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15 attempts are being made to accomplish the aim of

providing stem cells in sufficient numbers to perform

tissue-specific stem cell transplantation.

Efforts have focussed on the bone marrow as a source

of stem cells. Evidence to date suggests that the bone

20 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

25 capacity to provide multiple cell types. They form

osteoblasts, chondroblasts and adipocytes in

response to

stimilation in culture but there are many cell types,

such as hepatocytes, which they cannot form.
culture of MSC results in the outgrowth of a
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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 secong,
that it is impossible to be certain that they represent
normal cellular components of the bone marrow. They may,



35 that they may have accunul ated genetic damage and second, that it is

I npossible to be certain that they represent normal cellular conponents of
t he bone marrow. They may, WO 2005/059113 PCT/ GB20041005365 2 in fact, be
a tissue culture artefact. These inportant considerations potentially
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The present inventors have now identified a new type
of stewm cell which can be directly isolated from adult
bone marrow and blood, e.g. peripheral blecod, and have

15 the unique ability to differentiate into ectodermal,
mesodermal and endodermal cells. These cells are thus
clearly multipotent if not totipotent. Thus the stem
cells described herein provide a novel source of cells
for tissue transplantation that may be used in an

20 autologoug (self-to-self) manner. Further, as is
described below, these stem cells do not reguire
prolonged tissue culture.

The stem celle of the present invention are
preferably obtained from a sample taken from an adult

25 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

30 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

35 differentiation into ectodermal, mesodermal and
endodermal cells, preferably into haemopoietic cells.
Preferably, the stem c¢ells are adult stem cells.
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irradiation which supply important metabolites without

further growth or division of their own) which support

the growth of the stem cells. Thus, preferably, a feeder
15 layer is not used during culturing of the stem cells.

One primary characterising and particularly
advantageous feature of these stem cells is their ability
to differentiate into a very wide variety of different
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 endocderm.

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 legss than 10%, e.g. legs than 5% of
lineage committed cells. It may assist in the isolation



25 mesoderm nerve or epithial cells fromthe ectoderm and gl andul ar

epi thel i um or hepatocytes fromthe 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, CDMO g/ 088 ' Substantially free' should be i nPETEBIIHEA0TI6S be
consistent with the enpirical data presented in the exanples. Al so, the
popul ation is substantially free of cells dedicated to a particular

| i neage and/or cells carrying markers assbciated 35 therewith. Preferabl y
the popul ation has less than 20% nore preferably less than 10% e.g. |less
than 5% of |i9fedde Poesentedtenl ¢ell nopwdptassi se ¢eombime ihadbat i on WO

2005/ 059113 PGHJHRANAAERI53030nt (rdiioddle B @aelk) Sham ssdirfpul ation to
conbi ne both %nea ati,ve sel ection (rermvlﬁlﬁéof .cel gﬁ)‘ and posit,ive selection

(i sol ation of Hion {159 RteGRERE fifliliSddy 1npPABR neRses - ihosy.

‘lIsol ated' celbinding uskg bRosgeld. Whi Ddolladed'beebidi ig€lhde itddsat ed from a
sanpl e as N B S | tured der iV from such a sanple. Stemcells
are though\t@t owrb%%rrg]%h) a&%%?eglfﬁcﬁrve 15213&ﬁ%t%db858mn%r?%Wg%{ggarwglgl so found
in the bl ood. @heeldsesadturednotefiesived) fyencghibkca egamplam ei t her of these

10 sources accordi R P c2hagdard gﬁ@g##pQﬁ%%grﬂgﬂgfgct@§@@thqgﬁples are

preferably obtajned_ follow ng stem ilirsation wth G CSE to increase
the nunbers of? bong marrRvi RBt cd¥e a0 SRUNEoin eiBepPtood: o/M§ body
wei ght / day maypiheseatimistiest eeedssule Wanellely efoFrbndeyshed of tthieseal so
Bone. mar r O col e iy EoS0NEn BT FrUNa EoarehtBr e BB AR owlecs. i1 ac
crests, tibiaesanmesy @respraderabiy othieringghéoddowingsst@onuahi ently bone
marrow may be geobilisation with G-CSF to increase the numbers of stem
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weight/day may be administered subcutaneously for 5 days.

15 It is also possible to obtain direct bone marrow samples,
e.g. through aspiration.

Bone marrow cells may be obtained from a source of
bone marrow, e.g., iliac crests, tibiae, femora, spine,
or other bone cavities. Conveniently bone marrow may be

20 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.

25 have been isclated from a mammalian sample or are dexived
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

30 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

35 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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separation, using antibody-coated magnetic beads,
affinity chromatography, cytotoxic agents joined to a
monoclonal antibody or used in conjunction with a

15 monoclonal antibody, e.g., complement and cytotoxins, and
"panning" with antibody attached to a solid matrix, e.q.,
plate, or other convenient technique. Techniques
providing accurate separation include fluorescence
activated cell sorters, which can have varying degrees of

20 sophistication, e.g., a plurality of color channels, low
angle and obtuse light scattering detecting channels,
impedance channels, etec.

Conveniently, the antibodies may be conjugated with
markers, such as magnetic beads, which allow for direct

25 @geparation, biotin, which can be removed with avidin ox
streptavidin bound to a support, fluorocchromes, 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

30 unduly detrimental to the viability of the remaining
cells.

Preferably the wmononuclear fraction of the bloecd or
bone marrow sample is separated using a Lymphoprep™ (Axis
Shield) density gradient. CD34' cells can be separated

35 from the mononuclear fraction using MiniMACS (Miltenyi
Biotec) technology.
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beads 11 ) 2 bR YRl BUCLLER, 1A e eD8S, D, By b iseg, which
col um and held in place by a magnet; unlabelled cells will be
eluted and labelled cells released by removing the magnet
(or by removing the column from the magnet}.
The thus released CD34' cells can then be incubated
15 at a suitable temperature of e.g. between 35-38° C,
preferably 37° C in tissue culture plastic vessels for at
least 2 hours, preferably at least 3 hours e.g. 3-5
hours, with non-adherent cells removed by washing with
HBSS (Hanks balanced salt solution). The adherent CD34’
20 cells are the stem cells of the present invention and
comprise lesg 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
25 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
30 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
35 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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characterised as CD34', i.e. expressing the antigen CD34,
a glycoprotein marker found, but not exclusively so, on
stem cells, in particular the stem cells manufactured in

15 the bone marrow (HSC and MSC). The stem cell population
of the present invention may also be enriched for cells
expressing the Thy-1 warker, i.e. comprise a significant
proportion of cells which are Thy-1'. The stem cell
population may thus be enriched for Thy-1 relative to the

20 starting cell.population (the sample). Example 5
indicates that on average 2B8.1%, but up to 20% of cells
are Thy-1°.

More particularly, the cells may be characterised as
Cbh34', CD38", CP33" and HLA-DR . Preferably the cell

25 population is also enriched for ACL133*, 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
30 nucleus: cytoplasm ratio. Such a morphology is
agsociated 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 legs

35 than 14 days, e.g. less than 10 days, more preferably in
less than 7 days, even 4-5 days.



self-regeneration, i.e., in accordance with standard definitions of stem
cells, stemcells are capable of divisionto formfurther stemcells, as
well as differentiation to a wide variety of different cell 10 types. The
stemcells of the invention are further characterised as CD34', i.e.

expressi ng whaosnkeggn CD34, a gl ycoprotein marker foungsy/dstoosidssess
exclusively so, on stemcells, in particular the stemcells manufactured in

15 the bone marrow (HSC and MSC). The stemcell population of the present
invention may al so be enriched for cells ,expressing the Thy-1 marker, i.e.
conprise a significant proportion of cel?s whi ch are Thy-1'. The stem cell
popul ati on may thus be enriched for Thy-1 relative tQ the 20 starting cell
popul ation (the sandif® ELER GRS 5 FRE PaEesiPRataDd P FuFEBRY 28. 1% but up
to 90% of cel'l scharartérgstd. adoreapasbletyarly, the cells may be
characterised as CD34', CD38-, CD33" and HLA-DR'. Preferably the cell 25
popul ation is also enriched for AC133', Thy-1' and/or c-nmet', nore
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V0 20052050118 P R s sagces e rkabilea W20 2ah 8%, H3UaRaZ BN N0 N
furt her 10 {iv) exposing the CD34" subpopulation to tissue culture
grade plastic; and
{(v) recovering (D34’ cells adherent to the plastic.

A sample of the stem cells of the present invention was deposited with
15 European Collection, of Cell Cuitures {(ECACC), Health Protection Agency, Porton
Down, Salisbury, SP4 0JG, UK on 24 Seprember 2004 under accession 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
20 animal, e.g. laboratory, livestock or companion animal;
preferahly priwate and most preferably from humans.
In a further embodiment the present invention
provides a culture comprising:

25 (i) an isolated adult stem cell population wherein said
stem cells are CD34°, capable of self regeneraticn
and capable of differentiation into ectodermal,
mesodermal and endodermal cells; and

(ii) a medium capable of supporting the growth of said

30 stem cells.

Preferably, the present invention provides a culture
comprising

35 (i) a{n isclated) stem cell population wherein said stem

cells are CD34", capable of self regeneration and
capable of differentiation into ectodermal,
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characteri sed as obtainable by: (i) subjecting haenopoietic tissue (i.e.
bl ood or a 5 bone marrow sanple) to density gradient separation; (ii)
exposing |l ow density cells to an affinity Iigand for CD34 (preferably
attached to paramagnetic beads); (iii) recovering cells attached to said
CD34 | i gandwolfdesisyiizexposi ng the CD34' subpopul ati on t opdi/&81884/6EicEUr €
grade plastic; and (v) recovering CD34' cells adherent to the plastic. A
sanple of the stemcells of the present invention was deposited with i5
Eur opean Col l ection of Cell Cultures (EGAGC), Health Protection Agency,
Potion Down, Salisbury, SP4 DIG UK on 24 Septenber 2004 under accession

number  04092401. Thess@pagil MRS oHEd8ebMal h@elilr&/%@i&)rcageﬂltehsf cell line was

given the nanme "St | i.cyte" The stemcells _of the inyention may be
fromany 20 ani nal ggﬂégﬁx]‘q Tor %3}’3‘71“3}1?5%’5?0%% P&&?ﬁéﬁi"oﬁnéni mal ;
preferably prirféie ange ganabdeaipfy stpper hinmrtdhe gyowthupfheai@énbodi ment
the present inventigpempesigles a culture conprising! 25 (i) an isolated
adul t sten1§ell popul ati on wherein said stemcells are CD34', capable of
self regeneration and capable of differentiation into ectodernal,

mesoder nal and eesodererstereldasllamdvei bien hecliamadagdielyemsy bapporting the
growth of sai dpréﬁaé&@@aﬁ?}le?rovﬁr ‘ihagb)idiﬁi‘&m&f Gl FHER hgﬁox{ﬁiPV' des a
culture conprising 35 (i) d(n 1sdlate i stem cel | popul ation erein said

stem cells ar &e€b84' SUeR s B 1smadeceli s gl A b mdtadaganf eonf
differentiati obonat Ragedwderdrmdl tHRpehkFbEDESEHEET (VR E a9l aV0 ZROm1 059113

PCT/GBzOO4&805%%§pr8vide for the secretion of growth factors associated
with stem cell maintenance, coculturing with such stromal
cells, or in medium comprising maintenance factors
supporting the proliferation of stem cells, where the
stromal cells may be autologous, allogeneic or

15 xenogeneic. Before using in the coculture, the mixed
stromal cell preparations may be freed of haemopoietic
cells employing appropriate monoclonal antibodies for
removal of the undesired cells, e.g., with antibody-toxin
conjugates, antibody and complement, etc. Alternatively,

20 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

25 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

30 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

35 self regeneration and capable of differentiation into
ectodermal, mesodermal and endodermal cells and capable
of adhering to tissue-culture grade plastic which method



mesoder mal and endodernmal cells and capable of adhering to tissue-culture
grade plastic; and (ii) a nedium capable of supporting the gromh of said
stemcells. 5 Once stemcells have been isolated, they may be propagated by
growing in conditioned nediumfromstromal cells, such as stromal cells
that can be WO2#SHEIIF rom bone marrow, fetal thynus or PETAIBMPETSS and are
shown 10 to provide for the secretion of growh factors associated wth
stem cell maintenance, coculturing with such stromal cells, or in nedium
conpri sing mai ntenance factors supportrnéothe proliferation of stemcells,
where the stromal cells may be autol ogous, allogeneic or 15 xenogeneic.

