desc¢ribed in the
f SAYGRERG SS9 #EF{SP%’ EﬁaﬁﬁFéé ARE3thi t b r d1 EFRRRRE t FTUN
t e ridegitres ibnswhoahthEigusebséqhlnar growehognaphsture
showi ng the stemcells of the invention and their
differentiation over tinme into nmesenchymal cells (Fig.
5 3, 5 and 6), haenopoietic cells (Fig. 4), epithelioid
cells (Figs. 7 and 8), tube-formng cells (Fig. 9) and
dendrite - formng cells (Fig. 10) . Figure 11 is a
phot ograph showi ng how CD34 + cells were able to take
up Resovist(r) (Schering AG according to the protoco
described in Exanple 4 . According to this figure the
i ndi vi dual spots represent the following: 1 . 106
cells, 0.25 mmol Resovist, overnight incubation 2 .
106 cells, 0.25 mol Resovi st + beads, overnight
i ncubation 3 . 10s cells, beads, overnight incubation
4 . 10s cells, negative control (no staining) 5. 5xlIO
5 cells, negative control (no staining) 6 . 5xl05
cells, 0.25 mmol Resovist, overnight incubation 7 .
5x1 O s cells, 0.25 mml Resovist + beads, overnight
i ncubation 8 . 5x1 O s cells, beads, overnight
i ncubation 9 . 10s cells, 0.25 mmol Resovist, 2h
i ncubation 10. 10s cells, 0.25 nmmol Resovi st + beads,
2h incubation



11. 106 cells, beads, 2h incubation 12. 5xI O s cells,
0.25 mol Resovist, 2h 13. incubation 5xl Gs cells,

wO0206/8y108 Resovi st + beads, 2h i ncubation 14. P6XIGB2804/005365

cells, beads, 2h incubation 15. beads only, no

cells. Figure 12 are photographs show ng the

differentiation of stemcel lsibnto liver cells, as

evi denced by the presence of the liver cell markers

al bum n and al pha fetoprot ure 13 is a graph

show ng that adding hepatoEkam Elegwth factor (HGF) and

epi dermal growth factor (EGF) to basic cytokines

( @ddion @GVt m x/ basi ¢ cyt oki nes are conbi nati on of

G CSF, GWMCSF, I1L-3 and stemcell factor) on day 7 of

cul ture incubation has a greater inpact on cell nunber

t IEararada 1ig tdedh extdaytQopr day 3 . Figure 14 is a

graph showi ng the actual and cunul ative cell nunbers

in cultures maintained in basic cytokines for 60 days.

FigureHHﬁmatqmokﬁHMHaﬂﬂﬁ@rwﬂmeobbaagabddémomsbbaEimgrrow

0 FRIRS AR ol FrofPtudll Shalyda gl coul ture:
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Fi gure i's photographs of “m cr 05cope
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C)defeherfiedt Bk o M GHRASERNEE 1 hﬂ.%ﬁh %Str@bm Aen? 11§

from]. vers of con roI m ce but cyt Okera
p&HAdAGaL, | r¢q3i4\/eF§ 7 o‘f‘?‘???a%%?’é?ﬁ%‘a o, MR QR eleEE
| S ratratiegr apin MinioACSe epehsbldeyir epanati aBse first

SRS bl SRR ARBE, FrrBrH gars thpn Witk
(xnﬂnamagnaﬂidnheaﬂSounm@bﬁdieﬁlwbﬂﬂsiwekevéoadédonnto a
UISRIAHES B % magnet, unlabelled cells were eluted and

labelled cells released by removing the column from the

magnet. The CD34' cells were incubated at 37°C in tissue
culture plastic vessels for at least 2h. Non adherent
cells were removed by washing with HBSS.

Example 2. Cell culture

Cells (2 x 10°/ml) were incubated in Methylcellulose
medium containing serum, 100ng/ml granulocyte colony
stimulating factor (G-CSF), 5ng/ml interleukin-3 (IL-3)
20ng/ml stem cell factor (SCF) and lng/ml granulocyte
macrophage colony stimulation factor (GM-CSF). This
cytokine combination may also be referred to as ““basic
cytokines or “"GM-mix''. This resulted in heterogeneous
populations of cells, which subsequently can be
characterised. Selected individual populations were then
targeted for differentiation using tailored cytokine
cocktails.

Example 3. Flow cytometry and immunocytochemistry




Figure 18 is a photograph of a three col our inmunof
| uorescent i nmage show ng dual staining of cytokeratin

wae&o@rndoaBbunmi n. Figure 19 is photographs of | PCEIGB2004/005365
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sections fromcontrol and transplanted nmice show ng
absence and presence, respectively, of cells stained
with an antibody agai nst humaiCnuclei . Figure 20 is a
phot ograph showi ng fl uorescent in situ hybridisation

arwﬂqu:@t@fmeltlﬁyan gihreomgfegti @obh\latiﬁfhloﬁhat hehld

transpl anted m,ce. Fi qure IS a gra ow ng the
Pt L s o8 a2 Hh R0, BRG Haadei G, e
didifsr.entCeddrsumeren danadatinod$, pamatthbenes lsehydquant

ar, [ | ture I eGli A le 1 . I
OIS PR R ST RIS RER, Rofopa GReh

bone irmdies condetgaltieske arithodd TCr endnenmdlyseddivgiidgaBecton

fafs danshl antat | op%rt%gs.es . The nononucl ear
' ted fro

fraction was separa m t he whol e using a
Lynphoprep(tn) density - gradient. CD34 + cells were

s epahaiRd Hdcoramenarucl g@le hhackieamn %bﬁgaMiBhME\%t had

té hncilrﬂ% 2 Cel'ts were first | abell ed \r/]\%th CD34 .

el amt (TGP e e WaRi RPN FPInRYnecrerbagashe

LahiedH .ed dedlllss wartee dyaad@tnonhtoa gtakygns lhieed andafixed by
ta’n linl a Illk}esd v\‘r:e%Jel ﬁa\g%rlﬁ.e%l Wﬁ%% an(rjlol %bel llegnﬁi%)odies

cells r_& €ase y removing the colum rom the nmagner.

ThHandCDE3snaddlses weried dwgbaP@dPat(ad3kEliinet pbogphatase

ClHur& 1ASHC presshlt @h 3kalgasth . 2h. Non adherent
cells were rer?o\lljed by vvaaé,shi)ng VE\L/iCth HBSS . Exanple 2 .

Cell culture Cells (2 x 105/tnl) were incubated in
Mrdyd1ae! lof aeewRgitemeaant andl NenSebdic ok@ORasiry are

Ig:ﬁq)g@%g% ﬁ_a%ﬁlﬁo@/é)setliowl ating factor (G CSF), 5ng/m

Table 1.

Antigen Flow cytometry Immunocytochemistry
Albumin 9.2%* Large cells +ve**
Alpha feto protein 12.3% Large cells +ve

Alpha 1 antitripsin 20.1% N/A

cMET (HGF receptor) 34.9% +ve

Smooth muscle actin 61.2% Large cells +ve
GFAP(astrocytes) 57.4% - ve

cKIT 22.1% - ve

Vimentin 6.3% Large cells +ve
hTERT 20.1% - ve

* Denotes % of positive cells in the population
** Denotes that the large cells in the population were

positive and the small cells were negative.

Albumin, alpha feto protein, alpha 1 antitrypsin and c-
MET (HGF receptor) are liver cell markers; GFAP



20ng/ M stemcell factor (SCF) and I ng/m granul ocyte
macr ophage col ony stimulation factor (GMWCSF) . This

woyb@losyias conbi nati on may al so be referred to BETIGBR/005365
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cytokines or "GWmix 1'. This resulted in

het er ogeneous popul ati ons of cells, which subsequently
can be characterised. Sel ectedli ndi vidual popul ati ons

were then targeted for differentiation using tailored

‘H@dﬁﬂﬁ@%y@é%5t§%|% br@&ﬁﬂ@é@lsnmrﬁka’%ﬁh@%ﬁbBﬁhaHQScle
nocyt ocheni Flow cytonetry - The adherent

p 3t ith & et &§V§@§§@§hﬁ$ﬁﬂﬁ§léﬁltures was

rennved by scraplng the dish. Cells were fixed in 4%

p I de de an i,sed. .Cells
AT Eo S dRa R e 106 CoiteTawkeRs after
FIcT:Cltamir@waﬁlo;sé@ usiyrsg Bect on Di cki nson fl ow

cytometer. I mrunocytochem stry . The adherent
popul at| on that had devel oped in the cultures vvas

gll%%)%ls.'_:ﬂl’fdﬁ%eqqq; fw'l?&@fj 'DthI'[ QJC bg%.ldlss. wer e.
| abelTTed wth nonoclonal ant | bodl es and vi sual i sed

using the APAAP (al kaline phosphatase anti-al kaline
phosphaimase) (1etcndExIRESukes 18f whkews aytipaeéaywaed

em St.r shaown in Table bel ow. Tabl e
B ) R et e Co e | ao e el SR b
9. @b dxar-gextaldrs coag’ed Alyam dxatdaa mramto@namtizlae% baagéable
c Y a ' 0. A.C
rgécéeo?ft1 or%#i%A%) rktérmojt %Sﬂdw SC gljog:rtyl r?tG%Z%%% gnalysed
cay MRde GRARQAST r@c%ﬁ%s)p@ﬂtmaﬁe SUgnel waz2 oi%a—lmél by
MRI suggesting possible use of Resovist in detecting CD34'

cells in vivo. The results of Figure 11 indicate that
the particles can be taken up by the cells and therefore
used in tracking the CD34* cells or their differentiated
progeny as they move around the body or locate in target
tissues.

