
Method Field of the Invention The invention relates
to a method for identifying a Modulator of a cell t
igtialling liathway, in particular a method for
identifying a modulatbr of -a cell signalling pathway
that triggers differentiation in cells. Modulaters
may be identified by exposing progenitor cells to
candidate modulators. ln one aspect, the progenitor
cells are Multipotent or unipotent stem cells which
are isolated bt various Stages of differentiation,
and further cultured together with a potential
moldulaidr of the differentiation process that acts
by promoting or inhibiting the effOt of cell
tignnlling pathways on differentiation. Background to
the Invention The field of regenerative medicine
holds the realistic pnamise of regenerating damaged
tissues and organs in vivo, in patients with
conditions such as cardiovascular disease,
neurodegenerative disease, musculoskelletal diseate,
liver disease br diabetes. Techniques for
regeneration of darnaged tissue invblve either the
repair of existing diseased tissue in vivo using
regenekative drugs or by teplacement of such tissue
using cent first prepared in vitro with or withont
the Lige of regenerative drugs and then transplanted
in vivo.    dither case, the goals of regenerative
medicine can only be realised if specific genes,
factors or modulators controlling cell signalling
pathways end the downstream cellular processes they
regulate can be identified. It it thought -that the
controlled differentiation of stem cells in vitro for
example, may provide a source Of replacement Cells
for transplantation, the pluripotency and plastitity
Of stem cells allows them to be committed to. a
particular cell type following treatment With certain
cillture_ conditions. HoWever such an approach relies
on the prior idenfffication of factdrs or modulators
that control the cellular and molecular events of
line-age differentiation. Use of these factors or
modulators on stem cells ex vivb could reduce Dip
likelihood of/ spontaneous differentiation of stem
cells into divergent lineages upon ( transplantation,
as well as reduce the risk of teratoma formation in
the case of embryonic stern cells. Such fetters or
modulators could also form the basis of therapies
that aim td mobilise endogenous stem cells in vivo,
or to trigger their differentiation into a cell type
that  



can amplify, repair, restore, replace or otherwise
benefit a damagd tiSsue. An ekample df a factor that
affects cell differentiaticin and is Used in therapy
is erythropoietin (EPO). EPO is a naturally occurring
protein factor that promotes the differentiation of
haematopoietic precursors into erythrocytes.
Recombinarit Era ia used to treat anaemia and has a
&hal market of approximatelly US$10 billion.  In
addition to naturally occurring molecules or factors,
it is poSible to affect differentiation of cells
using synthetic modulators of Signalling pathways, in
partisblar Modulators of pathways controlling
differentiation. SB-49711S is a small molecule drug
being developed by G$K that mirnica the activity of
thrornbopoidtin (TP0), a protein factor that promotes
growth and production of blood platelets. Tile drug
could hp used to treat thrombocytopenia: the
inability to produce platelets, whiCh are critically
required as components of the clotting process during
bleeding'. It ia estimated that the market
opportunity is approximately US$4-5 billion. Though
regenerative drugs such as EPO or SB-49711 act on
stein cells, a general method Mr the discovery of
regenerative drugs using stem cells, k partibular
embryonic or foetal stem cells, has not been
proposed. NaiVe attempts at using stem cells in drug
discovery have involved ekperilments in which
pluripotent embryonic stem cells, self-renewing adult
stem cells or cell Idles have been used in cell-based
phenotypic and pathWay-specific screens of natural
products or synthetic compounds to discover agepts
bePable of affecting differentiation of these cells
(see review by Oing & Shultz (2064) Nature
pibtechnology 22: 833-840). One of the reasons for
using these bells is triot tilt. can be easily
amplified to yield the quantities required for a
screen. However the approaches in the prior art, in
which self-renewing, Uhdifferentiated stiern cells or
cell IineS are used, are found lacking at drug
discovery rnethodolegies for a number of reasons
diseussed below. Firstly, the cell types used in the
prior art (particularly ES cells and cell lin&s) may
not be physiologically relevant targets suitable for
pharmacological intervention in vivo. For example,
while a factor which is able to cause differentiation
of ES cell S to e.g. sardiomyogytes (Wu etal., J Am
Chem Soc. 2004:126(6):1590-1) Sy be of use in
allowing the creation of cardiomypcytes in vitro from
E$ cells, the ES cell is not present in the adult and
any agent which has activity spocifically on the E$
cell would likely not act as a regenerative medicine
in vivo.  Secondly the cell types used in the prior
art (particularly ES ce11$ and self-rekewing adult
sterri cells) lie too far upstream of the target tell
lineage in the deVelopmental pathway to undergo
_directed differentiation fo that lineage in response
tq a single application of a single agent. For
instance it is known that timed application of
nurherous factor cocktails in series are required to
differentiate ES cells into specific lineages,
pakicularly those which are specified relativdly late
in development as a result of relatively complicated
process of tissue specification. Thirdly, the cell
types used in the prior art (particularly primal)/
adult stern cells) may be difficult to obtain in
sufficient quantities to carry Out large stale
ffigh-throughput drug screening.  kinally, the cell
types used in The prior art (particularly primary
adult stem cells) may exhibit highly variable effects
in response to drugs, depending on the spcurce or the
method of isolation and preparation. 



W020041031364 describes methods and cell signalling
palhways whibh permit differentiation of cells - such
as stem cells. In the technique described in
VV(i2004/031349 cells are cultured under multiple
culture steli under a plurality of conditions to
modulate cellular pathways and the method prOvides
rrieahs of determining the effect of diverse multiple
cidture step regimes on cellulk processes such as
differentiation. Existing aphrbaches to discovering
regenerative drugs ae subopqmaF nd there exists 4
need for improved methods to discover such drugs. The
present invention offers solutions to these problems
and provides improved methods for the disCovery of
drugs such as regenerative drugs. Summary of the
Invention The present invention IS based, at least in
part, on the faring that lt Is pos'sible to arrest
stem cells in a differentiation pathway thus
isolating cells of ancititer type suitable for
&keening. In one embodiment, this is achieved by
obtaining cells of a first type and determining a
differentiation protocol which leads ki the
appearance of a given target phenotype of interest
via a progenitor COL and optionally further modifying
this protocol, typically by varying the cell
culturing media, such that the   differentiation
process is stallel at a stage in which dells of
arictber type, preferably progenitor cells, are
present. The identity of the cells of the secOnd type
eg. progenitor cells need not be known but their
existence in the preparation c.an be inferred from
the fact that the phenotype of interest will ?Near it
the Original differentiation protocol is followed to
completion; This, in one embodiment, the Methods
described herein can be used to produde
develOpmentell progenitor* pf cell types whose
progenitors in vivo are not yet known. One Way of
producing such cells is to use the method of
W02004/031369 in order to discover a Series of
Culture steps leading to differeptiatiOn and
subsequently modifying or truhcating the process
leading to the isolatibn of progeritor cells. The
ihventiori reCognises that by sequential ekposure to
selected agents, cells may tie jolted in a partially
differentiated state which is subdtantially identical
to the progenitor pool in vivo, and then screened for
factors that induce further differentiation.  The
present invention also recognises that regeneralive
drug discovery screening assays ere more likely to
identify effective drug candidates if a phyeidlogit
ally relevant progenitor cell is used in a cell based
screen of natural products or eynthetic compounds:
The physiologically relevant progenitor cells have
less deiMlopmental Potential compared to
self-renewing embryonic qr adult Stem cells and lie
downstream of these multipotent cells in the
developmental pathway. For example, the target cell
type for EPO in the clinical treatment of anaemia is
not the embryo* stem cell, nor the self-renewing
adult haematopoietiC stem tell, but rather a more
corhmitted erythro-cyte progenitor tell which lies
further alone the developmental pathway and whose
developmental potential is far more restricted
(Fisher, Exp. Bid Med 20q3 Jan;228(1):1-14). If this
progenitor population were available foi- use in a
drug distovery screening assay, the effect of EPO on
regenerating arythrdaytes would be readily apparent.
On the other hand, this regenerative effect of PbE is
not is readily apparent if undifferentiated ES cells
are used in a screen, even though these ceilS can be
differentiated to erythrocytes using suitable
protocas. Therefore b physiologically relevant
progenitor cell, rather than a multipotent
self-reneWing stem cell, shoOld be used in a drug
screen to identify regenerative drups. However an
important problein of using progenitor populatieris
is that they are 



extremely difficult to Bourne, they have limited
amplification Capacity and in some instances they are
completely uncharacterised. For instance, certain
neural   progenitors are well kqovm but reside in the
living brain and 'are thus difficult to source for
drug screening assays. Furthermore, the liver is an
organ capable 9f rapid regeneration in vitro, and
fiver biopsies are relatively easier to source
cortipared to brain biopsies, but the progenitor cell
population responsible for liver regen'etation has
not yet been conclusively identified and therefore
cannot be isolated, cultured and used in drug
screening assays. The present invention also
recognises that physiologically elevant progenitoii
cells suitable for regenerative- drug- discovery
screening assays can be derived frorri self-renewing
embrydnic dr adult stem cells, if these cells can be
made to differentiate up to, but no further than, the
relevant prcigenitor stage. theta is therefore a need
in the art for imprcived techhiqueS to isolate
partial& differentiated cells in order subsequently
to screen for factors that could be Used to niodulate
their differentiation. The present invention involves
methods of isolating partially 'differentiated cell
types which comprise physiologically relevant
progenitor cells. In one embodiment, this is achieved
T:iy obtaining stein cells and subjecting them tO the
techniqUes described in in VV02004/03169 to dispover
a differentiation proloc61, and turthet Modifying
this Protocel such that the differentiation process
is stalled at, or hot progressed pa4t, a stage in
v9flich target prpgenitor cells are present. hi
nother embodirnient, it involvels isolating them from
the adult stem tell pool, developing feetu4 or animal
iq various stages of development and optionally
modifying them such that they ohn be athplified 10
vitro; lq addition, these pregenitor cells may be
used in assays in which natural products. and
candidate small molecule modulators of cell
signallirig are screened to identify agents which
affect cell signalling in- the Progenitoi- Lens,
causing for example, mobilization, amplification or
differentiation, and Which can then be developed into
regenerative medicines Aspects and embodiments of the
present invention  In a first aspect, there is
provided a method for identifying, a potential
modulator of a cell signaling pathway, comprising the
steps of: (a) providing a cell of a first cell type,
wherein said first cell type may be differentiated to
a second cell type via a progenitor cell by
sequentially exposing said first cell type to two or
more reaction conditions; (b) adding to or replacing
at least one or more reaction conditions to which the
progenitor cell has been exposed with exposure to one
or more different reaction conditions comprising said
potential modulator; and (c) monitoring the
differentiation of the first, cell type to determine
formation of the second cell type. 



In a second aspect, there is provided a method for
identifying a modulator of a cell signaling pathway
(eg. a regenerative drug) comprising the use of a
progenitor cell wherein said progenitor cell is
differentiated from a first cell type. In a third
aspect, there is provided the use of a progenitor
cell in a drug screening assay to identify a
modulator of a cell signalling pathway (eg. a
regenerative drug) wherein said progenitor cell is
differentiated from a first cell type. Disclosed is a
method for identifying a potential modulator of a
cell signalling pathway, comprising the steps of: (a)
providing a cell of a first cell type, wherein said
first cell type may be differentiated to a second
cell type via a progenitor cell by sequentially
exposing said first cell type to one or more,
preferably two or more reaction conditions; (b)
adding to or replacing at least one of said two or
more reaction conditions to which the progenitor cell
has been exposed with exposure to one or more
different reaction conditions comprising said
potential  modulator; and (c) monitoring the
differentiation of the first bell type to determine
formation of the second cell iype. Also disclosed is
a method for identifying a potential modulator of a
cell- signalling pathway, comprising the steps of;
(a) providing a cell of a first cell type, wherein
said first cell type may be differentiated to a
Second cell Nine Via a progenitor cell by
sequentially exposing said first cell type t twO or
Mere reaction Conditions; (5) adding to or replacing
at least One of said- twO or mote reaction conditions
ter which the progenitor cell has been exposed with
exposyre to one or more different- reaction
conditions comprising- said petential modulatar; and
(c) monitoring the- differentiation of the first cell
type to determine formation of the Second cell type,
wherein differentiation  of the cells to the Second
cell type is ihrficetive that said potential
modulator modulates the cell differentiation pathway.
The invention also recognises that by derivation from
an organiSrn in an daily state of development, cells
may be isolated in a partially differentiated state
and optionally dmllfied, optionally further
differentiated, and then screened for modulathrs that
induce differentiation to a target cell lineage or
phenotype: Accordingly; in one embodiment, the first
cell type is obtained pr obtainable from an embryo or
foetus and optionally modified to allow
amplification. lin one embOdirnent, the progenitor
cell IS derived in ilitro from a first cell type by
exposure (eg. sequential eXposure) to cirie or more
(eg. the or mOre) iteacitioncoridlticMs. 



: In another einbodiment, the cells are- -monitored
-for cell death inStead of Cell differentiation:
Accordingly, the screen may be a toxieftyScreen. In
one embodiment, the reaction conditions corriprise a
screen of otential modulators (e.g a screen of at
least 100 potential modulators, at least Irk()
potential 'modulators, or at least 10,000 potential
modulators). In another embodiment, the first cell
type is a self-renewin steM cell. The invention
employs cell units_ Such units may be ing le cells,
but are advantageously colonies of two or more cells,
which are arranged in such a fonts that  they are
resistant to disruption even during split pool
c-Ulturirth proCeduree. For instance, the cells may
be cultured on a solid substrate, such as beads, as
described in more detail below. In the present
invention cell units can be isolated at any tage of
the differentiation process triggered by the
sequential aFiclitibn of 'gents intp the Culture
medium. Accordingly, there is provided a method for
dertninind the effect of a plUrarity of culture
conditions on a cell as described above, wherein cell
units that are partially differentiated are then
isolated and used in the Method described for
identifying the effect of modulators-on cell
signalling pathways. 