Bef ore using i rraprisesutaking a heampbedf bicodudr dedhe praapavattironsa nay be

freed of haenp I r I i bodi es for
p.ﬁnﬁté& aff laﬁt«sa@éﬂyg r&l%pwe@_@ bg%glm e £30H,

removal of the un eS|red cel d., y-toxin con u ates

anti body and cdfthf e§FEaCN‘?‘ér§FaﬁHﬁ/@ir;¢ d?é%?%ﬁ@oﬁ%‘%‘f%rﬁﬂ | ER®i nes
may be used V\/ﬂe:fa&;dhﬁf bubaﬂabamﬂsl tﬂmrebmalll @Qﬁﬂ@am}@fbé(%(l’@ﬁ@el c. Thus,
reference gbo¥§éto y Lunt %;} Hchhas stro ells. The stem
cells of th | S5 8? Ol 8REEN T i RE from can
survive cryopresﬂﬁkamwdnbynadﬁﬁnistpmxhgm}{ﬁ@eho theasdhgedmu aspect, the

i nvention provides t . st ROR i on
wherein said stem éﬁ%@%ﬁgﬁet%aéﬂé dﬂ%l Hérg%ne%é&r%c% | onl}llla?l’

capabl e of dif fRavewElacrdA EHPBS ek iRd maﬁﬁ@@d@?ﬁwml@oﬂ%ﬂncﬁt@ﬁdoder mal

cel IE \Mtﬂ ch nBééntoxb c?ﬁﬁbbwégtaﬁ?lr\%@oa&ﬁt@élse Bfﬁtbh?@dn@tf : dimg:wow H} om
a subj ec extracting said ce opul at,i 0 er ef rom £r a e
i nventi on 37 ovi S 555 ﬂ(? FI?EB‘T’E\% gf#sef‘l SUbROPT %al R \?ﬁer ein

sai d stem cel | SCR¥4e-peE34'ivecapabse therence to tissue culture plastic
has been found to be a simple, reproducible and
practicable means of selecting primitive stem cells
without resort to multiple antibody labelling procedures

15 or other manipulation. The CD34+ cells of the present
invention are also capable of adhering to glass, and
glass or other suitable solid supports may thus be used
instead of the tissue-culture grade plastic in the
methods of the present invention.

20 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

25 mwmodification 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

30 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

35 use in therapy.

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



35 self regeneration and capable of differentiation into ectodernal,
nmesoder mal and endodermal cells and capable of adhering to tissue-culture
grade plastic which method WO 2005/ 059113 PCT/ GB2004/ 005365 - 10 conpri ses
taking a sanple of blood or bone marrow froma subject and extracting said
cel | popul avpasmsbkaiefrom Preferred extraction steps a@ce/ghenwssed above
and in the case of blood sanpling there will typically be a first 5 step of
stemcell nobilisation which is preferably perfornmed by adm nistering G CSF
to the subject. Adhesion to tissue cuktixe plastic is a property of severa
cell types including marrow nmesenchymal stem cells, nonocytes and

macr ophages, bt agﬁérﬂ?lé %%%%m %91’9 rengﬂé&l@%ﬁ%%éﬁﬁa or isolate

a subpopulatlog positive cel tissue culfure plastic
has been foun®@ft§eht ‘ée%‘?rfﬁﬂaetl%ﬁlﬂédﬁépﬁb%ea?ﬁ diffemenEaBldoReH<® of

sel ecting pri MOthVﬁaém@pb:C@dié axw Trdé@éhch?t&@l tcélqsmddmlcml guabhébody

| abel I'i ng pr og gures 1@ or qi EE ulat|q$ ig'cells of the
present |nven§ SRPRFRt I3 & 16t 958Rer ?ﬁ)%ﬁ?gﬁQa CT3RY- gl ass or

ot her suitabl &maliy, stipqz)oxmsem)prt wourevibde sis@ dnetilnst edfd gehet hberapy

L Ssue CulLUr 2obRde: Al Asdhind dLfitis 16! A0 Blnd Nfh RIRSFRhCEBYEN | O, 20

The stemcells resent 1 nventi on I'n research contexts,
for exanpl e i PoRBtabiphPateeaalds whgrgibweaid a&qe@r seldBedsft to

fth err: cel{ rte@‘ﬂmfﬁtddﬁ&bl'gthSbémftCﬁéééné@tlaﬂns%gaecgﬁ?ﬂlée@ﬁ utility in

e treatnen eneti ¢, di seases r ene nmodification or

repl acenent ,?055[%5138 B TR qEP %F%magar‘{‘?%?ﬂ%?ma\lhém@el | s may be used
in the tréatnemﬁodéxmdlseabbs &nﬁuxnc@medratehar;hﬂnqyﬂuﬂmu:geabps,_such as
0-thal assem a paRgesbal e Ol |1ARGHIRn YIBYEa8s e ELHRE orIRRRe! S [ Nt roduced

into the stemc¢ In, oo . ] .
therapy comprising administering to a patient in need

thereof a population of stem cells wherein said stem
cells are CD34', capable of adhering to tissue-culture

15 grade plastic and capable of self-regeneration and
capable of differentiation into ectodermal, mesodermal
and endodermal cells and incorporate a therapeutic gene.

Suitable therapeutic genes will include a wild-type
version of a gene which is defective in the patient or a

20 drug resistance gene.

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

25 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 Fiqures
hereto, it has been possible to generate in
advantageously short timescales mesenchymal,

30 Thaemopoietic, endothelial, epithelial, tube-forming and
dendrite-forming cells. The preparation of haemopoietic
and mesenchymal cells being particularly preferred.
Cells have been observed after lesgs than 14 days with the
appearance of liver, nerve, mesenchymal, endothelial,

35 epithelial and haemopoietic cells,

The stem cells are cultured with a cocktail of
different cytokines, depending on the desired cell type.



30 further aspect the invention provides an isolated adult stem cel

popul ati on wherein said stemcells are CD34+, capable of self regeneration
and capable of differentiation into both haenDpoietic and nesenchynal

cells which further incorporate a therapeutic gene, fo use in therapy.
Pr ef er abl y WQ H¥5958nt i on provi des an isol ated stem ceF‘FT’EBEﬂﬂf’gW?%n wher ei n
said stemcells are CD34', capable WO 2005/059113 PCT/ GB2004/ 005365 - 11

of adhering to ti ssue-cul ture grade pl as %c and capable of self
regeneration and capable of differentiattT®n into both haenopoietic and
mesenchymal cells which further incorporate a therap eutlcggene for use in

therapy. 5 Eqd&el gockkail midhk ty®igrddy deempr ¥ KodSF, §MnESE hetlapy

conprising adaindi steki AELL CEaactRAl,i @itn AoRessh ther eRfing apaRYl @i on of stem
cells mhereln aid.s capabl e of self-reggn rati on and

capabl e of F@P&ﬁ%%2%+§#FF?§E&3§&P8d8Fn§?P EESRE B R a8 Shdoder mal
cells and inc@mﬂoLEﬂE4®02ruuzﬂnmmuhatgedeffef&mﬁxaﬁﬂﬁnytotpancneeh¢¢on

provides asielR9esobndongs dNPIABLGTR! LoL I MM Vi leldigabg a patient In

need thereof a o u atlon ste ereinsaid’s ells are CD34°
capabl e of adW@Pﬁﬁgtﬁént¢%§ﬁﬁﬂﬁhKﬁﬂﬂé 150§h9§69¢9%%h|ﬁ§Q§maScaﬁable of

sel f-regener akinemand tEaPad Bl niinf kor 88t imdd&adtia, egleoder mal ,
ndodetrmal ce

resoder el o sSatetel el cold 2N g poral St ppeut 10 00ne

I's defective mmrtﬂéagat|sk&leﬁakianBDcdmdgacemmsn}ﬁuuknﬁﬂmg Wahgout

addi tional 5t herapaut bﬁhﬂe&ﬁ Kl:f‘oc%%@ £¢kLie Stﬁ:l%fél%‘é%t %&&aggﬁééc utility,

e.g. in regeneratlh aena ol €tic syste ent Icient in

stem cells. which are produced 1n this way are liver, pancreatlc,
haemopoietic, neuronal and oligodendrocytic cells.

Thus, in a further aspect, the invention provides a
method of producing a taxrget cell type which comprises

15 culturing the stem cells of the invention with a
plurality of growth factors. As described in the
Examples and shown in the Figures, successful
differentiation may be shown by visual inspection, flow
cytometry, reverse transcriptase polymerase chain

20 reaction (RT-PCR) or immunophenotyping. Cells expressing
albumin, a-fetoprotéin, gl-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

25 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

30 occurring and isoclated cells 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

35 Dbe at the same point in the cell cycle; in contrast
naturally occurring cell populations will be heterologous
in this regpect.



25 Further utilities of great interest relate to the generation of
different differentiated cell types from the stemcells of the invention.
As shown in the Figures hereto, it has been possible to generate in

advant ageousl|y short tinescal es nesenchymal, 30 haenopoieti elial,
epi t hel i al ,WPéﬁoéf"?%Hﬁ ng and dendrite-forning cells. Tﬁ?ﬁé’ﬁgg@@g@%ﬁn of
haenopoi etic and' nesenchymal cells being particularly preferred. Cells have
been observed after |ess than 14 days w g the appearance of |iver, nerve,
mesenchymal , endothelial, 35 epithelial and haenopoietic cells. The stem

cells are cultured wth ,a _cocktail of | fferent cyiokines, .depending on the
desired cell type. §F69§H§t‘f='5%ﬂ?%ﬁ)§ﬁpoﬁg%5be-t"‘iaéné Eocktail will

typically conpinse GrE3HenGViGSheedl Lellerartd sOéEnpaetichibat drenafiithikiGF and
FGF bei ng adde | Jaula ' t {.ald : a ... NI GQqt i nam de
and 204002 { PSR OSTie P SehEFREF; A qedatiab B ORLS Hhor el B and
di butyryl cycl ¥ igsue tawssplagbat ppwdiati exeorlereye@ EePmsthex her growt h

factors ares kpawfedtod hmsSlsibned=188. t G5 RE: itRRALLGAES | Hrd NBhown in
differentiation of other_ cell dti%ges such as bone, . cartil age, skeletal and

cardi ac nuscl etIRi Yrfe\Pd H5G, REFRe, TGS QhdEMEBLFFRRC1 S sue. Preferred
cell types whactordimopredittedphptibibameyarajet kigene.palise ebiven;, for
haenopoi eti c, f | | i.go i LS in a further

aspect, the i n{g/}g‘%} on lps?%?))il eggagggrg{l%%#eoﬁt%%% ugP%_Eggi?gr get cell type

whi ch conpri seéntugiughiam iofgat hepviakiereldfs heplihy %W@ﬁtﬁ:%hl% th a
plurality of owRetd diRCIGRer ARsdBEEH | Rfthden,t Bey. EXxampl essand shown in the
Fi gures, succsésful. di fferentiation (&gﬁg hown b¥ vi sual inspecgtion, flow
cytometty, revaArREEit JAERGTAGE BB FHeRls AbfgFy  frune suppréssion

may be treated by administration of lymphocytes, muscle

wasting by the introduction of skeletal muscle cells,
diabetes through transplanting pancreatic cells and so
15 on.

The cells may be administered in a localised manner,
e.g. injected directly into a target organ such as the
liver. Alternatively, the cells may be administered at a
site remote from the target site, e.g. by intravenous

20 delivery. Tissue targeting wmay be achieved by forming a
complex between the generated cell types and a targeting
ligand, such as monoclonal antibodies, cell adheégionl ~—
molecules and their ligands, cytcokine, chemokine and
toll-like receptors and their ligands. Such 'complexes'

25 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

30 wvivo. 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

35 broadly to include all methods of organ growth or
improvement.