The in vitro toxicity of Resovist was also tested by
Trypan blue exclusion assay and proved to be
non-significant (<4%).

The results of this experiment are shown in Fig. 11.

Section B (Additional examplesg)

Example 5: Sources of ASC 34

Bone marrow (BM) obtained from healthy donors by
aspiration, mobilised peripheral blood (PB) obtained by
leukapheresis from healthy donors who had been given a
course of granulocyte colony-stimulating factor (G-CSF)
and umbilical cord blood (UCB) obtained from normal full-
term deliveries are commonly used sources of ASC 34.
Informed consent and Research Ethics Committee approval
ig required in all cases.



Vimentin 6.3% Large cells +ve hTERT 20.1% - ve Denotes
% of positive cells in the population ** Denotes that
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the small cells were negative. Al bum n, alpha feto
protein, alpha 1 antitrypsin and c- MET (HGF receptor)
are liver cell markers; GFAP(a8trocytes) is a brain
cell marker; and snoboth muscle actin is a nmarker for

wessem@mrreasc%éﬁl ol @_‘Lnl%d%h%"\@la%ﬁ\bbieﬁ)ie' Pitk0E and
liver 3%4) narkers after culturin

1
di ASG36r G sy haén%SﬁindQe.tﬁf:Geéepns aghgt
| Heald inkgeaeal,| SuMlt-tepa armdndidaq lkeadsbTo3d, +£et83 liver

Q%Qﬁ)s:sa{(%(zr%na(ﬁtel I \rﬁgn% I&g bat e egeﬂwrt h ofe%amone WAL LOwW

ca(r]tmwmaxl mm’eks)at e dhersen cexilde aren drhatuncltef rom
egﬁﬂ% (?I.rl'sn %e@%f an e?n%q: 4 I%o %Bﬁsgheﬁggcto
a yse I N cases, I've™S
md@m@umeﬁpemusvmt Sugpedts msﬁoigrbllélagéloh
Resovist in detecting CD34 + cells in vivo. The
results of F|oure 11 indicate that the particles can
b EXapke on o & honeogsneoysegoplation of

t ranidignd r@ﬁa?dbsutqeﬂé St R dicfifier qRicazgd
progeny as they nove around the body or locate in

target tissues. The in vitro toxicity of Resovist was

whmmﬁﬂ@mﬁﬁﬂmmmmmmemmmmﬂmmummWQWM$MNmt
e I

&6 Ghre S ANTdd %“Jbéeﬂ%@n W%Jt%‘é R&d ;honal

experl ment are shown ctron
emﬁﬂrets:)alax%nm|9eel§~restﬁwac s d@ffﬁesemasmw S g vivo

?@Etﬁh&ﬁﬁ foin headddw Harer %?%b%%@.‘rfe@t PN sequential
nDbl i sed perjpheral bl 6od (PB), obtained
density gradient separation, 1mmunomagnet1c bead

selection and differential adherence, and is homogeneous
-with respect to CD34 expression, adherence to tissue-
culture grade plastic or glass and small lymphocyte-like
morphology.

The mononuclear cell (MNC) fraction was separated from
the whole sample by density gradient centrifugation
through Lymphoprep and the CD34-positive cell fraction
was then separated from the MNC using MiniMACS technology
(Miltenyi Biotech). For this, cells were first labelled
with anti-CD34 monoclonal antibody and then with
paramagnetic microbeads. The labelled cells were loaded
onto a column held on a magnet, the unlabelled cells were
eluted and then the labelled cells were released by
removing the column from the magnet. The purified (>98%)
CD34-positive cells were diluted to 2X10°/ml in alpha
medium supplemented with 15% serum.

Adherent CD34-pogitive stem cells (ASC34) were obtained
by incubating the CD34-positive cell suspension in tissue
culture plastic vessels for at least 2 hours at 37° C.



| eukapheresis from heal thy donors who had been given a
course of granul ocyte colony- stinulating factor
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normal fulltermdeliveries are commonly used sources
of ASC 34. Inforned consent and Research Ethics

Comm ttee approval is require@3nr all cases .A s well
as being found in adult haenopietic tissue and cord

bl 000pH Ao - %ﬁ én\ﬂ t@b3:$0§30%%-%'1\1%e%%q&|%d Mfg'}eaqléhﬁbved by

bone nmarrow, termunbilical cor

| | RFDiR@sthe | Wu%g@hwrea VESSakekd) Hanks B lanses

meg s W $dPutf1d®. tuneeks). These cells are distinct
fromenbryonic stemcells because an enbryo is

consi dered to becone a foetus at 8 weeks post
feAd]iléi:éﬂU@DBél@(@@ﬂ:Ev@ sté?mrdé]ixmtdmpﬁsea ~1% of the

h | dh h
CtERVED! Pt NSRS YR 29 h TR LT o G R i b e e
t chhemogenetly tissiesi (B B, 0rUCHE wimddyuentitiate the

”%x?fﬁﬁﬂ?é' OB 81 £ DELLe PALEDTER 4 ] Q%dﬁee%ént rsseélnﬁé(@éells

erentfratron and in vivo engraf

poplP@? ¢ bnexbilbt o nbzfemgersmﬁe rtaat L demphaowrerdiidif

sepgtFhb P8y Imﬁoarang@slﬁu@f@edrs@t%ﬁﬁm?@dramo At
dlfferentla adherence, and i s honpbgeneous_ w th

r eSPEEYTE 0T BERY2BADR 585 rﬁr%owe#%%e SRR &% etinghf eells
gr edetpe asi Eguer cgl aste agil Saed | leé‘rphei:tyi&xﬂg keells are,

epRr G BN hEDTNObes Seht o 2 HERY (ot e
ceﬂntif'ﬂgatlomonhﬂbgghl Laymrlpibxprﬁ}epr%tmivwzevmﬁanally all the
pQét.‘LHEy I\F %:Sgt 18 SCM‘%I‘ @Pﬂ%@%&é%é&‘%smg

usi ng ogy tenyi Biotech) . For
tht%e EﬁPﬁgC%P@ of r@yel%@w@ljowmo:ammg gslls as a

mﬁ@éh@ﬁ@' aa&bbaﬂﬁ apd 1MendéSHoMRERIBEREt FE€sults using
mcr

ot bateneralahed ﬁﬁaﬁ'e"é i %%ﬁ@%ﬁ%ﬁ%' 1581 Sherd on
average, but up to 90% expressed Thy-1. They also
express AC133 and c-met localised in the nucleus but not
CD3 or CD19. They do not express CD33, CD38 or HLA-DR.
They are non-cycling cells that are resistant to
treatment with the cell cycle active drug, 5-

fluorouracil.

Table 2 demonstrates that the ASC34 are significantly
more homogeneous than nonadherent CD34-positive cells,
with respect to expression of CD33, CD38 and HLA-DR.