Typically the cell units used are microwniers which
are_ small enough to be transferred to a HTS
screening system in liquid phase and without
Sitstantial disruption of the cell unit. This system
greatly facilitates the production of quantities of
differentiated cells for screening, and also the set
up Of the HTS asSay. In particular it also allows the
use of cells for 1-iTS without any prior disruption
of the cells, such as by proteolytic digestion to
allow transfer of cells from one vessel to another,
which is advantageous since such processes may affect
the Immediate differentiation status or downstream
differentiation ability of cells. Furthermbre it
allows the autoniated transfer of cells using robotic
eystenis. Thus an important advantage of using cell
units - for example cell pile grown on microcarriers
1 to prepare the cellular material prior to screening
is that it preserves the cellular niette that has
arisen in the preppration plocees and which }nay be
imPortant for the downstream differentiation semen.
If the cellplat materiel were prepared in the
conventional way and disrupted for dispensing into
walls, theh the niche would be disrupted. If on the
other hand the cellular material were prepared for
the ecreen in separate wells, then the resulting-
well-td-well variatiPn in the preparatiOn would make
drug Screening difficult to interpret 44antageeusly,
in certain applications thp cell unit& May bp
labelled. Labelling allows the following of the
culture conditions to which the celle have been
expeeed; thus, any given cell unit can have ite label
read in otder to determine hot it ha e been derived
froM the starter cell pool or culture. Labelling IMAy
take anY el a 'Iariety of forms, including nuclei&
acid labels, radiofrequericy encoded tag, miorospheco
tag, barcoded tegs and spatial encoding of cell unita
on a surfqbe oti matrix. The label ma)/ be selected
from the group consisting of a virus, an
oligonuPleotide, peptide, a fluorescent compound, a
secondary amine, a halocarbon, a mixture of  stable
isotopes, a bar c,ode, an optical tag, a bad, a
quanturp dot and a radierequency encoding tag. Two or
more labels may even be selected from this group and
used in combination to label a cell unit, for Stance
a bead compri*Ing fluorescent cotripounds and/or
quantum dots. Labelling and specific labell to be
used with cell units are further discussed in our
co-pending applicatien G8015173428 incorporated
herein by reference, dells may be cultured in cell
units, each cell unit comprising tffe or More cells.
In another embodithent, the dell units pre single
cells, The cell unit may comprise one or more Cells
adherent to or bounded by a solid substrate. In a
further pmbedifnent, the solid substrate is a
microcerrier or bead. In a still further
erribodirndert the solid Substrate is e Well or
medium-permeable barrier. The Stith bonditiohs may be
media to which the cell is exposed. The media may
cbfitain one or mbre specific agents, Which influence
a cellular process. In one embodiment, the reaction
conditions include any physical or chemical mOdium in
which cells are isolated and manipulated but suitably
the re'action condition is a culture condition to
which cells are exposed. Culture conditions inblude
growth media, temperature regimes, substrates,
atmospheric conditions, phySical cell handling arid
the like. Growth Media comprise natural and synthetic
Substances that nourish and affect the cTells
including but not limited to basal media, growth
factors, nutrients, buffers, chemitrals, drugs and
the like. The reaction c4nditions may even cornprise
a Screen of potential modulators of a cell signalling
pathway. 'The invention may be used-to monitor
differentiation of a first cell type at arirstage of
development but the inventors recognise that due to
their relfitive ease of affure, pluripotency and
therapeutic- potential, stem cells may be
particularly- suitahle as a first cdll type. Thus, in
one embodiment, the inVention preyides a -metimcL a's
described above wherein the first cell type is a Cell
which has been arrested alprig a differentiatioh
pathway between a stem cell and a differentiated cell
tyria. 



hi one ernbodiment, the cell type is a primary cell,
cell lindQr incur deriVed cell line. Tthe tisSue of
origin of the cell type may be selected frbm a group
consisting of brain, heart, liVer, lung, hair, eye,
gut, blood, ear, kidney, skin, tocith, pandeas,
muscle, bone and vasbulature.  In another embodiment,
there is provided for use of a partially
differentibted, or progenitor, cell type. The said
cell type may be isolated from ah organism or
produced from pluripotent cells using a method of
deterniining tile effeot pf culture conditions on
differentiation; and further subjected to a Method of
identifying the effect of mOduletors on cell
signalling pathways affecting differtentiation. The
rnethed of identifying the effect of modulators on
cell signalling $athway4 affecting differentiation
may involve screening potential modulatats using the
drug discovery technique commonly employed by
pharmaceutical companies (Reinventidg Drug Distovery,
Executive Briefing, Accenture, 1997; High
PfefferMonte Dnh l)lsodvery, Executive Briefing,
Accenture, 2001). In another embodiment, there is
provided a method for 4:robing progenitor cells or
partially differentiated cells to a potential
modulator and then monitoring the effect Of the
modulator on the process of differentiation. In ohe
enlbodiment, the potential modulator is an inhibitor
of a cell signalling pathway. In another
erpbodinient, the potential mbdulator is a promoter
of a cell signalling pathviray. The Sect of a
modulator to promote or' inhibit cell signalling
pathways affecting differentiation, may be assessed
by a suitable assay including but not knifed to
Monitoring phenotype, reporter gene expressien,
genotype, molecule production, viability, metabolic
changes or the proliferative ability of cells. The
invention provides a method for obtaining progenitor
cells or partly differentiated cells from tissues in
developing embryos and foetuses, or indeed adults..
A's tissues develop thrOugh the foetal and adult
stages, they develop stem cells whi6h are
progresSively restricted in developmental capacity,
ultimately becoming adult stem cells. thus at any
point In development cif an organism, prbgenitot
cells may be excised from tissues, for instance from
the foetus of an anima( or a human foetus obtained
immediately following an elective abortion. For
instance, cells- which comprise the precursors to
dopamine-producing cells May be isolated froth
specific regions of the developing central nervous
system of the foetus. Since cells derived from foetal
material are scarce, it may be necessary to amp9fy
thee cells. In this case it Is possible to do this
without affecting their differentiation state by
transforming these cells, for instance using an
Ohcbgene 'such e b-myc. Suitably, the transformation
is reversible and does not lead to differentiation of
the progenitor cell. The invention recognises that
Metal or adult stem cell rnaterial may reguird
further differentiatipn in order to produce
progenitor cells, and this can be achieved by the
method disalesed below for other stem cells, such as
ES cells;  The invention also prpvides a method for
obtaining progenitor cell  dr partly differentiated
cells from pluripotent Dell lines, including but not
limited to lines of embryonie stem cells, by
determining a differentiation Protocol and peOrming
this in part. In this case the resulting Cell
population will corriprise one or more prdgenitor
cells: it is not necessary to know which proportion
of the cells in the bopulatIon are progenitor cells,
nor to be able to identify these, however their
presence may be inferred front the fact that fully
differentiated cells woUld. arise from theSe ff tie
said differentiation protocol is Concluded (instead
of being arrested),  Differentiation protocols
typically involve subjecting the cells to a *Orally
specified series of apprpnriate culture; conditions.
Cells giving dal to progenitof cells May be induced
to differentiate along a desired developmental
pathwlay usind this niettiod of serial call ctilture.
Cells may be arrested at any stage of that
differentiation proehss, thus obtaining progenitor
cells, by interrupting or modifying the Series oi
appropriate culture conditions. For instance, if a
ten day differebtiation priptocol comprising a series
of five cell culture steps is required to
differentiate ES cells to macr'ophages, thell fully
performing only three of the steps in this Series
will resUlt in the pArtial differentiation of the ES
cells along that lineage and will allow isolatign bf
macrophage progenitor cells. the method described for
idehtifying a plurality of Wilke coriditions allows
thousands or millions of cell culture conditions and
reabente to be tested, in a multiplexed
high-throughput assay, to determine the conditions
necessary tO achieve the diffeitentian of cells. 



Also disclosed is a method for identifying modulators
of cell signalling as previously described, wherein
a- first _cell IS differentiated to a second cell
type by modulating cell signallind and/or the
expression of one or more genes in the cell. Cell
signalling and/or the expression Of the genes in the
dell can be modulated by, for example, addition of
biomolecules such as factors, growth faCtors,
morphogens, hormones, receptor agonists and
antagonists, lipids, antibodies, drugs and the like;
or by addition of synthetic drugs, chemicals, small
molecule and the like. Suitably, the aboVe modulators
are added in combinations, such as from a cell
extract, from a Co-culture, in animal serum, or a
cocktail prepared in vitro.  Cell Signeand/or the
ekpression of a gene can also he modulated by
transfecting  or bthen/21se transfen-irig a gene into
the cell such tl* R is exprefiged or over-expressed
In a transierit, ligand-iriduced or permanent manner.
Alte'maSely, the expression of the endogenous gene
may be altered, Such as by targeted enhancer
insertion or the administration Of exogenous agents
which cause an increase Cr aecrease in expression of
the gene. Moreover, the product of the gene may
itself be administered to the cell, or its activity
eliminated from the cell; to achieve the same result.
MOdulators capable of decreasing the expression of a
gene include intedefing RNA or antisense compounds,
while modulators capable of decreasing the activity
of a proteih indudth drugs, antibodies, aptamers and
the like. In an embodiment, the differentiation of
the cell is monitored by observing the phenotype of
the cell or detecting the modulation of expression of
one or More genes in a cell,  thereby determining the
state of differentiation of said cell. Phenotype
determination can be carded Out by a variety of
techniques, for instance by visual inspePtIon of the
cell units under a microscope, or using high content
sereening and analysta instrumentation (see Cellomics
Inc; wWw.cellomics.com). Alternatively
differ'entiation can be detected by observing a
marker product characteristic Of the differf'mt1ate0
cell. This may be an endogenous marker such as a
'particular DNA or RNA sequence, or a cell protein
which can be detected by a ligand, convorsiOn Of an
enzyme substrate, or antibody that recognises a
particular PhOnotsipic marker. A differentiation
marker may also be exogenous, i.e. one that has been
introduced-into the cell population, for exarbple by
fransfection or viral transduction.xampies of
exogenous Markers are the fluorescent proteins- (e.g.
OFP) Ipr cell Surface antigens Which are not normally
expresSed in a particular cell- lineage or whieh are
eprItepemodified; or froth a different species. A
transgene or exogenous markgr gene with associated
transcriptional control- elements can be expressed in
0 manner that reflects a pattern representative of an
endogenous gene(s) indidative of phenotype or
differentiation state. This can be achieved by
associating the gene with a cell type-specific
promoter, or by integrating the transgene into a
particular locus (e.g. see European patent No. EP
0695351). The markers indicative of dilfferentiation
trigy be detected by a variety of techniques, both
manual and automated, including observation uricler a
microscdpe, affinity purification cpanning1), br by
fluorescence activated cell spiting (PACS).
Accordingly, the present invention provides p Method
of monitoring differentiation wherein the modulation
of expreSsion of One er more 



reporter genes is observed wherein the reporter
gene(s) respond(s) to Ono or More differentiation
states of said cell. IUt a further embodiment, the
expression of genes involved is mOnitored no a. gene
chip. Gene expression may conveniently be analysed
using a gen6, chip or airy technology, with is widely
available from suppliers such as Affy'metrii.
Advantaaem43.,<, the genes employed in this analySis
ericede extracellular markers, which may be detected
for Instance by immunoassay: In another embodiment of
the invention the differentiation of a cell is
monitored by loss of broliferative ability. The
invention- moreover provides methods of culturing
stem tells, and differentiated cells denved from stem
cells in vitro, adherent to mictecthtiers, such as
beads. kiicmcarrier culture has significant
advantages, including the scale-up of cultdres, and
also allows units of stem cells to be exposed to
selected Culture conditiOns as eequired in order to
obtain the desired growth and/or differentiation
coriditionS.  The potential modulator may comprise an
organic or inorganic small molecule, a riaturaL or
derjvatised Carbohydrate, protein, pelypeptige,
Peptide, glycoprofein, nucleic acid, DNA, RNA,
oligonucleotide or protein-nuCleic apid (RNA). In
mother embodiment, the potential modulator is
obtained from 4 Ilbrary of small Molecules with drug
Hite Prbperties. Also disclosed is a modulator of a
cell signalling pathway obtained or obtainable by the
methods described herein. Also disclosed is a
pharmaceutical composition comprising the 



modulator together with a pharmabeutically acceptable
canter, diluent or expient Also disclosed is a
partially differentiated cell, which has been
differentiated in vitro from astern cell and arrested
along a differentiation pathway-between a stern cell
and a differentiated cell type. The partially
differentiated cell may be a neuronal or
haematopoietic cell. The pattially differentiated
cell may, be a bipotent cell. The partially
differentiated cell may be a unipotent cell.  Also
disclosed is a method for identifying a modulator of
a cell signalling pathway (eg. a regenerative drug)
comprising the use of a progenitor bell. Also
disclosed is a method for identifying a modulator of
a cell signalling pathway (eg. a regenerative drug y
comprising the use Of a partially differentiated
cell, which has been differentiated in vitro from a
stein cell and arrested along a differentiation
pathway between a stem cell and a differentiated Cell
type Also disclosed is the use of a progenitor cell
in a drug screening 



assay to identify-a modulator of a cell signalling
pathway (eg a regenarative drug). Also disclosed is
the use of a partially differentiated cell, which has
been differentiated in vitro from a stem cell and
arrested along 6 differentialion pathway betiveen a
stern cell and 6 differentiated celi type in a drug
scteniiig assay to identify a modulator df a cell
signalling pathway (eg. a regener4tive drug). Also
disclosed is a method for differentiating an
embryonic stem cell into a progenitor of the myeloid
lineage, Comprising the use of e gelatin
rnidrocarrier (eg. a CultiSpher microcarrier). Also
disclosed is the use of a gelatin microcarrier (eg. a
CultiSpher microcarrier) for differentiating
embryonic Stein cells into haemOdpoietio progenttors.
Also disclosed is a method for producing a
haematopoietic cell ftorn a sfem cell in vitro
comprising exposing said Stem cell. to ors': or more,
preferably, tWo or more, reaction conditions, wherein
sa0 reaction :conditions comprise incubating said
stem cell.with: (a) retinoic acid,
tiimethylsulptiOxicie (DIMS0) and/or stem dell factor
(SdF); and (b) insulin, stem cell factor (Sdj, TGE
b'Ata 1, pmp2, BM04 and/or TPO; and (c) IL-3, IL-6,
TP0, EPO and/or M-CSF. 



lnone embodiment, the stem cell id seeded On a
microcarrier - 4ch as a delatin microcarrier. In One
embodirrient, the stem cell is contained in an IMIN
basal mediurh or a Streamline Haematopoietic
Expansicin Medium.  In one embodiment, in step (b)
insulin alone is used. In one embodiment, in step (b)
SCF, TGF beta 1, BMP. and TOO is used. lh one
embodiment, in step (c) IL-3 and IL-6 are used. In
another embodiment, TPO, EPO and/or M-CSF are else
used. In one embodiment, the step (a) is performed on
day 1. th One embodiment, the step (b) is performed
on day 4, In one embodiment, the step (c) is
performed on day 6. Deiailed neecription of the
Invention Definitions Culture Conditions As used
herein, the term 'culture Conditions" refers to the
environmel which Cells erje placed in or are exposed
to in order to Pedmote growth or differentiation of
said cells. Thiit, the term refers to the mediuM,
ternp4rature, atmospheric conditions, tubstrate,
stirring conditionS and the. like which inlay affect
the growth arid/ or differentiation of cells. More
particUlarly, the term refert td specific agents
Which may be incorporated into culture media and
which may influence the growth add/or differentiation
of cells. 



Cell A c.-ell, at referred- to herein, is defined as
the sitallekt structural Li* pf organism that is
capable of independent functioning, or a
single-celled organism, consisting of qne or more
nuclei, cytoplasm, and various organelles, 411
surrounded by a sernipertheable cell membrane or cell
wall. The cell May be prokaryotic, eukaryotip or
archaebacterial. For example, the cell May be a
eukaeyotic cell. Mammalian cells are suitable,
especially human cells, Cells may bd natUral or
modified, such as by genetic manipulation or
passaging in culture, to achieve desired properties.
A stem gen is defined in more detail below, and is a
totipotent, pluripotent or multipotent cell capable
of giving rise to nidre than one differentiateld cell
type. Stern cells may be differentiated in vitro to
give rise to differdntiate'd cells, which may
themselves be multipotent, or may be terminally
differentiated. bells  differentiated in vitro are
cells which have been created artificially by
exposing stem cells to one or More agents which
promote cell differentiation. First cell type In one
embodiment, the first cell type is a cell that
retains the ability to renew itself through cell
division and can differentiate inte a wide range of
specialized Cell types. In another embodiment, the
first cell type is a cell that iS less differentiated
than a progenitor cell. In another emboditnent, the
first cell tyPe is a stem cell, as described herein
below, The stem cell may he, for example, an
embryonic stem cell or an adult Stem cell. The cells
of the first type May be-differentiated intb a
certain lineage of a second cell type before the
cells of the second cell type are screened. Thus, in
one emboditnent, the firdt cell type is
differentiated to a second cell type by exposing (eq.
sequentially exposing) the first cell type to two or
more (eq. three or more, four or more, or five or
more) reaction condition. Sebond cell type In one
embodiment, the second cell type is cell that can
only differentiate, but it cannot renew itself
anymore. The second cell type may be more limited in
the kinds of cells it can become than the first cell
type. The second cell may be more differentiated than
the first cell type. The seeond cell may be More
differentiated than the progenitor cell. In one
embodiment, the second cell type is a partially
differentiated cell, which has been differentiated in
vitro train the first VI' pa and arrested along a
differentiation pathway between e cell of the ikirst
type (eq. al stem cell) and a differentiated cell
type. In another embodiment, the *land bell type LS a
dell with a target cell phermitype. Regen4ative
medicige or drug The term 'regenerative drOgi refers
to a natural dr Synthetic Substance which_ acts on
a-stem cell Or progenitor cell and is this able to
regenerate or repair a tissue or organ of the body.
'Regenerative medicine' refers to the same, or to the
discipline of regenerating tissues Or organs as a
medical treatment. Regenerative medicine encompasses
cell replacement therapies, and/or the administration
of regenerative drugs to patients. Progenitor A
'Progenitor' or 'progenitor cell' is a cell type
which lies upstMam of a More differentiated cell, but
downstream of a true stem cell. Progenities are not
typically capable of long term self-renewal as are
true stem cells, phd their developmental potential is
more limited than is that of stem cells. For instanCe
CFU-E And BFU-E are erythrocyte-committed progenitor
dell populatthns, whereas the LT-  



HSC is a selflienewing and multipotent haematopoietic
stem cell and the ES cell is a self-renewing arid
plutiPotent stem cell. Differentiated erythrocytes
can be derived from CF1.1-E which in turn can be
derived from LT-HSQ which in turn b9h be derived from
ES cells. Cell signalling The term "cell signalling'
refers to the molecular mechanisms whereby cells
detect and respond to external stimuli and send
messages to other cells. Cell signaffing therefore
includes transcriptional and translational -controls
and mechanisms as well as signer transduction
mechanisms. Modulator The term "Modulator" refers to
any factor that can vat4 the state of a cell,
changing it frorn one state te another. In the
context of the invention thid refers to modulation of
cell signalling processes. Modulators may inhibit or
prrorriote particular cell signalling pathways. They
may take the form of natural products or chemically
synthesised Molecules; for example, an organic or
'Organic small molecule, a natural or derivatised
carbohydrate, protein, polypeptide, peptide,
glyeoprotein, nucleic acid, DNA, RNA,
oligonticleotide or protein-nucleic acid (PNA).
Medulators also incidde agonists or antagonists.
Modulators that are inhibitors inelude but ara not
limited to: nonspecific, irreversible, reversible -
competithte and nOncompetitiVe inhibitors. Modulators
that promote oell signalling stimulate or enhance ile
effet of a particular molecular pathway on the cell
and include but are het limited tp: dgonistd, agonist
mimetics, co-fattors, promoters and the like.
AmplifiCation "amplification" refers to a process by
which an increase in magnitude or-number of bells,
cellular components or cellular processels occurs: In
particular amplification refers to a precess of
increasing cell minters in a cell culture system.
This may occdr by increasing the rate of
proliferation .or suntivat or cells in tile system.
Coinpouhd The term dcottpound" is used herein in
pccOrdence with the maaning normally aaeigned thereto
in the art. The term compeund is tided in its
broadest sense i.e. a substance comprising two or
more elements in flied proportions, including
molecules and supramolecular complexes. This
definition includes knell molecules (typically <500
Daltons) which make up the majority of
phantaceuticals. However, the definition also
includes lamer molecules, including Aolymers, for
example pelypeptides, nucleic acids and
carbohydratesi and supraMolecular complexes thereof.
High-throughput screening The term 'high- throughput
abreening rofers to the large-scale, Vial-and-error
evaluation of compounds in a parallel target-basec or
pell- based essay. 