20 reaction (RT-PCR) or immunophenotyping. Cells expressing al bum n,
a-fetoprotein, al-antitrypsin and hepatocyte growh factor receptor (HG
receptor - c-net) (properties of hepatocytes), vinentin (skeletal muscle

and neuron | | and snoot h nmuscle actin (nuscle cel ' ddition
to CD34 hav Pzﬁ@"s%ﬁ%mpl e, been confirnmed. The di fferer#q%g?lgg&éoégfg wi ||

preferably have characteristics, e.g. norphol ogy, and functions of their
natural l'y occurring counterparts. The differentiated cells nmay, however, be
di stingui shed fromnaturally 30 occurring and isolated cells by their

honogeneity, in this situation honogenegity is with reference to.the
position of the celfs M Pﬁ%kﬁﬁﬁler@éﬁ%“@éa Ehe THransplpny Eﬁ?ilﬁt ed cell
popul ati ons ofartehexdapied: tonbai ttadied substisot i aléy tiompdernmapeoratee. al |
member s Wl At 1iagP okt Neh SN ERL N1 b0 £ |0 bR el Bs CON! T ASt
natural |y occurring ce poqu tions w, be e%erp?ogous In this respect.
WO 2005/ 059113tPEHeckRrgys copsBesidentiFicthe @pnventent kit ddhec&®ldscan then be

transplanted Wit ihdApbehtei TrdeesbridtRtiRel e & pPa6ti G, Bemethbnis the
potential to 3ﬁgfrate differentiated cells for cell or tissue

transpl ant ati 1Gan Bfe ugeri bR fr&es LoSEFeAR: &f WP stem cel I's. Such

t echni ques ar ecknmplantedt heldsi Andartd alilbfetentonbidmwe syioftheednithegt rati on
according to t i gul.a ' wLne Liv anple is able to
regenerate i tsﬁe%eo%talc%\l/éﬁdnghgﬁg‘%r écttsfcg%sg ‘a %(%pﬁ%sé{f?{obne%;&?ﬂgal thy liver
cells, 10 wherExamplq i4yethRa¥R beeentd freped st@® ¢s assuiteBleti®In Hepatitis

infectionig adsahOinidLSmpbilHE Neh SHPRIAS HeORakBRYup o et @d10¥ on
adn1n|strat|on.0fIgggmyg%ﬁes,.nuscle wasting by the introduction of

skel etal nuscl ¥ §HE¥LERt hr ough transpl anting pancreatic cells and
SO Thus, according to further aspects, the invention

provides differentiated cell populations prepared
according to the method defined above and such cells for

15 use in therapy, as well as methods of medical treatment
which comprise administration of these differentiated
cell populations to a patient. In particulaxr, the
invention comprises a method for the transplantation of a
population of differentiated cells, the method

20 comprising:

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

25 (1i) 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.

30 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

35 cells derived therefrom may also be used in the in wvitro
production of proteins of interest. Thus in a further
aspect the invention provides an in vitro method of



15 on. The cells may be adm nistered in a |ocalised manner, e.g. injected
directly into a target organ such as the |liver. Alternatively, the cells
may be admi nistered at.a site renote fromthe target site, e.g. by

i nt ravenousvégﬂ(%ﬁlﬁ%\{gr y. Tissue targeting may be achi GV%T%ZB(%@%3QQ a

conpl ex bet enerated cell types and a targeting gand, “such as
nonocl onal anti bodies, cell aflhesioh nolecules and their |igands,

cyt oki ne, chenokine and toll-like recepters and their |igands. Such
‘conpl exes' 25 include cells which expreSS the targeting ligand on their

cell surface. The stemcells of the invention may be used directly in
t her apeutic met I PO &Fﬁ@nnﬁk+ﬁﬂkFQFPrFéaﬁn@%%???ﬁﬁgzﬁh? Fgﬁgir,
di fferenti ati cceldfs tdfe thel Laveayiacoy a dii@evendiad¥d hreltlerhiael | s and
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organ regeneration 0 T n circunstances e of gan has not been

' damaged' as SERGPURRLNGSNROPTJBOES opfedhen prhbeinsr exprawnged bRegandr ati on'
shoul d t huss besdmnterpreted 35 broadly to include all nethods of organ growh
or inprovenent. WD 2%%&{059113 PCT/ GB2004/ 005365 _ -,14 In one preferred
enbodi ment the trafdPi™et §§1d8| have heeomsa HedPr8aBBIRAR FPEE Vi vo, i . e.
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Resovist(r) is,a suitable jron 10 contai ni,n onpound whi ch can he.taken u
by the Cgl?s opfvention and t%elr dffferentlé%e% gBogeny can be usé% in P

the production of most if not all proteins of therapeutic
interest, such as erythropoietin, growth factors,_protein
hormeones such as insulin etc. or synthetic proteins. The

15 cells may be genetically modified in order to provide or
enhance production of a particular target protein.
However it is a particularly desirable feature of the
cell types enabled by the present invention that
differentiation to an appropriate cell type (e.g.

20 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

25 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

30 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

35 herein in vector, particularly viral vectox, production.
Alternatively viewed, the invention provides a method of
vector production wherein the vector of interest is



I ncubation therewith. Thus, according to further aspects, the invention
provides differentiated cell popul ations prepared according to the nethod
defi ned above and such cells for 15 use in therapy, as well as nethods of
medical tr 6 11\_1’\/ni ch conprise admnistration of thess,difbpdositi at ed
cell popul ati'ons 16> a patient. In particular, the invention conprises a
nmet hod for the transplantation of a population of differentiated cells, the
met hod 20 conprising: (i) culturing a _pqpulation of the stemcells of the
present invention with a plurality of growh factors so as to cause
differentiation thereof,; and 25 (ij) t spl.anti said differenti.ated
cells into PPH% e% PPeFeF&BWy&?ﬁe o&;{%?ngngnygnﬁg%na% neq 5Pt er abl v,
t he stem cel | desdviddedaherednt. ur Bhe tveqiraad Uee trhesmils fdlet e rdgeatedicel | s are
fromthe pati : s 1 R [ rﬁ%ﬂr d fr QRLL ki a sanple froma
foal Jb%dfﬁggi VEEE?% ce P% Po BYLAG

patient and gr ng, rentrated for "admnistration is a
particul ar beFREFAVIFFIS Ode @dEPOr ABSOFRALEhViEHFent i on. The stemcells of the

i nvention gand di f fefermhangdon30itels mdatheeddkbereheé@mMiBthedl SO be used in
the in vitro oduction of ,proteins of .interest. Thus_in a further aspect
the i nvent i onPHRAdES: BER iR EERS ATRAF P ofiovs BT pETaTIFe o the

PCT/ GB2004/ 00BB#fifres ikb whircht:ei n producti on which conprises culturing the

t |1 f theu [ ' ' cell i lved
stem cells o & &%@']_Q'ﬂ_ootéﬁg gﬂéc%\{cg'%ﬁyysagﬁgwgﬁ L ehd NGt erfl @14

therefromand then 1 ting I ) recovering one or nore of the
prot ei ns expr@Sserp pypvemtdonsapd) kheir differentiation over time into

10 mesenchymal cells (Fig. 3, 5 and 6), haemopoietic cells
(Fig. 4), epithelioid cells (Figs. 7 and 8), tube-forming
cells (Fig. 9) and dendrite-forming cells (Fig. 10).

Figure 11 is a photograph showing how CD34" cells
were able to take up Resovigt® (Schering AG) according to

15 the protocol described in Example 4. According to this
figure the individual spots represent the following:

10° cells, 0.25 mmol Resovist, overnight incubation

[

10° cells, 0.25 mmol Resovist + beads, overnight

20 incubation

10° cells, beads, overnight incubation

10° cells, negative control (no staining)

5x10° cells, negative control (no staining)

5x10° cells, 0.25 mmol Resovist, overnight incubation

oy o W
s e e e

25 5x%x10° cells, 0.25 mmol Resovist + beads, overnight
incubation
5x10° cells, beads, overnight incubation
10° cells, 0.25 mmol Resovist, 2h incubation

10. 10° cells, 0.25 mmol Resovist + beads, 2h incubation
300 11. 10° cells, beads, 2h incubation

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

13. idincubation 5x10° cells, 0.25 mmol Resovist + beads,

2h incubation

14. 5x10° cells, beads, 2h incubation

35 15. beads only, no cells.

o



Ani mal cells have becone the predom nant protein expression systemfor in
vitro production of target proteins, particularly therapeutic agents,
because of their ability to perform post-translational nodification 10

(e.g. gl ypg@gd@gib@@ of proteins. The stemcells of therc’r/?;‘ﬁ?d%/p(%?ssa”d their

differenti progeny can be used in the production o not
proteins of therapeutic interest, such as erythropoietin, growh factors,
protein hornones such as insulin etc._qf, synthetic proteins. The 15 cells
may be genetically nodified in order to provide or enhance production of a

particular target protein. However it is a rtlcularly desirable feature
of the cell typesﬁiﬁﬁﬁﬂ4%¥ Byt REChPEEIMS | A%k Bhat differentiation to
an appropri at difféterdtyipa i of 2@epacenbdyiredo dﬁhb&)ceamsbea$erforned such
that the cellg, 1 5t Iﬂg t%r ogg_ggeﬁgg Larget 1R« g__el @ﬂ" ‘ILQPQJ% 4 he need for

genetic englneerln escri bed Uses o € ce the invention
(stem and dlfﬁéb@mxmavﬁhﬁﬂaﬁ@-ébt@Pé@@@i%able 25 to non-protein products

such as steroi ds, kfnhalh30ases. g %apﬁaé&h&ﬂﬁ@j N aanghREyReldye

techni ques are knomn i nvention

stemcel | § of
have the neceEaFEh Tafay ar<Hﬁ*§&hPﬂ8 B dp i Ssovs by SrbPE LHEN 12750
adenovi rus, rbasbulmyﬁnkxnkﬁuiemsmmaba(@ﬂ-mixﬂhasﬁn:cytbhnﬁes|ameu1 essenti al

step or cur gahy Soat IR SEAf G PEECUICS (GOVEL S 8031 aksa g such

vectors. Thus er aspéc Fesent | NVent ion provi dés the use
of the stem 8l fayol Qﬂr\ei'liilrWéfﬁft rtaﬁubetu@m ieed caigrca&SEr ABRYCBPtherein i n

vector, pgotleeh@rﬁwéfaéha\ﬁe%fda&ngpfﬁéu%ﬂ% o%treﬁag«tsvely vi ewed, the
i nventi on provi des_a net hod vectg roductlon wher ahe vect or of
/

interest is VI)ZOOE%QE%ﬁE%#-PéTFGgféa the gctua

cumulative cell numbers in cultures maintained in basic
cytokines for 60 days.

Figqure 15 is an autoradiograph of a gel

15 demonstrating telomerase activity of cells after 7 days
of culture.

Figure 16 is photographs of microscope slide
preparations developed by immunoperoxidase
immunocytochemistry showing absence of human cytokeratin

20 18 from livers 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

25 livers of control mice but albumin posgitivity in livers
from transplanted mice.

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

30 Figqure 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

35 situ hybridisation analysis of human chromosomes in liver
from transplanted mice.



propagated in a stemcell of the invention as defined and described herein.
The vector (a transm ssable agent) is typically a viral vector such as an
adenovirus, retrovirus or adeno-associated virus. 5 The invention will be
further deggr. inthe followng non-limting Exanpl 1 reference
to the Figﬁyégﬁ@%hahich: Figures 1-10 are photographslgﬁggﬁﬁgm®ﬁgssten1
cells of the invention and their differentiation over tine into 10
mesenchymal cells (Fig. 3, 5 and 6), haggopoietic cells (Fig. 4),
epithelioid cells (Figs. 7 and 8), tube-formng cells (Fig. 9) and

dendrite-form ng I (54 g4 ) | Qe . | raph show ng how
CD34' cells were s §elgiatsé]%pgﬁé§lo%ilﬁsoﬁf'gl% %@%ﬂ%ﬁlﬁé%&paccor ding to 15
t he protocol YERRLESEAVIiRIE eI 4scdateddphg3to %?ﬂééfﬁﬁﬂﬁ&ﬁesﬁﬁ%m

i ndi vi dual spedrcdtagsent, t be fiddowWub@eqhent O§r&@tnh Sin td2ueol Resovi st
overni ght incubation 2. 106 cells, 0.25 nmmol Resovist + beads, overnight 20
i ncubation 3. 106 cells, beads, overnight incubation 4. 10' cells, negative
control (rfo staining) 5. 5x105 cells, negative control (no staining) 6.
5x105 cells, 0.25 mmol Resovist, overnight incubation 25 7. 5x105 cells,
0.25 mmol Resovi st + beads, overnight incubation 8 5x105 cells, beads,
overni ght incubation 9. 106 cells, 0.25 mmol Resovist, 2h incubation 10. 106
cells, 0.25 mmol Resovi st + beads, 2h incubation 30 11. 106 cells, beads,
2h incubation 12. 5x105 cells, 0.25 mol Resovist, 2h 13. incubation 5x105
cells, 0.25 mol Resovi st + beads, 2h incubation 14. 5x105 cells, beads, 2h
i ncubation 35 15. beads only, no cells.