Table 2: Percent antigen negative CD34-positive cells in
adherent and non-adherent fractions

Antigen Adherent Non-adherent P value **
CD34+ Ch34+
CD38 (n=4) 87.6+3.1% 17.4+15.8 0.008
CD33 (n=4) 87.5+4.9 58.8+17.2 0.02
HLA-DR (n=4) 71.4+8.9 43.3+16.9 0.03




eluted and then the labelled cells were rel eased by
renmovi ng the colum fromthe magnet. The purified
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i n al pha nmedi um suppl emrented with 15% serum Adherent
CD34-positive stemcells (ASC34) were obtained by
i ncubating the CD34 -positiwe 2ld suspension in
tissue culture plastic vessels for at |east 2 hours at
37 C .The non-adherent CD34 -positive cells were

renmoved by washing the tissue culture vessels in )
HaRS21 By| BB efsSandaxd| exToh PHEES meayherthtMamms4ihitney
- pustéky ecShgar £8Y! saROMBNE Send % @i - ddree i@l cp3a+ cells;
CD34-positive cel gopulg%%gn irrespective of the
ha@ﬁﬁﬁ%?%?i% t FRERLSPBES BRI UCB) used to initiate the
cultures . Undifferentiated CD34+ adherent stemcells

L EXDL Pk 2R OUBHENEOUS PURLL o LIRS -
cudt gebecoablatmankehey are wi dely spaced as single
cells on the tissue culture surface. The initiating
cells are, by definition, CD34-positive. Antibody
- déghesion Wt higfue- TRytureonbesiohal iam i eeeranmied
vi gbvathy ki1t bgpast iMbiyaphg therssihanesdn GRRd caldms
as gfﬁsured u3|ng the production of eloid coloqg- ) 1
f of it h: CBPPECKESE ARAIBRETORRRDT R gt F3Fmiffo Previously
cybeehensstlr yor ehakhotusing & ekliSpdnl At boh foHNTH34 -

[ t | . 1% , t t 0%

o BFBEELRE nE IR, CRaneraddt oo MALARS: aRHHP $LadYE nas

| ocbaensEdund thebausl eiwpbet nepr@bscpleliwd Mhest denble
no&e&ﬁgrSﬁssgggétiﬁé?érQﬁitkéé[E%eJhgglfgewf@ﬁﬁu%rF??gft to

cycling cells that resistant to_treatnent w
ceMrleyele agtibhedyr dgbebling RFotederes quppiher

ﬂem@ﬂﬁpﬁaa@@oiﬁhat Ahb@hﬁ@c@dv@ﬁ@aéé ong f ¢ gant wle lf@éEls
Oﬂggffggughé Sﬂaggggdagrgﬁéi§I§§i fgitéggwgﬁ s&bstrate and

do not require transfer to a separate culture environment

P S

after purification.

CD34-positive cells suspended in culture medium are
introduced into tissue culture plastic vessels at a
concentration of 5x10° cells per ml. The vessels are
incubated at 37°C in humidified 5% CO, in air. Non-
adherent CD34-positive cells, comprising 99% of the total
Cd34-positive population, are removed by thorough washing
with culture medium. ASC34 bind readily to glass but not
to non-tissue culture grade plastics.

ASC34 can be retrieved for further study or manipulation
by mechanically removing them from the tissue culture
plastic using a cell scraper. Trypsin and accutase are
ineffective.

Example 8: Use of mobilised blood as a source of adherent
CD34-posgitive human stem cells (ASC34)




with respect to expression of CD33, CD38 and HLA-DR
Table 2 : Percent antigen negative CD34 -positive
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Adherent Non -adherent P value ** CD34+ CD34+ CD3 8
(n=4) 87.63.1* 17.415.8 0.008 CD33 (n=4) 87.54.9
58.817.2 0.02 HLA-DR (n=4) *7#128+8.9 43.3+16.9
0.03*tnean sem (standard error of the mean) ; **
Mann- Whit ney U test conparing adherent and

nqQp- adherent CD34+ cells; _n=nunber of sanpl es tested.
E%Q}F‘pﬁgmﬁoér e G lsuRePdded 1eo tO s§aeteal CUAEUFradfi ene

alsl ia:tﬁ_sﬁjrg:tfaam@mrﬂ: etrhe.?@my'r@rglst @f} :tit%lé@ec bl'_btg'élhég_ation

P i c_i-S a property seyeral ce s ingluyding

e Tl SRR e (o e BOn e BREE e 2R, ymbi 11cal” cord
meck@ph ages £ dneu deas smtrl qasrsev'[H@u&ivyef rbe@lBPUZSG((IPettdplhleral
chayr ' S atj ~ positive ce .
SRR SRR R AN ol P PR YRyl 1s o
bestari rplasl tugsr ddwel esluaricioprthet dealree wfamspdfification
s tids st | i s

R i Radiilot? o BBl W a6l chaSg hskul

Mt on. Anot her advantage is that the cells
utilise the plastic as their initial growh substrate

a do not_require transfer to g separate culture

R e S YsL Edse leba A tenberatied daths® one-

susgEndediige cfl AHGSEredi bngdkey iadiniadgtedednt o ti ssue

c H&ﬁ:a‘ﬂﬁf' vesssl rat %f I :

cLegllf S per .é]%’he ve?s%la?eaﬁlg%&%%ﬁ%gt gg(l g% E%Téﬁgls

hiHi IS i%ePBBEOMGG apherands adichiae. ToRdcadosiieilds of

celdBls GRIMRYd St 1% R dhe dddialo fO434 P esid iionuclear

p%f)bﬁb?tl on, .are renoved by thorough washi né wth |

c e anchi Uk (Rscfx ) hdaF%a9P$§+to HrassPpttPasttive
cells are separated using a CliniMacs sytem (scaled up
version of the MiniMacsg). By direct observation, the
ASC34 are "1% of the CD34-positive population (5-10x106).
This estimate has been confirmed by limiting dilution
analysis of ASC34 activity using haemopoietic colony-
forming cell assays as the readout. Thus, a 3-4 log
expansion which is achievable over a period of 1-2 weeks,
would yield 5-100x10° cells for clinical applications.

Example 9: Culture of ASC34

Phase 1 conditions: The first phase of the culture

consists of expanding the adherent cells. The ASC34 are
overlaid with methylcellulose containing serum (Methocult
H4230; Metachem Diagnostics, Northampton, UK) and a basic
cocktail of cytokines (100 ng/ml G-CSF (Chugai Pharma,
London, UK)1l ng/ml GM-CSF, 5ng/ml IL-3, 20 ng/ml SCF (all
from First Link, West Midlands, UK)). The cultures are
incubated at 37°C in 5% humidified CO, in air. The ASC34
divide and self-renew to form colonies of adherent stem
cells and then adherent cells that exhibit morphologies



to non-tissue culture grade plastics. ASC34 can be
retrieved for further study or manipul ati on by
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plastic using a cell scraper. Trypsin and accutase are
ineffective. Exanple 8 : Use of nobilised blood as a
source of adherent CD34 -posi&bve human stemcells
(A5C34) The nunber of cells available to start a

CluHdfR-tesrigna d i0F k@ nlashan i g Ehﬁeﬁﬁﬁgre%éseﬁlar and
tlssue re eration fron1cu|tured sten1ce I's . Bone

YRSEal A 4Pd tplGodngreassy dtr @éh@é@iﬂéegell
mm JEBI%i@é(JJ@BﬁddOfief atJheB:fl(iQ@tPi}v@@RnbthEu@i%hEE n
t.s yie nore ¢ s to start a cylture_thus
d%%ﬁﬁé”?hé“ﬁ%g%@érﬁPt #FI@&FI ﬁiﬁﬁae@1ﬁ€tpeﬁgﬁred
t(mqphﬁicﬂkiuiqselwhaﬁd ﬂamgefublph&équf hBemepsietic
( .09 g ) € treated with a oneweek
cg%%§%90¢&$E%§§¥yééa %E%kgog m'ni st ered subcut aneous |y
Cells are harvested by | eukapheresis using a

PIoAgATER AP APl déﬁ%gﬂl{%%e YR RheY LBh 45,8 nigkhs

range from5-1 are nononucl ear

cATRICEH elgh, Propuatdon Rve 64lncmésem4£1@é§r+t cpal

Calunboets SRNRIAIRY I 30 rdubingi MRe9® Ayl em 4 et efbd® to a
By direct qbservation

version of the .M ni Macs t he
ASCIS &-?ﬁ%<ﬁmﬁﬁﬂ¥ﬁa§éi 1ﬁo§eglv8r8§HGF&PPonC31l numbers
( 5eelfx 106) impHuivededlyi nohiee alddd thean ogoatiMr Tedhiyim
liddtdngdi lution analysis of ASC34 activity using
haen0p0|et|c col onyform ng cell assays as the readout.

Thus, a 3-4 | og expansion which is achi evabl e over a

p@liaﬁﬂa of c%rgil‘ﬁel% Wlp‘#la)é:eelzg %e%%@“a@eg ?:%Hs%e‘fr?%d to

C|Iﬂ|%§ ||cat|ons ture o
Uﬁeor%on difdons fﬂétthpﬁé@e aggiffenc gift grether

cangickiniesf texdantiddy ddiecrdher eatt1caikSerbhe 1A8E34 as

af%qu1red Suitable cytokines for differently directed

differentiations are listed below.