Compound library A "compound library" is a group bf
diverse compounds that call be used to identity new
lead candidates in the drug dtscovery process.
Compound libraries may be generated by arty means
known in the art, inbIliding cbrrroinatOrial
chemistry, compound evolution, or purchased from
commerbial sotirceS such ae Sigma Aldrich, Discovery
Partners International, Maybridge and Tripos A
repertoire advantageously comprises at least 102,
103, 104, 105, 106, 107, 106, 101 10', 1011 or more
different compounds, which may be related or
Unrelated in structure or function. Modulation The
term modulation is used to signify an increase and/or
deers+ in the parameter being modulated. Thus,
modulation of gene exprOssiori includes both
increasing gene expresaion and decreasing gene
expression. Cellular process A cellular process is
any characteristic, function, prpcess, event, cause
Or effect, intracellular or extrac.ellular, which
bocura or is observed or which can be attributed to a
cell. Examples of cellular processes include, but are
not limited to, viability, senescence, depth,
pluripotency, merphblogy, signallihg, binding,
recbgnition, molecule production or destruction
(degradation), mutation, profein folding,
transcription, translation, catalysis, synaptic
transmission, vesicular transport, organelle
function, cell cycle, metabolism, proliferation,
division, Oferentiation, phenotype, genotype, gene
expression, or the control of these precesses. Celt
unit A group of cells, which may be a group of one.
Poole :oif cbil units May be sorted, subdivided and
handled without substantially disSociating the cell
units therriselvee, such that the cell unit behaves
as a colony of cells and each bell in the cell unit
ip exposed to the same Culture conditions. For
expinple, a bell unit may corhprise a bead to which
is adhered a group of cells. icrilpoteht A totipotent
cell is a cell with the potential to differentiate
intO any type of somatic or germ cell found in the
organisni. Thus, arty desired cell may be derived,
joy 4ome Means, from a totipcitent cell.  Plutipotent
or Itilultipotent A pluripotent or muftipotent cell
is a cell which may differentiate into more than one,
but probably not all, cell types Lai* A label or tag,
as used herein, is a means to identify a Cell unit
apclior determine -a culture condition, or a sequence
of culture Conditions, ti with the cell unit has been
exposed. Thus, a label may be a group cif 14bels,
eabh added at a specific culthring step; or a label
added at the beginning or the expel-Uri-pi-it Which
is modified according to, or tracked during, the
culturing steps to which the cell unit is exposed; or
simply a positional reference, which allows thp
culturing steps used th be deduced. A label or tag
may also be a device that reports or rsiords the
location or the identity of a cell unit at any one
time, or assigns a unique identifier to *cell unit.
Examples of lapels or flags are molecules of unique
sequence, structure or mags; or fluorescent molecules
or objects such as beads; or rdiofraquebcy and ether
traoSpondert; or objects with unique Markings or
colon's or shepeS. Exposure to culture conditions A
cell is exposed to bulturp conditions when It is
placed irt contact with a medium, or grown under
conditions which affeet One or more cellular
prooess(es) such as the growth, differentiation, or
metabolic state of the cell. Thus, if the culture
conditions comprise culturing the cell in a medium,
the cell is placed in the medium for a sufficient
period of time for it to have an effect. Likewise, if
the conditions are temperature conditions, the cells
are cultured at the desired temperature_ 



Poolrng The pooling of one or more groups of cell.
units involves the admiXture of the groups to create
a single group or pool- which comprises cell units of
more than -one background; that is, that have been
exposed to more than oke different sets of
culture-conditions. A pool may be subdivided further
into groups; either randomly or non-randomly; such
groups are not themselves "pools', for the present
purposes, but may therhselves be pooled by
combination, for example after exposure to different
Sets of culture tdriditions. Proliferation Cell
growth and tell proliferation are Used
interchpngethhiy herein to denote multiplication of
cell numbers without differentiation into different
cell tyPes or lineages. In other words, the terms
denote increase cif vipthe oell mimbers. In one
embodiment, proliferation is not accompanied by
appreciable changes in phenOtype or genotype.
Differeatiation Cell differentiation is the
development, from a cell type, to g different cell
type. Fel: example, a bipotent, pluripotent or
totipotent cell may differentite into a neural, cell.
Differentiation may be accompanied by proliferation,
or may be independent thereof. The term
'differentiation generally refers to the acquisition
of a phenotype of a mature cell type from a less
developmentally deffned cell ty0e, e,g. a neuron, or
a lymphocyte, but does not preclude
transdifferentiation, Whereby one mature cell type
may convert to another mature cell type a.g. a
neurbti to a lymphocyte: this application
'differentiation' will bb taken to. mean
'dedifferentiation' and vice versa. Commonly,
`de-differentiaticin' refers to the thaibisition -of
a phenotype of a less mature cell type from a more
develeprbentally defihed cell Wag, e.g. a rnyocyte
becoming a myogenic precursor. (De-differerdiation
may be followed-by further differentiation to revert
to the original Call }Yoe, orb a further cep type
[Ding & Shultz (2004) Nature Biotechnology 22:
8SS-840, Lmi references therein]. Differentiation
state The differentiation state of a cell is the
level to which a cell has differentiated along a
particular pathway or lineage. State of a cellular
process The state of a cellular process refer io
whether a cellular proCess is occurring dr not and in
Complex cellular processes 4h denote a particular
step or stage in that cellular process. For exanipler
a cellular differentiation pathway in a cell- may be
inactive or may have been induced and may eomprise a
number of discrete steps or components such as
Signalling eVents characterised by the presence of a
characteristic set of enzymes or intermediates. Gene
A gene is_a nucleic acid which encodes a gene
product, :be it_a pblyPeptide or an RNA gene product.
As used herein, a gene includes at ieast the oodlng
sequence Which encodes the gene product; it may,
optionally, include one or more regulatory regions
nepessaryTor the transcription and/or tranalation of
the coding sequence. Gene ProduCt A gene product is
typically a protein encoded by a gene in the
conventional manner. However, the term also
encompasses non-polYpeptide gene products, such as
ribonucleic acids, which are encdded by the gene.
Nucleic acid synthesis Nucleic acids may be
synthesised ace/Wing to apy available technique. In
one embOdiment, nucleic kid synthesis is automated. 



Moreover, nucleic acids may be produced b biologiCal
replication, such as by  cloning and replication in
bactefiat or eukaryotic cells, according to
procedure's known in the art.  Rifferential
Expression Genes which are expressed at different
leiels itj response to cell Culture qonditions can be
identified by gene expression arlysis, such as on a
gene art-ay, by methods known in the art. Genes which
are differentially expressed dishlay a greater or
lesser quantity of mRNA or gene produCt in the cell
under the test conditions than under Act native
conditions, relative-to ckerall gee expression
levels. Transfection Genes may be transfected into
cells by any appropriate means. The fern is Used
herein to signify conventional transfectiorr, for
-exarnple Using calcium phosphate, but also to
include other techniquet for transferring nucleic
acids into a Cell, inclhding transformation, viral
transduction, electropctration and the Cell-based
assays Cell-based assays are an important part of
modern biomedical shiences and comprise any assay
that involves a step in which a cell is used
Cell-based e9ays can be used across nearly all stages
of the pharinaceutical drug disdovery and development
process, and are valuable in providing information
about how a compound is likely to interact in a
biological system, not just about how it intbracts_
with a potential drug target in isolation. For
example, cell-based assays can be need to identify
and 'kalidate 69teritial -dru targets. Cell-baSed
assays have been developed that can-be used to
identify genes or cellular pathways involved in
disease processes, to determine the functions of
target genes, or to measure phenotypicchange,s that
may be induced upon activation Of certain genes or
their products. Cell-based assays can also be used in
drug discovery for lead-compdund disdevery,
selection, and optimization. Unlike the biochemical
assays that are often used in traditional
high-throughput-screening assays, cell-bpsed aSsays
can provide information relating to drug Properties
such as absorption, permeability, Selectivity,
specificity, and metabolism. As a result, lead
compounds that pre selected after cell-based
streening are better Characterized, more likely to
provide, valuable leads and les likely to be
eliminated in subsequent phases of the drug discovery
process. 



A major application of cell-based assays is in
toxicity screening.14 crucial Off of drug disboved
and development is the screening of drug candidates
to eliminate dompoundt that will cause tide effects.
However, current metnodolocties are- largely
inadequdte, and in particular the use of animal
models for toxicity screening is expensive and
time-consuming. In addition, animal models can De
Unreliable, l'ebause retults in these models do not
always accurately prSdict hp* a compound will perform
in humans. Thus human cell-based screening
is-suitatile. Screening assays and HTS High
throughput screens (NTS) can be used in the present
inventioh itt ordel- to Screen for new drug targets.
The emphasis of pharmaceutical research ectivitiet
has shifted toward the purposeful discovery of novel
chemical classes and novel molecular targets. This
change in emphasis, and timely terithlogical
breakthrougns (e.g molecular biology, laboratory
automation, combihatorial chdrnistry) gave birth to
high throughput screening, or HTS, which is now
widesPread throughout the blophaernaceutical
industry. High throughput screening involves several
steps: creating an attey that i$ predictive of a
particular physiological response; automating the
astay so that it can be reproducibly performed a
large number of times; and, Sequentially -testing
samples from a cherhical librad to identify chemical
structures able to "hit tile- espy', suggesting that
such structures might be canal* of proveking the
intended physiological response. Hits from the high
throughput screen are foildrived -up In a variety of
secondary assays to eliminate artifadual results,
parliouladytoxic compounds. Thus, the assays used in
high throughput sbreens are intended to detect the
presence of chemical samples (e.g. compounds,
substances, nidecules) posseising specific biological
or biochemical propertieS. These properties are
chosen to identify compounds with the potential to
elicit a specific biological response when applied in
viva High throughput screens identify both agents
that an be used as drugs themselves and in addition,
drug candidates that will ultimately be used as
drugs. A compound Of a certain chemical class that is
fdund to have some level of desired biological
property in a high-throughput assay can then be thp
his for synthesis of derivative compounds. Cell based
assays utilise intact cells in culture. Example of
such assay include luciferase reporter gene assays
and card* flux assays.  A particularly powerful
method of performing a cell-based assay suitable for
the identification of differentiation modulators and
regenerative drugs, es described ib the _pre'sent
inventlon, is to determine the differentiation status
of progenitor calls by monitoring a genetic marker of
differentiation. The marker may be endogenous, such
as an expressed nucleotide sequence or protein that
is present specifically irt the differentiated cell
type but not in its progenitor, nor In any other cell
present in the cell populatioh used for screening.
The marker may also be-ah excigenous marker (i.e. a
reporter gene) which ilintreduced intp the cell
population used for scrbehing in such a Way that it
is expressed specifically in the differentiated cail
type but ticat in its progenitor, nor in any other
cell present in the cell population used for
sereening. Examples of exogenous markers are enzymes
auch4_06 Z, or non-enzymic  



marker such as the fluorescent proteins (e.g. GFP;
YFP tc1), 9r cell sUrface antigen which are not
northally expressed in a particular cell lineage or
which are epitope-mbdified or from a different
species. A transgene Or exbgenous Marker gene With
associated transcriptional control elements can be
expressed in a manner that reflects a pattern
representative of an endogenous gerie(s). This can be
achieved by associating the gene with elements of a
cell type-specific promoter, or by integrating the
transgene ihto a particular locus which is expressed
in a cell-type specifit manner (e.g. see European
patent No. EP 0695351). In cne embodiment, the
undifferentiated cell type- used as the starting
Material in the present invention is modified to
express two niarkersirepPrters le.g. both OP and YFP)
such that one marker indicates the present,e of the
progenitor cell type. submitted to the HTS process,
and the other market indicate the presence of the
differentiated cell type produced-by the addition of
a suitable mtickilator. A number of suitable reporter
gene systems and cellular screening assays, including
dual reporter systems, are disclosed in.reviews (and
refarenCes thereinj by Hifi at all [Current Opinion
in Pharmacology (2001) 1:526-532] and by Blake
[Current opinion in Pharmacology (2001) 1:633-5391
all of which are ihcorporated herein in their
entirety. Pregenitor cell A Progenitor cell is any
somatic cell which has the capacity to ddrierate
fully differentiated, functional progeny by
differentiation and proliferation. Progenitor cells
include progenitors from any tissue or organ system,
including, but not limited to, blood, nerve, muscle,
skin, gut, bone, kidney, liver, pancreas, thymus,
arid the like. Progenitor cells may be distinguished
from differentiated cells tie. thoSe cells which May
or may not have the capacity to proliferate, i.e.,
self-tepficate, put which are unable to undergo
further differentiation to a different cell type
9nder nOrmal physiological conditions). Progenitor
cells may be, further distinguished from abnormal
bells - such as cancer cells, especially leukeinia
cells, which pr011ierate (self-replicate) but which
generally do not further differentiate, despite
aPpeering to be immature or undifferentiated. 