WD 2005/ 059113 PCT/ GB2004/ 005365 - 17 Figure 12 are photographs show ng
the differentiation of stemcells into liver cells, as evidenced by the
presence of the liver cell markers album n and al pha fetoprotein. 5 Figure
13 is a gr i,ng that addi ng hepatocyte growh f nd

epi der mal ‘gpg\g\[ﬁﬁgﬁgt or (EGF) to Dbasic cytokines (GW %&;HB(Z%@:‘)??basi C
cytokines are conbination of GCSF, GWCSF, IL-3 and stemcell factor) on
day 7 of culture incubation has a greatgg Lnpact on 10 cell nunber than
adding themon day O or day 3. Figure 14 is a graph show ng the actual and
cunul ative cell nunbers in cultures %gig féged in basic cytokines for 60
days. Figure 15 is an autoradiograph-o%*é—gel 15 denonstrating tel onerase
activity of cells after 7 days of culture. Figure 16 is photographs of

m croscope sldJLg J9r gparati ons devel oped by i mmunoper oxi dase

i mmunocyt ochem stry Showi ng absence of human cytokeratin 20 18 fromlivers
of control mce but cytokeratin 18 positivity in livers fromtranspl anted
m ce. Fi Gur Exafhple photell agksradtivncr oscope slide preparations devel oped
by i mmunoper oxi dase i nmunocytochem stry show ng absence of hunman al bum n
from 25 livers of control mce but albumn positivity inlivers from
transpl ant ed ni ce Hagmetoprei¢Bit scal ishoreagr aphavhied fromedans varrow

| munof | uor esgeidoHiTage asBRVha % AR inct@i N RE: 9 aushd Gkgr atin 18 and
al bumn. 30 Figure 19 is photographs of liver sections from control and

transpl anted THAEPARGRARGOBLBEFRE®vd  THEeVRRERUCIRRH JHAGHHR, W8F cel | s
st ai ned Wit h sepaanitiddodyom the whole using a Lymphoprep™ density

gradient. CD34' cells were separated from mononuclear

fraction using MiniMACS technology. Cells were first
labelled with CD34 monoclonal antibody and then with
paramagnetic beads. Labelled cells were loaded onto a

15 column held on a 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.

20
Example 2. Cell culture

Cells (2 x 10°/ml) were incubated in Methylcellulose

medium containing serum, 100ng/ml granulocyte colony

25 stimulating factor (G-CSF), 5ng/ml interleukin-3 (IL-3)
20ng/ml stem cell factor (SCF) and 1lng/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

30 populations of cells, which subsequently can be
characterised. Selected individual populations were then
targeted for differentiation using tailored cytokine
cocktails.

35 Example 3. Flow cytometry and immunocytochemistry




agai nst human nuclei. Figure 20 is a photograph show ng fluorescent in 35
situ hybridisation analysis of human chronosones in liver fromtranspl anted
m ce. WO 2005/059113 PCT/ GB2004/ 005365 - 18 Figure 21 is a graph show ng
the effect preserving freshly isol ated ASC34, 4 ' serum
concentrat?ggéo,mggnﬂ?heir subsequent growth in culture Sﬂ%éigg%@?%ggglm

PCT/ GB2004/ 005365 - 19 Exanples Section A5 Exanple 1. Cell extraction
Haemat opoi etic cells were obtained frenebone marrow or nobilised blood from
normal individuals for transplantation purposes. The nononucl ear fraction

was 10 separ atRg, fc"g%@in%@fy‘.’moh?e UG oA tL Y BBHORE £5Y) "tiflaNslalyy  gradi ent.
CD34' cells om npbnonucl ear™ fraction u5|_n(\2J %nl MACS

fr
technol ogy. GY&LoRsfelpi FRe chhBuiaedani CAMRYRY Worntdiadid fi body and
then with patizmgneeiltsbeads. fiaheliredicebkafoensldatadad aomt 0 a 15 col umm
held on a ma I .l ed S r I | abell cells rel eased
by renoving the ce&%g%ﬁgg%m (t:ﬁgﬂ n%\ﬁe?.a%?ﬁéggdgﬂ& c%%}osélv(\:gl%% I ncubat ed at
37C in tissueantifiodies phaivdatedssidis HIGE and| apalysed WomdaBReE@mt cells
were renoved By-wRSRNG1 Wt B ERRSe 20 Exanple 2. Cell culture Cells (2 x
105/ M) were incubated in Ne¥hyl cel lul ose nedi um containing serum 100ng/ m
granul ocyte colony 25 stinulating factor (G CSF), 5ng/m interleukin-3
(1L-3) 20ng/Mmaicewpteehbmi attor (e )adhedehngpopulgitaind ddytre had

developed in the cultures was removed by scraping the

10 dish., Cells were cytospun onto glass slides and fixed by
methanol. Cells were labelled with monoclenal antibodies
and visualised using the APAAP (alkaline phosphatase
anti-alkaline phosphatase) reaction.

15 Results of flow cytometry and immunocytochemistry are
shown in Table 1 below.

Table 1.

Antigen Flow cytometry Immunocytochemistry
Albumin 0.2%* Large cells +ve**
Alpha feto protein 12.3% Large cells +ve
Alpha 1 antitripsin 20.1% N/A

c¢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

20
* Denotes % of positive cells in the population
** Denotes that the large cells in the population were
positive and the small cells were negative.

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



macr ophage colony stinulation factor (GWCSF). This cytokine conbination
may al so be referred to as "basic cytokines or " Gmx ''. This resulted
in heterogeneous 30 popul ations of cells, which subsequently can be

charact eri gfbhoosaRbfist €d i ndi vi dual popul ations were thegergdodfdossssf or
differentiation u5|ng tailored cytokine cocktails. 35 Exanple 3. Flow
cytonetry and i mmunocyt ochem stry WO 2005/ 059113 PCT/ GB2004/ 005365 - 20

Fl ow cytonetry. The adherent popul ati antthat had devel oped in the cultures
was renoved by scraping the dish. Cells were fixed in 4% par af or nal dehyde
and  per meabi {4 g6d,c E’eéeb{@?ﬁl ¢E0 ‘éﬁ tzlie@n JiOQlﬁé)o@h dddi es
conjugated with FIT d anal ysed usi ng Becton c I nson flow cytoneter.

| mrunocyt oche®§ st \is ?h@aﬁﬂﬁErEﬁF BRI CeRAE -had devel oped in the
cultures was renoved by scraplng the 10 dish. Cells were cytospun onto gl ass

slides and f| ano re | ahel oc Q

ant i bodi es anﬁg%'é/ 8HSUSF getﬁﬁ iﬁ%ﬁﬁg% lnglﬁgﬁ%h%g%#] g%er
anti-alkaJSnec¥¢knnﬂnﬁa£9€)1BedaYBon. 15 Results of flom/cytonetry and

I mmunocyt ochemi stry are shown in Table 1 below. Table 1. Antigen Flow
cytonetry | m€munoc tochen1stry Al bum n_9, 296 Large cells +ve** Alpha feto
protein 12. 30AXAMRE Lol |I5COrpORAERGN 105 ] i9¥dde 3ptoosaih vET (HGE

receptor) 34.9%beVEL hsmus ehepagim i2Yleadge cells +ve
GFAP(astrocytes) 57.4%- ve CHIT 22.1%- ve Vinentin 6.3% Large cells +ve

10 CD34" (10° and 5x10°) cells were incubated with
0.25 mmol Resovist® (the brand name of Ferrixan,
carboxy-dextran coated iron oxide nanoparticles available
from Schering AG) for 2 and 24 hours at 37°C and analysed
by MRI. In both cases, positive signal was obtained by
15 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
20 tissues.
The in vitro toxicity of Resovist was also tested by
Trypan blue exclusion assay and proved to be
non-gignificant (<4%).
_ The results of this experiment are shown in Fig. 11.
25

Section B (Additional examples)

Example 5: Sources of ASC 34
30 Bone marrow (BM) obtained from healthy donors by
aspiration, mobilised peripheral blocd (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-
35 term deliveries are commonly used sources of ASC 34.

Informed consent and Research Ethics Committee approval
is required in all cases.



hTERT 20.1% - ve 20 * Denotes % of positive cells in the population **
Denotes that the large cells in the population were positive and the small
cells were negative. 25 Al bumn, alpha feto protein, alpha 1 antitrypsin and
c- MET (H ) are liver cell markers; GFAP WO Q54

PCT/ GBZ0Oé(i’(s)rozg25352(%51(]{i 21 (astrocytes) is a brain cell mar ke%%géﬂrj? 6grmoth
muscle actin is a marker for nesenchyne cells. Figure 12 shows cells
exhibiting liver cell markers after & eglturing for 12 days. Exanple 4.

| ncorporation of iron oxide into cells and labelling cells with

par amagnet | ¢ 34110, Cido 408,81k A5 niekbsi L © inaupaLed i th 0,25

nmol Resovi st (r) ééle brand~nane” of I Xan, C extran_coated iron

oxi de nanopart?%d &d-oakai P64 ek idohdEienferrn) deechedid 28Wsurs at 37C
and an?! ysed bdwe :\?Hr-rdwr} ?a%m-E@ﬁ@%ﬁ%ﬁidailvtepiagﬁﬁé%%{asféiﬁlail!i@drby 15TP1/R|
suggesting possi use .of Resovisi.in detectin cells_in vivo. The
results of Fi 8%‘?%“%11%% 8§Fe§¥h¢ﬁ{3 tfﬂe‘”eﬁ’ i 8?‘85%%’11 FETRERT T by t he

cel I's and % het®s? ot-€l5 Usewekn) t r dChesry ddid sCB34' distiscorftdweir

differentiat el ArRoeN %3 LAYs "D c‘?a@éeo%t'ﬁd eﬁB‘EgPOOé’ Qind QAR B target 20

tissues. The In vitro tOXICItX of %&esows was al so tested by Trypan blue
excl usi on assRECARI HrEGREYst BELR WeRlrs NIt frekhlisalaign. The results of this

experiment are shown in Fig. 11. 25 Section B (Additional exanples)
xarpl e 5 SOpLaER O A3G: 1430 P00 Y RAkEL 0B L ASFa Lo deal Y

10 adherent CD34-positive human stem cells (ASC34

Initial purification of stem cells to homogeneity is
desirable for the subsequent investigation of their
potential for self-renewal, differentiation and in vivo
15 engraftment. Such a population is obtained by sequential
density gradient separation, immunomagnetic bead
selection and differential adherence, and is homogeneous
-with respect tc CD34 expression, adherence to tissue-
culture grade plastic or glass and small lymphocyte-like
20 morphology.

The mononuclear cell (MNC) fraction was separated from
the whole sawmple by density gradient centrifugation
through Lymphoprep and the CD34-positive cell fraction

25 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

30 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.

35 Adherent CD34-positive 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.



aspiration, nobilised peripheral blood (PB) obtained by |eukapheresis from
heal t hy donors who had been given a course of granul ocyte
colony-stinulating factor (G CSF) and unbilical cord blood (UCB) obtained
from nor malyof Mbsdosdazt ermdeliveries are comonly used sQuiE@BoosHSC 34.

I nformed consent and Research Ethics Conmttee approval is required in all
cases. WD 2005/ 059113 PCT/ GB2004/ 005365 - 22 As well as being found in
adult haenopietic tissue and cord bl cod3 ASC-34 activity has been detected

in adult bone marrow, full-termunbilical cord blood, fetal |iver
(gestational agepyel. rﬁml%éﬁe‘é’%ﬁ{éSégﬁi‘%éﬁbﬁbeb%@ﬁ%é%" rendved byld- 4
weeks). These cel|s are tinct fro ryonic stemcells aecause an enbryo

i s consi der ed"RBPIBRB M talFyer Gulhurg YReladlshda Heks| IF%&‘I}W Exanpl e 6:
Purification pale $ermgeseoussgopul ation of 10 adherent CD34-positive human
stemcells (ASC34) Initial purification of stemcells to honbgeneity is
desirable for the subsequent investigation of their potential for

sel f -renewal , Adhéfente 03 posidndei stem veells engrafiseenis Sticthea popul ati on

i s obtained bxoésﬂt@m%om %' t:xlgrﬁ&bﬁgtﬁﬁw&@ssecﬂwr@wet' ¢ bead

sel ection and differentjal her ence S W th respect to
CD34 expr essi Bﬁem%ﬂq’i’e‘?"e%ﬁ:é:%%‘-‘lel 4BNe. PRyITR)e WdéopPﬁéF?-%t%rtkbq ass and

snal | |ynphoc;ttetxhré@ lﬁﬂilfﬂfe{ﬁéﬁltﬁzgyedﬁ!mmme&ar seeml c4MMC) fraction

was separ at ed th | e sa denS| t.y .gra o i fugation

t hr ough Lyrrph %ll)an%’%?%ﬁ]%ﬁ?)iwglgg arllf rlg'&pglc?ﬁygg n]'éét hen separ at ed
fromthe MNC @QF‘R@OMWI\W@& tee &ligbl OgyleielM ¢ytpliaspiict ¥8h}o.- % this, cells
vere first |abghtgde ¥hityfnldy CH3¢ gPOGH QE} fRlddaody 8ndgides wid h

aranagneti c mcrobea s. The | abellTed _cells weré | qaded
P g the tfgsue culture surface. The 1n1€%at§ng cells are,

by definition, CD34-positive. Antibody-depletion with
anti-Thy-1 monocicnal antibody removed virtually all the

15 activity of the adherent CD34+ cells as measured using
the production of wmyeloid colony-forming cells as a
readout; according to immunocytochemistry results using
cells isolated from 6 independent samples, 28.1% on
average, but up to 90% expressed Thy-1. They also

20 express AC133 and c-met localised in the nucleus but not
CD3 or Cp19., 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.