Table 3: Suitable conditions for directed differentiation

Tissues Examples of additives

Nerve DMSO; butylated hydroxyanisole;
isobutyl methylxanthine; b-FGF;
FGF-8

Pancreas bFGF; EGF; activin A; betacellin;
HGF; nicotinamide

Skeletal muscle EGF; PDGF; 5-azacytidine

Heart Norepinephrine; forskolin;
retinoic acid

Liver EGF; HGF; FGF-4

Bone BMP-4

Cartilage TGF-beta; dexamethosone; BMP-6




overlaid with nmethylcellul ose containing serum

(Met hocult H423 0; Metachem Di agnostics, Northanpton
wolghosaagiia basi c cocktail of cytokines (100 ngbPai/GB2EBR05365

(Chugai Pharma, London, UK)I ng/m GW CSF, 5ng/n

IL-3, 20 ng/m SCF (all from First Link, West

M dl ands, UK)). The cultures aFe-i ncubated at 37C in

5% hum dified CO2 in air. The ASC34 divide and self

- e Od ALArL alrP iR ref 1@dh%bﬁ1@t cstemieekl §e2Bdmore

t hen. adherent cell.s that exh
nﬁ%ﬁ?&td@{ AV ieiec aériel%géln ERYmdl OfefrLhEreaFhan
v agi Etrhe@ndvermraaiddc'ﬂdn dege®. ok 4ayf al. d rrabu@aaeshaws

ere ch| din th of
e = (R mal. auBReRe SoBPes CoRb PAEes2aqon
51 rttcﬂ:atlhe:erﬁl hyindniﬁ udmsaewmm @lldak:gétucaneBnl es of
haenopoi etic cells (leukocytes) are found. Oni ssion of
met hyl cellulose fromthe culture mleu reduced cel
production by 60% Increasing CD34+ cell nunbers
seededbhey end EF flcRitls E QEEQékghtdbﬁtBREnbgaQnﬁoc?toklne
commensurate i nprovenent in cell production. Cel
nunbers were not domirimeddidns tore ceddi iied dif 4rrM

10 lithiumchloride . Phase 2 conditions ; In phase 2,
cells are transferred to liquid culture conditions
th—theggddicth shEEghercytokigigs gto T nduce 7
qglectlve?cerF 3 F?erentlat on as required. SU|tabIe i
ytokimes for tgdErentty dfrected difsfergntrations .53
re listed belqw. Table 3 :{ Suitable condiftions for
irected differ¥f ation Ti ksues ExdmA es|of additivek-©
rve DVSO, butsdmd ed hydrokyani sol g;. g sobut yl 0.99
met hyl xant hi ne; ? FGF; FGF 8 Pancreas_bFGF / EGF; 0.62
gctivin A ; bet& gllln ni coti hantde )
VEGF 1.0 1.01
HGF 1.4 0.8
bFGF + IGF 1.38 1.18
VEGF + IGF 0.87 0.71
HGF + FGF4 1.2 -
HGF + VEGF 1.14 1.14
HGF + EGF 1.0 1.8
HGF + B cellulin - 1.0
HGF+EGF+ B B 3-5
) . - 0.83
cellulin+activin A
KGF + nicotinamide +
glucose

* cell yield relative to GM mix only ie ratio
between cell yield in prescence of added cytokines:cell
15 vyield in presence of GM-mix alone

The data show that additional cytokines had no major

effects on cell number overall. More importantly,



Skel etal nmuscle EGF;, PDGF; 5-azacytidi ne Heart
Nor epi nephrine; forskolin; retinoic acid Liver EGF
WoICh)s/06GR3 - 4 Bone BMP -4 Cartil age TG - bet a, - PCT/GB2004/005365
dexamet hosone; BMP -6As can be seen in Figure 13, sone
cytoki nes were nore effective when they were added on
day 7 of culture than when thép were added on day O or
%/r% Table 4_shows the effects of different
TRACLE Srbtoned oy iucs 4t fdauetidmidon n 2
we t Effe f
cy%?tﬁ%ﬁﬁﬁ ki Re e b Rat one on Barr- Shafige +
OyFbke¢ore ) Jididaed Bagude Ddye TalRGYizls.0. 98 bFGF 1.2
1.0 FGF4 1.0 0.99 IG- 1.75 0.62 VEGF 1.0 1.01 HGF 1.4
0.8 bFG-F + IGF 1.38 1.18 VEG- + IGF 0.87 0.71 HGF +
FGF4 1.2 - HGF + VEGF 1.14 1.14 HG-F + EGF 1.0 1.8 HGF
+ bcellulin- 1.0 3.5 HGF+EG-+ b UL .00 i
cellulin+activin A KGF + nicotinam de + glucose
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addi ti onal cytokines had no major effects on cel

nunber overall. Mre inportantly, conbi nati ons desi gned
to induce differentiation (HG9EG+ b cellulin+activin
Al KGF + nicotinanm de + glucose) did not reduce the
catdi oi_ld. tblér ﬂ% *i’l%dﬁhn%%)a%%d ol Eoﬂﬁﬁggo%s for 60
conditions for ays EFlgure

Téi%ﬁ%r@%%m%ﬁﬁlLﬁ ty Tel omerase activity was neasured
using the TRAP assay. Cells were transferred into Ix
CHAPS buffer and the resulting |ysate assayed for
protein concentration using a DC assay (Bi o-Rad) |,
ndExwhp Jsed o .0 TElRglevisecardtdiiwted 1:10, 1:40 and

h, CHAPS huf f t
el et SRt SRR ot EaF gy Ty
TSS@HSTB*renmS:rIaai}Beﬂelrecdachtlr&bCJﬁcoCmSn'bnféaat hest the

&#E%Liﬂ%fggﬁé‘géég dqfdzhﬁb 1WQ%05?%§§%%%+%ﬁru51ng

cles an annedl 1 ng temperature o

¢ i3 AMRAB Ie-Eadbt s neama ldisied 8¢ TATBRAR PaddidAguted

dy@ 2nd TUH Ghd 1A c¥oady lcampde irrerX 155288y were
drl ‘and. exposed .t o X—ray film At the |n|t|at|on of

191t 19109 L8 IRAEEFFotcdapresse: debretasn kit
aCtIn/uetr;geiS asﬁes;;l@l pnfnidie wEEARa&‘é&a)é]fi }&En |7°<F|Sfort20 min
ent t t e narure o e S a
a?%o% |%%% qﬁzﬁgfgn%?gsé %%?TVT?? ?éﬁeV?%e% en run
| rifcerelz&:, cfyrcdeMdash Gind aouleadriey CRgperetise wii G9°Cs The
Cof@él?lt@ﬂ{? V’!‘RtAriJ %ddﬂ?{t@ A ld 190 1l tJ.?latI‘R%tPaQ.%adlng dye

rase chaln reaction sates were

%rgrréal fqrbm A@e@% @y Iapigied Of-Bo K geldednisd and
ceé;kﬁosﬁd &fo k-alkd Fidays of culture in basic

At the initiation of the culture the cells did not
express telomerase activity as assessed by the TRAP
assay, which is consistent with the quiescent nature of
the cells at isolation. Significant telomerase activity
is evident in cells from 7-day old cultures (Figure 15)
which is consistent with cell proliferation at that
stage.

Example 11: Polymerase chain reaction

Lysates were prepared from ASC34 (day 0) and from ASC34-
derived cells after 7 and 14 days of culture in basic
cytokines or with the addition of HGF or EGF as indicated
in the key. In further experiments, cells were analysed
for up to 35 days in culture. Separate lysates were
prepared from the adherent and non-adherent cell
fractions of the cultured cells. Gene expression was
analysed by PCR.
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| ysates were prepared fromthe adherent and

non- adherent cell fractions of the cultured cells.
Cene expression was anal ysed Bg PCR CGene expression by
ASC 34 at day 0 Self-renewal and pluripotency markers.
Rexsrle é%?y% 3 BY hansar ibpt iggRaly repressor Cct 4
octaner-binding transcription facCtor-4 Nanog
homeodomai n protein pronntlng ES cell. sel f-renewal

Hapamootetdvia IC&ldd Ak Fps: hagepei.etic stem cel I
mar ker CD133 chol estero bi ndi n rotelnrp nm ni
Li pi d B Trar ker RECARIPRESIS-6h FSPRECTaP Ca e |on

mol ecul e VWF von VVIIiﬂagraisk&ctor Coagul ation TAL-|

T cell ut Ieukaenla BaS| -
proteiﬁﬁ%kéEA chenok|ﬁ5: Qﬁ' §%%%chgkt Srt ant
for stemcell hon1ng d@@tengﬂaftnent Amgiop0|et|n 1
Li gand ie 2 . My SRY L C 11
qU|escé%ceS%|e 2 Receptor foﬁﬁgh opg%EtIF?GHBH¥ﬂd B8 ce
Mai nt ai ns haen0p0|etl@aﬁﬁﬂﬁﬁﬂﬁwéiuuescence Skel et a
muscl e markers TNNTI skeletal slow troponin 1 Desm n
rn% |nternpd|at%_fll ment protein of nuscle

aem 1

opoletic ce markers

CD34 haemopoietic stem cell marker

CD133 cholesterol-binding protein prominin 1.
Lipid raft marker

RECAM platelet-endothelial adhesion molecule

VWF von Willibrand factor. Coagulation

TAL-1 T cell acute leukaemia-1. Basic helix-

loop-helix protein

CXCR4 chemokine receptor for SDF-1. Important
for stem cell homing and engraftment

Angiopoietin 1 Ligand for Tie 2. Maintains
haemopoietic stem cell quiescence

Tie 2 Receptor for angiopoietin-1. Maintains
haemopoietic stem cell guiescence.