Progenitor cello include all the cells in a lineage
of differentiation and proli eratibn prior to the
most differentiated or the fully mature cell.
,Iceording to one embodiment of the present
inventiOn; a distinbtiOn is drawn between a 'stern
cell' and a 'progenitor cell. Stem cells are
typically pluripptent and multipotent and can give
rise to a number of lineages. Progenitor cells, and
particular lineage-committed progenitor cells, are
only capable pf progUding the cells of sirlfgle
lineage. Hprice the developmental potential of
progenitors is typically more restibted than that of
stern cells, A second ithportarit difference between
stern cells and progenitor cells is that stem cells
are capable of signifi6ant amplification - under the
correct culturing conditions they can divide
indefinitely - whereas Progenitor bells have a
limited proliferation capacity. These dtherences mean
that, for instance; it is possible to reconstitute
the haematopoietic syStem of an animal using
haematOpoietiu stem cells but not haematopoietic
progenitor dells. by way of example, production of
mature, functional red blood reM results hum
proliferation and differentiation of "unipotential
pregenitots," Le., those progenitors which have the
capacity to make only one type of one type of blood
cell. Various Other hematopoietic progenitors (HPCs)
have been bharablerized. HPCs consist of many
subclasses including pluripotent stem cells, lympitid
stem cells, CPU-GEMM colony forming unit granulocyte,
erythroid, macrophage or megakaryocyte, BFU-E, CFU-E,
CPU-Meg, CFU-GM Colony fOrrning unii granulocyte or
macrophage, CFU-EoS colony forming Uniteosinophil,
progenitor B cells and progenitor T cells.  Stem bong
Stern cells are described in detail in Stem Cells:
Scientific Progress and Future Research DireCtions.
bepartment of Health and Hurhan Services. June 2001.
http://www.nih.govinews/Sterncell/scireport.htm. The
cOntents of the report are herein intorporated by
referende. Stem cellth- are cells that are capable of
differentiating to form at least one and sometimes
many specialised cell types. The repertoire of the
different cells that can be formed from stem cells is
thought to be exhaustive; that is to say it includes
all the different cell types that make up the
organism. Stem cells are present throughout the
lifetime of an organism, from the early embryo where
they are relatively 9buncihnt, to the adult where
they are relatively rare. Stem cells present in many
tissues of adult anirnals aie Important in normal
tissue repair and horrieostasis. The existence of
these tells has raised the possibility thet they
could provide a means of generating specialised
functional cells in vitro that can be transplanted
into humans and replace dead or non-functioning cells
in diseaSed tissues. The list of diseases for which
this may provide therapies ihclUdes Parkinson's
disease, diabetes, Spinal cord injury, stroke,
chronic heart diSease, end-stage kidney dipeage,
livdr failure and cancer. In order for cell
replacement theraPy to betortie feesittle a number of
Major breakthroughs in stem dell iagerch are
feciplred, intluding improvemehts in the growth of
stern cells, differentiation of stem cells and
9v-oidance of immenoiogical refection of stem cells. 



For thiS reason, alternative approachesio exploiting
stern cells for therapy are being considered. As
described herein, methods are diSchmed for the
discovery of cdrupounds which may be developed into
drugs (eg. regenerative druds) that cause endogenous
stem cells to regenerate tissues of the body. Types
of stem tell There is still chnsiderable debate about
what constitutes e stem cell, Ilbwevet for the
purposes of this discusaion a key characteristic is
the ability to differentiate into a differeat cell
type. An optional characteristic is the ability to
self-reneW, in certein cases indefinitely, allowing
amplification of the cell numbers. Xemples of stein
cells are given below.  WO
2007/063316PCT/GB2006/004483 Different stem cells
have differing potential to form various celles:
spentiatogonial stem cella are unipoterit as they
naturally produce only spermatozoa, whereas
haematopoietic stem cells are multipotent, and
embryanic stern cells are thought to be-able to give
rise to all cell types and are said to be totipotent
or pluripotent. To date three types of mammalian
pluripotent stem cell have 'been isolated. These
cells-can give rite to cell types that are normally
derived from all three gent layers of the embryo
(endoderm, mesoderm and ectOderm). The three types of
stem cell are; embryonal carcinoma (EC) cells,
derived from testicular tumours;. enibryonle stem
(ES) cells, -derived from the pre-implantation
erribryo (normally the blastocyst); and embryohic
germ {E)) cells derived from the post-implantption
embryo (normally cells of the foetus destined to
become part pf the gonad). TheSe cells tare receiving
particular attentiOn in the effort to difect
differentiation, precisely because they are
pluripotent, Stem cells are also present in the adult
organism. An adult stem cell is an undifferentiated
cell that occurs in a differentiated (specialised)
tissue, rdnews itself, and can differentiate to yield
more specialised Cells. Recently it h4s been shoyun
that adhlt stem cells are capable of plasticity, that
is to say they can differentiate to yield cell types
that are not characteristic-of the tissue in which
they reside, nor indeed of the germ layer tram which
that tissue originates For example, it has been shown
that blood stem cells (derived from niesoderm) can
differentiate into neurons (normally derived- from
ectoderm). Torha at at. (2001., Nature Cell Biet 3,
p778L784) have recently desoribed the identification
and isolation of a Ow type of stern-cell that was
ejved froin- the dermis of the skin. These stem_
cells Sere termed skinrderived precursor (SKP) cells.
The SKP-calls could be induced to differentiate by
culturing on _poly-lysiri'e and -varying the
cumentrafion- of serum in The cdlture ni4dium. In the
absence of serum they differentiate into neurons arid
gfial cell; +kith 4iicliti.6n of Bc'e, serum tkey
differentiate into smooth:muscle cells; and
increasing the serum to 10d10 causes the SO cells to
differentiate into adipocytes. Adult stem cells have
so far been reported in tissues as diverse as the
nervous system, the bone marrork and blood, thb
liver, skeletal muscle, the skin and digestive
system. 



In addition to the adult stem cells there are
numerous types of progenitor or precuraor cells, as
described herein. These are cells that are partially
restricted in their differentiative potential and
occur in probably all of the tissues of the body-
they  are capable of differentiating but differ from
stern cells in that their repertaire is ncit as
broad, and by definition they are not capable of
self-renewal. ReOent evidence even suggests that
differentiated cell types are capable of changing
phenotype. This phenothenons -termed
transdifferentiation, is- the conversiOn of ode
differentiated cell type to another, with or without
an intervening cell ,division. It was previously
generally accepted that the tertninal
differentiatedstatie is liked, but it is how clear
thatdifferentiatioircan Sometimes be reversed or
altered. In vitib protocols are now available in
wttidh cell lines can be induced to
trahsdifferentiate (sea Shen, Slack & Toth, 2000,
Nature Cell Bid Noll 2, p. 879-887; Horb et al, *003,
Current Biol. Vol 13, p105-115). Finally, there have
been reports of specialised cell types that can
de-differentiate to yield stem-like cells with the
potential to differentiate. into further cell types.
Stem cell gromyth and differentiation An important
property of stem cells is their ability to divide
symmetrically in butture, giving rise to two daughter
cells that are exact copies of the stem cell from
Which they were derived. This allows stem cells to be
expanded id culture in their undifferentiated state,
producing enough material for screening Purposes,
biological studies or even cell theraPy. The means by
which stem cella are able to do this is
understandably the subject of intensive research,
yeLfeW of the factors that prcimote Stern cell
renewal are known. Typically, pluripotent stern cell
lihes are Maintained on mitoticaily inactive feeder
layers of fibroblasts, or medium conditioned by suck
cells. It id aSsurned that feeder Cells-
remove/neutralise some unicnOwn fact@ froin the
culture medium, and/or they_provicle a fadtor that
suppreases the differentiation_ and .. 



promotes the self-renewal of stem cells. One such
factor is leulcaemia. Inhibitory factor (LIF), A
member of the cytokine family related towhich is
dapabte- of pi-omoting mouse ES cell self-renewal in
the absence Pf feeder cells. Stem cells groWn in the
absence of feeder cells (and/or LIF) often
differentiata spcintaneously Try haphaZardly,
producing a mixture of differentiated cell typeg.
More recently, ES gell lines have been produced that
are able to grow in feedet free ctilture arid under
defined conditions. The factor* that infigenae stem
cell self-renewal may either be stimulatory or
inhibitory and may function extracellularly or
intracellolatly. In the caSe of the secreted factor
LIF, it is known that its extracellular receptor is
gp 130, and that  activation of till protein is
sufficient for inhibiting murine ES cell
differentiation. Within the cell, a crucial
downstream effector of gpl30 is the signal transducer
and attivator of transcription-3 (STAT-3). Another
molecule which is particularly inipoitant in
Maintaining stem cell pluripotency is the
transcription fat Oct-4, whidh when downregulated.
artificially leads to the loss of the plaripotent
state in ES tells Cy rn)cd. Other signalling
molecules that naturally inhibit ES cell
self-renewal, such aa the mitogen-activated protein
kineses, have also been elucidated. A major goal of
Stem cell research will be the discovery of- natural
and synthetic factors, drugs, polypePtides, genes,
ohigonucleotides, tissue culture Media and
conditions, specific Conditioned media, feeder cells,
and other stimuli that have the effect of proinefing
the expansiob and retaining the differentiation
potential of varioua types of stem celL TIP includes
adult stem cells, which at present have not been
expanded appreCiably in cell culture. The second
great challenge of stem cell research is to direct
the differentiation of stem cells to particular tell
types which are functional, can replace cells lost in
various disease states, and result in a positive
clinital outcome. Coaxing stem cells to begin
differentiating is actually a fairly straightferward
process For instance, ES cells removed from feeder
cultures and grown to confluence on an adherent
substrate will begin to differentiate spontaneously.
Similarly, ath Cella removed from feeder cultures and
grown on a non-adherent subetrate will form embryein
&Ales - clusters 9f andifferentiated and partially
differentiated cells from all three germ layers.
These tells can be subsequently dissociated and
plated in monolayer Culture, and exposed tp factors
that promote directed differentiation. Cultures
exposed sax these factuis are more likely to be
populated by-fewer types of differentiated cell,
OomPared to embryoid bodies or untreated cultures of
differentiating cells winch Oomprie mixtures of many
different cell types. Nevertheless, few if any
conditions have-been devised thus far that produce
substantially pure cultures_of 4ifterenikte4 *Is. In
addition it is not clear if any Of the protocols
devised foF Stem cell differentiation yield dells
that ero suitable Mr cell replacement therapy - it
may be that the cep Nave not terminally
differentiated into the precise phenotype required,
or that the differentiated cells are no longer viable
in vivo. 



The factors that have been Used to induce directed
eifferehtiation Of stem cells include; retidoic acid,
epidermal growth factor (EGO, bone morphogenic
proteins EBMPs), haSic fibroblast growth factor
(bFGF), activin-A, transfqrming growth factor bete-1
(rFG 3-1), hepatocyte growth fatter, nerve growth
factor, sonic hedgehog  (SHH), interleukin-3 (IL-3),
interleukin-6 (IL-6), granulocyte macrophage colony
Stimulating factor (GM-CSF), erythropoietin, vitamin
D3; dexamethasohe, mercaptoethanol, butylated
hydroxyanisole, 5-atacytidirte, DMSO, insulin7
thYroid hormone (13), LIF, foetal calf serum,
vascular endothelial growth factor (VEGF), steel
factor, variations in oxygen concenh cition, ascorbic
acid, 13-glycerophosbhate, nicotinaniide, platelet
derived growth factor (PDGF), CAMP, various cell
adhesion tholecules'and substrates, and others. In
addition to these defined factori, it iS likely that
undefined extracts, such as conditioned media, human
-and artitrial tissue homogenates, or plant ektracts
can be used to dIreOt stem cell differentiation.
Progressive fractionation of these undefined extracts
may yield actiya fra6ffrhs or Oen pure bomponents
with high potency. These factors can be added tb _the
growth medium used in a particular experiment, either
alone, or in combination, clr in a defined &der which
is crucial to the experimental result. Many systems
that have been devised for the differentiation of
Stem Cells in vittq are coMplex multi-stage
procedures, in which the precise nature of the
varibus stelds, well as the chronology of the various
steps, are important. Fr instAnpe, Lee at el (20p0,
Nature Biotechnology, vol. 18, p 675-679) used a five
&Sage prot6cgi to derive dopaminergic neurons from
mouse ES cells: 1) undifferentiated ES cells were
expanded on gelatin-coated tissue culture surface in
ES bell medium in the presence of LIF ; 2) ernbryoid
bodies were generated in suspension cultures for 4
days in ES dell- medium; 3) nestin-positive cells
were selected from embryoid bodied III itSFn medium
for 8 days after plating on tissue culture surface,
4) neetin-positive bells were expanded for 6 days in
N2 medium containing bFGF/laininin; 5) finallY the
pixpanded neuronal precursor celle were induced to
differentiate by withdreving bFGF from medium
containing laminin. In a second -eXample.-of serial
cell culture, Bonner-Weir et al. (Proc. Natl. Acad.
Sci. (2000) 97: 7989-80041 derived insulin producing
cells from human pancreatic ductal cells by: 1)
selecting ductal cells over islet cells by selective
adhesion on d solid surface in the presence of serum
for 2-4 days; 2) subsequently withdrawing serum and
adding. keratinocyte growth factor to Select for
ductal epithelial tells over fibroblaSts for 5-10
days; and 3) overlaying the tells with the
extrecellular Matrix p' reparation `Matrigef for 3-6
weeks.  WO 2007/063316PCT/GB2006/004483 lhI In e
further example of Serial cell culture, Lurnelsky
etal. pcierice (2001) 292: 1369- 1394] derived
insulin secreting cells by directed differentiation
Of mouse embryonic stem (ES) cent by: 1) expanding ES
cells in the presence of UP' for 2-3 days; 2)
generating entryoid bodies in the absence of LIF Over
4 days; 3) selecting nestinpositive dells using ITSPn
medium for 6-7 days; 4) expanding pancreatic
endocrine Preoursert in N2 medium containing B27
media supplement and bFGF for 6 days; and 5) inducing
differentiation to insulin secreting cells by
withdrawing bFGF and adding hicotinainide. 



However it Is not only the sequence and duration of
the varioui Steps of. the series of addition of
different factors that is important in the
determination Of cell differentiation. As embryonic
development is regulated by the action 'of gradients
of signalling factors that impart positional
information, it is tq be expected that the
concentration of a single signalling factor, and also
the relative concentration of two or more faCtors,
Will be invariant in specifying the fate of a cell
population in yitro and in viVo. Factor
concentrations vary during development and stem cells
respond differently fb different concentrations of
the same molecule, For instance, Stern cells
iscilatdd from the CNS of late stage embryos respond
differently to different concentnations of VCR low
concentrations of EGF result in a signal to
proliferate, while nigher concentrations of EGF
result in proliferation and differentiation to
astrdcytes. Many Of the factors that have been found
to influence telf-reheWal and differentiation of
stern cells in vitro are naturally-occurring
molecules, This is to-be 'expected, as
differentiation is induced and contained by
signalling molecules-and tercePtors that act along
signal transduction pathways. However, by the
swig-token, it is likely that many tynthetic
compounds will have an effect on stem cell
differentiation. Such synthetic Compounds that have
high probability Of interacting with cellular targets
within signalling and signal transduction pathways
(go Caned drugable targets) are routinely
synthesised, for instance for drug screening by
pharmaceutidal gerripanies. Once known, these
compounds can be used to direct the differentiation
of Stern cells ex vivo, or can be administered in
vivo in which case they would act on resident stem
cells in the target orgah of a patient.  Common
variables in tissue culture in developing conditions
for the successful culture of a p&ticular cell type,
or in order to achieve or modulate_a cellular
process, it is often important to consider a vanotY
of factorS. One important factor is the decision of
whether tb propagate the cells in suspension Or as a
inadolayer attached to a substrate. Most cells prefer
to adhere to a Substrate although some, including
transformed cells, haematopofetic cells, and cells
from ascites, den be propagated in -suspension.
Assuming the culture Is of adherent cells, an
important factor is the choice of adhesion substrate.
Most laboratories use disposable plastics as
substrates for tissue culture. The plastics that have
been used include polystyrehe (the Most common type),
polyethylene, polyaarbonate, Perspex, PVC, Teflon,
Cefiohhane and cellulose acetate. It is likely that
any plastic can be psed, but mar* of the 01 need to
be treated to make them wettable and Suitable for
cell attachment. Firthermore it   very likely that
any suitably prepared solid subStrate can be used to
provide a support for cells, and the substrates that
have been used to date include glass (e.g.
elum-borosilicate and soda-lime glasses), rubber,
synthetic fibr4, polymerised dextrans, metal (e.g.
stainless steel and titanium) and others. Some cell
types, such as bronchial epithelium, vascular
endothelium, skeletal inuscle and neurons require the
growth substrate to be -Goatee with biological
product...4, usually extracellular matrirmaterialS
such as fibronectip, cdilageh, laminin, polylysine or
otters. Ttie growth substrate and the method of
application (Wet or city-posting, or gelling) can
have an effect on cellular processeS such es the
growth and differentiation characteristics of bells,
and these must be determined ernpirically as
disbussed above. 