25
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.

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

Antigen Adherent Non-adherent P value **
CD34+ CD34+
CD38 (n=4) 87.643,1% 17.4x+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




onto a colum held on a magnet, the unlabelled cells were 30 eluted and then
the labelled cells were rel eased by renoving the colum fromthe magnet.
The purified (>98% CD34-positive cells were diluted to 2X105/m in al pha
medi um su with 15% serum 35 Adherent CD34- pQgidt cells
(ASC34) mggéggﬁpgﬁg%d by incubating the CIB4-positiveqig%?%gﬁé%%ﬁiion in
tissue culture plastic vessels for at least 2 hours at 37 C. WD 2005/.059113
PCT/ GB2004/ 005365 - 23 The non-adherenf, CD34-positive cells were renoved
by washing the tissue culture vessels in Hanks' Balanced Salt Sol ution
(HESS). 5 Adherent CD34-positive stemcells conprise "1%of the total
CD34-positive cell population irrespective of the haenopoietic tissue (BM
PB, UCB) used*meannt tsemt e sttfamdagd! eures . ofUtdief inepanti At eda@DIthd taglyer ent
stem cells  (8563dy Gl ind HORRIRNCAS IR danbyaRROEHS£: | dd@ 0 -

nmor phol ogy with a high™n Jl ar-cytoplasmc ratio. At culture initiation
they are w dePyldpRReasaimgseteebed: on the tissue culture surface. The
initiatingscells are, by definition, CD34-positive. Antibody-depletion with
anti-Thy-1 nopocl onal i body removed virtually all the 15 activity of the
adher ent CD34F 8RS —hs S AT G5 FREE S CHAGRLGs DaSl e A8

col ony-form ng_selé¢ctalslen mauksdout ; accordi ng to i mmunocytochem stry results
using cells isolated from6 independent sanples, 28.1% on average, but up
to 90% expressed Thy-1. They al so_20 express, AC133 and c-net |ocalised in
the nucl eus bfERABION B S FUIFHES RIRTIOC e8pPedIORBBEY @38 or HLA- DR
They are pon- gpeetdl) c«ll gt iakeudesd Shartow MmesehealieDt syeédh the cel |

cycle active géf?s,EﬁoJééi'Q%y%%% %ac%gphages, but has not previously
been used to characterise a subpopulation of CD34-

72

positive cells. Adherence to tissue culture plastic has

been found to be a simple, reproducible and practicable
15 weans of selecting primitive stem cells without resort to

multiple antibody labelling procedures or other

manipulation. Ancother advantage ig that the cells

utilise the plastic as their initial growth substrate and

do not require transfer to a separate culture environment
20 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
25 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.

30
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.

35

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




Tabl e 2 denonstrates that the ASC34 are significantly nore honogeneous than
nonadherent CD34-positive cells, wth respect to expression of CD33, CD38
and HLA-DR. 30 Table 2: Percent antigen negative CD34-positive cells in
adher ent - erent fractions Antigen Adherent = val ue **
CD34+ 003}&86%@5%;;4) 87.63.1* 17.415.8 0.008 CD33 (“'3’@3@@4@@#5558_817_2
0.02 HLA-DR (n=4) 71.48.9 43.316.9 0.03 WD 2005/059113 PCT/ GB2004/ 005365 -
24 *nmean sem (standard error of the_nggn); ** Mann-\Whitney U test
conparing adherent and non-adherent CD34+ cells; n=nunber of sanples
tested. 5 Exanple 7: Use of adherence to tissue culture plastic as a
sel ect abl e marker Adhesion to tissue culture plastic is a property of 10
several cell Thgpesmbrrl ofi oglhmramilabdenthysbhrist@nruldeides isnonecyt es and
macr ophages, [+ eyj used |

iﬁ#ﬁt%%§4?9%t8£ ¥ﬁoﬁﬁél 2§@%§§ﬁeéﬁ £ Qeedar rat%ofl

subpopul ati on_ of ositive ce rence to_tissue culture plastic

has been four®P® GWBEuged; apeR, celli o BEBEDNBLBRY FRAUTIGIC@1150R8ans of
ISelbelclt! ng Spribni%dd/@rét Qﬁbéﬁféé TP L % H_@&@{rér',fOP%m}” E%dﬂi@)h%&hﬂmdyh ]
abel l'ing prage s or _other ni.pul ati on, . t her advantage is that the
colls  utili Shaat B3egenttonece el HamRar g viP b Tt P LAdEe do-not
require trans$tartt @ gsudepaeatbus utdducingntheodegmnte @D aftldifigacibncati on.
CD34- positiv SRS ; | I ' [ uced into tissue
cul ture plas?Fg?§g§§bF§ag?g§& %% eﬁ%#ggigﬁg%gﬂ%géfﬁycégéquper m . The

vessel s are BFadw&lbated at 37C in hunmidified 5% C® in air. Non-
10

Donors (autologous or allogeneic) are treated with a cne-
week course of G-CSF at 5mg/kg administered
subcutaneously. Cells are harvested by leukapheresis
using a programmed apheresis machine. Typical yields of

15 «c¢ells range from 5-10x10"°, most of which are mononuclear
cells and ~1% (5-10x10°) are CD34+. The CD34-positive
cells are separated using a CliniMacs sytem (scaled up
version of the MiniMacs). By direct observation, the
ASC34 are "1% of the CD34-positive population (5-10x106).

20 This estimate has been confirmed by limiting dilution
analysis of ASC34 activity using haemopbietic 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.

25

Example 9: Culture of ASC34

Phase 1 conditions: The first phase of the culture
consists of expanding the adherent cells. The ASC34 are
30 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
35 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



|

adherent CD34-positive cells, conprising 99% of the total Cd34-positive
popul ati on, are renoved by thorough washing wth culture nedium ASC34 bind
readily to glass but not to non-tissue culture grade plastics. 30 ASC34 can
be retrieved for further study or manipul ation by nec ' vi ng
them fromYR&PPLL culture pl astic using a cell scrggg}r@hdr“);%gg?%oand
accutase are ineffective. 35 Exanple 8. Use of nobilised blood as a source
of adherent CD34-positive human stemceglls (ASC34) WO 2005/ 059113

PCT/ GB2004/ 005365 - 25 The nunber of cells available to start a culture is
one Ilimting,factor iin the progress of .tisspye regeneratio from cul tured
stem cel | s. %3ﬁgaﬁ§FF6ﬁFéﬁd°€ q9§hym€6rdeﬁﬁéh%ﬁégiargaﬁgygﬁFean our ces.
However, PBPQ«Red pkéilatypdt oad Fr-dgdd tneréesd )ihardiestesityceld many nore
cells to stg{&mb%rcqlst HEEié@é‘@ {£ | pgLhe degree Qf; | i B%lcati on and
time required 1o generate a clinically useful product. 0 Donors

(aut ol ogous cHdItiggenapPeyadherettefiedd swRrh &e equgiccdliese of G CSF at
5my/ kg admi niggdianAde13UDeE MRROMS | Dardee bl oRl €s ¥ ViesdRp Ik theukapheresi s

usi ng a programnmned a%hgrem s machine.” Typical yields of 15 cells range from
5- 10x1010, nost (A ﬁc}iF‘Es)ntﬁi‘%Lﬁﬂ”é’Q‘r\*/ cells and '"1% (5-10x108) are
CD34+. The CD34-positive cells are separated using a Cini Macs sytem

(scal 20 v, XEEAANPhe JERHD R sibhethe BpRUAl gL 1o 1SCSE oo
confirmed by ¥eddasichgedill prodwct tom bysicd¥of IRST3As bieg | GH A4+ $eilAg
haenppoi alyi C (MBS seeded beyond a routine 5x10°/ml did not lead to a

commensurate improvement in cell production. Cell numbers

were not improved by the addition of 4mM lithium

chloride.

15 Phage 2 conditioms: In phase 2, cells are transferred to
liquid culture conditions with the addition of further

cytokines to induce selective cell differentiation as
required. Suitable cytokines for differently directed
differentiations are listed below.

20
Table 3: Suitable conditione for directed differentiation

Tigsues Examples of additives

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

Pancreasg 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




formng cell assays as the readout. Thus, a 3-4 log expansion which is
achi evabl e over a period of 1-2 weeks, would yield 5-100xI09 cells for
clinical applications. 25 Exanple 9: Culture of ASC34 Phase 1 conditions:
The first QQﬁﬁ he culture consists of expanding the,ash6l@dsscel |s.
The ASC34 are &%gggéerlaid wi th net hyl cel | ul ose containing serum (Met hocul t
H4230; Metachem Di agnostics, Northanpton, UK) and a basic cocktail of
cytoki nes (100 ng/ M G CSF (Chugai Pharsg, - London, UK)I ng/m GW CSF,
5ng/m 1L-3, 20 ng/mM SCF (all fromFirst Link, West Mdlands, UK)). The
cultures are ' a at_.3 ' % hymi di L ' ' e ASC34

di vide and seﬁ? -éragl(rig% :Sgg o%unlq %O??%{Jn? gls{e’o%%g%hte:?g%]fls?ée%&c%moggand t hen
adherent cel | efferdtivex Wt they prerogiddsdnon2des/ 0591 1u FameGEPeB4/ 005365 -

26 charact erjigdd Gy WRIRNGAMER! on &y MEloraliayVascurabiang sHamer al cel |
types. A 40-f Iciéégg’ ase | n,adherent cell, nug%gr is achieved in the first

week of cul t ubee diofi G ERDERE hekitese PR IR SR 9Pt o the 5
met hyl cel 13l osetathered 1| angbecoliant egeal - dideopeuebsc cell s (I eukocytes) are
found. Om ssion of nethyl cellulose fromthe culture mleu reduced cel
production by 60% |Increasing CD34+ cell 10 nunbers seeded beyond a routine
5x105/mM did not lead to a comrensurate inprovenent in cell production.

Cel | nunbers werapl@ok:i EEEQ¥es 6F dirrei@ditt bpBoRindsMaid tdiidorinehl ori de. 15
Phase 2 conditions: In phase 2, cells are transferred to liquid culture
conditions with the additiofombipatiors oryreddi ¥deldd i nduce sel ective cel
differenti@Iion as required. Suitable cytokines for differently directed
differenttations are |listed bel ow

Cytokine (s} added Day 0 Day 7

aFGF 2.5 0.98

bFGF 1.2 1.0

FGF4 1.0 0.99

IGF 1.75 0.62

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 + P cellulin - 1.0

HGF+EGF+ B i 3.5

celiulin+activin A ) 0.83

KGF + nicotinamide +
glucose

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

The data show that additional cytckines had no major
effects on cell number overall. More importantly,



20 Table 3: Suitable conditions for directed differentiation Tissues
Exanpl es of additives Nerve DMSO, butyl ated hydroxyani sole; isobutyl
met hyl xant hi ne; b-FG-; FG--8 Pancreas bFGF;, EG-;, activin A, betacellin;

HGF; nicotinam de Skel etal mnuscle EG-, PDGF; 5- azacytl

Nor epi nephM¥05458H3kol i n; retinoic acid Liver %‘—‘pﬁﬁﬁﬁ%ﬁ&&ﬁgne BVP- 4
Cartil age TG beta; dexanet hosone; BMP-6 WO 2005/ 059113 PCT/ GB2004/ 005365 -
27 As can be seen in Figure 13, some cyjpkines were nore effective when
they were added on day 7 of culture than when they were added on day 0O or
day 3. Tabl e 4cabonstidine didrgie ob dhities et aregkiiagsoand conmbi nations on
5 total cell nunber in 2 week-old cultures. Table 4: Effects of different
cyt oki nes and (EFFOREEFES ehbrhantepisiwin &l KCFi bl Ricotinanidskitne(s) added
Day 0 Day 7 %E@Ec,geﬁ cg:.c?%oi?'::.%:dlﬂce the cefﬁ{:}é $H 0.99 IG 1.75 0.62 VEGF
1.0 1.01 HGF"1 | G- G+ IGF0.87 0.71 HGF + FGF4
1.2 -