Skeletal muscle markers
TNNT1 skeletal slow troponin 1
Desmin major intermediate filament protein
of muscle
Nebulin structural component of striated

muscle sarcomere filaments

Heart
| Connexin-43 gap junction component in
cardiomyocytes
GATA-4 zinc finger transcription factor

binding to FOG2 in cardiomyocytes



Nebul i n structural conponent of striated nuscle
sarconere filanents Heart Connexi n-43 gap junction
woanpeaens i n cardi omyocytes GATA -4 zinc fi ng@CT/GB2004/005365
transcription factor binding to FO& in
cardi onmyocyt esNerve CXCR4 chenoki ne receptor for SDF-I
on neural precursors Connexi-n343 -gap j unction
component on astrocytes Endot hel i um CD34 haenoppoi etic
stemcell marker. Al so expressed by endothelial cells
CD133 chol esterol binding protein promnin 1 . Lipid
r F¢TWar ker VEGF vascul ar endot hel ial growth factor
KDR ki n@gerinsert donmedpemdicant %ece&)ﬂ&lceﬁ&orsﬂmfl \L=Ca
Angi opoi etin 1 angi ogenesis factor and for Tie 2
Angi opoi etin 2 angi ogéHHE ] é?:’feo‘furs’tf?rgsgnd for Tek Tie
5 2 recepConnérninadyi opajas i JurctOXEReeligsidd e egaitatytes
for SDF-1. Inportant for vascul arisati on PECAM
pl at el et -endot hel i al cell adhesion nol ecule | CAM 2
i nEgdeoehelian adhesion nolecule 2 . Mediates |eukocyte

extravaggijon VE Cadhe‘ﬁ%&‘;ﬁ‘% ns,ggm acdgfﬁ ?%@cer Also

junctions TAL -1 T cel aenla
W librand factor. Coa@mmﬁﬁfrﬁflamfmdothellal cells
10 CD133 cholesterol binding protein prominin
1. Lipid raft marker
VEGF vascular endothelial growth factor
KDR kinase insert domain receptor. A
receptor for VEGF
15 Angiopoietin 1 angiogenesis factor. Ligand for Tie 2
Angiopoietin 2 angiogeneis factor. Ligand for Tek
Tie 2 receptor for angiopoietin 1
CXCRr4 chemokine receptor for SDF-1.
Important for vascularisation
20 PECAM platelet-endothelial cell adhesion
molecule
ICAM 2 intercellular adhesion molecule 2.

Mediates leukocyte extravasation

VE cadherin formation of adherens junctions
25 TAL-1 T cell acute leukaemia-1.
VWF von Willibrand factor. Coagulation
factor
Liver
30 Alpha-1 antitrypsin
Cytokeratin 18
Nestin
Vimentin
c-met receptor for hepatocyte growth factor
35 CD34 haemopoietic stem cell antigen. Also

expressed on candidate liver stem
cells.
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Li ver Al pha- 1 antitrypsin Cytokeratin 18 Nestin
Vinmentin c-net receptor for hepatocyte growth factor

candi date liver stemcells .Pancreas NG\ 3 target of
pdx-1 in beta cell differentiation Gene expression by
ASC 34 generated cells after B2 days in culture .
Haermopoi etic cell markers CD133 chol esterol - bi ndi ng
protein promnin 1 . Lipidraf t marker PECAM
én f -endot helial cell adhesion nol ecul e VW von
% %%% factor. Coagulation TAL-I T cell acute
I eukaeniiGN43 Basi tr:a:l'@ti )dﬂ)c;pix—melin( hptod edell ICXCR4
chenoki ne recept ortant for stem cel
hom ng and engrafé%nerﬁeavﬁﬁ%ﬁﬁgpgt|n 1 ligand for Tie
2 . Maintains haennp0|et|c stem cell qui escence
S I
P P Y e Dol oy AT R tBheR1a days
sa}%oﬁ%}€u¥¢}anents Heart Troponin |subunit of
t roponi n conpl ex

Haemopoietic cell markers

CD133 cholesterol-binding protein prominin
1. Lipidraft marker
PECAM platelet-endothelial cell adhesion
4 molecule
VWF von Willibrand factor. Coagulation
TAL-1 T cell acute leukaemia-1. Basic helix-

loop-helix protein
CXCR4 chemokine receptor for SDF-1. Important

for stem cell homing and engraftment
Angiopoietin 1 ligand for Tie 2. Maintains

haemopoietic stem cell quiescence

Skeletal muscle markers
Nebulin  giant cytoskeletal protein. Structural
component of striated muscle

sarcomere filaments

Heart
Troponin lsubunit of troponin complex

Nebulin giant cytoskeletal protein

Nerve
CXCR4 chemokine receptor for SDF-1 on

neural precursors

Endothelium
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Nebul i n gi ant cytoskel etal protein Nerve CXCR4
chenoki ne receptor for SDF-1 on neural precursors

1. Lipid raft marker

VEGF vascul ar endot helial growth

factor Angiopoietin 1 angi ogenesis factor. Ligand for
Tie 2 Angiopoietin 2 angiogenégsis factor. Ligand for
Tek CXCR4 chenoki ne receptor for SDF-1. Inportant for

vascul ari satamis PECAM g Ated el qugﬁl

f&%éln prominin

adhesi on nol ecule 1 CAM 2 intercel |l ular eS| on

mol ecule 2 . Mediates te

éfaéca&r“ﬁ?%%edftlon VW von

?NI Iki br and f’\ZEI}EE);r Coﬁgalliécﬂllla&n e?ﬁ&qlrdhe-ﬂ.lcé@t' grfHHe factor
eukaem a- . asi .c el 1 OOp e roteln
oy f o RSO S il 1 oS FagH R 1 Rl £or

prot ease i nhibitor Cytmkeﬂatln 18 cytoskel et al

conponent Lg&ﬁ%
in chol ester Jh mB0S
steroids, fatty acids

s t o rote tor. .Ro
(ALY SRR, (SRR iRy for
Tatd thyr0| d hor nones HGF

hepat ocyte gigwh factgle Wq}eB J&%&&y%ﬂ%ﬁ%

factor 3 beta. Transcription

act or
Important for vascularisation

PECAM platelet-endothelial cell adhesion
molecule

ICAM 2 intercellular adhesion molecule 2.
Mediates leukocyte extravasation

VWF von Willibrand factor. Coagulation

TAL-1 T cell acute leukaemia-1. Basic
helix-loop-helix protein

Nebulin giant cytoskeletal protein

Liver
Alpha-1 antitrypsin protease inhibitor

Cytokeratin 18 cytoskeletal component

LDLR low density lipoprotein receptor.
Role in cholesterol homeostasis

Albumin carrier protein for steroids, fatty
acids and thyroid hormones

HGF hepatocyte growth factor

HNF3-B hepatocyte nuclear factor 3 beta.
Transcription factor

Transferrin iron transport

AFP alphafeto protein

Pancreas

Pax-6

Pdx-1

Insulin counteracts hyperglycemia and

stimulates lipogenesis

- bi ndi ng pr ot ei NPOTMBR2M4005365
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like gromh factor 1 . Somatonedi n HNF3- B hepat ocyte
nucl ear factor 3 beta. Transcription factor expressed
i n glucagon-producing islet -caals . NeuroD-1 regul ates
i nsulin gene expression NGN3 Expression of insulin
DX eheur o and NG 000 RXPRSRIAN dikcil

cul tured in basic cytokine Q-P was i nvesti gat ed
at weekly intervals . qQﬁﬁﬂw% show that insulin

was expressatify-am dayhehdtd e ImclRf lefdp dayeta.
to day 35, NeuroD- 1 from da}/ 14 to day 35 and NGN\3

fromday 21 to day 35.T G- garessed in
i nvol ved in |nsuI|r1gngﬂhﬂagdnlpﬁﬁﬂdﬁﬁﬁgﬂﬂgﬂéﬁ(Uexls4

meeks Hg nmost co hensi ve e preSS|on occurri,.n
in cultuérhg:c,o %5 weeks or%[)%ﬁ SEHG SFPressio

enbodi MEMN3 of the present i nvent| on the stemcells are
abl e to generate progeny which express genes invol ved
in insulin production (insulin, PDX - I, Neuro D - |
amlon Béargallin, ASEs4 diNegugice ft-latansh NGN3o gene

St 152! des 1l difl e S G 1AM ARG T @f1-mix)
after 14 d%q%teediafl at ed |nto st andard haenopoietic

cofThy=" ot ARGTAYS, ThepFesults show
grtamji Qayﬁlﬁltmam&rﬂ‘iqg&mwrﬁx&ﬁn faryred t o eple St IFDX-1

é{f_&{l é_é}g w{<aryoc :icss(bﬂq%—ﬁg#d:lge & y.LtélhrtooI dday 35 and
NGN3 from day 21 to day 35. Thus, expression of genes
involved in insulin production was sustained for 3-4
weeks with the most comprehensive expression occurring in
cultures 3-5 weeks old. Thus in a preferred embodiment
of the present invention the stem cells are able to
generate progeny which express genes involved in insulin
production (insulin, PDX-1, Neuro D-1 and NGN3).