Probably the most obviously important of the variable
in cell culture is the choice of culture medium and
supplements such as serum. These provide an aqueous
compartment for cell growth, complete with nutrients
arie various factors, some of which have been fisted
above, others of which are poorly defined. Some of
these factors are essential for adhesion, others for
conveying information (e.g. hormones, mitogens,
cytokines) and others as detoXificantS. Con-in-lot
used media include RPM' 1640/ MEWHarik's salts,
MEM/Earle's salts, F12, DMEM/F12, b15 MCDB  158, and
others. The various media can differ widely in their
constituents - softie of the common differences
include Sodium bicarbonate boncentratiOn,
concentration of divalent ions such as Ca and Mg,
buffer composition, antibiotiSs, tras:e elenients,
nudleosides, polypeptides, synthetic compounds,
drugs, etc. It is well known that different media-
are selettive, meaning they promote the grOwth of
Only some cell typps. Media supplements stich as
serum, pituitary brain and other extracts, are often
essential for the growth of cells in culture, and in
addition are frequeltdy responsible fbr determining
the phenotype of cells-in culture, i.e. they are
capable of deterrninihg Cell survivar or directing
differentiation. The role of supplements in cell
proceaseS such as differentiation is compTerand
depends on their concentration, the time poirit at
Which they are added to the cultuth, the cell type
and thddiuni used. The undefined nature Of these
supplernerits, and their potential to affect tbe cell
phendtype, have motivated the development of
Serum-free media. As with ail mLdia, their
development has come about largely by trial and
error, as has been discOssed above. The gas phase of
the tissue culture is also important and its
Composition and volume Which should be used can
depend on the type of medium used, the amount of
buffering requited, whether the culture vessel is
open or sealed, and +ether a particular cellular
process needs to be modulated. Common variabica
include concentration of carbon dioxide and oxygen.
bther conditions important to tissue culture include
the chOice of dulture vessel, amOunt otheadspace,
inoculation density, temperature, frequenti_ of media
change, treatment uyith enzymes, rate and mode- of
agitation or stirring. Varying the cell- culture
conditiont is therefore a method of achievihg a
desired cellular process. One aspect of the invention
redognises. that variation of the cell culture
conditions in a serial manner can be a highly
effdctive niethod for achieying_a cellular effect. In
various applications, for instance in otUdleo of cell
differentiation, it will often be the case that a
specific series of different tissue bUlture
cohditidns are required to effect a cellular process.
The different conditions may include additibns Or
withdrawals toffroin the media or the change of media
at 4pedfib timh ;pinti ych a set of Conditions,
examples of which are given below, are commonly
developed by trial end error as has been discussed
above.  Formation of dell units An important aspect
of the present invention is that groups of cells
(cell colonies) can be growp in cell culture under
various conditions and that the colony can largely
maintain its integrity undervarious conditions, when
disturbed, and when mixed with other colonies. Such
groups or colonies are referred to herein as cell
:)nits. Formation qf cell units may be achieved, by
way of illustration, by growing 61Is a adherent
cultures_on_solid substrates such as carriers. If
dell proliferation occursafter seeding on the
carriers, the daughter cells will attach -on the-
same carrier and form part of the sartie colony.. in
general, live-adherent cells do not readily
-dissociate from their provlith Substraterand so the
integrity of the cell celorir persists despite any
mechanical Manipulation of the carrier, agitation of
the culture medium, or transfer into another tiseue
culture system. Similarly, if at any time multiple
carriers are placed ie the same vbssel (eg bead& are
pooled) then there will be no substantial transfer of
calls froth one bead to another. 



Ohe advanipge of growing cells in units or colonies
is that if a unit is placed Serially in a set qf
different fissile culture media, then all the tells
comprisind the colqny will have been exposed to the
same series of culture conditions, in the same otcler
and for the same period of time. Another of the
advantages of this method- is that tissue culture can
be miniaturised: relatively few cells are requited to
colonise a micrOcanier bead (see heloir) callipered
to even the smallest tissue culture flask. Growing:
cells- in units that are not necessarily themselves
adherent to the tissue culture vessel has the further
advantage thatindividdal colonies can be reenovect at
wilt and transferred to a different culture vessel.
This is particularly in-mot-taint in the present
invention as it allows for the transfer of
differentiptehl cells tombrising progenitors to
Microtitre plates suitable for drug screening. Thus
the Progenitors can be prepered in bulk 4- such as by
a method previously determined Using the techniutle
disclosed in W02004/031369, and then the same cell
units transferred essentially by liquid transfer Into
the HTS platform, Thie (I) greatly facilitates the
HTS procedure, (ii) maintains the 3D (multi-)
cellular organisation of Units which may be integral
to further differentiation, (iii) and obviates any
disSociation af cellular organisation which may in
itself cause cellular differentiation.  A further
advantage of growing cell units formed ph carriers is
that cell cultule cen be scaled up. Growth of stem
dells on carriers offers a way of scaling up
production to provide enough material for high
throughput screening. Scale up of such call cultures
may require at least 1 g (dry weight) of microcarrier
- such as 10g, 50g, or more. Another important
advantage of forming cell units on solid substrates
iS that the substrate - and therefore the attached
cells by reason of apsociation - can be labelled by
varioUs-means: bless Spheres of 3rnm and 5mm have
been widely used as cell arlhesipq substrates,
particularly in glass bead bioreactorsierg. such as
manufactured by Meredos Grtibh) used for the scale-up
Of cell cultures. These beads are typically u4ed in
packed beds rather than batch culture, to avoid
mechanical damage to the adherent cells, though such
substrates are suitable for the- purposes of this
invenlion, other Carders described below may be even
more suitable. In particular' when cells are grown on
smaller carriers they ban be treated as a 4uspprisi6n
ul;ture. Importantly, a common method d growing cells
On small carriers iS referred to as microcarrier cell
culture (see `Microcatrier Cell culture, Principles
and Methods', Editidn AA, available from Arnersham
Piosciences (18-1140-62); Wein inebrporated In its
entirety by reference). Microcarrier cultures ere
used commercially for antibody and interferon
production in fermenters of -hp to 40b0. litre o. A
*ariety of mictocarriers is available, ranging in
shape- and size and made of-different meterialk
Microcarrier -beads made- of polystyrene (Biosilon,
Mune), glass (Bioglass, Solohill -Eng), collagen
(Biospheres, Solohill Eng), DEAF sephadex (gytddex-1,
Pharniacia), dextran (Dorrnacell, Pfeifer & Langen),
cellulose- (DE-53, Whatman), gelatin (Gab*, liazelton
Lab), and DEAF dextran (Microctex, bektran Prod.)
4mon4st others are commercially available.
These_carriers are welt characterised-in-terms of the
specific oraVity of-the beads, the diameterand the
surface area available for cell growth. In addition a
number of porous (micro) carriers are 4vailable wifh
greatly increased surface area for cell growth. A
further chatacteriStic of thehe porous carrier S is
that they are suitable for growth of both anchorage
dependent cells, as well as for suSpension cells
which are carried by entrapment in the netivork of
open, intercOnnettina pores. Porous carriers are
available in materials such as gelatin (dultispher G,
Percell), cellulose (Cytocell, Pharmacia),
polyethylyne (Cytoline I arid 2, Phartpa6a), silicone
rubber ammobasil, Ashby Sciehtiffc)i collage h
(Mi4osphere,  



Cellex Biosciences), arid glass (Siren, Schott
Glassware). these barriers are variously suited to
stirred, fluidised or fixed bed culture Syatems. As
the Physical properties of carriers are well known it
is -easy to calculate the number of carders used in
an experiment. Some of the carriers described-and
many besides are available as dried products which
can be accurately weighed, and .1 subsequently
prepared by swelling in liquid medium. In additiod
the number of cella used to inoculate a microcarrier
culture Gan be-worked-out-and varied: ror instance, a
culture of Cytodex 3 (2 gffitre) inoculated at 6
cella per bead will give a culture-containing 8
million rnicrocarriers, on -which 48 million
cells/litre bre grown at a density of 5x1 p4
cells/cm2. If required, harvesting of cells grown on
microcarriers, or liberation of labels from
microcaniers (spe below), can be achieved by
enzymatic detachment of cells, and/or by digestion of
the carrier where applicable! gelatin carriers can be
solUbilised by trypsin and/or EDTA, collagen carriers
using collagenase and dextran carriera using
dextranase. In addition to solid or porous
rnicrocarriers, cells rhay be grouped by immurement,
i.e. confined within a medium permeable barrier.
Membrane culture systeMS have been developed where a
permeable dialysis membrane retains a group of cells,
but allows the culture medium and its constituents to
exchange- freely ihrith the inner and outer
compartments. Cell culture in hollow fibre cartridges
hap- also been cievelbped, and a inultftude of
fibies-and even turnkey systems are bodynerciallli
available (e.g. from 



Cellex Biosciences). Cell encapsulation in semi-solid
matrices has also been devekipad, *here cells are
immobilised by adsorptidri, coyalent bondi6g,
cosdlWiking of entrapment-In a polymeric matrix.
Materials that have been used include gelatin,
PolYIYSine, alginate arid bgarose. A typical
protocol, ia te mix 56k agarobe at 40t-with a
suspension of bells in their normal growth medium, to
emulsify the mixture using an &Mel volume of paraffin
oil and to cool in an ice bath, producing spheres of
80-20dum diameter. These spheres can be separated
from the dil and transferred to medium in A tissue
culture vessel. Cell entrapment is a simple method
for the immobilisation of groups of cells, akin to
the use of microcarriers or porous substrates. A
simple technique is fo enrinesh cells in cellulose
fibres such as DEAE, TLC, QAE, TEAE (all available
from Sigrna). Other  more sophisticated devices are
ceramic cartridges which are suitable for
Stisperlsion cells, a.S. in the Opticel culture
system (CeIlex Biosciences). One skilled in the art
will envisage, in addition to the above Methods of
creating cell units, other methods of creating
groupings of cells including forming 30- cuffures of
cells such aS neural spheres or embryoid bodies, or
using tisstre.4 and 'Obeid whole organisms such as
Drosophila or Q. elegans. Cell- units, or the
substrates of which they are comprised, can be
associated with a particular factor including, but
without limitation, proteins, nucleic acid a or other
chemicals such as drugs. Pre-conditioning of
substrates can be achieved in Many ways, for instance
simply by incubating the substrate with the fattor of
intei4est, or by attaching the factor covalenfly or
non-covalently to the sUbStrate. Soluble fadtors can
be incorporated into dry materials by impregnation.
This technique relies On the rapid ingress of Irquid,
carrying soluble factors, into dry porous material
that concomitantly becomes sWolien and ready for use.
Solid factors can be incorporated for example by
mixing the factor in fibrinogen with thrombin
solution, at which point a fibrin clot containing the
factor is formed. Multiple other ways can be
enviSaged of associating fattor(s) with a cell group,
in addition to impregnating, entrapping or
encapaulating the factor together with cells. A
method for associating a cell group with a number of
different factors is to pre-form cocktails of factors
which are subsequently assetlatecl with a particular
cell group. A second method woad be to serially
condition -cell groups in a nuMber of foctors. Using
city-formulations of tell group growth substeates ea
an example, this method would involve firstly
partially swelling the substrate in a solution.
containing d first factor and subsequently further
swelling the-same in a solutiop containing a second
faetor, resulting in a suite-trate to. which both
factort have beCorne asbociated. By devising a
Systematic protOcol of associating cell giilups with
different combinations of different factors it will
be possible to sample the effect on the cell group of
any combination of a set of fattors. 



Regardless of the method used to condition cell units
With feCtOrs, the factors are taken up by cells that
tornprise that cell unit. Factor leaking into the
grciwth rhediuin are diluted to such an extent that
their concentration falls below physitlogically
relevant limits and they have no effect on any
additional cell groUp to which they are exposed. The
diffusion of the factor out of e.g. the substrate
forming part of the cell  unit is governed by
parameters such as the nature and dimensiohs Of the
maierial, the mean pore diameter, and the molecular
weight and concentration of the factor. To cialibrate
the process if necessary, factor release can be
measuied by physical assays such as HPLC analysis or
release of labelled factor into the in*dibm, or by
biological assays such as the darsal root gangliOrt
outgrowth bioassay for neurotroOhic factors.
Combinatorial serial culture of cells The invention
further addresses the problem that cell culture
teChniql.tes involving a plurality of steps and
agents are difficult if not impOssible to determine
by conventional experimentation, which in the -prior
art haS initolved trial and errar Empirical
determination of tissue culture conditioriA in
complex, inulti-stage procedures is not feasible in
practice. Advantageously, the cuitdr$ conditions
required hi differentiate a cell type may first be
ideptified using the methods described herein below.
(a) Split-pool cell culture Split-pool culturing
allows cells to be subjected to a series of culture
conditions, and exposed to a aeries of agents in
culture media, in a systematic and highly productive
manner and is described in detail in W02004/031369.
The first-step in split-pool cell-culture is to form
cell units (particularly micros,opt cell units)
es-each cell unit constitutes an easily handred unit
that can be exposed to a 



variety bf cell culture conditions. For
sin-roll-city, in this-discussion we-will aesurrle
that cell groupings are produced by growing cells in
microcarrier culture, and the-terms cell unit, cell
group, colony and bead are used interchangeably.
However, the ' Methods desbribed are equally
applicable to any cell unit. A particularly efficient
method for sampling a large number of cell culture
canditions is referred to as Combinatorial Cell
Culture or split-pool cell culture and in one
embodiment involves the serial subdividing and
combining of groups of cell units in order tq sample
multiple combinations of cell culture conditions. In
one asplect Of the invention the method operates by
taking an initial starter culture (or different
starteE cultures) of cell Emits divided into X1
number of aliquots each containing multiple beads
(gropPs/colonies/carriers) which are groWn separately
under different cillture conditions. Following cell
culture for a given time, the cell units can be
pooled NI  combining and mixing the beads from the
different aliquots. This pool cah be split again into
X2 number of aliquots, each of which is cultured
under different conditions for a period of time, and
subsequently also pooled. This iterative proCedure of
plitting" culturing and pooling (or pooling,
splitting and culturing; depending bn Where one
enters the cycle) cell units allows systematic
sapling of many different combinatioris of cell
Culture conditions. The complexity of the experiment,
or in oiler words the number of different
combinations of cell bulture conditions tested, ii
equal to the prOddd of the number of-different
conditions (X1 x X.; x ...Xr") sampled at each round.
Note that the step of pooling all the cell units
prior th a subiequent split can t* optional - a step
in which a limited number of cell units are poolet
can haVe the same effect. The invention therefore
embodies a number of related methoct of
systematically sampling multiple combinations of cell
Culture conditions where grbup of cell units are
handled in bulk. Regardless of the precise manner in
which a diverSity of cell culture conditions is
sarhpled by this means the proOedure is efficient
because multiple chit unitS can share a single
vessel, where they are cultured under identical
conditiqria, and it can be carried out using only a
few culture vessels at any one time (the number of
culture vessels in use is equal to the number of
split sampleb). In many respects the principle of
this procedure resembles that of split synthesis of
large chemical libraries (known as combinatorial
chemistry), which samples all possible combinations
Of linkage between chemical building block groups
(see for example: Conibinatorial Chemistry, Oxford
University Press (2000), Hicham ferinin
(Eilitor))..Splil-pool cell culture can be repeated
Over-any number of rounds, and any amber of
cOnditions Can be sambled at each round. So long as
the tamper of cell unit  (Or colonised beads in this
example) is greater than or equal to the number of
different conditions sampled over all rounds, and
assuming that the splitting of cell units
0C:curs-totally randomly, it is expected that
there-will be at least one cell unit that has been
cultured according to each of the various
combinations of culture conditions sampled by the
experiment. This procedUre can be used to Sample
growth or differentidtion conditions for any cell
type, or the efficiency of *molecule production (e.g.
production of erythropoeitin or interferon) by any
cell type. Because the procedure is iterative, it is
ideally suited to testing multistep tissue Culture
protocols for instance those described above in
ConnectiOn with sterh cell differentiation. The
Variables 



which can be sampled using this technique include
cell type, cell grouping (e.g. , microcarrier
culture, cell encapsulation, whole orgeniern), growth
piubStrate (e.g. fibronectin bn microcarrier),
duration of cell culture round, temperature,
different  culture media (including different
concentrations of constituents), growth factors,
conditioned Media, co-culture with various cell types
(e.g: feeder cells), animal or plant extracts, drugs,
other synthetic chemicals, infection With viruses
(mncl. tranonenic viruses), addition of transgenes,
addition pf antisense dr anti-gene molecules (e.g.
RNAi, triple helix), sensory inputs (in the case of
organisms), electricsf, light or red-ox stimuli and
others. ln_one embodiment, the culture conditions
required to differentiate the firSt tell type are
first identified in a method comprising the steps of:
(a) providing a first set of groups of cell udits
each comprising one or more cells, and e)tposing said
groups to 