HGF + VEGF 1.14 1.14 HGF + EGF 1.0 1.8 HGF + O cellulin - 1.0 HG+EG+(3 -
3.5 0.83 cellulintactivin A KGF + nicotinam de + glucose * cell yield
relative to GMnmx only ie ratio between cell yield in prescence of added
cyt oki nes: cel | ield in presence of Gvm x alone The data show th

addi ti onal¥ QfWEQ?Hég had no major effects on cell nunﬁquyﬂﬂﬁﬂﬁwshbre

I nportantly, WD 2005/059113 PCT/ GB2004/ 005365 - 28 conbi nati ons desi gned
to induce differentiation (HG+EG+o cellulin+activin A/ KG- + nicotinam de
+ glucose) did not reduce the cell yie d. “WD 2005/ 059113 PCT/ GB2004/ 005365
- 29 CQultures can be muintained in phase 2 conditions for 60 days (Figure
14) 5 Exanpl CwWdures| eparbe cnatnrtajnad 1o phasase eendiviiopsndernelsured using
the TRAP assajays Qglibgrueig) transferred into | x CHAPS buffer and the
resulting |lysate assayed for protein concentration using a DC assay
(Bio-Rad), normalised to 77ng/l and diluted 10 1:10, 1:40 and 1:160 with
CHAPS buffer. Lysates were analysed using the TRAPeze tel onerase detection
Kit (Intqgg-&*_ %;d at 37C for 20 mn and heat
denat ured at "85C { en run for 28 cycles with an
anneal i ng ten%%ﬁ@eoﬁcgbﬂ-tifh‘eaﬁl@ﬁa@y@?ﬂl NeimRAR e (BRR B8s@¥re diluted in

TRAP | oadi ng @yEls del HRafBrdridd SARENY afthts- By breer TR 48le dried and

resulting lysate assayed for protein concentration using

a DC assay (Bio-Rad), normalised to 77ng/ul and diluted

10 1:10, 1:40 and 1:160 with CHAPS buffer. Lysates were
analysed using the TRAPeze telomerase detection kit
(Intergen). The TS primer was labelled at 37°C for 20 min
and heat denatured at 85°C for 5 min. The PCR was then run
for 28 cycles with an annealing temperature of 59°C. The

15 resulting TRAP products were diluted in TRAP loading dye
and run on a 12.5% acrylamide-0.5 x TBE gel, dried and
exposed to X-ray film.

At the initiation of the culture the cells did not

20 express telomerase activity as assessed by the TRAP
assay, which is consistent with the qulescent 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

25 stage.

Example 11: Polymerase chain reaction

Lysates were prepared from ASC34 (day 0) and from ASC34-

30 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

35 fractions of the cultured cells. Gene expression was
analysed by PCR.



exposed to X-ray film At the initiation of the culture the cells did not
20 express tel onerase activity as assessed by the TRAP assay, which is
consistent with the qui escent nature of the cells at isolation. Significant
t el oner asewgffobad is evident in cells from7-day ol i gure 15)
which is con5|g¥g%¥3mﬁth cell proliferation at that 25q% a%%&ﬁﬁ@gﬁgle 11:
Pol ynmerase chain reaction Lysates were prepared from ASC34 (day 0) and from
ASC34- 30 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
experinments, gells re _anal yse f 0 35 days in culture. Separate
| ysates were & %%5%&§§Sf9891¥Hé&§aﬁg#§#fc%ﬂ3%non-adherent cell 35 fractions
of the cultured cells. Gene expression was analysed by PCR WO 2005/ 059113
PCT/GBZOO4/Ooggﬁgiréﬂéwagegﬁdeggﬁf§§éggh%?/m§§§e§g.at day 0 Self-renewal and
r g

pl uri potency markers. Rex-1 0X-sensi transcriptional 5 repressor OCct
4 oct amer - bi ndi ng B§%rscri pti on ¥eRe%rSensingn s§2ReAESRIGHIRH. pr ot ei n
pronoting £S cell self-renewal rddrddarivopoietic cell markers CD34
haenopoi eti c stem¢ﬁ¥l mar ker CD133 chol.est rolibindingﬁgro ein promnin 1
Lipid raft marker BECAM pl at ePRLXBTIARAPS) CAARESTORE KB ecul e W von

Wl librand factor. Coagul ati on factoxr-4

Nanog homeodomain protein promoting ES cell
self-renewal
10
Haemopoiletic cell markers
CD34 haemopoietic stem cell marker
CD133 cholesterol-binding protein prominin 1.
Lipid raft marker
15 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
20 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 gquiescence.
25
Skeletal muscle markers
TNNTL skeletal slow troponin 1
Desmin major intermediate filament protein
of muscle
30 Nebulin structural component of striated
muscle sarcomere filaments
Heart
' Connexin-43 gap junction component in
35 cardiomyocytes
GATA-4 zinec finger transcription factor

binding to FOG2 in cardiomyocytes



TAL-1 T cell acute | eukaem a-1. Basic helix |oop-helix protein CXCR4
chenoki ne receptor for SDF-1. Inportant 20 for stemcell hom ng and
engraftment Angiopoietin 1 Ligand for Tie 2. Mintains haenopoietic stem

cell quie n i.e. 2 Receptor for angiopoietin-1. Mi [ poi etic
sten1cell%%§3@§@§h%%. 25 Skel etal muscle markers TNNqugggﬂéyg%ﬁ§$%m1
troponin 1 Desmn major internediate filanent protein of nmuscle 30 Nebulin
structural conponent of striated nusql§ sarconere filanents Heart

Connexi n-43 gap junction conponent in % cardi onyocytes GATA-4 zinc finger
transcription factor binding to FO& in cardi onyocytes W 2005/ 059113

PCT/ GB2004/ 005365 - 31 Nerve CXCR4 chenokine receptor for SDF-1 on neural
precursors 5 Wenvexi n-43 gap junction conponent on astrocytes Endothelium

CD34 haenopoi etic s cel ”Hrkgﬁeméﬂfﬁg r%%&eg st gPt lial cells 10
P L|p|8 ra ? e

CD133 chol esterol binding protei i prom nin rker VEGF
vascul ar endot helial growth factaeurkbDPIGHEs@rsSnsert donmai n receptor. A
receptor for VEGE Connexin-43 gap junction component on astrocytes
Endothelium
CD34 haemopoietic gtem cell marker. Also
expressed by endothelial cells
10 CD133 cholestercl 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
CXCR4 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.



15 Angiopoietin 1 angi ogenesis factor. Ligand for Tie 2 Angiopoietin 2
angi ogeneis factor. Ligand for Tek Tie 2 receptor for angiopoietin 1 CXCR4
chenoki ne receptor for SDF-1. Inportant for vascul arisation 20 PECAM
pl atel et-e cell adhesion nolecule |CAM 2 | adhesi on
nol ecul e ZRQNé@ﬁ% g | eukocyt e extravasation VE cadherln ?E%na ?%%
adherens junctions 25 TAL-1 T cell acute |eukaem a-1. VW von VVIIlbrand
factor. Coagulation factor Liver 30 Alggha-| antitrypsin Cytokeratin 18
Nestin Vinmentin c-net receptor for hepatocyte growth factor 35 CD34
haenmopoi etic stemcell antigen. Also expressed on candidate |liver stem
cells. WD 2005/059113 PCT/ GB2004/ 005365 - 32 Pancreas NG\3 target of
pdx-1 in bet aPaef¥eagifferentiation 5 Gene expression by ASC 34 gener at ed
cells after 14 dayggni® Cu|tﬂgf%etH@gnB@Qlftiﬁ:Hgﬂé dmnkers 10 CD133
chol esterol -binding protein promnin, 1, Lipidraft marker PECAM
pl atel et -endothelial cell a e6ﬁntlat1°n

5

Gene expression by ASC 34 generated cells after 14 days
in culture.

Haemopoietic cell markers

10 CD133 cholesterol-binding protein prominin
1. Lipidraft marker
PECAM platelet-endothelial cell adhesion
» molecule
VWF von Willibrand factor. Coagulation
15 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
20 haemopoietic stem cell quiescence

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

Heart '
Troponin lsubunit of txoponin complex

30 Nebulin gliant cytoskeletal protein
Nerve
CXCR4 chemokine receptor for SDF-1 on
35 neural precursors

Endothelium



nol ecul e VW von WIIlibrand factor. Coagulation 15 TAL-1 T cell acute

| eukaem a-1. Basic helix- |oop-helix protein CXCR4 chenokine receptor for
SDF-1. Inportant for stemcell hom ng and engraftment Angiopoietin 1

| i gand fory,JQi i ntains 20 haenopoietic stem cell i 1) okel et al
nmuscl e nafﬁéﬁgm@gggfin gi ant cytoskel etal protein. Str&@?ﬁ?%ﬁ %ggﬁconponent
of striated nuscle sarconere filanments Heart Troponin | subunit of troponin
conpl ex 30 Nebulin giant cytoskeletal pggtein Nerve CXCR4 chenokine
receptor for SDF-1 on 35 neural precursors Endothelium W 2005/059113

PCT/ GB2004/ 005365 33 3 chol.est er.ol - hbi ndi rotein promnin_ 1. Lipid
raft marker VEGF vaschggggndoth%ﬁéiﬁs%ﬁﬁ§%FﬁlF§gF§rprgﬂﬁvgﬁgpgﬁPgnl

angi ogenesi s factor. Ligand for 15 Iimd rafgi wpvkerin 2 angi ogenesis factor.
Ligand for Tek CXCR4 ghegoki ne yecapt AotBPr1d1 ol SPAL taand ofor
vascul ari sation 10 PECAM pl at el et - ﬁgggﬁé%ﬁal gef% a%te5|on nglecule | CAM
2 intercellul ar adhesi 8RIABPREBEEN DL ansHiogiesssieukaelee: ddFandadati on

5 Tie 2
Angiopoietin 2 angiogenesis factor. Ligand for
- Tek
CXCR4 chemokine receptor for SDF-1.
Important for vascularisation
10 PECAM platelet-endothelial cell adhesion
molecule
ICAM 2 intercellular adhesion molecule 2.

Mediates leukocyte extravasatiom

VWP von Willibrand factor. Coagulation
15 TAL-1 T cell acute leukaemia-1l. Basic
helix-loop-helix protein
Nebulin : giant cytoskeletal protein
Liver
20 Alpha-1 antitrypsin protease inhibitor

Cytokeratin 18 cytoskeletal component

LDLR low density lipoprotein receptor.
Role in cholesterol homeostasis

25 Albumin  carrier protein for steroids, fatty

acids and thyroid hormones

HGF hepatocyte growth factor

HNEF3-B hepatocyte nuclear factor 3 beta.
Transcription factor

30 Transferrin iron transport
AFP alphafeto protein
Pancreas
Pax-6
35 Pdx-1

Insulin  counteracts hyperglycemia and
stimulates lipogenesis



VW von WIlibrand factor. Coagulation 15 TAL-1 T cell acute |eukaem a-1.
Basi c helix-loop-helix protein Nebulin giant cytoskeletal protein Liver
Al pha-1 antitrypsin protease inhibitor Cytokeratin 18 cytoskeletal
conponent LDLR | ow density |ipoprotein receptor. Role_in ch Q ol
horreost asi WO28"RPYdtri n carrier protein for steroids, fa{’thingzﬁ 4@%@ nd

t hyroi d hornones HGF hepatocyte growth factor HNF3-B hepatocyte nucl ear
factor 3 beta. Transcription factor SOégransferrin iron transport AFP

al phafeto protein.
hyper gl ycem a and

Pancreas Pax-6 35 x-1 Insulin counteracts
stinul ates |ipogenesi s WO 2005/ 059113 PCT/ GB2004/ 005365

-"34 IGF-1 insulin-IiR&Fglowt h 3Bgdbim-Likesgrpwbhelr@torHNEF3- B hepat ocyt e
nucl ear factor 3 beta. Transcri ptomgcdmaciior expressed in

5
gl ucagon- produci ng i sl ells. . NeuroD-1 regylates_insul] ene expressio
NGN3 Expr essi on of insgﬁ?ﬁfEFI»GH?p$&Rﬁ¥¥qDPE%;ﬁ8r t%@ﬁ%q“%@”expression by

cells cultured in basic cytokineSri@dmiptionwdiactoresipradssl dn weekl y
interval s.g The results show thaélﬁéﬁﬁngbeﬁﬁcﬁﬁBr?Ef@g fLpmday 7 to day

35, PDX-1

NeuroD-1 regulates insulin gene expression
NGN3

Expression of ingulin, PDX-1, Neuro D-1 and NGN3 gene

10 expression by cells cultured in basic cytokines (GM-mix)
was investigated at weekly intervals. The results show
that insulin was expressed from day 7 to day 35, PDX-1
from day 7 to day 35, NeuroD-1 from day 14 to day 35 and
NGN3 from day 21 to day 35. Thus, expression of genes

15 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
20 production {(insulin, PDX-1, Neuroc 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

25 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

30 grown in haemopoietic colony assays. More importantly,

ASC34 give rise to bone marrow stroma-adherent
stem/progenitor cells that form blast cell

colonieg/"cobblestone® areas when inoculated onto

preformed cultured stroma and are capable of long term

35 haemopoietic cell production on prolonged in vitro

incubation (5 weeks).