Example 12: ASC34 differentiation into haemopoietic cells
Cells harvested from the cultures after 14 days were

plated into standard haemopoietic colony-forming cell
assays. Typically, ~10° granulocyte-macrophage colonies
formed, representing 1% of the total cells in the
culture. Erythroid BFU-e, megakaryocytic (Mk-CFC) and
multipotential (GEMM) colony-forming cells were also
evident when the ASC34-derived cells were harvested and
grown in haemopoietic colony assays. More importantly,
ASC34 give rise to bone marrow stroma-adherent
stem/progenitor cells that form blast cell
colonies/"cobblestone" areas when inoculated onto
preformed cultured stroma and are capable of long term
haemopoietic cell production on prolonged in vitro
incubation (5 weeks).
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i mportantly, ASC34 give rise to bone marrow stroma -
adherent stem progenitor cells that form bl ast cel

col oni es/ "cobbl estone" areas3ghen i nocul ated onto
preformed cultured stroma and are capable of l ong term
hnggg&; ef i 0 [ I vi [10 :
|ncubatlonﬂ%éﬁaﬂﬂﬁﬁfggy%kl%%Fn%eﬁe%agg |ons %ﬁ stained
céff1}t§1 \B@‘@%Yawtﬂcéheﬁwaw ﬁltali@ﬁana‘hslsy revealed

dgicéﬂfﬁdﬁﬁenégﬂdi RheRi1ed %thd%wc§%é-

eV|denc granul.ocytic, .nonocyt emacr ophage,
R R L SRAARHPNEIT GE caTtPaRamt cadilon |

Ethﬁﬂeréﬁilaﬂaquaf tment in ani mal nodel s Experi nent

1 : Intravenous or subcutaneous injection of |arge
nunbers (1 x 106) of ASC34-derived cells into nude
miBzeamfilee AGt: dEngye famentoriinalaintiviadr mdideder ni bl e
norbidity. Experinment 2 : Nude m ce that had been

treated with a liver toxin (lIg/kg Thi oacet amn de)

r de@aridnand @ 6 Iaseengers wad subldus anechusdiing ection of
candiglatfiliRRal AGYLeS ooy b ﬁg&;@ndgkisg&' Yei 00108 nude

spl.€en._ Nude nouse recipients toxin only serve
cMGRIEd At SRUSFe adghMogitadiicy @reélwe@@}biwu | st
aldoxfidis, reci pients of cells survived, irrespective
of whether or not they had been treated with

cycl osporin (CsA) (Table 5) Table 5: Results of

t Expsptiamring ASISe wderd \réwh te dlalds biemno teated With a

| 410 e /A YnEERRI R BETCLIRIGEY 9349 Ascaa-

contro
derived cells including candidate hepatocytes by

injection directly into the spleen. Nude mouse recipients
of toxin only served as controls. All of the control mice
died by day 7 whilst all of the recipients of cells
survived, irrespective of whether or not they had been
treated with cyclosporin (CsA) (Table 5)

Table 5: Results of transplanting ASC34-derived cells
into mice with liver damage

Tx* only Tx+cells | Tx+cells+cyclosporin
control n=6 n=6
n=4
% mortality 100 0 0
at day 7

* liver toxin

Experiment 3
Three experimental groups were set up: group 1, TA +
cells; group 2, TA + CsA + cells; group 3, TA only. Doses

of CsA were administered to group 2 animals twice per
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only. Doses of CsA were adm nistered to group 2
animals twi ce perweek. Al mce in group 3 died within
2 days after treatnment with-TAé6 Aninmals in groups 1
and 2 survived until sacrificed for tissue sanpling

(dayesc 1 a118 @Rt 139 rdu' V%r cﬁ%?ik‘sﬂ%ﬁﬁlr deggguﬁf%e?‘ ce

st ai ned p03|t|vefo eratin

spgeEaFt e brardiedy %néﬂgmaaﬁ rsrgl greupsedenBd af sHuwaNed
ASGR4 1- (é%t”dr\i@ic@ﬁi |f5br NG bR @slaﬁ@)l\&@@ SEEL S@Cbhan?aE

fromcontr , an| Fi gure 1Q) peri_ment 4
attiVeEad :ﬂﬁé’glpug‘eﬁ‘lt‘:@ |Sﬁ&&8§dai&’°§ﬁ§6 ﬁgfor
cmumarc dyﬂdnecﬁaﬂalryars f &l l1drer-Epeli@&dicmala rkegei ved

02/.k k for 4 week nd
s e e T e o8, Mifen pRc 46T ived cells.
i rI]TQCEttIa;mn(gsAzam&egarvem tosiate onese Ehrypm Gont2 odniameins ls
th(at}:gan procedure rel ated deaths after 2 days and
|nal

one surV|ved for 82 days. The renmi nder were
sacrificed for exam nation (one on day 2 , two on day

8 Exﬂgyl%rgn gday 13 and three on day 21) . The
an ses presented in Fkﬁfres 16-2 0 denonstrate that ,
dﬂh% Y & ah G IRRPY WO &as weed do dpeiugec @y eggoing

pr@tdztme:d: al dutiri OF ami;egzthemﬁte N Ebgh abéarl ecbéived

ot RS RS TR S o YR Brbaeny oeretared i n

cdlttltf@pl@ﬂe:&hbperﬁ%dmursswtsﬁm trinel RicraVSO02n injection.

Crd&Qrv?a?Serg)’Jﬁ;éxpr\:vyi@é Sﬂéaé]gl.yp.l ‘fi‘ffecll-j BrAthals, there were 2
procedure-related deaths after 2 days and one animal
survived for 82 days. The remainder were sacrificed for
examination (one on day 2, two on day 8, three on day 13
and three on day 21) .

The analyses presented in Figures 16-20 demonstrate that
human cells engrafted in the livers of the mice and

produced albumin and cytokeratin 18.

Example 14: Cryvopreservation and storage

Cells (recovered adherent CD34-positive fraction or their
progeny generated in culture) were suspended in 30%
serum/10% DMSO in cryopreservation vials and placed in an
alcohol freezing bath at -80°C overnight. The frozen vials
were then transferred to the vapour phase of liquid
nitrogen for storage. Cells were recovered from frozen by
rapidly thawing the vials in a 37°C water bath, diluting
the contents with medium and washing the cells.

Prior to processing, the leukapheresis product can be
stored for 24 hours at 37°C without any deleterious effect

on subsequent viability or growth in vitro (data not
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frozen by rapidly thawing the vials in a 37C water
bath, diluting the contents wi th nmedi um and washi ng
the cells . Prior to processi g, -t he | eukapheresis
product can be stored for 24 hours at 37C wi t hout any

dedigdal) Oy eef fred dh rtts Vieai hh@if‘:‘tfed%g\gtﬁe

in vitro (data notshown t he adherént ce

WeT e MAS TR Hero g G rﬂivh%balatsr 3R -BA 51 6erDMSOhsus

3Q:1'53VQ§& S Itét%{iriehiiV%iéﬂ ey mRbared 9348%ity and
%+SD Vi abrl ftﬁy and there was n%reffect on their

or VI GG ST FHONE T S8 MES TRaVE Laure 21)

practical i rrpl ications 1 . Prior to pr ocessi ng:

L raduct Sa be stor . 24 hours at
40C be ore:ﬁ%?: celsasffren rlé“l:’(?L %Il&ﬁls
| eukaphereses can be transported vvorI dwi de fromthe

| ect
o 11 caritan agegfesaeh ISR Brcfugichl e
serum &fPHabLar it Ithde ati t4r 6gbafotn phaseagingey
retain 'ﬁﬁfre]fQQé’ Vidahilidy 1 AR el0 chinS $ide tci:lélnts'ffo‘?:ted

plastlc aq;ﬁ ollferateln culture like fresh ce
Thus, tdem sentrenSsotted
\Aorldvmpimctﬁseﬁtngexéﬂmtg term 3 . After culture:

l's d fo been cr opres
tcr? avved%a%n%e% zjc ¥l lti[[frce%tl ! Ipiél’aéélﬁ tcl?lne P%ffr‘gffg 1@an
be hel dl DM 3Nt5 Q% rgesruat tmei b zeat dinn l\;uqmbrd |Itly:rogen
Thus, Y t-Rp 'dt?eéi tlbaﬁ Q)Q)m &4 ‘B?lrl ‘t:‘y Gadhere
di P er

stored long - t rrrrary 0 ences
bet\/\/eerF%%sﬁJ%rﬁiﬂrﬁe@r 1<zstaéwt paiolld femete in culture

Mesenchyingd fSieeyn callss arduss S%Fe@'l%tt%dp%%&tl'd?ﬁlOfASC34
cells can be transported worldwide or stored long-term.