, desired culture conditions; (b) subdividing one or
more of s'aid groups to create a further set of
groups of tell units; (c) exposing said further
grpups to fin-filer desired culture conditiOns; (d)
optionally, repeating steps (b)-(6); erd (e)
assessing Me effect on a given cell Unit of the
culture conditions to which it has been exposOd. In
another embodiment, the culture conditions required
hi partially or fully differentiate the first cell
type are first identified in a Method cortibrising
the steps 4 (a) proyiding a first set of groups of
cell units each comprising one or More cells, and
exposing said groups to desired culture conditions;
(5) pooling two Ur mere cif said groups to form at
least one second pool; (c) subdividing the second
pool to create a further set of groups of cell units;
(d) exposing said further gm* to desired ciliture
conditions; (e) optionally, repeating steps (b) -
(d); and (t) asessing tlqpffect on given cell unit of
the culture conditions to which ittas been-exposed.
Suitably, cell units that are partially
differentiated are isolated -and used in the methods
described herein. Suitably, cell units are labelled
and the label(s) reflect(s) the culture conclitibhs
to which the cell unit has been exposed. The label ma
i he spatially encodpd. The label may be selected
from the group tonsisting of a virus, an
ofigonUdeolide, a peptide, a fluorescent compound, a
secondary amine, a haloCarbon, a miXture of stable
isotopes, a bar code, an optical tag, a head, a
quantum dot and a radiofrequency encoding tag or
combinations comprising at least two of these labels.
Two or More labels may be selected and used in
combination to label a cell unit. Suitably, the cells
are cultured in cell units, each cell unit comprising
one or more cells, the tell units may be single
cells. Each cell unit mai comprise one or more  



cells adherent to or bciunded by a solid substrate.
The solid substrate may be a microcarrier of bead.
The solid substrate may even be a well Or
mediurh-pertheabla barrier. In tine embodiment, the
culture conditions are media to which he cell is
exposed. Suitably, the media contain one or more
specific agent which influence a cellular process.
The cell culture conditions may comprise culturing at
one -or MOM speific ternpeeattlres of partial
pressures of oxygen or carbon dioxide. The cell
culture conditions may comprise culturing on one or
more specifie substrates. (b) Split-split cell
culture The purpose of performing split-pobl
processes on Pell units is to systeMatically expose
these to a pm-defined combination of condition. The
person &diled in the art will conceive of many
different means of achieving this outcorpe. In
addition to split-pool processes and variations
thereof, it is worthwhile briefly discussing
4piit-split probesses. A split-split process involves
subdividing a group of cell units at least twice,
Without intervening pooling of cell units. If
eplit-split Procesees are used oger a large number of
rounds, the number of separate samples that arb
generated increasee expbnentially. In this case it is
imporient to employ Some 141 pf automation, for
example the use at a robotic platfomi and
sophisiicated Sample trabking systerns. The
advantage- of split-split steps is 'that(elite cell
urrits are hot combined) it is passible to -segregate
lineages of the various cell units based on-their
cell culture history. .tofisequently-split-split
slept can be used to deddce if particular cell
culture condition is respontible for any-given
c4Ilular prOcess and therefore used to deduce_ the
culture history of cell units (explained in detail
under 'Determination of culture history of a cell
until predetOrmined protocols The splitting and/or
pooling of cell units may be accdmplished totally
randotly or inay follow a predetermined protocol.
Where cell units are split andkir pooled randomly,
the segreqtion of a given cell unit into any grOup is
fibt preiYetelmined or prejudiced in any way. In
order to result in a high probability that at lest
one bell unit has been kposed to each of the posSibIe
coMbinations of cell culture fonditions, it is
adVantageoUS to employ a larger number of cell units
than the total number of combinations of cell culture
conditions that are being tested. Under certain
Circumstances it is therefore advantageous tci split
arid/Or pool cell units according to a predetermined
protocol, the overall effect being. that adventitious
duplibabons Or omission pf combinations are
prevehted. Predetermined handling-of c01 units can Le
optiphally planned in advance and logged on a
spreadsheei dr computer probramme, and splitting
and/or pooling operation executed usind automated
protabols, for instance robotics. Labelling of call
unitsisee_beloW). can be by any Of a nuthber of
means, for iristance labelling by RFID, optical
tagging or spatial encoding. Robotic deVices capable
Of determining the-identity of a sainPle, aihd
therefore partitioning the samples according to a
predetermined protocol, have been described (see
torhifinatorial Chemistry, A practical Approach',
Oxford University Press lp000), Ed H. enniri).
Alternatively, standard laboratory liquid handling
and/or tissue culture rbbotibs (for example such as
manufactured by: beckman CrOulter Inc, ullertoti, CA;
The Automaton Partnership, Royston, UK) is capable of
ipatially encoding the identity of multiple samples
and of adding? re'moving or translocating these
acoording to pre-programmed protocols. 



Analysts and/or separation of cell units Following
each round of cell culture, or after a defined number
of roundS, the cell units can be Studied to obseive
any given cellular proCes that may have been affected
by the tissue culture conditions. The examples beloW
ate illustrative arid nbt intended to limit the scope
of the inventiqn. Following each round of cell
Culture, or after a-defined nui'dber--of rotincis,
the cell units can be assayed to determine Whether
there are members displaying increred cell
proliferation. This can be achieved by a varieW_of
techniques, for instanthe by visual inspection of the
cell units under a microscope, or by qbantitating a
marker product characteristic of the cell. This may
be an endogenous marker such as a particular DNA
sequence, or a cell protein which cab- be detected by
a ligand or antibody, Alternatively an exogenous
marker, such as gredn pucire4cent protein (GEP), can
be introduced into the cell units being assayed to
providh 9 specific readout of (living) cells. Live
cells can be visualised using a variety of vital
stains, or conversely dead cells can be labelled
using a variety of methods, for instance using
propidium Iodide. Furthermore the labelled cell units
can be separated from unlabelled ones by a variety of
techniques, both manual and automated, including
affinity puriflC.ation ('panning'), br by
fluorescence activated Gel! sorting (PACS) or broadly
similar techniques. Depending on the application it
rriay be posSible to use Standard laboratory
equipment, or it may be advantageous to use
sbecielised instrumentation. For instance, certain
analysis and sorting instruments (e.g. as Union
Biometrics Inc., Somerville MA, USA) have flow cell
diameters 4 up tg one millimeter, which allows flow
Sorting of beads with diameters up to 500 Microns.
Thdse instruments provide a reading of bead size and
optical depsity as well as two fluorescent emitsion
wavelengths from tags such as GFP-, YFP or EIS-red.
Sorting speeds of I SO,pdo beads per hour and
dispensing into multi-well plates or into a bulk
receptor are Following each round of cell culture, or
after a definet number of rotinds, the cell units can
be assayed to detennine whether there are Members
displaying a particular genbtype or phenotype.
Genotype determination cah bd carried odt using well
known techniques such as the polymeraee chain
reaction (PCR), fluoresence in- situ hybridisation
(FISH), DNA sequencing, and others. Phenotype
determination can be carried out by a variety of
techniques, for instance by visual inspebtion of Me
cell unita under q microscope, or by detecting a
marker product characteristic of the cell. This may
be an endogenous marker such as a particular DNA or
RNA sequence, or a dell protein which can be detected
by a ligand, conversion of pp enzyMe substeate, or
antibody that recognises a particular phenotypic
marker (For instance see Appendix F of Stem Cells:
Scientific Progress and Fhture Research Directions.
Department of Health and Human Services. June 2001;
appendices incorbOrated herein by reference). A
genetic marker may also be exogenous, 4.e. one fhaf
has been introduced into the cult population, for
example by tranSfection or viral transduttiom
Examples of exogenous markers -are the fluorescent
proteins (e.g. GFP) or bell surface antigens which
are- not normally expreaSed in a ripertidular cell
lineage or which are epitope-modifled, or from
a-different sgebres. A trensgena or exogenous marker
gene with associated transcriptiOnpl control elements
can be expressed in a manner that reflects a pattern
representative of Pp endogenous gene(sl. This can b-e
achieved by associating the- gene with a minimal
cell" type-specific promoter, or by integrating the
tranagene intp a particular iodus (e.g. see European
patent No. EP 0695351). The labelled cell units co be
Separated from unlabelled ones by a variety of
techniques, both manual ariqutotriated, inbluding
affinity purification ('panning'), or by fluorescence
actiVated cell sorting (FAd?). Nistiikawa elal (1998,
Development vol 125, p1747-1757) used cell stirfa0e
markers recognised by antibodies td follow the
differentiation of totiport Tonne IS cells.  Using
FACS they were able to identify and purify cells of
tria haematopoletic lineage at various stages in
their differentiation. An alternative or
complementary technique for enriching cell units- of
a particular genotype or phenotype is to genetically
select the desired groups. This can be achieved for
instance by introducing a selectable markei- into the
cell units, and to assay for viability under
selective conditions, for instahce see Soda et al
(2009, Diabetes vol 49, p1-6) who used such a system
to select insulin secreting cells from differentiated
ES cells. Li et al (1998, Curt Biol vot 8, p
971,9,74) identified neural progenitors by
integrating the bifunctional selectio' n
Marker/reporter Nee (which provides for
6-galactasidase -activity and 0418 resistance)- 'Ate
the Sex2 Idcus by hornologous reeombination irl
murine ES cells. Since one of the characteristics of
neural piogenitors is expression of Sox2, and
therefore the integrated marker genes, these cells
bobld be seletted from non-neuronal lineages by
addition of p418 after inducing differentiation using
retinoic acid. Cell viability could be determined by
inspection uhder a microscope, or by monitoring 6-gal
activity. Unlike phenotype-based selection
approaches, which can be limited by the availability
of ah appropriate Lifland or antibody, genetic
selection can be applied to any differentially
expressed gen. 



Microcarrits A variety of ulicrocarriers are
available, ranging in shape and size and Made of
different Materials. By way Of example, the
microcanier may-be a porous microcartier selected
from the groUp Consisting of Cytopore microcarrier
(eg. -a Cytopore 1 micrOcarder or a Cytopore 2
microcarrier), a Cultispher microcarrier, a
li7uftispher-0 tnicnicarrier, a Cultispher-OL
microcarrier and a Cultispher-S- mictochrrier, an
inforrrratrix microcartier, a Microsphere
microcarrier, a Siren microcarrier, and a
MicitopOrous MC microcarrier. By way of further
example, the microcarrier may be a solid microcarrier
- Such as a pytodek microcarrier (eg. a Cytode)c 1,
Cytodex 2 or cytodex 3 miorocartier) a Biosilon
microcarrier, a Bioglass microcarrier, a FACT Ill
miciric- riet or p DE 52/53 microcarrier.
Microcarrier culture has significant advantages,
including the scale-up of cultures, and also allows
units of cells to be exposed to selected cultUre
conditions as required in order to obtain the desired
growth and/or differentiation conditions. The
surfaces of the microcarriers may be further
rnodified by physical or cherhical treatments, such
as adsorption or covalent cross-linking of molecular
entities with a desired charge or other desired
characteristic. Cultispher microdarders CultiSpher is
manufactured from pharmaceutical grade poicine
_gelatin via a process which yields a highly
cross-linked gelatin matrix with high mechanical and
thermal Stability-. When used in ceH dultures cells
can attach to both the external and the internal
surfaces of the matrix. The increased surfade area of
the matrix together with the protection from stress
afforded to the cells in the interior of the matrix
results in enhanced cell production capabilities. An
additional advantage of the drOduct is that the
matrix can be dissolVed with proteolytic ergymes
resulting in the harvesting of Cells wffh alrhost
100% Viability, 



In one embodiment, the microcarrier is a CultispherrG
microcarrierr. CultisPher-G has a Particle diameter
of 130-380 pin, a volume Of 12-18 n-11/g dry, a
density of 1.04 g/m1 with an average pore diaineter
of 20 pm. In order to Ol-epare and Use Cpltispher-G
microcarriers, reference tan be made to filler alia
Rioted?. Bioeng. {2000) 68, 1 p69-70; Brit J. Cancer.
Stipp!. XXVII, 5-78- S82 (1996); and the
manufatturer'S Website at www.percell.se. Cytopore 2
niicrocarrier Cylopbre Microcarriers are available
from GE Healthcare (preViouSIY Atnersham)
(www.microcarriers.com). Cylopore is made of 100%
cellulose, which is nonTtoxic to the cells and
biodegradable. It is positively charged-, due -to,
the N,N,- diethylaMinoethyl groups. It has a very
precise particle Size .distribUtiok and a networii
structure, the ratio of surface area to particle
materiel ie more than 95 to 1. The network sfructure
enables stained cells to be cldsely observed while
they grow inside the microcarriers. The typical
particle diameter la 200-280 pm and effectilie
surface area is 1.1 m2/g dry. The relative density is
1.03 g/ml, the average diaineter of pore openings is
30 pm and the volume is 40 ml/g dry. lb order to
prePare and use Cytopore microcarriers reference is
made to intel- alia Applied Microbiology and
Biotechhology (1997) 47, 4 p352-7; Cytotechnology
(1909) 30 p143-147; Chinese  Journal of Biotechnology
(1999) 15, 4 p239-44 and Acta OterLaryngologica
(2002) 122, 5 p541-5. Cytppore 2 has been optimised
for anchorage-dependent cells requiring a chhrge
density around 1.8 meo/g. In some etnbodiments, the
microcarrier is a porcine gelatin miCrocarrier. In
some embodiments, the microcarrier is made of 100%
cellulose. In one embodirhent, differentiated cells
may be obtained from stem cells in vitro by a method
comprising the steps of: (a) growing stem cells
adherent to microcarrierS in a culture medium; (b)
transferring the microcarriers from one culture
mettilim to another, (c)- optionally repenting step
(b) as required; and (d) obtaining the-differentiated
cells attadhed to the rnicrocarrier, 