20

n



fromday 7 to day 35, NeuroD-1 fromday 14 to day 35 and NGN3 from day 21
to day 35. Thus, expression of genes 15 involved in insulin production was
sustained for 3-4 weeks with the nost conprehensive expression occurring in
cul tures ks oId Thus in a preferred enbodi nent ent
invention%¥ﬁ§m§$ %ells are able to gener ate progeny &ﬁﬁgﬁ&gyg%gis genes

i nvol ved in |nsuI|n 20 production (insulin, PDX-1, Neuro D-1 and NGN\3).
Exanpl e 12: ASC34 differentiation into ?gepnpoietic cells Cells harvested
fromthe cultures after 14 days were ted into standard haenopoietic
colony-form ng cell, 25 assays, Typ |caIIy, -103 granul ocyt e- nacroggage
colonies fo SPF-BpPE@BﬁF?‘h’gOHSl%fOFhFhSeib‘ﬁ a¥exe mads pnchetadiedure.

Eryt hroi d BFigh mahawrapyéytfodﬂ\ém%@) s8atns Nuthipotad-lad (GEMV

col ony-form IIs mer C34-derived cells were
har vest ed and&fﬁ? 8&%0? Je‘ﬁ%rbco‘? é}dilegréi}}lgﬁ’fly{légaﬂonw&éa i mportantly,
ASC34 gi ve rIM§£ﬂQPhthe makakaryﬂcyhnw adhdr enythstoEdigrldgeni tor cells that
form bl ast; cedisea 3%5995€§6 ncobbl est one” areas when inocul ated onto
preformed culture troma and are capable of |ong term 35 haenopoietic cel
production on prolonged in vitro incubation (5 weeks). W 2005/059113

PCT/ GB2004/ 0Ghafalple 135 ERMEfSHmdnPriePanath®ngo@él1she cells were made and
stained wth Romanowsky cytochem cal stains. This reveal ed norphol ogical
evi dence of granul ocytic, nonocyte- nacrophage, nekakaryocytic and erythroid
cell 5 di fferEatneirzinrieura. 1Ex anptavaiusEngr aiibomebéneouanimpdctimdelog Experi nent
hSch, RN e SUREMLANGOUR {26k ROl adlid 4R ITUTRRES bk 106) of

ASC34-derive TO nu cause any
di scerni bl e Mice did not cause any mortality or dlscernlble

morbidity.

Experiment 2: Nude mice that had been treated with a

15 1liver toxin (lg/kg Thioacetamide) received 1x10° ASC34-
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

20 survived, irrespective of whether or not they had been
treated with cyclosporin (Csd) (Table 5)

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

25
Tx* only Tx+cells | Tx+cells+cyclosporin
control n=6 n=6
n=4
% mortality 100 0 0
at day 7

* Jiver toxin

Experiment 3

30 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



norbidity. Experiment 2: Nude mce that had been treated with a 15 |iver
toxin (1g/ kg Thi oacetam de) received 1x10 ASC34- derived cells including
candi dat e hepatocytes by injection directly into the spleen. Nude nobuse

reci pi ent Pﬁé‘{ﬁ"gﬁ? only served as controls. Al of ”}%Tz(?é}i)&%losﬂ ce died

by day 7 of the recipients of cells 20 survived, Trrespective of
whet her or not they had been treated with cyclosporin (CsA) (Table 5) Table
5: Results of transplanting ASC34-deriv cells into mce with |iver danmage
25 Tx* only Tx+cells Tx+cel |l stcycl osporin control n=6 n=6 n=4 % nortality
100 0 0 at day.7 *_Liver toxin Experjnment 3 30 Three experinmental groups
were set up: ‘b%/%p‘b‘i& FACE 1RePTQP g figdowithin Tgevs &fteT: group 3, TA
only. Doses wfesEméntewdthdPAN Skl tin groups 21 asmdrad Surwiieedper WO

2005/ 059113 PCI/. A 5. .- 36 kK. A.l me¢e in group 3.died within 2
days after tySAtmEAC T tReRA R e FATBToigs S ahat 5 SR YElT unt I
sacrificed fdriverssgetiang Engn(aegup L mdcandtadyed posigriveedorons from

group 2 ngce midd@YcBRSrhiYR 18! » NWENpUtokeLahhf 8, a liver-specific
mar ker denonstrati ng the presence of hunanh ASC34-derived cells. No

st ai ni ng was S6atdfg bHS PFOTRRGhIFobPURAR nBFS34 (E8pied £5)1510
Experi ment 4 Nhestaribhin¥awasntebndyn Mt tiassuseemt Gon bl earfilnad’goi ng

(Figure 16).

10 Experiment 4
The anti-Fas antibody J02 was used to induce an ongoing
chronic form of liver failure. Each animal received
250 ug JO02/kg/week for 4 weeks and 1x10° cells
intrasplenically 24 hours after the first JO2 injection.

15 CsA was given twice weekly. Of 12 animals, 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).

20
The analyses presented in Figures 16-2(0 demonstrate that
human cells engrafted in the livers of the mice and
produced albumin and cytokeratin 18.

25 Example 14: Crvopreservation 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

30 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.

35 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



chronic formof liver failure. Each animl received 250 g J02/ kg/ week for 4
weeks and 1x106 cells intrasplenically 24 hours after the first JO02
injection. 15 CsA was given twice weekly. O 12 animals, there were 2

pr ocedur e-r el_at deat hs after 2 days and one ani nal i r.82 days.
Bl W

The remai nd ¥acrificed for exanination (one on WO on day 8,
three on day 13 and three on day 21). 20 The anal yses presented in Figures
16- 20 denonstrate that hunan cells qugziged inthe livers of the mce and
produced al bum n and cytokeratin 18. 25 anpl e 14: Cryopreservation and
storage Cells (recovered adherent CD34-pQsitive fractjon or_their progeny
generated in re%ﬁﬁﬁr€h§u§ SERRF iGF 1360458 RN 1 s DS 347

cryopr eser vatémmprieaesvantiopl dretio$ mMed PAual BohO: f geam ndmat h at - 80C

over ni ght . ThaJ 07 ¢Rey aLai NEA Cod NPT r@RsheEnPd, {0, 1N yapour phase of
liquid nitrogen tor storage. | T'S™ were recovered .ron1%rpzen by rapidly

t hawi ng t he vikaxe wisang7effacer opatheindigrewthgint it vxontBaureni2ih - medi um
and washing the cells. 35 Prior to processing, the |eukapheresis product can

be stored for, 24 houri at . 37C wi t hout an¥@geleterious effect on subsequent
viability or POt FeEHLVFt PBVEJRIACHY2 B PAAERBEQRI3 PCT/ GB2004/ 005365 -

37 spomn). When t he agherent cells were purified before cryogreservation
1070 DV BRSO B L E LGP U D)
These results haveshoradt £oxul 2enpburatatodSClbeforeprargrsdiagssi ng:
Leukaphergsi s prodyfer-e¢8pebech3i Pb8h d¥apttriQEEScah HE PRI feacessi ng.
worldwide from the collection centre to the
processing centre.
2. After purification: ASC34 can be suspended in
10%DMSO/30-50% serum and frozen in liquid nitrogen.
15 On thawing they retain 90-100% viability, re-adhere
to tissue culture plastic and proliferate in culture
like fresh cells. Thus, isolated functional ASC34
can be transported worldwide or stored long-term.
3. After culture: Cells cultured for 14 days have been
20 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.

25 Example 15: Summary of differences between ASC-34 and
megenchymal stem celig (MSC)

Mesenchymal stem cells are a separate population of cells
that can be derived from adult bone marrow. MSC (also

30 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.

35



10 Therefore,
collection centre to the
can be suspended in

chilled | eukaphereses can be transported worldw de fromthe
processing centre. 2. After purification: ASC34

109OVSQ 30-50% serum and frozen in liquid nitrogen. 15

On t haw ng 5% in 90-100% viability, re-adhere to ) re

pl astic an&‘;(gr of@?iefr%at e inculture like fresh cells. Thtbgl,%%?os?g asg'ééd
functional ASC34 can be transported worl dwi de or stored long-term 3. After
culture: Cells cultured for 14 days have;been 20 cryopreserved, thawed and

recultured. Cells cultured

and

retain viability. Thus, cultured cells can be

for 14 days can be held at anbient tenperature

transported worl dwi de or

stored | ong-t : betweenr—~ASG-34 and
mesenchymal stCsareetésig¢tsC) Mesenchymatuldtipoteat!| sdatte p seh®l-etde
popul ation off cells that can be derivegg%%ggaggﬁl ppne| marrow. MSC|(al so
30 called Miljti potent Adult Progenitor S - PCy~and| ASC- 34 cellls
(cells of the_present invention) exhibit in¥dPEaht differences that lare
summari sed belg@Wwn! bhes & 8] saRe poted that: MSC MAPQ cel | s, do not
express CD34. ; ! X GB20047 00536538 Characteristic
Mul ti pot ent QdFPEPASEIBY 13RldeM™ or el | (MAPC)*  Known| phenot'ype in vivo
-1 + Prospedtiroa t$8ka@éion - + fromtissue Known ontogeny - + Honpgeneity
-t Known ontogeny - +

Homogeneity - +

Quantitative assay - +

Quiescent in wvivo ? +2

Produce haemopoietic - +

cells in culture

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

32:414.

5
! - MAPC are only found after prolonged culture. They

10

have not been identified in fresh bone marrow samples.

? - ASC-34 cells are resistant to 5 fluorouracil



Quantitative assay - + Quiescent in vivo ? +2 Produce haenopoietic - +
cells in culture * Ref: Javazon, Beggs and Fl ake. Exp Hematol 2004, 32:414.
5 1- MAPC are only found after prologged culture. They have not been
identified in fresh bone marrow sanplés. ' - ASC-34 cells are resistant to
5 fluorouracil 10 39 - Cains 1. A nethod of producing a popul ati on of
target endodermal, ectodermal, nmesepghypml and/or endothelial cells, which
nmet hod conprises culturing a popul attomof stemcells with a plurality of
grom h factors which causes differentiation of said stemcell popul ati on,

wherei n sai.d shemeetblds oar ?m&'i,ngc&n el atageneymtrgezan differentiate
into ectoderngl, ggsoderngFianq_ endoder mal _cel | andrgfn adhere to

ti ssue- cufFfdPdeglade SHtRSETEaly MR SEHT iHg TV E ML wherein the
target cekllliss saliett aethodmddigrdreeis) cadnurisigng lpoerlatipanesfeati c,
nerve, epithelial . _glandul ar .epithelial, __bo artilage,. skel etal nuscle,
cardi ac m?té:gf“e,ce%i,l ngﬂ',t% Iauﬁ&,urs?lgiln yaﬁ’dE gﬁ(%qcr%ﬁ ﬁ%‘cctéarlssg”%cﬁ nmet hod

accor di ng ceuselsaidmiZ e remérieitn arheft aaget stewl lcdld pdmpattdcyt.e, a neurona
cell or a li.go r j lJ ... 4 .met.had or.di ny one of
claims 1 ﬂge ??gmﬁgggi%%fgg%eﬁgfgéF%%ﬁggﬁéfnggg ggggdggﬁgﬁfkﬁggénchywm
and/ or endethdifdlereaitiatexjndss egdrsls rEedodines OBIIR L PECAM VW, CXCR4,
Angi 0poi elhRiole rBAYkien 1 sTERPYAN hdhere to tissue-culture grade

plastic.

2. A method according to claim 1, wherein the target
cell is selected from the group comprising liver,
pancreatic, nerve, epithelial, glandular epithelial,
bone, cartilage, skeletal muscle, cardiac muscle, kidney,

lung, skin and endocrine cells.

3. A method according to claim 2, wherein the target
cell is a hepatocyte, a neuronal cell or an

oligodendrocytic cell.

4, The method according to any one of claims 1 to 3,
wherein said target endodermal, ectodermal, mesenchymal
and/or endothelial cells express genes encoding CD133,
PECAM, VWF, CXCR4, Angiopoietin-1, Nebulin, Troponin 1,
VEGF, Angiopoietin-2, ICAM 2, Alpha-l-antitrypsin,
Cytokeratin 18, LDLR, Albumin, HGF, HNF-3p, transferrin,
Alphafeto preotein, Pax-6, Pdx-1, Insulin, IGF-1, Neurcb-1
and NGN3.

5. The method according to any one of claims 1 to 4,
wherein said target endodermal cells express genes

involved in insulin production.