3. After culture: Cells cultured for 14 days have been
cryopreserved, thawed and recultured. Cells cultured
for 14 days can be held at ambient temperature and
retain viability. Thus, cultured cells can be

transported worldwide or stored long-term.

Example 15: Summary of differences between ASC-34 and
mesenchyvmal stem cells (MSC)

Mesenchymal stem cells are a separate population of cells
that can be derived from adult bone marrow. MSC (also
called Multipotent Adult Progenitor Cells - MAPC) and
ASC-34 cells (cells of the present invention) exhibit
important differences that are summarised below. It
should also be noted that MSC/MAPC cells do not express
CD34.
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i nportant differences that are sunmari sed below. It

shoul d al so be noted that MSC/ MAPC cells do not

express CD34. Characteristic-Milgti-potent adult ASC - 34
progenitor cell (MAPC)* Known phenotype in vivo _ 1 +
Prospective isolation - + fromtissue Known ont ogeny -

HHonogenet Ly —t wallll tattve—assa \w.% cent—Tmn

i GRpppateErgdiste haenopoi etM’élthoé@lltsadlhlféu t ur 85€-34
ef : Javazon, Beggs and Fl akgro&XRitepatel120p4,

2:414. 1 - MAPC are only found after Prol onge
dture  They have not heen ident i¥2BE) fn fresh hone

L

mﬁmm&@pe AT \AS% 34 cells arel resistant to 5+

S0 WP

uor our acr CF ai nireii i[Sofated StemTel
St heris ts‘aﬁlbl stemcel | s afe CD34+, ¢apabl €
ffB@hftiﬁgﬁ{rer ation, capable of differentiation into

O DOT

ciodermal, nesodermal and|endodermal cells ang
t i Fssue-culture grade plastic 2

Hdreogetditpopul ati on acconding to ckaiml1 further +

% nl aeflr\ \Mthll:LQ hnllrc af er

S@Jl'&tss@entand\ti)fcrerml n adherent foP at | east|72

5 — =0 -

nﬁﬁ%ﬁé t%é&vekaééa e abiligy of the cells to a¢here t .p
i ¢ i +2
+

O Squce haemopoietic -

cells in culture

* Ref: Javazon, Beggs and Flake. Exp Hematol 2004,
32:414.

' - MAPC are only found after prolonged culture. They
have not been identified in fresh bone marrow samples.

® - ASC-34 cells are resistant to 5 fluorouracil

10



3 . The stemcell population according to claim1 or
claim2 wherein the cells are CD33 , CD38 , HLA -DR ,

waResaaei1€Dl 9 . 4 . The stemcell popul ati on BCTEBIIAYIS36S
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to any preceding claimwhich is enriched for cells

which are also Thy- I+. 5 . The stemcell popul ation
according to any preceding cl agmwhich is enriched for
cells which are also AC133 + and/ or c-net+. 6 . The
stem cel | popul ation accord| ,Q any precedi ng cl ai m

t hat expresses genes encodlnggﬁbx=l Cct 4 , Nanog,

CD34, CD133, PECAM W, Tal -1, CXCR4, Ang|0p0|et|n
1,1Tie , gggm 3, U

At Vchi?:n lK%‘F\eMdAen%u opol el 358 ﬁ%}@{ & gra?r%i Arem
A GRS Brefhi4 yp§aﬁabé9t @ﬁeﬁatlﬁnr@senﬁnégtmn. capable of

Vi Mé&mﬁd@tm% ecﬁlﬁie%u%m Cehd s AL i

co to reced |ng cl 'ai m whose progeny
%‘b‘i&‘i%‘gf%% e Lk and PRSI e E feherigise 3@ ng CD133,

PEK%ﬁéuéAMhlﬂﬁ&eIgréagjﬁaagﬁmn13poietin- 1, Nebulin,
Troponin 1, VEG-, Angiopoietin 2 , ICAM2 , Al pha
-l-antitrypsin, Cytokeratin 18, LDLR, Al bumi n, HG-, HNF
-3, trémsfeell moAllpiaifet aqratding RaxeldirPdxfHyrther

r@t‘r‘%f@ctélq:ééd L{{ffg:)a"k}l }ﬁe c ll'!l.es %:tergd:heéée to
popul ati on accor Ing_to any preceding S m
priobsiye espkleere garde |Hﬂﬂﬂﬁﬂ§iw1thlnnﬂ|hﬂqﬁﬂxﬁﬁﬁﬁﬁm

9 isdhersbeM £6d | £ PoRiHALn HPBCCH i NG t0 as ey Ofhours.
clains 1-8 Wherein the stemcells are adult stem

cells. 10 . The stemcell popul ation according to any
ore. of Theai sedd - &M@’@u&dmﬁtﬁﬂ@ﬁiingﬂwldﬁdm 1 or

agg gﬁg%c %ge%%qb ($pg§|ned ggsa Ingiif%¥%£ §%énFD3_

cerhd pdplPati on according to any precedi ng claim
wherein the cells have the characteristics of those

4. The stem cell population according to any preceding
claim which is enriched for cells which are also Thy-1".

5. The stem cell population according to any preceding
claim which is enriched for cells which are also AC133*
and/or c-met’.

6. The stem cell population according to any preceding
claim that expresses genes encoding Rex-1, Oct 4, Nanog,
CD34, CD133, PECAM, VWF, Tal-1, CXCR4, Angiopoietin 1,
Tie 2, TNNT1l, Desmin, Nebulin, Connexin-43, GATA-4, VEGF,
KDR, Angiopoietin 2, ICAM-2, VE cadherin, Alpha-1-
antitrypsin, Cytokeratin 18, Nestin, Vimentin and c-met.

7. The stem cell population according to any preceding
claim whose progeny produced after culturing express
genes encoding CD133, PECAM, VWF, Tal-1, CXCR4,
Angiopoietin-1, Nebulin, Troponin 1, VEGF, Angiopoietin
2, ICAM 2, Alpha-l-antitrypsin, Cytokeratin 18, LDLR,



deposited wi th ECACC under accession No. 04092401. 12.
The stem cell popul ation according to any preceding
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popul ati on according to any preceding claimwhich is
human in origin. 14 . The stemcell popul ation
according to any one of clai-mnggl-12 which is nurine,
equi ne or bovine in origin. 15 . The stem cel

PoRUbGhi PN P@hﬁ‘% O A G-, ,C'Atigk@i%f%;t%z Wkeln,
is 1solated or’ dérived froma sanpl'e ST oM a

c onrard onP &k hal Insubin, THE -Slt.eda3etdD o @nda NGl
according to any precedi ng claimwhich does not
require feeder layers during culturing thereof.17. An

i Bt at eth'*t BheB eFel b RANWEEE ovP 1 HREdfligio & fany preceding
I egEih alhOfle ?@ogéﬁ edgitd A i rhd Ntiheetwederiflinsulin
nmesoder mal an odermal cells, said popul ation

obREP AP E°By: (i) subjecting haenopoietic tissue to

densi tygradi ent separation,- (ii) exposing |ow density

I ffini i f CD34; (il '
cetl s avdcrEc: otk e I AU Shpetiniiin et
CD3Yaimsibpopuvaeiein tthe i sisee ol ks rareyraatiel tplstsmi cells.

and (v) recovering CD34+ cells adherent to said
plastic. 18. A culture conprising: (i) a stemcell

popUt at Ted FheReralsapePwlalni | 3Cer@ DI ANY b |f
O]fciaﬁlhﬁéiDgstﬁhéit:éﬁﬂetlgé“ét’s&@bcl%ﬁﬁ% _@Eéﬂicor%mw_ B ses
or _se regeneratl on na capabl e o [ erenti atl Qn
h S MRS Rt gt T e M R A AR
(i wpbAal hedl uoocdpabhel®f supporting the grow h of

11. The stem cell population according to any preceding
claim wherein the cells have the characteristics of those
deposited with ECACC under accession No. 04092401.

12. The stem cell population according to any preceding

claim which is mammalian in origin.

13. The stem cell population according to any preceding

claim which is human in origin.

14. The stem cell population according to any one of
claims 1-12 which is murine, equine or bovine in origin.

15. The stem cell population according to any one of
claims 1-12 which is isolated or derived from a sample

taken from a companion animal.