The stem cells or partially differentiated cells may
be exposed to a potential modulator whilst still
attached to said microcarrier. The invention thus
provides a method for using these cells in HTS while
still attached to the niicrocarier, such as carrying
out cell transfer dteps by Using robotics. The
differentiated cells mpy be isolated by ehzymatic
detachment from the microcarrier. The differentiated
cells may be isolated by digestion of the
inicrocarrier. tha methode of the invention may be
practised USitig more than 50g drk weight of
microcarrier. Pluripotent stem cells may be grown in
vitro by a method comprising the steps Of: (a)
Seeding Said cells on microoarriers; and- (b)
propagating the cells while attached to the carders.
Determination of the identity or call culture history
of a cell unit When handling large numbers of cell
units, their identity anci/br cell culthre history
(for example the chronology and the exact nature of a
Series, of cdfture dendilions that any one group or
unit may have been exposed to) ban bebome confushd.
For instance, the split-pool peotocol of cell culture
necessarily involves mbcing Cell units in each Mund,
making it difficult to follow individual units.
DeterMining the cell culture history of a cell unit
in a mbdure of cell units which have been subjecteli
to muffiple culture cOnditiOns is sometimes referred
to as 'cledonyolution' of trip cell culture  history.
One method of doing this is to label cell units and
it ie therefore i advehtageous to label the tell
units. Labelling may be perforrped at.the beginning
of 



an experinient, or during each round of an experiment
and may inyolVe a unique label (which may or may not
be modified in the course of an experiment) or a
series of labels which comprise a unique aggregate.
Similarly, readind of the label(s) may take place
during each round or simply at the end of the
experiment In one embodiment, unique labels such as
RFID labels are read durinh each epUnd, whereas
labelsladded serially at each round are read at the
end of an eXperiment Labelling of cell units may be
achieved by a variety of Means, for instance
labelling tither- the cells themselves, or any
material to which the cells are attached or otherwise
associated with. Any of the chemical and nen-chemical
methods used to encode synthetic combinatorial
libraries can be adapted for this purpose and some of
these are described in Methods in Enzymology Vol 267
(1996), 'CoMbinatorial Chemistry', John N. Abelson
(Editor); Combinatorial Chemistryi Oxford University
Press (2000), Hicham Fenniri (Editor); K. Braeckmans
et al., 'Scanning the bode', Modem Drug Discovery
(Feb. 2003); K. Braeckmans et al, lEncbding
microcarriers: Present and Future Technologies';
Nature Review Drug DisceVely, VOL 1, p, 447- 456
(2002) all Of which are herein incorporated by
reference. 'Some examples of labelling methods
follow. One method of labelling cell units involves
associating cell units with a7 tag that becomes
Sequentially modified-as it is placed in different
Culture nondiOins. This may involve for instahce the
addition or subtraction of further units to the tag
such that its stereockemiStry, sequence or mass is
altered; or the alteration of electronic nriemory a'
s in real-write RF transponders:(see below). Another
method of labelling cell units involves Sequentially
associating uniqpe tags I with the cell units
whenever they are cultured under different
conditions, sock that subSequeht detection and
identification of the tags ProVides for an
unambiguous record of the Chronology and identity of
the cell culture conditions to which the tell unit
has been exposed. Tags can be taken up by cells, or
attached to the cell Surface N adsotption, or a
suitable ligand pr antibody, or conjugated to a
cell-astociated Matrix such as a carder by
adsorption, colloidal forces el, a vellety Of
linkages such as covalent linkage or non-covalent
linlcege, e.g. biotin-streptavidip linkage. For
instance, one simple tag that can be introduced to
cella or attached to a matrix associated with cells
is an otigonucleotide of defined length and/Or
samience.  Oligonucleotides may comprise any class of
nucleic acid (e.g. RNA, DNA, PNA, linear, circular pr
viral) arid may contain specific sequences Mr
amplification (e.g. primer sequences for PCR) or
labels for detection (e.g. fiuorophores or quenchers,
or isotopic tags). The detection of these may be
direct, for inStance by sequencing the oligos or by
hybridising them to complementary sequences (e.g. on
an any or chip), or indirect as by monitoring an
oligonucleotide-encoded bene produict, or the
Mterference of the nucleotide with a cellular
activity (0g, antisense inhibition of a particular
Arradvantageous-methothof amplifying nucleic acids is
t0) tolling !circle amplification (RCA; 2002, V.
Derniclov, Expert Rev. Mot piagn. 2(6), p.$19-95)
where nucleic acid-tags can comprise RCA templates,
elongation primers, Or struts That aid the
circularizatiorr of mtnicirae templates). My
molecular or macromolecular tag can be used so long
ae it can be detected, 



including peptide tags, coloured or fluorescent
compoUnds, secondary amines,  halbcarbens, mixtures
of stableiSatopes etc. Tags may attach to Cell imits
direCtly or Via an intermediary, for instance an
antibody raised against a component ot the cell unit,
or via an interacting pair such as
biotin-steptavidin. In addition tags can be protected
against degradation by the components of tha Cell
culture, for Sample by chemical Or other modification
or by encapsulation. Encapsulation of tags can take
place in mem/ different Media, for example in beads
Many types of which ate available from suppliers such
as Bangs Laboratories Inc. (Fishers IN, LISA); and
encapsulation may be used to standardise tag dosage
in addition to prtividing coinponents for tag
*notification and/or detection (for exarhple by
providing PCR Primers for tide with a DNA fag). One
method Of labelling cell uniM eimploys fluorescent
beads-such as those-manufactured by Luniinex
Corporation (Austin, TX, USA), The Luminex syStem
coMprises polystyrene beads which may or may not be
externally derivatised (e.g: With avidin or anibudy)
and are internally dyed -with differing-ratios of two
spectrally distinct fluorophoresr and a redcle
-rwhich iS capable of characterising the spectral
signature of each bead. A further method employs
beads such as thoSe manufactured by Bangs
1Laboratories Inc. (Fisherh IN, USA). The Bangs
system comprises bead sets which can be
dietinguisiied baSed on differing sizes (e.g. bead
sets of 4.4Rm and 5.51.in tfiameter). Beads within
eaCh set can. be fth-thermore distinguished from each
other based on differing fluor'escende intensity
owing to diffeFential loading with a single
fluorescent dye. It is passible to use many diffdrent
dyes with different absorption or emission
characteristics, Which can be intel-naity loaded or
attached externally to carriers by a Multiplicity 9f
means. It  is furthermore possible to use 'quantum
dots' to obtain a verl/ high number of different
fluorescent labels which can be read conveniently.
Cell growth substrates such as those described in
conneCtion with forMing cell units can be derivatieed
or coated with substances that facilitate. tagging
and de- not interfere with Cell growth. One method of
derivatising carriers' is to modify them tovalently
or non-covalently with biotin, to which a tag can b0
atthOhed via ttreptavielln or avidin. in general it
will be-important to uSe S tag that-Wilf-hot itself
induce a cellular effect (i.e. an inert tag), and
that Can be distinguished from Molecules prespnt in
cell units or the culture media, and that Can be
atteched-te its target and subsequently detected in
the background of suctrrholecules. Tb facilitate
detection, it may be-advantageous to selectively
elute tags from cell, units cir to strip off the
cells from cell units using selective conditions.
Mere complicated molecular lagging strategies can
also be enviSaged, including the strategy crf 'bindry
enbqding' where information is recorded by a set of
binary codeS assigned to a set of molecular tags and
their mixtures. petection of tags can be accomplished
by a variety of methods familiar to those skilled in
the aft. Methods include mass spectrometry, nucleer
magnetic reson&nce, sequencing, hybridisation,
antigen detection, electrdphol2sis, spectrosPPPY,
microscopy, image analysis, fluorescence detection,
etc. Of particular interest are labelling or encoding
strategies in which- labelling is carried out only
Once-or where labelling and/or detection -are
non-physical and therefore noninvasive.
Radiefrequency Identification (RFID) is-an example of
a system ekhibitiqg these properties. RFID employs
transponders (RF tags) antennae and readers. An RE
tag is a-small electronic- circuit, usually encased
id glass or plasfic, which in its simplest form
provides access to- a unique identification code that
may he 'read', without contact or line of sight, by
SUitable electronics. Tags may Rise store _
information generated by the user, again without
contact or line of sight. A 'reader is an -electronic
unit that transfers information to and frotn one or
more tags (it should be noted that the term re,ader
is used interchangeably to mean both a iead only and
Sad/write unit). The size and features of a reader
may vary conSiderably, and it may operate in
isolation, or be ccinnected to a remote cothputer
'syStem- An 4htbnda is used to transmit information
from a reader to a tag, and to receive information
sent by an RF tag. The size and format of an antenna
will reflect the specific application, and may range
from a small cirCular coil to large planar
structures. An EFID system  



may operate in isolation, Or be connected to a remote
computer for more comprehensiVe interpretation and
Manipulation of identification and aSisociated date
deriVed from a tag. One RFID strategy used in
combinatorial chemistry is described in Nicolaou at
at (1995, Anew Chem Intl Ed Engl, vOl. 84i p. 2i39)
4rid cpinprises:  (i) a porout enclosure containing a
synthesis substrate and The semiconductor tag;  (ii)
the solid phase synthesis resin; (iii) a glass-
encased Single or Multiple Addressable kadiofreguency
Tag semiconductor unit capable of receiving, storing
and emitting Tadiofreguency Signals. A similar device
could be adapted-to groWing and following cell units
simply by replating the solid phase synthesis resin
with tissue culture microcarriers or- suitable-tell
units. More variations of this can be envisaged
including but not limited to (coated or uncoated) RF
tags On which coila are grown directly, or RF tags
implanted -into cell units or organisms. Thus tags do
net necessarily have to be distinguished oy their
chemical or Molecular structure in the first
instance. Multiple variations of the non-chemical
tagEring strategy can be devised to determine the
identity of a given cell unit in a migure or of
deducing the identity of the different cell units
that comprise a mixture. Fer ibstanc,e optical or
visual methods of tagging have been described Where
different shaped objects1 graphically encoded objects
or different colourt denete the identity cif Sample
(for example see 1998, Guiles et al, Angew. Chem.
Intl Ed End!, vtil. 37, p926; Luminex Corp, Austin
TX, USA; SD Bioscierices; Mernopead technolobies,
Ghent, Belgium), or where a pattern or bar code is
etched ontb suthterate-such as a ceramic- bar or
nanoWire and recognised using pattern recognition
technology (for example see 1997, Xiao et al, Angew.
Chem. Intl Ed Engl, vol 3E, p780; SinartBead
Technologies, Babrahath, UK; Oxonica Ltd, Kidlington,
UK). A further methed of tracking or labelling cell-
units is to encode their identity spatially, i.e. by
their pOsition in space. In this method-different
cell unitS are segregated in defined relative
positions, and these positions denote or encode the
identity of the units. For instance, cell units may
be cultured in an array, whereby the identity and/or
culture history of each unit is known and is
associated to a particular poSition in the array. In
their simplest forms such arrays can comprise
collections cif tissue culture flasks, wells of a
multi-well plate, or locations on a glass slide or
other surface. Examples of positional encoding
strategies can be found in GeySeIn at el. (1984, Pat
Natl Aced Sci USA vol. 81, p. 3998-4002), Fodor et
al. (1991, cienne vol. 251, p. 767-773), 2iauddin and
Sabatini (2001, Nature, Vol. 411, p. 107-110), and Wu
et al. (2002, Trends Cell Biol. Vol. 12(10),
p.485-8).  The invention hds many facets, each of
which may have many forms that may be combined to
form numerous permutations of the invention. It will
be apparent that it is not neceSsary to label all -of
the cell Units in order to be able to deduce
inforination about the oPtComes resultant from a
combination Of cell culture protocole. Thus Without
labelling of cell units it would still be possible to
aSeay large Cortibiriations of cell culture
conditions accbrding to the invention, and to
determine whether one or mote of tiiese was capable
of resulting in a particular cellular effect.
Flo\krever, In one embodiment, cell units are
labelled. Labelling of a cell urlit alb* the
deri'ation of useful Information from the experiment
regarding the outbome of the partiOuldr conditions
Sampled by the labelled cell unit, as opposed to all
the pelf units. Alternatively it is sometime S
advantageous to label one or a few dkoup(s) pf
cell-units which hOe all been exposed to a certain
culture proto6ol, for instance a group of cell pnits
which have been segregated into the same medium
during a particular split or pool step. It will also
be apparent that labelling certain cell units allowS
One to infer the identity of other (perhaps
unlabelled) cell units. Similarly, it will be clear
that performing cell culture experiMents id WhiCh
various conditimis are omitted can give information
regarding the utility of those cOnditions with
respect to a particular experimental outcome. It
would therefore bp phssible to evaluate each of the
conditions sampled in a manher aceordihg to the
invention by repeatina the experiment a number of
times, each time orrlittitiO a different Set of
conditions. Splitusplit cell culture steps cati also
be used to detemfine the offect cif-a parlioular set
of conditions on _experimental Outcome. In effect
Split:split Steps result in the formation- of
particular lineages of cell units which have each
beer-exposed to a unique -cell culture conditions at
the time of branching-. studying the
different-lineages it is possible to determine the
utility of the tissue cuftyra cdnOltitins studied at
the branching point, with respectto a particular
exPerimiental outcome, 



Haematopeietle cell In a further aspect, there is
provided a method for proclOcing a haematopoietic
cell from a stem cell - such as an embryonic stem
cell - in vitt Qomprising exposing said stem cell to
one or more, preferably, two or more, Maction
conditions, wherein said  reaction conditions
comprise incubating said stem cell With: (a) retinoic
acid, dirtiethyrsUlphoxide (DMSO) and/or stem cell
factor (SCF); and (b) insulin, sterd cell fhctor
(SCF), TGF beta 1, BMP2, BMP4 and/or TPO; and (c)
IL-3, IL-6, TPQ, EPO and/or M-CSF. the stem cell may
be seeded on a microcarrier - such aS a gelatin
microcarrier. Typically, the stem cells arecontained
a medium - auch as an IMDM basal medium or a
Streamline Haematopoietic Expansion Medium. quitably,
in step (a) Tetinoic acid Or dimethylsulphoXide
(DMSO) or stern cell factor (SCR ere usect; suitably
in step- (b) insulin alone is used. Suitably, in step
(b) SCF, TGF bete 1, SMP2 and TPO is used. Suitably,
in step (c) IL-3 and IL-6 are usgd 'and optionally
TO, EPO and/cir M-CSF are used. 



Typically, step (a) is perfoimed on day 1. Typically,
step (b) ia perfolimed oft day 4. Typically; step (c)
is performed on day 6. In one specific embodiment,
the conditions are to incubate the Stem cell with
retinoic acid, dirriethylsulphindde (DMSO), or stem
cell factor (SCE); then incubate tke stem cell with
insulin, stem cell factor (SCF), TGF beta 1, I8MP2 or
4 and TPO or incubate the stem cenwith insulin alone
and/or a combination of SCF, TGF beta 1, EjMPi arid
TPO; and then incubate the stem cell with IL-3, IL-6,
andoptignally TPO, EPO and/or M-OSF. In another
specific embodiment, the conditions at on day 1
Incubate the stbai-cell with retinoic kid or
dimethylsulphoxide (DMSO), or stern cell factor (500;
on day 4 incubate the Stem cell with stem cell factor
(SCF), TGF beta 1, BMP2, BMP4 and TPai or incubate
the stem cell with insulin alone and/or a
c.firnbinatiOn of aCF, TGF beta 1, BIVII:12 and TPO;
on day 6 incubate the stem cell with IL-3, IL-9, *nd
optiokally TPO, EPO and/or M-CSF. Further aspects
Further aspects of this invention are presented in
the accompanying paragtapA:  1. A method for
identifying a potential modulator d a cell signalling
pathway, comprising the steps bf: (a) providing a
cell of a first cell type wherein said tat bell type
may be differentiated to a second cell type by
sequentially exposing said first_cell fype to one or
more reaction conditions; (b) adding to or replacing
et least one of said one Or tbore reaction conditions
With exposbre to one or more different reaction
conditions comprising said potential modulatot; and 



(c) monitOring the differentiation of the first cell
type tb determine formation of the second call type.
2. A method for identifying a potential mticlulator
of a tell signalling pathway, comprising the steps
of:  (a) providing a cell of a first cell type,
wherein said first cell Wpe is Obtained fram en
embryo or foetus and may be differentiated to a seOnd
cell type;  (b) OPtiehally amplifying the said first
cell type;  (c) further differentiating the said
first cell type by sequentially expoSing said first
cell type to one or more reactien Conditions;  (d)
eitposing the &St cell type to one or more different
reactiOn conditions corriprising said potential
modulator-, and   (e) monitoring the differentiation
of the first cell type cell to determine formation of
lhe second cell type. 3. A niethad according to
paragraph 1 or 2, wherein-the reaction conditions are
the culture conditions-to which cells are exposed. 4.
A method according to paragraph 2 or 3, wherein the
1st cell type is a all xvhich has been arrested along
a differentiation pathWay -betweeh a stem cell and a
differentiated cell type. 



5. A method according to paragraph 1 or 3 wherein the
cell type. is a printery cell, cell line or tumour
derived cell line. b. A method according to paragraph
4 or 5-wherein the tissue of Origin df the cell typo
iS selected froin a group Consisting of brain, heart,
liver, lung, kidnby, pkih, heir, eye, tooth,
pancreas, muscle, bone and vesculature.  7. A method
according to any preceding paragraph, wherein the
potential modulator is an inhibit& of a cell
signalling pathway. 8. A method GC-cording to
paragraphs 1 to 6, wherein the potential Modulatot is
a promoter of a ceirsidnalling pathway. O. A method
according to paragraphs 3 to 8 wherein the culture
conditions required -to differentiete-a cell_type-are
first identified in a mettiod-coMprising tile-stePs
of. (a) providing a first set ef groups of cell units
each comprising one or more cells, and exposing-said
groups to desired culture conditions; 



(3) subdividing One or more of said groups to create
d further set of groups of pall unita; (c) exposing
said further groups to further desired culture
conditions; (d) optionally, repeating steps (b)-(c)
iteratively, as required; and (0) assessing -the
effect on a given cell unit of the afiture conditiOns
to which a has been expoSed. 10. A method according
to paragraphs 3 to 8 wherein the Culture conditions
required to partially or fully differentiate a cell
type are first identified in a method comprising the
steps of-. (a) providing a first_set of groupS of
cell units each comOrlsing one or inore cell% and
exposing said groups to desired culture_conditions;
(5) pooling two or more of said groups to form at
least one second pool; subdittiding the second pool
to create a further set of drbups of cell units; (d)
exposing said further groups to desired
culture-conditions; (0) Optidmally,-repeatind steps M
- (d) iteratively es requited; ana (f) assestihg the
effect on a given cell unit of the-culture conditions
to Whick. it has been expoSed. 