6. The method according to any one of claims 1 to 5,
wherein said stem cells are further characterised by

their ability to adhere to tissue-culture grade plastic



VEGF, Angiopoietin-2, ICAM 2, Alpha-l-antitrypsin, Cytokeratin 18, LDLR,

Al bum n, HG-, HNF-3(3, transferrin, Alphafeto protein, Pax-6, Pdx-1,
Insulin, 1G--1, NeuroD-1 and NGN3. 5. The nmethod according to any one of
claims 1 to 4, wherein said target “ertdoder mal cel s express genes involved
in insulin production. 6. The nethod according to any one of clains 1 to 5,

wher ei n saj. e I re further. .c a i.se : { ility to
adhere toﬁlgggbe@cu%bﬁr%e%f%f e lp glﬁtﬁﬁo%%\?\% t:?ﬁ' ﬂf%}lahlo%:ggdrg?%d i sol ation,
and to red®InagdR€sent 72 dlougts | east 72 hours. 7. The method according to
any one of clains 1 to 6, wherein said stemcells are CD33-, CD38-,

HLA-DR-, CD3- and CD19-. 8. The nethod according to any one of clains 1-7,
wherei n sdid stéf FSHNBHFACREDNT <MY IS fCH:? daing Wiz are al so
Thy-1'. 9whEheifelhad acesr @ald d aranyoyre, otngkaj nBLA-1BR , WISreandsai d stem
cell population is enriched for cells which are also AC133'" and/or c-net'.
10. The 8d'according to any one of clains 1-9, wherein said stem cel
popul ati on expresses genes encoding Rex-1, Oct 4, Nanog, CD34, CD133,

PECAM WE, Tal-1 , i j et Ti e NT desm n, Nebulin,
Connexi n-ES, Gz“lFﬁ- me%%,ad%!ﬁ%%%gp%n t iOrII{ez,OQE Icé%l\}f%g, ]V ‘cadheri n,

Al pha- | - amhieteyips ise,i dOpteke rcatliln prpulaNast s Emeimlied diwk ccaets 11. The
met hod acegriding 40 ;3ny, af- claims 1-10, wherein the stemcells are
adult stem é'g:lh $T518 Thgqﬁ,et od according to any one of clains 1-11,
wherein the stemcell population conprises fetal cells obtained froma
non-fetal gsanpheeSuehmd atWHlildfalo any one of claims 1-8,

wherein said stem cell population is enriched for cells

which are also AC133" and/or c-met’.

10. The method according to any one of claims 1-9,
wherein said stem cell population expresses genes
encoding Rex-1, Oct 4, Nanog, (D34, 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-l-antitrypsin, Cytokeratin 18,

Nestin, Vimentin and c-met.

11. The method according to any one of claims 1-10,

wherein the stem cells are adult stem cells.

12, The method according to any one of claims 1-11,
wherein the stem cell population comprises fetal cells
obtained from a non-fetal sample such as an umbilical

cord sample.

13. The method according to any one of claims 1-12,
wherein the stem cells have the characteristics of those
deposited with ECACC under accession No. 04092401.

14. The method according to any one of claims 1-13,

wherein said stem cell population is mammalian in origin.



cord sanple. 13. The nethod according to any one of clains 1-12, wherein
the stemcells have the characteristics of those deposited with ECACC under
accession No. 04092401. 14. The methog according to any one of clainms 1-13,
wherein said stemcell population is manmalian in origin. 41 15. The nethod
according to any one of clainms 1-14, wherein said stemcell population is

humen in g gi Ane henbRe MRINCH RCEY UnO R A Onapf ©Jpi ms 1-15,

wherein said stemcell population™s nmurine, equine or bovine in origin or
i s i sol at ¥eEL ife FRdEd SHEIMSE Ida RT3 L ataiceh 115 MR E drfp f idhiTani mal . 17. The
met hod according to any one of clains 1-16, wherein said stemcell

popul ati o does, not r ire feeder |ayers duri ulturing thereof. 18. An
met hod acrcigr‘di ge: e ﬁg’%oﬁ’é:c&rd&naﬁ A3 f—ni/?,one\/\/r?én"rgéﬁr‘?‘@éﬁ dl'l%sr’orl ated stem cel |
popul at i owhiesedlnt siarield sty odl)l Jdyacitiing haempdiret,i ecduilssuedt 0 density

gr adi ent rati.on; _(.ij.) expasjng l.ow density cell o an affjnity |igand
for CD34; %%F’i%f])e rlglcg\%‘(elﬁlal{‘g Oé:gﬁgs l%tot:L cthegdg C;[%"o &séé"ilgyeéffcfr? gaan&mpq(ﬁ V)
exposi ng th&e@DI4oms gbgopylsaticon argnalssue culture grade plastic; and (v)
recovering CD34' cells adherent to said plastic. 19. A nethod according to
any one of clains 1-18, wherein said nethod conprises: (i) subjecting
haenopoi etli’c t iTyeuaetdodersicoy digiadicermnys e &fi oH;aimg )1 eposi ng | ow
density Cglleteli® %Iai?f }‘é_t@n% Bé:elll' G SD3be d iddy) FRAPMAT i LS! | S

attached to said CD3 i gand;
layers during culturing thereof.

18. BAn method according to any one of claims 1-17,
wherein said isolated stem cell population is obtained
by:
(i) subjecting haemopoietic tissue to density
gradient separation;
(ii) exposing low density cells to an affinity
ligand for CD34;
(1ii) recovering cells attached to said CD34 ligand;
(iv) exposing the CD34+ subpopulation to tissue
culture grade plastic; and

(v) recovering CD34" cells adherent to said plastic.

19. A method according to any one of claims 1-18,
wherein said method comprises:
(i} subjecting haemopoietic tissue to density
gradient separation;
(ii) exposing low density cells to an affinity
ligand for CD34;
(iii) recovering cells attached to said CD34 ligand;
(iv) exposing the CD34+ subpopulation to a solid
support;
(v} recovering CD34' cells adherent to said solid
support; and
(vi) culturing said CD34+ adherent cells with a
plurality of growth factors which causes

differentiation of cells according to claim 1.



(iv) exposing the CD34+ subpopulation to a solid support; (v) recovering
CD34' cells adherent to said solid support; and (vi) culturing said CD34+
adherent cells with a plurality of_grgm@h factors which causes
differentiation of cells according to'Claim1. 42 20. A nethod according to
claim 19 wherein the solid support is selected fromtissue-culture grade
plastic or glass. 21. A popul ation of endodernal, ectodernal, nmesenchymal
and/ or endothelial cells produced by a nethod accordin to any one of
clains 1-2@. 22 matyed %&ﬂ@ﬂ@%ﬂgoﬁca@é@mm|%§1W$Qﬂ%ﬁﬂné£§ in said cel
popul at i oBubgosel 86! ad1k@Bd el RUR sURQRIItIRD JriatR! pIRANGIEa C, nerve,
epithelial, “glandular epithelial, bone, cartilage, skeletal mnuscle,
cardi ac m3<@PF&: kidney, lung, skin and endocrine cells. 23. A cel
popul ati on according to claim?21 or 22, wherein said cells express genes
encodi ng 133, PECA MAWF, CXCR4,. Angi.opoi etin-1, Nebulin, Troponin 1
VEGF, AnditopofePPRYUZatAiERVCS R £k b ietcr%;%%rﬁfalcyt“tﬂ?eer‘%ﬁr}yﬁn 8, LDLR
Al bumi n, HGR,/oHNEndIEE hetlrians foeylrlisn praidquheiety pneittidd ReceriirRdx- 1,
Insulin, LG-1. Neur 1 .and/ or. GN3. 24. A cell population according to
any one oFong’ngnflggéf}%ﬁﬁgréfﬁwrhe cell population can survive
cryopreservation. 25. A cell population as clained in any one of clains 21

to 24, wherei n,t e f_ .t he . e I ed ji.-nsertion of a
regi on of %I’%L'Id él ?%%gi %%@&%t tnor?ll goﬁggt%&q‘%gu g:{%agrrﬁ 0 1’st‘h’eﬁrzf‘i\é'ﬁc'gle]] s as defined

in clai msgidwgeddi pophd agdminmd sofselies tede ATE] |tieh g Bden

comprising liver, pancreatic, nerve, epithelial,
glandular epithelial, bone, cartilage, skeletal muscle,

cardiac muscle, kidney, lung, skin and endocrine cells.

23. A cell population according to claim 21 or 22,
wherein said cells express genes encoding CD133, PECAM,
VWEF, CXCR4, Angiopoietin-1, Nebulin, Troponin 1, VEGF,
Angiopoietin-2, ICAM 2, Alpha-l-antitrypsin, Cytokeratin
18, LDLR, Albumin, HGF, HNF-3p, transferrin, Alphafeto
protein, Pax-6, Pdx-1, Insulin, IGF-1, NeuroD-1 and/or
NGN3 .

24. A cell population according to any one of claims 21-
23, wherein the cell population can survive

cryopreservation.

25. A cell population as claimed in any one of claims 21
to 24, wherein the genome of the cells has been altered

by insertion of a region of nucleic acid.

26. An isolated population of stem cells as defined in
claim 1, wherein the genome of the stem cells has been

altered by insertion of a region of nucleic acid.

27. The cell population of claim 25 or 26, wherein the
genome 1s altered by insertion of DNA using a DNA virus,

RNA virus or a retroviral vector.



altered by insertion of a region of nucleic acid. 27. The cell popul ation of
claim?25 or 26, wherein the genone is altered by insertion of DNA using a
DNA virus, RNA virus or a retroviral gector 43 28. A cell population as
claimed in any one of clainms 25 to 2? wherein a portion of the genone has
béen inactivated, e.g. through the presence of an antisense nucleic acid
nol ecul e, a ribozyne sequence or an inhibitory RNA sequence. 29. A cel
popul ation as clained in any one of clains 21 to 28, or an isolated

popul ati o@8of &t emldelblopudstdem med clinmgdaiin Brfyorongsefi iekdiarsa@pb 30. A

cel | popukgt ban aeeoedind Ry MRINNd0 cidiadithd Mad gaanerating an or gan or

repai ring a darmaged or gan. . popul ation according to claim 30,
wher ei n tH@aCGﬂyéﬁeﬁs §e e c tH&F FUIEM e RFesERSofdr idt M tRetSfhune system

liver, |upgclRaRCkueas mdARRUIGAS tH gz yies HeRyueridd br @i N or nervous
systen1andngf rt or C|rculato system 32. A cell population according to
any one of lﬁErZQ %@éﬁein the cells are labelled with a traceabl e
mar ker, preferably |ron OXIde or paranagnetic beads. 33. A cell population

accordlng o cl ai se._in ns Iantatlon hod of
screeni ng?an afeff P%ﬂﬁ%a o gans- § @&W@@g é?ﬁggis §§Pﬁ§g%#e cells
accordi ng tot @sanprom@ dfscodladiens pb_bi.ﬂ.%.m@rsa:lfd sazgeﬂmtceﬂ& &% niztfhiotedaccor di ng
to P'?i”‘§§%cwg§&¢h fégeuﬁgpg_ §%1%%1aX|n suspected of organo-specific

toxicity. method "accor im35, wherein the agent is a drug
or therapeutic suspected of organo specific toxicity or suspected of

benefiCiaboqrg%n%éﬁﬂeg&adiaéﬂﬁ?%&%ording to claim 22, for use in

regenerating an organ or repairing a damaged organ.

31. A cell population according to claim 30, wherein the
organ is selected from the group comprising the immune
system, liver, lung, pancreas, bone, cartilage, muscle,
skin, brain or nervous system and heart or circulatory

system,

32. A cell population according to any one of claims 29
to 31, wherein the cells are labelled with a traceable

marker, preferably iron oxide or paramagnetic beads.

33. A cell population according to claim 29, for use in

cell transplantation.

34, A method of screening an agent for its
organc-specific effects by exposing the cells acceording

to any one of claims 21-25 to said agent.

35. A method according to claim 34, wherein the agent is

a toxin suspected of organo-specific toxicity.

36. A method according to c¢laim 35, wherein the agent is
a drug or therapeutic suspected of organo-specific
toxicity or suspected of beneficial organo-specific

effects.



A

44 37. An in vitro nmethod of protein production which conprises culturing
the ectodernmal, nmesenchymal, endothelial and/or endodernal cells of any one
of clains 21 to 25 and recovering one, ,0r_nore of the proteins expressed by
said cells. 38. An in vitro nethod of protein production according to claim
37, wherein said protein is insulin or albumn.

37. An in vitro method of protein production which
comprises culturing the ectodermal, mesenchymal,
endothelial and/or endodermal cells of any one of claims
21 to 25 and recovering one or more of the proteins
expressed by said cells.

38. An in vitro method of protein production according

to claim 37, wherein said protein is insulin or albumin.