16. The stem cell population according to any preceding
claim which does not require feeder layers during

culturing thereof.



said stemcells. 19. A nethod of isolating a stem cel
popul ation wherein said stemcells are CD34+, capable

woho@dhensng to tissueculture grade plastic, capaldBom@ioos3es
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self regeneration and capable of differentiation into
ect odermal, nmesodermal and endodermal cells, which
met hod conprises taking a sanp@lle -of bl ood or bone
marrow from a subj ect and extracting said cel

popyl atAﬁ”léB@é@é&O \/\?1 %efl :Ergﬁlppa@{o E‘%@%J et self

clainmed in ¢claim19 rlrses. : ng
haBRIBBEERF LOR| %@@ed%éfmﬂaytjg%onrem Setedermah

(1 inps68PLEANTah@NHEHGEINATEIdBIE 0 SN @ d}id)ﬁ\hia\/tiérgand
recovering cells attached to said CD34

i
|.aBEaln%§@ %¥p03|ng t he CD34+ subpopul ation to a
solid suppostbjetuingchavtspsie B4 cald scadiaieidy to
said solkgdsu ort % A nethod according to claim
20 wher & i ngParg b is selected fromtissue-
culture(gnhdeXpbasngclow @&mﬂity Q1A etdhodadsinity
cl ai medy hg ghakgL-18n 9k . 20 which further conprises a
step of ¢ ?turlng said’isol ated popul ati on of stem
cel |'s. £3iih mecRveErong peoblei atachoputat$ahd o¥D34 ligand;

target c¢el) Seﬂ@bghnﬁoﬁﬁé'@ﬁ§4$Uéﬁbﬂéﬁﬁﬂ§%§$ﬁnﬁ&eéissue

popul at i E defined in any of clains 1 to a
pl urali €} BFrﬁraﬁPﬁefB%?%F%CMM?%% causes

di ff er ent’) akteeBvetifgi dpsieme0ald adblHedlt &> s24d Plastic.
method as clained in claim23 wherein the target cel
is selected fromthe group conprising liver

18. A culture comprising:

(1) a stem cell population wherein said stem cells
are CD34", capable of adhering to tissue-culture
grade plastic, capable of self regeneration and
capable of differentiation into ectodermal,
mesodermal and endodermal cells; and

(ii) a medium capable of supporting the growth of
said stem cells.

19. A method of isolating a stem cell population wherein
said stem cells are CD34*, capable of adhering to tissue-
culture grade plastic, capable of self regeneration and
capable of differentiation into ectodermal, mesodermal
and endodermal cells, which method comprises taking a
sample of blood or bone marrow from a subject and
extracting said cell population therefrom.

20. A method of isolation as claimed in claim 19 which
comprises:
(1) subjecting haemopoietic tissue to density
gradient separation;
(ii) exposing low density cells to an affinity
ligand for CD34;
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pancreatic, haenopoietic, neuronal and
ol i godendrocytic cells . 25. A nethod of culturing a

weoeneisosellB popul ati on as defined in any one of PCraiBI804005365

to 17 which conprises contacting said population with

a plurality of growth factgrgzmhich pronot e and/ or

sustain proliferation of said stemcell popul ation.

26. A cell popul ati,on produced by _a nethod .as cl ai ned

" anyidid GECSVETIRY Fald e tasned: tooia g Sk fowand;

as cl ajingd dxpaineptheofondsal Mubbopll sid? G orerseivid

the cell is capable of surviving cryopreservation .28.

A cel ISYRBRA%St i on as claimed in any one of clains 1 to

17, 26(x0r Btovearigion Qiet'gendirs hdbelberh abt enéd bplid

insertjon of a region of nucleic acid. 29. The cel

populé?%éﬁnb' claim 28 wherein the genone is altered

by insertion of DNA using a DNA virus, RNA virus or a

reLroyr tﬁ/cf‘&_tacecoﬁpingff (G5! 41 DAY At & Chid MRS i

any one of clains 1 to 17, 26 or 27 wherein a portion

FURRRE ek nite ket ek ehr oM det $ MR T L e IFdRIgh3FHeC °oF
esesce of an antisense nucleic acid nolecule, a

ri bozynme sequence or an inhibitory RNA sequence. 31. A

cell population as clainmed in any one of clains 1 to

102 0r REm¢thSd dorclstméd imecbpim BR.oA Z&lIwhich further

popul ation as_clai ned_i| n ' 7
LY oF oo e el DR e e S16LBed $apdlafion of

asdemagetlsrgan. 33. A nethod of regenerating an organ

or repairing a damaged organ of a patient which

conprises adm nistering to said patient cells

ad2 or dh gL EROANGE CREOGRCENG | AEPAPE RGO 0Bt EIRE. ColLs

which comprises culturing a stem cell population as
defined in any of claims 1 -to 17 with a plurality of
growth factors which causes differentiation of said stem

cell population.

24. A method as claimed in claim 23 wherein the target
cell is selected from the group comprising liver,
pancreatic, haemopoietic, neuronal and oligodendrocytic
cells.

25. A method of culturing a stem cell population as
defined in any one of claims 1 to 17 which comprises
contacting said population with a plurality of growth
factors which promote and/or sustain proliferation of
said stem cell population.

26. A cell population produced by a method as claimed in
any one of claims 19 to 25.

27. A cell population as claimed in any one of claims 1-
17 and 26 wherein the cell is capable of surviving
cryopreservation.



34. A cell population or nethod according to claim 32
or claim33 wherein the organ is selected fromthe
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liver, lung, pancreas, bone, cartilage, nuscle, skin,
brain or nervour systemand heart or circulatory
system 35. A cell popul ati on4¥r Tet hod according to
any one of clainms 32 to 34 wherein the cells are
| abel led with a traceable marker, preferably iron

bead 6. t hod . of
??%ﬂgp%gnf@{fﬁg%&] alcl:t?]l rgarﬁJs?l sﬁ%lt?{q rjzﬂjugl?y gorfﬁ%te Flaims 1
subp ekt 2edt Popdianeion Ese oj@rimmj has abq&mrzeltnﬁred by
Cl ahdBrddi &9 I O dfidif 55,«9 rg?éh:pd of screening

an agent for 1ts organo- spec |c effects by exposing
the cells produced by a nethod as clained in claim23

or2@4 tonsakél RGeSl B8 orft cs@t@péin@cwrvm@&m 9l &idBnome
37, wh e|n (%he agent is a toxin suspected of

ortfa % %%%@let‘rﬂtcgn o DR st HH R W 0 g o RNA
clwaims??omrmtﬂrcbﬁfrﬂ%cﬁ@ra drug or therapeutic
suspected of organo -specific toxicity. 40. A nethod
according to claim37 where the agent is a drug or

t heo ape@td:@lhgempulsalshmtaj ofatbenkficiaty msrgamnf claims 1
s if4c [ [

rodUEL | o vl o cendth & fodt el e Khe ol Ahe thhe peen
aninzplel vited ai esd 1 ttlbrqwgfortlse mxaseﬁrm i aff exh @mttlsense

| i hec el & Vash & hes BE&ere andl # BEOMaRd N ANeh &L HPr, of

the RISLELIS GEpTSsqeshy s d cells.

31. A cell population as claimed in any one of claims 1
to 17 or 26 to 30 for use in therapy.

32. A cell population as claimed in any one of claims 1
to 17 or 26 to 30 for use in regenerating an organ or
repairing a damaged organ.

33. A method of regenerating an organ or repairing a
damaged organ of a patient which comprises administering
to said patient cells according to any one of claims 1 to
17 or 26 to 30.

34. A cell population or method according to claim 32 or
claim 33 wherein the organ is selected from the group
comprising the haemopoietic or immune system, liver,
lung, pancreas, bone, cartilage, muscle, skin, brain or
nervour system and heart or circulatory system.

35. A cell population or method according to any one of
claims 32 to 34 wherein the cells are labelled with a
traceable marker, preferably iron oxide or paramagnetic
beads.
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36. A method of cell transplantation which comprises
introducing into a subject a cell population as claimed
in any one of claims 1 to 17 or 26 to 30.

37. A method of screening an agent for its
organo-specific effects by exposing the cells produced by
a method as claimed in claim 23 or 24 to said agent.

38. A method according to claim 37 wherein the agent is
a toxin suspected of organo-specific toxicity.

39. A method according to claim 37 wherein the agent is
a drug or therapeutic suspected of organo-specific
toxicity.

40. A method according to claim 37 where the agent is a
drug or therapeutic agent suspected of beneficial
organo-specific effects.

41. An in vitro method of protein production which
comprises culturing the stem cells of any one of claims 1
to 17 or a differentiated cell line derived therefrom and
recovering one or more of the proteins expressed by said
cells.