11. A method according to paragraph 9 or 10 wherein
cell units that are partially differentiated are then
isolated and used in the method of any of clairne Ito
8. 12. Use of a partially differentiated cell type
identified in paragraph 9 or ho in the method of any
preceding claim. 13. A method according to paragraphs
9 tb 12 wherein cell units are labelled and the
label(s) reflect(s) the culture conditions to which
the cell unit has been expOsd. 14. A method according
to paragraph 13, wherein the label is &papally
encoded. 15. A method actording to paragraph 13 or
14, wherein the label is selected fl:Orri the group
consisting of a virus, an oligonucleofide, a peptide,
a fluoresdent compound, a secondary amine, a
halocarbon, a mbctUre of stable Sotopes, a bar code,
an optical tag, a bead, a quantum dot and a
radipfrequency encciding *9. 16. A method according
to paragraph 1-5 wherein- two or mere labelk are
selected and used in combination to label a
cell-unit. 17.A method -actording to paragraphs 9 to
16, wherein the cells are cultured in cell units,
each tell unit comprising one or more cells. 18. A
method acfording to paragraph 9 to 16, Wherein the
cell unitb are single cells. 19A Method according to
paragraph 9 to 17, wherein each cell unit comprises
one or More tells adherent to or bounded by a solid
substrate. 



20. A method acbording to paragraph 19, wherein the
stall substrate is a mitrobarrier or bead. 21, A
method according to paragraph 19; wherein the solid
substrate is -a well or medium-permeable balder. 22.
A rnettiod according to paragraphs 9 to 21, wherein
the culture conditions are media:to which the cell
is-exposed. 23: A method according to paragraph 22,
wherein -the media contaih brib 7 mote specifid
agents whinh influence a cellular process, 24. A
Method according to paragi-aphs 3 to 23, wherein the
cell culture conditions coinprisd outlining at one or
more specific temperatures or 'partial pressures of
=nen or carbon dioxide. 25. A Method according to
paragraphs 3 to 24, wherein the cell culture
conditions comprise culturing on one or more specific
substrates.  26. A method according to any preceding
paragraph wherein a tint WI is differentiated to a
second cell type by modulating cell signalling and/or
the expression of one or more gene  in the cell. 27.
A method according to paragraph 26, wherein
modulation of gene exPression In the cell comprises
transfection of said one or more genes into the cell.



28. A method according to paragraph 26, wherein
modqlation of gene expression comprises the
exogenous-administration of a gene-product. 29. A
method according to any preceding paragraph wherein
the differentiation of the cell is monitored by
observing the phenotype of tile cell or by detecting
the modulation of expression of one or more genes in
a cell, thereby deterignining the state of
differentiation of said cell. D. A Method according
to paragraph 29, wherein the modulatiqn of egression
of one or inore reporter genes is observed wherein
the reporter gene(s) respond(s) to one Or more
differentiation states of said cell. 31. A method
according to paragraph 29 or 30 wherein the
expression of genes involved la monitored qn a gene
chip. 32. A method according to paragraph 29, wherein
said one r iore g4ne.s encode a marker. 33. A method
according- to paragraph 32, wherein said marker may-
be detected by an iininttroassaY- 34. A Method
according to any preceding method paragraph whprein
the differentiation of a cell is monitored by loss of
proliferative ability. 35. A methbd according to
paragraphs 4 or 5 wherein stern Cells or thIls that
have beOn detived from stem cells in vitro, are
cultured by a Method comprising the steps of: a)
Combining one or More cultures of cells grown under
differbnt conditions; 



and  b) culturing the cells. 36. A method according
to paragraph 35, wherein said stem cells are
sutijected tp at least one Ohange of culture
conditions. 37. A method according to paragraph 36,
wherein said change of cuitUre conditions bompriSes a
change of medium. 38. A m'etl-rod according to
paragraph 4 Wherein differentiated cells have been
obtained from stern cells in vitro by a method
comprising the-Steps Of: (a) Growing stem cells
adherent to microcarriers in a otiltUfe MediuM; (b)
Transferring tiemicrocarriers from one cUittire
medium to another; (c) Optionally repeating step (b)
as required; and 



(d) Obtaining the differentiated cells attached to
the microcarrier. 39. A method according to paragraph
38, wherein stem cells or partially differentiated
cells are exposed to said potential modulator Whilst
ptill attached to said microcarriet. 40. A method
abcording to paragraph 38, wherein the differentiated
cells at iscilated by enzymatic detachment from the
microcarrier. 41. A method according to paragraphs
38, 39 or-40 wherein the process is scaled up such
thatatleast 50g (dry weight) of micropanier
isremployed. 42. A method- according to paragraph 38
or 41, wherein the differentiqted cells are isolated
by digestion of the microcarrier. 43. The men/0
according to paragraph 4 wherein pluriPotent stem
cells have been grown in vifro by a method comprising
the steps of (a) seeding said cells on microcarriers;
and (b) propagatifig the cells while attached to the
carriers. 44.4 method according to any preceding
paragraph in which the potential Modulator comprises
an organic or inorganic small molecule, a natural or
rielivati6ed carbohydrate, protein, polypeptide,
peptide, glycopiiroteih, nucleic acid, DNA, RNA,
oligonucleotide or protein-nucleic), acid (RNA). 



45.A method according to any preceding paragraph
wherein the potential modulator is obtained fromm-a
library of small molecules with drug like properties.
46. Use of a compound library to identify a potential
modulator according to any preceding paragraph. 47. A
pharmaceutical composition comprising a modulator
identified accaniihg_to any preceding paragraph
together with a pharmaceutically accpptable cattier,
diluent or expient. 48. Use of a Modulator identified
in any preceding paragraph in the manufactuie pf
medicament for treatment of a disease. 49. Use of a
modulator according to paragraph 48 wheMin the
treatment is cell replacement therapy. 50. A
partially differentiated cell, which has been
differentiated In vitro frorri a stem cell and
arrested along a differentiation- pathway between a
siern dell and A differentiated cell type. The
invention will now be further described by way of an
Example, whiph IS meant to serve to assist one of
ordinary skill in the art in carrying out the
invention and is not intended in any way to limit the
scope of the invention. Examrile 



A screen was perforrned- to identify regenerative
drugs capable of stitnulating the myeloid lin'eages
of the haematopoietic system. The sareqh was
performed by using a series of bulture steps to
differentiate mouse einbryonib stem cells (mE$Q)
seeded on microcanfers into progenitors of the
myeloid lineages, and subsequently 'subjecting theSe
to culture conditions in the presence or abSence of
ft* lineage specific haetnatopoietic groWth factors
1-Po, tvi-CSF and IL-5, or the control compound
Vitamin C Which is reported ft, affect cell survival
but is not p haematopoietic. growth factor. After 48
hours the effect on myeloid cell differentiation was
aseessed using the appearande of macrophars as a
surrogate assay. This  'creel) identified TPO and
m-csr as haematopoietic regeherative drugs capable of
stimulating the myeloid lineage. Materials and
methods  Reagent$ murine stem-cell factor (SCE) (R&D
Systems) murine thrombopoietin (TPO) (R&D Systems)
human erythropoletin (EPO) (R&D Systems) human
interleukin 6 (IL-6) (R&D Systems) human transforming
growth.factor 61 (TG911) (R&D Systeins) 



murine macrophage colony stimulating factor (M-CSF)
(R&D Systems) rnurine intedeuldn 3 (IL-3) (R&D
Systems) retinoic acid (Sigma) human bone
morphogenetic protein 2 (Bp1P2) (R&D Systerns) mouse
interleukin 5 (1L-5) ((R&D Systems) Asdorblc acid
(Vitamin C) (Signia) Microwiture of mESC CultiSpher-d
microcarriers (Percell Biolytica AB) were hydrated
and sterilized acbording to the Manufacturers
recommendations. D3 ES cell (ATTC no. Ckt-1934) were
grown on gelatine-cobted Pia." in KODMEM containing
15%- knock-out_serurn- replacement (KOSP.),
1%-ton-essentialamino acids- (NEAA),1% Glutamax, 0.5%
p.enicillin/strePtornycin, 0.1.MM 0- mercaptoethanol
(6.-ME; Sigma) and 1000U/ml Leukemia Inhibitory
Factor (LIF; Chemicon); all from Invitrogen unless
indicated otherwise. On the day preceding day 1 of
the experiment, approxifnately 1.5 x 104 biotinylated
micocarriers equilibrated in medium A (IMDM (Gibco),
15% KOSR, 1% NEAA, 6.5% Pen/strep, 0.1MM p-ME,
imouirni LIF and 1.5xWM 1-thioglyoerol (MTG; eigma))
were added to 100m1 of medium A containing
approxiinately 4.5 x 106 ES cells, split into three
equal aliquots placed in wells of a 100mm sqUare
petri dish (Bibby Sterilin) and incubated overnight  



PreparatiOn of progenitors from mESC In order to
prepare myeloid progenitors a two step method was
emplbyed. Bead seeded with mESC as described- above
were incubated in IMDM containing 10411/1 retinoic
acid for 72h. The beads were then washed in PBS and
transferred to tethlineT1" Haematopoietic Expansion
Medium (Sigma) containing 4Ong/m1 SCF, To55.1-,
5ng/m1BMP2 and 2Ong/mITPO and -incubated for 4fth:
bell-based assay for regenerative drugs Beads bearing
myeloid progenitors prepared as described above Were
mbled, washed in PBS and transferred to the Test
Growth Medium (Stemlinen" iiaematopoietic Expansion
Medium (Sigma) supplemented with 3Ong/m1 IL-3 arid
2Ong/rift IL-6). Equal aliquots of approximately 100
beads were dispensed 4-0 the wells of a 48 well plate
and incubated in the presence or absence of 5ftpg/n11
Vitamin C, 1 Ong/ml IL-5, 20ng/m1 TPO and 2Ong/m1
M-CSF. The screen was carfied out in triplicate in
wells of separate plates placed in the same
incubatpr. After 48h, Imp of the macrophage assay
reagent DQ-ovalbuiftin fMolecjiIr Pitobe,$) was-made
up in 0.4m1 PBS and- added to each well et a dilution
of 1:100, Follewing incubation for at least 4h, the
medium was aspirated and replaced with F/BS. The
-samplea-were examined -on a -Nikon TE2000-S inverted
4pfflubrescent microsCope using a f ITC filter set to
quahtitate microcarriers bearing large, round cells
internally labelled With green fluorescence. The-
results of the screen are reported- as- the average
number (per cent) Of MierOoarriers thatwere decorated
with macrophage. In Test Growth filedium alone (Le.
in the absence of any test reagents) the average
convertion to macrophage was 1%, which was taken as
the basal level of convereion qwing to spontaneous
differentiation. When the negative control compound
Vitamin Was used aS the test i-eagent the average
conversion to macrophage Was 0%, i.e. below the basal
level, Indicating it had no influence on
differentiation. When the haematqbdietic growth
factor 1L-t was used as the test reagent the average
conversion to macrephage was 0%, i.e. elan below the
basal level, indicating it had no influence on
differentiation of myeloid cells in this assay. (L-5
is knOwn to influence the lymphoid haerilatoiloietic
lineage but has no notable effects on the Myeloid
branch. However, when either TIN) or M-CSE was used
as the test reagent, the average conversion to
macrophage was increased to 6%, repreSenting a
significant increase over backgrotind. 



This mESC-based assay is therefore capable of
identifying reagents Which act to differentiate
rnyelbid progenitor S and could therefore be used to
screen libraries of chemical coinpounds to identify
novel regenerative drug.  All publicatione mentioned
in the above specification are herein Incorporated by
reference. Various modifications and variations of
the described Methods and system of the inlrention
will be apparent to those skilled in the art without
departing from the scope and spirit of the invention.
Although the inizenfion has b$eri eleScriped in
connection with specific embodiments, it should be
understood that the- invention ps claimed Should not
be unduly limited to such specific embodiments.
Indeed, various Modifications of the described mode t
for carrying out the inventioh which are obvious
to_those skilled in molecular biology-or relateci
fields-are intended to bp Within the scope of the
following claims.  Claims  1. A method for
identifying, a potential modulator of a cell
signalling pathway, comprising the steps of:  (a)
providing a cell of a first cell type, wherein said
first cell type may be differentiated to a second
cell type via a progenitor cell by sequentially
exposing said first cell type to two or more reaction
conditions;  OD) adding to or replacing at least one
or more reaction conditions to which the progenitor
cell has been exposed with exposure to one or more
different reaction conditions comprising said
potential modulator; and  (c) monitoring the
differentiation of the first, cell type to determine
formation of the second cell type. 



2. The method according to claim 1 wherein the first
cell type is obtained or obtainable from an embryo or
foetus and optionally modified to allow
amplification.  3. The method according to claim 1 or
claim 2, wherein the progenitor cell is derived in
vitro from a first cell type by exposure to one or
more reaction conditions.  4. The method according to
any of the preceding claims, wherein the first cell
type is a self-renewing stem cell.  5. The method
according to any of the preceding claims, wherein the
differentiation steps are carried out on cells which
are part of a cell unit.  6. The method according to
claim 5, wherein the cell unit comprises a
microcanier or other scaffold. 7. The method
according to any of the preceding claims, wherein the
reaction conditions are the culture conditions to
which cells are exposed. 8. The method according to
any of the preceding claims wherein the reaction
conditions comprise a screen of potential modulators
of a cell signalling pathway.   9. The method
according to any of the preceding claims wherein the
second cell type is a cell which has been arrested
along a differentiation pathway between a stem cell
and a differentiated cell type. 



10. The method according to any of the preceding
claims wherein the ceil type is a primary cell, cell
line or tumour derived cell line.  11. The method
according to any of the preceding -claims, wherein
the tissue-of origin of the cell type is selected
from a group consisting of brain, heart, liver, lung,
hair, eye, gut, blood, ear, kidney, skin, tooth,
pancreas, muscle, bone and vasculature.  12. The
method according to any of the preceding claims,
wherein the potential modulator is an inhibitor or a
promoter of a cell signalling pathway.  13. The
method according to any of the preceding claims
wherein a first cell is differentiated to a second
cell type by modulating cell signalling and/or the
expression of one or more genes in the cell.  14. The
method according to claim 13, wherein modulation of
gene expression in the cell comprises transfection of
said one or more genes into the cell.  15. The method
according to claim 13, wherein modulation of gene
expression comprises the exogenous administration of
a gene product.  16. The method according to any of
the preceding claims wherein the differentiation of
the cell is monitored by- observing the phenotype of
the cell or by detecting the modulation of expression
of one or more genes in a cell thereby determining
the state of differentiation of said cell.  17. The
method according to claim 16, wherein the modulation
of expression of one or more reporter genes is
observed wherein the reporter gene(s) respond(s) to
one or more differentiation states of said cell. 



18. The method according to claim 16 or claim 17
wherein the expression of genes involved is monitored
on a gene chip.   19. The method according to claim
16 or claim 17, wherein said one or more genes encode
a marker.  20. The method according to claim 19,
wherein said marker may be detected by an
immunoassay.  21. The method according to any of the
preceding claims wherein the differentiation of a
cell is monitored by loss of proliferative ability.
22. The method according to any preceding claim
wherein the potential modulator comprises an organic
or inorganic small molecule, a natural or derivatised
carbohydrate, protein, polypeptide, peptide,
glycoprotein, nucleic acid, DNA, RNA, oligonucleotide
or protein-nucleic acid (PNA),  23. The method
according to any of the preceding claims wherein the
potential modulator is obtained or obtainable from a
library of small molecules with drug like properties.
24. A method for identifying a modulator of a cell
signalling pathway (eg. a regenerative drug)
comprising the use of a progenitor cell wherein said
progenitor cell is differentiated from a first cell
type.  25. Use of a progenitor cell in a drug
screening assay to identify a modulator of a cell
signalling pathway (eg. a regenerative drug) wherein
said progenitor cell is differentiated from a first
cell type. 










